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Abstract Field experiments were conducted in 1997 to compare the efficacy Bt (Bacillus
thuringiensis Berliner) maize hybrids and two conventional measures for control of the European
corn borer, Ostrinia nubilalis (Hubner). Treatments consisted of transgenic Bt maize hybrids and
their non-Bt isolines, and isolines treated with a formulated Bt or permethrin insecticide. All
control measures significantly reduced O. nubilalis damage in terms of tunnels per plant, length
of tunneling, and larvae per plant. The following hierarchy in terms of O. nubilalis efficacy was
observed: transgenic Bt > permethrin > formulated Bt > control. In most cases, transgenic Bt
maize was most effective in preventing European corn borer damage to ear shanks and gen-
erally produced the highest grain yields.
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The European corn borer, Ostrinia nubilalis Hlbner, is a major pest of maize, Zea
mays (L.), in the United States. In terms of control costs and yield loss, damage by
this insect costs maize farmers more than $1 billion annually (Mason et al. 1996).
Annual losses in Nebraska are estimated at $48 million (Bullock and Sollod 1996).
First-generation European corn borer damage is generally characterized by leaf and
midrib feeding and stalk tunneling. Second-generation damage is characterized by
stalk tunneling, leaf sheath feeding, collar feeding, and ear damage. European corn
borer feeding often results in physiological (reduced ear development) and physical
(broken stalks and dropped ears) damage that may significantly reduce grain yield.

Historically, O. nubilalis has been controlled using resistant maize varieties, bio-
logical agents, and insecticide spray programs. Recent commercial release of trans-
genic maize hybrids with the Bt (Bacillus thuringiensis Berliner) gene offers maize
producers a new technology to control maize pests. In the USA, hectares of geneti-
cally-enhanced maize, including maize with the Bt gene, increased from 0.16 million
ha in 1996 to 6.90 million ha (21% of maize area) in 1998 (Tally 1998). The insecti-
cidal protein or delta-endotoxin in transgenic maize provides control of several lepi-
dopteran species. In the USA, Williams et al. (1998) reported on the adverse effects
of the Bt insecticidal protein in transgenic maize on the fall armyworm, Spodoptera
frugiperda (J. E. Smith), southwestern corn borer, Diatraea grandiosella (Dyar), and
the corn earworm, Helicoverpa zea (Boddie). Data from other field studies have
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demonstrated the efficacy of transgenic maize for O. nubilalis control, which encodes
insect-specific toxic proteins (Koziel et al. 1993). Transgenic maize expressing the Bt
delta-endotoxin is also a promising means of maize borer management in tropical
production systems (Bergvinson et al. 1997).

Commercial release of Bt maize has to some extent replaced the use of insecti-
cides for O. nubilalis control. Traditional insecticide spray programs commonly pro-
vide 80% and 67% control of first and second generation O. nubilalis, respectively
(Ostlie et al. 1997). Among the current insecticides recommended for first-generation
O. nubilalis control in Nebraska are spray applications of B. thuringiensis and per-
methrin. Permethrin is also recommended for control of the second-generation
(Wright et al. 1994).

To increase the effectiveness of formulated Bt in O. nubilalis control it has been
used in combination with other insecticides such as permethrin. Permethrin is effec-
tive for control of O. nubilalis larvae and also provides ovicidal activity (Rinkleff et al.
1995). However, at full rates permethrin adversely affects predator populations (Bolin
et al. 1996). Ayyappath et al. (1996) reported resurgence of two-spotted spider mites,
Tetranychus urticae Koch, when permethrin was applied for O. nubilalis control in
Nebraska tests. Thus, lower rates of permethrin plus Dipel™ (Abbott Lab., N. Chi-
cago, IL) have been tested, and the combination provides control equal to full rates of
permethrin (Bartels and Hutchison 1995).

Another approach to increase the effectiveness of B. thuringiensis against the O.
nubilalis has been to integrate it with host plant resistance. In the control of the O.
nubilalis on sweet corn, resistant hybrids sprayed with B. thuringiensis provided a
viable alternative to an insecticide-based (permethrin) management strategy in the
upper midwestern USA (Bolin et al. 1996). Resistant hybrids + B. thuringiensis pro-
vided 95% control of late-instar O. nubilalis larvae in the ear which was equal to the
control provided by a susceptible hybrid + permethrin.

Preliminary studies conducted in Nebraska indicate that selected Bt maize hybrids
provide approximately 99% control for first-generation and 70 to 99% control for
second-generation O. nubilalis (Clark and Foster, unpubl. data). The purpose of this
study was to compare the effectiveness of Bt maize hybrids with recommended
conventional insecticides in the control of first- and second-generation O. nubilalis
larvae.

Materials and Methods

This study was conducted in 1997 at single locations in Dixon and Saunders
counties, NE. The Dixon Co. site (planted 15 May 1997) was at the University of
Nebraska, Haskell Agricultural Laboratory, Concord, NE, and the Saunders Co. site
(planted 23 May 1997) was at the University of Nebraska, Agricultural Research and
Development Center, Ithaca, NE.

Three maize hybrids that had Bt events and their non-Bt near isolines that were
developed for local growing conditions were used at each study site. At Dixon Co., the
non-transgenic isolines and Bt transgenic hybrids planted were: DEKALB 580 and
DEKALB 5808t (Event DBT-418), Novartis 4640 and Novartis 46408t (Event Bt11),
and Mycogen 5250 and Mycogen 25988t (Event 176). At Saunders Co. the hybrids
planted were: DEKALB 580 and DEKALB 5808t, Novartis 7070 and Novartis 70708t,
(Event Bt11), and Mycogen 7050 and Mycogen 70598t (Event 176). All Bt events
have unique properties (Caprio et al. 1999). The DBT-418 event codes for the Cry1Ac
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protein with the e-35S promoter (DEKALB Genetics Corp., DeKalb, IL). The Bt11
event codes for the Cry1Ab protein with the e-35S promoter (Novartis Seeds, Gorden
Valley, MN). Like Bt11, Event 176 also codes for the Cry1Ab protein but is different
in that it has a PEP pollen promoter (Mycogen Seeds, San Diego, CA).

Forty-eight dryland plots (two 6.10 m long rows spaced 0.76 m apart, planted at
41,975 kernels/ha) at each site were allocated to 12 treatment combinations in a 3 by
4 factorial split-plot design with four replications. Maize hybrid served as the main plot
factor, while European corn borer control measure served as the subplot factor.

Plots were subjected to 1 of 4 European corn borer control regimes: control (non-
Bt maize isoline with no control measures taken); formulated Bt (Dipel 10G @ 0.921
kg (Aly/ha for first generation O. nubilalis, Dipel ES @ 101.67ml (Al)/ha for second-
generation O. nubilalis); permethrin (Pounce 1.5G @ 0.18 kg (Al)/ha for first-
generation O. nubilalis, Pounce 3.2EC @ 18.59 ml (Al)/ha for second-generation);
and transgenic Bt maize hybrids. First-generation insecticide treatments were applied
approximately 14 d after initiation of egg laying (2 July 1997 at both locations) using
a hand-held granular spreader. Insecticide treatments for second-generation control
were applied when approximately 50% of the egg masses had reached blackhead
stage during the peak egg laying period (12 August 1997 at Saunders Co., 13 August
1997 at Dixon Co.).

Ostrinia nubilalis control efficacy was measured for 10 plants in each treatment
combination. The following parameters were measured: first generation leaf feeding
ratings (Guthrie 1960), tunnels/plant, length of tunneling/plant, larvae/plant, percent
ear shank damage, percent dropped ears, percent lodged plants, and grain yield. Al
parameters except leaf feeding ratings were measured at harvest. Data were tested
by analysis of variance (ANOVA) for main, subplot, and interaction effects (SAS
Institute 1996). Arcsine transformation was used to normalize percentage data before
ANOVA was calculated. When the effect of a European corn borer control measure
was significant (P < 0.05), means for each subplot treatment were separated using
Fisher's protected least significant difference method (LSD; P < 0.05).

Results and Discussion

First generation European corn borer. At both sites, leaf-feeding ratings were
low across all O. nubilalis control treatments, with only minor significant differences at
the Dixon Co. site. Thus, we have omitted these data from this paper. Low damage
readings most likely can be attributed to gravid O. nubilalis females being attracted to
earlier planted maize in adjacent fields (Mason et al. 1996).

Second generation European corn borer. All control measures significantly re-
duced O. nubilalis damage in terms of tunnels per plant, length of tunneling and larvae
per plant when compared to the controls within hybrid groupings at both locations
(Figs. 1-3). In general, the following hierarchy in terms of degree of control was
observed: transgenic Bf maize > permethrin > formulated Bt > control. However, the
permethrin treated hybrids were usually not significantly different from the DEKALB
(DBT418) and Mycogen (176) Bt maize hybrids. The Novartis Bf hybrids (Bt 11)
always had the lowest amount of damage and fewest larvae recovered.

Transgenic and permethrin treated hybrids had significantly fewer ear shanks
damaged than the controls at the Saunders County location (Fig. 4). Formulated Bt
treated hybrids significantly reduced ear shank damage over the controls in the
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Fig. 1. Mean number of O. nubilalis tunnels per plant with various treatments in
different maize hybrids at Saunders (A) and Dixon Co. (B) NE, 1997. Columns
with a common letter are not significantly different at P < 0.05 by Fisher's
protected LSD.
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Fig. 2. Mean O. nubilalis tunnel length (cm) per plant with various treatments in
different maize hybrids at Saunders (A) and Dixon Co. (B) NE, 1997. Columns
with a common letter are not significantly different at P < 0.05 by Fisher’s
protected LSD.
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Fig. 3. Mean number of O. nubilalis larvae per plant at harvest with various treat-
ments in different maize hybrids at Saunders (A) and Dixon Co. (B) NE, 1997.
Columns with a common letter are not significantly different at P < 0.05 by
Fisher’s protected LSD.
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Fig. 4. Mean percentage of O. nubilalis damaged ear shanks at harvest with various
treatments in different maize hybrids at Saunders (A) and Dixon Co. (B) NE,

1997. Columns with a common letter are not significantly different at P < 0.05
by Fisher’s protected LSD.

DEKALB 580 and Mycogen 7050 groupings. Only the Novartis 46408t hybrid signifi-
cantly reduced ear shank damage at the Dixon Co. site.

At Saunders Co., Mycogen 7050 treated with permethrin, formulated Bt, or trans-
genic Bt had significantly fewer dropped ears than the control (Table 1). All other
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within-hybrid comparisons for dropped ears (Table 1), and lodged plants were not
significantly different at both sites.

Transgenic Bt maize hybrids generally had significantly higher yields than
the controls at both sites (Fig. 5). At the Saunders Co. site the Mycogen 70508t
was an exception although it had a greater overall mean than its control iso-
line. Permethrin treated maize hybrids had higher overall mean yields within
their hybrid groups than the untreated checks; however, only the Novartis 7070
and DEKALB 580 hybrids at Saunders Co. had significantly greater yields than
their control isolines. Likewise, except for Mycogen 5250 + permethrin com-
pared with Mycogen 25988t in Dixon Co., maize hybrids isolines + permethrin
had yields equal to the transgenic maize hybrids within their hybrid groupings.
At the Saunders Co. site, the Novartis 7070 maize hybrid + permethrin had a sig-
nificantly higher yield the same hybrid treated with formulated Bt, which was the
only within hybrid example of permethrin significantly protecting yield more than
formulated Bt. The DEKALB 580 hybrid + formulated Bt was the only example
of significant protection of yield greater than the control within a maize hybrid group-
ing.
Overall, the transgenic Bt maize hybrids provided better O. nubilalis control than
the other treatments. However, the DEKALB and Mycogen hybrids that contained Bt
toxins, which do not offer season-long protection, were similar in efficacy to perme-
thrin-treated plots. This was apparently due to the degradation or reduced synthesis
of active ingredients that control O. nubilalis (Onstad and Gould 1998). Because
late-season O. nubilalis moth flights were still occurring during the apparent degra-
dation period, measurable damage occurred in these plots. Plots treated with formu-
lated Bt clearly had an earlier breakdown of active ingredients and became suscep-
tible to second-generation O. nubilalis damage before transgenic and permethrin
treated plots. Thus, plots treated with formulated Bt were generally not as efficacious
against O. nubilalis.

Table 1. Percentage of dropped ears due to European corn borer feeding at
Saunders and Dixon Counties in 1997

Maize hybrid Control DiPel Permethrin Transgenic Bt
Saunders County
DEKALB 580 164 +0.95b 3.74+226b 1.57+091b  3.43+1.37b
Novartis 7070 1.91+1.22b  3.71 + 1.44b 1.94+0.65b  0.00 +0.00b
Mycogen 7050 11.98 + 3.62a 2.68 +1.71b 1.56 + 1.56b 0.00 = 0.00b
Dixon County

DEKALB 580 0.00 + 0.00NS 0.00 + 0.00NS 0.00 + 0.00NS 1.00 + 0.00NS
Novartis 4640  0.78 £+ 0.78NS  1.43 = 0.83NS 0.00 + 0.00NS 0.00 + 0.00NS
Mycogen 5250  1.56 + 1.56NS 2.94 + 1.11NS 0.68 + 0.68NS 0.00 + 0.00NS*

Means follow by the same letters in each location grouping are not significantly different; Fisher’s protected

LSD; (P = 0.05)
* Mycogen 2598 Bt
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Fig. 5. Mean grain yield in metric tons per hectare with various treatments in different
maize hybrids at Saunders (A) and Dixon Co. (B) NE, 1997. Columns with a
common letter are not significantly different at P < 0.05 by test Fisher’s pro-
tected LSD.

Because the Mycogen and DEKALB transgenic hybrids performed similarly to the
permethrin treated hybrids, an interesting question arises. Should maize producers
invest in a prophylactic control and buy Bt maize seed, or should they treat their fields
with permethrin or other topically applied insecticides based on economic thresholds?
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This study showed the level of effectiveness of a few of the current control strategies
for O. nubilalis. The next step is to evaluate advantages and disadvantages for each
control strategy including the effect on natural enemies and human health and make
control recommendations based on those evaluations.
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