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Evaluation of diamide insecticides co-applied
with other agrochemicals at various times to
manage Ostrinia nubilalis in processing snap
bean
Anders S Huseth,a* Russell L Groves,b Scott A Chapmanb and Brian A Naulta
Abstract
BACKGROUND: Multiple applications of pyrethroid insecticides are used to manage European corn borer, Ostrinia nubilalis
Hübner, in snap bean, but new diamide insecticides may reduce application frequency. In a 2 year small-plot study, O.
nubilalis control was evaluated by applying cyantraniliprole (diamide) and bifenthrin (pyrethroid) insecticides at one of three
phenological stages (bud, bloom and pod formation) of snap bean development. Co-application of these insecticides with either
herbicides or fungicides was also examined as a way to reduce the total number of sprays during a season.
RESULTS: Cyantraniliprole applications timed either during bloom or during pod formation controlled O. nubilalis better
than similar timings of bifenthrin. Co-applications of insecticides with fungicides controlled O. nubilalis as well as insecticide
applications alone. Insecticides applied either alone or with herbicides during bud stage did not control this pest.
CONCLUSION: Diamides are an alternative to pyrethroids for the management of O. nubilalis in snap bean. Adoption of diamides
by snap bean growers could improve the eﬃciency of production by reducing the number of sprays required each season.
© 2015 Society of Chemical Industry
Supporting information may be found in the online version of this article.
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European corn borer, Ostrinia nubilalis Hübner (Lepidoptera: Crambidae), is an economically important pest of succulent snap bean,
Phaseolus vulgaris L., in the Great Lakes region of the United States.
In temperate, snap bean production regions, O. nubilalis has one
or two generations each season and will sporadically infest snap
bean crops.1 – 3 Ostrinia nubilalis larvae initially feed on foliage, but
then bore into developing bean pods, which results in either direct
contamination or reduced quality of processed bean products (i.e.
secondary pathogen infections following feeding damage). Larvae also attack stems of snap bean plants, reducing plant health
by limiting water and nutrient movement.4 In addition to reduced
plant health, neonate larvae that attack small lateral bean stems
have been shown to shift feeding activity to pods in later instars
before completing development.2 This relationship between plant
and pod damage has been the basis for recommendations to protect snap bean crops prior to pod formation under high infestation
pressure.2
Historically, tolerance for pod damage by snap bean processors
has been very low, and ﬁeld rejections have been documented at
a threshold of one O. nubilalis larva per 1000 pods.2 In New York
State, Eckenrode et al.1 reported ﬁeld rejections of processing snap
bean and economic losses for processors even under low adult
O. nubilalis pressure. As a preventive measure against O. nubilalis

contamination, snap bean processors in the Great Lakes region
have recommended that growers apply a series of prophylactic
insecticide sprays during vulnerable periods of crop development,
a practice that has been in use for the past four decades.1 – 4
Although the grower community has successfully used these
scheduled insecticide sprays to minimize contamination, interest
among consumers for more sustainably grown snap beans has
motivated a reduction of all production inputs (e.g. herbicides,
insecticides, fungicides, nutrients and fuel). Consumer demand
has motivated an evaluation of newer insecticides for O. nubilalis
management that could decrease the environmental footprint of
the crop, and also improve product safety by limiting pesticide
residues and minimize cost of production for the grower.
In the Great Lakes region, insecticide application decisions for
O. nubilalis control are based on the expected vulnerability of
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plant growth stages to infestation and the anticipated contamination of the processed product.5,6 Insecticide applications begin
at either bloom or early pod formation (R6–R7 growth stage) to
prevent O. nubilalis larval infestation of bean pods.2,3 Programs
use a sequence of two or three foliar-applied pyrethroids separated by 5–7 days.6 The transition to pyrethroid insecticides from
older, broad-spectrum organophosphate insecticides has reduced
the environmental footprint of pest management in snap bean
production systems;6 however, pyrethroids have limited residual
activity and often require several applications to protect the crop
during vulnerable pod formation stages, which may last 14–18
days. Transition from pyrethroid insecticides to newer insecticides
with longer residual activity could result in fewer pesticide applications and reduce the amount of fossil fuel required to produce the
crop, thereby improving the economic and environmental sustainability of the snap bean production system. Moreover, insecticides
that are compatible in tank mixes with other common agrochemicals (e.g. fungicides and herbicides) could be co-applied at earlier
crop development stages, further reducing the application frequency in the crop.
Cyantraniliprole is an anthranilic diamide insecticide that
has excellent activity on several chewing pests and selected
piercing-sucking insects.7,8 Cyantraniliprole is anticipated to be
the newest diamide registered in the United States on snap
bean for control of O. nubilalis, and the third diamide insecticide to be registered on snap bean, after chlorantraniliprole
and ﬂubendiamide.9,10 When applied to foliage, cyantraniliprole
moves into local leaf tissues at the site of application, but also
moves to other vegetative structures through the plant xylem.7,8
The combination of translaminar and systemic plant protection
is a desirable property for crops like snap bean that have both
piercing-sucking pests (e.g. aphids and leafhoppers) and chewing
pests, such as O. nubilalis. Systemic movement into the developing
pod is very limited, however, and damaging larval stages often
encounter the insecticides only in the foliage.
In addition to insect pests, snap bean producers routinely
apply herbicides and fungicides during well-deﬁned phenological stages of snap bean. Co-application of cyantraniliprole with
other agrochemicals at these times could reduce the total number
of applications needed and may increase the ﬂexibility in timing
of O. nubilalis management tactics. Importantly, previous studies
in other crops have shown antagonistic eﬀects of certain fungicides on the activity of insecticides when co-applied to crops.11 – 13
Determining whether similar antagonistic eﬀects occur during the
co-application of a diamide is important information for the design
of new pest management recommendations in snap bean.
The objective of this study was to examine the potential for
improving control of O. nubilalis in processing snap bean with
diamide insecticides. Speciﬁcally, we (1) compared O. nubilalis
control with chlorantraniliprole, cyantraniliprole and bifenthrin
at three diﬀerent phenological stages of snap bean development
(i.e. bud, bloom and pod formation) to determine the duration of
residual activity for each insecticide under ﬁeld conditions in snap
bean, and (2) co-applied cyantraniliprole and bifenthrin insecticides with either herbicides or fungicides at similar crop stages to
determine whether co-applications of either cyantraniliprole or
bifenthrin with common agrochemicals would reduce O. nubilalis
control. As Wiles et al.7 documented translaminar and systemic
movement of cyantraniliprole in plants, we hypothesized that
the control of O. nubilalis with a single cyantraniliprole application would be signiﬁcantly better than a pyrethroid application
timed during early reproductive stages (e.g. bud and bloom).
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Additionally, we hypothesized that the co-application of insecticides with other agrochemicals would not result in increased loss
of O. nubilalis control.

2

METHODS

2.1

Small-plot insecticide timing and co-application studies

2.1.1 Experimental site and design
Experiments were conducted at Cornell University’s NYSAES Fruit
and Vegetable Research Farm near Geneva, New York, in 2012,
2013 and 2014 (42.866664∘ N, −77.029784∘ W). The cultivar ‘Huntington’ was chosen as one common processing snap bean cultivar grown in the Great Lakes region. Experiments were planted
on 31 May 2012, 5 June 2013 and 3 June 2014. For each experiment, a 0.6 ha ﬁeld was machine planted at a density of 23
seeds m−1 using a tractor-mounted planter (Monosem NG Plus;
Monosem Inc., Edwardsville, KS). Individual plots consisted of two
rows of 3.1 m length, and rows were spaced 0.8 m apart. Plots were
arranged in a randomized complete block design with ﬁve replications. Each plot was ﬂanked by two untreated rows and 1.5 m
of bare soil between experimental blocks. Best management practices for weed, irrigation and nutrient management for processing
snap bean were used.14
All seeds received a vendor-applied seed treatment of
thiamethoxam, mefenoxam and ﬂudioxonil (CruiserMaxx™;
Syngenta, Greensboro, NC) to protect seedlings early in the
season against seedcorn maggot (Delia platura Meigen), potato
leafhopper (Empoasca fabae Harris) and diseases. Moreover, thiamethoxam seed treatment is not considered to be an eﬀective
material for managing O. nubilalis.
2.1.2 Insecticide timing experiments
In 2012, insecticide treatments of chlorantraniliprole, cyantraniliprole and bifenthrin were selected as two diamide insecticides and
an industry standard insecticide for O. nubilalis control respectively. Each insecticide was tested at a single application rate
(Table 1). In 2013 and 2014, cyantraniliprole was tested at two different application rates and compared with a single rate of bifenthrin for O. nubilalis control (Table 1). Because cyantraniliprole has
better control of piercing-sucking pests than chlorantraniliprole, it
will control the key pests of snap bean and will be an important
material for pest management in processing bean. For this reason,
we chose to include only cyantraniliprole in 2013 and 2014.
In each study year, cyantraniliprole treatments were applied with
a penetrating adjuvant surfactant as suggested by the manufacturer label (0.25% v/v methylated seed oil; DuPont Crop Protection, Wilmington, DE). All crop protection products used in this
study were commercially formulated and applied at several rates
to examine the eﬃcacy against O. nubilalis larvae (Table 1). Each
insecticide at each rate in the small-plot timing study was tested
individually at three diﬀerent phenological stages of snap bean
development. Bud stage applications occurred prior to the crop
ﬂowering, approximately 30 days after planting (R5 stage bean).15
The second application occurred at the bloom phase (R6 stage)
of bean growth. The ﬁnal application occurred at pod formation
phase (R7 stage).
2.1.3 Co-application of insecticides with other agrochemicals
In addition to insecticide-only treatments applied at the three
plant stages, insecticides were also paired with common bud
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stage herbicides, bloom stage fungicides and pod formation
stage fungicides (Table 1 and supporting information Table S1).
Each insecticide at each rate was co-applied with either weed
or disease management tools at speciﬁc phenological stages
deﬁned in Section 2.1.2. Individual insecticide treatments and
co-applications were tested to determine whether O. nubilalis control was compromised by the herbicides and fungicides. Bud stage
insecticide applications were paired with fomesafen and bentazon herbicides which are used in combination to control annual
broadleaves (Table 1).14 Bloom stage insecticide applications were
paired with thiophanate-methyl fungicide used to control white
mold [Sclerotinia sclerotiorum (Lib.) de Bary].14 Pod formation stage
insecticide applications were paired with chlorothalonil fungicide
used to control gray mold (Botrytis cinera Pers.: Fr.).14 Preliminary tests revealed no physical incompatibility of insecticides with
these herbicides and fungicides.

Chlorantraniliprole was only included in the 2012 study. Co-applications were only tested in 2013 and 2014.
Applications were timed at speciﬁc phenological stages of bean maturation. Growth stages when treatments were applied are given in parentheses.
c Preparations were based on 183.3 L (48.4 gal) ha−1 in 2012, 171.2 L (45.2 gal) ha−1 in 2013 and 187.1 L (49.4 gal) ha−1 in 2014.
d Applications of cyantraniliprole were all paired with 0.25% v/v methylated seed oil.
b

a

Chloronitrile
Pod formation (R7)
2013, 2014

Bravo Weather Stik®

Chlorothalonil

Syngenta Crop Protection, LLC, Greensboro, NC

216.0

1569.1
2241.6 g
United Phosphorus, Inc., King of Prussia, PA
Thiophanate
Bloom (R6)
2013, 2014
Fungicides

Bud (R5)

Topsin® M WSB

Thiophanate-methyl

0.9 L

431.4
0.9 L
Arysta LifeScience North America, LLC, Cary, NC

Syngenta Crop Protection, LLC, Greensboro, NC

Benzothiadiazinone

Diphenyl ether

Bentazon
Bud (R5)
2013, 2014
Herbicides

2013, 2014

Basagran®
Reﬂex®

Fomesafen

150.0
1.5 Ld
E.I. du Pont De Nemours and Co., Wilmington, DE
Diamide
Bud (R5), bloom (R6), pod
formation (R7)
2012, 2013, 2014

Exirel™

Cyantraniliprole

100.0
1.0 Ld
E.I. du Pont De Nemours and Co., Wilmington, DE
Diamide
Bud (R5), bloom (R6), pod
formation (R7)
2013, 2014

Exirel™

Cyantraniliprole

51.2
0.3 Ld
E. I. du Pont De Nemours and Co., Wilmington, DE
Diamide
Bud (R5), bloom (R6), pod
formation (R7)
2012

Coragen®

Chlorantraniliprole

47.9
0.2 L
FMC Corporation, Agricultural Products Group,
Philadelphia, PA
Pyrethroid
Bud (R5), bloom (R6), pod
formation (R7)
Insecticidesc

2012, 2013, 2014

Brigade® 2EC

Bifenthrin

Rate ha−1
Manufacturer
Chemical group
Active ingredient (AI)
Trade name
Application timingb
Study yearsa
Type
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2.1.4 Pesticide applications
Plots were designated to receive a foliar insecticide treatment during one of the three phenological crop stages described above.
Bud treatments were applied on 2 July 2012, 6 July 2013 and 5
July 2014. Bloom stage treatments were applied on 10 July 2012,
13 July 2013 and 15 July 2014. Pod formation treatments were
applied on 16 July 2012, 19 July 2013 and 22 July 2014. Pesticides
were applied using a CO2 -pressurized backpack sprayer calibrated
to deliver 183 L ha−1 at 276 kPa. In 2012, sprays were delivered
through three hollow-cone nozzles (TeeJet TXA8001VK; Spraying
Systems, Wheaton, IL) in which the center nozzle was directed over
the top of the row and the others were on drop pipes directed into
the side of the canopy. In 2013 and 2014, sprays were delivered
through four ﬂat-fan nozzle tips (TeeJet TR8002VS; Spraying Systems) evenly spaced across 1.5 m for an even broadcast application
over two adjacent rows of plant canopy.
2.1.5 Infestation and evaluation
Natural O. nubilalis pressure in small-plot experiments is rarely sufﬁcient for eﬀective evaluation of insecticide treatments on snap
bean. To increase O. nubilalis pressure during the typical infestation
period, a single row was infested with neonate larvae during late
bloom to early pod formation stage. Ostrinia nubilalis egg masses
were obtained from a laboratory-reared colony (French Agricultural Research, Inc.; Lamberton, MN). Egg masses were maintained
until hatching in an environmental chamber at 24 ∘ C. In 2012, one
row in each plot was infested with approximately 1000 neonates
on 15 July, and a second release of 1000 neonates per plot on 17
July. In 2013, one row in each plot was infested with approximately
1000 neonates on 16 July, a second release of 1000 neonates on
17 July and a third release of 500 neonates per plot on 18 July. In
2014, one row in each plot was infested with approximately 1000
neonates on 21 July and a second release of 1000 neonates on
22 July. Distribution of infestation events over several consecutive
days decreased the likelihood that acute environmental conditions
(e.g. low humidity, high air temperatures and direct sun) would
adversely aﬀect larval survivorship.3 An untreated control treatment was included to conﬁrm success of O. nubilalis establishment
and damage.
All plants within the infested row were harvested on 1 August
2012, 6–7 August 2013 and 5–6 August 2014. Each snap bean
plant and marketable pod was inspected for O. nubilalis damage,
and numbers of plants and market-sized pods damaged and not
damaged by O. nubilalis larvae were recorded from each plot.
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Table 1. Details on agrochemicals evaluated in ﬁeld experiments

g (AI) ha−1
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2.2 Statistical analysis
To determine the eﬀect of diﬀerent insecticides and delivery timings on O. nubilalis damage to snap bean, we reported the average number of damaged plants and pods at harvest. Study year
and location were analyzed independently because agronomic
and climatic conditions diﬀered annually. To determine whether
co-application of insecticides with other agrochemicals reduced
eﬃcacy against O. nubilalis plant or pod damage, we conducted
a series of independent tests on paired combinations. Because
diﬀerent co-application partners (i.e. herbicides and fungicides)
were used at diﬀerent time points, the study design was not balanced. We analyzed each insecticide and insecticide co-applied
with other pesticides independently to determine whether blends
of speciﬁc agrochemicals had adverse eﬀects on O. nubilalis eﬃcacy. Preliminary analyses indicated that bifenthrin at bud stage
had the least eﬃcacy on O. nubilalis. We chose to use bifenthrin at bud stage as the reference contrast in all full models
examining insecticide timing. All data manipulation and statistical analyses were conducted in R,16 using the base distribution
package.
Preliminary analyses of the full study design conﬁrmed that
untreated controls had signiﬁcantly greater plant and pod damage
than insecticide treatments. Because comparisons of interest were
between the standard insecticide used by the processing snap
bean industry (i.e. bifenthrin) and the novel diamide insecticide
(i.e. cyantraniliprole) delivered at diﬀerent times, untreated control
plots were omitted from further analyses, but were included in
tables for comparison purposes. Moreover, because numbers of
neonates used to infest plots diﬀered between years, a comparison
between untreated controls was made as a single estimate of
infestation eﬃciency using ANOVA in R (𝛼 = 0.05; functions lm and
anova). All count data were converted to percentages because
the number of plants and pods between plots diﬀered. Data on
the proportion of damaged bean pods and damaged bean plants
were analyzed using ANOVA in R (functions lm and anova), with
timing, insecticide and their interaction as independent variables.
The interaction between timing of application and insecticide
active ingredient was one primary hypothesis tested, so we chose
to retain this interaction term and associated main eﬀects in the
ﬁnal model for comparison purposes. Treatment means from the
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ﬁnal models were compared using Tukey’s honestly signiﬁcant
diﬀerence test (𝛼 = 0.05).
In a second analysis, the eﬀect of co-application of insecticides
and other crop protectants on O. nubilalis pod damage was determined. Independent comparisons between each insecticide and
paired bud stage herbicides, bloom stage fungicides and pod
stage fungicides were completed with Welch t-tests for unequal
variances in R (𝛼 = 0.05; function t.test). A one-sided t-test was used
to determine whether the percentage of O. nubilalis damage was
greater than damage in insecticide treatments alone (i.e. antagonistic eﬀect). Because paired insecticides and all co-application
treatments were not tested at every application time point, multiple comparisons of eﬃcacy through time for each insecticide were
not conducted. To meet assumptions of normality, percentages
derived from counts were transformed using an arcsine square
root transformation {i.e. arcsin[sqrt(damaged plants/total plants)]}.
However, non-transformed means and standard deviations are
presented for graphical and tabular comparison.

3

RESULTS

3.1 Insecticide timing
The percentage of marketable pods damaged by O. nubilalis varied signiﬁcantly by insecticide treatment and application timing
main eﬀects in 2013 (F = 6.44; df = 12, 32; P < 0.01), but only the
application timing main eﬀect was signiﬁcant in 2012 (F = 2.37;
df = 12, 32; P = 0.03) and 2014 (F = 2.72; df = 12, 32; P =0.01)
(Table 2). Greater O. nubilalis damage to bean pods was observed
for insecticides sprayed at the bud formation application time
than bloom or pod formation application timings (Tables 3 and
4, Fig. 1). As insecticide and timing main eﬀects were both only
signiﬁcant in 2013, mean separations of individual treatments
were completed for that study year only (Fig. 2). However, average
proportion damaged pod summary statistics are presented for
comparison purposes (Tables 3 and 4). There was no signiﬁcant
insecticide treatment × timing interaction eﬀect on percentage of
damaged bean pods in 2012, 2013 or 2014.
Evaluation of the percentage of plants damaged by O. nubilalis
also varied signiﬁcantly by treatment and timing main eﬀects in
2013 (F = 5.08; df = 12, 32; P < 0.01), but only the timing main eﬀect
was signiﬁcant in 2012 (F = 2.87; df = 12, 32; P < 0.01) and 2014

Table 2. ANOVA results for main eﬀects and interactions for O. nubilalis infestation of pods and plants
Plant damage
Year

Source

2012

Block
Timing
Insecticide
Timing × insecticide
Block
Timing
Insecticide
Timing × insecticide
Block
Timing
Insecticide
Timing × insecticide

2013

2014

1652

a

dfa

F

4
2
2
4
4
2
2
4
4
2
2
4

2.9
7.7
1.9
0.8
1.6
19.1
5.6
1.2
0.6
12.9
0.4
0.9

Pod damage
P
0.03
<0.01
0.17
0.52
0.2
<0.01
<0.01
0.31
0.7
<0.01
0.67
0.46

dfa

F

P

4
2
2
4
4
2
2
4
4
2
2
4

1.0
6.8
2.3
1.5
5.0
18.4
8.7
0.8
0.9
11.3
0.1
0.9

0.42
<0.01
0.12
0.22
<0.01
<0.01
<0.01
0.52
0.46
<0.01
0.91
0.48

Total df = 32 for plant and pod damage tests.
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Table 3. Average O. nubilalis infestation (mean percentage ± SE) of
snap bean pods and plants treated at three phenological plant stages
with chlorantraniliprole, cyantraniliprole and bifenthrin in 2012
Phenological
stage
Untreateda
Budb

Bloom

Pod formation

Insecticide
–
Bifenthrin
Chlorantraniliprole
(51.2 g AI ha−1 )
Cyantraniliprole
(150 g AI ha−1 )
Bifenthrin
Chlorantraniliprole
(51.2 g AI ha−1 )
Cyantraniliprole
(150 g AI ha−1 )
Bifenthrin
Chlorantraniliprole
(51.2 g AI ha−1 )
Cyantraniliprole
(150 g AI ha−1 )

Plant
damage

Pod
damage

18.5 ± 5.2
9.0 ± 6.4
4.1 ± 3.3

8.7 ± 2.5
2.6 ± 1.2
1.9 ± 1.1

1.0 ± 0.7

0.7 ± 0.3

0.7 ± 0.4
0.0 ± 0.0

1.4 ± 0.4
0.0 ± 0.0

0.0 ± 0.0

0.2 ± 0.1

0.0 ± 0.0
0.0 ± 0.0

0.0 ± 0.0
0.3 ± 0.1

0.0 ± 0.0

0.0 ± 0.0

a Untreated controls were not included in analyses, but have been
provided for comparison.
b Timing main eﬀects were signiﬁcant (Table 2); the insecticide main
eﬀect and insecticide by timing interaction were not signiﬁcant.

(F = 2.49; df = 12, 32; P =0.02) (Table 2). Ostrinia nubilalis damage
to bean plants for insecticides sprayed at the bud formation application time was greater than damage in treatments applied during
the bloom or pod formation application times (Tables 3 and 4).
Similarly to results observed for pod damage, timing and insecticide main eﬀects were both signiﬁcant in 2013 only, and means
separations are only presented for that year (Fig. 2). Furthermore,
there was no signiﬁcant treatment × timing interaction eﬀect on
the percentage of damaged bean plants in 2012, 2013 or 2014.
Average percentages of damaged pods and plants diﬀered
across years (Tables 3 and 4). Comparison of untreated control plots between years showed a signiﬁcant eﬀect of year for
plant damage (F = 15.28; df = 2, 12; P < 0.01), but no signiﬁcant

Figure 1. Average (mean percentage ± SE) O. nubilalis snap bean pod
damage within each phenological application timing in 2012, 2013 and
2014. Means followed by the same lower-case letter do not diﬀer signiﬁcantly (Tukey’s HSD test at P = 0.05; overall test statistics are given in
Table 2).

diﬀerence in pod damage (F = 2.01; df = 5.49; P = 0.17). Control of
O. nubilalis damage to snap bean plants and pods was equal for
chlorantraniliprole and a high rate of cyantraniliprole (150 g ha−1 )
in 2012 (Table 3). Comparison of insecticides alone and insecticides
paired with either fungicides or herbicides revealed no signiﬁcant
reduction in O. nubilalis control for any combination in either 2013

Table 4. Average O. nubilalis infestation (mean percentage ± SE) of snap bean pods and plants treated at three phenological plant stages with
cyantraniliprole and bifenthrin in 2013 and 2014
Plant damage
Insecticide

2013b

–
Bifenthrin
Cyantraniliprole (100 g AI ha−1 )
Cyantraniliprole (150 g AI ha−1 )
Bifenthrin
Cyantraniliprole (100 g AI ha−1 )
Cyantraniliprole (150 g AI ha−1 )
Bifenthrin
Cyantraniliprole (100 g AI ha−1 )
Cyantraniliprole (150 g AI ha−1 )

63.5 ± 9.8
22.1 ± 10.1
19.4 ± 7.5
20.5 ± 2.0
12.5 ± 3.9
1.5 ± 1.1
1.7 ± 1.3
7.7 ± 3.4
0.8 ± 0.8
0.5 ± 0.5

Phenological stage
Untreateda
Bud

Bloom

Pod formation

Pod damage
2014

13.3 ± 3.8
11.3 ± 3.5
6.9 ± 2.2
9.6 ± 6.4
1.2 ± 1.2
1.4 ± 0.7
1.0 ± 0.7
0.0 ± 0.0
3.8 ± 2.2
1.1 ± 1.1

2013
14.8 ± 4.6
5.0 ± 2.7
3.7 ± 1.2
2.4 ± 0.5
3.7 ± 2.0
0.2 ± 0.1
0.1 ± 0.1
1.2 ± 0.7
0.2 ± 0.1
0.0 ± 0.0

2014
6.0 ± 1.4
4.4 ± 1.5
2.8 ± 1.0
2.4 ± 1.5
0.4 ± 0.2
0.8 ± 0.4
0.8 ± 0.3
0.7 ± 0.5
0.6 ± 0.3
0.5 ± 0.2

a Untreated controls were not included in analyses, but have been provided for comparison.
b Timing main eﬀects were signiﬁcant in both years (Table 2); in 2013, insecticide main eﬀects were also signiﬁcant (mean separations are presented
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in Fig. 2).
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Figure 2. Average (mean percentage ± SE) O. nubilalis snap bean plant and pod damage within each phenological application timing in 2013. Means
followed by the same lower-case letter do not diﬀer signiﬁcantly within individual snap bean damage group (Tukey’s HSD test at P = 0.05; overall test
statistics are given in Table 2).

or 2014, indicating no antagonistic eﬀects of co-application with
these insecticides and other agrochemicals.

4

DISCUSSION

1654

Incorporating newer, reduced-risk insecticides into commercial
agriculture pest management programs requires activity on target
pests, minimal impact on non-target organisms and compatibility with large-scale production systems. In high-value processing
crops, highly mobile or ephemeral insect pest infestations (e.g.
O. nubilalis and Helicoverpa zea Boddie) are often controlled with
successive, prophylactic insecticide applications at speciﬁc plant
growth stages.6,17,18 Over the past four decades, processing snap
bean producers have relied on prophylactic pyrethroid insecticide
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applications based on vulnerable, phenological stages to manage O. nubilalis infestations.6,17 Integration of diamide insecticides
could further improve sustainability of snap bean production by
limiting non-target impacts while reducing the total number of
sprays. However, integration of these new insecticides into the current snap bean production system requires a better understanding
of residual activity, or the period over which these products remain
active following an application. Moreover, compatibility with other
common agrochemicals may reduce the number of applications
required to manage key insect pests, diseases and weeds in the
crop. This study demonstrated that diamide insecticides could be
(1) successfully applied at earlier phenological stages of snap bean
development than currently recommended, (2) co-applied with
other fungicides as this provided equivalent control of O. nubilalis
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Although direct comparisons of eﬃciency savings for novel and
standard insecticides were not estimated, the ability to co-apply
insecticides does provide a baseline for broader measures of
pest management improvement. These application cost estimates
show how a small adjustment to one component in the production
system could have a strong eﬀect at regional or national scales.
The 2012 National Agriculture Statistics Service census estimated
that New York state producers grew 11 302 ha of processing snap
beans in 2012. Moreover, the broader Great Lakes agricultural
region (i.e. Illinois, Indiana, Michigan, Minnesota, New York, Ohio,
Pennsylvania and Wisconsin), produced 50 663 ha of processing
snap beans in 2012, a sum that equates to approximately 73%
of the 69 821 ha of domestic production.22 Elimination of one or
more insecticide applications for the control of O. nubilalis at the
state or regional scale would result in considerable economic gain
for producers and processors, a reduction in the environmental
footprint of pest management practices used on the crop and an
increase in the overall sustainability of the processing snap bean
system.

5

CONCLUSIONS

This study reports the feasibility of applying new diamide insecticides to control O. nubilalis in processing snap bean. We found
that diamides could be co-applied with fungicides with no
antagonistic eﬀects and sprayed earlier (bloom) than current
recommendations suggest for other insecticides (pod formation).
The ﬁndings of this study suggest that future economic analyses
of snap bean production should examine the value of improved
eﬃcacy, application ﬂexibility and diamide insecticides. These
estimates integrated with other environmental impact and sociological eﬀects of pest management practice would be meaningful
additions to a more comprehensive analytical framework to
help processors make more informed decisions about speciﬁc
crop protection components that will improve the system-wide
sustainability of processing snap bean production.
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