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INTRODUCTION
Severe damage to corn by the southwestern corn borer, Diatraea
graruIioseUa Dyar,^ is more or less periodic in occurrence, but continual yearly damage is greater than is generally realized, as the
feeding in the stalk is hidden. Furthermore, the injured plants are
much less resistant than uninjured ones to drought.
Material damage by the southwestern corn borer, in its present
range, is largely confined to corn, but the insect feeds occasionally on
several of the grain sorghums and on broomcorn.
' Resigned Dec. 31, 1926.
2 The authors acknowledge their indebtedness to V. L. Wlldermuth, senior entomologist
in cbarge of the U.S. Entomological Laboratory at Tempe, Ariz., under whose immediate
supervision the major part of the biological studies were conducted, for his interest and
helpful suggestions and criticisms ; and to D. R. Burnham, superintendent of the Dry
Liind Agricultural Station, Tucumcari, N.Mex., for his unfailing cooperation and assistance in conducting borer-control experiments by cultural methods of stubble treatment
and time of planting corn in the northeastern part of the borer territory. Acknowledgment is also due Esther H. Hart for the drawings included in this bulletin. Early notes
by the late W. D. Hunter and by R. .\. Epperson have added to the completeness of the
bulletin.
' Order Lepldoptera, family I'yralidae, subfamily Cramblnae.
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An important economic factor is that the insect is gradually increasing its range to the north and to the east toward the main corngrowing sections of the United States. Although its general advance appears to take place by spurts at irregular intervals, the
occurrence of a favorable year may cause one of these sporadic advances to establish the borer permanently in the main Corn Belt.
Except as otherwise specified, the detailed life-history studies and
most of the general information for the western part of the insect's
range a])ply to the vicinity of Tucson, Ariz. Tucson has an elevation of 2,387 feet and is located in an exceptionally arid district, its
agriculture being conducted entirely under irrigation. As the southwestern corn borer is found at practically all elevations up to 5,600
feet, with different seasonal climatic factors, the seasonal history of
the insect ditfers considerably in different localities.
HISTORY OF THE SPECIES
Diatraea gramliosella was originally described in 1911 by H. G.
Dyar (4, p. 20'>)* from a specimen collected at (jrUiidahijiU'a, Mexico.
It has been confused in the literature with />. awiitinJoidcK Grt., formerly known as seacolella Dyar {11), a pest of corn in tlie southeastern j)art of the United States, and with 1). lincolatn Walk., a
species which formerly was erroneously bi'liev d to occur in this
country. Dyar and Heinrich (J, pp. 26-2(¡) in 1927 identified the
species from the Southwest as D. (/ra.tidifm'lla.
How long the southwestern corn borer has been in the United States
is unknown. Apparently spreading northward from Mexico, it is
believed to have entered Arizona, New Mexico, and Texas at about
the same time. C. H. Gable and R. A. Epperson, in an unijublished
manuscript on this species, record it from Lakewood, N.Mex., in
February 1913, from Las Palomas, N.Mex., in December 1913, and
from Carlsbad, N. Mex., in 1914. The borer was abundant in these
localities in the years mentioned. The agricultural agent of Cochise
County, Ariz. {12, Rpf. 8, pp. 37-39), rejjorted the borer as having
first been observed in Arizona in September 1916. It was confused
in this report with I), zeacolella. Severe danuige by tliis pest was
reported in 1917 (/,?, Rpt. 0, p. ,y), and it was'listed in 1922
(Ö, p. 69) as being generally distributed over Pima County, but under
the name of D. liveolata, a tropical si)ecies not known to occur in the
United States. A brief article {13) of recent date on the southwestern corn borer contains some notes on this insect from western
Texas.
The insect has undoubtedly been jjresent in the Southwest for
many years and possibly infested corn planted by the Indians along
rivers before the coming of the white man. With the practice during recent years of irrigation on a larger .scale and the gradual linking of (me agricultural area with another, the natural desert barriers
have been removed, and conditions are gradually becoming more
favorable for the rapid spread of the insect and consequently for
increased areas of distribution and damage.
* Italic numbers in parentheses refer to Literature Cited, p. 61.
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SPECIES OF DIATRAEA IN THE UNITED STATES
Five species of Diatraea are recorded from the United States by
Dyar and Heinrich (5), as follows:
Diatraea »a echara] ist (Fubricius) » • • Well distributed tlirougliout
tropical Americii from the Gulf coast of United Stiites to Mexico and Argentina, including the Antilles.
Diatraea cranescens D.vai' « « * Specimens are before us from Louisiana and Mississiiipi. and a series of four males and four females from Cayugu,
Guatemala, the latter running larger than those from the (¡ulf coast.
Diatraea zcaeolellu Ii,var ' '- * Specimens are liefove ns from the Southern States, Virginia, Sovth (';irolina, and Florida, also recently a specimen
from Kansas.
(This species, now called erainhidoidi a CxvX., lias been discussed under
the name zeacolelUi Dyar in several Bureau of Entomology publications ( /, J, cV, ,9). Box (.';?, y. .10) has recently deteriiiineil through
a study of the type in the British Museiun that enimhldoldeH (îrote
is the older name for this species and therefore should be used.)
Diatraea veiioxatis (Dyar) * * * Audubon Parlt. La.
Diatraea yraiidioxella Dyar * * * From soutliweslern Texas, southern
New Mexico, and Arizona to Mexicf)—Los Mocliis and Venadlo, SinaloH ; Colima,
Guadalajara, Telinacan.
Oidy ;î of the 5 species previously mentioned are of economic
imijortance in the United States, vi/., Diatraea. sacchafalia, D. eramhido/f/efi, and />. grandiosella. I), crambidoùles (i, p. Jf) is distributed alono; the Atlantic coast from northern Florida to Maryland,
but Avas originally described from Kansas (7). Like the southwestern corn borer, it is not known seriously to damage crops other
than corn. D. naccharaJis {10, pp. 0-10) is found in a strip along
the Gulf coast from the southern tip of Texas, through Louisiana,
and including the southern edge of Mississippi. It also occurs in
the southern half of Florida. This insect is the principal insect pest
of sugarcane in the United States, but also does serious damage to
corn. It also attacks nonsaccharine sorghums and grasses to some
extent. I), (/raridiosella, which has been confused with the other
species, resembles I>. saocharaJi» and />. eramhidoidex, but because its
j)resent distribution is confined to the Southwest as herein delimited,
with as yet no overla])]iing of the territory occu])ied by the other
species, any specimen taken from that region at present is almost
certain to be D. grand/ioHeJla.
GEOGRAPHIC DISTRIBUTION
The southwestern corn borer is believed to be quite generally
distributed throughout Mexico, having been reported from the States
of Sonora, Chihuahua, Sinaloa, Nayarit, Jalisco, Colima, Puebla,
and Vera Cruz. Proceeding northward, the known area of distribution in the United States (fig. 1) as of November 1931 includes the
southeastern corner of Arizona, nearly the southeastern two thirds
of New Mexico, most of the Panhandle and Big Bend districts of
Texas, and about two thirds of the Oklahoma Panhandle. In 1931
it appeared in the extreme .southwestern corner of Kansas and the
extreme southeastern corner of Colorado.
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In detail, the known distribution in the United States, as of
November, 1931, is as follows:
Arizona : Santa Cruz and Cocliise Counties, tlie eastern quarter of Pima
County, ttie eastern third of Final County, a small section in the southeastern
end of Gila County, the southern two thirds of Graham County, and the
southern lialf of Greenlee County.
New Mexico: Hidalgo, Luna, Dona Ana, Otero, Eddy, Koosevelt, Chaves,
Lincoln, Torranee, Guadalupe, De Baca, Curry, and Quay Counties, a small
area in the southwest corner of Catron County, all but the northeast corner
of Grant County, the southeastern two thirds of Sierra C'lunty, from the Rio
Grande to the east line of Socorro. Valencia, and Beiualillo Counties, tlie
southeastern corner of Sandoval County, the southern third of Santa Fe and
San Miguel Counties, tlie southeastern two thirds of Harding County, tlie

r^l-T-A-

^TtÄ'?

].—Map sliowlng the portions of Arizona. New Mexico, Texas, Oklahoma. Colorado,
and Kansa.s known to be infested liy the southwestern corn borer in November ll):il.

FIGURE

southeastern corner of Union County, and all but tlio extreme southeast corner
of Lea County.
Texas: The infestation in the Panhandle district includes the counties of
Dallam, Sherman, Hansford, Hartley. Moore, Hutchinson, Oldham, Potter,
Carson, Deaf Smith, Randiill, Arnistroiig, Donley. l'armer, Castro, Swisher,
Briscoe, Bailey, Lamb, <!ocliran, Hocliley, and Yoakuni. A small area in the
southwest corner of Ochiltree County, all of Roberts County except the
northeast and southeast corners, a small area in the west-central part of
Hamphill County, tlie western two thirds of Gray County, the western half
or more of CoUingsworth County, all but the southeastern fourth of Hall County,
the northwest corner of Motley County, tlie nortliern third of Floyd County
all but the extreme southeast corner of Hale County, tlie northwestern half
of Lubbock County, the northwestern half of Terry County, and the western
half of Gaines County. The infestation in the Big Bend district of Texas
includes: El Paso, Hudspeth, Culberson, Loving, Reeves, .leff Davis, and Presidio Counties, a strip along the western boundary of Winkler County, the
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western half of Ward County, the western half of I'eeos t^ounty, and all but
the eastern corner of Brewster County.
Oklahoma: The infestation in Oklrhonui covers practically all of Cimarrón
and Texas Counties.
Kansas: In Kansas the borer has been found in Morton County as far north
as Ulchfleld ; and in Stevens County as far as 3 uiih's north of the KansasOklahoma State line.
Colorado : Very sliglit infestations of the borer liave been fo.ind to extend
across about the southern one eighth of Baca County.
This area of infestation in the United States is not uniformly or
continuously infested. Within the infested territory are quite large
sections which, owing to the lack of host plants, are free from infestation, such as deserts, cattle ranges, mountains, etc. It is possible
that all of the actually infested area has not been included in this
list owing to limited scouting facilities.
DISSEMINATION
ARTIFICIAL SPREAD
The dissemination of this pest through transportation of any of
its stages from one locality to another is probably of little consequence. It is a common custom for the Mexican farmers of the
Southwest, driving by team from one place to another, to carry
green fodder for horse feed. These stalks are largely consumed en
route, and the chance of establishing a new infestation by such means
is small. The overwintering larvae are located in the lower main
roots of the host plants, and since such roots are not utilized they
are not usually moved except occasionally by floods. The mature
cornstalks which might contain larvae or pupae are probably seldom
hauled to any great distance, being as a rule consimied locally either
as ensilage or fed in the stalk. The borer does not ordinarily pupate
in corn ears, and it is iniprobable that infestations in new localities
are started from cast-oif ears, although this is possible.
NATURAL SPREAD
Natural spread is largely accomplished by the flight of the adults.
The larvae ordinarily do not leave the plant on which they were
hatched, and no true migration of them over land has been observed.
The newly emerged gravid females show an apparent disinclination to fly with their heavy burden of eggs, and when suitable host
plants are present in the immediate vicinity they doubtless do not
migrate to any great distance. It is probable, however, that when
suitable host plants are not available they may migrate for considerable distances. Partly spent females are more active and thus may,
because of wind or climatic conditions, migrate moie readily from
one field to another or even be carried across desert barriers to establish new infestations. Notwithstanding this, extensive noncultivated areas often serve as effective barriers for considerable [¡eriods
of time, and certainly serve greatly to retard the advance of the
species. There are, however, localities in which the insect has apparently succeeded in crossing even large barriers, and this would seem
to indicate that flight was aided by wind. Although there is, of
course, the possibility of transportation of immature stages by ve-
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hieles, the broad front of the advance which has been observed indicates rather a natural spread by flight.
River valleys with their growing crops have afforded the main
channels of dissemination northward. Aside from the river valleys,
cultivation in this region occurs in relatively small isolated areas
interspersed among mountains, deserts, and cattle ranges which are
free from any known host plants of the borer. This insect has,
therefore, been very largely, if not entirely, restricted to these cultivated areas. During the past few years large desert tracts have been
made productive by the application of water, and many
large cattle ranges have been
subdivided into farm land.
This has doubtless facilitated
the spread of tlie borer into
new territory.
Throughout southern Arizona, during the hot summer
months, there are whirlwinds
or " dust devils " of sufficient
size and strength to cari'y small
objects to a height of a quarter
of a mile or moi'e. Moths
caught in the path of such
winds might easily be lifted
high into the air and then
transported for miles with
the prevailing air currents.
Straight winds of considerable
velocity or dust storms are also
of common occurrence and may
afford a rapid means of spread,
especially in areas where the
cultivation is continuous. As
tlie adult moths fly only at
night and apparently are not
attracted to light, it has not
been possible to observe their
flight under natural conditions.
FOOD PLANTS
2.—A larva (winter form) of the
southwestern corn borer in the bust' of a

FIGURE

stalk of Kusarcane.
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i he known food plants of
the southwestern corn borer
are corn, the grain sorghums, sugarcane (fig. 2), broomcorn, and
Johnson grass. Observations to date indicate that severe damage is
usually confined to corn. Infestation counts made by the authors
in numerous fields have shown a range of infestation in different
fields from a trace to 100 percent of the cornstalks, many of which
contained from 3 to 8 larvae each. Gable, however, noted an infestation of 100 percent of the stalks of sugarcane in a field of Brewster
County, Tex.
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The grain sorghums and broonicorn have never been found to be
more than slightly infested. Horton. in northeastern New Mexico,
noted milo having an infestation of from 3 to 10 percent, broomcorn
5 percent, hegari 2 percent, kafirita '^ 10 percent, aiul feterita 1 percent. While such comparatively slight infestations
do no serious damage, yet
the presence of borers,
either in the grain sorghums or in Johnson grass
(fig. 3), may furnish a
source of infestation for
adjacent or future corn.
INJURY TO THE
PLANT
Injury to the plant is
caused exclusively by the
larva. With the single
exception of sugarcane, as
noted by Gable, corn is
the only food plant so far
known to be severely damaged. Practically all portions of the corn plant are
damaged to a certain degree, although the most
severe injury results from
attack on the growing
point, or " bud ", and the
stalk proper.
LEAF INJURY
Feeding by the early
instar larvae on both the
open and the whorled
leaves may prove serious,
especially when the corn
plants are young. This
type of feeding, which
severely reduces the surface area of the leaves
(fig. 4), often materially
FiGUHE 3.—Winter-form larva of the southwestern
retards the growth of
corn borer in jolinnon ^'rass. X %.
the plant. Holes bored
through the whorled leaves not only limit the flow of sap through
the leaves but often result in the breaking of tlie leaf across the
portion punctured. ''Leaf lireaking" of this chaiacter and the
^ Kafirit,-! is aparently a cross between Kafir and feterita. It is j?rown hy the Kansas
Agricultural Experiment Station, by some of the dryland experiment stations, and also
by farmers.
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boring of the larvae into the midrib of the open leaves reduce the
vigor of the plant. In the northeastern portion of the borer's range,
the injury to the leaf rolls or "buds " is often so greatly augmented
by the work of the fall army worm, Laphygma frugiperda, that it is
impossible to distinguish which species has done the greater damage.
BUD INJURY
Bud injury to young corn by tiie larvae in early instars is often
serious, When several larvae are feeding in the throat of a plant,
there is excellent chance that one or more will transfer their feeding
from the whorled leaves to
a point nearer the base of
'
1
the growing tip of the stalk.
The feeding of several small
larvae on partly expanded
leaves may not injure the
plant permanently, but if
even one larva cuts across
the narrow neck of the bud,
the plant usually dies or
fails to develop normally.
AVhen this deep feeding succeeds in killing the bud outright in young plants, a
type of injury known in
^«^
some sections as " dead
heart " results. Where this
occurs after the plant has
begun to joint, the top may
be either killed or seriously
deformed. Dead heart is
often a leading factor in the
loss from the southwestern
'J^
corn borer. Epperson, in
his manuscript notes, reports seeing a small field
c<mipletely killed, and other
have noticed many
^ observers
fields which had a high
percentage of young corn
plants killed or dwarfed by
this type of borer feeding.
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rr^. ii/./
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mm* 'iHi

ml
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4.—Typical injury to leaves of young corn
by early-instar larvae of the southwestern corn
borer.

EAR INJURY

FIGURE

Damage to the ears by direct attack of the borers
(fig. 6) is not, as a rule, extensive and is not an important factor in
preventing the production of a grain crop. The borers sometimes
enter the shank of the ear and cause considerable damage by weakening the shank so that the ear droops and fails to develop properly;
or. if the damage is done in the early formation stage of the ear, it
may result in a stunted growth of nubbin.
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5.—Unusual injury to cars of corn by thy southwestern corn borer, showing pupae
in undeveloped ears. X %.
6525"—332

FIGURE
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STALK INJURY
Stalk injury (fig. 6), due to larval tunneling, is the most serious
damage inflicted and the most difficult to see or to evaluate. When a
large number of larvae attack the plant in this vs^ay while it is
young it is frequently killed. The usual result of an intensive infestation is to weaken the plants, causing a reduction in the size of
stalks and ears, as shown in figure 7. Many ears fail to develop and
others are so small as materially to reduce the yield of shelled corn.
Where coin is grown for silage
there is, in heavily infested fields,
considerable loss due to retarded
growth.
Tunneling not far above the
ground often results in the breaking off or lodging of tlie stalk.
Also there is a type of girdling of
cornstalks, imcommon in Arizona
but generally prevalent in New
Mexico and Texas, in which the
full-grown borers in late summer
cut a circular groove around the
inside of the stalk, leaving only a
thin outer shell to support it. Externally these girdled stalks may
ajipear normal, but, owing to the
weight of the plant and the effect
(if winds, they often break over or
lodge, as shown in figure 8. These
encircling grooves usually occur
in the first, second, or third internodes above ground. The fall
army worm, Laphygma fnigipci'dn, also has the habit of cutting
large pockets in the stalks near
the base which are quite diffei'ent
in appearance from the girdling
of the southwestern corn borer but
which might be mistaken for it by
one not familial' with the two
types of injury. The pockets made
FIGURE 0.—Typical externni dümafit'
by the fall army worm do not
cornstalks by flic snuthwcstfrii ci
borer.
usually result in the lodging of
the plants.
The girdling done by the borer, as previously described, may
result in considerable loss to the grower. This type of damage
results after the plants have reached maturity and is due to the
gnawing by the mature larvae shortly before they enter their winter
cells. Up to 75 percent of fallen stalks, or even more, may result
from this type of injury. Where the lodged corn is harvested by
hand this occasions much extra labor, but if the harvesting is done
by machinery the fallen stalks are a direct loss.
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GENERAL DAMAGE
The larval damage on any one part of the plant, such as the
leaves, buds, ears, or stalk, is not often sufficient in itself to cause
material loss, but the combined loss may prove serious. The percentage of infestation in a field is not always an index to the damage
that will occur." A field may have a fairly high percentage of bored
stalks and yet show less damage than one with loss stalk infestation, on account of favorable factors, such as fertility of the soil,
cultural conditions, water supply, temperature, and size of ])lants on
initial infestation. Plants
not attached until after
they have attained a good
growth are more likely to
withstand the attack than
are young, succulent ones.
The damage clone by the
southwestern corn borer
differs greatly in different
fields and in different seasons, ranging from none to
a total loss of the crop. It
is never uniform within
any gi^'en district, even adjacent
fields
sometimes
showing wide variation in
the damage suffered. Complete destruction of a crop
by the borer is comparatively rare and occurs only
in yeai-s of severe regional
infestation. On the other
h a n d, losses conunonly
range between 10 and 50
percent.
A direct
relationship
exists between the percentage of infestation and the
damage within any single
field at a given time, but
this relationship is difficult
to evaluate quantitatively.
7.—Ciirn plants stuuunl as a result of
There is a critical point to FicriiE
stalk tunneling by the soutliwestern corn borer.
which the infestation can
increase at any given time without apparent injury, but when the
infestation goes beyond that point the increased injury precludes
the possibility of complete recovery, and noticeable damage invariably results. This point to which the infestation may increase and
yet be overcome by the plants necessarily varies in accordance with
the cultural and climatic conditions under which the crop is grown.
•"Percentage of infestation " as used in this bulletin means in all cases the number of
stall» infested per hundred, regardless of tile number of larvae per stalle.

12

TEClINICAr- BULLETIN 388, U.S. DEPT. OK AdIilCULTURE

INVESTIGATIONAL METHODS
Whero priu'ticiihlc, direct observations were made in the field, but
it was necessary to cage and rear specimens indoors to secure the
data on hatching and incubation, larval molts and instars, and the
duration of the pupal period. Emergence, mating, oviposition, and
longevity of the moths were observed partly on plants under screen
cages in'the field and partly in devices for indoor observation. No
variation, however, was noted as between field and indoor cages.
Incubation and hatching of the eggs were readily observed by
placing the clusters, which were either on corn leaves or on waxed
paper, in salve tins or small glass vials. Soft paper was found to
be unsuitable, as the eggs (h'ied out, collapseiL and failed to hatch.

FIGUKK 8.—Fallen cornstalks, in foD'ground. These had been girdled internally near the
ground hy the southwestern corn horcf.

It was also found advisable to increase the humidity by introducing
strips of water-soaked blotting paper. Egg clusters could be temporarily withdrawn and observed under a binocular, with no ill
eifect to them. Potted corn plants also were found to be very serviceable in making studies of the egg stage.
Larval molts and instars were observed by placing the newly
hatched larvae in tin salve boxes with a portion of corn-leaf bud or
stalk for food—the bnd during the first three instars, the stalk during the succeeding instars. Daily observations were made, in which
molting was recorded and the body and head casts were removed.
Additional food was supplied as needed. Glass vials were found
to be less satisfactory for the study of larval development because
they failed to aiï'ord the desired darkness and seclusion and were less
convenient to handle. The tin salve boxes also served admirably in
rearing and studying pupae. The larvae were allowed to pupate
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and the adults to emerf^e in these boxes, a portion of green cornstalk
serving to maintain the necessary moisture.
Two sizes of 16-mesh screen cages were used to study oviposition
and other adult activities in the field, the larger cages being 3 feet
and the smaller cages V/, feet each way, to accommodate differentsized plants. They were open at one end so that they could be «et
over one or more corn plants. A cylindrical cage, 6 inches wide by
12 inches high, made of IC-iiiesli screen, was used in the laboratory
to observe egg deposition, mating, and longevity of the adults. These
cages were placed ovei' small potted corn plants. Cardboard mailing
tubes also made very good cages for obtaining eggs, when one or
more fertilized females were confined therein together with a piece
of waxed paper on which to oviposit. The moths, which normally
deposit eggs after dark, are often stimulated into egg deposition
within the dark mailing tubes during the day and readily oviposit
on the papers, which may be removed and renewed with little trouble.
DESCRIPTIONS OF THE STAGES
THE EGG

The egg is narrowly compressed vertically or flattened, elliptical,
its average length 1.3 mm, the average width 0.8 mm. The eggs are
quite uniform in size and shape. The upper surface is slightly convex, while the lower surface assumes the shape of the object upon
which it is deposited, this usually being the leaf or stalk surface.
About a day after the egg is laid a flat margin appears at the
periphery. The chorion has a slightly protruding network of reticulations, the lines of which anastomose, forming polygons usually of
5 or 6 sides, somewhat like the meshes of chicken-wire fencing.
When first e.xuded from the ovarian tubes, the egg is translucent
white but shortly assumes a greenish-white appearance on the plant
owing to the green background. It gradually becomes darker until
at the end of 24 hours it is of a cream color, and there also appear
three parallel transverse orange-red lines or markings which divide
the egg into four more or less equal parts. These markings give
the egg an orange hue. About 24 hours before hatching, the egg
becomes yellow, and the head ;:nd thoracic plate of the enclosed larva
may be seen through the chorion as a black spot. Movement of the
larva may be seen just before it emerges from the shell. After the
larva has made its exit through a slit at one end the chorion is
silvery in appearance. This exit slit is usually at the same end
in all the eggs of a cluster and appears uniform in size and shape.
The eggs are commonly deposited in a mass (fig. 9, Ä) and overlap
one another as do shingles on a roof.
Parasitized eggs have a different appearance from the normal
eggs after the parasites have developed to a certain degree (fig.
9, B). They are much more easily distinguished in the field than
the nonparasitized eggs, owing to their blackish color which contrasts more sharply with the green background of the plant than
does the color of the nonparasitized eggs. The parasites escape from
the eggs by making circular holes in the upper surface of the
chorion. These circular exit holes of the parasites are more con-
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spicuous than the barely discernible exit slits made near the margins of the eggs by the issuing corn-borer larvae. The eggshells
remain dark in color even after the parasites have emerged.
THE LARVA
The larvae of the southwestern coi-n borer present a summer form
and a winter form. The smnmer form (fig. 10, A and B), which

FIGURE

0.—Egg muss of tho soutliwesterii corn borer : A, normal eggs ; II, eggs parasitized
by Triciuigramma minntum. X 1^.

occurs in the host plant above ground during the summer, is milky
white with a brown head and prothoracic plate and bears brownishblack polka dots on the body. The winter form (fig. 10, C and
D) occurs only in the roots of the host plant below the ground
during the winter. The body of this form is a light butter-yellow
color or a little darker than that of the summer form, and the head
and the prothoracic plate are less intensely brown. The brownishblack dots of the summer form are missing in the winter form.
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When full grown the larva is approximately 25 mm long and from
3 to 5 mm wide.
The technical descriptions of the larva, pupa, and adult have
been furnished by Carl Heinrich. Regarding these descriptions Mr.
Heinrich says that no consistent character, structural or otherwise,
has been found as yet that will distinguish the larvae or pupae of
the corn-feeding species of Diatraea. The descriptions, however,

10.—Full-grown larvae of Diatraea ffrandioftella: A, B, Summer form, dorsal and
lateral views ; V, I), winter form, dorsal and lateral views. Aijproximatel.v X '^■

FIGURE

will identify the larvae and pupae as to genus and distinguisli them
from anything other than Diatraea that may be found in corn. The
adults, however, may be specifically identified.
Larva.—Body sordid whiti.sh with ureas iil)out tubercles strongly srlerotized
and blackish brown (normal summer form) or pale smoiiy or .yellowish (normal
winter form). Skin .smooth. I'rothoracic shield broad, divided; pale yellow
to brown, with a transverse row of fuscous reticulations near anterior margin
and a cluster of similar reticulations on each side below the level of setae
\h—i\b JV narrow pigmented shield on mesothorax cnudad of setae I" and
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I' bearing no setae. Anal shield pale yellow witli several scattered fuscous
reticulations. No secondary liairs. Legs and prolegs normal. Crochets of
abdominal prolegs trlordinal and arranged in a complete circle (flg. 11). Body
setae moderately long ; yellowish brown to blackish brown ; prespiracnlar shield
of prothorax narrow, horizontally elongate, bearing only two setae (IV and V)
(flg. 12, A) ; group IV biselóse on prothorax, mesothorax, and metathorax;
IV and V on abdominal segments 1 to 8 under the spiracle and approximate;
abdimiinal segment Ü with six setae distinguishable (on each side), I absent
or very greatly reduced, IV and V united and closely approximate to III, VI
long and with an enlarged sderotized area surrounding the tubercle; VII
unlseto.se; VIII short but clearly distinguishable; setigerous tubercles blackish
brown. Spiracles blackish brown, elongate oval ; prothoracic spiracle twice
the size of those (m abdimiinal segments 1 to 7 ; that on segment 8 slightly
larger than prothoracic .spiracle and somewhat dorsad of other abdominal
spiracles.
Head (flg. 12, B) yeUow to yellowish brown with faint, dark reticulations;
broadly oval (nearly s(iuare) viewed from above. Frons (FU) a tritle longer
than wide, not quite reaching to middle of bead; frontal punctures (F") close
together and immediately between frontal setae (F'). Adfrontal sutures
(Al)FS) meeting longitudinal ridge
slightly behind middle of head.
Longitudinal I'idge a trifle longer
than frons. Epicranial .setae and
punctures as flgured ; anterior setae
(A", A'', A") in a right angle; puncture A" closely approximate and
posterior to A^ ; posterior setae
(P', P'') and puncture (P'') lyhig
parallel with longitudinal ridge;
lateral s<»ta (L") lying in a line
with setae A' and A', also with
second ocellar seta (O") and third
suboci'llar seta (SO').
Length of full-grown larva 15-35
mm.
THE PUPA
On completing its development the larva transforms into
the prepupal stage and sewn
FiGUHE 11.—Crochets of abtlominal prolegs thereafter into tlie pupal or
of soutliwestiTii corn borer iViatraen
resting stage (fig. 13.)
The
çrandiofiplla).
newly formed pupa is of the
same color as the larva. The wing pads and appendages gradually
assume a darker color or yellowish color. Tlie pupa at this stage has
a delicate velvety appearance. Reddisli-brown reticulations next appear on the dorsuin, which gradually darken until the entire pupa
assumes within a period of less than a day the normal dark-brown
color of the stage. Tlie j)upa ranges between 13 and 25 mm in
length.
The male pupa is generally smaller than the female. The genital
opening of the male is located nearer the anal opening than is that
of the female.
Pupa.—Elongate, moderately stout. Pilifers present and well developed.
Maxilbiry palpi present. Prothoracic and mesotlioracic legs not extending
eephalad between sculptured eyepiece and antenna. Sculptured and glazed eyes,
labrum, frontocl.ypeal suture, and invaginations for anterior arms of tentorium
clearly indicated. Front roughened, extending upward into two blunt hornlike
projections. Maxillae Imlf the length of the wings. Wings extending to midventer of fourth abdominal segment. Mesotlioracic legs not extending to end
of wings. Metathoracic legs extending to or a trifle bey(md tips of wings. Fe-
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FiGiBB 12.—Setal map of Diatraea ijrandiogella: A, Setae of body of sevonth-instar larva;
B, setae of head.
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mora of prothoracic legs clearly Indkated. Antennae not reaching tips of wings.
Body witliout lioolis or prominent setae, ('remaster absent. Posterior end
broad. Tubercles of elglitli, ninth, and tenth segments developed into sliort,
stout, sliarp, tbornllke projections. Dorsum of protliorax, mesotliorax, nit'tathorax, and the first nine abdominal segments rugosely scobinate; on abdominal
segments 5, 6, 7, and 8 the scobinations form a median band encircling each
segment. A deep furrow on dorsum separating ninth and tenth abdominal
segments. Genital openings slltUke in both sexes. Anal opening a slit terminating in two short lines, like an inverted Y. Spiracles elongate, oval,
moderately large, dark brown.
Color yellow or yellowish brown, darkest at caudal and cephalic ends; the
front, ilypeus, s,col)inute areas, and enlarged abdominal tubercles dark brown.
Length 15-22 mm, width 3.5-4.5 mm.

'£3t'''- '' ■_-''^-''' ■ ■

A ^'
FIGURE

B

13.—Pup;i of DUitrara ffrandioscUo: .4, H, Ventral ainl dors-il views of male, X
3.2; C, tip of abdomen of female, X6.4; D, tip of abdomen of male, x <J.4.

THE ADULT
GENERAL DESCRIPTION

The adult is a light-straw-colored or sordid (or dull) white moth.
The fore wings are slightly darker than the hind wings and their
edges are nearly parallel. The hind wings are broad but lack the
anal angle, thus giving them a semicircular outline. The labial palpi
extend beaklike forward and downward. When at rest the wings
are folded close over the body. The males (fig. 14, A) are slightly
smaller than the females (fig. 14, B) and a very little darker in color.
The antennae of the female are filiform proximad and very slightly
pectinate distad and those of the male slightly pectinate. They are
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also a trifle shorter and thicker in the male than in the female, and
in the dried specimens they tend to curl more. The tufts of hair
on the tip of the abdomen of the male are slightly dilated or fan
shaped. The sexes can be diiferentiated positively by examining the
¡ienitalia.

FiGCRB 14.—The soutliwestcrn corn borer, Dírtíí-neajyranrfioseZía; A. MalP ;/Î, fpmale.

X 3.4.

TECHNICAL DESCRIPTION

The original description by H. G. Dyar (4) is as follows:
Diatniea ¡irnndiosclhi, new species.
A siiifile laiKe female differs from the series of Uneolata in its l)ro\vnisii color,
without iin.v .vellow tint. ïlie linings on the veins and between are ver.v distinct;
terminal dots minute, black; discal dot obsolete. The front is smooth, without
prominence. Hind wings soiled white.
One female, (iuadalajara, Mexico (Sehaus collection.)
T.vpe no. 1361», United States National Maseum.
This may l)e a variatiim of lineoseUa, but it does not match an.v in the series.
In Uneolata when the veins are strongly lined the intravenidar streaks are less
strongly marked. In grandiosellu, all are alike, heavily marked.
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Heinrich's technical description of the adult of Diatraea gramdiosella which specifically sets it aside from other species is as follows:
Adult.—Proboscis minute. Labial palpi porrect and down curved, smooth,
extending over twice tlie lenstli of tlie head. Maxillary palpi well developed;
triangularly dilated, with scales. Front rounded ; without tubercle. Ocelli
absent. Fore wing with 12 veins; 3 from l)efore angle of cell; 4 and 5 separate
at origin ; 6 from below ai)ex of cell ; 7 at apex ; 8 and 9 stalked, from before
angle of cell ; 10 arising shortly basally thereof ; 11 running into 12. Hind
wing with median vein pectinate on upper side; 8 veins; 7 anastomosing with
8 ; 4 and 5 connate from the sharp angle of the cell ; 6 from apex of cell, close
to the stalk of 7-8. Hind tibia of male without tuft.
Color of fore wing pale, whitish, with a slight yellow tint; veins and intervenular lines brown; no transverse markings; a very faint (ahnost obsolete)
blackish discal dot and a row of faint terminal dots.
Male genitalia (flg. 15) with harpe simple except for a slight hairy protuberance from base of costa. Tegumeu simple. Uncus and gnathos strongly

\ïi.—Details of male ffpnifalia of Diatraea prandiotteUd: A, Tegumen, uncus, .ind
gnathos (lateral view) ; B, same (three quarters view) ; C, harpes, vinculum, and
anellus (ventral view) ; D, aedeagus. (Dyar and Heinrich.)

FIGURE

sclerotized; broadened (spatulate) at their tips. Socii absent. Transtillii
absent. Anellus with long, slender, lateral arms, each with a short subapicil
spur. Penis without cornntus.
Female genitalia (flg. 16) with ductu« bursae extremely short. Area behind
genital opening sclerotized, this sclerotization continuing in a narrow, somewhat wrinkled band almost to ovipositor. A heavily sclerotized semicircular
band in neck of irarsa. Bursa copulatrix large, elongate; without Signum.
Ah(h)men of male witliout hair tuft on second segment.
Alar expanse—male 15-:i0 nnii, female 20-40 mm,

SEASONAL HISTORY
The southwestern corn borer, from observations made in southern
Arizona at an elevation of 2,387 feet, has two complete generations
and a partial third, annually, as shown graphically in figure 17.
The winter is passed as a creamy-white larva, usually in the lowest
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part of the main root of the host plant. There is considerable variation in the time of spring development and emergence of the borers,
even in adjacent fields, as different soil types warm up in different
lengths of time, resulting in uneven development. On May 22, 1929,
a check of the borers in one field revealed that 11 percent had
emerged as adults, another field on the same day showed an emergence of 25 percent, while a third showed that 55 peicent had escaped
as moths.
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10.—Details of female genItalia of Diatraea gran4io8elUi,
ventral view. (Dyar and Hein- Fior-RE 17.—Seasonal history of the southwestern corn
rich.)
borer in a field at Tucson, Ariz., for 1!)31.

FIGURE

There is such a difference in the seasonal development of the borer
from year to year and in adjacent fields with apparently similar
conditions that seasonal-history charts for different seasons or fields
may not be the same. Figure 17, which graphically illustrates the
sea.sonal development of the borer for one field at Tucson, Ariz., for
1931, is presented to show a typical seasonal history of the borer.
There is a slight variation in the duration of tlie life cycle as
between the first and second generations, as shown in table 1.
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1.—Average duration of the life ende of the southwestern corn torer, by
stages, at Tucson, Ariz., 1929
Qeneration

Egg
Larva
Pupa-, --Adult (female)
TotaL-.
In the vicinity of Tucson, Ariz.. ])iii)ati<)n of the overwintered
larvae begins about April 15. One huva, however, which was carried over the winter of 1927-28 in the laboratory, pupated April 3,
and emerged as an adult Api'il 2H—an early record due doubtless to
abnormal, indoor conditions. The greater proportion pui)ate during the first half of May, and the pupal period ends about the last
of May.
In eastern New Mexico, it has not yet been possible to make annual and continuous pupation counts in the field, but it is evident
from scattered and interrupted counts that the time of pupation
from overwintering larvae varies greatly in different years and, on
the average, occurs somewhat later there than in Arizona. The
earliest pupation observed under cage conditions in New Mexico
was May 14. The earliest field pupation recorded in undisturbed
stubble was May 22. Under the adverse condition obtaining in uprooted, weathered stubs 12 percent of the dead forms found on May
15 were pupae, although there were no pupae to be found in adjacent, undisturbed stubs on that date. The peak of pu))ation apparently occurs during the first half of June, and the period ends
some time during the last half of June.
The pupal period of the overwintered larvae therefore extends
over about I14 months, depending on weather conditions, latitude,
and altitude, and disregarding conditions which occasionally may
stimulate earlier pupation in limited areas or retard it in others.
Emergence of adults from the overwintered generation normally
begins in the first part of May and ends during the first days of
June in the southwestern range of the borer in Arizona; in northeastern New Mexico emergence begins in tlie latter half of May and
ends some time before June 20. The peak of emergence is usually
reached about May 15 to 20 in Arizona and somewhat later in northeastern New Mexico. Slight, straggling emei'gence has been noted
in some years as late as July; and in one season (1931) living larvae
still occurred in stubs as late as July 22. However, it is improbable
that such larvae would become adults and succeed in emerging.
FIRST GENERATION
Egg deposition normally begins 48 hours after emergence of the
adult. In southern Arizona egg deposition of the overwintering
generation begins in the first third of May and extends into the first
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week of June. In northeastern New Mexico it usually begins somewhat later and extends over an approximately equal period. Most
of the eggs have been deposited in most years by May 25 in both
localities, but in some years deposition has been prolonged much
beyond that date, as was shown at Tucumcari, N.Mex., in 1927,
when corn which came up as late as June 23 was infested by firstgeneration borers.
The larvae of the first generation begin to appear in the southwestern portion of their range before the middle of May and somewhat later in the northeastern })ortion, and may be found in the
corn districts until about the last of July. Larvae are present in
the corn during a period of more than 2 months. They are most
numerous during the first half of June.
Pupation begins in southern Arizona before the middle of June
and is practically over by July 25. Most of the pupae appear about
the end of June. In northeastern New Mexico pupation of the first
generation normally begins soon after the middle of July and ends
about the middle of August.
Emergence of adults of the first generation starts in southern Arizona around June 20, reaches its peak near July 6, and is practically
over by the last of July. In northeastern New Mexico adult emergence begins about the last third of Jidy and is practically completed by the end of the third week in August.
SECOND GENERATION
Eggs of the second generation are first found in the field in
southern Arizona by the latter part of June and become scarce by
the first part of August. They are most numerous near July 10.
Larvae first appear the last of June, and by the last of August
and the first of Sejjtember some of them have entered their winter
quarters in the stubs. By the last of October practically all are in
winter quarters in the stubs, and a considerable portion have
assumed the winter form, in which they have lost their black spots.
After the larvae have reached this condition they never feed again.
A certain proportion of second-generation larvae, however (the exact
percentage differing in different localities and even in adjacent fields
according to the advancement of the larvae), I'eacli the pupal stage
and go on to form a partial third generation. The larvae which thus
continue their development to the ¡mpal stage consist largely of
those individuals derived from the earlier-hatching second-generation
egps.
Those second-generation larvae that continue their development to
produce a third generation begin to pupate about the middle of
July, and the last of them have pupated by about August 25. The
pupae of this brood are most numerous around August 10.
Adult emergence from these second-generation pupae starts about
the last of July, reaches its peak near August 12, and continues to
about the first of September.
The correspondingly later development of the second generation
in northeastern New Mexico results from the later deposition of the
eggs of that generation, over a period, roughly, from the third week
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in July to the last week in Aufiust, the maximum tleposition occurring
from about the last of July to about the middle of August.
Larvae first appear in that section about the last of July. A large
proi)()rtion of this brood attain full growth and prepare their winter
quarters in the tips of the main roots by the last week of September.
A smaller proportion, averaging from perhaps 7 to 15 percent, are
!it that time less than half grown and located high in the stalk.
These are for the most part destined never to mature.
An exceedingly small portion of the second-generation larvae
(probably only a few of tlie most advanced individuals) pupate in
the latter part of September. This has amounted to only 1 or 2
percent of the forms found in the field during that |)eriod in those
cases wliere sjiecial count was made. In no case have these pupae
been observed to survive.
PARTIAL THIRD GENERATION
As previously stated, tlie adults which lay the eggs for the third
generation begin to appear tlie last of July. In soutliern Arizona
the de[)<)sition of the eggs which begin this partial third generation
starts during the last days of July and is completed in the first days
of September, the peak of the egg-laying period being reached close
to the middle of August.
Very few of the.se eggs have hatched in the years 1927 to 1930,
inclusive, to complete the third generation owing to the attacks of
tlie egg parasite TrJch-ogn'mnm-a ■minutum. A survey in cornfields
of the eggs of the jiartial third generation, conchicted at Tucson
in 1928, revealed that over 90 percent of them had been parasitized.
Apparently a large part of those that did hatch failed to nuiture
because of the inability of the larvae to bore into tlie toughened
cornstalks. A few, however, were able to survive the winter.
While in a few cases second-generation pupae have been observed
to transform to adults in northeastei'ii New Mexico, eggs of a third
generation have never been found. There could be, at most, only the
mere beginning of a third generation in that district, and this would
be cut off by liarvest and colder weather.
EFFECT OF ELEVATION AND LATITUDE ON SEASONAL HISTORY
Observations carried on in the Sulphur Sjirings Valley, Ariz.,
which has an elevation of approximately 4.000 feet and a latitude of
about IU°45' N. sliowed considerable variation in the seasonal habits
of the southwestei'n corn borer from those occurring in the vicinity
of Tucson, where there is an elevation of approximately 2,000 feet
and a latitude of about 32° 15' X. The emergence of the spring
adults was approximately 2 to 4 weeks later in Sulphur Springs
Valley than at Tucson. By the time the adults of the first generation at Sulphur Springs Valley emerged they were about 3 weeks
behind those at Tucson. However, the larvae of the second generation at Sulphur Springs valley started into the winter form about
1 or 2 weeks in advance of those at Tucson.
The higher elevation, accompanied by a shorter growing joeriod
(fig. 18, A and B). retarded the development of the borer in the
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spring and summer as compared with the borer in the lower elevation, but hastened the development of the larvae into the winter form.
The situation is similar in the vicinity of Tucumcari, N.Mex.,
elevation 4,100 feet, latitude about 35°10' N. Examinations of the
condition of the larvae during the period September 24 to October
7 have shown from 90 to 95 percent of them to be in hibernation
quarters, with a belated few crawling about looking for a place of
entry.
LIFE HISTORY AND HABITS
THE EGG
DEPOSITION

Eggs are deposited both singly and in groups or clusters, field
counts showing a range of from 1 egg to clusters of !) or more.
no
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with an average of approximately 5. When moths were confined
in screen cages, they deposited an average of appro.xhnately nine eggs
per cluster, or nearly twice the normal field number. The largest
number in a single cluster under screened-cage conditions in the
laboratory was 119.
The rate of egg deposition and the size of the clusters are usually
greatest during the first and second days of oviposition. Each succeeding day the number of clusters and of eggs per cluster become
less until the end of the fourth day, when oviposition practically
ceases. Immediately after emergence most of the females bear a
heavy burden of eggs and hence are sluggish and not readily disturbed. This probably accounts for the larger size of the clusters
observed during the first part of the ovij)osition period and the
decrease in the number of eggs per cluster during succeeding days.
The number of eggs laid by 1 female under field conditions
ranges from perhaps 150 or less to as many as 400. One female
placed in a screen field cage deposited 299 eggs; another, however,
CS23°—.s.i

4
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confined under similar conditions, deposited 118. Females confined singly in small screen cages in the laboratory had an eggdeposition range of from 66 to 489 eggs each. The data from the
cages are shown in table 2.
TABLE

2.- -Nuiiiber of eggs laid hy females of Diatraea grandioncUa (one female
ill ciiHi cage) at Tucsim. Ariz., li).2'.>-M)

Dale

Masj^es

Ksss

1

1929
July 8

4
5
6

. do„Aug. 9
Aug. 10
Aug. 15

Number
28
37
26
43
36
IC

Number
340
262
230
414
299
118

7
8

1930
May 1
May 3

68
69

375
196

Cage DO.

Cage no.

Date
1930
May 3
May 4
May 7
...do
. . May 11
May 16
May 17

9
10
U
12
13
14...
15...
-average

Masses

Eggs

Nil mber
90
33
44
63
33
23
8

Number
167
90
137
489
200
311
66

41

246

In ovipositing, the moth extends the tip of her abdomen downward to the surface of the plant, exserts the ovij)()sitor, and deposits
and tamps the eggs in place one after another. The female remains
motionless during oviposition except for a very slight trembling of
the tip of the abdomen, and often deposits an entire cluster without
moving the remainder of her body. The eggs, as they exude from
the ovaries, are pliable and globular, but iiiimediately upon deposition they are tamped into their ñnal, flattened, disk-like form by the
tip of the ovipositor.
The time required to deposit one egg varies greatly, the rate of
deposition seeming to dejjend largely on the number of developed
eggs in the ovarian tubes at the time of oviposition. Fenudes having
many fully developed eggs in their ovisacs have been observed to
deposit an egg approximately every 9 seconds, whereas females not
distended with eggs have taken over a minute to deposit 1. The
rate of egg deposition is lower in nonfertilized than in fertilized
females owing to slower egg development in tlie former. Nonfertilized females have been observed to take as long as 314 minutes to
deposit an egg. Oviposition is not continuous until the entire supply
of eggs is exhausted, but is interrupted at intervals between clusters
for more or less prolonged rest periods.
WHERE EGGS ARE LAID

Under field conditions the eggs are de])osited only on the leaves
and stalk of the host plant, most of the chistéis being found on the
lower half of the plant. The most favored location is the upper
surface of the leaf within a foot of the angle between leaf and stalk.
A less favored location is the lower leaf surface, and a third choice
the stalk itself. As a rule a greater number of clusters aie found cm
the upper leaf surface than on both lower surface and stalk together.
A field count to determine the preference in place of egg deposition,
made near Tucumcari, N.Mex., in 1923, however, showed approximately 50 percent deposited on the upper surface of the leaves, 35
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percent on the lower surface, and 15 percent on the leaf sheaths surrounding the stalks.
Eggs may be deposited indiscriminately wlien the moths are imprisoned aiid living under more or less abnormal conditions. This
was illustrated by a case where several pairs of moths were confined
in a screen cage" in a cornfield. Their egg clusters were found on
grass, weeds, dry corn leaves, living pupae, and the cage walls, as
well as on the corn plant within tlie cage.
PERIOD OF INCUBATION

The period of incubation at Tucson was consistently 5 days during most of the season. Eggs dei)osited on pai)er or on dry corn
leaves in the laboratory occasionally required (j or more days, owing
perhaps to a difference in temperature and moistiu-e as compared
with field conditions. When the clusters were allowed to become too
dry, the eggs failed to hatch. Cooler weather occurring in the early
part of the season or adver.se weather conditions during the summer
have been observed to retard egg development.
FERTILITY

Not all of the eggs deposited, even by fertilized females, hatch
(table 3). The percentage of fertile eggs in the total deposition by
7 individual females known to have mated was determined, and it
was found that the infertile eggs were those deposited at the beginning and at the end of the oviposition period. Fertility was, however, consistently high, as was indicated by the fact that from 74 to
99 percent of the entire output of each moth hatched, the average
hatch for all the eggs being 89 jwrcent. The infertility found may
have been due to unnatural conditions caused by the caging, since it
is very difficult to find infertile eggs in the field. On the other hand,
infertile eggs deposited in the field may dry up quickly and blow
away and thus escape observation.
TABLE

3.—Fertility of egg of the soiithu-esteni eoni b<Jirr (our fenuilc in each
cage), at TucnOri, Ariz., 1!)3()

Cage no.

2
3
4

Eggs Fertile Infertile
depos- eggs
ited
eggs

Proportion
fertile

Num- Num- Number
ber
ber
98
378
280
33
11»
163
19
138
157
82
8
90

Percent
74
83
88
<J1

Infer- ProEggs
portile
depos- Fertile
tion
eggs
ited
eggs fertile

Cage no.

5
6
7

-

--.

Num- Num- Number
ber
ber
132
5
137
484
5
489
21
278
299

Total or average-- 1,746

1,5S7

189

Percent
96
99
93
89

Unmated, caged females usually deposited eggs in the typical clusters, but their eggs have invariably failed to mature or even to change
color, merely drying up and disintegrating. One such female which
emerged in a tin box lived for 5 days and deposited 105 eggs.
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HATCHING

Hatching, in fieneral, takes placo (lurin<r the daylight hours and
commonly in the morning. The larva (fig. 19) liberates itself from
the eggishell by forcing its head through at one end and making a
slit large enough to crawl through. Tliese slits are all uniform in
a cluster and at the same side of eacli egg, and close observation is
necessary to determine just where the larvae escaped.
The hatching of the eggs of an individual cluster is usually
completed within a few hours after it has staited, although in exceptional cases tlie liatching may extend over an entire day. Wind and
rain soon dislodge the empty eggshells, so early observation after
the liatching period is necessary in order to fínd the empty eggshells.

FlGUKE JO.—Firat-iiistar hirvu (if Dinfraca ifrandio«€lla.

X íí5.

THE LARVA
FEEDING HABITS

The newly hatched larvae are very active and usually begin to
feed very SIKJH after thej' are free from the eggshells. Larvae from
first-generation eggs deposited on the open leaves may feed close to
tlie |ilace of oviposition for one or more instars before entering the
folded leaves of the bud or growing point; however, they more often
crawl to the bud to begin their feeding. The newly hatched larvae
do not eat the empty eggshells as do .some other lepidopterous larvae.
Larvae hatched from eggs laid near the center of the larger leaves
often tunnel into the midrib of the leaf, where 1 or 2 instars may be
Eassed. Such tunneling is accompanied by a small amount of fine
rown frass mingled with the cast skins of the larval molts. Upon
reaching the curled leaves the young larvae eat their way directly or
indirectly to the center of the fold. Surface feeding causes translucent areas in the leaves ranging from mere dots to patches a
quarter of an inch wide by 1 to 2 inches long, the green layers of the
leaf being eaten away (fig. 4). Where a larva eats horizontally
through the folded leaves, a horizontal row of small holes afterward
appears in such leaves when they unfold. On the other hand, those
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which feed downward into the bud leave long nairow areas of transparent epidermal tissue or, if their couise is diajjjonal, irrejiular slits
and holes. Any of these types of feedinfi causes a decidedly ragged
appearance in the expanded leaves.
During the third or early fourth instar the larvae leave the bud
and work their way down the outside of the stalk; some wedge
themselves between the leaf sheath and stalk (tig. 20), tunneling
downward and inward as they go, while others crawl to within a
few inches of the ground, where they eat directly into the stalk,
making a hole about one
eighth of an inch in diameter. An occasional larva
may eat directly downward
into the stalk from the bud.
Once inside the stalk, they
tvinnel either up or down,
usually for a distance of
from 3 to 12 inches and perhaps 6 inches on an average.
The length of the tunnel
depends on the size of the
larva at the time it enters
the stalk, the smaller larvae
tunneling farther than the
larger ones. The tunnels
gradually increase in size
until the larvae are full
grown, at which time they
are about one fourth inch in
diameter at the larger end.
It is quite usual to find
larvae entering the stalk in
the angle between leaf and
stalk, because the leaf angle
affords them footing and
shelter from weather and
enemies while ent<>ring the
stalk. This is especially
true of the second genera- FiinRK 20.—Leaf of a corn plant ijulled down to
expose tliP entranco hule of a partly grown
tion when entering older
larva at the Jonction of leaf and stalk.
plants which have the lower
portion of the stalks tough and woody. The feeding of larvae of the
second generation on young corn, however, simulates that of larvae
of the first generation.
Early-instar larvae of the partial third generation on old corn
plants having tough dry leaves often wedge themselves between
the leaf and stalk, even in the early instars, to get succulent food.
Belated larvae, when entering the stalk for hibernation, often avoid
the sleek, tough, exposed stalk base by boring in between rows
of brace roots, or even into these roots themselves. Occasionally a
tunnel is bored completely around the stalk in the vicinity of the
brace roots.
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CANNIBALISM

Cannibalism is of frequent occurrence among such larvae as come
into contact with one another through crowding, either in the
field or in breeding cages. When there are as many as four fullgrown larvae in a single stalk, frequently but one will survive to
pupate. Many of the overwintering larvae are killed in this way
while attempting to reach the tip of the main root, and tlic authors
believe that cannibalism is an imj)ortant cause of the usual survival
of but one larva to enter winter quarters in a single root stock.
An example of what probably often hapi)ens was observed by Davis,
who found three larvae in separate tunnels which converged about
(i inches from the base of a single stalk. The larva first to reach
the tip of the main root was destroyed by the second to arrive, and
as the stalk was being split the third larva was found in the act
of destroying the second one.
Four is the maximum number of larvae found hibernating in a
single root, and this number is rarely encountered. It is seldom
that as many as 10 percent of the infested stalks are found to harbor
more than one larva.
MIGRATION

Larval migration, in the true sense of the word, has not been
observed. Larval movement ordinarily is restricted to movements
from egg cluster to leaf bud and from there to the lower portions
of the stalk. There is some wandering of larvae from one part of
tiie plant to another; and, in cases of abundance of larvae on one
plant, there has been some evidence of transfer to other nearby
plants. Movement, however, is in all probability very largely restricted to the original host plant.
MOLTING

Prior to molting, the larva becomes motionless and less readily
disturbed. The skin then divides at its juncture with the head capsule, and the larva slowly works its way forward, ¡nishing the head
capsule aside and the body skin back, freeing one segment at a time,
by peristaltic movements from front to rear. Tlie larva foi'ces its
head cast forward and off by pressing against some object, or by
using tlie jjrothoracie legs, or by both. Larvae observed in the
laboratory comijleted the molting i)rocess in a few minutes.
The number of molts varies according to environment, being comparatively small under favorable field conditions and fairly large in
the unfavorable environment of the breeding cage. Larvae of the
first generation usually molt but 5 times, occasionally 6 times. Those
of the second generation that complete the cycle ordinarily molt 6
times, with an occasional borer molting 7 times. The increased
number of molts of second-generation larvae is probably due to
declining temperatures during that part of the season. Larvae of
the winter form in tin boxes have been observed to molt as many
as 10 times, 8 molts being the most usual. The number of molts of
overwintering larvae under field conditions after they have entered
the winter cells probably does not exceed 2 and appears to be usually
1, as revealed by field examinations of the winter cells in the spring.
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INSTARS

Immediately after molting the larvae are immaculatCj creamy
wliite, but soon assume the characteristic markings. The pigmented
areas about the setae first become gray, but later they grow darker.
Similarly, the head capsule and thoracic plate, which are pale immediately after molting, soon darken to the normal color. Immediately
after hatching (fig. 19) the head capsule and thoracic plate are very
dark brown, almost black, but become lighter after each succeeding
molt until the dark amber color of the fully developed larva is
reached.
There is considerable variation in the length of the instar periods
as determined from specimens reared in the laboratory, as shown in
table 4. Most of the larvae reared in cages had 6 instars, although a
few had 7. Toward the end of the season it is not unusual for
larvae in salve-box cages to pass through 8 or even 9 instars. The
third instar required the least time, the final instars the most.
The average length of the larvae at the beginning of each instar
is as follows : First instar 1.55 mm, second instar 4.5 mm, third instar
7.5 mm. fourth instar 10.5 mm, fifth instar 16 mm, and the sixth
instar 23 mm. The length of the larva in each instar is governed
by the rapidity with which it grows. Growth of the larva in turn
is governed by many factors, among which temperature and quality
and quantity of food play an important part. If the temperature
drops sufficiently, the metabolism of the insect is retarded and thus
its development is delayed ; and a similar result is brought about by
unsuitable or insufficient food. Thus variations exist in the length
of the instars and the length of the larval period, each of which
may be either increased or decreased, from time to time, depending
on the conditions.
ÏABi.B 4.—Lciií/th nf the iimtars of mimmer lanmr of llic soiithwestetti roiii
borer, Tucson, Aris.. June 23 to Oct. 1, 1S2S
Length of instar period
Instar

First
Third
Fourth

Individuals

Number
60
SI
44
36

Minimum

Maximum

Average

Days
3
1
1
3

Days
6
4
4
6

Days
3.68
2.61
2.43
3.47

Ivength of instar period
Instar

Individuals

Fifth

Number
28
20
4

Minimum

Ma.ximum

Average

Days
3
3
6

Days
11
12
12

Days
0.80
10. (Kl

DURATION OF LARVAL PERIOD

The larval stage of the southwestern corn borer has the greatest
duration and is the most variable of its stages. Larvae reared from
the same egg cluster, under the same conditions, often differ considerably in the duration of their instars. The average duration of
the larval stage of the first-generation larvae at Tucson in 1929
ranged from 20 to 30 days.
Larvae of the second generation develop less uniformly than those
of the first, the average time at Tucson in 1929 being between 25
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and 35 days. Specimens reared in the laboratory in the fall varied
as much as 30 days, but this was caused by the cooler weather at this
time of year. Those larvae that survive the winter have a larval
period lasting from July of one year until May of the following
year, a period of about IOI/2 months.
Such larvae of the partial third generation as are able to survive
are present in the field from August or September of one year until
May of the following, a period of from 8 to 9 months.
HIBERNATION
FALL ACTIVITY

With the intervention of cooler fall weather a large majority of
the full-grown larvae, and some not yet (]nite full grown, leave their
feeding places higher up
in the. stalk and move to
its base, entering either by
tunneling down the stalk;
by gnawing in through
sound tissue; or, more
rarely, through the exit
hole of a borer of the preceding generation. Upon
reaching the extreme base
of the stalk (fig. 21) they
hibernate. After reacliing
this favored position the
larva clears the tunnel to a
point j>ist above ground
line, plugging the entrance
hole with frass, in case it
entered tlie stalk at that
point, or plugging the tunnel on the inside of the
stalk in case it tunneled
down the stalk. As previously stated, before preparing their winter cells,
larvae in certain sections
of the infested area often
chew a ring notch around
FIGURE 21,—Summer larva of the southwestern
the inside of the stalk a
corn borer preparinji a hihernation cell at the
base of the stalk of a corn plant. Natural size.
short distance above the
ground, thus leaving only a thin outer shell to support the stalk.
In certain sections, especially in the more easterly range of the
borer, where lighter soils are more prevalent and the stubble may
have been cultivated with a lister between rows to prevent blowing of
the soil, the roots may be buried in the fall to a considerable depth.
In these cases the larvae do not always go to the tip of the underground stalk.
A case was noted by E. V. Walter at Verden, N.Mex., in which
corn had been listed deeply and later a heavy rain had added several
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inches of sand from a nei^ihborinp; hillside, thus buryinj; the stalk
bases to a depth of a foot or more. Here the pupae were found in
tunnels, usually about 4 or 5 inches below the surface.
The first noticeable change in the transition of the larva from the
summer to the winter form is that from the preneral milky coloring
of the former to the creamy coloring of the latter. The next noticeable change is in the spots about the setae, which gradually grow
paler until the larva finally molts and assumes the true immaculate
winter form.
Sixm after this transition the larva cleans out the lower end of
the tunnel for a distance of 1 to 3 inches, and spins a frail, yellowish

FIGURE

22,—A, Larva of the soutlnvostprn forn borer in hibernation at the base of a
corn plant, X % ; B, prepupal stage of the larva, X %■

silken lining to the wall of the tuimel from the bottom to the plug.
It then becomes inactive within the enclosure and is in the true
winter condition as shown in figure 22.
As previously stated, the movement down the stalk to hibernating
quarters is executed either by tunneling down through the stalk or
by emerging from the upper stalk portion, crawling down to its
basal portion, and reentering there. The tunnels within the stalk
ai'e often from points 2 or 8 feet above the ground but usually are
less than a foot long. The movement of the larvae down the outside
of the stalks is more common in old, tough stalks where internal
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tunneling is difficult. In southern Arizona the first larvae that seek
hibernating quarters in the fall usually tunnel downward through the
stalk but, as the season progresses and the stalks become more tough
and fibrous, the numbers that crawl down the outside of the stalks
and reenter at the surface of the gi-ound increase. In tlie northeastern portion of its i-ange in New Mexico the hibernating larvae
almost exclusively crawl down the outside of the stalks and reenter
near the ground. This movement from the upper to the lower portions of stalks is not a mass movement, as it is scattei'cd over a period
of fi-om 2 weeks to a month, but is due ratlier to indivichial hibernation stimulus. The entry lioUis can be distinguished from the exit
holes by their fresh api)earance and by tlieir being plugged with
frass.
SPRING ACTIVITY

In the spring, normally during April in southern Arizona and
later in the northeastern portion of its range, the larva becomes
active when metabolism is accelerated by rising temperatures. The
larva first cleans out its tunnel and prepares it for the exit of the
emerging adult by extending it to the stalk surface and assuring that
its exit opening shall have a protective cap or cover by leaving a thin
shell of the outer surface.
As soon as the emergence tunnel is completed, the larva spins a
thin cocoon at the lower end of the tunnel in which to pupate. This
is composed of a fine silken thread exuded from the spinneret of the
larva, combined with a small quantity of frass and fragments of the
cornstalk woven into the mesh of the thi-ead. The thread is first
attached, a few lengths at a time, to the side of the tunnel by lateral
motions of the head, then the cocoon is gradually formed. When
completed it is fragile and just large enough to contain the larva.
Often the larva within may be seen through the side of its cocoon.
THE PREPUPA

Shortly before transformation to the pupal stage, the larva undergoes a change resulting in the i)re])upal condition shown in figure 22,
B. No molting occurs when this state is entered, and in general the
larval shape and color are maintained. There is, however, a noticeable constriction of the anterior portion of the abdomen, the abdominal skin becoming tightly stretched and the body straight and
rigid. The thoracic segments become pale amber yellowish and are
more pronounced. When disturbed, the prepupa reacts by squirming
from side to side. The duration of this stage is about 1 day.
Before molting from the prepupa to the pu])a, the skin of the
former is stretched tightly and smoothly over the fore part of the
body and accumulates in loose, wrinkled folds posteriorly, imparting
a grayish color to the abdomen. The skin eventually becomes .so
tight that the head capsule splits longitudinally on the dorsum.
The anterior end of the pupa is then forced through this opening
and the skin slowly forced candad by body movements until the pupa
is free. Specimens in the laboratory required about 20 minutes for
this process.
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THE PUPA
PLACE OF PUPATION
SUMMEB-GENiatATION PUPAE

The pupal period of the summer form is usually passed in the
stalks above the surface of the ground. Pupation normally takes
place in the larval tunnel anywhere from the surface of the ground
to about 3 feet up the stalk. In the northeastern portion of the
insect's range the most common place of pupation of this generation is in the fii-st to fifth internodes above the ground. It is not
unusual, however, to find pupae below the surface of the ground or
above a height of 3 feet. Occasionally a pupa may be found in
the shank of the ear or in the bud of the plant, and still more rarely
one may be found in the ear proper. The normal place of pupation,
however, is in the lower internodes of the stalk above ground.
PUPAE (IF THE HIBER.NATINU GKNERATIO.N

Pupation of the larvae that have survived the winter invariably
takes place below the surface of the ground, as shown in figure 23.
With a few rare exceptions,, the pupal period is passed in the base
of the stalk. An exceptional pupa may be found in one of the
larger secondary roots or an inch or two above the tip.
ACTIVITY

The pupa is inactive under normal conditions, this stage ordinarily
being nonmotile and its energy absorbed in the metabolism and transformation preparatory to emergence. If disturbed, however, it
reacts with a series of whiplike lateral movements. When subjected
to bright light, the movement of the pupa becomes progressive if the
surface on which it rests is not too smooth, and continues until shade
is reached. If light cannot be avoided in this way it will turn the
dorsuni to the light.
DURATION OF PUPAL PERIOD

The spring pupae, from the overwintering larvae, have an average
pupal period of about 11 days. Those which become pupae late in
April or in eai"ly May have a longer pupal period than those which
pupate late in May. The longest pupal period observed in the laboratory was 25 days and the shortest was 8 days.
Table 5 gives the pupal periods as found by laboratory roarings
under conditions similar to those of the field. In these records the
]nipal period of the summer generation is more uniform than that
of the overwintering generation and on the average not so long.
(The general trend of the temperatures at Tucson during April to
August, inclusive, is shown in figure 18, A.)
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FioüBE 23.—Spring pupa ot the southwestern corn borer in the base of the stalk ol ;
corn plant. X %.
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TABLE

5.—Length of the pupal period of the southicestern corn borer at Tucson,
Ariz., 1928
Summer generation

Overwintering generation

Number of pupae

2
2
2
2
2
•¿
1
2
1.

)

1
3
1
I.

,_

Date of
pupation

Apr.
Apr.
.\lir.
Apr.
May
May
May
May
May
May
May

3
14
2fi
28
1
4
10
11
18
19
21

May
Mav
..do
May
do
do
May

22
26
26
28

do
May 2«
do ...
..do
May 30
June 1
June 2
June 3
June 5
June 6
..do

Date of
emergence

Apr.
May
May
May
May
May
May
May
May
May
June
June
June
June
June
June
June
June
...do
June
June
June
June
June
June
June
June
June
June
June
June

28
2
9
11
15
17
24
26
31
30
2
1
3
4
3
5
4
()
5
7
6
7
8
10
13
12
14
17
18
17

Length
of i)upal
stage
Days
26
18
13
13
14
13
14
14
13
11
12
11
12
10
9
10
9
11
9
8
10
8
9
10
11
12
10
11
12
12
11

Number of pupae

Date of
pupation

Date of
emergence

Length
of pupal
stage
Days

3

15 July 23
18 July 27
19 ...do
16 Aug. 23
17 Aug. 24
18 Aug. 27
Aug. 25
23 Aug. 31
Aug. 30
27 Sept. 3
28 Sept. 6
9 Sept. 19
10 ...do
Sept. 20
Septrii" Sept. 22
Sept. 18 Sept. 26
Sept. 22 Oct. 1
Sept. 23 Oct. 5
Oct. 2 Oct. 11

July
July
July
Aug.
Aug.
Aug.
- -do
Aug.
...do
Aug.
Aug.
Sept.
Sept.

8
9
8
7
7
9
7
8
7
7
8
10
9
10
11
8
9
12
9
8.5

11.39

THE ADULT
EMERGENCE

EiiK'i'^'i'Uco of tilt' adults usually takes plact- diiriiifi the early
eveniiig. The moth foi'cos its way tlirougli the anterior end of the
pupal rase. sj)littin<; the latter, as a rule in three piares, for about
one thii-d the len<¡:th of the wing ])ads, and losing many wing scales
in the process. One break in the pu¡)ai case occurs dor.sally, the
other two take place laterally. The adidt then passes through the
tunnel to the exit where it breaks the thin papery cover left by the
larva and crawls out.
Immediately after emergence the moth is sluggish, having the
wings, which are about one half expanded, folded close to the body.
Within a half hour or so the wings have attained their full size and
the adult appears to be fully developed. The wings are then raised
vertically over the dorsum for about 5 minutes, probably for the
purpose "of straightening them before they permanently stiifen.
There is little activity for a few hours, however, and during this
time the moth undoubtedly remains close to the exit hole. Occasionally an adult completes its postemergence development while
still in the tunnel, in which case it may become active as soon as it
leaves the tunnel.
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Moths reared from pupae on damp sand in cages completed their
postemergeiice development with their bodies in a vertical position
(m the sides of the cage. This appears to be the normal position
of the adult immediately' after emergence during its final development, and in the fields it doubtless assumes such a position on the
stalk of the host plant before coming to rest.
ACTIVITY

The moths are nocturnal in habit. In daylight hours they may
be found, by careful search, resting on corn plants in the shade,
usually on the open loaves or in the folded leaves of the throat or
bud. At such times they are not readily disturbed. Leaves upon
which they are resting may be moved from one position to another
without causing flight. When disturbed into flight in the cornfields
they travel for from 10 to 30 feet or more in a zigzag course before
coming to rest on another plant. In the latter part of the afternoon
they become restless and are easily disturbed and by nightfall are
active, although their activities in the field after dark have not
been observed.
It is probable that no feeding takes place in the adult stage. The
fact that the proboscis is minute indicates the probable obsolescence
of the mouth parts. Sweetened solutions placed in cages with the
moths have not been observed to attract them or to induce feeding.
PROPORTION OF THE SEXES

The ratio of males to females remains fairly constant throughout
the season, the females being always present in larger numbers.
Emergence of both sexes starts approximately at the same time in
both the overwmtered and the later generations. The proportion
of the sexes in the field was determined from examination of over
200 pupae, with the results shown in table 6.
6.—Proportion of sexes of the southwestern com borer, as determined
from pupae of tlie overwintered generation eollected in a single field at
Tucson, Ari~., I9S0

TABLE

Date

Apr 24
Apt. 26
May 4--May 5
May 9...
May 10.

Males

Females

Number Percent Number Percent
43
8
57
6
60
4
40
6
15
35
70
30
11
41
59
16
12
46
14
54
15
42
21
58

Date

May
May
May
May

14
22
23
30

Males

Females

Number Percent Number Percent
8
33
16
67
4
33
8
7
70
3
30
0
0
3
100
39

Adults usually do not mate on the night of emergence, but spend
that night completing development and the following day in resting. Mating normally takes place early the next night after emergence, although it occasionally happens on the night of emergence. It
has not been observed, under cage conditions, to start after midnight.
One mating appears to be sufficient, as females mated but once have
deposited the normal number of fertile eggs.
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Mating has been observed only under cage conditions, the observations being made by Davis in Arizona. The males take the active
part in the courtship and they have been observed to mate with two
different females. During mating the bodies form a straight line,
the wings of the female overlapping those of the male, and the two
individuals facing in opposite directions. Mating may last from
11/. to 31/2 hours.
OVIPOSITION

Oviposition usually begins on the seccmd night after emergence
(table 7). or the niglit following that spent mating. Apparently all
the egg laying is done at night, as no observations to the contrary
have been "made except where females have been kept in dark cages.
TABLE

7. -I'reoripositioti period of the smithiceKtcni corn horrr, 'iiiexon, Arix.,
1<I,>!I-¡S0

Adult.s
Date of enierpence

Cage no.

3
4
5
7
10

--

Female

Male

Number
2
1
1
2
2
1
2
1
2
1

Number
2
1
2
1
2
1
2
1
2
1

Interval
between
emergence
and oviposition

Date of initial
oviposition

naf/i
June 11
July6
July 7
. do.July 8-.-Aug. 9-Aug. 13Aug. 15

June 13
July 8----- July 10
July 9--- July 10
July 16
Aug. 11
-- Aug. 15
Aug. 19

--.--

2
2
3
2
2
2
2
2
4
2.26

The females do not move about as actively during their fii-st night
of oviposition, when they are burdened with a large number of eggs,
as they do on succeeding nights. Their activity increases in jn-oportion to the dej)letion of the stock of eggs present in the ovarian
tubules. Ovij)osition occupies 3 or 4 days, after which the female
becomes very sluggish for a day or so and then dies.
The moths tend to select corn plants of intermediate age and
growth for oviposition, and to avoid the older, more ñbrous plants
and very young ones. Corn planted on different dates at Tucson in
1928 showed a higher percentage of infested stalks among those of
the intermediate planting dates than among those of the earlier or
the very late dates. There was an increase of infested stalks in the
younger plants down to those whicli lunl attained a height of about
2 feet, whereas in those under 2 feet the ])ercentage infested rapidly
declined.
LONGEVITY

The duration of the adult stage ranges from about 2 to 6 days.
The average longevity of the female is about 5 days, that of the
male about 3 days, based on the data obtained in cages as shown
in table 8. Males u.siially die soon after mating. The advance of
age in the moths is indicated by a loss of scales and hairs, by ragged
wings, and a generally bedraggled appearance. When spent they
become the easy prey of ants and other insects.
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TABLE

8.—Longevity of caged adults of the southwestern com iKirer at Tucson,
Ariz., 1928 and 1929
Longevity of females

Longevity of males

Date emerged

May 22-June 16_.
July 7...
Julys.-.
Aug. 12Aug. 14-.
Aug. 16..
Average.

Date died

May 24June 19July 10July 11.Aug. 10Aug. 17Aug. 18-

Indi- Length
viduals of lite
Number
1
2
I
1
1
1
1

Days
2
3
3
3
4
3
2

Date emerged

Date died

Indi- Length
viduals of life
Days

June 15June 16July 7...
.\UE. 9-Aug. 10Aug. 12Aug. 13.

June 20June 21.
July 12-.
Aug. 14.
Aug. 16Aug. 17.
Aug. 18-

.\verage..

SEASONAL DEGREE OF INFESTATION
At Tucson, (luring the summor of 1928, the ma.ximum infestation
of corn stalks in one field by the first generation was 42 percent,
whereas the maximum infestation of that field by the second generation was 90 percent, or more than twice as heavy. Corn not seriously
infested by the first generation may be greatly damaged by the
second generation because of the great increase in the number of
larvae present.
The partial third generation is usually reduced by the parasite
Trichogrmiima rruhiutum to a very small jiercentage of the original
number. During the years 1928 to 19;5(), inclusive, in southern Arizona, over 90 jiercent of the eggs laid by the second-generation moths
were parasitized.
ASSOCIATED INSECTS
THE CORN EAR WORM
The corn ear worm {Ild'iothh ohfiolcta Fab.) is closely associated
with the southwestern corn borers, ])articularly in the early instars,
and sometimes they may be confused. The larvae of the two species
are readily distinguished in their later instars, but close examination
may be required to distinguish the young larvae. The corn ear
worm is larger and in general has a dark-brown or green appearance,
usually with longitudinal stripes of varying color. The southwestern
corn borer, on the other hand, has a white body color with distinct
brownish-black markings or dots.
The corn ear worm is nearly always found either on the open
leaves, in the bud, or in the ear, whereas the southwestern corn borer,
in its later instars, is usually in the stalk. Both species feed on
the open and curled leaves and in the ear sheaths in the early larval
instars.
In any particular case of leaf injury it is difficult to distinguish
which species is more concerned. The corn ear worm, however, eats
larger and more irregular holes, as shown in figure 24, thus giving
the plant a more ragged appearance ; whereas the southwestern corn
borer cuts more cleanly and incisively into the leaves, scarcely or
not at all imparting this ragged appearance. Tunneling or boring
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into the ears can usuiilly be associated with the corn ear worm,
although even this is occasionally done by the southwestern corn
borer. Large larvae found in the " whorl " or bud usually are either
the corn ear worm or the fall army worm rather than the southwestern corn borer. The castings or excrement associated with the
damage will also serve to
distinguish between cornear-worm and southwestern-corn-boror work, that
of ear-worm origin being
coarser and greater in
quantity.
Dui'ing the winter
months the southwestern
corn borer is found as a
creamy-white larva in the
base of the main roots of
its host plant, whereas the
corn ear worm is seldom
if ever found in the plant,
but occurs in the ground
as a brown shiny pupa.
THE FALL ARMY WORM
Closely associated with
the
southwestern
corn
borer and the corn ear
worm, in their feeding in
the bud of the young corn
plant, is tlie fall army
worm (Lafhygma fnujlperda S. ancl A.). This
insect
is a
voracious
feeder, and where abundant, as it is in some parts
of the borer territory
nearly every summer, it
riddles the young corn
buds and leaves with holes
and ragged patches and
fills the s])ace between the
leaves with droppings (fig. FiiiniE 24.—Upper ixirtioii of ji corn plant sliowlng
damage caused by the fall army worm. This type
24). Tlie larva is a fast
of damage i.s also cliarjtcteristic of tlie corn ear
grower and attains a size
worm. Note the ragged appearance.
about equal to that of the
corn ear worm. Œt has to some extent the boring propensities of the
southwestern corn borer, tunneling into the cornstalks and particularly into the aborted ears along the stalk, from which it often enters
the stalk itself. The fall army worm is as likely to be found in the
corn ears as is the ear worm. While its tunnelings into the upper
stalk and into the base of the belated ears may be confused with
those of the southwestern corn borer, these do not penetrate into
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the crown below ground as do those of the latter. The fall army
worm in its later instars is striped and easily distinguished from
the corn borer.
THE CURLEW BUG
The injury to corn by the curlew bug {Calendra ccMosa Oliv.),
also known as corn billbug, is occasionally confused with that of
the corn borer. The boring of the curlew bug is confined to a small
area usually just above tlie ground. The injury is confined to
the excavation of a hole in the stalk, ranging in size from one
fourth to three fourths of an inch in diameter, and occasionally
a short, roughly chewed tunnel. The holes later appear as brown
pockets in the stalks. Tunneling of the corn borer is clean-cut, with
the tunnels running lengthwise of the stalk for considerable
distances.
The adult curlew bug is a weevil or snout beetle which cannot be
confused with the moth of the corn borer. The white or cream-colored pupa of the curlew bug is naked and resembles the adult except
for the coloration. It is easily distinguished from the brown pupa
of the borer. The larva of the curlew bug is a white footless grub
which does not closely resemble the southwestern corn borer, being
much larger posteriorly and easily recognized by its shape. AVhen
full grown it is about one half inch long.
NATURAL CONTROL
The borer pop>ilation and the consequent damage to corn vary
greatly in different years and in different parts of the range of the
southwestern coi'n borer. The more important of the known factors
controlling outbreaks are climatic conditions and natural enemies.
PHYSICAL AND CLIMATIC DETERRENTS
MORTALITY DURING HIBERNATION

Fortunately for corn )>roduction in the invaded region, the southwestern corn borer suffers a considerable setback during the hibernation period. This begins with the ex])osure of the larva in the fall
when it temporarily leaves the cornstalk to seek hibernating quarters in the main root. If it succeeds in reentering the stalk it nmst
often make the fight for position, of which mention has been made
(m page 30. Once established in the favored position in the base
of the stalk, the surviving larva is exposed for approximately 8
months to such possible factors as unfavorable conditions of cold,
moisture, drought, stubble rot, termit«s, ants, and disease.
The hibernation mortality has been determined on different dates
in the spring in difi'erent localities several times during the years
from 1923 to 1930, inclusive. These data are summarized in table 9.
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Year

9.—Hiberruttion mortallfij of the .touthu-rntcni corn borer in Arizona and
New Mi\eiC) fntni scattered yecordx. 1023-30

Date of
examination

Locality

Fields
examined

Number and condition
of borers

Total

1923
1924

1926
1927

May 2-3...
May 12
June 12
Feb. 26
Feb. 28
Apr. 14
Apr. 1
June 27
Jan. 6
Jan. 26
Feb.15
Feb.17
do
Apr. 23-27-Apr. 24
Apr. 25
Feb.8
Mar. 26
Mar. 27
Apr. 10
Apr. 20
Mays
May 30

Tucunicari, N.Mex.
do
-.
do do
Loiïan, N.Mex
Tueumcari, N.Mex.
Clevis, N.Mex
do
Elfrida, Ariz- Tucson, Ariz.-Elfrida, .\riz
Tucson, Ariz.-Cortaro, Ariz
Ctovis, N.Mex
Tueumcari, N.Mex.
Elfrida, Ariz
Tucson, Ariz.do
do
do
do
.
Clovis, N.Mex
Tucson, Ariz

Living

Dead

.Víí inbeT Nttmber \'timber Number Pe
15
89
1(M
1
5«
164
108
1
49
3
52
' I
115
64
179
2
21
147
168
(')
142
81
22:1
(')
104
134
238
6
128
134
43
3
46
1
a
10
4
52
4H
2
12
10
3
23
20
165
273
108
14
29
15
2
41
43
39
8
47
15
33
48
18
45
27
.54
43
11
2
32
30
38
84
46
16
63
37

Range of
percentage dead
in different
fields

20-100
93-98

1 Same field in which the May 12 examination was made.
' No record kept of number of fields examined.

From these figures it is seen that, while the mortality varies greatly
in different fields and in different seasons, it is high on the average.
The extreme range in these examinations was from o percent (Elfrida, Ariz., 1928) to 100 percent (Clovis, N.Mex., 19-27, 1928, and
1929). The mortality increases as the spring season advances toward
planting time, even in fields not yet spring cultivated.
In general the winter mortality is greater in New Mexico than
in Arizona. This is probably due to the more severe winters in
the localities of New Mexico in which winter-mortality counts were
made than in southern Arizona.
Davis has determined that the success of the overwintering larva
in overcoming the inimical conditions to which it is subjected during
hibernation is largely dependent on its initial endowment of fatty
tissue at the time of entering hibernation. Larvae wliich have only
a relatively small quantity of fatty tissue when winter begins are
less likely to survive the winter than those which are large and fat.
The former may, however, surviv.e a winter which is not too severe,
and in which the fluctuations of temperature are not too great.
There is always a small proportion of larvae of this type which
are so weakened in spring that they cannot prepare the emergence
tunnels or transform to the pupal stage.
Borers have been found to be approximately 15 percent shorter
in the spring than in the fall, owing to the loss of adipose tissue
consumed during the winter. In order to avoid depleting this
energy too rapidly, the larva must maintain a state of relative
quiescence. The principal factors disturbing this state are temperature and moisture. The effect of these depend somewhat on
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tlie ])osition of the larva in the stub. If the plant happens to be
shallow-rooted, or if the larva be located too liigh up, as sometimes
happens in the competition for position, very low temperatures
may destroy it. To« much moisture, wliether due to rains, overflows, or irrigation, causes stubble rot, thus incUicing disease or
exposing tlio larva more fully to temperature fluctuations.
SUMMER MORTALITY

Kain, accompanied by wind, may wash many of the eggs off the
l)lants. Even if such eggs should hatch, the young larvae probably
would perish before reaching food. A count of plants containing
egg masses on August 17, lít'i7,by Blanchard, showed that 95 percent
„¡(/"«■'■■^■'''f:.'^^^^

^^«Nj-^WV^VV.»,

FiGL'RR 25.—Fomalo of Trichoiiramrnd miiiittum, ¡in osK parasUp of the southwostern corn
borer.
X 30.

were infested. On August 10, after a hard rain, only 25 percent of
these same plants contained egg masses.
Water standing in the " heai't " of curled leaves often causes the
death of j'Oung larvae feeding in the folded leaves. The larvae fall
into the water and apparently are unable to escape.
Small larvae of the partial third generation, when attempting to
feed upon tlie tough and fibrous plants of late summer, often fail
to find succulent tissue or are unable to penetrate the hard stalks
and soon perish from stai-vation.
NATURAL EN'HMIES
INSECT PARASITES
TBICHOCIL\MM.\ MIXUTUM HII.EY

By far the most effective parasite of the southwestern corn borer
is Trichogramma rninufum (determined by A. B. Gahan) (fig. 25).
This minute, yellow, hymenopterous insect, which can scarcely be
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seen with the unaided eye, oviposits in the eggs of Diatraea grandiosella, after which, instead of the horer larvae issuing, parasite adults
emerge. Six or more of tliese adults may emerge from one borer
egg, but the average is 3 or 4.
The parasites are very scarce diu'ing the period of egg deposition
by the spring adults, which, in southern Arizona, is during the last
part of May and fírst j)art of June. There is an increase during the
oviposition period of the moths of the first generation, or during
early July of the same year. By the last of August and first of September, when the moths of the second generation are laying eggs,
the parasite makes an enornu)us increase in numbers. During the
eggdaying period of the moths of the second generation of 1927,
in the vicinity of Tucson, about 75 percent of the eggs were parasitized and in 1928 to 1931, inclusive, more than 90 percent. Parasites were exceedingh^ plentiful during 1930. They were first
noticed in cornfields on May IG and increased in number nuich nu)re
rapidly tluin usual. Ileliothift obsoleta, the eggs of which were present in laige numbers at all times, served as an altenuite host and
thus served to iiuu'ease the numbers of parasites present. By the
time the corn-borer eggs of the second generation were being laid
(July 1-15) T. mhiutum was so plentiful that only the early de]>osited eggs sui'vived. approximately 75 percent of the eggs being
parasitized. Parasitization of tlie eggs of tlie third generation has
practically controlled that generation in southern Arizona during
the last few years.
Life-history studies of T. mhivtum^ in cages, conducted by Davis
at Tucson, revealed that the length of the period from oviposition to
emergence of the adult ranged from 6 to 10 days, the average time
being about 7 days during the warmer portion of the summer and
8 or 9 days during the cooler periods. The oviposition period of
the southwestern corn borer of the second generation, at Tucson, is
approximately 15 days, wliich would allow two generations of T.
mintitum during the period. There are ])ossil)ly three generations
of the parasite during the oviposition period of the third generation,
as it covers a longer period. During the most active season (May
to September, inclusive) there are approximately 19 generations of
the parasite.
TricJiOf/ramma m'midum has also been found parasitizing the
eggs of D. c/randiosclla in northeastern New Mexico. The liighest
parasitization found at any time was tliat near Tucumcari in 1923,
when Horton found about G percent of the eggs parasitized by
T. viinutuin and another hymenopterous parasite, the former
predominating.
PROSPALTKLLA SP.

An undescribed hymenoj)terous parasite species of the genus
Proiipaltella (determined by A. B. Gahan) has been roared by Davis
from eggs (in cages) of both the southwestern corn borer and the
corn ear worm. Detailed infornuition on the status of this insect is
not available.
TEXENOMUS SP.

Another hymenopterous parasite was reared by Horton from eggs
of Diatrnea grandwsellu collected near Tucumcari, N.Mex., in August
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1923. This was determined by A. B. Gahan as belonging to tlie genus
Telenamius. The extent to which this parasite is beneficial, as affecting the control of the borer, is not known.
APANTELES DIATBAEAE MDESBBECK

A hymenopteroiis parasite of the corn-borer larva which is a considerable factor in reducing the number of borers has been determined by A. \l. Gahan as being Apantclcii (Viatracae (fig. 26). It
is a small black species which searches out and parasitizes the
borers. Its oviposition has not been observed in the field, but Davis
found that in cages with Dlatrava (/raiidioKelld larvae it readily attacked those of the first and second instars, althovigh it did not so
successfully parasitize the larger larvae. It therefore seems probable that it parasitizes the young larvae while they are in these
instars and before they have had a chance to conceal themselves by
tunneling into the host plant.
When the parasite larvae have attained about full development
they emerge and spin cocoons in a mass which somewhat resembles
the corn borer larvae in shape (fig. 27). Each individual cocoon is
about 1.5 mm wide by 3 mm hmg and is com])osed of fine silken
thread which is tough and leathery. The mass of cocoons is snowy
white. The number of parasites that issue from one larva varies in
accordance with the size of the larva. An average sized grandioftella larva contains about 70 parasites.
Very few borers of the first generation, during June, are parasitized. In a field of corn that has .50 percent of the stalks infested
by the first-generation larvae, one may search all day without locating a larva that is parasitized. The percentage of larvae that are
parasitized increases during the second generation and reaches a
maximum during August. On August 16, 1928. a count of the
southwestern corn borers at Tucson indicated that about 20 percent
had been parasitized. The effect of Apante]en diatraeae varies from
year to year but is not known to approach effective control at any
time.
INSECT PREDATORS
SOLEXOPSIS GEMINATA VAR. DIABOLA WHLR.

SoUnopfiis geminuta var. dhihola (determined by W. M. Maun),
a small red ant, preys u])on tlie larvae, pu|)ae, and adults of the southwestern corn borer. These ants make their entrance into the tininels
by crawling up the stalk and entering the exit holes. Destruction
of the larvae and pupae has been estimated to be, on occasions, as
high as 75 percent. These ants, howevei', are not generally numerous
enough to be of great importance in reducing the number of "borers.
Experiments with caged adults were greatly hampered by the presence of these ants. They would enter the cages and kill tlie adults
and carry them away ])iece by piece, usually leaving the wings in
the cage.
CREMATOOASTEB 8P.

Whole colonies of an ant, a species of CrematogoMter, including
queens, workers, eggs, and young, have been found nesting in corn
stubs in the tunnels of the southwestern corn borer. Although not
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FiGUBK 26.—Apantelcs diatraeac, a larval parasite of the southwestern corn borer: A,
male ; B, female. X 16.
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seen attacking the borers, they undoubtedly would do so if they
came in contact with them, and in the cases observed very probably
had destroyed the borer occupants of the stalk.
RETIOÜLITEaiME.S HUMII.IS BK8.

A termite commonly found in southern Arizona works in the interior of the dry cornstalks during the fall and winter. This termite, Reticulitci-mett hiimiUs (determined by T. E. Snyder), causes
the death of a small percentage of the winter larvae by hollowing out
the interior of the infested stubs so completely that only the outside
shell remains, thus destroying the insulation which would otherwise
have afforded the corn-borer larva its necessary protection.
A corn stub examined the last of May 1928, at Tucson, Ariz., was
completely hollowed out and was alive with termites. This stub
contained a live winter-form larva which undoubtedly had been exposetl to the termites and could readily have been attiiclfed by
them.
Termites of undetermined species have frc((uently been found
cleaning out corn stubs and stalks in the winter and spring in

FiGuitB 27.—Cocoons of Apanteles diatrneae covering
borer. X -i.

iitrva of tlic southwestern corn

New Mexico and the Texas Panhandle. At times they liave
found working in stalks inhabited by living southwestern
borers without interfering with the latter. In an occasional
liowevei", in which an unusual number of stalks were infested
termites, no borers would be found.

been
corn
field,
with

A thrips, the species of which is as yet undetermined, has been
observed feeding on the eggs of the second-generation moths at
Cortaro, Ariz. The thrips is fairly abundant on the corn during
August. The status of this insect as a borer enemy is not known.

Many of the dead larvae, especially of the winter form, are infected with a fungus, /»arm barber! Giai'd. according to a determination by Vera K. Charles. Larvae containing this fungus assinne a
grayish color due to the gray fruiting bodies on the outside of the
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borer. Whether the larvae die as a result of the presence of the
fungus or whether the fungus develops as a result of the death of
the larvae is problematical.
The frequency of occurrence of fungus growth on larvae which
had died in the stubs over the winter attracted the attention of
Horton, who, on April 23, 1924, found 72 dead out of 125 borers,
most of the dead being covered with a reddish fungus growth.
This was identified positively as Fusañum sp., and tentatively as
F. larvarum Fck., by Vera K. Charles. No special effort has been
made to determine whether or not it is merely saprophytic, and
although it has seldom since been found so abundant, it is often
seen on isolated specimens.
A dead larva or pupa characterized by limpness, discoloration,
and watery contents of very pungent odor is occasionally found in
the field. Specimens reared in the laboratory sometimes die and
assume this condition. This type of disintegration appears to be
due to bacteria, but its nature is not known by the writers.
OTHER ENEMIES

A predacious mite has been observed destroying the overwintering
larvae at Elfrida and Tucson. Ariz., and also at Tucumcari. N.Mex.
The mites have been found clinging to the larvae in the main roots
of the cornstalks during the winter. Several tin boxes, each containing 10 to 20 mite-infested overwintering larvae, were brought to the
laboratory at Tucson, and in a week's time all the larvae had been
killed. These mites are so scarce in the field, however, that it is
doubtful whether they are of much importance.
Birds, spiders, etc., undoubtedly reduce the number of corn borers.
Birds have never actually been observed in the act of feeding on any
stage of the borer, yet they have been seen in cornfields in quite large
numbers when young surface-feeding borers were present. These
early instar larvae, before they have bored into the stalks, are easily
accessible. Adults resting on the corn plants during the day, or
gravid females at night, might easily become the prey of spiders.
ARTIFICIAL CONTROL
DELAYED PLANTING OF CORN TO AVOID BORERS

Corn may be planted in the lower altitudes in southern Arizona
from April to as late as August and still mature. The first emergence of moths takes place late in May and early in June, and the
second emergence during the early part of July. With these facts in
mind, corn was planted in i^-acre plots at Tucson on various dates
during the summers from 1927 to 1931, inclusive, to ascertain at what
date corn may be planted to receive the least borer damage. It was
found that corn planted about June 1 withstood the feeding of the
second generation very well and missed the first generation entirely.
Table 10 shows the degree of infestation by the borers of the two
principal generations.
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10.—Infestation by larvae of the first and second generations of the
southwestern ctrrn borer in corn planted on various dates at Tiics<)n, Ariz.,
1928~S0

TABLE

Date of planting

1928
Apr. 2
Apr. 21
May 12,May 29
June 15

Stalks
infested
by second
generation

Percent
42
10
1

Percent
70
77
8()
90
;ifi

Ü
Ü

1929
Apr. 20
May 12-May 24
May 31

Stalks
infested
by first
generation

Date of planting

Apr.8
Apr.23
May 7
May 24-June 7-June 25-July 19--

19M
------.

Stalks
Stalks
infested infested
by first by second
generageneration
tion
Percent
20
8
i
0
0
0
0

81
71
72
81
71
11
0

-

Combinin<ï the data of table 10 with jrrowing coniiitions, it may be
stated tliat, as a rule, corn planted as early as the first half of .Vpril
was attacked by larvae of both the first generation and second generation; and this injury combined witli poor growing conditions at
that season reacted to the detriment of the crop.
Corn planted as late as the latter part of June, although less
heavily infested, was also subjected to unfavorable growing conditions which more than offset the lessened borer damage.
It is evident, however, that corn planted during the last part of
May and the first part of June will in most years esca])e the firstgeneration larvae completely, and by the time the second generation
is present it will liave made enough growth to enable it to withstand
considerable infestation without substantial injury. Experimental
plantings embracing also those of 1927 and 19S1 showeil that although corn ])lanted about June 1 had a higli percentage of the stalks
infested, the favorable weather during the time the corn was growing
more than made up for the increased borer work.
Other experiments to determine whether or not it is feasible
to avoid the first-generation borers were conducted at Tucumcari,
N.Mex., over the 5-year period of 1925-29. During the first 3
years plantings were made every 15 days over a period from about
May 1 to June 30. In 1928 and 1929 they were made in triplicate
and on only two dates, near the beginning and end of the planting
period for corn. The infestation by borers of the first and second
generations in these plots is shown in table 11.
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11.—Infestation hy lurvae of the first and second generations of the
southwestern com borer in Mexican June corn pianted on different dates at
Tucumcari, N.Mex., 1!)25 to l'J29, inclusive

TABLE

Date planted

l'Afl
May 15
June Ifi
192C
May l-_ -May 15
June 15
June 30

Stalks infested—
Date corn
first appeared By borers By borers
of the of the secabove
firound first gen- ond generation
eration

(')
(=)

Percent

Percent

June 22
June 24
July 6

2
0
0
0

81
82
79
f)l

May 11
May 22
June 7
June 21
July B

16
3
0
0
11

31
27
30
43
«3

Date planted

1927
May 2,.
May 16May 23..
July 1

Stalks infested—
Uate corn
first apI)eared By borers By borers
of the of the secabove
ground tirst gen- ond generation
eration

16
24
1
20
23
7

Percent
18
16
12
10
6
0

Percml
18
20
24
12
10
20

May 21
June 5

4
0

55
85

May 19
June 26

23
(i

98
97

.May
.May
_- June
June
June
July

1928
June 16.
1929
Mays
June 18

I No stand was secured in the May 1 planting.
* Corn came up very irregularly and made a poor stand.

Table 11 shows that in 4 years out of 5 the corn planted in June
was not infested by borers of the first generation. One year, 1927,
was so dry that the experimental plantings had to be made in poorly
prepared " soil, and general planting was delayed on the average
until June 15. The total precipitation for the period January 1
to Älay 31. inclusivo, was only 0.77 inch. This condition of drought
retarded the development of the overwintered borers so that there
was no emergence of moths before the end of June, and all the corn
plantings were up by tlie time the emergence of moths was well
under way.
Corn planled before May 18 suft'ercd more infestation from the
first generation than corn planted after that date. This is shown
especially in 1920. 1928, and 1929. The 1925 record might have
shown a greater difference had there been a stand from the May 1
seeding, as corn planted May 14 in a nearby plot under better conditions of tilth wa.s much taller, more uniform in stand than that in
the regular plot, and was 38 percent infested by first-generation
larvae.
It may be considered as established that corn should not be planted
in northeastern New Mexico before the middle of May if firstgeneration borers are to bo avoided. The desirable period of planting, from other standpoints as well as that of the borer, would seem
to be from May 18 to June 5. Kecords and results of the work at
the Tucumcari (N.Mex.) field station of the Bureau of Plant Industry show that Mexican June corn was planted there 7 years in
May and 3 years in June. The May plantings ranged from May
18 to 30. In only one of these years was the corn not fully mature
when harvested. The June plantings, on dates ranging from June
4 to 20, were somewhat immature when harvested, although the
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actual loss from immaturity was probably small in most years, as
ears inunature when harvested harden considerably in the shock.
The degree of immaturity will depend on the individual season.
The immaturity of the June plantings is not serious unless quite
pronounced.
From the foregoing it appears that in the neighborhood of Tucumcari corn can be planted, in most years, late enough largely to avoid
the first-generation borers and yet within the favorable planting
period for corn. The exceptions will be years when there is insufficient moisture for preparing the land and germinating the seed.
Since the sole purpose of delaying planting, as here considered, is
avoidance of infestation by first-generation borers, the maximum
benefit could be secured only when all growers in an isolated district
cooperated in the delaying of planting.
DESTRUCTION OF HIBERNATING BORERS IN STUBBLE
The life-history studies of the southwestern corn borer indicated
that it is most susceptible to control by modifications in farm practice during the period of hibernation. Early in the investigation
the field inspections by Horton revealed that the borers could not
successfully winter in cornstalks or stubs which had been uprooted
in the course of plowing and exposed for a considerable period to
weathering.
Control methods applied to stubble should, if possible, be made to
fit in with local farm practice in handling the corn land after the
crop has been harvested, for farm jjractice in this respect varies
widely in different sections. In northeastern New Mexico and the
Texas Panhandle the general practice is to harvest the ears, leaving
the stalks standing, or less generally to cut the crop with a binder,
leaving the stubble standing, without fall preparation of the land.
Fall preparation is particularly avoided on sandy soils to prevent
soil blowing. In southern Arizona the usual practice is to cut the
corn crop, disk the land, and plant a winter grain crop for hay and
pasturage. This light surface cultivation leaves the stubble intact
and the hibernating borers in safety.
It is seen, therefore, that the problem of destroying the borers in
hibernation must be solved somewhat differently in the two sections
mentioned, and the method used on sandy soil must differ from that
used on the more dense loam and clay soils. Where soil blowing is
not an important factor the stubs can be plowed under or rooted
out in the fall, or otherwise treated by any economical method that
will destroy the borers. With these points in mind, several methods
of controlling the borers in hibernation have been tested.
EFFECT OF DIFFERENT TREATMENTS OF STUBBLE ON EMERGENCE

Two preliminary experiments were conducted to test the effect of
different methods of handling the corn stubble on the emergence of
the hibernating generation.
One of these was conductfid near Tucson in 1928. In this test 100
stubs were buried horizontally in each of three wooden frames at
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depths of 2, 4, and 6 inches, respectively (fig. 28). After this the
frames were covered with wire screens to catch emerging moths. No
moths emerged from the stubs buried at 4- and G-inch depths, and
only two emerged from those buried 2 inches deep.
In the other experiment, conducted near Tucumcari, N.Mex., in
1923, four groups of eight selected infested stubs each were treated
as follows ; Two lots of stubs were buried in soil to depths of 8 and
4 inches, respectively, the third lot was set in a normal growing position to serve as a check, and the fourth lot was freed from soil and
laid loosely on the surface. All were covered by screen cages. No
moths emerged from the stubs buried 8 and 4 inches deep, or from
those left lying on the surface ; whereas 6 moths emerged in the check
cage from the planted stubs, and one living unemerged moth was
found in a pupal skin.
The conclusion was that either complete burial to a depth of not
less than 4 inches or complete exposure of the stubs to weathering is
sufficient to destroy the borers and prevent emergence.

FlGUBH 28.' -Type of wooden frame used in experiments to determine possible emergence
of buried borers from soil.
EFFECT ON HIBERNATING BORERS OF DIFFERENT METHODS OF CULTIVATING
STUBBLE

The effect of different methods of cultivating stubble fields was
tried out on a practical scale at Sulphur Springs Valley, Ariz., in
the season of 1927-28. Three stubble plots were given different treatments in December 1927, and mortality counts of the borers were
made in March 1928. The treatments were as follows: (1) Stubs
dragged with an iron rail and flooded once by irrigation ; (2) stubs
plowed out on the surface of the ground; (3) stubs disked twice,
plowed, and haiTOwed twice. In another plot left as a check the
stubs were left standing.
The results of these experiments show that treatment by dragging
and flooding was of no value in destroying the borers ; whereas burying by disking, plowing, and harrowing was followed by 96 percent
borer mortality, and plowing the stubs out onto the surface by 83
percent borer mortality. The results are shown in detail in table 12.
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12.—Winter mortality of the southwestern com horer folloicitiff different
methods of viUtivatlng stitbble plots, Sulphur Springs Valley, Ariz., 1927-28

TABLE

Plot
no.

1
2
3
4

Plot treatment, December 1927

Stubs ilragged with au iron rail and flooded once
by irrigation
Stubs plowed out onto the surface
Disked twice, plowed, and harrowed twice
Check; stubs left in planting position over winter

Hibernating borers found

Stubs examined,
March 1928

Total

Number
60
100
100
100

Number
38
72
73
85

Dead
Nu mber

FercenI

6
(>0
70
12

i:<
83
IK)
14

A jjortioii of a stiibbli' ñcld ¡it Elfrida, Ariz., was treated in the
fall of 1927 by dragging a heavy iron rail crosswise over the stubs
so that tliey were cracked open or broken olf, with the idea of
increasing and jjrolonging the exposure of the larvae to tlie weathei'.
P^xaniination of the borers in this field tlie following spring proved
greater in the dragged stubs than in undisthe mortality to be
turbed check stubs.
DESTRUCTION OF BORERS BY UPROOTING THE STUBS

A study, by Horton in 19'23, of spring-cultivated stubble fields in
northeastern New Mexico showed that in practice varying quantities
of stubs are either thrown out onto the surface, partially buried, or
wholly buried, depending on the thoroughness and manner of cultivation. An examination of the borer population of these fields
showed a higher mortality among the borers in the first group than
among those in either of the other groups. Experiments were therefore initiated that year to determine the control value of weatliering
the stubs by uprooting them.
In experiments conducted at Tncumcari, over a period of 5 years,
stubs were exposed to weathering for various periods of time, by
uprooting by different methods and on different dates in fall and
spring. This was followed by mortality counts of tlie borer just before the land had to be prepared for replanting. In sonic plots the
stubs were uprooted with a cowpea harvester, in others witli a lister
having its moldboards removed, and in still others by the use of
a hand implement. Suitable check plots were maintained in which
the stubs were left standing in the rows as planted. The plots were
of one tenth acre each. The results are shown in table 18.
TABLE

13.- -Experiments in uprooting sfubhle 1(t control the southwestern corn
borer, Tuciimrari, N.Mex.

Season

Plot
no.

1923-24

1

Uprooted

2
3

Check; stubs left standing.
Uprooted with cowpea

4
5
6
7
8

do..
do...
do
do
Check; stubs left standing.

Method of treatment

with

cowpea

1 Hate of infestation not determined.

Date
treated

1924
Apr. 1

InfestaPeriod tion of
Date exof
lOO
Total
amined weath- stubs borers
ering examined
1921
May 12
...do

Apr. 9 ...do
Apr. 16 ...do
Apr. 23 ...do
May 1 ...do
May 7 ...do
...do

Dead borers

Days Percenl Number Number Percent
41
59
41
eg
(')
19
76
25
0)
33
28
19
U
5

(>)

0)
(■)
(■)

83
64
50
87
81
88

S3
19
15
37
32
37

64
30
30
43
40
42

55

THE SOUTHWESTERN CORN BORER
TABLE

13.—Experiments in uprooting stubble to control the southwestern corn
borer, Tucumcari, N.Mcx.—Continued

Method of treatment

Season

Uprooted with
harvester.

cowpea

_.._do
do
do
Check; Btul)s left slaudiiig.

Date
treated

InfestaPeriod tion of
Total
100
of
Date examined weath- stubs borers
ering examined

1926
Nov. 1

1927
May 15

1927
Feb. 15
Mar. 10
A\>T.

C

Nov.
Uprooted with a lister
-do
do
Check; stubs left standing.

4

1928
Feb. 8
Uprooted with a lister
--do..—
.,..dü
Check; stubs left standing1928-29

1929-30

Days Percent Number Number Percent
88
21
24
24
195

--do-—
--do--.
-do—
--do—-

19
21
29
72

13
12
10
11

«8
57
34
15

1928
May 21
.--do
.-.do.--

199
199

34
26
44

34
20
18

100
too
41

--do--do--do..

103
103

21
31
34

17
21
10

81
68
29

1
2
3

1929
Oct. 30 May 7
Uprooted with a lister
— do—
Check; stubs left standing.
Oct." 3Ó —do—
Uprooted by hand

46
66
68

41
10
53

89
18
91

4
6
6

1929
Feb. 23
Uprooted with a lister
Check; stubs left standing.
Feb."23
Uprooted by hand

69
66
66

69
19
60

86
29
91

1
2
3

1930
Oct. 29 Apr. 17
,.-do-—.
Check; stubs left standingNov. () .--do—.
Uprooted with !i lister

93
85
96

90
74
92

97
87
98

1930
Mar. 4
Uprooted by hand
Check; stubs left standing.
Uprooted with a lister

98
90
93

84
74
72

86
82
77

4
0

-do-do.do-

-do
-do
-do- —

The first year's experiments consistetl entirely of uprootings made
weekly in the spring, beginning April 1 and ending May 7, 1924,
the stubs being exposed for periods of from 5 to 41 days. The longer
periods of weathering, 33 and 41 da3's, in the treatments of April 1
and 9, though not long enough for a satisfactory kill, were long
enough to offer encouragement regarding this method, since the
average mortality in these two uprootings was 00 percent of the
borers, whereas in the contiguous check stubs the mortality was only
25 percent. During the second season (1926-27) stubs were uprooted
in the winter, beginning November 1, as well as in the spring, the
time of exposure ranging from 39 to 195 days. The resulting mortality increased bv degrees roughly commensurate with the duration
of exposure, the'winter treatments causing the greater mortality.
Thereafter the mortality comi)arisons were confined to plots cultivated usually in late October or early November, and others cultivated in late February or early March. In the season of 1927-28 a
comparison of the mortality of the two November uprootings (100
percent in each case) with the average mortality of the two checks
showed that a net mortality of 65 percent could be credited to the
November listing, whereas the listing in February gave a net kill of
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only 40 percent. In other words the difference in net mortality
between the February and the November treatments was 25 percent
of the total number of larvae. This difference, though slight, indicates an advantage in fall cultivation, and the difference would be
more pronounced were the natural mortality lower. The work of
the season of 1928-29 verifies this conclusion, the advantage of early
uprooting being shown by the fact that the difference in the average
net mortality for the fall treatments as compared with the spring
treatments, after allowing for the mortality in the respective checks,
was 13 percent of the total number of larvae.
The results of the experiments in the season 1929-30 are illustrative of the fact that natural mortality is sometimes very high, an
average of 85 percent of the borers having perished in the noncultivated stubs before planting time in 1930. The same tendency,
however, is shown in that season as before, more borers having been
destroyed by the fall cultivation than by the winter cultivation,
after discounting the natural mortality.
As is to be expected, not all of the stubble can be cleanly uprooted
and com])letely freed from soil bv listing. However, the data for
the seasons of 1928-29 and 1929-30 indicate that only a slight increase in borer mortality was accomplished when stubble was
uprooted with a grubbing hoe and comjiletely freed from soil, as
compared with listing.
Similar experiments in exposing the stubs to weathering by plowing them out in the winter were conducted in Arizona, mortality
counts being made the following sjiring just befoi'e ))upation. The
percentage of borers killed by this method ranged from 30 to 83,
depending on soil type. The higlier mortality occurred on sandy
soil, doubtless because this .soil separates more readily from the
roots, whereas heavier soil clings to them in compact clods.
SURFACE TREATMENT OF STUBS

Tests were made in southei'n Arizona to determine the feasibility
of destroying the hibernating larvae by thoroughly burying the
stubs and then working the topsoil in the fall. A stubble field was
deeply plowed, then disked, then harrowed twice with a springtooth barrow, with the result that the soil was thoroughly and finely
broken up. Sucii stubs as remained on the surface had been freed
from soil and many of them split open by the treatment. Examination of the boi-ers in the exposed stubs the following spring showed
96 percent of them to be dead and the rest so devitalized that they
mo.st probably would be unable to continue to the adult stage
(table 12).
This process of plowing the stubs under and.working the topsoil
in the fall or early winter, if thoroughly done, will kill practically all
of the overwintering larvae in the fields. The earlier in the season
it is done the better, as the larvae in stubs that escape burial will
be longer subject to weather conditions.
In southern Arizona, where stubble fields as a rule are merely
disked and then planted to winter grain for hay and pasturage, the
stubs are left intact, and consequently many of the borers survive
the winter as safely as if the stubs had not been touched. The
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larvae must be either buried or exposed to adverse winter weather
if they are to be destroyed. This is best accomphshed by deep plowing and thorough working of the topsoil.
Control by fall plowing and topworking the soil in stubble fields
has not thus far been put to the test in the largely prevailing sandy
soils in eastern New Mexico because of the danger of blowing.
Doubtless there are soil types, however, both in eastern New Mexico
and in the Texas Panhandle where stubble plowing could be practiced.
CLEAN FARMING

Clean farming will be found of assistance in controlling the borer.
Infested corn stubs are occasionally piled on or adjacent to a cultivated area in the fall in southern Arizona. Many of the larvae m
such piles will pass the winter successfully and emerge as adults m
the spring to reinfest early planted corn. Stubs removed from fields
should be burned to destroy the contained larvae, thus removing this
source of infestation. Early corn planted adjacent to infested corn
stubble of the previous year 'has an excellent chance of being infested
by the issuing spring moths.
Since the borer may pass the winter in Johnson grass, care should
be taken to keep the fields, fence rows, and ditch banks free from this
grass.
OVICIDES AND LARVICIDES

Although cultural practices carried out cooperatively are the
cheapest and most reliable means of preventing serious damage to
large plantings of field corn, there may be an occasional use for
insecticides in controlling the southwestern corn borer in high-price
sweet corn, in small patches, and in years of unusually heavy outbreaks of the borer.
Experiments with ovicides and larvicides lor the second generation were conducted by Davis at Tucscm during 1929 and 1930. The
first generation was avoided by late planting (June 1), and the third
generation was taken care of by the advanced growth of the plants,
aided by the natural enemies. The larvicides used in these tests
included various types of arsenical and fluorine dusts, and various
sprays consisting of mixtures of arsenates, fluosilicates, and nicotine.
Several different oils were applied as ovicides.
The exi)erinients of 1929 indicated little value in nicotme and leadar.senate sprays or in lead arsenate as a dust. Only one proprietary
miscible oil of those used as ovicides gave any promise of a satisfactory control. The tests of 1929 were preliminary m nature, however, applied with the idea of finding one or more promising substances which might be given a more thorough trial later.
In 1930 the materials which did not show promise in 1929 were
omitted. Barium and sodium fluosilicates and cryolite (sodium fluoaluminate) were dusted and sprayed as larvicides. Lead-arsenate
spray was also used for comparison with the other materials. A
miscible oil was applied as an ovicide.
At the time of these control applications the com plants ranged
from 2 to 3 feet high, a majority of the plants being approximately
2 feet high. The larvicides were applied at about the peak of the
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egg stage of the second generation, but before very many of the
eggs had hatched. The larvae were thus largely in the first instar
when affected by the insecticides.
The results of the insecticides applied in 1930 are shown in table 14.
TABLE

14.—Results of insecticide tests on the southwestern corn 1>orer at Tucson,
Ariz., I'JJO
DUSTS
títalks infested
Insecticides and strength at which used
'I'reated
plots

Check
I)lots

Percent

Percent

3
14
15
23
;ii

47
48
45
47
34

■M
:i]

37
65
52

SPRAYS
Lead arsenate (larvicide), 2 ¡)oun<is to KX) trillions of water
_.
Cryolite (larvicide), 2 pounds to UK) tialions of water
Barium fluosilicate (larvicide). 2 pounds to 100 gallons of water..
Sodium fluosilicate (larvicide), 2 pounds to ]00 gallons of water,.
Miscible oil ' (for engs), I jjercent ^
'
3
*

4«
4(1
:í7
J27

' !l

5ti

47
47
47

Commercial product.
Strength based on total volume of oil although it contained only SO ;>ercenl of active ingrédients.
Two applications.
Three applications.

The dusts as a whole, as shown in table 14, ^ave moro favorable
results, and of these dusts the barium fhiosihcate mixtures wensuperior to those of ci'volite or sodium fhiosihcate. The jilot dusted
with a commercial product, containing 80 percent barium fluosilicate,
had only 3 percent of the cornstalks infested, as compared witli 47
percent infested in the check.
The results of the sprays were not promising, although these had
some value as a control of the borer. Miscible oil, a conuiiercial
product, gave fair results against the eggs of tlie southwestern corn
borer after three applications were made; however, since it is impracticable to make three control applications in commercial plantings of corn, this material cannot be considered. This oil, when
sprayed on eggs in tiie laboratory at a dilution of 1 part oil to 400
parts water, has given 100 ]iercent control, but it has not been possible
to obtain this control in the field.
Burning residted from some of these materials, though in no
case did it result in appreciable damage. No burning resulted from
the miscible oil or lead arsenate. Sodium fluosilicate caused the
greatest burning, while barium fluosilicate and ci'yolite were slightly
less caustic to the plants. Burned plants returned to a normal condition about a week after the application.
The insecticide tests reported herein are of a preliminary nature.
Barium fluosilicate dusts have shown the most promise, and it is
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hoped an effective control can be obtained with this material, as it
has the necessary requirements of a practical control for the southwestern corn borer, namely, low cost and speed of application.
CONTROL RECOMMENDATIONS
The best methods for eontroUinj^ the southwestern corn borer so
far indicated by the experimental data are the following cultural
practices: (1) Plantini; as late as is consistent with good agronomic
practice; (2) ])rovidiiig such aids to the production of vigorous,
rapidly growing plants as may be available; and (3) increasing the
rate or mortality of the overwhitering brood of larvae by fall cultivation where ])racticable. Fall cultivation is not recommended,
however, where there is danger of soil blowing, unless it can be done
in such a manner ov followed by such cultivation as will prevent
blowing.
Field corn should be planted as late as practicable in May, or in
very early .June, to avoid infestation by the borers of the first generation and ])ro(hi('e the best yield. In areas where only dry-land agriculture is practiced, the exact time of ])lanting will depend on the
moisture comlitions ])i-e\ailing in tiie i)articulai' crop season, but
as a iide May-planted corn may be expected to mature better than
dune-planted corn, hence borer contiol is aided liy the late arrival
of good planting conditions within tiiis period. In communities
where damage by the borer is a serious factor in the production of
corn, all tlie growers in the community should work together, both
as to time of planting and in applying methods of cultivation to
destroy the overwintering larvae. In eastern New Mexico and parts
of the Texas Panhandle, particularly wiiere sandy soils prevail,
fall listing should be practiced with the aim of turning the stubble
or stalks out on the surface, where they will be subjected to as long
a period of weathering as possible. This is practicable, however,
only where it can be followed by cultivation which will prevent soil
blowing, sucii as, possibly, counterlisting in the spring.
In southern Arizona tlie fields should be deeply plowed in the fall,
turning the stubs under to a depth of 4 inches oi- more, after which
the land .should be thoroughly top-worked to preclude the possibility
of emergence of tlie moths. Field margins and ditch banks should
be kept free from Johnson grass, and the ])iling of corn stubs in the
fields sliould be avoided. Where practicable, rapid and vigorous
growth of plants should be stimulated by ¡¡lanting on land of naturally high fertility, by rotation of crops, and (where irrigation is
practiced) by the application of sufficient water.
SUMMARY
The southwestern corn borer (Diafraea grandiosella) appears to
have entered the United States from Mexico. Its present distribution in this country covers the southeastern corner of Arizona, nearly
the southeastern two thirds of New Mexico, most of the Panhandle
and Big Bend districts of western Texas, about two thirds of the
Oklahoma Panhandle, the extreme southeastern corner of Colorado,
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and the extreme southwestern corner of Kansas. Spread of this species is largely by flight of the moths, the river valleys having afforded
the principal channels of its northward encroachment in the United
States.
This corn borer, one of the five species of Diatraea known to inhabit the United States, occurs, as far as at present known, only in
the Southwest, its present area of infestation not yet overlapping
that of any of the other species of Diatraea, and it is therefore not
likely to be confused with any of them.
The known host plants of the southwestern corn borer include
corn, broomcorn, most of the grain sorghums, sugarcane, and Johnson grass, although corn is usually the only crop materially damaged.
The insect is injurious only in the larval stages, in which it attacks the leaves, buds, stalks, and occasionally the ears. Damage to
corn is of all degrees, even to total destruction of the crop. Grain
sorghums have not so far been found to suffer more than a 10 percent
infestation of stalks in any single planting.
The egg is small, Hat, and oval, and white when first deposited, soon
developing three red bands and later showing the head cajjsule and
thoracic plate. The summer larva is white with brownish-black
spots; the winter form is of a uniform cream color. The fully developed larva is approximately 25 mm (about 1 inch) long. The
pupa is brownish amber and about 13 to 25 mm long. The adult
moth has whitish wings with a slight yellow tint and brown veins.
It measures from aboiit 15 to 40 mm from tip to tip of the expanded
wings, the females being the larger.
Female moths lay from 150 to 400 eggs each, depositing them for
the most part .on the upper surface of the leaves. The incubation
period is usually 5 daj's. Ui)on emerging, the young larvae may
tunnel into the midrib of the larger leaves or feed for a while near
the place where the eggs were laid, but they lat«r work toward the
rolled leaves, or bud. While in the third or fourth instar they leave
the bud and enter the stalk. Pupation in summer is in a tunnel in
the stalk, usually in the lower portion. Hibernation is in the base
of the stalk, and usually imly one larva survives in a single stalk,
changing to a pupa in the spring. The adult moth is nocturnal in
habit.
Damage to corn by associated insects, namely, the corn ear worm,
the fall army worm, and the curlew bug, is similar to and often
closely associated with that done by the southwestern corn borer,
hence easily mistaken for corn-borer damage.
Natural enemies, especially the hymenopterous egg parasite Tñchograrmna minufwm, and the larval parasite Avamteles diatraeae,
are at times a considerable factor in reducing the population of the
southwestern corn borer.
Experiments with cultural methods of control have given much
promise of effective reduction of the borers, and prevention of damage, through community effort in planting at the optimum time and
in destroying the overwintering brood of larvae by cultivation.
Fall plowing, followed by thorough disking and harrowing, so as to
crack unburied stubs and free them of soil, has resulted in practically a 100-percent kill of the overwintering larvae.
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Precautions should be taken to see that old corn stubs are not
allowed to remain piled about the farm and that Johnson grass is
destroyed.
The value of insecticides for controlling the southwestern corn
borer has not been fully determined. Barium fluosilicate dust, in
the proportion of 1 part of the poison to 2 parts of hydrated lime
or other carrier, however, has given some promise of a practical control in plantings of table corn.
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