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INTRODUCTION

The development of an cffective treatment for control of the
European corn borer (Pyruuste nubilelis (Hbn.)) is contingent upon
placerrant of inseeticides where this insect finds shelter on the corn
mant, =<The field studies reported in this bulletin were designed to
(Bermhe the sequence of biological changes that tale place in the
phznt; 3 what instar, when, and on what parts of the plant establish-

b ng'j‘g[ survival of the borer take place; and the procedures indicated
by thegy events for the successful application of insccticides. The
sfdiesayere conducted near New Haven, Conn., in commercial fields
ofgwealcorn infested in June by first-gencration corn borer larvae,
and Jakd relative Lo infestation are presented with special reference
to plant-growsh stages and varietal growth habits.

! Submitted for publicstion September 15, 1948,

*Ihe author wishes to acknowledge his indebtedness to W. A. Daker, W, G.
Bradley, D. . Jones, W, R. Singleton, Ii. B. Friend, and N, Turner for helpful
suguestions in connection with the studies reported in this bulletin, Progress
in field work and in assembling material for illusitations was made possible
through the assistanee of A. V. Cosenza, Mrs. Douglas A, Weeks, N, J. Nernev,

James J. Tieegan, Winons Dingwell, and Anna Scaramelin, The jllustrations
are by Winona Dingwell.,
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REVIEW OF LITERATURE

The location of European corn borer larvae on infested corn plants
has been deseribed by several investigators, bub the relation of growth
changes in the plant to larval movement has received little atfention.
Vinal's (18)? original obscrvations included tassel infestation by
first-instar larvae and their subsequent migration to the fassel stem,
or peduncle. Caffrey and Worthley (5) described the feeding habits
of young larvae infesting whot leal blades, the tassel, the stalk, and
the car.  In discussing the probable causes of variations in population,

Huber, Neiswander, and Salter (9, pp. 141-142) reviewed the develop-

ment of plank infestation by the univoltine strain of the berer, noting
the larval renctions to environmental changes and the resuiting migra-
tions. DFrom data recorded ab weekly intervals, Huber ct al. drew tho
following general conclusion:

1t is ohvicus Lthat during Lhe first part of the scason $he big meajority of larvae
are found behing the leaf sheath: a few weeks luter the majoriby are found in the
tagsel or bhe erawa of the plant. Upon the emergence of the tassel from ghe leaf
roll or crown ot il plant the tarvae enter the slitk proper,

Schlosberg and Baker (12) reported a high degree of corrclation
between the larval population and the length of the period from infes-
tation io sillking. Houser and Huber (8‘3 stated thai the nutrition
{actor greally influences the rate of larval establishment and survival,
and they suggesied Lhat each instar may have particular food require-
merits., :

Beard conducted a scries of biological experiments that closely
parallel the studies reported here. Tn his initia! oxperiments (2),
dealing with survival of [irst-gencration larvae on the Conneeticut
Agricultural Experiment Station Farm at Mount Carmel, most of
the early hatched borers infesting the plants became established in
the tassel. 1In later studies by Beard and Turner (4) the experiments
were desigued (o test the establishment and savvival of borers of the
second generation (August) by means of manual infestation of late-
planted Mareross sweet corn.  Dissections were inade on three differ-
ent dates during the peciods of plant growth., From this test Beard
concluded: “Because of the escape from oviposition and the fabilify
to support the larvae, plants smalier than [those off the late-whorl
stage at the titme of moth flight are not likely to be severely iffested’
Beard apparently refeered bere to the obvious conelusions to be dravwn
from his own experiments, which were restricted to midsumaier Mar-
cross corn subject to high temperatures and grown during thé period
of infestation by the sccond-gencration corn borer. On the other
hand, in reporting oxperiments with early planted Mareross grown
during the first-generation infestution, Turner (See Beard and Turner,
4, pp. 667-591) showed the neeessity of applying a spray during the
late-whor! stage in @ standard, four-treatment nsccticide schedule.
From studies of the relation of growth stages to infestation rates in
Lexington and Marcross sweeb corn, Beard () concluded that the

? Italic pumbers in parcntheses refer to Literature Clied, p. 20.
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EUROPEAN CORN BORER LOCATION ON THE CORN PLANT 3

lower survival in early planted Lexington could be attributed to
differences in rates of growth in carly green-tessel and mid-green-
tussel stages, which prevailed at the time of maximum borer establish-
ment. Beard also attributed differcnces in survival rates between first-
and sccond-generation infestations to differential growth rates char-
acteristie of skages eritical to borer establishment,

METHODS OF PROCEDURE

The distribution of larvae in the shelter areas of the plant was
determined by disseeting five 20-plant samples at cach growth stage in
each of the sirains studied, including the commeonly grown hybrid
derivati “es of Spanish Gold, Whipple's Yellow, Golden Early Market,
and Golden Bantam. 'The location and instar of the borer were
recorded, Logether with data on prevailing plant conditions. Obser-
vation of larvul habits was confined to early and early midseason
strains of corn, which are likely to be infested by the first gencration
of the borer. In most cases the hybrid Mareross 06.13 has been
used as an example, beeause it is one of the most widely known of the
carly market types of sweet corn,  This hybrid and otliers mentioned
in Lhis report are ably described by Enzie (6, 7).

NOMENCLATURE AND DEFINITIONS

In order to correlate the oceurrence of larvae siwd the prevalence of
shelter arens with definite stages of corn-plant development, it was
neeessary Lo devise a nomenclature of the growth stages of the plant.
Some progress had been made in this direction by Batchelder, Turner,
and Questel (£}, {or convenience in describing corn plants during
experiments with insccticides in 1935-36.  The classification of growth
stages was first worked out for hybrids derived from Golden Early
Market, was developed further with Golden Cross Bantam, and was
later extended to various strains of sweet and ficld corn. Further
designation of growth periods within the subdivisions is considered
feasible for special purposes, but in most corn borer investigations the
general classification has been found adequate in deseribing the
stages of plant growth during which the larvae generaily establish
themselves and develop.

The characters Tound most useful in distinguishing the growth
stages of Lhe corn plant with reference to corn borer infestation are
itemized in fables 1 and 2, Nine of the stages are illustrated in
figures 1-3.

The terms used for convenience in designating these stages are as
follows: Prewhorl, early whorl, midwhorl, late-whorl, ety green-
Lassel, mid-green-tassel, lnte-green-tassel, carly silk, midsill, Tate-sill,
prime-niilk or roasting-car, and mature. To rhis list Beard (sec
Beard wnd Turner, 4} added a scedling stage, characterized by the
presence of a single primary leaf blade,




TasLe 1.—Characteristics of the whorl and green-tassel growth stages of the corn plant (based on examination of 100 plants) . ¥

Raolled

leaf .
Leaf | Length
Growth stage Primary leaf blades ! blades blades Tassel appearance Ear Anthers | of husk

visible 2 ;fc;)sli]:g shoots laminae
whorl 3

] Number | Number Number | Number | Inches
Prewhorl 2-3 ‘
Early whorl d 3
Midwhorl Some shriveling and tip burn_. 4-5
Late-whorl Extensive browning, or lost___. 5-6 | Shows below edge of whorl cup-...
Early green-tassel.._ - 2-4 | Tip shows above edge of whorl
cup.

Mid-green-tassel 3 Clunlxp of adhering branches..___
Late-green-tassel .. 0-1 | Branches unfurled away from |
stetn. &

! The first two, or primary, leaf blades are usually lost or buried prior to the mid-green-tassel stage.
2 Does not include the 2 primary leaf blades, Many strains of field corn show 13 or more leaf blades during the late-whorl stage.
, :l,lncludes ali leaf blades that are rolled at least at the base and do not show a distinet line of juneture between the blade and leaf
sheath. ' :
4 The peduncle appears during the late-green-tassel stage, when a small part of it is visible between the topmost leaf biade and the
lowermost tassel branch in some varieties. :
5 A few.
¢ Prominent on 2 shoots,

HUALIADIYHY 40 "Lddd °S *N ‘9.6 NILWTING TVOINHOAL




TanLe 2~ Characteristics of the silk, roasting-ear, and mature growth stages of the corn plant (based on exaswination of

100 pla nts)

Growth ‘
stape ¢ blades *
.\ wiber

Imrl) silk,: 11~-15

Midsilk . .1 11-15

Y1-15

Late-silk_ .}

‘
Roasting- 1 11-15.
Lrt ¢

coanr. !
Mature...} 11-15

Leaf ;

“visible |

‘Tassel appearance

Peduncles

Anthers and
pollen

Ear shoots and ears

Husk laminae

Branches drooped.

Branches siraight
and at angle to
stem.

Small part shows
above top- |
most leaf.

May show 1
inch- or more.

-\nthers deln.,c-
ing.

Maximum pol-
len shedding.
Anthers usually

Husk leaves show-
ing.

True ears show.__

Husk Jeaves tight
around cars.

1 ear full size
Less than 35 per-

cent-moisture in
kernels.

Yellowish
fresh,
few.

Colored, tips wilted,
niimerous.

Dried and brown
at tips only:

cnly a

{ Dried and brown

most of length.

greer:,

Project  forward
from ear tip.

Turned outward
from ear tip.
Folded backalong-
side of ear.

Do.

Do.

1 Sometimes called “prime-milk,” or “green-produce,”

ea
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Conventional terminology has been sufliciontly descriptive, execpt
for items requiring definition, ns follows:

1. Avolled lenf %Jlade is one that is spirnlly wound ev rolled, at loast
at its base, and does not show e distinet line of juncture with its leaf
sheath, the line of juncture being hidden by leal blades originating at
points lower on the stalk,

9. An unrolled leaf blude is one that, through expanding growth,
has separated itsell from the whot! and shows a distinct line e'i-"junct,u ¢o
with its leaf sheath, indicating the location of the ligule,

3. The peduncle, or tassel stem, is the terminal part of the stalk,
which supports the tassel and is visible botween the topmost leal
blade and the lowermost tassel branch.

Although definition of these growth stages has been based on
oxternal structural characters predeminant during plant growth,
their occurrence is in general parallel with and related to character-
istie periods of plant metabolism cssentially as deseribed by Kraus
and Kraybill (10). The preponderance of nitrogen compounds in
transloeated food clements during the vegetalive whorl stages, the
development of & wore equally balanced carbohydrate-nitrogen ratio

FIGURE 1.—Whorl stages of growth of the corn plant: A, Farly whorl; B, mid-
wharl; €, late-whorl.
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during tassel growth, and thic predominant carbohydrate metabolism
during car dcvelopment indicate a physiological, as well as a structural,
basis for this nomenclature, A growth-stage nomenclat.ure for usc in
describing the corn plant at the time larvae were in its shelter areas
provided a convenient standard for biological measurement. *Plant-
ing date,” “plant height,”” “number of days from silking,” and very
loose terms such as “Lass‘.lmg,” and “silking” were not found to be
very spemhc or useful in comparing corn grown in different soils and
during two or more scasons. These conclusions are supported by the
data given in table 3 on prevailing growth stages of the same
hybri(%duung two successive seasons,

FIGURE 2.—Tassel stages of growth of the corn plant A, Early green-tassel;
B, mid-green-assel; G lae-green-tassel.
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FIGURE 3.—Silk siages of growth of the corn plant: A, Early silk; B, midsilk; .
G, late-silk,
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TasLy 3.—Duration and height of plant-growth stdges in two similar
plantings of the hybrid sweet corn Marcross C6.18, in 1940 and 1841
(based on examination of 100 plants)

Observations in 1040 Observations in 1941

ilking

=1

Growth stago .
' Ohisorva-
tion date

Observa-
tion date

date ?

Period from planting
¢ Period from prevailing
Height of plants ?
Period from planting
Period from prevailing
growih stage to silking
Height of plants ?

| growth stage to

1=
=
@
=
]
=
-]

Inches
12

ke
fa ]

Early whorl...j June 12
Midwhor] .| June 17
Late-whorl... | June 22
Early preen- | June 27

{agsel_ ... ..
Mid-grean- | July 2

tussel
Late-green~ | July 7

tnssel___.. . Juno
Early silk. . { July 9 June
Midsilk....... | July 12 June
Taole-silko__. . | July 24 July
Prime-milk, or

ronsting-ear.| July 30 July

June
19 | June
22 | June
30 | June

(=R
&5 0ot
—t bt b3 B
ba =1 ke =3

=)

June

CPlanted on Apr. 25, 1040,
110 Ligr of topmost leal hlnde.
3 Planted on Apr, 15, LHL

The prevalence of any one growth stage was found to vary with
genetic strain, soil fertility, and seasonal weather. In carly strains
of sweel corn tho plants passed from the early whorl to the late-silk
stipe in 30 to 45 diys, depending on temperature and rainfail, in May
and June. Midwhorl and tate-whorl stages prevailed during 4 to 7
days, and the plant usually passed through the mid-green-tassel stage
in 1 to 3 days. The same stages were greatly prolonged, however, in
strains of sweet or ficld corn that required a longer season to reach
maturity. An example of the effect of weather on the duration of
growth stages is shown in table 3, in which data on two similar plant-
ings of the hybrid Marcross C6.13 are compared. Cool weather
retarded the growth rate of the plants in 1940, but favorably high
temperntures nccelerated plant growth in 1941, The duration of
tagssel siages was 5 days longer in 1940 than in 1941, and similar
differences were found in other growth stages. It is noteworthy that
tho development of plant-growth stages was independent of vegotatlive
growth as expressed by height. The previlence of growth stages in
the early market hybrid Marcvoss C6.13, in o comumnercial field planted
on April 25, 1940, is shown in table 4.

BLIBLY® 49—2
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TasLe 4 —Prevalence of growth stages in the hybrid sweet corn Marcross
06.18 at New Haven, Conn., 1940 (based on 100 plants in 4 sub-
samples of 26 consecutive plants each, examined on the same day)

Percentage of plants in growth stage on—

Growth siage

June | Juse | June  Jupe; July | July | July | July
12 17 22 27 2 7 12 1 24

Early whorl __ ..o .___._.. 88 7 1] 0 G 0 0 0
Midwhot! o raeaem 125 57 18 0 g 8 0 0
Tate-whorl oo 6| AL 52} 12 Li] 0 0 0
Esrly green-tnssel _.____._.__.. 0 0| 30| 72 (3 0 0 9
Mid~green-tassel . . . . nenoo ¢ )] 0| 18 47 17 ] Q
Lsto-grecn-tavsei . ow e oo @ 1] 0 0| 39| 44 3 0
Barty sk oo 0 i} 1] 0 8| 23| 31 i
Midsilk e o 0 U] 0 0 9| 16} 88 21
Late-silk o aieooooo 0 i} 3] i} 0 0 8 78

SHELTER AREAS AVAILABLL FOR LARVAT ESTABLISHMENT

The locations that serve as shelter areas for European corn borer
larvae in the wherl, tassel, and silk stages of the corn plant become
available as the form of the plant changes through growth. In these
studies some of the locations appeared to meet all the requirements
of initial larval establishment, but none of thom were utilized by the
larvae during more than three instars, Consequently, the larvas
that survived to pupate succeeded in maturing by virtue of initial
establishment, ecscape from the hazards of migration, and fortunate
recstablishment. In tables 5, 6, and 7 the distribution of larvae by
instars in the various parts and growth stages of the host plani s
summarized. The data in table 5 show the shift of the infesting
population from one shielter area to another during successive growth
stages of the plant, and the data in tables 6 and 7 give the percentages
of instars found in cach location and in cach stage of plant growth,

Weonl STAGES

Tn early strains of sweet corn Enropean corn borer larvao first enter
spaces betweon the spirally wound leal blades composing the whorl
(table 3). There arc 5 to 11 spaces in the midwhorl and late-whorl
stages {fig. 1, B and 0), and as the plant grows the depth of these
spaces inercases and the leaf blades elongate, unroll, and finally become
detached from the whorl. The pressure of appressed leaf surfaces is
reduced gradually and the wedge-shaped space between the leaves
slowly deseends toward the stalk until the outer leaf is released from
the whorl. In these studics it was observed that the leaf tissucs lining
the unexposed paris of these spaces wore relatively soft, pale green,
or yellowsh green, and were usually wet from plant exudates and from
atmospherie moisture.  The lovel of this filin of moislurc was commen-
ly observed o rise with an increase in the rate of plant gutiation, or
glandular secretion of ffuid materials, and it also rose with an accumu-
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lution of water during ruing, At other times the film receded as water
was evaporated from the plant at rates in excess of the plant’s eapacity
for replacing it.

First instars were found to feed habitually below the upper margin
of the interfoliar moisture film, and they accompanied the film down-
ward with plant growth or remained at higher levels during periods of
more extensive accumulstion of water and plant fluids. During
periods of dry weather the larvae were observed to descend with the
moisture film more deeply into the interfoliar spaces, where they
hecane less aceessible to insecticidal deposits. Some of the second
inslars infesting extra carly and carly types of corn were found to have
penctrated the eentral shoot of the whorl, either by crawling beneath
the margin of a loosely rolled leaf blade or by boring through several
layers of rolied blades. Some of the larvace had resched the small,
immalure tassel when it consisted of white and pale-green, soft tissues,
spirally wrapped in the loose but still unrolled central leaf blades of

TausLe 5.—Distribution of BEuropean corn borer larvae in plant parts
during growth stages of the hybrid Marcross C6.18, at New Haven,
Cunn. (based on examination of 100 plants)

DHEERVATIUNS LN HHD

=

Bl
Parcentage of lurvae found in— g
a3
g lze g
g |84 a & 4
Vw5l am g 2 w| w2
Growth slage i ‘;;:E » g P % - ‘E 52
0 | R o 2 g | = ] by
= 2 € o = 2] ja _8
S ld=s=| g | H| @] 8 a1l &
[~ o 'a & u— = # = w g8
2 |Baw] R | & 3 3 4| S| B
Ely (&4 Sldl5(8|=
Midwhork. o, .. ___ a8 56| 0| of 0| O] O] O 7 5 8
Lvte-whorl . . ... .. 12 35 | 47 i 0| G 6, 6} 0 6 3
Parly green-tasselo .- 12 11568 19 4 0 0| 0} 6 9.5
Mid-green-tassel . o __ . 12 gldi |33, 8 b 0 0 1 i2. 8
Lale-green-lassel. ..o 0 0| 2133 1221 013119 10.3
Barly silk._ . ... . 0 0| 2 ol 1l]21740| 18} 8| 104
Midsilk o .. . Lo 0 0 0 01 13|16 " 44| 28 6 5. 2
Daate-silk .- 0 0 0 0 7 Q528 i) 4 4
Ronsting-car 0 60| 0y O 5] } ‘ ba l 38| b 4.0
UREERVATIONSE [N 1041
Midwhord. ... .. ... 38 11 i 0 ! 0| ol 0 0| 0| 2 5.6
Lale-whorl . . 3 18 3 b 0 0 0 0 2 6. 4
arly green-tasse! . §- 22 83 )] 4] 20 0 0 @y 124
Mid-green-tassel - .. i 5 50 15 40 30 0F 0 27 1
Lato-pgreen-tassel oo _ 6. 24 26 16 8 12 0! 5 1 1L O
linrly =ik . 3 7 i 7 12 17 20 15 4 1.0, 4
Midsilk | . R & 8 [ 0 18 15 H0 18 1 10. 3
Fan) o=ilk - 8. 0 | 0 4 27 385 19 3 7.4
Noasting-onr .. . [H] 0 { 0 ! 1 36 25 4] 5.4

! Leaf surface, Lillers, nod mideibs of leaf blades.
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the midwhor! stage (fig. 1, B). In this position the larvae exenvated
tho tissucs of the contral tassel spike and the bud tissues of the stam-
inato spikelets composing the tassel. However, in the later hybrid,
Golden Cross Bantam, larvee were not found within or between the
staminato spikelots while these were cnclosed in the tightly wound
central shoot, which is characteristic of this hybrid during ite midwhorl
stage. Mxamination of developing tassels indicated that larvee were
carried upward as the tassels emerged through the bottom of the cup
2t the beginning of the late-whorl stage (fig. 1, ), and that as soon
as the tassel became exposed the population was wercased by newly
hatched lnevae,

In early strains of sweeb eorn, ear shoots are exposed 4 to 6 ineches
during the late-whorl stage. These shoots consist largely of the
streamer leaves of the husk, or husk laminae, and are closely appressed’
forming miniature spaces similar to the interfoliar spaces of the whorl.
These spaces later become conbinuous with spaces between the husk
I%nvcs, thus affording permanent shelier for larvae invading the car
shoots.

Tanwe 6,—Distribution of lurval instars in the various growth stages of
the early market hybrid Mareross C6.18, at New Haven, Conn., 1940
and 1941 {(bused on examination of 100 plants)

OBSRRVATIONS IN 140

Percentage of larvae in instar Num-

} e e ) ber of

Growth atage . lnrvae

First, {Second; Third { Fourth | Fifth | Pupa p?n'f;t
Midwhorl .. _____.. 140 0 o g 0 0 5 8
Late-whorl ... _..._..__ 21 78 1 )] 0 0 6 3
Early green-tassel___ ... 20 58 22 0 0 0 g 5
Mid-green-tassel._________ 17 417 32 10 0 0 128
Late-green-tossel o .. __ 1 25 28 34 12 0 10. 3
Early sille ... 0 17 40 27 15 0 10, 4
Midsiik . .o g 5 22 42 31 0 5 2
Late-silk.. oo oeo . ul oo g 0 7 i8 66 g 4.4
Roautingear ... .. 1] 0 1 15 70 14 40

ODSERVATIONS IN 1641
|

Midwhorl._____ ... ... 88 f 12 | 0 4] 1] ¢ B 6
Late-whorl.. ... . ... .__ 73 - 22 a i 1] 0 6. 4
Bariy green-tassel__._____ 57 ; 27 16 0 0 0 12, 9
Mid-green-tassel ... __ 26 38 . 28 & i 1] 14, 4
Late-green-tassel . ... _. i3 26 4 1y 2 0 4.0
Tarly silk ool vt 40 211 35 22 18 0 14. 4
Midsile . _ ... \ 4 16 29 30 27 0 i0. 3
Latesilk . ... oo ... : ] 11 26 25 38 1 74
Roasting-ear___.__.. __ . -| )] 0 6 20 73 1 59




TasLe 7.—Percentage of lareal instars of the European corn borer in plant parts of the various growth stages of the hybrid
sweet corn, Marcross C6.13, at New Haven, Conn., 1941 (based on examination of 1 00 plants)

Midwhorl stage Late-whorl stage ' Mid-green-tassel stage

Plant parts i l
First Second Third First Second Third Second Third Fourth
instar instar instar instar instar instar instar instar instar

o2
b

Interfoliar spaces. . ... ...: . 51. 8
Spaces  between staminate )
spikelets. oo oo oeo 25.0
Florets of exposed tassel_.._ . i
Ear shoot$.. v cmmamacmamnne
Leaf sheaths.

Peduncles.,
Other parts !

ok

coocooR S
o

ol
cooprmn

e
HOOOPN ®m

oen =3

b

(=2}

Midsilk stage ' Roasting-ear stage

First | Second | Third ! Fourth Third | Fourth | Fifth
instar | instar instar instar instar instar instar

Plant parté

Spaces between = staminate
spikelels

Florets of exposed tassel

Leaf sheaths

Peduncles_ o oo oo ommlamam

O T ST

LNVid NH0D 'EII-I;T: NO NOILVDOT YEHNE NHO0D NVEIOUAH

COCOCOO

Other parts !

gl

1 On surface of plants and in midribs of leaf blades.
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GREEN-TASSEL STAGES

Tnierfoliar spaces of the whorl persist more or less into the green-
tassel stages (fig. 2, 4, B, and O, depending on the growth habit of
the strain of corn.  When plant growih dwrmg the carly green-tassel
and mid-green tanssel stages causcs the mterfolinr spaces to dry oub
and become obliternted mizny of the larvae in the first, sccond, and
third instars ascend to the tassel. Tnierfoliar sprees persist between
streamer leaves, or husk laminae, projecting from newly formed car
shoots, which are produced as rudimenisries as late as the midsilk
stage (fig. 3, B) of most types of sweet cor.

n_some varietics tassel infestation was begun during the mid-
whorl stage, and thercafier larvae aceumulated in the tassels from
two sourvces: (1) Newly hatched larvae ascending to the topmost part
of the plant; and (2) first and second instars which had migrated
from whotl spaces when thess beesmo unsuitable to their requivements.
Botweon the late-whorl and the mid-green-tassel stages, while the
vassel was slili a clump of adhering branches, first and second instars
entered spaces bebween staminale spikelets and betweon the pedicels
of staminate spikelets and the inssel branch te which the pedicels
were attached, and began excavations leading to entry of the flovets.
Many of the fivst-instar larvae enioved the tassel thvough the tip of
the flovet and fed on tho lemmac and palene before reaching the
anthers. A smaller persentage of the lwmrvas invading the tassel
daring the midwhorl or late-whorl stages became established at the
juncture of the central tassel spike with a branch and bored iuto the
central spike at that point. These larvae were found to have grown
to the third or fourth instar by the time the plant bad reached the
mid-green-tassol stage.

In seme strains of corn the tassel branches adheve in a clump
duving 2 or more days after emergence from the whorl (fig. 2, B),
. although high winds may cause carlier separation of the branches.
When the branches become sepavated many of the larvae arve exposed
and she first four instars of these spin ov drop to lower parts of the
plant. Migration is then rather precipitate, unlike the subsequent
migration out of the tassel florcts. The florels, which contain lerma
and palen bracts, as well as anthers, provide a moisl envivonment
favorable to the Inrvae until the anthers begin to shed pollen.  Alter
pollen shedding begins, the dryness and loss of food in the plang
render it undeswable.  As indicated in tables 5 and 7, movement from
the tassel flovets began during the late-green-tassel stage, eonfinued
through the late-silk stage, and resulted in the appearance of third
mstars in lower shelior aveas of the plant.

A pari of the peduncle below the tassel branches may be visible
daring the late-green-iassel stage {fig. 2, (), but it becomes exposed
largely during the silk stages. Larvae entered this part of the
peduncie before it emerged {rom the leaf sheath of the topinost leaf
blade, and they continued to make entries as the peduncle grow up-
wawd,  Later, deyness apparently made the area unasecepiable to
wiandering larvae and a considerable npumber migrated from the
peduncle.
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Spaces beneath the leaf sheaths became 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 their vertical growth by the time they reached that stage. Upward
growth izvolves the movement of each leaf sheath inside the one
originating immediately below it, and this process continuies until part
of the stalk becomes visible. As a result of pressure caused by turgid-
ity and growth, each overlying leaf sheath adheres tightly to the one,
mgide it until the rate of "'I'DWtJ%l upward has been materially reduced.
Up to the lnte-grcon-tnsseT stage {Ag. 2, ) very few larvae were feund
to penetrate beneath the leal sheath, and penetration was accom-
plished by cutting through the Iigules, as has been obzcrved and de-
seribed by Huber, Neiswander, and Salter (9, p. 45).

SILK STACES

The silk stages of growth (fic. 3, A, B, and C) provide shelter areas
larerely in the frue and rudimentary ears and beneath the leaf sheaths.
Nowly hatehed larvae, as well as scecond to fourth instars migrating
from the tassel, find in these areas the moisture and food necessary to
establishment,  Larval entry into the ears, bogun in the late-whorl
and carly green-tassel stages, did not increase until the mid-green-
tassel stage, when migrants from the tassel began to appear in the ear
shoots. Increases during the silk stages (table 5) included larvae in
the second, third, and fourth instars which entered by way of the silk
tunnel or crawled between the sheath leaf and the husk leaves.

The routes taken by larvae in reaching the stalk were similar to those
described for larvae entering the peduncle. Having reached the space
beneath the leaf sheath, they made excavations in its inner surface or
in the rudimentary car developing at that point (sce fig. 3, 4, B).
T the absence of suitable rudimentary ear tissue, the third and fourth
instars began boring into the stalk. While the coincidence of un-
favorable shelier in the tassel for first-instar larvae and the loosening
of the ligules accounted for some increase in the number of first instars
in the leaf sheath spaces, a considerable proportion of the increase in
population was due to nugrating third and fourth instars, as shown in
tables 5, 6, and 7.

Migration out of the rudimentary cars began with deterioration of
the rudimentary cob and continued through the roasting-car stage of
plant growth. By this time the infesting population had become
esbublished in the ears, or in the stalk, or beneabh the leaf sheaths—the
last parts Lo furnish moisture and food in a drying plant.  Asthe corn
plant matured the borer eseaped from dryness largely by pupating or,
in the case of immature larvae, by migrating {rom the plant as one parf;
alter another became undesivable,

Broken midribs of leaves afforded temporary shelter to migrating
larvae. Although such breakage occurred during all plant-growth
stages, such locations were useful to larvae enly during the whotl and
tassol stages, when the oxposed tissues were comparatively succulent.
In these studies a relatively unimportant percentage of the larvae
inhabited breakage points in early types of sweet corn.
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DISTRIBUTION OF LARVALE IN PAERTS OF THE PLANT

Several items in table 5 are significant because they show that the
distribution of larvae in the =ame hybrid varies with seasonal differ-
ences aad corresponding differences in establishment, migration, and
reestablishmeat.  Differences in larval distribution attributable to
differenees in the season are illustrated by the fact that in 1940 the
larvae established themselves earlier in tassel areas, and made a shorter
-stay in the intevfoliar spaces, than in 1941, In 1940 the ear shoots
beeame infested earlior and by larger percentages of larvae than in
1941, but fewer bovers entered the tessel florets. It is also noteworthy
that, accompanying an carlicr migration from the tassel during the
late-green-tassel stage in 1940, a larger number of the borors were lost
Trom the plants through accidents and a smaller pereentage of the
migrating larvae became established in the ear shoots,

During the 1940 infestation of the late-whorl stage 82 percent of the
larvae were found to have penelrated to the immature tassels, or
staminete spikelets, developing withia the whotls, as compared with
53 perconb in 1941, A considerable pereentage of these larvae were
sccond instars —78 percend in 1940 and 22 percend in 1941 (table 6).
Apparently many of them continned to grow during the late-whorl
stage, as 22 and 16 percent of the larvac in the early green-tassel
plants in 1940 and 1941, respectively, were third instars, and approxi-
mately one-third of them were in that instar at the time of migration
from the late green tessels.

Extensive variation in the aecessibility, and utilization of midwhorl
and late-whot] shelter areas was found among the four hybrids com-
pared in table 8. Differcnces in availability of protoctive areas
explain differences in the inlestabion, as cxemplified by the ear shoots.
The length of the car shoots varied with the carliness of the hybrid.
Spaneross, the carlicst, showed green streamers, or husk laminae, 6
inches long n the late-whorl stage, as compared with 4-inch laminae
in Mareross. In Golden Cross, Bantam, and Carmelcross, on the
othor hand, alt parts of the ear shoot were concealed beneath the Jeaf
sheath, although, exceptionally, in plants in the late-wherl stage,
1-inch and 2-inch green laminae showed sbove the ligule. These
differences in the amount of spuee available in the different varieties
aceount for the variabion in pereentages of larvae inhabiting late-
whortl car shoots (lable 8). Explanation is not so obvious, however,
in the percentages of infestation in iinmature tassels developing within
the whorl, ineluding the incipient buds of the flovets, or in the oeeur-
rence of instars. In 1940 approximately half the larvae (55 pereent)
infesting midwhorl Marcross plants had penctrated to the developing
tassels, as compared with only 11 percent in the 1941 planting of this
hybrid.  The difference is attributable to the cool, dry weather pre-
valling during the midwhorl and late-whorl stages in 1940, which
resulted in proportionately less vegetative growth (table 2).

Larval penetration to the midwhorl tassels of Spancross and Mae-
eross, in contrast wilh the absence of larvae in the tassels of Golden
Cross Bantam, was nob completely explained by the looser winding
of whorls charncieristic of the earlier varietics, beeause seeond instars
were observed to lunnel through several layers of rolied leaf blades
to reisch the tassel areas of the earliest and sceond earlicst varieties.
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Tanve 8.—Location of first-generation European corn borer larvae in the
gfw-rl stages of hybrds of €13 and P 39 sweet corn al New Haven,
ann.,

Percentage of larvae found in plant parts of—
i
H Golden-
Crowth stege and shelter area Ng?i?f’s Span- | Carmel- eross
. Crogs crosy Bantam
C 4.13 12 13X P 39 P30XP 51
i
10 ¢ 1041 ;1940 140 M0
|
Midwhorl stage: |
Lenf surface. . ..o oo 7 E 2 5 7 8
Interfolinr spaces.._...._._ 38! 88 56 81 92
Spaces of developing tassel ' ;
withia the whorl Lo ..o ... a3, 11 9 12 Q
Late-whorl stuge: :
Leaf surface. . ... ... 0 3 0 0 3
Interfoliar spaces . . . 121 39 16 31 80
Spaces of developing tassel !
within the whorl . .. ____. 35 i8 42 46 1
Florets of exposed tassel_.......; 471 35 2t 20 2
Enr SROOUS —emm e oo I 6 | 5 21 2 4

Apparently other characters were responsible for the continved high
proportion (80 percent) of the larvae found in interfoliar spaces of
the late-whorl stage of Golden Cross Bantam, Further examination
showed 40 pereent of the infesting populatien to be first instars,
although in many plants exeavation of tissues had ceased after the
initial effort of the larvae had been cxpended. Many of ihe feeding
areas were pin-poind, trial pits, rather than the lareer and elongated
areas of continued excavation usually observed in carly market types
of corn. 'These pin-point feeding areas resembled those described by
Patch (11) in his stu('l:'y of the resistant hybrid R 4. In general, larval
activity in Golden Cross Bantem was in marked contrast to the con-
tinucd excavation, development to second instar, and penctration "o
tassel areas characterisiic of larvae infesting Spaneross and Marcross
in midwhorl and late-whorl stages of plant growth. It was concluded
that the larvac infesting these stages of Golden Cross Bantam did not
obtain from this food sufficient ensrgy to continue excnvation ab the
same rate as in the carlier varieties of corn.

Differcnces in the distribution of larvae in plants of the four hybrids
compared in teble 8 suggest the same geaeral cause; that is, variation
in the ratio of carbohydrates to nitrogen, which may occcur in the
larval food charneieristic of these hybrids in midwhor! and late-whorl
stages. It will be reealled that external differences between the four
hybrids were noted in the development of the car shoots and these
differences were in the order of vanctal earliness. In these four hy-
brids length of ear shoot and earliness were associated with the length
of the predominantly vegetative period of leaf blade and stalk grewth
during which translocated foed slements are predominantly nitrog-
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enous. In the earlier varieties this period was shortened and a more
equal balance of the carbohydrate-nitrogen ratio was indicated by
earlicr development of car and tasscl organs.  With an inerease in the
availability of earbohydrate compounds to infesting larvae, greater
provision was made for active excavation and continuous instor
growth in the enrly Spancross and Marcross then in the midseason
Golden Cross Dantam. Differences in the distribution of larvae in
Marcross in 1940 and 1941 were atiributed to reduction in the length
of the vegetative (nitrogen) cyele of plant metabelism curing the
cooler 1040 season, whereas in 1941 higher temperatures and increased
availability of plant food extended the period of vegetutive growlh,

APPLICATION OF INSECTICIDES

The sequenee of biological events during growth stages of the corn
plant indicated the physical properties needed in insecticide materials
te combat corn borer and the procedure required in their application.
The shelier arcas entered by corn borer farvac are more aceessible to
inseciicides having penetrating propertics, but in the studics discussed
in this publieation, the larvae as they migrated {rom one plant part to
another were all subject to the effect of depesits or barriers of in-
secticides at points of entry.

As many of the sccond and third instars had already become es-
tablished in the concearled tassel, insecticides applied during the whorl
stares were cffective largely agninst first-instar invaders of interfoliar
spaces. 'The insecticide must cither be able to penetrate deeply or
the insoluble deposits must be mobile.  Earlvy market types of sweeb
eorn were found to be subjeet to a relatively high infestation rate,
with extensive establishment and survival during midwhotl and late-
whorl stages (fig. 1, B and ), which indicated the importance of
inseeticidal treatment during these stages.

When trealments are applied during the early green-tassel (fig. 2, 4)
ot the mid-grecn-tassel {fig. 2, B) stage, more than 30 percent of the
larvae on the plant occupy shelter areas in the furled tassel, where
many of them are ncccssigfc to insceticide deposits. To insure maxi-
mum reduction of borers ab this time the iusecticide must be capable
cither of penctrating closely felted and waxy components of the tassel
or of providing barriers that will be effective against suecessful -
gration out of the tassel by second-, third-, and fourth-instar borers.

The stalk ean be protected by penetrant ov barrier insecticides de-
posibed ot leal shenth openings during late-green-tassel (fig. 2, ) and
early silk (fig. 3, A) stages of plant growth.

1t was evident during these studies of initial and seeondary estab-
lishment that probably ne single application of an insecticide will
suffice to protect the ears. It was concluded that ear protection cen
be accomplished only by the following procedures: (1) Reduction of
the total larval populalion, as some of the larvae from other parts of
the plant are polential contributors to ear infestation; (2) use of an
inseeticide sufficiently effective to protect the ear from third- and
fourth-instar migrants; and {3) so directing the application as to insure
deposits on the developing ear shoots.
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SUMMARY

The areas of the corn plant that serve es shelter for larvae of the
Europein corn borer (Pyreuste nubilalis (Fibnl)) were studied to de-
termine thetr relation to msecticide deposits.

Tynes of shelter area charncteristic of each of 12 stages of plant
erowlh were examined, and the prevalence of larvae in them was found
to be affected by the growth stage and varicfal growth rate of the
plant and by the crowing season,

Successive locations used by the larvae for entry during grewth of
the plant woere ns follows: (1) Interfohar spaces, (2) immature tassels,
{3) tassel Horets, (4) car shoots, (3) leaf sheaths, and (6) ecars. The
pxtent Lo which Lhe respective locations were utibzed for initial estab-
ishment varied with the mafurity of the plants when the larvac were
betehing.,  Weeding nrens were eikher obliterated through growth ov
were made unsnitable for Lenaney by changes resulting from plant
development.  Spaces inside feaf sheaths became available to the
lnrvae during the late-green-tassel stage, when the completion of
internodular growth and the loosening of the sheaths permitted the
Insvae Lo enter,

Migration of tarvas frow less protective Lo more protective arens was
found to accompany the development of speeific plant-growth stages,
The direction aned sequenee of these migrations were as follows: (1)
rony interlolinr whorl sprees Lo spaces of the partially enciosed tassel;
{2) from interfuliar whosl spaces to space nreas of the exposed tassel;
(31 from spares between paris of the unfurling tassel to its stem, or
pedunele, and to ear shoots; (1) oub of the tassel flovets to the leaf
sheaths and the ears; and (5 from the tassel peduncle to the leaf
sheaths and the cars, These migrations were proportionately more
unportunl during the late-whorl, mid-green-tnssel, and midsilk stages,

Fiest-insiar larvae were found to feed babitually below the upper
margin of the interfoling meisture film, and accompanied this film
downward with plant growth or remnined at higher levels when water
and plant fleids were more abuendant. During dey weather the Invvae
deseended with the moisiure film more deeply into the interfoliar
spaees, where they beesme less aceessible to insecticidal deposits,
In the easlier bybrids, Spaaeross and Mareross, second instars pene-
trnted fromn the iaterfoliar spaces to the partially enclosed tassel dwring
the midwhor! and late-whorl stages.

The distridation of larvae and thelr developiment to maturity in
shelter arens of plants in midwhoel and late-whoed stages of growth
varied with the cinrliness and seasonnd growth of the hybrid sweel corn
sleaing,  Evidence sugeested that the variations were due to differ-
ences in the earbohydrate-nitrogen ratio during the slages of plant
growth. The carlier inerease of carbohydrnte constituents in the
enrlier hybeids, Spancross and Marcross, vesulted in earlier differenti-
stion and development of car shoots. In the later variety, Golden
(‘ross Bantam, larvae failed to penetrate deeply and to feed exten-
sively, probably because the preponderance of vegetative metabolism
charncterislie of the midwhorl aml late-whorl stages depeived them of
sufticient carbohydrate, cocrgy-producing putricnts to enable them to
excavate the plant tissues.
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The data obtained on the oceurrence and utilization of shelter arcas
by the larvae should bhe useful in interpreting the performance of
insecticides tested for European corn borer controi. Direet applien-
tion of this type of information would indicate the physical propertics
an ingecticide must have if it is to be effective against the borer, and
the degree of i}!ant‘ protection to be expected from treatments dirceted
at specific shelter aress.
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