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JNTRODUCT JON

Corn (Zea mays L.) grows over a wider geographical range and over
a wider range of enviromments than any other cereal., Corn ranks second
in world cereal production and third in production among the developing
countries (Hanson 1974).

The United States is first in corn production in the worid. Among
the American grain crops, corn ranks at the top in acreage, in tonnage,
and in total value of production (Anonymous 1975h; Butz 1973). The
latest statical data show a corn yield for grain of 4,651,167,000
bushels, which is equivalent to a current monetary value of $13,716,772,000
(Anonymous 1975g).

Corn is grown throughout the United States., However, the major region
is the ""Corn Belt' of the North Central Region, centering in lowa, |1linois,
and Indiana, and including adjoining states. For the past 3 years, the
leading states in corn grain production have been lowa, 11lincis, Nebraska,
Indiana, and Minnesota. These five states produced 62 percent of the
total grain in 1974 (Anonymous 1975h).

In Kansas, for many years corn for grain production was largely
ITimited to the northeastern part of the State which comprises the south-
west edge of the Corn Belt. But gradually irrigation has increased corn
acreage from, for example, a yield of 62,100,000 bushels in 1963 to
131,480,000 bushels in 1974, largely as the result of irrigation in

southwestern Kansas (Anonymous 1975g).



The annual reports of the Division of Entomology, Kansas State
Board of Agriculture (Anonymous 1975i), lists 13 species of insects
on corn with a combined control cost and loss of 4,203% of total crop
value in 1974 (Table ])f

Although more than 225 species of insects have been recorded to
feed on corn, relatively few have been shown to cause serious economic
damage (Neiswander 1931). The most important insect pests of corn in

the United States are: European corn borer Ostrinia nubilalis (Hubner),

northern corn rootworm Diabrotica longicornis (Say), western corn

rootworm Diabrotica virgifera LeConte, corn earworm Heliothis zea

(Boddie), fall armyworm Spodoptera frugiperda (J. E. Smith), and south-

western corn borer Diatraea grandiosella Dyar (Burkhardt 1971).

The objective of this study was twofold, One objective was to
study 6 selected, important corn insect pests, with varying life cycles,
habits, ecology and control, including both literature and personal
observations of work on some of the species being conducted in the
laboratories of the Department of Entomology at Kansas State University
as well as associated field studies., The second objective was to learn
more about insects in an agricultural area where insects, crops and
control methods differ from Peru where corn is not a major crop. Much
can be gained by examining insect pest studies in unrelated areas be-
cause there is a natural tendency for people working on the same crop
(corn, beans, potatoes or most any other crops) to exchange ideas with

each other, rather than gaining new ideas from other areas of study,

* See Appendix for Tables.



There follows a brief outline of the 6 species studied. The body
of this paper then considers each in more detail.

The European corn borer, a foreign pest that was accidentally
introduced to this country, has become the most injurious insect enemy
of corn in the United States. Today it currently occurs in 40 states
and is spreading farther south and west every year (Brindley et al. 1975).

Next are the northern and western corn rootworms, both natives of
the United States, Their economic importance varies among geographical
areas, Although the northern species was at one time the most serious
in the Corn Belt states, it is being replaced rapidly by the western
corn rootworm, The western species which was first discovered in Kansas
and reported as an economic pest of corn in Colorado in 1909, and is now
moving toward all owver surrounding areas but mainly eastward into most
of the Corn Belt states (Anonymous 197ha, 1974b),

The corn earworm is another native species of America but is
widespread in many parts of the world. It has many other hosts; for
example in Kansas, it attacks tomatoe: (tomato fruit worm) and the young
grain heads of sorghum, It is not as injurious to field corn, but it is
the number one pest of sweet corn. It is currently distributed all over
the United States; wherever corn is grown it can be found,

The fall armyworm, a close relative of the corn earworm, is an
important pest, particulariy in southern states where it commonly has
from six to eleven generations annually (Little 1963). It has a wide
range of plant hosts, including grasses, However, its northward range

is limited by cold winter temperatures, Thus infestations in northern



areas are the result of migrations of adult moths from the south. Rose
et al, (1975) found that they migrate annually from areas of the
Mississippi valley, to as far north as Sault Ste, Marie (Canada).

The southwestern corn borer, originally confined to Mexico, had
reached into southwestern areas of the United States about the same
time that European corn borer was spreading into the Corn Belt., In
past years its northern boundary was determined by the degree of
exposure of overwintering larvae to winter temperatures, and by the
amount and intensity of corn grown. Today it is expanding rapidly east-
ward from Arkansas and Missouri to central Alabama, Tennessee and Kentucky,
and northward as far as south-central Nebraska. It is now currently found
in 15 states,

The above mentioned insects have been investigated by a number of
workers under widely different environmental conditions. During the early
years, the research was directed largely toward studies on biclogy and the
development of control measures that were cultural, biological, and
mechanical as well as chemical. Since most of these control approaches
have been shown often to be ineffective, or even harmful on occasion to
other living organisms (chemicals), research has changed toward exploring
other possible or probable means of control such as host plant resistance,
genetic manipulation, pheromonal disruption and use of microbial and other
biological control agents. The most consistent and effective control of
these insects would be achieved by means of a pest management system,
i.e., utilizing all suitable techniques and methods of control to the

degree needed, and in the most effective combination, which must be



clc zly associated with environmental factors and the population dynamics
of the pests. This primarily requires detailed information about the
biology, ecology and behavior, as well as possible control approaches,

of the target insect. Because [iterature on these aspects is so
extensive, and published in many different papers, this report brings
together the most important findings from the past and up to date, in
regard to biology and methods used to control these 6 major insect pests

of corn.
LITERATURE REVIEW
European Corn Borer

Distribution and Abundance in the U.S.A.

The European corn borer, the most destructive pest of corn in the
U.S.A., was first found in 1917 by Vinal (Sparks et al. 1967) on sweet
corn near Boston, Massachusetts.

The possible source of entry into the U.S.A. was investigated by
Smith (Brindley and Dicke 1963) who concluded that the most probable
carrier was broom corn from Hungary or Italy between 1309 and 1914,

In 1919 the borer was observed in areas near Schenectady, and
Silver Creek, New York (Everett et al. 1958). By 1924 it had spread
throughout the New England area including eastern Massachusetts, New
Hampshire, southern Maine, most of Rhode Island and Connecticut (Caffrey
and Worthley 1927). While the spread westward was gradual, in 1921 it
was reported in Ohio and southern Michigan, and in 1938 the borer reached

Wisconsin (Everett et al, 1958).



During the early infestation period the insect had one generation
each year (Baker and Bradley 1948), but in the late thirties a two-
generation corn borer appeared and it became predominant in the infested
areas (Anonymous 1972).

After establishing two generations per year, the insect spread
rapidly across the United States east of the Rocky Mountains, presently
its western 1imit, [t also spread northward into North Dakota and south-
ward into Missouri and Arkansas and reached as far as the Gulf States of
Mississippi. Alabama and Georgia (Anonymous 1972; Brindley and Dicke
1963; Burkhardt 1971). Recently Brindley et al, (1975} indicated its
probable presence in Florida,

Chiang (1972) studied in detail the dispersion of the borer in
Minnesota and in South Dakota from 1945 to 1970 and suggested that after
the initial invasion in 1943, two distinctly different populations could
have invaded Minnesota, one in 1952 and the other in 1966, Chiang and
Hodson (1972) reported that populations in a certain area of Minnesota
could be kept at relatively low levels by environmental factors, but
that with favorable temperature the borer population could return to
an economically significant level.

Details of its distributicon and abundance were reported by

Anonymous (1972), Brindley and Dicke (1963), and Everett et al, (1958).

Taxonomic Status

In 1876 Hubner (Caffrey and Worthley 1927) originally described

the European corn borer and named separately the male and female moths



as Pyralis nubilalis and Pyralis silacealis, respectively. Subsequently,

the synonymy was subject to a series of changes (Caffrey and Worthley
1927). A great number of publications appeared between 1917 and 1960

inder the name of Pyrausta nubilalis (Hubner) (Brindley and Dicke 1963).

Marion (Brindley and Dicke 1963) reviewed the taxonomic status of the
Zuropean corn borer and placed nubilalis in the genus Ostrinia. This
change has been accepted and adopted in recent literature. Thus the

current scientific name of the European corn borer is Ostrinia nubilalis

(HUbner). It belongs to subfamily Pyraustinae, family Pyralidae, and

srder Lepidoptera (Borror and DeLong 1971; Sparks et al., 1967).

Jiology, Ecology and Behavior

General Description of the Insect. The adult female moths are a

pale yellowish brown with irregular, darker bands running in wavy lines
across the wings. They have a robust body and a wing spread of about
32 mm. The males are distinctly darker, having the wing heavil: marked
nith olive brown. They are slightly smaller and more slender bodied
than the females (Anonymous 1967; Burkhardt 1971; Little 1963).

Eggs are round, nearly flat and about 1 mm in diameter. They are
white when first lald but prior to hatching they become dark. Eggs are
usually found in masses overlapping, much Tike small fTish scales (Baker
and Bradley 1948; Metcalf and Flint 1962; Peairs and Davidson 1961),

Newly hatched larvae are about 1,60 mm long, and have a black head

and a white to pale yellow body bearing several rows of small brown or



black spots. The full-grown larvae are about 25 mm long, gray to
light brown or pink, and faintly spotted on the dorsal surface
(Anonymous 1967; Burkhardt 1971; Caffrey and Worthley 1927).

Pupae are yellowish brown to dark reddish brown. The average
length of the male pupae is 13 to 14 mm, and female pupae 16 to 17 mm
(Caffrey and Worthley 1927; Metcalf and Flint 1962).

Life History. The life history is so well known that little may

need be said in this paper. However, an attempt will be made to outline
briefly the more important facts.

it spends the winter as full-grown larvae in old corn statks,
corn cobs, stubble, or other hostplant remnants (Baker and Bradley
1948). When temperatures warm, that is, exceeding IOOC, overwintering
larvae resume development in late April or early May in southern states
and in late May in northern states (Anonymous 1967, 1972; Fry 1972).
Pupation takes place at the end of May and emergence occurs in about 10 to
15 days (Metcalf and Flint 1962). Soon afterwards the females begin to
lay eggs, usually during the warm and calm evenings (Baker and Bradley
1948} .

Moths prefer the tallest or most advanced corn plants for oviposition
(Frye 1972; Patch 1942). The eggs, in clusters of 15 or 30 overlapping
like fish scales, are normally deposited near the midribs on the under-
side of corn leaves (Anonymous 1972; Little 1963). Female moths may
live from 6 to 24 days during which time each individual may lay up to
1900 eggs, the average about 400 (Burkhardt 1971), The eggs may hatch

in 3 to 7 days depending on weather conditions (Anonymous 1967).



Obviocusly, the biological relationships between the insect and
the corn plant are not the same for all generations (Guthrie 1974),
During the oviposition period of the first generation, most field corn
in the Corn Belt states is in the whorl stage of plant development,
Thus the newly hatched larvae move into whorl and feed on the spirally
rolled leaves where they cause & characteristic "pinholing' injury.

The Ist and 2nd instar larvae are usually found in the whorl (Chiang
and Hodson 1953; Everett et al. 1958; Guthrie et al., 1960). As the
plant grows out of the whorl stage, the larvae develop to the 3rd and
Lth instars, and feed primarily on sheath and collar tissue. The 5th
and 6th instars bore extensively in the stalk (Burkhardt 1971; Guthrie
et al, 1960). Larvae of the second generation appear when the corn
plants have tasseled and completed the pollen-shedding stage. The

Ist four instar larvae feed on pollen accumulation at the axils of the
leaves as well as on sheath, collar, earshoots, husk, and silk tissue
(Dicke 1950; Everett et al, 1958; Guthrie et al. 1970), whereas the 5th
and 6th instar larvae bore into the stalks, shanks, or ears (Burkhardt
1971).

Upon completion of feeding, the majority of the larvae of the first
generation may change to pupae during summer; the rest of them may either
die or eventually go into diapause. Whereas many larvae of the 2nd
generation change into diapause before cold weather, others may die or
also pupate (Burkhardt 1971; Metcalf and Flint 1962). Diapause stage
of larvae will be discussed in a following topic.

Pupation generally occurs in the stalk, or ear, or even on the

teaves (Anonymous 1967).
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The number of generations of the European corn borer per year varies
with climatic conditions from one geographic location to another. In
North Dakota and Minnesota, generally a single, complete generation
occurs, and individuals of the 2nd generation are often killed by low
temperatures (Chiang and Hodson 1959; Frye 1972). According to Guthrie
(197k4), two complete generations occur in the Corn Belt states, although
in lowa a partial 3rd generation has been reported by Showers and Reed
(1971).

In the eastern and southern states, more than two generations occur
a year, According to Baker and Bradley (19 8), in Virginia the corn
borer has 3 generations annually. Also three complete generations occur
in Alabama, Georgia (Eden 1956), and in Missouri (Jackson and Peters 1961).
and recently 4 generations of the European corn borer has been reported
in South Carclina (Durant 1969).

Mating and Pheromone Studies, Mating by the European corn borer

moths takes place within the 24 hours after emergence. |t usually occurs
at dusk, a period when these insects are most active (Burkhardt 1971).
The mechanism of copulation of the species has been reported by Pesho
(1961), Poos (1927), Showers et al. (1974b) and Sparks (1963).

Several factors have been reported to affect mating behavior of the
European corn borer. Sparks (1963) recorded the interaction of temper-
ature and mating when he observed that copulation was achieved by exposing
adults to a falling temperature in phase with a light-dark 14:10-hr
photoperiod, Loughner and Brindley (Brindley et al. 1975) studied in
detail the effects of photoperiod, thermoperiod, and other environmental

factors on mating behavior of the borer. Further, Showers et al, (1974
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found that temperature plateaus (constant temperatures) for more than
2 hr per night with RH 70-96% significantly increased the mating
activity in the species,

Observations of mating behavior. of the European corn borer (Sparks
1963) led to investigations of sex attractants in this species. Klun
(1968) was first in showing the existence of a sex pheromone in the
female moths., Klun and Brindley (1970) identified it as Cis-11-tetradecenyl
acetate (Z-11-tda), which was a strong electron captor, soluble in polar
organic solvents and a nonsaponifiable compound. Further, showers et al
(1974a) reported that Cis-ll-tetradecenyl acetate (Z-11-tda) enabled
females to detect and seek out the males from considerable distances. In
contrast, Klun and Robinson (1971) showed that the opposite geometrical
isomers, trans-ll-tetradecenyl acetate (E-11-tda), and ll-tetradecenyl
acetate (l11-tdya} both inhibited the sex attraction of the European
corn borer. Nevertheless, subsequent experiments showed elicitation
of a sex attraction response by a combination of geometrical isomers
(Z-11-tda, and E-11-tda} (Klun and Robinson 1972). Also, males at
different geographic sites in the United States were found to respond
to opposite isomeric blends of 11-tda. Roelofs et al, (1972) reported
that the male European corn borers in New York were attracted to E-11-tda
that contained only traces of the Z isomer. Whereas, Klun et al, (1973)
indicated that males in lowa were attracted to Z-ll-tda that contained
only traces of the E isomer. Recently Kochansky et al. (1975} found
that the sex pheromone of the European corn borer population from New
York was an isomeric biend of 96 and 4 per cent of E-11-tda and Z-11-tda,

respectively. Elsewhere, Klun and cooperators (1975b) r ~srted that male
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corn borers at most locations in the United States were most attracted
to the 97:3 Z:E blend of 1l-tda, while males from the northeastern area
were most attracted to 3:97 Z:E, and those males from Pennsylvania and
New Jersey exhibited extensive heterogeneity in their responsiveness

to the isomer formulations, However; Carde et al., (1975) reported that
males in Pennsylvania were attracted maximally to isomeric blends of
97:3 and 2:98 of Cis and trans-1l-tetradecenyl acetates., Thus, they
suggested the coexistence of 2 distinct populations of this species in
the locality.

Attempts of population suppression of the European corn borer by
disruption of the sex attraction behavior have been recently reported in
the literature. Klun et al. (1975a) showed that microencapsulated
(E)-11-tetradecenyl acetate or ll-tetradecenyl acetate, distributed in
the field, significantly suppressed the sex attraction of the European
corn borer, In addition, they indicated that both compounds were almost
equivalently effective. However, these chemicals only disrupted distance
communication of the corn borer and had no suppressive influence on the
release of male precopulatory behavior (Klun and Robinson 1971).

Diapause Studies. The European corn borer (Ostrinia nubilalis

(HUbner) has a facultative diapause and enters it as a full-grown larvae
(Burkhardt 1971). Diapause has been found to be enforced in the species
by endocrinological failure of the neurosecretory cells of the brain
(Clautier 1964),

Several ecological factors are involved in regulating the development
of diapause of the corn borer. Beck and Hanec (1960) studied diapause

under controlled dietary, photoperiod and temperature conditions. They



found three prominent characteristics; namely, arrested gonadal develop-
ment, failure to pupate shortly after cessation of larval feeding, and
reduction of oxygen consumption in mature larvae entering diapause,
Sparks et al, (1966a) studied 3 populations (Minnesota, lowa and
Missouri) of the European corn borer, and found that diapause of the
species was governed by a multigenetic makeup which responded to temper-
ature and photoperiod. Showers et al. (1975) investigated the influence
of the interaction between photoperiod and temperature on the diapause
response in different locations of the United States. The authors found
that in the south, increasing temperature overrode photoperiod (shorter
photophase, longer scotophase) and diapause borer was reduced. Whereas,
in the north, photoperiod (longer photophase, shorter scotophase) over-
rode decreasing temperature, but again the result was a reduction in
diapause. 1In addition, they indicated that the highest percentage
diapause occurred at the latitude where the photoperiod-temperature
interaction was most savere,

Physiological and some biochemical characteristics of diapause
larvae have been reported in the literature. Hayes et al. (1972) showed
substantial differences in the abilities of diapausing vs nondiapausing
larvae to synthesize and incorporate DNA and RNA precursor-type macromole~
cules. Beck and Alexander (Beck et al. 1965) demonstrated that the ileal
epithelium of the borer's anterior intestine secreted a developmental
hormone called 'proctodone' that may play an important role in diapause
development and prepupal morphogenesis. Beck et al, (1965) found that
proctodone was photoperiodically sensitive on a rhythmic basis. Moreover,

they suggested that proctodone function might be associated with one of
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the basic elements of the insect's photoperiodic system, Cloutier (1964)
reported that termination of diapause in the European corn borer was
dependent on reactivation of the endocrine system. When this occurred
physiological activity increased at Fhe cell level and resulted in
morphog:nic changes associated with pupation and emergence,

Ecotypes of the Corn Borer. European corn borer populations have

been examined for the presence of geographic strains since the early
19205, Results of the earlier experiments have been reviewed by
Arbuthnot (1944), Brindley and Dicke (1963), and Sparks et al. (1966a).
Subsequently, a highly successful cooperative involving several North
Central States has demonstrated that the European corn borer can be
separated into several biotypes on the basis of differential responses
to diapause, survival, and feeding habits (Chiang et al, 1968; Showers
et al. 1972; Sparks et al. 1966a, 1966b). Morphometric differences

involving five characters (length of Cu, of the hind wing, width of

1
scutellum |, length of basisternum ||, length of tegula, and length of
tibia 111) were used by Kim et al, (1967) to separate borers from four
locations (Minnesota, lowa, Missouri, and Ohio) into 4 biotypes. The
morphometric relationship showed that the Minnesota biotype was dis-
tinctly different from the Missouri and Ohio biotypes, and that the
lowa biotype was intermediate. The results suggested that the biotypes
of the European corn borer might have evolved beyond the stage of
ecological and physiological differentiation. Chiang et al. (1970)
compared ]07m0rphometr?c characteristics of the female moths from

three localities (Minnesota, lowa, and Missouri). They were able to

show that morphometric characters were affected by ecological conditions
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under which the insect developed. The effects were more pronounced
with characters on the legs and wings than those on the thorax. Thus,
the authors suggested the use of characters on the thorax for comparison

over time and space of the insect biotypes,

Recently, the European corn borer populations in North America have
been separated into 3 ecotypes (Northern, Central, and Southern) based
on diapause response to photoperiod and temperature. The northern ecotype
is represented by the Minnesota and Quebec (Canada) populations; the
central one represented by the lowa, Nebraska, Ohio and (Frederick Co.)
Maryland populations; and the southern one represented by the Alabama,
Georgia, Missouri, and (Somerset Co.) Maryland populations (Showers et
al. 1975).

Showers et al, (1974), Klun and cooperators (1975), and Kochansky
et al. (1975) reported another major difference among European corn borer
populations based on sex pheromonal response to different combinations of
Z and E isomers of ll-tetradecenyl acetates. However, the pheromone
strains (predominantly Z versus predominantly E)} did not coincide with,
but did transcend, the diapause ecotypes of the species.

Host Range. The European corn borer has been found to attack more
than 200 kinds of plants (Burkhardt 1971; Metcalf and Flint 1962). Corn
is recognized as the preferred host of the borer, but it also feeds
extensively on potatoes, soybeans, millet, sorghum, beets, oats, barley,
beans, cotton, many vegetable crops, and large-stemmed flowers as well as

many weeds (Baker and Bradley 1948; Caffrey and Worthley 1927; Poos 1927).
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Jamage and Losses

European corn borer causes damage to corn in several ways. Under
severe first-generation infestation, several leaves may be almost com-
sletely girdled around the collar; this injury plus leaf blade lesions,
:aused by the larvae feeding in the whorl of the plant, reduce surface
irea needed for carbohydrate production necessary for high yields
(Everett et al, 1958). The stalk tunneling interferes with translocation
»f phytosynthetic products throughout the plant and offers sites of entry
‘or disease organisms of the corn plant (Everett 1958; Sparks et al. 1967).
‘'unneling also structurally weakens the plant and thus causes stalk
yreakage and ear dropping which makes harvesting more difficult and
sxpens ive (Anonymous 1967; Chiang and Hodson 1950).

Where two generations of the European corn borer occur, the first
leneration larvae cause the greater reduction in yield, whereas the
iecond generation borers may not reduce the yield seriously (Burkhardt
971).

Corn yield losses due to European corn borer damage have been
istimated by using various methods, Patch et al. (1942) and Sparks
it al, (1967), using the number of larvae per plant as an index, showed
hat corn suffered a 3 per cent yield loss due to one mature first gener-
ition larva per plant. Everett et al, (1958) found an inverse relation-
hip between leaf lesions resulting from first-generation infestation
ind yield, but concluded that the best index of yield loss was the
wmber of cavities or larvae per plant at the time of midseason
lissections, Jarvis et al. (1961) found that first-generation infes=-

ation resulted in greater yield losses than did infestations by the
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second generation, that greater reductions per unit of damage occurred

in late rather than in early planting, and that cavities and leaf lesions
were a better index of damage than larvae. Chiang et al. (1960) reported
less than 2 per cent yield loss due to one mature second generation larva
per plant, However, losses in late planting or late maturing corn approxi-
mated losses due to larvae of the first generation.

Yield losses in susceptible and resistant corn hybrids were investi-
gated by Penny and Dicke (1959) who found a 19 per cent yield reduction
by the first generation feeding of European corn borers. Scott et al,.
(1965) reported that corn borer leaf feeding caused a 16 per cent
reduction in yield on susceptible hybrids. Scott et al. (1967) found
a 12 per cent reduction in yield due to second-generation borer damage
on susceptible hybrids.

Estimates of financial losses caused by the European corn borer
during the 10-year period 1953-1962 in the U.S.A. ranged from 65,044,000
to 191,614,000 bushels of corn and represented a cash income loss averag-

ing $127,702,700 per year (Sparks et al, 1967).

Control Measures

Biological. Parasitoids. In an attempt of controlling European
corn borer in the United States, 2L species of parasitoids were imported
from Europe and Asia and released over most of the heavily infested areas
(Sailer 1972). However, only six of these parasitoid species became
established and proved of some value in reducing borer populations

(Brindley et al. 1975). A tachinid fly, Lydella thompsoni (=grisescens)

Herting, that looks much like the common house fly, was reported to be
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the most effective and widely established exotic parasitoid (Burkhardt
1971). Parasitization as high as 75 per cent was recorded by Rolston

et al. (Brindley and Dicke 1963). However, Lydella thompsoni apparently

disappeared from various localities of the Corn Belt states (Hill et al,
1973).
Another widely established parasitoid was found to be a tiny eulophid

wasp, Sympiesis vividula (Thompson) but it actually may not be Iimportant

in controlling the European corn borer (Showers and Reed 1969). In the

Eastern States, three other parasitoid wasps, Horogenes punctorius

(Roman), Macrocentrus gifuensis, and Chelonus annulipensis, can

occasionally attack the corn borer (Baker and Bradley 1948).

Predators. Insect predators may alsc play an important role in
the natural biological control of the European corn borer. Frye (1971)
reported that predaceous insects including various species of lady
beetles and larvae of lacewings could significantly reduce corn borer
populations in North Dakota, Dicke and Jarvis (1962) reported that

predation by Orius insidiosus peaked during early larval development

in first-generation larvae of the European corn borer and was a signi-
ficant factor in control. However, there was only a little predation

by the species on early-instar larvae of second generation corn borers.
Sparks et al, (1966c) concluded that insect predators played an important
part in fluctuation of European corn borer populations in some locations
during some years in the North Central States, but they could not be
depended upon year after year or in a given year to alter significantiy

the borer populations at any specific location,



