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Abstract

European corn borer, Ostrinia nubilalis (Hiibner), is a major pest of processing snap bean because larvae are
contaminants in pods. The incidence of O. nubilalis-contaminated beans has become uncommon in New York,
possibly because widespread adoption of Bt field corn has suppressed populations. Snap bean fields located
where Bt corn has been intensively grown in space and time may be at lower risk for O. nubilalis than fields lo-
cated where Bt corn is not common. To manage O. nubilalis infestation risk, growers determine insecticide ap-
plication frequency in snap bean based on pheromone-trapping information in nearby sweet corn fields; adult
activity is presumed equivalent in both crops. Our goal was to determine if corn planting intensity and adult ac-
tivity in sweet corn could be used to estimate O. nubilalis populations in snap bean in New York in 2014-2015.
Numbers of O nubilalis adults captured in pheromone-baited traps located in snap bean fields where corn was
and was not intensively grown were similar, suggesting that O. nubilalis does not respond to local levels of
Bt corn in the landscape. Numbers of Ostrinia nubilalis captured in pheromone-baited traps placed by snap
bean fields and proximal sweet corn fields were not related, indicating that snap bean growers should no longer
make control decisions based on adult activity in sweet corn. Our results also suggest that the risk of
O. nubilalis infestations in snap bean is low (~80% of the traps caught zero moths) and insecticide applications

targeting this pest should be reduced or eliminated.
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Snap bean (Phaseolus vulgaris L.) is an economically important crop
grown for processing in the Great Lakes region of the United States.
There are 56,000 ha of snap bean grown for processing in this region,
generating $137 million per year (NASS 2012). European corn borer,
Ostrinia nubilalis (Hubner), is considered a major pest of snap bean.
Ostrinia nubilalis has three distinct races that are differentiated by vol-
tinism and sex pheromone (Roelofs et al. 1985). There is a bivoltine E-
race (hereafter referred to as E-race) and separate univoltine and bivol-
tine Z-races (Roelofs et al. 1985). Among these races, the E-race has
been more successful establishing on snap bean in New York
(Eckenrode and Webb 1989). Ostrinia nubilalis overwinters as final in-
star, typically within corn (Zea mays L.) stalks and other field debris,
and pupates in the spring (Hudon et al. 1989, Flood et al. 2005). Adults
emerge and mate, and females lay their eggs on the foliage of corn or
other crops (Hudon et al. 1989, Flood et al. 2005).

Snap bean is considered a low-preference host for O. nubilalis
because oviposition rates are low (Dively and McCully 1979) and

larval mortality is high (>90%; Cranshaw and Radcliffe 1984,
Webb et al. 1987, Eckenrode and Webb 1989). Larvae feed on snap
bean foliage initially, but will bore into pods and stems (Dively and
McCully 1979, Sanborn et al. 1982). Stem feeding can reduce plant
health by limiting the movement of nutrients throughout the plant
(Dively and McCully 1979), but this type of damage unlikely results
in significant yield loss. The reason O. nubilalis is considered one of
the most important pests of snap bean is because larvae feed inside
pods, which contaminates the product when the beans are pro-
cessed. Consequently, snap bean processors have implemented very
low pod contamination thresholds for this pest (approximately one
larvae per 1,000-4,000 pods; Dively and McCully 1979, Sanborn
et al. 1982, Eckenrode and Webb 1989). Historically, O. nubilalis-
contaminated snap bean pods have resulted in >$200,000 in losses
per processing company (Eckenrode et al. 1983).

To control O. nubilalis infestations in snap bean, growers typically
apply one to two pyrethroid insecticides beginning at bloom or early
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pod formation (Flood and Wyman 2005). These applications are pro-
phylactic; timing is based on the phenology of the crop, not pest levels
in the field (Dively and McCully 1979, Sanborn et al. 1982). The num-
ber of applications is determined in part by the prior history of the field
being infested by O. nubilalis and reports of adult male activity in the
area. For example, snap bean processors and growers in New York will
monitor moth activity from the New York State Integrated Pest
Management Sweet Corn Pheromone Trapping Network (hereafter re-
ferred to as NYS IPM traps). Reports of moth activity are available on-
line on a weekly basis during the growing season. However, NYS IPM
traps are positioned adjacent to sweet corn fields for the purpose of
monitoring pest activity in sweet corn, and this information may not ac-
curately reflect O. nubilalis activity in snap bean fields. In addition,
traps are widely spaced throughout the region where sweet corn is
grown (one per county), so the distance between a snap bean field and
the nearest NYS IPM trap may be considerable and could limit its utility
in making management decisions. This is especially problematic because
O. nubilalis does not disperse long distances, so information from the
NYS IPM traps may be only locally applicable (Eckenrode et al. 1983).

Recently, the detection of O. nubilalis-contaminated snap bean
pods harvested from fields in central and western New York has
been low to absent. The reason for this is unknown, but a potential
explanation is the decline of O. nubilalis populations. Area-wide
suppression of O. nubilalis is well-documented in other regions of
the United States and has been attributed to increased acreage of Bt
field corn varieties that kill a high proportion of larvae (Tabashnik
2010, Bohnenblust et al. 2014). In the United States, 76% of field
corn grown contains Bt (Fernandez-Cornejo et al. 2014). In land-
scapes dominated by annual production of Bt field corn, O. nubilalis
populations might be very low (Hutchison et al. 2010). In such situ-
ations, alternative hosts for O. nubilalis (e.g., snap bean) may espe-
cially benefit from high concentrations of Bt field corn in the
landscape, reducing the need to protect the snap bean crop with pro-
phylactic insecticide applications.

The objectives of this study were to determine 1) the relationship
between dominance of field corn plantings in the landscape over
time and E-race O. nubilalis adult densities, and 2) whether a posi-
tive relationship exists between numbers of E-race O. nubilalis
adults captured in the NYS IPM traps (adjacent to sweet corn fields)
and those captured in our identical traps placed adjacent to snap
bean fields. We hypothesized that fewer E-race O. nubilalis adults
would be captured near snap bean fields located within field corn-
dominated landscapes, and that there would be no relationship be-
tween numbers of E-race adults caught in traps located in sweet
corn and snap bean fields. Prior studies have examined the relation-
ship between the dominance of corn or cropland in the landscape
and O. nubilalis damage to corn (O’Rourke et al. 2011,
Bohnenblust et al. 2014). However, these studies only examined the
dominance of corn in the year of sampling; in contrast, we examined
the effects of both spatial and temporal corn planting intensity on
O. nubilalis adult densities in snap bean, a non-preferred host.

Materials and Methods
Snap Bean Field Sites and Landscape Analysis

A snap bean processor in New York provided the locations of all
snap bean fields contracted in 2014 and 2015. In New York, snap
bean plantings are staggered from May to late July. Fields selected
in our study were planted from 30 May to 25 July 2014 (n=30
fields) and 1 May to 25 July 2015 (7 =40 fields). The mean (= SE)
field size was 13.1 (+1.1) ha, and the most common cultivar
was ‘Huntington’ (64%), followed by ‘BA1001° (19%). Ostrinia

nubilalis was targeted with foliar insecticide applications, primarily
bifenthrin (92% of applications), and fields received a mean of 1.4
(% 0.1) insecticide applications.

To test our hypothesis that fewer E-race O. nubilalis would be
captured in snap bean fields in areas where Bt corn was intensively
grown compared with areas where it was not, snap bean fields
needed to be binned into these two categories among the hundreds
of snap bean fields planted in New York. The dominance of corn in
the area surrounding each snap bean field was quantified using a
method adapted from Huseth et al. (2015b). Similar to the national
trend, the majority of field corn planted in New York is estimated to
include at least one of the Bt proteins that targets O. nubilalis. Data
describing the cropping history of the landscape were obtained from
National Agricultural Statistics Service—Cropland Data Layer
(CDL; US Department of Agriculture 2015). The data layer is a re-
motely sensed, categorical description of agricultural, urban, and
natural land use at a 30 m pixel resolution. Corn crop history was
determined from all available years prior to study year 2014 (2008—
2013) and 2015 (2008-2014); pixels planted to field corn are given
a value of “1” in the CDL. Annual CDL layers were each reclassified
into a binary layer (corn or not corn), then sequentially summed to
determine the number of years each pixel within the raster had been
planted to corn (QGIS 2015). A 1000 m buffer was placed around
each point representing a snap bean field because this would pre-
sumably encompass the maximum dispersal distance for O. nubilalis
adults and has previously been used to examine the effect of land-
scape on O. nubilalis (O’Rourke et al. 2011). For the area within
each buffer, the corn dominance metric (CDM) was calculated:

ST
CDM = =i=1__
Cornarea;

where 7 is a year prior to O. nubilalis trapping and j is every consec-
utive year prior to i. T; is the total area (number of pixels or
30 by 30-m areas of land) of corn in the landscape for each of the
years prior to O. nubilalis trapping. This was summed across all
years prior to O. nubilalis trapping (starting with 2008, the first
year the data were available). Corn area; is the total area (number of
pixels) planted to corn in any of the six (2014) or seven (2015) years
prior to O. nubilalis trapping. If a pixel was planted to corn in at
least one of these years (2008-2014 or 2008-2015), it was counted
as “17; if a pixel was never planted to corn, it was counted as “0”.

The mean CDM for all snap bean fields and its standard devia-
tion (SD) were calculated. Fields with a CDM >1 SD or <1 SD from
the mean were considered “high CDM” or “low CDM” fields, re-
spectively (Supp. Fig. 1 [online only]). From this pool of “high” and
“low” CDM snap bean fields, 16 high and 14 low sites were selected
for trapping in 2014 and 20 high and 20 low sites were selected for
trapping in 2015 (Fig. 1). Within the pool of “high” and “low”
CDM fields, site locations were selected at random, with the caveat
that the 1000 m buffer of the sites could not overlap.

E-race Ostrinia nubilalis Adult Trapping

Snap Bean

At each snap bean field site, E-race O. nubilalis adult activity was
monitored using a nylon mesh Heliothis trap (Scentry Biologicals,
Inc., Billings, MN). Traps were installed on posts in grassy margins
near each snap bean field, with the trap entrance ~0.3 m above the
top of the foliage. Each trap was baited with O. nubilalis E-race
pheromone lure (European Corn Borer NY pheromone lure, Scentry
Biologicals Inc., Billings, MN). The number of male moths captured
in each trap was considered a proxy for estimating the size of the O.
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Fig. 1. Locations of snap bean fields (2014: circles, 2015: squares) and NYS IPM sweet corn trapping network locations (stars) that were monitored for O. nubilalis
adults (E race). Snap bean fields with filled symbols (black) were located in landscapes planted frequently with corn (High CDM), whereas snap bean fields with
open symbols (white) were located in landscapes that were not often planted with corn (Low CDM). CDM was a measure of the frequency that land was planted
with corn over 6-7 years. Map shading indicates the number of years an area was planted to corn.

nubilalis population in the immediate area (Laurent and Frérot
2007).

Trap installation date was determined by the phenology of the
snap bean crop. Snap beans are most attractive to O. nubilalis dur-
ing flowering (Hutchison et al. 2004), which occurs ~35-45 d after
planting. We targeted this period by installing traps ~30 d after
planting. Traps were inspected for O. nubilalis adults once weekly
for 3 wk; pheromone lures were changed during each trap inspection
to maximize the probability of luring adults to the trap. Cumulative
total number of adults per trap was the dependent variable used for
comparing high and low CDM sites.

Sweet Corn

NYS IPM traps used a similar methodology as our trapping in snap
bean fields (described previously), but lures were changed every 2
wk and traps were monitored throughout the sweet corn growing
season (mid-May to late September). Numbers of E-race O. nubila-
lis adults captured in NYS IPM traps were obtained from publicly
available reports (http:/sweetcorn.nysipm.cornell.edu/). As men-
tioned previously, numbers of male moths captured in traps by
sweet corn fields were considered a proxy for estimating densities of
O. nubilalis in the immediate area.

For both years, NYS IPM traps were paired with the nearest trap
located in a snap bean field. A criterion for selecting trap pairings
was that traps must be <20 km apart. In total, 10 pairs of traps were
selected each year. The mean (*+ SE) distance between sweet corn
and snap bean traps was 9.1 (= 0.9) km. For each NYS IPM trap,
only data collected during the same period as the period sampled in
the trap located in the paired snap bean field were used. The mean
number of E-race O. nubilalis adults captured per trap per week
was considered the dependent variable and used to compare densi-
ties between each sweet corn—snap bean trap pair.

Data Analysis

All analyses were performed using generalized linear models (PROC
GLIMMIX, SAS Institute, Cary, NC). To ensure that there was no
confounding effect of installation date between high and low CDM-
designated sites, the relationship between CDM group and trap

installation date was examined for an association, specifying a bi-
nary distribution with CDM group as the response variable. There
was no relationship between CDM group and trap installation date
in either year of the study (2014: F=1.44; df=1, 28; P=0.2401;
2015: F=3.39, df=1, 38, P=0.0734). We also confirmed that the
number of pesticide applications in snap bean fields (count data,
negative binomial distribution) did not differ between the ‘high’ and
‘low” CDM groups (2014: F=0.19; df=1, 28; P=0.6622; 2015:
F=2.41,df=1, 38, P—0.1287).

Percentage of land area in cultivated crops was calculated for the
year of sampling within the buffer of each trap site. This was done by
using the CDL for the appropriate year (2014 or 2015) to classify each
pixel within a buffer as agricultural or non-agricultural land. To con-
firm that percentage agricultural land was not confounded with CDM,
this percentage was compared in the ‘high’ and low’ CDM groups for
both years (specifying a binomial distribution for proportion data). No
relationship was found in either year (2014: F=0.36; df=1, 28;
P=0.5523; 2015: F=0.67; df =1, 38; P— 0.4188). We also examined
the relationship between percentage of agricultural land and numbers of
E-race O. nubilalis adults captured in snap bean fields (disregarding
CDM). Here, a negative binomial distribution was used for count data.

Numbers of E-race O. nubilalis adults captured from NYS IPM
traps and in snap bean fields were examined for an association
(count data, negative binomial distribution). Mean numbers of O.
nubilalis adults captured per trap per week from all NYS IPM sweet
corn traps also were compared with those in all snap bean fields dur-
ing the same period of each season.

Results and Discussion

E-race O. nubilalis adult activity was similar near snap bean fields
that were located in areas where field corn dominated in space and
time (high CDM) and locations where field corn was grown less in-
tensively (low CDM; Fig. 2). These results support those reported in
a similar study in New York in which levels of O. nubilalis damage
in corn fields were similar across landscapes that varied in percent-
age of area planted with corn (0-50%; O’Rourke et al. 2011). In
that study, the absence of differences in O. nubilalis damage among
these corn fields was attributed to the availability of suitable hosts
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Fig. 3. Comparison of numbers of O. nubilalis (E race) adults caught in NYS
IPM traps by sweet corn fields and those captured in traps by snap bean fields
4 in New York. Trend lines for 2014 (solid) and 2015 (dashed) are shown.
Numbers adjacent to points indicated the number of trap pairs represented
by that point (otherwise n=1).
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experts that O. nubilalis has become a rare problem in central and
2@ . . .
Q § western NY. Indeed, our study likely overestimates the threat of in-
01 16 @ @19 festation, as the presence of the very few captured male moths does
not guarantee that female moths will lay eggs in nearby fields or that
the offspring will survive in the snap bean crop.
High Low There was no relationship between numbers of E-race O. nubilalis
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Fig. 2. Mean total number (+ SE) of O. nubilalis adults (E race) captured in
pheromone-baited traps located in snap bean fields designated in high or low
CDM groups for (a) 2014 (F=2.45; df=1, 28; P=0.1286) and (b) 2015
(F=0.07; df =1, 38; P=0.7862). Moths were sampled weekly from traps over
3 wk. Numbers adjacent to individual trap catch squares indicate the fre-
quency of the observation.

in landscapes with lower percentages of corn for O. nubilalis to per-
sist (O’Rourke et al. 2011). However, an additional explanation
may be that the presence of O. nubilalis’ preferred host (corn) at-
tracts females into this landscape, but the presence of the Bt trait in
most corn fields serves as a dead-end host, thereby reducing its over-
all population size, causing a net neutral effect of corn. No relation-
ship between regional Bt corn adoption rates and O. nubilalis
damage has been reported, despite the known relationship between
increased Bt corn adoption through time and reduced O. nubilalis
populations (Hutchison et al. 2010, Bohnenblust et al. 2014).

There was no relationship between percent agriculture in the
landscape and numbers of E-race O. nubilalis captured in traps in
snap bean fields (2014: F=1.91; df=1,28; P=0.1779; 2015:
F=0.21;df =1, 38; P =0.6461). These results were similar to those
reported by O’Rourke et al. (2011) and Bohnenblust et al. (2014),
who did not observe a relationship between numbers of O. nubilalis
adults captured in pheromone traps located in areas differing in per-
cent agriculture in the landscape. Ostrinia nubilalis may not respond
to agriculture in the landscape because there is a wide availability of
alternative hosts (O’Rourke et al. 2010, 2011).

Overall, the majority of traps in snap bean fields in both years of
our study did not catch any E-race O. nubilalis (80% in 2014, 88%
in 20135; Fig. 2). This result indicates that moth populations were ex-
tremely low in sampled landscapes. Moreover, these results support
anecdotal evidence provided by snap bean processing industry

the snap bean traps (2014: F=0.01, df=1, 8, P=0.9063; 2015:
F=1.38, df=1, 8, P=0.2743; Fig. 3). This is in contrast to previous
work that has shown positive relationships between numbers of O.
nubilalis adults in pheromone-baited traps and O. nubilalis larval dam-
age levels in sweet corn (Bohnenblust et al. 2014). However, their study
trapped O. nubilalis adults in sweet corn fields to predict damage in
nearby field corn fields, which is a much more preferable host than snap
bean. The mean numbers of adults captured per week in the NYS IPM
trapping network were significantly higher than those in snap bean
fields in both years (2014: F=14.89, df=1, 52, P=0.0003; 2015:
F=32.11, df=1, 63, P<0.0001; Fig. 4). Because pheromone lures,
traps, and trap placement along field edges were identical in sweet corn
and snap bean fields, the low numbers of moths captured in traps by
snap bean fields compared with sweet corn fields were not a reflection
of differences in methodology. Instead, these results indicated that infor-
mation from the NYS IPM trapping network was not helpful for in-
forming management decisions in snap bean. Currently, growers who
use information from the NYS IPM trapping network and determine
that a second insecticide application is needed in snap bean may overes-
timate their risk of O. nubilalis contamination in those snap bean fields.
This assessment would result in the over-application of insecticides, in-
creasing the cost to the grower and the environmental footprint of the
management program.

Our results suggest that processing snap bean fields in New York
are at low risk for O. nubilalis infestations. Consequently, snap
bean growers and processors should re-evaluate their current ap-
proach of using one to two prophylactic applications of pyrethroids
to protect their crop from O. nubilalis. New insecticides are now
available that have long residual activity for insect control on vege-
table crops. For example, Huseth et al. (2015a) showed that a single
application of a diamide insecticide, like chlorantraniliprole or cyan-
traniliprole, provided an equivalent level of O. nubilalis control on
snap bean as two applications of a pyrethroid insecticide.
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Fig. 4. Mean number (= SE) of O. nubilalis adults (E race) captured per trap
per week in the NYS IPM traps positioned by sweet corn fields and in traps lo-
cated in snap bean fields. Numbers above the bars indicate sample size (n).

The low numbers of E-race O. nubilalis moths captured in most
traps (snap bean and sweet corn) suggest that Bt field corn in New
York may have had an area-wide suppression of this pest similar to
the Midwest (Hutchison et al. 2010). However, E-race O. nubilalis
adults continue to be captured in relatively high numbers (seasonal
mean of 30 moths/trap/week; >200 moths in a single trap in one
week in 2015) in certain locations in the eastern United States (PA
and NY), but it is not known why high moth densities persist in
some locations. Perhaps, the localized pockets of high O. nubilalis
activity are associated with concentrations of a host in which it
thrives. For example, there are areas where processing (non Bt)
sweet corn is concentrated in New York. Repeated plantings of non-
Bt varieties within a landscape may provide both an attractive ovi-
position site for O. nubilalis (preferred corn host) and simulta-
neously allow the population to persist (non-Bt).
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