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UNTTED STATES DEPARTMENT OF AGRICULTURE
- WASHINGTON, D. C.

*‘THE HOST PLANTS OF THE EUROPEAN
"" CORN BORER IN NEW ENGLAND !

s -g

By Bexjamiy E. Hopgson
Associate Entomologist, Division of Cereal and Forage Insects, Bureau of Entomologyt
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INTRODUCTION

The Europeaun corn borer (Pyrausta nubilalic Hubner), although
in this country primarily a pest of corn, is generally acknowled
to have been carried to the United States in broomuorn 6, 8, 4),
was _first discovered here in dshlias {7, 4), and has been found in
the largest numbers on several occasions in cocklebur.?

! The writsr wishes Lo thank all his coworkers from whose notes be has drawn information which alded
in this work, and alse these who bave assisted in collecting data.  Partieular mention should be made of
the early wotk on host plants by ths late &, C. Viual {7, p. 15); (italic numbwrz in parentheses refer to
“ Literaturs cited,” p. &3); of the work of D. J. Caffrey and G. W, Barber, whose cbesrvations and notes
on the host plants have been extensive; of F. W. Grigg, who was associgted with the anthor in the study
of the bost planta during the years 1619 to 3922, and ﬁose botanical inmowledge was axn inveiuable aid in
this work; of W. 0. Eilis, who deterziined many of the insect specimens in the new host plants; of H. I
Cronin, who conducted the surveys of market-garden erops and flowsrs in 1926 and 3927, and of G. W,
#ulll, who assisted i preparing the fgures and takies. Others who have assisted are Roland E. Garmon,
gﬁgor{tr i{i.lnneuwler, ‘barles W. Preston, Linten B. Sanderson, Milton I. Sawyer, Robert F. Snzama, and
F.2 er.

3 Qo May 6, 1922, G. W, Barber found a cocklebur plant cortaining 167 lsrvee and 33 pupse, & total
of 206, end on June 2 of the same year he found ancther plant containing 187 individ mosty plupas
sod pupal exyvise. On November 4, 1921, the suthor dissocled five cocklebur plants which contained
312 larvas, with 8 maximum of 168 in ona plent.  In the latter cass thers was no indication that {hese borers
warn migrants: the plants were 3 foet or mare high, well branched and wide spreadizg, offering an immense
storshouse of Jood 8s well as ample protection for many larvee. The greatest number of larvae found in

corz was 311, in a hill of sweet corn, and the rmarimum for one plant was 117, recorded by D. I, Caffray at
Medford, Mase,, In 1918 (7, p. 18).

55720 2]
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In the initial st.mgﬁof the corn bomr in* New England it was founid "
on ‘more than 30
flowers, and weeds. Becsuse of the range of plants involved, this
_R?&se of the investigational work has been given special attention.
any details have been considered because of their scientific interest
and m order to make the work more complete. Some“time has been
given to searching out all the host-plants and to a study of their
relative infestation. Most effort has been applied fo escertaining
the extent and nature of infestation and injury in the more important

erent kinds of plants, embracing vegetables )

host plants. Al the work, whether on preferred or on rare host .

piants, or on plants sus-
Iﬁected of being hosts,
as been done chiefly
“with a8 view to (1)
learning the possibili-
ties and importance of
- the insect as a pest, (2)
gerving as a basis for
the establishment of .
adequate yet reason- -
able quarantine regula--
tions, and (3) making
possible the intelligent
use of other measures
for reducing or restrict-
ing the borer popula-
tion and thus securing
practical control.
"Although research on
the host plants of the
coin borer has been -
carried on from the be-
ginning -of the investi-
gations in 1917, and
over the entire infested -
: : ~ area, most of the work - -
' Fio, 1—Enlensity of Enropear corn-borer infestation in New rreported hez'em, with

England i 1920. A, ares in which co ustally saveret -
i‘fig“’d and other evorita hiost "mg“&f"m?’muen{w toms  bheexception of that on
es sevetely, (nfested; spproximat Tailes;

B, ama in which comy wus usnally rouud Intested, but seldem . 00!'!1 and 5 few Other
severely, n&d eJI:I:m.rzz5 host pmnﬁts wge ootes onﬁ? mlested; * - favired host plants, was
o mate aren, wnre miles; G, area in which corn was

ehiber occastonally o iahtly miested, axd other vartaost  done during the penod
plants were rarely infested This area slsoincludeanlitowns  from 1919 to 1922 -
aver seouted and found Infested. Approximate urea, 1,085 - iy v
-sqnare miles. The tatal nren of infosted temitory was  clusive, and within the

spprozimately 2410 equare miles arés where corn is com-

monly infested. The greatesb variety of hest plants bas been found
in locations of severe infestation, whereas in the lightly infested
areas only the more favored hosts are attacked. _

The year 1920 was typical of thi; period when the greatest number
of new host plants were being found and the greatest number of
notes made on the known hosts. (Fi )

‘The total aroa of infestation in New %ngland has more than doubled
since 1920. The area of more or less frequent infestation has incrensed
reguisrly every year, and the areas of severe infestation have fluc-
tuated from year to year, in some years being smaller end in other
years larger and more scattered than in 1920.
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GENERAL CONSIDERATION OF THE HOST PLANTS

The host plants represent 131 genera of 40 plant families, ranging
from Equisetaceae to Asteraceae, (Table 8.) The family Poacese,
to which corn belongs, is the one best represented, excepting that
large and rather inclusive group, Asteraceae. Other families well
represented are Polygonaceae, Chenopodiacese, Amsaranthaccae,
Brassicacese, Rosacese, Fabaceae, Malvaceae, Menthaceae, and
Solanacene. The genera best represented by number of species
and vareties are Holeus, Chaetochloa, Rumex, Polygonum, Cheno-
podiutn, Bets, Amaranthus, Brassica, Rubus, Phaseolus, Solanum,
Solidago, Aster, Xanthium, Bidens, Chrysanthemum, Artemisia, and
Centpurea, That the members of these families and geners (espe-
cially the latter) constitute the more important hosts does not
necessarily follow. A number of important host plants are not
included m the foregoing list of genera, and many of the plants
included, sometimes even whole genera, are not important &s hosts.
The latter is true of Brassica, Rubus, Sclidago, Aster (this does not
refer to China aster, Callisiemma chinense), and Centanrea. On the
other hand, certaln genera, especislly Holeus, Polygonum, Beta,
Xanthium, Bidens, and Artemisia, contain very important hosts.

The number of species, botanical varieties, and more important
horticultural varieties npon which, or in which, one or more stages
(egg, larva, pupa, or imago 3} have been found is well over 200. The
exnet number varies according to how many horticultural varieties
are recognized.! Tn addition to the plants officially recorded there
are doubtless a number of others, as only the infested plants have
been included for which authentic determinations of bothk the plant
and the insect have been obtained. The probable hosts not
included in this list fall into the following groups: (1) Plants infested
infrequently, specimens of which, unfortunately, have not been
found; (2) plants found infested at a time of year when the plant
specimens could not be definitely identified; and (3) plants upon
which the insect was not authentically determined, including some
of those reported by florists and gardeners. Among the latter are
Pelargonium domesticum, Hibiscus syriacus, peach (windfall fruit and
young shoots), maple (sprout from an old stump neer corn), and
Chinese cabbage. fggs which were probably those of the corn borer
have been found on dandelion, oxalis, plantain, rye, and lettuce,

On the other hand, uncfficial reports concerning several plants as
hosts are to be doubted. Carnations have been.reported by several
%rowers as host plants of the borer, The only case investigated,

owever, proved to be an infestation by Phlyetaenia terrealis Tt., the
work of which resembles that of the corn borer (5, ». 786). Iris has
been reported as a host plant, but in no examinsation of this plant
have corn borers been found. The iris borer, Macronoctua onusta
Grote, frequently was found, and this might easily be mistaken for
Pyrauste nubilals.

In the search for sll the hosts of the corn borer a great many plants
were examined upon which this insect was net found. Of these, the

¥ Tha pupal exuving remainiog in the Injured plants are avidence that the insects passed throngh to
the ndult singe In the plants, i

4 "Pils hutletin treals corn ns one host. If the four horlicgllzral types, dent, fint, pop, aod sweet, were
numbered ss[larutely, ant! pole nod bush beans were considered ss two, the total number of spacies aml
belanieal ant horticultural varietles known to heve bean infesied in New Epglond would be 221,




3
4. TECHNICAL BULLETIN 77, U. 8. DEPT. OF AGRICULTURE

plants which have been examined most frequently and in the largest
numbers are Antirrhinum, begonia, carnation, carrot, cyclamen,
flowering maple (Adutilon spp.), fuchsia, hydranges, iris, peony,
petunia, perennial phlox, salpiglossis, Seirpus eypertnus; and, at the
experiment field, alfalfa, flax, rye, sweet potato, upland rice, velvet
bean, and vetch.

A few plants found infested when inclosed with horers ean not be
considered hosts. In cage experiments larvae were found feeding on
bluegrass (Poa pratensis L..), catrot, Jepanese iris, redish, and eulalia.
Begonia plants growing in a window box in the laboratery were
infested by small larvae, which socon abandoned them.

Of the European host plants (4) that oceur in this section all have
been found infested except Phragmites communts Trin. This piant
oceurs in two widely separated colonies, both in locations where the
borers were extremely sbundant. Of the hosts found in the Lake
Erie region and Canade (4), sll those that commonly oceur in eastern
Massachusetts are infested excepi mullein (Verbascum thapsus 1.)
and tumbling pigweed (Amaranthus graecizans L.).

A little less than helf of the plants upon which the insect has been
found ere ordinarily cultivated. The remainder ave either weeds,
garden escapes, or wild plants. The more preferred hosts are also
about equally divided between the cultivated and the wild plants.
Several of the hosts occur within the infested area both as cultivated
plants and as weeds and must be classed in both groups® Hemp,
Japanese hop, and white sweet clover, while culfivated in some parts
of the country, occur here almost always as weeds on dumps and in
other neplected ryiots. The small grains are seldom sown, but
oceasional plants, especially of oat, are found in waste places.

QULTIVATED CROPS THAT HAVE BEEN FOUND SERIOUSLY INJURED BY THE CORN
BORER IN EASTERN NEW ENGLAND

The European corn borer has been found causing serious injury
to the following cultivated plants which are occasionally or fre-

uently grown in the infested ares of eastern New England: Apple
?windfall fruit), bean, beet, caulifiower,® celery, corn, eggplant,
Japanese millet, mangel, pepper, potato, rhubarb, sunflower, Swiss
chard, and tomato; and, among flowers, China aster, calendula,
canna, celosia,’ chrysanthemum, coleus,® cosmos, dahlia, gladiotus,
zolden glow, helichrysum, hollykock, marigold, pansy,® prince’s-plume
(Polygonum orientale), salvia, and zinnia. ,

Although during years of extreme abundance of the insect and
within areas of heavy infestation severe injury has occurred on
all of these plants, over the infested area in general and in normsl
years this insect can be considered a pest on corn only, A yearly
sutvey of the infestation of some of the more common host plents
which are grown commercially has been made. (Table 1.) A few
surveys have been made on some of the other crop plants, but most
of the information on these is derived from miscellaneous notes.

3 The more important of these nre suaflowers, Jerusalem artichoke, Polygonum sieboldii Da Vriese and
P, orientale L., native asters, and horse-radish. .

a F&;&nd infestex! on only one occasion and then evidently by mlgrting lsreae Irom near-hy heavily
infested cOTo.
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TABLE 1——Annual survey of fhe infestotion of some of the more imporiant
econoinic host plants of the Buropean corn bover 1
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1 This table has beon compiled Irom miscellsneauy surveys not criginally planred tq ba so tabnlated;
for 1his reason the data on sweet corn are incomplete. be: %lants examined In a Yocation ma
from 100 in some of the eornfields to 1,000 in some of the hect the varyiog number dependlng oo,
the kind of plants examined and the intensity of infestation. A latger numibier of plants were examined in
g]laees of light infestation. Frequentiy every plant ke the hotise was examined iz the case of chryzanthe-

more than {wo significant figures,
larvee per plaot ™ is not alweys an actual connt, beenuse In some places the owners did nat allow
ihe plants to be cut; in such eases an estimate is used. The dahlia survey includes a fow amiall home
gardens; thess ara usually maore severely infested than the commercial plantings.
¢ Tha percentage of Infestation in chiysanthemum iz larger than these figures show becase many of
the infeated plants were retmoved by the gruower before the exawinations were made.
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The econemic loss due to infestation comes not only from a damaged
or destroyed product but slso from reduced crops resulting from injury
to the plant, reduction in market area and price because of quaran~
tine restrictions, and greater cost of production because of clean-up
reguirements,

hs loss in sweet corn is caused both by a reduced yield due to
stalk injury and by the fact that the ears are actually damaged or
rendered unsightly by direct injury. This loss is negligible except
in fields where there is considerable infestation; in severely infested
fields sometimes the entire yield is unmarketable.

Only a very few bean pods were found infested in commercial
plantings. Most of the infestation in celery was in the outer stalks
that are always removed before marketing. The injury to beet was
almost always restricted to a few leaf stems that could be removed
when the product was sold as bunch beets. Later in the season when
the beets had become larger and were sold by weight all the leaves
were removed, so only those very few that were infested in the ‘‘beet”
were unmarketable. Rhubarb, for the most part, is marketed earlﬁ,
before the insects can start to work in it; this is also true of spinach,
which otherwise might be included with the more important host
plauts. Potato, although frequently infested in the vines, probably
§u§fersd little reduction in yield, as the vines are seldom noticeably
injured.

Considering the number of bdrers involved, chrysanthemum
doubtless suffers the greatest loss; a single borer, traveling from plant
to plant, frequently destroys several buds or blooms befare it is
discovered and killed. The loss on chrysanthemum is kept down,
however, because of the protection against moths and migrating
larvae afforded by the houses when ventilating windows ere properly
screened, and because of the closer waich kept over the plants. The
dahlia is usually raised commercially for the suberous roots; these
suffer practically no reduection in number or quality except when the
plant is severely injured. Gladiolus, like chrysanthemum, is usually
ruined when attacked. The number of plants destroyed in the
larger commercial plantings is negligible; m smaller plantings and
home gardens the injury is sometimes considerable. The remaining
cultivated plants are elther grown mostly in home gardens, or, i
grown commetcially in large plantings, are rarely injured to sn eco-
nomic extent.

Injury by the corn borer is not extensive in greenhouses; in fact,
except In & few badly infested houses of chrysanthemums, this insect
is negligible as a greenhouse pest. Chrysanthemum is the only
plant growing inside which has been found {requently attacked, and
it is the only one wpon which economic loss has occurred. The
softes-stemmed varieties have been those most severel in{ured, and
much of the infestation was probably acquired while tge plants were
outside during the summer. ~Some growers assert that they have had
little or no mfestation when plants were kept in the houses through-
out the yesr.

A few other greenhouse planis have been attacked. Stevia is
sometimes infested and on several occasions has been rather badl
injured. Other plants occasionally infested are the large stock
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plants of gerahium which have been oufside during the summer,
and the fruits of felse Jerusalem cherry. Typical corn-borer injur

has been found in heliotrope, and once a few larvae were found.
Calendula was found infested only on one occasion, when five larvae
were observed. Cucumber, spinach, tomato, coleus, miguonette,
and rose—all hosts of the borer—examined in preenhouses had not
been attacked, although rose has been reported as infested by one
of the large-scale commercial growers.

CROPS NOT COMMONLY GROWN IN EASTERN MASSACHUSETTS BUT ON WHICH THE
BORER. 1S 4 POTENTIAL PEST

A number of the plants listed as hosts of the borer have been found
only as occastonal weeds and garden escapes in waste places, or
grown only occasionally or as experiments, but are more or less
common crop plants in other parts of the country. These are the
small grains, the millets, and buckwheat; the grain and sirup sor-
ghums; broomecorn, Johnson grass, Sudan grass, and teesinte; cotton,
tobacco, peanut, soy bean, cowpea, okra, white sweet clover, hemp, .
and hop. The following plants have heen tested but not found
infested: Alfalfa, flax, rye, sweet potato, upland rice, and velvet bean.

The infestation in barley, oat, rye, and whest has usually affected
less than 1 per cent of the plants. Hungarian, pearl, and golden
millets were found very slightly infested, whereas European millet
(Panicum milinceum) and dJapanese millet (Echinochioa crusgalli
edulis) were frequently, sometimes rather severely, injured. FEuro-
pean millet breaks over badly when infested, so the damage is greater
than in other small grains.

All the sorghums, including breomcorn, have been commonly
infested some years and have shown some Infestation cvery year.
Even when the number of infested stalks approached or reached
100 per cent, the number of larvae per plant remained low, and the
injury to plant tissue was small, so the reduction in yield due to
plant injury was slight. The actual feeding on grain was negligible.

Cotton was infested in the several years and m the four different
cxperimental fields where 1t has been grown. Tt is difficult to obtain
good-sized plants in New England; in one year only were large bolls
obtuained, and these did not fully ripen. Most of the infestation has
occurred, therefore, in the stems. As a rule the tunnels are short
and are frequently abandoned by the insect. In one plot about 200
fairly well-grown bolls were examined, 18 of whick were infested.
Severnl of these were dissected and were found to contain larvae
feeding on the developing cotton fiber. (Fig. 2.3 The larvae were
full grown and apparently normal.

Peanut plants were attacked rather freely in the stems, but most
of the larvae scon left them. Tobaeco has been found infested, but
no larvae have been found to remain or do any extensive feeding in
this plant. Johnson grass, Sudan grass, and teosinte were only Lightly
attacked, even when other hosts near by were severely injured. Hemp
and hop are found within the infested area of New Epngland rather
infrequently, but are usually severely attacked by the borers.
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Although the extent of infestation in plants grown under experi-
mental conditions may net be normal, it is at least indicative of the
plants’ susceptibility. (Table 2.} All stages of the insect have been
found on most of the plants discussed in this section. Although
many of them appear to be preferred by the insect, it must be noted
that thesc plants were all growing beside badly infested corn and in
very small plots. Host plants of the European corn borer are gener-
ally more severely infested under such conditions. Although several

¥ig. 2.—C'olton bolls infested by the European corn borer. Larvie feediog upon the devel-
oping Ster

of these plants may become important hosts should the borer reach
parts of the country where they are commonly grown, there is no
certainty that such will be the case” It does appesr, however, that
those plants which have shown little or no attraction for the borer,
such as alfalfa, cowpes, flax, soybean, sweet potato, white sweet clover,
teosinte, tobacco, upland rice, snd velvet bean, sre unlikely to be
seriously injured.

* 3 This allatin deals strict!y with a stod ¥ of the corn borer in its two-generstion development as it oconld
o New England. "he one-generstion strain ocourting in the more western infestations may have, snd st
present appareolly does have, diferent food-plant habits. Tha diffierence In the igsect’s seanpnal develup-
men may slfect 165 reaction to these plants,
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Tasre 2.—Corn-borer infestation in field experiments of crop planis not commonly
grown in eastern Massachuseitsl
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1 Muat of these records were made at the Medford experiment field, and a few at the experiment fields at
Belmout, Saugus, and Waburn, Mnass.  Alfalfa, flax, mpe, rig, rye, velvet bean vetch, sugar beet, sweet
to, white sweet clover, aud tobaceo have not been listed here becauss they showed ittle ar oo m.
{femp and ho;t))s\:sm tested, but a5 meost of the information ¢n these plants has been gained from
lnneous Beld observations they bave not been included in this tabulation,

t Feterita comamonly has savernl stalks per plant, and hegari has three.  As the other gorghums 1isually
have one, the percentages have been on number of stalks instend of numbear of plants. Fx the grasses
andl small graing the culm rather than the pluot has been used s the unit npon which to base comparisons.

1 Bpugis experiment Neld,

+ Woburn gxperiment flald.

+ Helmont experitnent fleld.




) Tra fIN[ECAL BULLETIN 77, T 8. HEPT. OF MU TULTURRE
PRANTS AND PLANT PARTS IN WHICH THE INSECT MAY BE CARRIED

AV Bt plann= o plant part~ which enter commeree or are eareied
b wtrotsebile parteess and Howers eareied o fanerals or worn on
G clothiner, may bear thee crnesy Larvae, o pipae of the ihseet oo
nnfested terrtopy, The petly or iy wrown larvae canse njury
which i~ ardinasily conspicnons, bhut to deteet tie <imall luevae Tudden
i ~tein= op Qowers e, 33, or between the Toisles and in the <ill of
the eorn e, By, amd the cowr ns=e= on the nndeside ol feaves
i 55, mwch crre s pegured,

Fhe host~ ot Jikelv to cupey the horer are sweel eorn i, 2,

mivd vercinbles wieh as ceeen beag~ il 250 boneh beel-, colery

pepirer~ ands wore crelys eeplains, dbarh iz 200
bt tanmperaes fn 20
ot tlewers, a--Iu-s"!u”_\' thowe with which a parl of e {‘1.1!1[ i~
ire Lredeed, o v!;t'_\'w:m!!-l'iul‘.ln e, 20 and 27, dabilin R 31
reladindie fz0 o8 helebrv-nnn, el Zinnda Lo 5o are aleo o sonres
o dareeer, Sopoe Bowers bopire an doer <lepder peiioles are seldom
|:it Vo wiBthw pant e fie Iil:tlil arnd e fess IEL.-l,\-. theyebeie, 1o con-
it bopers \lli:lllll' HELELN] Iy Thieee are o=, '_:lil{li'li ‘_:'Etl\\. :s[ili
coahener, Aserntsie, boltonin, ecio-tr, boeheteepe, mavioold porive
aeter, pan b nnd teva Thased bess Segnentls mtefed anay contain

freater




¥FiG, 4.—5mall Jarvas of the Enr{opean corn: borer between the husks
of corn
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The whole plant 1< <ometimes earried, Tiis 1 espeelaliv true of
aster, eanna, eodetis, cosmo=, weranium, heliotrope, hollvhoels, false
Jepiabem eherey, pansy, pompon chevanthemum, rose, salvin, and
tontte, Most ol these, exeepting patted chrysanthemam and false
detasalem cherry, are moved e the spring, o e when there i<
IR rhaper uF Hieir 111-5“‘.‘.‘ et

[P T B I N I SO T Y1 [N E PHTTPS EN T

Althoneh wome o0 the vegetablos, Qowers, and plants here con-
stdered are not handled @ the swholesale markets, they are all <old
foealty and afron caeried con=ldemble distanees, This & espeeinlly
troc ol those sold at the ~tared= wlong main roads,

Tl cmmaere, clovers e G smallb orains, and buckwhest have
B fosmnd e esteed o=ty i vmenbtis ated plaees o at the experi-
po e telds ot more or lews donbtful whether these plants can be
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found as hosts when growing in any considerahble stands and away
from en environment of extreme infestation. Since most of these
plants have been known to be hosts, it is expedient, nevertheless, to
be on the safe side and consider any hay or straw originating within

Fit. 6.—8tems of elover infested by migrant larvae [rom near-by sweat corn,  Noze the [rass in the
Iower croteh of the stem on the right

the infested area as a possible carrier of the pest. The fact that
dock, aster, goldenrod, and & few other plants likely to be infested
frequently grow in places where hay is made, makes this precaution
even more needful.
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HOST PLANTS FROM THE CLEAN-UPF STANDPOINT

Corn, not only becatse it is so [requently and widely infested as
gompared with other host plants, buf also because it is idsally adapted
to the use of the insect as a place of hibernation, is the principal plant
to consider in any clean-up work. This plant is of special importance
in this regard because of the large size 0? the stalk, which even when
broken into sections still offers ample protection to the insect, and
because of the custom of cutting the plants several inches above the
soil, thus leaving stubble which very frequently harbors some and
occasionally a great many borers. (Fig. 7 (% Borers have been found

Fig. 7.—Curn stubhle infested by the European corn borer, showing how low in the plant the
Jarvas sometimes go
in sections of cornstalks in manure about to be spread on the land
in the spring, and they are rather commonly found in stalks of corn
lying on or near the surface of the soil in places where they were
pomﬁy turned under the previous season.

Dahlia, aster, and other cultiveted plants have been found carrying
the borer through the winter. Trash from the garden, especially
corn and flower stalks, is frequently carried to dumps or left in other
out-of-the-way places and becomes a source of reinfestation. In fact,
it scems likely that such refuse may be the source of the severe infes-
tations which have been observed in the plant growth on city dumping
grounds. (Figs. 8 and 9.)
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Fra. 9.—~Cornstalks thrown oo a duinp
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The weeds, garden escapes, and wild plants growing upon dumps
and in other waste places, or associated with cultivated crops, include
some of the nost frequently and severely infested Lost plants.
(Fig. 10.) These plants, being zeither of economic nor of quarantine
importance, are of interest only as supporters of the pest. They are
immediate sources of reinfestation to corn and other erop plants, and
the larger weed areas serve as breeding grounds where the number
of borers in a locality may be increased manyfold. This has happened
in those great areas of mixed weeds in Arlington, Mass., and surround-
ing towns which in some years have harbored hundreds of thousands
of borers (4, 8). (Fig. 1L.7°

Nor, when considering clean-up measures, should the damage from
weeds on the borders of fields, along roadsides, walks, and fences, or

ool

?’ - i il * .5 e 5 .

%‘aﬁ) _ _w%

a4 R i Yl oy _

Fiu, tho=Mised weed growLh, mostly barnyard grass and pigweed, on land formerly cultivated,
This area averaped 54 larvae of the Eurapean corn borer per square yard in 1922 (3, p. 139)

in other neglected places be overlooked even when they are few in
number and lightly attacked. Cocklebur and knotweed (Polygonum)
growing on the banks of streams or other bedies of water have fre-
quently been found infested. These plants are sometimes broken
ofF or uprooted by high water and carried to other places. (Figs.
12 and 13.)

The noncultivated host plants most frequently and badly infested
are ragweed, pigweed (Amaranthus retroflexus), knotweed, cocklebur,
haurnyard grass, dock, and hemp.  Of these the first three mentioned
are the most widely «distributed as host plants. (Table 3.) Others
peensionally or frequently found inlested, sometimes very severely
injured, are burdock, heggar-tick, datura, firoweed  (Frechtites
hieracifolia), hop, horseweed (Erigeron canadensis), nettle, panie
erpss, Mexiean tea (Chenopodinm ambrosioides), and wormwood
(mostly Artemisia gnpine nd 2L diennis). (Tuble +.)

*xndarge wead ar I New England were founrl heavily wid peneclly infested during the pueriod
Irinn 1620 Lo 1927,

055727 — 28 —2
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Fia. 12.—Coeklebur infested by the Eurogea.n corn borer. _‘These plants kave been swopt by high
ave

water, agd parts of them teen carried farther down tha river

g, 13.—Drébris contuining cockiebur stems washod up on the bonks of the river. Ses Figure 12
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TaBuE 3.—VYearly survey of infesiation in three of the more {mporiant weed hosts of
the Buropean corr borer?t

Loes- Totaj
tions ; larvas

Nunmber
Ragweed (Ambirosis) 202
D e e e ———
Do,

PO PR PRI )

t Ambrosia, Amaranthus, and Polygonum are the weeds most widsly dlspersed as bosts of the borer and
mast Hkely 10 be found infested when associated with infested corn.  These survays include bath heavily
and Hghtly infeated terrliory aad apply te weeds found asseciated with cultivated plants; the mora severely
infested weeds of waste oreas nre not included hera, See Table 5 for exsmples of Infestation in waste areus,

Although not so frequently, and seldom severely infested, there is
some danger from goldenrod, lamb’s-quarters, native aster, sow
thisile, sunflower, tansy, yarrow, and the smaller grasses.

Hemp, giant regweed, false ragweed, and velvetleaf (Abutilon
theophrasti) are all susceptible plants and may eventually become
very important hosts in localities where they commonly occur. Itis
possible that others rarely serving as hosts may belong to this group.

The remaining weed hosts are so infrequently infested that, except
possibly in small isolated aress of infestation such as islands and small
cultivated sreas surrounded by forest, where it is conceivable that
the {:Ol'lﬁ borer may be eradicnted, they are of no importance in clean-
up work,

PARTS OF PLANTS .ATTACKED AND NATURE OF INJURY

The corn borer may attack & plant in any part, that is, leaves,
stems, roots, flowers, or fruits. The leaf blades are not fed upon
except by the very small larvse, but the ribs and peticles of the
larger leaves are often freely used as food. With most plants the
injury is solely, or chiefly, in the stems. Roots are rarely infested,
the fibrous roots never. Certain flowers and fruits are quite fre-
quently sttacled., Most plants attacked in the roots or in the
flowers and fruits are also infested in the stems or leaf petioles.
Corn is the only plent which is commonly infested in all parts.

LEAF INIJURY

The eggs are ususlly laid on the leaves. (Fig. 5.) Since the young
larvae often begin feeding at once on the plant tissue first at hand, it
is probable that most plants {except those which may be repellent)
upon which eggs have been laid have shown some leaf feeding. This
feeding is usually very limited, but in & few kinds of plants may be
rather extensive. In the column (Table 8) showing leaf {eeding, only
those plants are listed upon which considerable feeding in the midrib,
petiole, or sheath of the leaves has occurred. (Figs. 17 and 20.) The
plants in which these parts of the leaf wére eaten most frequently or
extensively are corn, the soerghums, teosinte, the small grains and
grasses, beet, mangel, Swiss chard, celery, rhubarb, gladiolws, canna,
and hollykock,
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The injury to the leaf blades by the newly hatched larvae con-
pists of minute holes, either roundish, linear, or irregular in outline,
through the leaf, or in some cases only partly through the leaf,
leaving intact the epidermis of one side. (Figs. 14 and 15.) Larger

Fia. 14.—Injury tn corn folinge by the young larvas. Naote Lhat many of the smaller feading areas
o oot extend entirely throngh the leal. These appesy as white sTeas in this plelura

larvaas sometimes make holes (often rows of holes, similar to those
made by Papaipema) through the leaf blades of corn while the
lenves are still rolled in the growing tip of the plant. (Fig. 16.)
Injury to the leaf blades is usually accompanied by scanty or no
frass and often can not be distinguished from injury by other insects.
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The voung larvae tunncling in the mideibs of leaves are often as
well eoncealed ns are larger larvae in the main stems.  VWhen feed-
ing accurs in the mideib the leafl usually breaks at the point of worst
injury. ‘This 1s espeeially true of corn and the sorghuwns, in which
the leal ribs are usually entered rather close to the stalks.

In the grasslike plants, including corn and sorghum, the injury to
the blade and midiib is usually accompanied by infestation in the
feaf sheath.,  The lurvac feed on the inner side of the leal sheaths
and sometimes on the
proxtmate part of the
stem, and i that case
the. space  boetween
sheath and stem con-
tains more or less of
the characteristic feass.

The injury to leaf peti-

oles is very similar to

injury to  the main

slems of the plants, ex-

ecopt that tho f{rass is

more likely to be dis-

colored or sticky from

the plant julves. The

larvee do uof always

tunnel into celery peti-

oles.  They are some-

times found feeding on

thesurface ol the singl]

inneer leaf stems, more

or less protected by the

puter leaves, or more

frequently  feeding

within the groove of

the leafstem, oflten pro-

tocked by a slight web-

bing of silk, sometimes

mixed with fruss.  (Fig.

17}

STEM INJURY AND ATPEAR- . .

ANCE OF FRASS Fra, 15,—Leal feeding oo corn by & new!ly hotehed Europeatt eorn-
horer larvn., CNEs B aptch enlnrged and shows the spidermal

colls nnd bundle sherihs left by the little borer and the hole
B}' fur the greater probably wmode o reael Lhe uther side of the lenf

number of plants are

infosted in  the principal stems, variously called stems, stalks,
bratiches, culins, canes, and vines. With the exceplion of plants
like celery, which as ordinarily grown consist only of leaves, most
of the larvae, whether feeding on parts of the leaf or not, eventually
rench cither the branehes or the main stalk of the plant.  Sometimes
they enter the stemns through the leaf petioles, but more often by
traveling on the surfuce of the plant.  Nligrating larvae usually
nttack the main stem first,  Stems wre most frequently entered near
the junction of the leal petiole, but may be attacked anywhere from
the buse of the plant to the growing tip.  In the sorghums the stem
injury is nlimust always close to or even within the seed head.
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Fio 1 Dgors b vorn follaee uuede by partly grows nevae. This work is done whiie tha leaves
afe yor rolled pa the grawing v of Wt platil, g is vers sitmder to work done Ly the stalk Dorer
¢ Papaipemy athers iorbelu)
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F15. 17.~Celery infested by the Eur:ﬁean corn borer.  Tha stalk on the right shows typical surface
fei:Aing: In the lower part of the stalk the larva is exposed; in the upper infestation the larea feed-

ing in the groove of the stem is ﬁrotected by a wehbing of 5ilk. ‘The other two stalkd have the

more common tunneling within them ard show only the entraoce holes and extruded frass
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Feeding in the stems is chiefly confined to the pith. In the
majority of infested plants the tissue consumed is only a small pro-
portion of the total pith cells of the plant. In some of the favorite
hosts, however, the greater part of the intericr of the plant is some-
times destroyed. This occasionally happens in the ease of corn,
aster, gladiolus, pigweed, cocklebur, beggar-tick, dock, hemp, and
knotweed. It is difficult to determine the extent of feeding in
dahlia, most grasses, small grains, buckwheat, and a few other
Flant.s because the stems are naturally hollow. In these plants the
arvae feed chiéfly upon ‘the lining of the tube which constitutes the
stem.

The appsesarance of the injury, the size and shape of the tunnels,
and the size and general appearance of the particles of frass are
characteristic. The stems of most small plants, and frequently of
corn and other large plants, are likely to break at the point of most
severe injury, making the infestation still more conspicuous. As
a rule that part of the plant above the injury is not kiﬁed outright,
but often, especially in tender growth, it soon wilts and dies. This
is especially true of aster, chrysanthemum, geranium (fiz. 18),
gladiolus, and all plants with small succulent stems, as portulacs
and galinsoga. In cases where the plant does not wilt, or where the
frass ejected from the entrance hole is scattered, the infestation is
frequently difficult of detection. Such infested plants are often
detected by the swollen condition of the steras at the points where
they were entered by the larvae. Examples of these are cocklebar,
hemp, Poiygonum, and ragweed. These sweliings in Polygonum
are tinged with red.

Ordinarily the extruded frass remains in little bunches, a third
of an inch or less in diameter, close to the entrance hole or lodged
in a crotch of the plant (fig. 19); though sometimes it i3 dry hke
sawdust and falls directly to the ground. Much of it remains within
the larval tunnel or the hollow stem of the plant.

The frass ? of the corn borer is smalier in size than that of the corm
car worm but larger than that of most of the small lepidopterous
borers and sewfly larvae frequently found in the same plants. The
color varies from almost white to gray or dark brown, depending
upon the plant and exposure to the weather. Occasionally it is

iven unusual colors by the plant attacked, as green from the succu-
Fnt green stems of tomato and geramium, salmon pink from the
ripe fruits of temato, bright to dark purplish red in sorghum stems,
and black in the leaf petioles of beet and Swiss chard. As a rule
the frass is comparatively dry, falling apart.at the slightest touch,
but in some plants it is bound together rather firmly by the juice
of the plant, as in beet, mangel, Swiss chard, snd rhubarb. In
rhubarb the frass is practically indistinguishable in the jellied or
gummy mass which fills up the excavations and cozes out of the
entrances or exit holes. (Fig. 20.)

ROOT INJURY

The rocts of plants are rarely, the fibrous roots never, attacked.
Larvae have been found working in the main taproot of cocklebur,
and brace roots of corn have been found infested. Beet and mangei

* This shoild not be confused with the partieles of plant tissue cul out hy the borer in axcavating hut
nut pessad through its body; these sre varinble In gize, freniently mich smaller than the pellets of (Fass,
flaky, and under u lens show thp unaMected cellular structure of the plant.
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F.

e e ae o ammenadbide

Fig, 18-—-Geranium stem !ifested by the European corn barer. Nate tha wilted {olinge; this is
typical of ipuey injured plants, especislly the mote suecalent
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Y T

Fa, l—Cocklobnr stems infested by the Buropean corn borer. ‘Typical appessange cof the
exbruded fress
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Fig. 20.—Rhobarb fen! sterns infested by the Eurcpean cor
borer, showing ervdstion of thickened plent juice Irom tha
entrafice hola
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are occasicnally found infested in the fleshy, enlarged taproot which
forms the edible portion of these vegetables. Although such injury
is in most cases confined to the part close to the erown of the plant,
the larvae sometimes tunnel alP through the beet. ¥xit holes, or
possibly attempts at exit holes, have been found several inches below
the surface of the soil.
(Fig. 21.)

Root infestation, with
the exception of attacks
on the brace roots of
corn, which is extremely
rare in New Enghmtf,r
has always been sc-
complished by larvae
working down through
the main stalk or from
the petioles of basal
leaves.- If that part of
the main stalk below
the highest lateralroots,
and. often surrounded
with soil, be considered
s part of the root sys-
tem, it can be said that
the borer works in the
roots of com. (Fig. 7.)
It has also been found
in the corresponding
part of the stems of
barnyard grass.

FLOWER AND FRUIT INJURY.

A few plants have
beer found infested in
i| the flowers, or in the

P:I(ff g‘rBeaE tm[?fm Lb% lmg\.;?% g‘f” tth?m }Zuru{pt?an c?rn b?rtehr. Eieeds or f;ultl'_lss and some

o Unnel 1o 8 OUisi0eE ol oW 8 SUriace o [:]

soil. The lurves anter the heets at the crown of the plant n a‘]’l of t ese. parts.
The flowers infested

are, with few exceptions, those which are closely or directly attached

to the main stalk of the plant, the stem of the flower in some cases

being a continuation of the principal plant stalk. (Fig. 22.) Infes-
tation in the fruits and seeds has resulted either from previous

flower infestation or from attacks on the fleshy fruits by large migrat-

ing larvae,

Corn is infested in the tassel and in all parts of the ear. The
young larvae seem to prefer the pollen and silk when these ure fresh.
The larvae attacking the tassel may feed on or in the unopened pistil-
late flowers for several days before entering the rhachis or the stalk.
- (Fig. 23.) Larvae frequently become full grown while feeding on
the silk alone, but most of those that hatch on or find their way to
the ear soon enter it and either feed on the unripe grain or work into
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the center of the cob. (Fig. 24.) Unlike the corn ear worm (Helio-
this obsolete Fab.), they may enter the ear anywhere—at the tip, the
side, or the butt, or through the shank. A larva attacking the
aain may feed on from one to a dozen or more adjacent kernels.

metimes a larva eats a sin%e kernel and passes on into the cob.
In extreme infestations a number of larvae in an Immature ear will
ccnsume the greater part of the kernels, but hardened grain is ususlly
only slightly injured.

Hemp and the grain sorghums are sometimes infested in the flower
head and in the resulting seed. Apparently some larvae spend their
whole existence working among the branches of these heads, feeding

FIn. 22.—Aster Aowers containing borers which have worked up through the stems. ‘The flower
on the laft shows o Jarva feeding on the receptacle end injury Lo tha developlng seeda. The
flower on the right shows tha extruded frass near the base of the Aower, and wilted petals

L}

upon the developing grain while more or less protected from weather
and enemies by this type of inflorescence.

On one occasion, when sunflowers were planted with corn as &
silage crop, the flowers were freely infested. The larvae were found
feeding mamly in the hollow petioles, in the receptacles of the flowers,
and on the developing seeds. Late-planted beans are frequently
infested in the pods by second-generation larvae, the feeding being
done on both the lining of the pods and the beans. (¥Fig. 25.) A
number of larvae have been found feeding upon the partly developed
fiber in cotton bolls. (Fig.2.) In one instance, a seed pod of Datura
was found infested; and flowers, seed pods, and seeds of cocklebur
are sometimes attacked.

The flowers of amaranthus, China aster, celosia, chrysanthemum,
dahlia, gladiolus, marigold, and zinnje are sometimes attacked.



http:22.-Ast.er
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In the dshlia a considerable reduction in the number of blooms is
brought about by the newly hatched larvae crawling from the leaves
where the eggs were laid to the growing tips of the plants and there
entering through the buds and tender stems, and eggs laid on the
blooms have sometimes caused the flowers to be infested by larvae.
In many cases the blooms of dahlias, like those of the other infested
cornposites, such as aster, chrysanthemum, marigold, sunflower, and
zinnia, are invaded by small larvae working up through the stem of
the flower. The larvae first feed within the petioi;as, then bore
through the receptacle of the flower, and fingllyfeed on the developing
seeds and the lower parts of the florets. The injury to the flower

is often inconspicuous.
It may be detected by
the presence of {rass or
sometimes by a few
wilted or dried-up
florets, An occasional
flower may fail to de-
velop  symmetrically.
(Fig. 26.) Chrysan-
themum. flowers are
more likely to be do-
stroyed because of in-
jury at a lower point
in the plant, which
cnuses the flower stems
to break or the flowers
and buds to wilt. Fre-
quently the point of
injury is so high inthe
stem that it spoils tho
specimen as & cut flower
even though the injury
has ocourred too late
to prevent the produc-
tion of a perfect bloom.
Mg, 27,3
The flowers of gladi-
olus are occysionally
Fio, @3.~Pollan sck of eordl gg;a;:;?gnby & small Europesa corn- ?‘:li'f:::i?deaé} %hrobu(é{leﬁlilsﬁ,
petioles and feed on the
lower parts of the petals and on the undeveloped seeds, The greatest
injury to those flowers, as with chrysanthemum, is caused by the
larvae feeding in the stems. (Fig. 28). The work of the larvee in
the stems, depending on the stage of growth of thé plant when at-
tacked, may prevent a flower spike from developing, may cause the
spike of buds to wilt and die, or may result in the flower spike break-
ing over, in any case ruining it for sala.

In the inflorescence of celosis. and amaranthus the infestation is in
that part of the stem to which the small flowers are attached. There
are a number of other flowers which are sometimes destroyed as a

~
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result of infestation in the stems or main part of the plant, although
the bloom is not infested. The most important of these are agera-
tum, California poppy, helichrysum, hkeliotrope, monarda, stevia,
prince’s plume (Polygonum orientale), rudbeckia, salvia, and pansy.
The rose has been found infested only a few times and then only in
the more suecculent plant stems. Cosmos and hellyhock, although
occasionally infested, haverare-
ly been sufficiently injured to
reduce the quality or number
of flowers.

Few fruitsareattacked; those
most frequently infested are
tomatocs and peppers. Egg-
plants, squashes, cucumbers,
Jerusalemn cherries, ground
cherries, windfall apples,®
pears, and grapes have been
known to be attacked. It is
probable that most, if not sll,
wfestation 1n fruits is caused
by migrating larvae.

The larvae generally enter
tomntoes and peppers near the
petiole; from this point they
work all through the fruit. In
the pepper they feed on the
lining of the seed cavity and
the seeds. In the tomato they
feed on the pulp and are often
immersed in juice, but appar-
ently arc not inconvenienced
and are perfectly normal. (Fig.
29.) Theinjury io these fruits
when first attacked is not no-
ticenble, but as the infestation
andvances the {ruits collapse in
places, hecome discolored, and
are frequently infected by dis-
cuse.

In apples, the larvae enter
the fruit at any point and work
freely through it. (Fig, 30.)
Often several larvae enfer the
gsame apple and soon so thor-
oughly excavate it that no part
is left intact. Thefrass,at first ~Fis. 24—Sweet cor showing typical injury by the Eu-
very light colored and muoist,
soon becomes brown and dries when exposed to the air. Injury to
pears is very sunilar to that in apples.

Bunches of grapes when infested are made extremely unsightly
by the sticky, discolored frass and shriveled, infested grapes smeared

0 An aptie, st on the tree, wis also fouml infested,




horer Lofestatlon

Fia, 235.—Bean pul showlng (ypleal sarn
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i 26 Chrysanthenim showing unsymmetrien] develsprent <ue to injury hy the Turapean
cory borer. The Borer worked up through the ster into the Qower.  Frass s been deposited
o e side of the ilower sl miny of the petals have filed o develap

9FITL - 2 emmnd
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Fin, o7 —Chrysantbennim fower infested in Lhe stem by o Inrva of the Eurapean carn barer. This
v Ininry wes ool mude soun enough to spoil the blonmn, but it has renddered the ilower worthless
Livtguase of Lhe injury Lo th stest
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16, 5. —Cladiohes Bower stalk tunncled by 8 larva of the European corn Larer
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over the sound fruit remaining on the bunch. Some of the larvae
have been found jnside grapes, submerged in the juice of the ripe
fruit.

Eggplant, squash, and cucumber fruits have been rarely attacked,
and the infestation has been confined to a small amount of excavation
into the flesh. Larvae have been found working inside the fruits of
{alse Jerusalem cherry and ground cherry.

The fleshy fruits have invariably been found infested late in the
season by larvae which would not pupate until the following spring.
Such fruits are not suit-
able as places of hiber-
nation; in fact most of
them scon disintegrate
and fail the larvae both
as sources of food and
as places of shelter.
There are, therefore, no
records of the insect be-
coming adult in them,

THE SEASONAL CYCLE
OF THE INSECT

GENERATIONS OF THE
INSECT

All stages of the in-
sect found on a plant
are listed either under
the first or the second
generation in Table 8.
Beeause of the fact that
in some years there is
ouly a partial second
generation, it is impos-
stble, after a certain
time in the summer and
until the end of the
generation the follow-
ing spring, to be certain
whether an individual
is 8 member of the
%eciond generation 1(:nr

- ) elongs to & single-

B s o tha Inury noer be'stemm bt the sutside  brooded phase of the

insect. Larvae during

this period are generally considered as of the second generation be-

ceuse of this uncertainty, and because in most places larvae of the
second generation are in the majority.

Most of the plants listed as second-generation hosts are known
to be so because they were found infested in years when the single
Feneration was not known to occur {see p. 62) or at » time when the
arvae could be readily distinguished from the large, full-grown,
single-generation specimens.

The plants found infested by larvae of only one of the generations
are usually either plants of rare occurrence or plants infrequently

"o
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attacked; most of the more common hosts are infested by both
grenerntions,

Many of the plants infested by bhoth gencrations are much moro
frequently attacked by onc than the other brood of larvae. The
second generation attacks the larger number of plants, and by far
the greater number of rarely nfested plants have been found as
hosts of this generation only. This is doubtiess beeause the borers of
the sceond generation are more numerous in normal years,”! and
maore generadly dispersed than those of the first, and because most of
the plants are more suit-
fble fater in the season
both for oviposition and
for Tood,

There has vever been
any indiention from gen-
eral observations thatthe
food preferences or feed-
ing habits of the {wo
generations differed; all
appnreent dillerencessuch
ns kinds, nmumbers, and
parts of plants attacked,
or nalure of injury in-
Micted by each oovnera-
tion, are casily explained
by the differences in
development, age, and
shundance of the plants,
and the difference in
numerical abundance of
the inseet i the bwn
generntions,

As here listed  there
are 25 kinds of plants
upon  which  the first
generation only has been
fornd, 119 upon which
the  second  generation
only has been found, and
75 that are infested by
both generations.

No special effort has
been made to discover
upon how many hosts a
single generation occurs. It is found eommonly on corn. Large
first-gencration larvae have been lound late in August and early in
September, alter pupation had apparently ended, upon the following
plants: Cocklebur, barnyard grass, panic grass, knotweed, and beggar-
tick. It is extremely doubtful if these larvac would pupate belore
the lollowing spring; if they did not, they would be single-gencration
speciniens,

Fres. 30— Windiall apple infestal by Eurnpenn corn-hoeer iarvag

W in general duning 1924 and 1626 the second genernlioe wos conskterat!y smaller thao the frst.




38 TECHNICAL BULLETIN 77, U. 8. DEPFT. OF AGRICULTURE
STAGES OF THE INSECT ON EACH PLANT

In ordor to determnine the host status of plants upon which borers
have been found, an effort has been made to discover what stages of
the insect occur on each plant, as shown in Table 8. In many of
the plants it hes been possible to follow the development of the borers
through from eggs to adults, noting the several instars of the larvae.
In others, although all life stages have been found, it is not known
whether or not the early larval Instars can subsist on them.

Fia. 3 .—Fgg mass of the European corn borer lald on o dahlia fower

The records of egr occurrence are the least complete. This is
because eggs are present in the field for a shorter period than the
larvae, the masses are not SO0 numerous, and they are much more
difficult to find. Many of the plants, however, have been examined
for eggs, some of them rather extensively, and, as the tabulations
show, eg%§ have been found on many of the more important host

h

plants. e plants upon which eggs have been most frequently
found are beet, corn, rhubarb, sorghum, dahlie, dock, knotweed, and
cocklebur. Those which have been examined for eggs and upon
which none, or very few, have been found are squash, tomato, gera-
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nium, burdock, false ragweed (Joe wenthiifolia), milkweed, ragweed,
and sumae.

Probably a large proportion of the plants listed become infested
by migrating larvae and are not found attractive or suitable for
oviposition by the moths; only repeated examinations will prove this
powmnt.

Eggs are usually placed on the underside {fig. 5), but occasionally
on t%%:upper side of the leaves. They are sometimes found on the
stalks of corn, cocklebur, and knotweed, and doubtless have occurred
on the stems of other planis. On several oceasions eggs have been
found on the flowers of dahlia.’? (Fig. 31.)

Epes have not been found on fruits, but have been found ¢a the
modified leal blades on the ears of corn.

The corn borer is most frequently found as a larva. This is because
larvde are more abundant than egg masses or, because of larval
mortality, than pupae; they are rather easily detected in the infested
stems; and the insect passes the greater portion of its life eycle in
the larval stage.

Except for the short time during which the newly hatched larvae
are exposed, they are ususlly found within the stems of the plants.
QOccasionally they enter the rcots {figs. 7 and 21) or the flowers and
fruits of some of the hosts. Sometimes they remain in more or
less exposed positions, as on grain-sorghum seed heads, corn silk
(fig. 32), and protecied parts of leaves.

The hibernating larvae are indicated separately in Table 8 to show
which plants have successfully carried them through the winter.
The plants in which hibernating larvae have been found in the spring
are considerably fewer than those in which active larvae have been
found in the fall, for the foliowing reasons: It is impossible to deter-
mine the species of some of the plants after they have passed through
the winter; most of the garden refuse and many of the weeds are
cleaned up before they can be examined in the spring; and many of
the plants do not offer suitable hibernating quarters. This last
Teason is especially true of beet, mangel, celery, rhubarb, Swiss chard,
the small grains and grasses, and some of the more delicate and
succulent garden flowers and weeds, as ageratum, portulaca, mignon-
otte, atriplex, coltsfoot, galinsoga, and the mustards.

The pupae are likely to be found wherever the mature larvae have
been feeding or hibernating, if these locations are suitable for pupa-
tion. Usulﬁly the larvae pupate within the tunnels in the stems of
plants (fig. 33), but pupae are oceasionally found on leaves or stems
with no further protection than the strands of silk by which they are
attached. Sometimes they have been found under the bark of
apple trees, between boards, and in telephone and bean poles. The
first-generation larvae are quite likely to pupate within the ears of
early sweet corn, either between the kernels or in the cob. The
number of plant species in which pupae oceur is much smaller than
that of those supporting larvae.

It seems most reasonable to sssume that any plant which will
bring the insect to & normal pupa has successiully carried it to ma-

[ iﬁ;fgs were found on dahlin bivems during tha summer of 1422, but have not been noted since.  In that
year they were found fu wildely seperated plness in four ditferent towns. 1L was not uncomenon to find
waveral exy moossed v one bloom.  Severnl thousandd Howers were exuinlned, sind 20 per cent in ane garden
varried egg closters.  Seversd bundred egy musses were foumd, although oaly u frection of the uvailuble
Howers wers exutuined.,
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Fi6, 32 —Lervoe of the corn borer living in the silk of corn.  ‘This
silk lay agulnst the ear, affording g protection, This iypeof
silk infestntion is unusual, bot the larvae are frequently fonnd
in fresii silk wilthin the husks
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Firy 3d.-- Putiite stems conlaiming pupee, A typsd popatn gite of ihie Egtopean eoen buree
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ﬁu’ity‘. For the sake of completeness, however, a column marked

“gdults”’ hes been added for each generation (Table 8), showing in-

which plants the pupal exuviae (indicating that an adult has emerged)
have been found. - . '

The number of plants upon which each stage and those upon which
all immature stages have been found are shown in Table 4,

Tasiy d.—Number of planis upon which the tmmature steges of the corn borer are
known {o have oceurred !

All -
Qeneration Fge Pupa | thres Crenaration .Egg
: Btages . -

35 89 &2 ] . 18 84 H
43 9L &0 24 L] 214 89

1 No cage-rearing records are here included, except those of materlal brought in from the Beld as foll-

own 1arvas, designated in Table &, columna & and 9, by the leiter C; nor ave records under the ganus alone

neJuded, excopt In the absance of & record for & datermined speciea of that geaus. Bes Table 8, footnote 1,
second paragraph, and fontnote 5, for more detailed expldnations.

EFFECT OF SEASONAL .DEVELOPMENT, CONDITION AND CHARAC.
TERISTICS OF THE PLANT ON INFESTATION

Some plants, as slready mentioned undem “Generations of the
Insect,”’ are early and essentially first-generation hosts, whereas
others usually come later in the season and are attarked by the second
generation.® It is also obvious that the development snd condition
of plants at the time of egg laying and the subsequent larval feeding
influence the frequency and intensity of infestation in them. It is
equally true that the inherent characteristics of the plants will affect
their susceptibility to sttack by the insect.

DEVELOPMENT AND CONDITION OF PLANTS

Apparently one reason why many plants are not attacked by the
first generation is that they are either too small or too immature to
be atiractive to the moths as places of oviposition. This is indicated
by counts of first-generation eggs on corn planted on different dates,
the number of egg masses per plant being greater with the increase
in size aud age of the plants, That the condition as well as the de-
velopment of plants affects the rate of oviposition on them is shown
by counts of second-generation eggs. In this case there is a decided
increase in the number of eggzs on the fresher, younger plants. The
sizes of these planis are not recorded but must have been about the
same for all plantings, While not all the series run as regularly as
the one tabulated (Table 5), an average of a number of series shows
even greater regularity. '

Corn is the only plant upon which such detailed studies have been
made, Observations on dock, however, seem to support this view.
Dock is a favorite first-generation host early in the season, when it is
more advanced, taller, and more leafy than the surrounding her-
baceous vegetation; it is mot so frequently infested by the second
generation at a time when, for the most part, it is mature and becom-
ing dry. It scems reasonable to believe that this same principle
must hold $rue to a greater or less extent for all the host plants.

t:S Feeding by ovorwintering larvaa in tho spring, elther in the old stem or in pow growth, has never beon
obsorved.,
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o TAB:_.E 5.—Comparative inj‘qstation of corn in ielati'bn, to time of ‘Phntﬁg} 8 i

: Exafninatlon for first- | - Stnlk infestation by ﬁrst - Examinatlon for seeond- : T T S /
generation eggs : generation - ~ generation eges S - Ear ix;lagttyxtign ’“‘W

Masses Height ’ | Stageof | Date ex- Masses| o gition of

on 100 A on 109
- plants plants growth | amined plants plants

. Per . S
R ] : A cent’| Feet | = - . Vi :
Apr. 27 { May 15 ne 1 ] - July 21 74 434 1 4 LT Leaves dry— Aug. 4

) | : in, n
May 10 | May 20 i% [ wwn@0..] 768 444 ’ do. 12 fgin . Aug.
May 25 | June 1 d - ...do... 3L) 4 | Siikstarting. do..... 14 Leaves,green. Aug. 17 R
June 8 | June 17 A : do 3 214 T:ilsselstart.- do... © T8 foaenedo... Aug. - 2B
A0 . : ng. o : : g ;
| June 26} July -3 0 G JENN 1 YL R ) B S £ 24 . ---do. 88| 4 foet hlgh,; Sept. 13

1 gb:ervutions made on & series of 5 plots of Golden Bnutam sweet corn planted at 2-week intervals during the season o! 1922, SR S
$.Only 10 {:lants ina plot were examined lor second-genemtlon eggs, these would give estimated numbem ot 70, 120, 140, 730, and 860 masses per 100 plnnts.‘
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Bean, beet, and spinach as commercial crops are usually grown

early; the large plantings are harvested and cleared up before there
are many larvae, Spinach is gathered even before the first-genera-
tion larvae, and the other plants before the second-generation larvae
become numerous, Small home-garden plantings, however, of beans
and beets have occasionally been severely infested late in the season.
If these were generally planted late and were thus subject to infesta-
tion by the large numbers of the second generation, there would
doubtless be serious economic loss on them at times. Some of the
more important host plants gencrally developing Iater in the season
are celery, tomato, pepper, sorghum, pigweed, and barnyard grass.
These are rarely infeste(f by the first generation of the borer.
. In more or less pure stands of any weed there is a great variation
in the size of individual plants, depending not on the time of germina-
tion but rather on the individusl vigor and enviromment of each
plant. Almost invariably it is the larger of these plants which are
sttacked, suggesting that it is size rather than maturity which makes
thern more susceptible. This condition is frequently seen in stands
of ragweed, pigweed, knotweed, and hemp.

Sometimes larvae leave plants that afford inferiot or inadequate
protection for the winter and enter near-by plants, causing the latter
to appear to be exceptionally favorite hosts. For exemple, in some
of the areas of mixed weeds, barnyard grass is the prineipal food plant.
Although many of the borers remain in this plant all winter, others
migrate to the less common pigweed plants to such an extent that
the latter are literally filled with the borers. Esrlier in the season,
when the pigweed plants were in a green and growing condition, they
were nob so attractive,

CHARACTERISTICS OF HOST PLANTS

As oviposition usually takes place on the leaves it is, naturally,
affected by their size, shape, and texture. One of the plants upon
which eggs have been frequently found is rhubarb. The leaves of
this plent present an ideal location for oviposition as well as ample
shelter for the moths. This is doubtless why rhubarb is so frequently
infested, slthough the plant itself does not appear to be & good host
for the borer. It will be noticed that most of the plants upon which
eggs are frequently found have from medium sized to large, entire
leaves, comparatively free from pubescence. Several of the com-
menly infested plants, as ragweed, tansy, wormwood, and cosmos,
have finely divided leaves, which offer very small areas of continuous
leaf surface. In no known case have eges been found on these plants
when grown in the open. In cage experiments eggs have been found
on ragweed and tansy; under such conditions, however, the adults
oviposit on almost any aveilable surface. In a cage containing
several plants each of ragweed and China aster, one egg mass was
laid on the ragweed and six on the aster; in another cage of ragweed
and bean, several egg masses were laid on the bean plants and none
on the ragweed; in & cage of cosmos and gladiolus, none were placed
on the cosmos, but seven masses were lnid on the gladiolus. The
sorghums and teosinfe, which resemble corn in leaf and growth,
sppesr to be used just as freely as corn for oviposition and in the
SEIne way. _

That extent of surface is not the only attribute of the leaf which
influences oviposition is shown in the case of burdock. The leaves
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of this plant very much resemble those of rhubarb in size, shape, and
position, and it is found growing in the same localities. This plant
has been examined for eggs many times, but there is only one record
of eggs found on it. This plant, nevertheless, has proved a better
host of the borer than has vhubarb."

Besides extent and nature of leaf surface, there are other charae-
teristics of the plant which affect its relation to the borer. Since
the moths seem to prefer the undersides of leaves for oviposttion, it
is Iikely that the upright position of the leaves of gladiolus accounts
for the fact that so few egps are found on this plant. Color attrac-
tion is indicated in the oviposition on dahlia blooms. Of the several
hundred egg masses found on the flowers of this plant, mos$ cccurred -
on those of the dark-red and terra-cotts shades and very few on the
white and yellow flowers. Whether or not there is a chemotropic
attraction of the plants for the moths, or for migrating larvae, is
now being investigated.

The nature of the stems, while probably not affecting oviposition,
greatly controls the extent of infestation on and the degree of injury
to the plant. Although the borer occasionally enters woody fissue,
it is quite evident in studying its hosts that the more woody or
harder stemmed plants are largely avoided. In cases where locust,
sumae, blackberry, raspberry, or grape have been infested, or where
bean and telephone poles or other pieces of wood have been entered,

the boring has been done in most, if not &ll, cases by large migrating -

larvae seeking protection rather than food. Of herbdceous plants
the harder and more wiry stemmed species and varieties aré nof so
freely attacked as the thicker and softer stemmed ones. This is
true even of plants in the same genus, or of varieties of the same
species. For examples, Aster puniceus is much more frequently
infested and more severely injured than is A. cordifelius, and among
greenhouse chrysanthemums the softer-stemmed varieties are the
more frequently infested. Most of the plants attacked are either
annuals or herbaceous biennials and perennials. The stems may be
either pithy or hollow, and a few of them are succulent.

The size of the stems is also & factor controlling the extent of
infestation. Although larvae of early instars can tunnel in very
small stemns, and larger borers are sometimes found in stems so small
that their bodies appear to be uncomfortably compressed, there
nust be & limit to the smallness of stems that can be used, and this
is doubtless the reason why many of the smaller grasses and sall
species of such favorite geners as Polygonum sre not infested.

his probably also accounts for the fact that the larger individuals
in a pure stand of & plant species are most often attacked,

The large number of very short abandoned tunnels observed in
burdock, Lythrum, cotton, and less frequently in some other plants,
indicates that these plants are at least not relished. In cage experi-
ments and in the laboratory larvae have repeatedly refused to feed
on larkspur, foxglove, German iris, sweet potato, and candytuft,
and, after a trial, have left begonia, carnation, cabbage, carrot, and
turnip. Eggs have been laid on some of these plants.

Many plants seem to be toxic to the insect. Tobacco is unques-
tionably toxic. Larvae found in this plant were either dead or usu-

% Opiy one pupt has been recorded o rbiharh, withough the plants have been examlined occasionally
for [Hipae.,
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ally died soon after they were brought to the laboratory. The
larvae after feeding a short time would darken and centract before
dying. If not too far gone, however, they would recover if placed
on corn. In cages moths freely lay eggs on tobacco plants., On
emerging most of the young larvae gie within a few hours after sam-
pling the leaf; a few leave the plant without feeding on it. Petunis,
o closely related plant, has the same reaction as tobacco on the newly
batched borers. The high mortality of larvae in some other plants,
as pigweed end sumac, would indicate that these plants did not prove
an idea] food. Shepherd’s purse and candytuft have each been
found infested only on one occasion, and in both cases the larva was
dead. In considering the possible toxic qualities of plants, it is
interesting to note that the msects have passed through to the adult
stage on tansy and Datura, both of which are very poisonous.

ENVIRONMENT AND DISTRIBUTION OF HOST PLANTS AS AFFECTING
THEIR INFESTATION

Although an ecological study of the hosts of the corn borer is in-
volved, and some of the problems have been investigated only
superficially, there are certain points in the environment of the

lants concerned which obviously affect their status as hosts of the

orer. Because of the concentration of adults about corn and weed
areas, which often share with corn the distinction of being foci of
infestation, and because the larvae migrate freely in search of new .
food supplies or better protection, the proximity of other hosts toi -
such spots markedly influences the extent of infestation in them.
Most of the rarely infested hosts attacked have been found within
relatively short distances of such sources of infestation.

MIGRATION

The relntive frequency of infestation in plants, while in many
cases resultant from oviposition, is to a great extent independent of
where the eggs are laid, because of the migration of the larvae. Mi-

ation is of two distinet types, if the dispersion of newly hatched
E:rvne after hitile or no feeding can be considered as one; the other is
the movement of partly or flLﬁy grown larvae.

The newly hatched larvee, usually after a very limited feeding on
the eggshells or on the leaf tissue, may travel or be borne to near-by
plants. Careful observations have shown that larvae from one egg
mass commonly s¢atter to several hills of corn. The same thing
apparently happens in regard to other hosts. Very frequently sev-
eral plants that are in contact, or close together, are found attacked,
with no other infested plants near them, which suggests that only
one egg mass was involved, This early dispersion of young larvae
may account for the infestetion that cccurs in such hosts as tansy,
ragweed, yarrow, and cosmos, plents which probably are not used
for oviposition, although the migration of larger larvae accounts for
it in many instances.

The true migration of partly or fully grown larvae seeking new or
different food suppliez, or better protection {(especially for hiberna-
tion), is & common and general occurrence.  (See p. 44.) Examina-
tions for eggs on many kinds of plants in the experiment fields indi-
cate that plants more severely infested than normalgr because of
their proximity to corn are more likely to be infested by migrant
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larvee {rom the corn than from an increase of ovipesition induced
by such an environnent.

Although the status of the rvarely infested plants in many cases
is unknown, there is every reason to believe that some are inlested
by migeating larvae. A striking example of inlestation through mi-
gration took place at the Medtord experiment field in the fall of 1922,
In fhat year the infestation was so heavy in the late plantings of
sweel corn Ehat the Inrvae consumed the edible portions of the
plants, and hordes of them were foreed lrom the broken-down plants
by an uree tor food und better protection.  (Fig, 34.) A large num-
Ler of trial plots of
various  vegetables,
fiecld crops, and flowers
woere loented close to
this corn, In  these
plols some kinds of
plants -notably toma-
to, okra, coleus, pansy,
nnill portiluen -sns-
tained no infestation
unlil  this  migration
tool place, and then
they beeame Treely -
festedd by the  Full-
erivwn larvae. The
okra, althoueh not in-
lestedl until ateaeked
by lurge  migrating
[wevae, had been used
rather freely by the
moths for oviposition,

Another notable in-
stanee of  migralion
vecorded by Barber (1)
peeurced o liitle enrlier
in the same year on i
furm in Winehester,
Mass, Asmadl, heav-
ily infested pateh of
sweet corn had been
poorly piowed under,
Asonoresult ol this, or

from other corm still Fll-. 3. —_i\ I1i%1 nlfs;\l'cf‘t{mrn Imal!l}' ;n{mtcrl by t:wiiﬁur(:!m?}n; vorn
. H . s wirer. o the fodl of W2 «neh hills averged slwnrt 150 borers
5] ILIl{llll_!.’,‘ near, thert even sfler many of the Larvae bod micrded to other hose plants

[ollowed =hovtly a mi-

aralion of borers to various plants growing beside a stone wall on
one side and to grapes and windfall pears i a fleld on the other
side.  Through this migration the following plants were infested:
Asparagus, cster cordifoline, black raspherry {eanes), goldenrod,
grape (vines and fruit), milkweed, pokeweed, sumae (hranehes),
and windfall pears,  These are all planes that have been Tound
infrsted either infrequenty o only on this oceasion,  They eomprised
most of the penr-by plants which were at all suitahle to the borers,
it'}w ||'(-r11ui||i11;: verelalion heing ehiclly =hort grass, trees, and under-
s,
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Besidea the large migrations of fully grown larvae from corn,
examples of which have been cited, there i3 & more comnmonly ocour-
ring but less extensive Imigration of newly hatched and partly or
Iu]Fy grown larvae into plants clozely associated with corn. The
ﬂrnts most commonly found infested were ragweed, polygonum,

otweed, and barnysrd grass. Others occasionally infested in this
way were purslane, which frequently carpets the soil after the last
cultivation, some of the clevers and grasses, several species of La-
biatae, and the common mallow. Although most of these infestations
were probably caused by migrating larvae, in so