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ABSTRACT. Corn earworm Helicoverpa zea (Boddie) is a well-known pest of corn and cotton, but can also be problematic in soybean,
particularly in the southern United States. Their preference for reproductive structures of the soybean plant can dramatically impact
yield, particularly when infestations occur during early reproductive plant growth stages. We discuss the life history, ecology, plant
damage, and management of H. zea as it relates to soybean production.
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Corn earworm, Helicoverpa zea (Boddie) (formerly Heliothis zea)
(Lepidoptera: Noctuidae), is one of the most damaging insect crop
pests in North America and causes millions of dollars of economic
damage each year (Capinera 2000). Its preferred oviposition site is
maize (Zea mays L.), specifically fresh silks, but when they are not
available H. zea readily oviposits on a wide range of host plants
(Johnson et al. 1975). Larvae feed on at least 16 cultivated crop plants
(e.g., maize, cotton, tomato, and tobacco) and over 100 wild hosts,
primarily from the Poaceae, Malvaceae, Fabaceae, and Solanaceae
(Barber 1937, Neunzig 1963, Davidson and Peairs 1966, Matthews
1991). Because of its generalist feeding habits H. zea has multiple
approved common names, including corn earworm, bollworm, and
tomato fruitworm (Entomological Society of America [ESA] 2011).
Even though soybean [Glycine max (L.) Merrill] are not a preferred
host, corn earworm (i.e., soybean podworm) can cause significant
damage to this crop in some regions (Kogan and Turnipseed 1987,
Eckel et al. 1992a, Musser et al. 2011).

Geographic Distribution and Migration
H. zea occurs throughout North, Central, and South America and

is active year round in the tropics and subtropics (Hardwick 1965). In
North America H. zea overwinters in the pupal stage and adults
emerge in the spring as temperatures increase (Stadelbacher and
Pfrimmer 1972). Diapausing pupae cannot survive winter tempera-
tures north of �40° N latitude, meaning northern H. zea populations
(e.g., north of Indianapolis, IN, to southern Canada) exist strictly as
migrants from the south (Sandstrom et al. 2007). Overwintering adults
and subsequent generations emerge in the southern states and travel
north as the growing season progresses (Sandstrom et al. 2007).
Migration primarily occurs when source populations in the south are
high and favorable atmospheric pressure and wind conditions (i.e.,
south-to-north wind flow between an eastern high-pressure cell and a
western low-pressure cell) carry adult moths northward (Sandstrom et
al. 2007).

Seasonal Phenology
In the southern states, the first generation of corn earworm adults

emerge from the soil in early spring and feed on nectar and plant
exudates (Capinera 2001). Adults begin to oviposit about 3 days after
emergence (Capinera 2001) the first generation will use wild hosts
such as geranium (Geranium spp.), fiddleleaf tobacco (Nicotiana
repanda Willd. ex Lehm.), and legumes (Fabaceae) and following
generations will move to cultivated hosts such as maize (Barber 1937,
Graham et al. 1972, Sudbrink and Grant 1995). Corn earworm usually
reaches the southernmost parts of the Midwest between April and

June, with northern reaches of the range not seeing any migrants until
late June to August (Snow and Copeland 1971).

In midsummer, each corn earworm generation spans �30 days, but
can be up to 60 days in cooler months (i.e., April, September) and at
the northern edge of its distribution (Quaintance and Brues 1905). The
number of generations also depends on when migrating populations
arrive in the area. There are approximately seven generations in
southern Florida and Texas, four to five in Louisiana and southern
California, three in the central Great Plains and northern California,
two to three in the mid-West (Ohio), mid-Atlantic (Delaware and
Maryland) and the northwest (Oregon), two in Massachusetts and
Iowa, and one in Ontario, Minnesota, and western New York (Sand-
erson 1902, Quaintance and Brues 1905, Coop et al. 1993).

Description of Life Stages
Eggs. Corn earworm eggs (Fig. 1) are dome-shaped (i.e., subspheri-

cal; 0.60 � 0.05 mm in diameter, 0.50 � 0.04 mm in height), with
21–31 prominent ridges radiating from the small mound at the apex of
the dome (i.e., the micropyle) (Hardwick 1965, Capinera 2001). Eggs
are pale green when laid (Fig. 1A) and lighten in color over the
following 12 hours (Hardwick 1965). They then become increasingly
gray and develop an orange–pink micropylar dot with a subequatorial
orange–pink girdling band (Fig. 1B) (Hardwick 1965). At 25°C this
band and the micropylar dot will increase in size and deepen in color
until the egg is �66 hours old (Fig. 1C), after which it gradually
becomes entirely gray as the larva forms (Hardwick 1965). The
duration of egg stage is variable with temperature; in colder spring
months the egg stage can last as much as 8 days but is approximately
2 days in midsummer (Quaintance and Brues 1905). In the laboratory
at 25°C, egg hatch occurs 80–90 hours after deposition (Hardwick
1965).
Larvae. The basic morphology of H. zea larvae (Fig. 2) is similar to

other noctuid species, with a cylindrical body, short black thoracic
legs, and four pairs of pale fleshy prolegs along the abdomen (Quain-
tance and Brues 1905). There are normally six instars (Hardwick
1965), although this can vary in either direction based upon nutrient
availability (Quaintance and Brues 1905). As with eggs, larval devel-
opment time is temperature dependent, with instar maturation time
shortening as temperatures increase; at 30°C larval development takes
12–19 days (Butler 1976). Larvae range in length from slightly over
1 mm for first instars to an average of 35 mm for sixth instars
(Quaintance and Brues 1905). Generally, first instars have a blackish
head capsule 0.30 � 0.02 mm in width and an ivory body with
irregular orange marks that appear on each thoracic and abdominal
segment as they begin to feed (Hardwick 1965). The head capsule of
later instars is 3.10 � 0.11 mm in width and becomes progressively
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lighter in color until it is pale orange–brown. The trunk gradually
darkens to various shades of browns, yellows, reds, grays, greens, and
oranges with several fine alternating pale and dark dorso-lateral lines
extending along the body (Fig. 2) (Hardwick 1965). However, because
there can be substantial variation in body coloration, other character-
istics should be used to confirm identity of larvae. In addition to a light
head capsule, dark microspines located along the body and number of
prolegs can help distinguish H. zea larvae from other common lepi-
dopteran pests on corn and soybean (Hardwick 1965, Kogan and
Kuhlman 1982).
Pupae. Roughly 16 days after hatching during typical summertime

temperatures, the last larval instar stops feeding, drops from the host
plant, and creates a tunnel 5–10 cm below the soil surface for pupation
(Capinera 2001). Once the pupal cell is formed there is a 2–4 days
period of prepupal quiescence in which the larva decreases in length,
becomes stouter in the middle and tapered distally, and the interseg-
mental constrictions become more apparent (Quaintance and Brues
1905).

Fully formed pupae (Fig. 3) are obtect, �14–25 mm in length,
heavily sclerotized, and an elongate oval shape that gently tapers from
the apical to distal end (Quaintance and Brues 1905). They are
generally deep reddish brown in color with an average length of
18–19 mm (Quaintance and Brues 1905). The pupal stage lasts �13
days during the summer months, with females emerging �1 day

earlier than males (Hardwick 1965). H. zea overwinter as pupae, and
temperature seems to be the dominant cue for inducing pupal dia-
pause; Ditman et al. (1940) found that 50% of larvae reared at 18.9°C
developed into pupae that entered diapause. Temperatures at or above
21°C are required for the release of hormones that trigger termination
of diapause (Zhang and Denlinger 2012).
Adults. Adult moths (Figs. 4 and 5A) vary widely in color and

markings; this variation is thought to be due more to temperature
experienced during pupation rather than larval host plant (Quaintance
and Brues 1905). Generally, adults are light brownish–tan, rusty–tan,
or olive–tan, with males usually being paler than females. At rest they
hold their wings tent-like over their body, which is �18 mm long with
a wingspan ranging from 32 to 45 mm (Capinera 2001). Males are
more likely to have a color morph with a prominent stigmal spot in the
front wing, while in females this spot tends to be absent or extremely
faint (Quaintance and Brues 1905). Adult lifespan is generally 5–10
days, but depends on external conditions at the time of pupal emer-
gence, especially on availability of food resources (Quaintance and
Brues 1905). Adults consume nectar and other plant exudates (Cap-
inera 2001).

Adult moths are fast flying and predominantly nocturnal. During
daylight hours individuals generally rest in concealed locations. Night

Fig. 3. H. zea fully formed pupa, Adam Sisson, Iowa State University,
Bugwood.org

Fig. 4. H. zea adult, Photo: Scott Stewart, University of Tennessee.

Fig. 5. (A) H. zea adult (B) Heliothis virescens (tobacco budworm)
adult, Clemson University–USDA Cooperative Extension Slide Series,
Bugwood.org.

Fig. 1. H. zea eggs (A) day 1 (B) day 2 (C) day 3, University of Georgia
Archive, University of Georgia, Bugwood.org.

Fig. 2. H. zea variations of larvae. Photo: Scott Stewart, University
of Tennessee.
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activity (i.e., feeding, mating, and oviposition) begins after the after-
noon heat has passed and continues into the night (Quaintance and
Brues 1905). Studies have shown that mating frequency is related to
temperature, male to female ratios, and age (Hendricks et al. 1970,
Stadelbacher and Pfrimmer 1973, Jones et al. 1979, Ellington and
El-Sokkari 1986). The majority of females collected in the wild from
light traps only contain one spermatophore (i.e., one mating event),
but multiple mating events are common (ranges from 1 to 6; Hen-
dricks et al. 1970). Laboratory studies have found that mating fre-
quency increases with increased temperature and male to female ratio,
but that the majority of females cease mating after three events
(Hendricks et al. 1970, Jones et al. 1979). Studies of mating behavior
have primarily been conducted in the laboratory or in corn and cotton
fields, and it is unclear if these behaviors differ in soybean. Individual
females can lay up to 35 eggs per day, with a lifetime reproductive
output of up to 3,000 offspring (Fitt 1989).

Distinguishing Corn Earworm from other Soybean Pests
Corn earworm larvae (Fig. 2) and adults (Figs. 4 and 5A) can look

similar to other pestiferous Lepidoptera that occur in soybean, espe-
cially tobacco budworm (Heliothis virescens F.) (Figs. 5B and 6). H.
zea larvae have four pairs of abdominal prolegs, and this character can
distinguish it from alfalfa caterpillar, cabbage and soybean looper,
green cloverworm, and geometrid larvae. General body coloration
patterns can usually be used to distinguish H. zea from look-alikes that
also have four pairs of abdominal prolegs (i.e., fall armyworm, black
cutworm, and yellow striped armyworm) (Kogan and Kuhlman 1982).
Tobacco budworm and H. zea have the same number of prolegs and
similar coloration, however, the reduction or absence of microspines
on the abdominal tubercles of segments 1, 2, and 8, and the shape of
the mandibles can help separate these two species (Capinera 2001).

Corn Earworm Damage in Soybean and Action Thresholds
H. zea is a common pest in soybean grown in the southern United

States and can cause considerable economic damage in some years
(Kogan 1979, Musser et al. 2011). Feeding by larvae can reduce leaf
surface area, delay pod fill, decrease the number of seeds per pod, and
ultimately lower yield (Eckel et al. 1992b). Eckel et al. (1992b) found
that the greatest yield loss was because of decreases in the number of
pods per plant.

Soybean are most attractive for H. zea oviposition during the R1 to
R3 (Fehr and Caviness 1977) growth stages (beginning flowering to
early pod formation) and in open canopied fields (Johnson et al. 1975,
Alston et al. 1991). Eggs are deposited singly or in small groups (2–3)
in a scattered arrangement on the upper two-thirds of a soybean plant,
with a preference for fully expanded new growth (Quaintance and
Brues 1905, Hillhouse and Pitre 1976, Eckel et al. 1992a). When
larvae are present before bloom, the highest density of early instar
larvae is on young foliage, particularly on leaves that are not fully
expanded (Eckel et al. 1992a), where they find some protection from
insecticides (Eckel et al. 1993). Older larvae prefer more mature

leaves lower in the canopy (Nault et al. 1992a), thus making them
more difficult to detect and manage.

The impact of larval feeding on soybean seed production depends
on larval age, plant growth stage, timing of damage, and the ability of
the plant to compensate for damage. Defoliation (Fig. 7), which can be
from corn earworm as well as numerous other insects, can contribute
to yield loss during early reproductive stages (Begum and Eden 1965,
Thomas et al. 1974). All H. zea larval instars preferentially feed on the
blooms over leaves or pods (Mueller and Engroff 1980). Damage per
larva is greatest during the early soybean reproductive stages because
at this time each larva consumes more small pods and immature seeds
(as many as 50 seeds per larva; Fig. 8) compared with when the pods
are more developed (approximately five seeds per larva) (McWilliams
1983). Large populations of H. zea at the time of flowering delays pod
set and can reduce yields, although effects depend on environmental
conditions (Eckel et al. 1992c). In general, researchers have been
unable to demonstrate major yield losses from flower and small pod
feeding during the early reproductive stages because of the ability of
the plant to compensate by setting more pods. However, maturity is
delayed, which may be a concern for late-planted soybean.

In some regions infestations during later reproductive stages are
common (McPherson and Moss 1989) and depodding after flowering
at R4 or R5 allows for little compensation via increased pod set, so
yield losses at this time are more directly related to the number of pods
removed (Thomas et al. 1974). At this time plant compensation is
primarily because of increased seed size, which is dependent on
adequate water and nutrient availability (Smith and Bass 1972a,
McPherson and Moss 1989). In late infestations under adequate en-
vironment conditions, yield losses may not be observed until depod-
ding exceeds 40% (Smith and Bass 1972a). However, under droughty
conditions, significant losses can occur at 30% depodding (Kincade et
al. 1971, McPherson and Moss 1989).

Currently, recommended thresholds for corn earworm in wide-row
soybean range from a low of �1 medium to large sized larva per 0.3 m

Fig. 6. H. virescens (tobacco budworm) larva, Scott Bauer, USDA
Agricultural Research Service, Bugwood.org. Fig. 7. H. zea defoliation of soybean. Photo: Scott Stewart, University

of Tennessee.

Fig. 8. H. zea soybean pod damage. Photo: Scott Stewart, University of
Tennessee.
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(1 foot) of row when control costs are US$25/ha (US$10/ac) and
soybean are worth �US$0.37/kg ($10/bu) in Virginia and North
Carolina (Herbert et al. 2003, Van Duyn 2008) to three larvae per foot
of row in Louisiana and Mississippi (Baldwin et al. 2012, Catchot
2012). The Virginia and North Carolina thresholds are based on work
by Eckel (1991), who estimated that soybean yields decrease by 130
kg/ha (1.93 bu/ac) for each large larva per 0.3 m (1 foot) of row. Based
on this yield loss, a threshold calculator was produced that adjusts
thresholds based on commodity prices and control costs (http://webipm.
ento.vt.edu/cew/). However, in that study (Eckel 1991) the response to
feeding damage was highly variable, with no yield loss recorded at
some locations. Smith and Bass (1972b) infested soybean with corn
earworm during the R4 growth stage and calculated yield losses of 49
kg/ha (0.73 bu/ac) for each larva per 0.3 m (1 foot) of row. Success-
fully establishing experimental corn earworm populations on soybean
can be difficult, so some have evaluated the impact of artificial
depodding on soybean yield. Artificial depodding during the R3 stage
had no impact on yield, but complete depodding caused 40–100%
yield losses when occurring during R4–R7 stages (Thomas et al.
1974). Similar losses have been confirmed in other studies (McPher-
son and Moss 1989, Brier and Zalucki 1996, Timinsa et al. 2007). As
can be seen above, there is no research-based consensus on corn
earworm action thresholds.

Based on corn earworm feeding rates (McWilliams 1983) and yield
losses from simulated defoliation and depodding (Thomas et al. 1974)
with an assumption that pods average 2.5 seeds per pod, corn earworm
EILs occur at 18 larvae per 0.3 m (1 foot) row at R1–R3, then drop to
about three larvae per 0.3 m (1 foot) of row during R4–R5. Action
thresholds should be set somewhat lower than these EILs to prevent
the occurrence of economic losses. Although most recommended
action thresholds are below these EILs, currently no recommended
thresholds vary with plant growth stage, which would suggest that the
thresholds during the early reproductive period are highly conserva-
tive. Corn earworm larval development takes 12–19 days at 30°C
(Butler 1976), and soybean are within stages R1–R3 for �3 weeks
(Zhang et al. 2005), so corn earworms that hatch during R1 or early
R2 will pupate before the soybean reaches the R4 stage. Therefore, a
higher corn earworm threshold during R1–R3 is likely warranted.

Management of Corn Earworms in Soybean
Sampling. The most common sampling methods for H. zea in

soybean are the drop cloth (also called a beat sheet, ground cloth, or
shake cloth) and the sweep net; however, the drop cloth is only

practical on soybean planted in wide rows. Capture rates are generally
consistent between vegetative and reproductive plant growth stages
(Studebaker et al. 1991), although for the latter, capture rates increase
as the lower leaves begin to senesce (Marston et al. 1979). Drop cloth
sampling captures �75% of the total population, but this can be
impacted by larval size, with large larvae being found more readily
than small larvae (Hillhouse and Pitre 1974, Marston et al. 1979,
Studebaker et al. 1991). In contrast, sweep nets can be used with any
row spacing, and efficiency is similar between widely and narrowly
spaced rows (Studebaker et al. 1991). Sweep nets capture a higher
percentage of the total H. zea population during vegetative plant
growth stages versus reproductive stages. When comparing sweep net
and drop cloth performance, one sweep net count per 25 sweeps is
similar to the number of H. zea found on a drop cloth from 1.2 to 2.4
row-meter (4.0–8.0 row ft) (Hillhouse and Pitre 1974, Turnipseed
1974, Rudd and Jensen 1977). Therefore, conversions between sweep
nets and drop cloths for threshold determinations should be done with
caution. Threshold numbers for sweep samples vary widely by row
width, number of sweeps and selling price, but a general average is
three H. zea larvae per 15 sweeps (Herbert et al. 2003, Van Duyn
2008, Green 2013). A more precise figure can be obtained by aver-
aging the total number of larvae obtained in all samples by the number
of samples taken, which can then be compared with the threshold at
a particular row width and selling price (Van Duyn 2008).

Pheromone and blacklight traps can be used to monitor adult
activity in a field as well as movement between fields (Capinera
2001). Herbert et al. (1991) found pheromone traps easier to use, less
expensive, and faster to process than blacklight traps. In some cases
densities of adult corn earworms in maize fields can be used to predict
infestation severity in soybean by later generations of corn earworms
(Herbert et al. 1991).
Chemical Controls. Insecticides are frequently used to control dam-

aging populations of corn earworm in soybean and other crops
(Musser et al. 2011). Pyrethroid and carbamate insecticides are often
used, but there is some concern about H. zea developing resistance to
pyrethroids (Musser et al. 2010). A list of foliar insecticides recom-
mended to control H. zea control in soybean can be found in Table 1.

Diamides are a recently developed insecticide class that provides
excellent control of Lepidoptera, including corn earworm (Bacheler
and Mott 2011, Herbert et al. 2011). Specifically, chlorantraniliprole
(Rynaxypyr, DuPont, Wilmington, DE) is an anthranilic diamide
insecticide with a novel mode of action that causes rapid muscle

Table 1. Foliar insecticide recommendations for H. zea on soybean

Active ingredient Trade name Insecticide
classa

IRAC MoA
classificationb Rate per acre

Bifenthrin Brigade 2E, Discipline 2E, Fanfare 2E P 3A 4–6.4 fl. oz
Carbaryl Sevin 80S Sevin XLR Plus Sevin 4F C 1A 0.67–1.25 lb16–48 fl. oz ½–1 ½ qt
Chlorantraniliprole Prevathon 0.43SC D 28 14–20 fl. oz
Chlorpyrifos Lorsban 4E OP 1B 1.0–2.0 pts
�-cyfluthrin Baythroid XL 1 P 3A 1.6–2.8 fl. oz
�-cyfluthrin & imidacloprid Leverage 2.7SE P, N 3A, 4A 3.8 fl. oz

�-cyhalothrin Declare 1.25ME, Prolex 1.2 ME P 3A 1–1.28 fl. oz
Karate 2.08CS, Warrior II 2.08CS 0.96–1.6 fl. oz

Z-cypermethrin Mustang Max 0.8E P 3A 2.8–4.0 fl. oz
Esfenvalerate Asana XL 0.66E P 3A 5.8–9.6 fl. oz
Flubendiamide Belt SC4 D 28 2–3 fl. oz
Indoxacarb Steward 1.25EC O 22A 4.6–11.3 fl. oz
Methomyl Lannate LV 2.4 Lannate SP C 1A 12–24 fl. oz 1⁄8–¼ lb
Permethrin Pounce 3.2E P 3A 4–8 fl. oz
Spinosad Tracer 4AS S 5 1.5–2.0 fl. oz
Thiodicarb Larvin 3.2AF C 1A 10–30 fl. oz

Adapted from Johnson (2012) and Stewart and McClure (2013).
a Insecticide class: C, carbamate; D, diamide; N, neonicotinoid; O, oxadiazine; OP, organophosphate; P, pyrethroid; S, spinosyn.
b IRAC MoA, Insecticide Resistance Action Committee mode of action classification (http://www.irac-online.org); 1A, 1B, acetylcholinesterase inhibitors; 3A,

sodium channel modulators; 4A, nicotinic acetylcholine receptor agonists; 5, nicotinic acetylcholine receptor allosteric activators; 22A, voltage-dependent
sodium channel blockers; 28, ryanodine receptor modulators.
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dysfunction and paralysis (Hannig et al. 2009). Hannig et al. (2009)
found that the fastest acting insecticides for lepidopteran control were
methomyl (a carbamate) and the pyrethroids, but chlorantraniliprole
was the fastest acting among the newer reduced-risk products.
Cultural Controls. Corn earworm densities generally increase

throughout the growing season, so planting early and using early
maturing soybean varieties effectively minimizes exposure to damag-
ing densities of corn earworm (Bradley and Van Duyn 1979, Joshi
1980). Late planted or double-cropped soybean fields are more sus-
ceptible to damage (Joshi 1980, Terry et al. 1987), which is likely
because of the lack of alternative hosts in addition to higher densities
of late season pest populations. Open canopies resulting from wide
rows and/or poor growing conditions have also been found to be
associated with greater corn earworm feeding (Boyer 1967, Bradley
and Van Duyn 1979).

Tillage is one potential pest management tool, as disturbing the soil
surface can result in nearly 100% mortality of overwintering H. zea
pupae (Fife and Graham 1966). However, because of its generalist
feeding habits, high mobility, and presence of pupae in vegetation
surrounding crop fields, local tillage is unlikely to effectively suppress
the local H. zea population (Schneider 2003).
Natural Enemies. Numerous natural enemies of H. zea immatures

have been identified, including generalist and specialist parasitoids of
eggs and larvae, predatory arthropods, nematodes, and other patho-
gens. The majority of information on these natural enemies comes
from studies on maize and cotton, but those commonly preying on
eggs and larvae in soybean can be found in Table 2. Impacts of
specific natural enemies on corn earworm populations may depend on
the cropping system and pest density, and there is conflicting infor-
mation on whether they can effectively prevent economic injury in
soybean. Archer and Bynum (1994) reported high densities of para-
sitized H. zea eggs in corn, although �1% of larvae were parasitized
or infected with disease. This is in contrast to a 3-year study in
soybean, where larval parasitism by the specialist Microplitis cro-
ceipes (Cresson) (Hymenoptera: Braconidae) was consistently high at
80.3, 82.3, and 73.1% in the years 1995–1997 (Tipping et al. 2005).
In one study Nabis spp. (Hemiptera: Nabidae) were found to be the
most abundant egg predator in soybean (�50% of predation events),
followed by Geocoris punctipes (Say) (Hemiptera: Lygaeidae) and
harvestmen (Arachnida: Phalangiidae) (Pfannenstiel and Yeargan
2002). This corresponds with previous studies identifying Nabis spp.
as the predominant predator of H. zea eggs and larvae in soybean
(Buschman et al. 1977, McCarty et al. 1980, Godfrey et al. 1989).

Several nematode species, especially in the genus Steinerema, are
known to attack corn earworm pupae and prepupae, and may be
important natural regulators of H. zea populations in corn (Raulston et
al. 1992). Studies indicated they may be useful in suppressing the
buildup of large populations of H. zea adults (Raulston et al. 1992;
Cabanillas and Raulston 1995, 1996). However, studies of efficacy
have been limited to corn.

Pathogens, including fungi and viruses, may have a significant
impact on H. zea larvae when pest densities are high (Capinera 2001).
Several fungal species are known to attack H. zea, including Nomu-
raea rileyi (Farlow) (Moniliales: Moniliaceae), which has been effec-
tive in suppressing natural H. zea populations (Getzin 1961; Ignoffo
et al. 1975, 1976) and may have potential as a microbial insecticide
(Ignoffo 1981). This fungus caused 100% mortality of the closely
related noctuid, Helicoverpa armigera (Hübner) (Tang and Hou
1998), and variable mortality (19–77%) of H. zea when applied to
soybean (Ignoffo et al. 1978).

H. zea nuclear polyhedrosis virus (HzNPV) is a baculovirus that
can effectively suppress H. zea populations; it was widely used in the
1970s (Capinera 2004). Use of HzNPV waned in the 1980s as syn-
thetic pyrethroids became more prominent, but use of the former has
resurged because of concerns about pest resistance to pyrethroids
(Capinera 2004). Although its effectiveness at killing H. zea larvae
varies with host plant and seasonal phenology, larval mortality can be
as high as 70–80% when applied to soybean foliage (Forschler et al.
1992, Ali et al. 1998).
Host Plant Resistance. Breeding efforts to develop soybean variet-

ies resistant to lepidopteran pests have been ongoing since the early
1900s, although efforts to develop commercially suitable cultivars
have not been highly successful (All et al. 1989). Several soybean
varieties partially resistant to corn earworm have been identified, and
seem to be resistant because of a mix of antibiosis and antixenosis
(Nault et al. 1992b, Mebrahtu et al. 2002). H. zea adults prefer to
oviposit on hairy leaves (Lambert 1988), although larval development
is best on glabrous (smooth) leaves (Lambert et al. 1992). Leaf hair
morphology can also impact larval feeding damage, which is reduced
on soybean with sharp tipped pubescence compared with those with
blunt-tipped pubescence (Hulburt et al. 2004). In addition, some
soybean cultivars exhibit induced resistance that is triggered by H. zea
feeding (Edreva 2004). These plants exhibit reductions in the quantity
and quality of foliar proteins, although changes vary among soybean
gentotypes (Bi et al. 1994). In addition, damage by other herbivore

Table 2. Common arthropod predators and parasitoids of H. zea in soybean

Taxonomic grouping
Prey life stage

Referencea
Egg Larvae

Arachnida Phalangiidae X 4
Arachnida Cursorial spiders X 1, 3

Hemiptera

Nabidae Nabis spp. nymphs X X 1, 4
Nabis spp. adults X X 1, 4

Lygaeidae Geocoris spp. nymphs X 1, 3, 4
Geocoris spp. adults X 1, 3, 4

Anthocoridae Orius spp. nymphs X X 1, 3, 4
Orius spp. adults X X 1, 4

Coleoptera
Coccinellidae Coleomegilla maculata (De Geer) larvae X 3, 4

C. maculata adults X 3, 4
Melyridae Collops spp. X 3

Hymenoptera

Formicidae X 3, 4
Braconidae Cotesia spp. X 5, 6

Meterous autographaeMeusebeck X 6
Microplitis croceipes (Cresson) X 5, 6
Microplities demelitorWilkinson X 5

Trichogrammatidae Trichogramma spp. X 2
Diptera Tachinidae Winthemia rufopicta (Bigot) X 6

a 1, Anderson and Yeargan (1998); 2, Morrison et al. (1980); 3, Pfannenstiel (2005); 4, Pfannenstiel and Yeargen (2002); 5, Tillman et al. (1993); 6, Tipping et
al. (2005).
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species (i.e., bean leaf beetle, Cerotoma trifurcata (Forster)) can
reduce the suitability of soybean for H. zea (Felton et al. 1994).

The lack of commercially viable soybean cultivars exhibiting re-
sistance to Lepidoptera led to attempts to genetically engineer soybean
with Bt (Bacillus thuringiensis) insecticidal protein genes (Walker et
al. 2000). The first successful transformation of soybean was reported
by Stewart et al. (1996), and this transgenic plant had �3% defoliation
by H. zea, compared with 20% on lepidopteran-resistant breeding
lines and 40% on susceptible cultivars. Despite these promising re-
sults, soybean expressing the cry1Ac gene exhibit variable control of
noctuid species and this, coupled with the possibility of evolution of
resistance, suggests that the use of these �-endotoxin genes would be
most useful when coupled with resistance genes with a different mode
of action (Stewart et al. 1996, Walker et al. 2000).

Landscape Level Impacts of Corn Earworm Occurrence in
Soybean

Because H. zea is highly polyphagous, surrounding vegetation can
have a profound impact on its population dynamics. This relationship
has become increasingly relevant as cultivation of genetically modi-
fied crops that are host plants of H. zea (i.e., corn and cotton) has
become more widespread. A major concern when using Bt crops is the
evolution of resistance in target pest species and Insect Resistance
Management (IRM) strategies, such as planting refuges with suscep-
tible plant varieties have been mandated by the Environmental Pro-
tection Agency (EPA). IRM strategies are especially important for
managing H. zea, which exhibits a naturally high tolerance to most Bt
toxins (Gould et al. 1998). Its potential for becoming resistant to
cry1Ac protein has been demonstrated in laboratory studies (Luttrell
et al. 1999, Burd 2001), although increases in the frequency of
Bt-resistant alleles in wild H. zea populations have not yet been
documented in the United States (Burd et al. 2003, Jackson et al.
2006). This could be because of H. zea using nontransgenic plants
(e.g., soybean, noncrop plants) in areas surrounding Bt fields. In fact,
these refugia are thought to be contributing more to the genetic
structure associated with resistance of H. zea populations than the
refuges mandated by the EPA (Tabashnik et al. 2003, Jackson et al.
2008) and should be taken into consideration when developing IRM
plans.
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