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Abstract

Field studies were done in 1997 and 1998 to assess the efficacy of sweet corn hybrids expressing the Bacillus thuringiensis (Bt)
toxin, Cry 1Ab, for control of Ostrinia nubilalis (H .uubner), Helicoverpa zea (Boddie), and Spodoptera frugiperda (J.E. Smith). Trials
were performed over multiple planting dates and locations in Illinois, Minnesota, and Wisconsin, USA. The Bt hybrids tested are

based on the BT-11 event (Novartis Seeds, Inc.) and express the Bt toxin in green and reproductive tissues. In both years, except
when pest densities were low, Bt hybrids provided significant reductions in larval densities for each pest species, often 100% control
for O. nubilalis, when compared to non-Bt isolines. This resulted in significant increases in percent marketable ears, which ranged

from 70–100% and 90–100% marketability for fresh-market sale and processing, respectively. Expected utility analysis, based on all
data sets, was conducted by multiplying each marketability outcome by its frequency of occurrence and averaged for each produce
type, either fresh-market or processing. Expected utility results indicated that the Bt hybrids provided 75–99% and 94–99%

marketable ears for fresh-market and processing, respectively. By contrast, the non-Bt hybrids provided only 14–34% and 41–56%
expected marketable ears for fresh-market and processing, respectively. Moreover, variability (risk) in marketability, when
compared with the non-Bt isolines, was lower for the Bt hybrids. Coefficients of variation (CV), for all three states combined,
averaged 1.17 and 0.84 for non-Bt fresh-market and processing, respectively; however, CVs for Bt fresh-market and processing were

only 0.17 and 0.05, respectively. These results suggest that Bt hybrids can provide consistent performance, regardless of the pest
complex, pest density, or geographic location in the Midwestern US. Additional analyses, including comparisons with insecticide
control, and the costs associated with the use of insecticides versus Bt sweet corn, are necessary to assess the full benefit of using Bt

sweet corn. r 2002 Elsevier Science Ltd. All rights reserved.
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In the upper Midwestern US, control of lepidopteran
pests including the European corn borer, Ostrinia
nubilalis (H .uubner), corn earworm, Helicoverpa zea
(Boddie), and fall armyworm, Spodoptera frugiperda
(J.E. Smith), in sweet corn, Zea mays L., is of primary
concern for commercial growers. With conventional
insecticides, this task often is difficult because of variable
arrival time of pest populations, pest behavior, timing of

insecticide applications, and effectiveness of insecticide
treatments (Bartels and Hutchison 1995, Flood et al.,
1995, Rinkleff et al., 1995). Recently, with the advent of
transgenic sweet corn engineered to express Bacillus
thuringiensis (Berliner) (Bt) toxins, many of the chal-
lenges of lepidopteran pest control have been met.
Presence of the Cry Bt gene in transgenic Bt sweet corn
allows for the production of Bt toxins in green and
reproductive tissues of the sweet corn plant. The first
sweet corn hybrids to express Bt were developed by
Novartis Seeds, Inc. (Nampa, ID) using the 35S
promoter (Armstrong et al., 1995), and the gene for
Cry1Ab Bt protein (Lynch et al., 1999a). This event,
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referred to as BT-11, provides high Bt expression in field
corn (Ostlie et al., 1997), and has also been shown to
provide high Bt concentrations in green leaf, silk, and
kernel tissue of several sweet corn hybrids (Lynch et al.,
1999a). In addition to providing high levels of control
against O. nubilalis (Burkness et al., 2001), Novartis’ Bt
sweet corn hybrids have been shown to provide high
levels of control against H. zea and S. frugiperda (Lynch
et al., 1999a).

Recent studies (Lynch et al., 1999a, Lynch et al.,
1999b, Burkness et al., 2001) have indicated that use of
Bt sweet corn hybrids may result in eliminating or
greatly reducing insecticide applications for lepidopter-
an pests in southern and midwestern corn producing
regions of the United States. In addition to high levels of
pest control, the use of Bt sweet corn has provided
high levels of marketable ears for both fresh-market
and processing sweet corn production (Burkness et al.
2001).

Although the efficacy of Bt sweet corn for O. nubilalis
control was recently evaluated in Minnesota (Burkness
et al., 2001), the technology has not been tested over
multiple planting dates or in all major sweet corn
production areas of the Midwestern US. Typically, the
performance of new pest control technologies is limited
to percent control or marketability at one or a few
locations in a limited geographic area. However, even
with multiple data sets, little consideration has been
given to what the probability (risk) of pest control may
be under different production scenarios (i.e., environ-
mental variation year to year, pest complex composi-
tion, and geographic location). Expected utility analysis
(e.g., Carlson, 1970; Moffitt et al., 1983) allows for
multiple data sets and environmental conditions to be
incorporated into a more thorough assessment of the
performance of various pest control strategies. By
determining the frequency of an insect control outcome,
which occurs with a given pest control strategy (i.e.,
payoff), the probability of each insect control outcome
may be calculated. In addition, the variation in expected
utility (e.g., standard deviation) provides an estimate of
the risk associated with the pest control strategy
(Carlson, 1970). Through this analysis a producer can
choose a desired level of marketable produce and
determine the level of probability (risk) that is associated
with achieving that goal.

The purpose of this paper is to document the efficacy
of several BT-11 sweet corn hybrids, expressing Cry1Ab
toxin, in Illinois, Minnesota, and Wisconsin, USA by
comparing them with conventionally bred susceptible
hybrids for control of O. nubilalis, H. zea, and S.
frugiperda and their associated plant damage. Further-
more, via the use of expected utility analysis, we estimate
the benefit and variability in pest control, by Bt vs.
susceptible sweet corn hybrids for each location, and for
fresh-market and processing sweet corn.

1. Materials and methods

1.1. General

In 1997 and 1998, three Bt sweet corn hybrids GH
0937, GH 0941, and GH 0943 were evaluated with their
non-Bt isolines ‘Bonus’, ‘Empire’, and ‘Heritage’ in
small plot trials with multiple locations and planting
dates in Illinois, Minnesota, and Wisconsin. For all
locations and planting dates, plots were established in a
randomized complete block design and consisted of four
rows of each hybrid, with 0.76m row spacing and 3.04m
separating blocks. All treatments were replicated four
times per planting date at each location. Evaluations at
all locations included counts of O. nubilalis, H. zea, and
S. frugiperda in primary ears at harvest. The location,
larval instar, and amount of kernel feeding (cm2) were
also assessed for each ear. Ear damage was used to
determine the percentage of ears that would be
acceptable as fresh-market (no larvae or damage present
on ear) and processing produce (damage and/or larvae
limited to the tip of the ear with larvae no larger than 1–
2 instar). No insecticide applications were made to any
of the hybrids during this study.

1.2. Illinois

In 1997, plots were established in southern Illinois at
the Dixon Springs Agricultural Center (Simpson, IL) on
31 July, and in the southwest at Collinsville on 9 May
and 16 June. In 1998, plots were established at Dixon
Springs on 25 June, Collinsville on 8 May, and in central
Illinois at Champaign on 2 June. All plantings in 1997
included Bt hybrids GH 0937 and 0943 and their non-Bt
isolines ‘Bonus’ and ‘Heritage’. In 1998, plantings
included Bt hybrids GH 0937, 0941, and 0943 with
their non-Bt isolines ‘Bonus’, ‘Empire’, and ‘Heritage’.
For both years, plots were four rows wide with 0.76m
spacing and rows were 15.2m long. Plots were harvested
in 1997 on 22 October at Dixon Springs and on 25 July
and 29 August for the first and second plantings at
Collinsville, respectively. Harvest dates for 1998 were 8
September at Dixon Springs, 21 August at Collinsville,
and 2 September at Champaign. For each harvest, 25
primary ears were selected at random from the middle
two rows of each plot and evaluated for pest presence
and damage.

1.3. Minnesota

Plots were established in 1997 and 1998 in southern
Minnesota at Rosemount and Waseca. In 1997, planting
dates at Rosemount were 22 May and 11 and 23 June; at
Waseca, planting dates were 19 May, 10 and 16 June,
and 8 July. For the 11 June planting date at Rosemount,
15 consecutive plants in each of the middle two rows of
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each plot were artificially infested with 10 H. zea eggs
per plant, and ear evaluations were done on these plants.
In 1998, planting dates at Rosemount were 5 May and
1 and 26 June; at Waseca, planting dates were 16 May,
1 and 25 June. For the 5 May planting date at
Rosemount, 15 consecutive plants in each of the middle
two rows of each plot were artificially infested with 25
O. nubilalis eggs per plant and ear evaluations were done
on these plants. For both years, plantings included Bt
hybrids GH 0937, 0941, and 0943 with their non-Bt
isolines ‘Bonus’, ‘Empire’, and ‘Heritage’. Plots were 4
rows wide with 0.76m spacing and rows were 9.1m
long. Harvest dates in 1997 at Rosemount were 22
August and 10 and 23 September; at Waseca, harvest
dates were 22 August, 10 September (for both the
second and third planting), and 1 October. In 1998,
harvest dates at Rosemount were 13 and 26 August and
15 September; at Waseca, harvest dates were 14 and 26
August, and 15 September. For each harvest, 25 primary
ears were selected at random from the middle two rows
of each plot and evaluated for pest presence and
damage. In addition to pest evaluations in 1998, 10
ears from each plot were husked and weighed for yield
comparisons.

1.4. Wisconsin

Plots were established in 1997 and 1998 in southern
Wisconsin at Arlington. In 1997, the planting date was
18 June; in 1998 planting dates were 17 and 26 June.
Plantings in 1997 included Bt hybrids GH 0937 and
0943 and their non-Bt isolines ‘Bonus’ and ‘Heritage’,
and in 1998, included Bt hybrids GH 0937, 0941, and
0943 with their non-Bt isolines ‘Bonus’, ‘Empire’, and
‘Heritage’. Plots were 4 rows wide with 0.76m spacing
and rows were 11.6m long. Harvest dates for 1997 and
1998 were 24 September (1997) and 3 and 11 September
(1998). At harvest, 20 primary ears in 1997 and 25
primary ears in 1998 were selected at random from the
middle two rows of each plot and evaluated for pest
presence and damage.

1.5. Data analysis

Data for each year were analyzed using a one-way
analysis of variance and the Ryan–Einot–Gabriel–
Welsch multiple range test (REGWQ) (P ¼ 0:05) for
mean separation (SAS Institute, 1995). Insect counts
and feeding damage data were transformed using a
RANK procedure (non-parametric) to account for the
non-normal distribution of data across Bt and non-Bt
hybrids. For non-normal populations the multiple
comparisons procedure is more robust and has more
power when rank-transformed data are used (Conover
and Iman, 1981). Data recorded as proportions were

transformed using arcsine transformation (SAS Insti-
tute, 1995).

Through the use of expected utility analysis (e.g.,
Carlson, 1970; Moffitt et al., 1983), multiple data sets
can be combined to allow for multiple effects, e.g.,
variable environmental conditions, to be incorporated
into a more thorough assessment of the performance of
various pest control strategies. A major benefit of this
approach is that it allows one to combine multiple data
sets with no prior assumptions of homogeneity of
variances or of normally distributed data. Data used
for expected utility analyses included percent market-
able ears and the frequency with which each level of
marketability occurred for each category of sweet corn
production in each state. From these data the expected
utility (the weighted mean using probabilities as weights)
and the standard deviation of the expected utility were
calculated (e.g., Carlson, 1970). The expected utility for
each category in each state was obtained using:

EðUÞ ¼
X

UðyÞ � PðyÞ; ð1Þ

where UðyÞ is the payoff (utility) derived from each
action and PðyÞ is the probability distribution (Carlson,
1970). Standard deviation (SD) for the expected value
was calculated using:

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn

x¼1
ðAx � %AA Þ2Px

q
; ð2Þ

where %AA is expected value, Ax is the outcome for the xth
possible event, and Px is the probability of occurrence
for that outcome (Shim et al., 1986). In addition, the
cumulative frequency ( f ) of percent marketable ears
was calculated for each marketability type, for each
state (e.g., Moffitt et al., 1983). To determine the
probability of achieving a specific level of marketable
ears, these data were plotted using 1-f (WDH,
unpublished data).

2. Results

2.1. O. nubilalis

In 1997 and 1998, for most locations and most
planting dates, Bt hybrids provided significant control
of O. nubilalis compared with the non-Bt isolines
(Tables 1 and 2). The only exception occurred for early
planting dates with low population densities of O.
nubilalis (Tables 1 and 2), which resulted in minimal
damage on non-Bt isolines. For most locations and
planting dates, Bt hybrids provided 100% control of
O. nubilalis infestations. When O. nubilalis control
was o100%, population densities were still p0.12
larvae per ear.
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Table 1

Mean density of Ostrinia nubilalis (ECB), Helicoverpa zea (CEW), and Spodoptera frugiperda (FAW) per ear in Bt and non-Bt sweet corn, 1997a

Location PDb Variety ECB total larvae

(7SEM)

CEW 1–2 instar

(7SEM)

CEW 3–6 instars

(7SEM)

FAW total larvae

(7SEM)

IL Dixon Springs 1 0937 0.0070.00 a 0.0070.00 b 0.0170.01 a 0.0070.00 b

1 0941 F F F F
1 0943 0.1270.12 a 0.0270.01 b 0.0170.01 a 0.0470.04 b

1 Bonus 0.2170.10 a 0.0570.03 ab 0.1170.09 a 0.2870.07 a

1 Empire F F F F
1 Heritage 0.4870.20 a 0.1670.04 a 0.1170.06 a 0.2370.04 a

Collinsville 1 0937 0.0070.00 a 0.0070.00 a 0.0370.01 a 0.0070.00 a

1 0941 F F F F
1 0943 0.0070.00 a 0.0470.02 a 0.0470.02 a 0.0070.00 a

1 Bonus 0.0070.00 a 0.0170.01 a 0.0470.02 a 0.0070.00 a

1 Empire F F F F
1 Heritage 0.0070.00 a 0.0070.00 a 0.0170.01 a 0.0070.00 a

2 0937 0.0070.00 b 0.0070.00 c 0.0070.00 b 0.0070.00 b

2 0941 F F F F
2 0943 0.0370.02 b 0.2370.08 b 0.0270.02 b 0.0070.00 b

2 Bonus 0.2570.07 a 0.4470.09 a 0.6570.05 a 0.0070.00 b

2 Empire F F F F
2 Heritage 0.2870.02 a 0.5070.05 a 0.9170.13 a 0.0870.03 a

MN Rosemount 1 0937 0.0370.03 b 0.0070.00 a 0.0070.00 a F
1 0941 0.0170.01 b 0.0070.00 a 0.0070.00 a F
1 0943 0.0470.03 b 0.0070.00 a 0.0070.00 a F
1 Bonus 0.1070.06 b 0.0070.00 a 0.0070.00 a F
1 Empire 0.1770.06 ab 0.0070.00 a 0.0070.00 a F
1 Heritage 0.4270.08 a 0.0070.00 a 0.0070.00 a F

2 0937 0.0170.01 b 0.0470.03 ab 0.0070.00 b F
2 0941 0.0070.00 b 0.0270.02 b 0.0070.00 b F
2 0943 0.0270.02 b 0.1970.08 ab 0.0270.02 b F
2 Bonus 2.4670.16 a 0.1170.03 ab 0.4970.12 a F
2 Empire 2.6470.21 a 0.2070.06 a 0.4770.03 a F
2 Heritage 2.6570.30 a 0.1270.00 ab 0.5570.02 a F

3 0937 0.0070.00 b 0.0370.03 b 0.0070.00 b F
3 0941 0.0070.00 b 0.0170.01 b 0.0070.00 b F
3 0943 0.0070.00 b 0.0370.02 b 0.0070.00 b F
3 Bonus 2.1870.12 a 0.4470.07 a 0.6270.12 a F
3 Empire 2.2270.17 a 0.4470.13 a 0.5870.09 a F
3 Heritage 2.2970.26 a 0.3370.02 a 0.6270.07 a F

Waseca 1 0937 0.0270.01 b 0.0070.00 a 0.0070.00 a F
1 0941 0.0070.00 b 0.0070.00 a 0.0070.00 a F
1 0943 0.0070.00 b 0.0070.00 a 0.0070.00 a F
1 Bonus 0.5070.10 a 0.0070.00 a 0.0070.00 a F
1 Empire 0.7670.12 a 0.0070.00 a 0.0070.00 a F
1 Heritage 0.6070.16 a 0.0070.00 a 0.0170.01 a F

2 0937 0.0070.00 b 0.1070.04 c 0.0070.00 c F
2 0941 0.0070.00 b 0.2070.09 c 0.0070.00 c F
2 0943 0.0070.00 b 0.2370.03 bc 0.0070.00 c F
2 Bonus 3.6670.48 a 0.6970.11 a 0.7570.12 a F
2 Empire 4.0770.17 a 0.5270.09 ab 0.5570.03 b F
2 Heritage 3.6670.20 a 0.3470.10 abc 0.7370.05 a F

3 0937 0.0070.00 b 0.1970.05 c 0.0070.00 b F
3 0941 0.0170.01 b 0.0870.04 c 0.0170.01 b F
3 0943 0.0070.00 b 0.2770.04 bc 0.0170.01 b F
3 Bonus 4.3070.35 a 0.7570.19 ab 0.6670.23 a F
3 Empire 4.4770.08 a 1.0370.06 a 0.4670.06 a F
3 Heritage 4.2970.47 a 0.6670.08 ab 0.7770.10 a F

(Table continued on next page)
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Table 1 (continued)

Location PDb Variety ECB total larvae

(7SEM)

CEW 1–2 instar

(7SEM)

CEW 3–6 instars

(7SEM)

FAW total larvae

(7SEM)

4 0937 0.0070.00 c 0.0270.02 b 0.0070.00 b F
4 0941 0.0070.00 c 0.0370.02 b 0.0070.00 b F
4 0943 0.0070.00 c 0.0770.02 ab 0.0070.00 b F
4 Bonus 3.1970.15 a 0.1670.02 a 0.6370.07 a F
4 Empire 3.5170.21 a 0.2070.05 a 0.5070.04 a F
4 Heritage 2.2370.14 b 0.1670.07 a 0.6270.05 a F

WI Arlington 1 0937 0.0070.00 c 0.0070.00 a 0.0070.00 b F
1 0941 F F F F
1 0943 0.0070.00 c 0.0070.00 a 0.0070.00 b F
1 Bonus 1.6270.13 b 0.0370.02 a 0.2270.07 a F
1 Empire F F F F
1 Heritage 1.9970.09 a 0.0070.00 a 0.2770.07 a F

aMeans within columns followed by the same letter are not significantly different based on ANOVA and Ryan-Einot-Gabriel-Welsch multiple

range test (REGWQ) (Pp0:05). Data were transformed using the rank transformation for insect counts; untransformed means are presented.
bPD=Planting date

Table 2

Mean density of Ostrinia nubilalis (ECB), Helicoverpa zea (CEW), and Spodoptera frugiperda (FAW) per ear in Bt and non-Bt sweet corn, 1998a

Location PDb Variety ECB total larvae CEW 1–2 instar CEW 3–6 instars FAW total larvae

IL Dixon Springs 1 0937 0.0970.08 bc 0.0070.00 a 0.0070.00 a F
1 0941 0.0070.00 c 0.0070.00 a 0.0070.00 a F
1 0943 0.0770.07 c 0.00 70.00 a 0.0070.00 a F
1 Bonus 0.5870.09 a 0.0070.00 a 0.0070.00 a F
1 Empire 0.6570.14 a 0.0070.00 a 0.0070.00 a F
1 Heritage 0.3970.16 ab 0.0070.00 a 0.0070.00 a F

Collinsville 1 0937 0.0070.00 a 0.0870.06 a 0.0270.01 b 0.0570.03 a

1 0941 0.0070.00 a 0.0270.01 a 0.0170.01 b 0.0070.00 a

1 0943 0.0170.01 a 0.0070.00 a 0.1670.08 a 0.0670.03 a

1 Bonus 0.0070.00 a 0.0370.03 a 0.0170.01 b 0.0270.01 a

1 Empire 0.0270.02 a 0.0470.02 a 0.1070.04 ab 0.0170.01 a

1 Heritage 0.0070.00 a 0.0370.02 a 0.1970.07 a 0.0370.01 a

Champaign 1 0937 0.0170.01 b 0.1070.06 a 0.0070.00 b 0.0070.00 b

1 0941 0.0270.01 ab 0.0070.00 a 0.0770.03 ab 0.0170.01 ab

1 0943 0.0270.02 ab 0.0770.03 a 0.0270.02 b 0.0070.00 b

1 Bonus 0.1970.07 ab 0.0770.02 a 0.1470.06 ab 0.0170.01 ab

1 Empire 0.2570.14 ab 0.0470.02 a 0.3370.03 a 0.0570.02 a

1 Heritage 0.2870.10 a 0.1270.05 a 0.3170.11 a 0.0270.02 ab

MN Rosemount 1 0937 0.0070.00 d 0.0070.00 a 0.0070.00 a F
1 0941 0.0070.00 d 0.0070.00 a 0.0070.00 a F
1 0943 0.0070.00 d 0.0070.00 a 0.0070.00 a F
1 Bonus 2.4870.35 a 0.0070.00 a 0.0070.00 a F
1 Empire 1.7270.37 b 0.0070.00 a 0.0070.00 a F
1 Heritage 0.7570.09 c 0.0070.00 a 0.0070.00 a F

2 0937 0.0070.00 a 0.0070.00 a 0.0070.00 a F
2 0941 0.0070.00 a 0.0070.00 a 0.0070.00 a F
2 0943 0.0070.00 a 0.0070.00 a 0.0070.00 a F
2 Bonus 0.1070.07 a 0.0070.00 a 0.0070.00 a F
2 Empire 0.0670.03 a 0.0070.00 a 0.0170.01 a F
2 Heritage 0.0370.02 a 0.0170.01 a 0.0070.00 a F

3 0937 0.0070.00 c 0.2270.06 a 0.0170.01 c F
3 0941 0.0070.00 c 0.2670.06 a 0.0070.00 c F

(Table continued on next page)
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2.2. H. zea

For 3–6 instarH. zea, Bt hybrids for all planting dates
at all locations provided significant control, compared
with non-Bt isolines, except where populations were low
(Tables 1 and 2). However, for both years, few locations
and planting dates indicated consistent significant
control of 1–2 instar H. zea for Bt hybrids compared
with non-Bt isolines (Tables 1 and 2). For 1997,
Collinsville, IL, planting date 2; Rosemount, MN
planting date 3; and Waseca, MN planting dates 3 and
4, indicated that Bt hybrids provided significant control
of 1–2 instar H. zea. In 1998, only the Arlington, WI
planting dates showed Bt hybrids providing significant
control of 1–2 instar H. zea.

2.3. S. frugiperda

S. frugiperda was observed at relatively low infesta-
tion levels in Illinois in 1997 and 1998 and in Wisconsin
in 1998. For all planting dates, at all locations, S.
frugiperda populations never exceeded 0.28 larvae per
ear in the non-Bt isolines (Tables 1 and 2). For 1997, in
Illinois, S. frugiperda was observed in all planting dates
at all locations, and in 1998, at Collinsville and
Champaign locations. Bt hybrids provided significant
control of S. frugiperda at the Dixon Springs location in
1997 compared with their non-Bt isolines (Tables 1 and
2). However, for all other locations and planting dates
for both years, where population densities were low,
no significant differences were observed. For 1998, in

Table 2 (continued)

Location PDb Variety ECB total larvae CEW 1–2 instar CEW 3–6 instars FAW total larvae

3 0943 0.0070.00 c 0.1070.03 a 0.0070.00 c F
3 Bonus 0.1070.03 a 0.0870.04 a 1.5970.12 a F
3 Empire 0.0470.02 ab 0.2970.07 a 1.2570.08 b F
3 Heritage 0.0270.01 b 0.1970.08 a 1.4670.10 ab F

Waseca 1 0937 0.0070.00 a 0.0070.00 a 0.0070.00 a F
1 0941 0.0070.00 a 0.0070.00 a 0.0070.00 a F
1 0943 0.0070.00 a 0.0070.00 a 0.0070.00 a F
1 Bonus 0.0270.02 a 0.0170.01 a 0.0070.00 a F
1 Empire 0.0070.00 a 0.0070.00 a 0.0170.01 a F
1 Heritage 0.0470.02 a 0.0070.00 a 0.0170.01 a F

2 0937 0.0070.00 b 0.0170.01 a 0.0070.00 a F
2 0941 0.0070.00 b 0.0070.00 a 0.0070.00 a F
2 0943 0.0070.00 b 0.0070.00 a 0.0070.00 a F
2 Bonus 0.3170.11 a 0.0170.01 a 0.0070.00 a F
2 Empire 0.2470.12 a 0.0170.01 a 0.0170.01 a F
2 Heritage 0.3670.09 a 0.0270.01 a 0.0070.00 a F

3 0937 0.0070.00 c 0.1870.05 a 0.0070.00 c F
3 0941 0.0070.00 c 0.3270.06 a 0.0070.00 c F
3 0943 0.0070.00 c 0.4270.06 a 0.0070.00 c F
3 Bonus 0.2470.03 a 0.2770.06 a 1.2670.22 a F
3 Empire 0.1370.03 b 0.3070.09 a 1.0170.10 b F
3 Heritage 0.1370.04 b 0.2870.04 a 1.2570.03 ab F

WI Arlington 1 0937 0.0070.00 a 0.0070.00 b 0.0070.00 b 0.0070.00 a

1 0941 0.0070.00 a 0.0070.00 b 0.0070.00 b 0.0070.00 a

1 0943 0.0070.00 a 0.0070.00 b 0.0070.00 b 0.0070.00 a

1 Bonus 0.1070.05 a 0.2170.06 a 0.2370.08 a 0.0070.00 a

1 Empire 0.0470.04 a 0.1070.08 ab 0.13 70.05 a 0.0070.00 a

1 Heritage 0.0570.05 a 0.1070.02 a 0.24 70.06 a 0.0470.02 a

2 0937 0.0170.01 a 0.0070.00 b 0.0070.00 c 0.0070.00 a

2 0941 0.0070.00 a 0.0070.00 b 0.0070.00 c 0.0070.00 a

2 0943 0.0070.00 a 0.0070.00 b 0.0070.00 c 0.0170.01 a

2 Bonus 0.0070.00 a 0.1470.05 a 1.0570.10 a 0.0070.00 a

2 Empire 0.0170.01 a 0.2170.07 a 1.0170.11 a 0.0070.00 a

2 Heritage 0.0370.03 a 0.2870.09 a 0.6670.09 b 0.0070.00 a

aMeans within columns followed by the same letter are not significantly different based on ANOVA and Ryan-Einot-Gabriel-Welsch multiple

range test (REGWQ) (Pp0:05). Data were transformed using the rank transformation for insect counts; untransformed means are presented.
bPD=Planting date.
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Table 3

Percent marketable ears for Bt and non-Bt sweet corn hybrids exposed to infestations of Ostrinia nubilalis, Helicoverpa zea, and Spodoptera

frugiperda, 1997a

Location PDb Variety Damage per ear (cm2) Fresh market (%) Processing (%)

IL Dixon Springs 1 0937 0.1070.06 b 9971.00 a 10070.00 a

1 0941 F F F
1 0943 0.1770.14 b 9872.00 a 10070.00 a

1 Bonus 2.4570.18 a 2577.55 b 6479.93 b

1 Empire F F F
1 Heritage 4.8970.39 a 1774.12 b 3876.22 c

Collinsville 1 0937 0.1170.02 b 6074.32 a 9871.15 a

1 0941 F F F
1 0943 0.1470.07 b 6976.61 a 9273.65 a

1 Bonus 0.9370.21 a 2779.57 a 9472.58 a

1 Empire F F F
1 Heritage 3.3970.28 a 26719.90a 9571.91 a

2 0937 0.0870.01 c 7079.02 a 10070.00 a

2 0941 F F F
2 0943 0.2270.09 c 59714.91a 87713.00a

2 Bonus 4.9370.89 b 271.15 b 3874.76 b

2 Empire F F F
2 Heritage 9.0070.44 a 070.00 b 2975.51 b

MN Rosemount 1 0937 0.0070.00 a 9773.00 a 10070.00 a

1 0941 0.0070.00 a 9871.15 a 10070.00 a

1 0943 0.0070.00 a 9672.83 a 10070.00 a

1 Bonus 0.0070.00 a 9175.74 ab 9971.00 a

1 Empire 0.0070.00 a 8474.62 ab 9872.00 a

1 Heritage 0.0070.00 a 7474.76 b 9573.00 a

2 0937 0.0070.00 b 9374.43 a 10070.00 a

2 0941 0.0070.00 b 9872.00 a 10070.00 a

2 0943 0.0270.01 b 8274.76 b 9872.00 a

2 Bonus 0.4170.09 a 070.00 c 1273.65 b

2 Empire 0.4870.02 a 171.00 c 772.52 b

2 Heritage 0.5070.05 a 070.00 c 672.00 b

3 0937 0.0070.0.00 b 9672.83 a 10070.00 a

3 0941 0.0070.0.00 b 9572.52 a 10070.00 a

3 0943 0.0070.0.00 b 8975.51 a 10070.00 a

3 Bonus 0.5470.04 a 070.00 b 171.00 b

3 Empire 0.5170.05 a 070.00 b 371.00 b

3 Heritage 0.5470.02 a 070.00 b 171.00 b

Waseca 1 0937 0.0070.00 a 9771.91 a 10070.00 a

1 0941 0.0070.00 a 9971.00 a 10070.00 a

1 0943 0.0070.00 a 9871.15 a 10070.00 a

1 Bonus 0.0070.00 a 6576.61 b 8971.00 b

1 Empire 0.0070.00 a 5775.26 b 8575.00 b

1 Heritage 0.0070.00 a 6676.22 b 9273.65 b

2 0937 0.0070.00 b 9173.42 a 10070.00 a

2 0941 0.0070.00 b 8575.51 a 10070.00 a

2 0943 0.0070.00 b 8274.76 a 10070.00 a

2 Bonus 0.5770.04 a 070.00 b 070.00 b

2 Empire 0.5970.06 a 070.00 b 171.00 b

2 Heritage 0.5870.03 a 070.00 b 070.00 b

3 0937 0.0070.00 b 8676.22 a 10070.00 a

3 0941 0.0070.00 b 8472.31 a 9971.00 a

3 0943 0.0170.00 b 8073.65 a 9971.00 a

3 Bonus 0.5170.01 a 070.00 b 070.00 b

(Table continued on next page)
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Wisconsin, S. frugiperda was observed in both planting
dates; however, no significant control was provided by
the Bt hybrids (Tables 1 and 2).

2.4. Percent marketable ears/yield

For both years, and all locations, hybrids with the
lowest at-harvest larval infestations (Tables 1 and 2) had
the highest percentage of marketable ears (Tables 3 and
4). Damage per ear was very low for the non-Bt hybrids,
and usually o5 cm2 if the damage was caused primarily
by O. nubilalis. However, damage ranged from 5 to
38 cm2 for unusually high O. nubilalis infestations, or if
H. zea and S. frugiperda were present. For both years,
all planting dates, and at all locations, Bt hybrids
consistently resulted in significantly less damage per ear
and provided significantly higher percentages of market-
able ears (both fresh-market sale and processing),
compared with non-Bt isolines (Tables 3 and 4).
Exceptions occurred in 1997, in the first planting date
of Collinsville and Rosemount (Table 3), and in 1998, at
Collinsville, the second planting date at Rosemount, and
the first planting date at Waseca (Table 4), where larval
densities and damage per ear were low. Percent market-
able ears for fresh-market were always lower than for
processing, and for some non-Bt isolines all harvested
ears were unmarketable. For fresh-market and proces-
sing ears, percent marketable ears typically ranged from
70–100% and 90–100%, respectively (Tables 3 and 4).

In 1998, at Rosemount and Waseca MN locations, Bt
hybrids provided, in most cases, significant increases in
marketable yield for fresh-market and processing sweet
corn production compared with non-Bt isolines (Table
5). Processing yields were never lower and typically

higher than fresh-market yields. Under heavy pest
infestations, yield suitable for fresh-market sale de-
creased to zero. The opposite occurred under low pest
pressure with no significant difference between Bt and
non-Bt isolines, which typically occurred for early
planting dates.

2.5. Expected utility

Results for expected utility of Bt hybrids compared
with non-Bt isolines indicate that Bt hybrids provide a
very high expected utility (percent marketable ears), for
both fresh-market and processing, with much less
variability (SD) (Table 6). Given the low SD for the
Bt hybrids, coefficients of variation (CV) were also very
low, averaging 0.17 and 0.05 for all three states
combined, for fresh-market and processing, respectively.
Bt hybrids provided 75–99% and 94–99% expected
marketable ears for fresh-market and processing,
respectively. Non-Bt isolines provided 14–34% and
41–56% marketable ears for fresh-market and proces-
sing, respectively. Bt hybrids provided a much higher
probability of achieving a higher percentage of market-
able ears for both fresh-market and processing (Fig. 1).
Bt hybrids provided a minimum of 22 and 66%
marketable ears for fresh-market and processing,
respectively, with a probability of 100%. Moreover, a
70% marketability level can be achieved with a
probability of X75% for both fresh-market and
processing. To achieve >60% marketable ears using
non-Bt isolines, probability drops below 50% for both
fresh-market and processing (Fig. 1). For processing
sweet corn, and despite variable pest pressure, data for
Minnesota and Wisconsin shows X95% probability of

Table 3 (continued)

Location PDb Variety Damage per ear (cm2) Fresh market (%) Processing (%)

3 Empire 0.4670.03 a 070.00 b 070.00 b

3 Heritage 0.5270.04 a 070.00 b 070.00 b

4 0937 0.0070.00 c 9872.00 a 10070.00 a

4 0941 0.0170.01 c 9771.91 a 10070.00 a

4 0943 0.0170.01 c 9674.00 a 9872.00 a

4 Bonus 0.7870.03 a 070.00 b 070.00 b

4 Empire 0.6370.02 ab 070.00 b 271.15 b

4 Heritage 0.6070.03 b 070.00 b 271.15 b

WI Arlington 1 0937 0.0070.00 b 10070.00 a 10070.00 a

1 0941 F F F
1 0943 0.0070.00 b 10070.00 a 10070.00 a

1 Bonus 2.7270.73 a 1973.00 b 2471.63 b

1 Empire F F F
1 Heritage 3.5270.56 a 1171.91 c 1372.52 c

aMeans within columns followed by the same letter are not significantly different based on ANOVA and Ryan-Einot-Gabriel-Welsch multiple

range test (REGWQ) (Pp0:05). Data were transformed by arcsine for proportions; untransformed means are presented.
bPD=Planting date.
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Table 4

Percent marketable ears for Bt and non-Bt sweet corn hybrids exposed to infestations of Ostrinia nubilalis, Helicoverpa zea, and Spodoptera

frugiperda, 1998a

Location PDb Variety Damage per ear (cm2) Fresh market (%) Processing (%)

IL Dixon Springs 1 0937 0.1770.08 b 8973.42 b 9573.00 a

1 0941 0.0070.00 b 10070.00 a 10070.00 a

1 0943 0.3270.19 b 9074.76 b 9672.83 a

1 Bonus 12.1471.63 a 070.00 c 2275.35 b

1 Empire 11.9572.48 a 070.00 c 2377.00 b

1 Heritage 11.1872.40 a 13713.00c 28711.78b

Collinsville 1 0937 2.2871.50 a 55720.81 a 9472.58 abc

1 0941 0.9370.39 a 7379.85 a 9276.69 ab

1 0943 5.1871.58 a 22715.66 a 6678.00 c

1 Bonus 3.1371.75 a 43718.42 a 9871.18 a

1 Empire 2.6170.91 a 33722.88 a 7977.55 abc

1 Heritage 4.9770.57 a 773.38 a 7373.98 bc

Champaign 1 0937 0.1370.09 b 8976.19 a 9971.00 a

1 0941 0.1970.09 b 7878.87 a 9571.91 a

1 0943 0.2870.10 b 7777.76 a 9672.83 a

1 Bonus 1.5370.36 a 1373.42 b 7174.43 b

1 Empire 2.9970.80 a 672.03 b 5675.18 b

1 Heritage 4.0370.94 a 972.12 b 4577.76 b

MN Rosemount 1 0937 0.0070.00 c 10070.00 a 10070.00 a

1 0941 0.0070.00 c 10070.00 a 10070.00 a

1 0943 0.0070.00 c 10070.00 a 10070.00 a

1 Bonus 7.6671.65 a 2874.32 c 2874.32 c

1 Empire 5.7171.46 ab 28710.07c 3378.06 c

1 Heritage 3.0070.22 b 5076.22 b 5775.74 b

2 0937 0.0070.00 a 10070.00 a 10070.00 a

2 0941 0.0070.00 a 10070.00 a 10070.00 a

2 0943 0.0070.00 a 10070.00 a 10070.00 a

2 Bonus 0.0370.02 a 9573.00 a 9771.91 a

2 Empire 0.0870.06 a 9373.42 a 9871.15 a

2 Heritage 0.1170.06 a 9473.46 a 9871.15 a

3 0937 0.2770.20 b 8276.22 ab 9971.00 a

3 0941 0.3970.10 b 7671.63 b 10070.00 a

3 0943 0.0670.04 b 8873.27 a 9971.00 a

3 Bonus 28.8771.94 a 070.00 c 371.91 b

3 Empire 24.3671.66 a 171.00 c 1072.58 b

3 Heritage 25.0070.56 a 171.00 c 873.65 b

Waseca 1 0937 0.0070.00 b 10070.00 a 10070.00 a

1 0941 0.0070.00 b 10070.00 a 10070.00 a

1 0943 0.0070.00 b 10070.00 a 10070.00 a

1 Bonus 0.1270.05 a 9571.00 b 9971.00 a

1 Empire 0.1270.05 a 9472.00 b 9971.00 a

1 Heritage 0.0570.04 ab 9771.91 ab 9871.15 a

2 0937 0.0070.00 c 9971.00 a 10070.00 a

2 0941 0.0370.03 c 9971.00 a 10070.00 a

2 0943 0.0070.00 c 10070.00 a 10070.00 a

2 Bonus 0.2570.08 b 7378.06 b 8176.81 b

2 Empire 0.3370.13 b 7975.74 b 9074.76 b

2 Heritage 0.7870.18 a 6673.46 b 8174.43 b

3 0937 0.0970.06 c 8372.52 a 10070.00 a

3 0941 0.2170.10 c 7076.22 ab 10070.00 a

3 0943 0.1270.05 c 6374.43 b 10070.00 a

3 Bonus 38.3771.44 a 070.00 c 1072.58 b

(Table continued on next page)

E.C. Burkness et al. / Crop Protection 21 (2002) 157–169 165



achieving >95% marketable ears (Fig. 1); for Illinois,
Fig. 1 illustrates X90% probability of achieving >90%
marketable ears without the use of foliar insecticides.

3. Discussion

In response to variable planting dates, geographical
locations, and in some cases, artificial infestations, a
wide range of pest densities were established for use in
evaluating efficacy of several Bt sweet corn hybrids.
Over the two-year trial, densities for O. nubilalis, H. zea,
and S. frugiperda ranged from 0–4.47, 0–1.67, and 0–
0.28 larvae per ear, respectively. These density ranges
provided a good representation of larval densities
typically encountered in sweet corn in the Midwestern
US. (e.g., Bartels et al., 1995, Burkness et al., 2001).
Clearly, under higher pest pressure, Bt sweet corn
hybrids provided significant protection compared with
each respective non-Bt isoline. The protection provided
by Bt hybrids resulted in fewer pests per ear, less feeding
damage per ear, and therefore, higher yield and
percentages of marketable ears for both fresh-market
and processing (Tables 1–5). However, non-Bt isolines
performed just as well as Bt hybrids when pest pressure
was low.

As shown in a previous Minnesota study (Burkness
et al., 2001), lower marketability for some Bt hybrids
may occur due to the influence of H. zea and S.
frugiperda damage. This may explain the lower market-
ability for some Bt hybrids in Illinois. However, our
results are in agreement with Lynch et al. (1999b),
where the Bt hybrid GH 0937 performed well against
both pests. H. zea and S. frugiperda larvae may

survive on Bt hybrids but there are fitness costs
associated with survival. Lynch et al. (1999a) reported
that H. zea larvae found surviving on Bt sweet corn
were generally lethargic, had usually ceased feeding, and
had lost weight when compared with average weights
of larvae that had fed on non-Bt sweet corn. Lynch
et al. (1999a) also found that S. frugiperda survival
was reduced on Bt sweet corn but not to the extent
of H. zea. However, in most cases H. zea found in
the Bt hybrids were limited to first or second instars
(Tables 1 and 2), which are removed early in the
processing plant by husking and washing equipment and
are rarely a contaminant concern (e.g., Bartels et al.,
1995).

Given the fact that we cannot predict pest densities in
sweet corn each year, concern focuses on how consis-
tently Bt hybrids perform over several years in different
geographic locations with different pest complexes and
pest densities. Specifically, what is the probability of pest
control or product marketability provided by Bt hybrids
under a variety of pest densities and environmental
conditions? We illustrate the probability of achieving
specified marketability levels for all 3 states for fresh-
market and processing. For Minnesota and Wisconsin,
expected utility analysis indicates a high probability
(>95%) of the Bt hybrids providing a high percentage
(>95%) of processing marketable ears. Although the
probability is slightly less for Illinois, due to the presence
of H. zea and S. frugiperda, our results show a minimum
90% probability of achieving 90% or more marketable
ears for processing. This is also demonstrated with Bt
hybrids having a much higher expected utility for
marketable ears and a much lower standard deviation
and coefficient of variation. This suggests that Bt

Table 4 (continued)

Location PDb Variety Damage per ear (cm2) Fresh market (%) Processing (%)

3 Empire 29.4072.99 b 171.00 c 1974.43 b

3 Heritage 34.4971.93 ab 070.00 c 1172.52 b

WI Arlington 1 0937 0.0070.00 c 10070.00 a 10070.00 a

1 0941 0.0070.00 c 10070.00 a 10070.00 a

1 0943 0.0070.00 c 10070.00 a 10070.00 a

1 Bonus 1.0370.28 a 5679.44 b 7374.79 c

1 Empire 0.2570.10 b 7878.54 b 9074.56 b

1 Heritage 0.9070.23 a 6078.66 b 6976.25 c

2 0937 0.0070.00 b 10070.00 a 10070.00 a

2 0941 0.0070.00 b 10070.00 a 10070.00 a

2 0943 0.0570.05 b 9971.25 a 9971.25 a

2 Bonus 3.8370.08 a 1171.25 b 26710.08 b

2 Empire 3.2870.41 a 1073.54 b 2072.04 b

2 Heritage 2.7870.40 a 1975.15 b 3178.00 b

aMeans within columns followed by the same letter are not significantly different based on ANOVA and Ryan–Einot–Gabriel–Welsch multiple

range test (REGWQ) (Pp0:05). Data were transformed by arcsine for proportions; untransformed means are presented.
bPD=Planting date.
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hybrids can provide a high level of marketable ears with
minimal production risk. In Illinois, Bt hybrids provided
much higher levels of marketable ears for fresh-market
and processing than the non-Bt isolines, even though
pest infestations start much earlier and can include high
levels of all three Lepidopteran pests. Overall, when
different environmental conditions, pest densities, and
pest complexes are combined, Bt hybrids provided
approximately a 3-fold (fresh-market) and 2-fold
(processing) increase in marketable ears over the non-

Bt isolines, with a 2–5-fold decrease in standard
deviation (production risk).

In summary, the protection provided by Bt sweet corn
hybrids is equal to or exceeds that of conventional
insecticide use in the Midwestern U.S. (e.g., Bartels et al.,
1995). In addition, Bt sweet corn hybrids provide a high
level of control with minimal variability. Examining the
performance of Bt hybrids across different geographical
locations and under different pest complexes and
densities, allows for an assessment of the benefit Bt

Table 5

Yield response of Bt and non-Bt sweet corn hybrids exposed to infestations of Ostrinia nubilalis and Helicoverpa zea, Rosemount, MN, 1998a

Marketable yield (metric ton/ha)b

Location PDc Variety Yield/10 ears (kg) Yield (metric ton/ha)d Fresh-market Processing

MN Rosemount 1 0937 2.2070.10 a 13.1170.58 a 13.1170.58 a 13.1170.58 a

1 0941 2.5970.08 a 15.4670.45 a 15.4670.45 a 15.4670.45 a

1 0943 2.5170.05 a 15.0170.31 a 15.0170.31 a 15.0170.31 a

1 Bonus 2.4870.06 a 14.8170.36 a 4.1270.58 c 4.1270.58 c

1 Empire 2.4870.13 a 14.8170.76 a 3.9771.23 c 4.7570.94 c

1 Heritage 2.6270.13 a 15.6870.78 a 7.9171.19 b 9.0371.21 b

2 0937 1.8570.04 b 11.0770.20 b 11.0770.20 c 11.0770.20 b

2 0941 2.3270.03 a 13.8470.20 a 13.8470.20 a 13.8470.20 a

2 0943 2.2370.07 a 13.3170.40 a 13.3170.40 a 13.3170.40 a

2 Bonus 2.0170.09 b 12.0170.52 b 11.4370.72 bc 11.6570.60 b

2 Empire 2.3070.06 a 13.6970.36 a 12.7270.49 ab 13.4270.31 a

2 Heritage 2.3170.04 a 13.8070.20 a 12.9570.36 a 13.5170.09 a

3 0937 2.0770.06 b 12.3770.36 b 10.1070.67 b 12.2370.36 b

3 0941 2.4270.12 a 14.4370.72 a 10.9370.43 ab 14.4370.72 a

3 0943 2.2670.09 ab 13.5170.52 ab 11.8770.52 a 13.3770.56 ab

3 Bonus 2.1470.04 ab 12.7570.22 ab 0.0070.00 c 0.3870.25 c

3 Empire 2.0770.08 b 12.3470.49 b 0.1170.11 c 1.2170.29 c

3 Heritage 2.3470.05 ab 13.9670.27 ab 0.1370.13 c 1.1070.52 c

Waseca 1 0937 2.3470.07 b 13.9370.40 b 13.9370.40 b 13.9370.40 b

1 0941 2.9270.05 a 17.4570.27 a 17.4570.27 a 17.4570.27 a

1 0943 2.7270.05 a 16.2470.31 a 16.2470.31 a 16.2470.31 a

1 Bonus 2.3670.08 b 14.1170.47 b 13.4270.56 b 13.9870.58 b

1 Empire 2.8370.12 a 16.9170.72 a 15.8670.54 a 16.7370.65 a

1 Heritage 2.9370.09 a 17.5070.52 a 17.0070.81 a 17.1670.67 a

2 0937 1.7470.06 c 10.3770.34 c 10.2870.38 c 10.3770.34 c

2 0941 2.3570.07 ab 14.0570.40 ab 13.8970.29 a 14.0570.40 a

2 0943 2.1670.05 ab 12.8870.27 ab 12.8870.27 ab 12.8870.27 ab

2 Bonus 2.0470.12 b 12.1970.67 b 8.8971.12 c 9.8670.94 c

2 Empire 2.3770.06 a 14.1670.36 a 11.1670.74 bc 12.7570.78 ab

2 Heritage 2.4270.09 a 14.4370.54 a 9.5270.60 c 11.6570.63 bc

3 0937 1.8270.07 abc 10.8770.43 abc 8.9870.20 a 10.8770.43 ab

3 0941 2.0570.04 ab 12.2370.22 ab 8.5870.87 a 12.2370.22 a

3 0943 1.6670.13 bc 9.9270.76 bc 6.2770.76 b 9.9270.76 b

3 Bonus 1.6170.09 c 9.6370.58 c 0.0070.00 c 0.9470.25 c

3 Empire 2.0970.16 a 12.4870.94 a 0.1370.13 c 2.4270.63 c

3 Heritage 2.0370.18 ab 12.1471.05 ab 0.0070.00 c 1.3770.31 c

aMeans within columns followed by the same letter are not significantly different based on ANOVA and Ryan-Einot-Gabriel-Welsch multiple

range test (REGWQ) (P9p0:05). Data were transformed by arcsine for proportions; untransformed means are presented.
bmetric ton/hectare calculated using a plant density of 59,280/hectare.
cPD=Planting date.
dMarketable yield calculated using percentage of marketable ears for fresh-market and processing (Table 4) and calculated yield in metric ton/

hectare.
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sweet corn can provide. Given the expected utility
analysis, Bt sweet corn provides consistent and less risky
control of lepidopteran pests. To complete the analysis,

the addition of commonly used insecticide treatment
regimes and the economics of each strategy should be
included.

Fig. 1. Probability of achieving specified levels of percent marketable ears for fresh-market and processing sweet corn production systems using Bt

and non-Bt hybrids in Illinois (A and B), Minnesota (C and D), and Wisconsin (E and F).
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Table 6

Expected utility, risk (standard deviation), coefficient of variation for

Bt and non-Bt sweet corn marketability (%), for fresh-market and

processing in Illinois, Minnesota, and Wisconsin, 1997–1998

Location Marketability

category/hybrid

Expected

utility (%)a
Risk

(SD)a
CVa

Illinois (n ¼ 18) Fresh-market/Bt 75.20 20.19 0.27

Fresh-market/non-Bt 14.73 12.93 0.88

Processing/Bt 94.00 8.31 0.09

Processing/non-Bt 56.87 26.27 0.46

Minnesota (n ¼ 39) Fresh-market/Bt 92.23 9.26 0.10

Fresh-market/non-Bt 34.18 39.50 1.16

Processing/Bt 99.79 0.52 0.005

Processing/non-Bt 41.36 42.52 1.03

Wisconsin (n ¼ 9) Fresh-market/Bt 99.88 0.33 0.003

Fresh-market/non-Bt 33.00 25.43 0.77

Processing/Bt 99.88 0.33 0.003

Processing/non-Bt 43.25 27.40 0.63

Total (3 states) Fresh-market/Bt 89.10 14.85 0.17

(n ¼ 66) Fresh-market/non-Bt 29.32 34.26 1.17

Processing/Bt 98.40 4.80 0.05

Processing/non-Bt 45.35 37.99 0.84

aExpected utility (E(U)), and risk (standard deviation) calculated

using Eqs. 1 and 2, respectively (see text for discussion). Coefficient of

variation (CV)=SD/E(U).
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