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Abstract Organic farming systems are significantly chal-

lenged by the invasive Halyomorpha halys (Stål) and native

stink bug species that injure vegetable crops. This two-year

study evaluated a polyculture trap crop composed of sun-

flower and sorghum for organic pepper production at 11 sites

in 8 mid-Atlantic and Southeastern states. Stink bug densi-

ties in the trap crop and peppers were recorded weekly (mid-

June through September), and stink bug fruit injury was

compared for trap crop-protected and unprotected control

peppers. The trap crop was highly attractive, harboring

5–509 more stink bugs per m2 than the peppers and pro-

viding an 8-week attraction period coinciding with peak

stink bug activity. Despite this attractiveness, the trap crop

was not effective at diverting adult stink bugs away from the

pepper crop during the early fruiting period at most sites.

However, the average density of stink bug nymphs in pepper

plots surrounded by trap crops was 49 lower than controls

5 weeks after planting for pooled sites. Trap crop-protected

peppers also had significantly less injury compared to con-

trol peppers pooled across sites and years. However, the

resulting reduction in pepper damage was insufficient to be

economically viable. Overall, results provide evidence that a

polyculture trap crop was most effective during the latter

weeks of the pepper crop cycle. Future research should

address spatial arrangement of the trap crop or integration of

complimentary management tactics within the trap crop

earlier in the growing season to target the initial colonizing

adult stink bugs.

Keywords Stink bug � Hemiptera: Pentatomidae � Organic
management � Habitat manipulation � Sunflower �
Sorghum � Pepper injury

Key message

• Organic agriculture lacks non-pesticide alternatives for

managing the invasive brown marmorated stink bug.

• Our multi-state study evaluated a trap crop of sunflower

and sorghum for reducing stink bug injury in peppers.

• The trap crop was highly attractive to stink bugs, reduced

their densities in peppers during the later fruiting period,

and slightly reduced (*2%) associated injury to peppers.
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• Future research should address additional management

tactics with the trap crop to target colonizing adult stink

bugs.

Introduction

Organic farming systems rely on biological control, non-

synthetic inputs and cultural control tactics for pest man-

agement (Zehnder et al. 2007) and are significantly chal-

lenged by the invasive brown marmorated stink bug,

Halyomorpha halys (Stål) (Hemiptera: Pentatomidae),

whose key natural enemies are not established in the USA

(Lee et al. 2013). Although Trissolcus japonicus (Ash-

mead) (Hymenoptera: Scelionidae), an Asian egg para-

sitoid of H. halys in its native range, has been detected in

the USA, population numbers are currently insufficient in

the mid-Atlantic USA to provide effective biological con-

trol of H. halys in commercial agroecosystems (Talamas

et al. 2015). Some parasitoids native to the USA may

recognize and oviposit in eggs of H. halys, but the host is

not suitable for complete development of their offspring

(Haye et al. 2015). Options for managing H. halys organ-

ically are currently limited, with inadequate availability of

efficacious alternatives to synthetic insecticides (Lee et al.

2014). A small number of organically approved insecti-

cides (e.g., spinosad and pyrethrins) have shown promise

against H. halys in laboratory assays (Lee et al. 2014), but

their efficacy has yet to be validated in the field. Further-

more, these products have varying levels of efficacy against

native species of stink bug (Hemiptera: Pentatomidae) that

also can cause damage to vegetable crops. Physical con-

trols such as barrier screens are currently under investiga-

tion as a potential strategy for managing stink bugs

organically (Dobson et al. 2016). Infestations of H. halys

and native stink bug pests and their resulting crop injury

can vary considerably depending on site and year. As the

growing season progresses, H. halys populations tend to

increase dramatically with high densities occurring in late

July to mid-August, depending on crop and location

(Nielsen and Hamilton 2009). For example, peak abun-

dances of adult H. halys in bell peppers in Maryland

occurred during mid-July and late August (Zobel et al.

2016). Bell pepper fruits are highly susceptible to injury

from H. halys and other stink bugs, as they feed primarily

on plant reproductive structures, causing corking or

deformed fruit (Leskey et al. 2012). Zobel et al. (2016)

reported injury rates ranging from 7.2 to 41.7% for bell

peppers grown in highly diversified systems typical of the

mid-Atlantic region.

Trap cropping, or planting a plant species known to

attract pests and limit their spreading to cash crops

(Hokkanen 1991), is one tactic that could be readily

integrated into organic vegetable production and that is

recognized as an acceptable pest management strategy

within the USDA National Organic Standard (USDA

2016). Planting a highly attractive trap crop border in a

perimeter around the cash crop (Shelton and Badenes-

Perez 2006) could potentially exploit the strong perimeter-

driven behavior of H. halys and native stink bugs such as

Euschistus spp. (Tillman et al. 2009; Venugopal et al.

2014; Blaauw et al. 2016). A successful trap cropping

system must both attract and retain stink bugs in order to

protect the cash crop at stages vulnerable to insect injury

(Holden et al. 2012). The majority of trap cropping studies

have used a single host plant. For instance, Soergel et al.

(2015) studied a monoculture trap crop of sunflower to

protect bell peppers from stink bugs in Pennsylvania and

found higher H. halys densities in sunflowers than peppers,

but no reduction in fruit injury to peppers surrounded by

the trap crop as compared to control plots. By combining

host plants with slightly offset phenologies, it may be

possible to devise a polyculture trap crop that optimizes

both attraction and retention over time. In Florida, Mizell

et al. (2008) identified triticale, sorghum and sunflower as

potential trap crops against Euschistus servus (Say), Chi-

navia hilaris (Say) and Nezara viridula (L.) (Hemiptera:

Pentatomidae), indicating that these could serve as trap

crops throughout most of the Eastern USA. A recent study

conducted in four mid-Atlantic states evaluated pearl millet

(Pennisetum glaucum L.), okra (Abelmoschus esculentus

Moench), field pea (Pisum sativum subsp. arvense L.),

sorghum (Sorghum bicolor L. Moench) and sunflower

(Helianthus annuus L.) as potential trap crop species and

concluded that sunflower and sorghum had the longest

period of stink bug (H. halys and native pentatomids)

attraction temporally and harbored the highest seasonal

densities of stink bugs (Nielsen et al. 2016).

The goal of this study was to evaluate a polyculture

perimeter trap crop composed of sunflower and sorghum

for reducing stink bug injury in small-scale plots of bell

peppers under highly diversified production systems typ-

ical of organic farms in the mid-Atlantic and Southeastern

regions. We also evaluated the attraction of the trap

cropping system for H. halys and phytophagous native

pentatomids (i.e., E. servus, Euschistus tristigmus (Say),

Euschistus variolarius (Palisot de Beauvois) and C.

hilaris), as it is nearly impossible to distinguish stink bug

feeding injury by causative species. By combining two

highly attractive host plants into a trap crop perimeter,

our goal was to optimize the period of attractiveness to

stink bugs, coinciding with the fruiting period for bell

peppers. In order to determine the breadth of applicability

of the trap cropping scheme, we tested this tactic under a

range of site-specific conditions in 11 sites within the

mid-Atlantic and Southeastern USA. We also examined
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the seasonal dynamics of H. halys and other stink bug

pests by location.

Methods

Plot establishment

In 2014 and 2015, plots were established on USDA-certi-

fied organic or transitional land in eight states, either as a

single replicate or in a randomized block design with four

replicates. Pooled across all field sites, there were 28

replicates in 2014 and 20 replicates in 2015 (Table 1). The

field sites were: University of Maryland Clarksville

Research and Education Center, Clarksville, MD (‘UMD’);

Cane Creek Valley Farm, Fletcher, NC (‘Cane’); Rutgers

Agricultural Research and Extension Center, Bridgetown,

NJ (‘RAREC’); Muth Farm, Williamstown, NJ (‘Muth’);

Stratford Farm, OH (‘Stratford’); Bridgeman Farm, OH

(‘Bridgeman’); the Rodale Institute, Kutztown, PA (‘Ro-

dale’); University of Tennessee East Tennessee AgRe-

search and Education Center, Knoxville, TN (‘UT’);

Sunnyside Farm, VA (‘Sunnyside’), Redbud Farm, LLC,

Inwood, WV (‘Redbud’); and West Virginia University,

Morgantown, WV (‘WVU’). Each replicate contained two

plots of bell peppers (untreated seed of var. Aristotle,

Capsicum annuum L.; Seminis Vegetable Seeds, St. Louis,

MO) spaced a minimum of 10 m apart, with one plot

surrounded by a trap crop border (Fig. 1, ‘Trap Crop’) and

one plot without trap crop (‘Control’). Crop rows (7.62 m

long, 1.5 m on center, 5 rows/plot) were prepared with

black plastic film in April, and pepper seedlings (20 plants/

row, 38.1–45.7 cm apart) were transplanted after last frost

date (ranging from 5/29 to 6/27, 2014; 5/14 to 7/2, 2015).

No chemical pest control inputs were applied, and weed

management consisted of regular cultural control (hand

weeding and tillage) between crop rows. The area between

plots contained either orchard grass or winter wheat

mowed regularly or a non-host crop (e.g., basil, cucumber,

summer squash, winter squash, statice, bachelor’s buttons,

or watermelon depending on the site) planted into black

plastic and maintained as above. Experimental plots were

spaced a minimum of 10 m from other crops.

To schedule trap crop and pepper plantings such that

trap crop stages attractive to stink bugs (i.e., flowering or

seed head, see Nielsen et al. 2016) coincided with pepper

fruiting, the trap crop borders were direct-seeded

*2 weeks before peppers (ranging from 5/16 to 6–27,

2014; 5/15 to 7/7, 2015). A polyculture trap crop border

(1.21 m wide) was planted around the perimeter of the

pepper plot, excluding aisles (Fig. 1). The border consisted

of an exterior 0.61-m-wide strip of open-pollinated organic

sunflower seed mix (Johnny’s Seed #2160SG.36,

Helianthus annuus L.; Johnny’s Select Seed, Winslow,

ME) planted in two rows at a seeding rate of 11.2 kg ha-1

(seeds spaced 15.2 cm apart within the row). In 2015, the

outside sunflower row was direct-seeded *10 to 21 days

after the first row, to increase the period of attractiveness to

stink bugs. Adjacent to the sunflowers, an interior 0.61-m-

wide strip of sorghum (var. 65B3cnv, Sorghum bicolor L.

Moench; Blue River Hybrids, Ames, IA) was planted in

two rows at a seeding rate of 56 kg ha-1 (seeds spaced

7.6 cm apart).

Stink bug densities

Pentatomids (eggs, nymphs, adults) were assessed weekly

on peppers and trap crops by whole-plant counts beginning

one week after pepper planting. Pentatomid observations

were conducted between 0700 and 1000 each day. In

pepper plots, a linear sample containing 10 pepper plants

was randomly selected within each row (five samples/plot/

w) and thoroughly examined to record the number of stink

bugs and their life stage by species. On each side of the trap

crop border, two 1-m linear sections of each trap crop

species were randomly sampled with two people simulta-

neously assessing alternate sides of the border for a mini-

mum of 3 min per sample. Stink bug densities were

recorded on a total of eight samples per trap crop species

(two samples per cardinal direction of border). Generalized

plant phenological stage (vegetative, flowering, seed head/

pod, senescence) was recorded by trap crop species for

each sample.

Pepper injury

Beginning 3 weeks after pepper planting and continuing

weekly through the growing season (i.e., 8 consecutive

weeks), all 100 pepper plants of each plot were examined

(after insect sampling), and all mature fruits (8 cm or[ in

diameter) were harvested. Each fruit was assessed for stink

bug feeding injury (as described in Zobel et al. 2016). The

total number of peppers harvested and the number of fruit

with injury classified as minor (limited to two or fewer

feeding clusters of light spots indicative of stink bug

feeding via proboscis) or major (three or more feeding

clusters affecting multiple portions of the fruit surface)

were recorded. The percentages of minor, major and total

stink bug injury per plot were calculated.

Statistical analyses

All sampling dates for each field site within each year were

adjusted to reflect weeks after pepper planting in order to

align stink bug data to a common pepper phenology. The

weekly densities in peppers of pentatomid adults, nymphs
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and both life stages combined (H. halys and native stink

bugs) were summed for weeks 3–10 after planting each

year (2014 and 2015). This 8-week period coincided with

the main fruiting time for peppers and the time of the

growing season when stink bugs were at high densities. All

analyses were performed using the mixed-model procedure

in SAS Version 9.3 (SAS Institute 2013). To satisfy the

assumptions of ANOVA, sites with\10 total stink bugs in

peppers across the season were not included in the analysis

(Bridgeman, Muth, Cane 2014, Sunnyside 2014, Stratford,

and WVU 2014). The data from the 2015 Sunnyside site in

VA was not included either due to an unavoidable late

planting that delayed sampling until September (which was

well outside the period of stink bug activity representative

of the other sites). Separate ANOVAs using weekly data

from all other sites were performed to test for main and

interaction effects of trap crop over time on the density of

adults, nymphs and total stink bugs (adults and nymphs

combined). In each model, site and year were treated as

random factors, sampling week was treated as a fixed

factor, and the repeated measures option was used to cor-

rect for autocorrelation among sampling weeks. Data per

row were averaged for each week before analysis, and each

replicate set of treatment plots within sites was considered

an experimental unit. Before each analysis, data were

evaluated for normality and homogeneity of variances by

examining residual plots and Shapiro–Wilk statistic. The

log10 transformation was used for data not meeting the

assumptions of ANOVA. Interaction means were separated

following a significant F test using Tukey’s HSD test

(P\ 0.05). To explore the local dynamics occurring at

field sites with replicated plots during weeks 3–10, datasets

from UMD, RAREC, UT, Redbud and WVU were indi-

vidually analyzed by mixed-model ANOVAs with repeated

measures.

The pepper injury data for weeks 3–10 were pooled over

both years from all field sites except Sunnyside, which did

not collect harvest data until week 11. Data on the per-

centage of injured fruit (minor, major, total) were arcsine-

transformed to meet the assumptions of ANOVA. Separate

mixed-model repeated measures ANOVAs of each cate-

gory of fruit injury (minor, major, total) tested for the main

and interaction effects of the trap crop treatment over time,

with year and site as random factors and sampling week as

a fixed factor adjusted for repeated measures. Post hoc

comparisons of mean differences were made with Tukey’s

HSD (P B 0.05). To explore the local dynamics occurring

at field sites with replicated plots during weeks 3–10, fruit

injury (total) datasets from UMD (both years), RAREC

(2014), UT (both years), Redbud (2014) and WVU (2014)

were individually analyzed by mixed-model ANOVAs

with repeated measures. The data were treated the same as

described above, and the same fixed and random factors

were included in the models.

To examine the population trend and abundance of

pentatomids (H. halys and native stink bugs) in the pepper

crop relative to the trap crop habitats, sampling data on

stink bugs (adults and nymphs combined) for all sites were

converted to a per m2 basis for weeks 1–11 to standardize

bug densities across habitats, and weekly means and stan-

dard errors were calculated for each year by crop type

(sunflower, sorghum, ‘control’ peppers and ‘trap crop’

peppers). To compare the relative attractiveness of the trap

crop growth stages, mean stink bug density per m2 for each

phenological stage of each trap crop (vegetative, flowering,

seed head/pod, senescence) was also calculated from data

pooled over both years and all field sites. These means

were compared to the mean densities of stink bugs in the

two pepper crops (trap crop, control) computed over the

same periods of each phenological trap crop stage.

Results

Stink bug densities

The pentatomids observed included Acrosternum hilare

(Say), C. hilaris, E. servus, E. tristigmus, E. variolarius, H.

Fig. 1 Schematic depicting one experimental field plot containing

five rows of ‘Aristotle’ bell peppers (100 plants/plot) in black plastic

surrounded by polyculture trap crop border comprised of an interior

sorghum (Sorghum bicolor L. Moench planted in two rows at a

seeding rate of 56 kg ha-1) strip and an exterior sunflower

(Helianthus annuus L. planted in two rows at a seeding rate of

11.2 kg ha-1) strip. The aisles between crop rows were maintained

open for ease of access and equipment usage for mowing
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halys, Murgantia histrionica (Hahn), N. viridula, Oebalus

pugnax (F.) and Podisus maculiventrus (Say). Totaled over

all field sites and years, H. halys accounted for 81.4% of

the stink bugs observed; however, six of the 19 sites

reported more native pentatomids, mainly E. servus.

Across sampling weeks, 53.8–100% consisted of adults,

with higher proportions of nymphal stages recorded during

weeks 7–9. There was considerable variation in stink bug

population densities over the growing season among field

sites and between years. The field sites (and years) with

high densities of adults and nymphs were UMD (both

years), Redbud (2014), Cane (2015) and UT (both years),

where mean density ranged from 0.21 to 2.03 per 10 pepper

plants, 0.03 to 7.17 per m2 of sunflower border and 0.35 to

8.81 per m2 of sorghum border (Table 1). These density

ranges did not include the 2015 Sunnyside site, which

experienced very high densities of stink bugs in pepper and

trap crops late in September. Eight of the 19 field sites

experienced very low populations, with less than 10 total

stink bugs observed over the entire sampling period, par-

ticularly at the PA and OH field sites (Table 1).

ANOVA results based on all sites and both years,

excluding the 2015 Sunnyside site and those with sparse

datasets, revealed no main or interaction effects of the trap

crop treatment (P[ 0.67) on the densities of adult stink

bugs only or both adult and nymphs combined. However,

the trap crop border significantly affected the average

density of nymphs on pepper plants (F = 10.62, df = 1,

110, P = 0.001), resulting in fewer nymphs per 10 pepper

plants in trap crop-protected plots (0.09 ± 0.02) compared

to the density in control plots (0.22 ± 0.03). Although the

interaction with sampling week was not significant, pepper

plants surrounded by the trap crop harbored fewer stink

bug nymphs starting at 5 weeks after planting and differ-

ences between treatments increased through the duration of

the sampling period (Fig. 2b, weeks 5–10). The main effect

of sampling week also was significant for all stink bugs

(F = 4.64, df = 7, 393, P\ 0.001), with densities

increasing to a peak at week 5, followed by a steady

decline during weeks 6 through 9, and then peaking again

at week 10 (Fig. 2a).

The repeated measures analyses of replicated data from

individual field sites produced variable results depending

on the site and year (Table 2). At UMD and UT in 2014,

there were significant interaction effects between trap crop

and sample week, with these sites experiencing similar

trends in stink bug densities over time. Densities of stink

bugs were higher on peppers surrounded by trap crop

during weeks 3–5, but then shifted to higher densities in the

control peppers, particularly in weeks 8–10. Though stink

bug abundance was low at WVU in 2015, the interaction

effect was significant, indicating no treatment differences

until the last sampling week when significantly higher

numbers of stink bugs were recorded in the control plots

compared to the trap crop-protected plots. The trap crop

treatment also had a highly significant main effect at

Redbud in 2014, with lower stink bug densities on peppers

surrounded by trap crop compared to the control plots

during every sample week. Analyses of the other replicated

sites (RAREC in 2014; UMD and UT in 2015) revealed no

significant main or interaction effects for the trap crop

treatment (P values[0.200).

Abundance and seasonality of stink bugs in individual

trap crop species compared to the pepper crop are shown in

Fig. 3. In 2014, the trap crop border harbored 5–239

higher densities of stink bugs per m2 than densities on

pepper plants through the entire growing season (Fig. 3a).

Stink bug numbers were highest in the sunflower portion of

the trap crop border from three to 6 weeks after pepper

planting, a period that corresponded with the sunflowers

reaching the reproductive stages (Fig. 3a, weeks 3–6), but

then declined in sunflower as the seed heads senesced, and

concurrently increased in the sorghum as flowers and seed

heads developed (Fig. 3a, weeks 7–11). The sorghum

Fig. 2 Weekly densities of stink bugs (H. halys and native pentato-

mids) in organic bell peppers planted in plots surrounded by a trap

crop border composed of sunflower and sorghum compared to pepper

control plots. Plotted are means (±SEM) by week after pepper

planting for: a nymphs and adults combined, b nymphs
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portion of the trap crop attracted higher densities of stink

bugs throughout the remainder of the season. In 2015, stink

bug densities in both pepper plots and the trap crop border

were initially low (\1 bug/m2) during the first 3 weeks

(Fig. 3b). However, the trap crop border was infested with

an average 6–509 more stink bugs per m2 than the pepper

plants, starting at week 4 and continuing throughout the

season. In contrast to 2014, the exterior sunflower row was

planted *10–21 days later in 2015 to extend the period of

attractiveness to stink bugs, and, consequently, the trap

crop border supported average stink bug densities of

1.5–2.7/m2 from 4 weeks after pepper planting through the

remainder of the season (Fig. 3b, weeks 4–11).

Overall mean densities of stink bugs differed signifi-

cantly between the vegetative, flowering, seed head/pod

and senescence stages of each trap crop (Fig. 4). Based on

the number of stink bugs per m2 area of habitat, all growth

stages of both trap crops were more attractive to stink bugs

than the pepper crop during the same periods. Both trap

crops contained comparatively lower densities of stink

bugs during the vegetative and senescence stages compared

to the flowering and seed head/pod stages. Sunflower was

most attractive during flowering, when stink bug densities

peaked, and then levels declined during the seed head and

senescence stages (Fig. 4a). In contrast, stink bug densities

in sorghum reached the highest levels during the flowering

and seed head stages and attracted higher total numbers of

stink bugs over the entire sampling period (Fig. 4b). Sor-

ghum was a very attractive trap crop during the seed head

stage, harboring 2.49 more stink bugs per m2 than sun-

flower during the same growth stage (Fig. 4b).

Pepper injury

The level of pepper injury caused by stink bugs in weeks

3–10 varied widely among field sites depending mainly on

the overall level of the stink bug population (Table 1). The

percentage of fruit injury pooled from all field sites over

both years averaged 16.77 ± 0.95 in the control plots

(ranged from 5.1 to 39.9%) compared to 14.91 ± 0.88 in

plots surrounded by the trap crop border (ranged from 2.3

to 43.9; Fig. 5). There were no interaction effects for

pepper injury, and the main effect of trap crop was not

statistically significant for major fruit injury (P = 0.2045)

or all injury combined (P = 0.059). However, peppers

surrounded by the trap crop had significantly lower levels

of minor stink bug injury compared to peppers in control

plots (F = 4.37, df = 1, 408, P = 0.037). Analyzing each

year separately revealed similar overall levels of fruit

injury but different trends between treatments over the

Table 2 Analyses of variance

summary from field sites with

replicated treatment plots. Each

analysis tested for the main

effects of the polyculture trap

crop border and its interaction

with sampling week on the

densitya of stink bugs (adult and

nymph H.halys and native

pentatomids) in organic bell

peppers. In each analysis,

replicate plots were treated as a

randomized block, and data

over weeks 3–10 were adjusted

for repeated measuresANOVA

model and statistics

Year State Field site

Effect F value Degrees freedom P value

2014 MD UMD Trap crop 0.01 1, 7.7 0.924

Week 11.44 7, 32.7 \0.001

Trap crop 9 week 2.52 7, 32.7 0.035

NJ RAREC Trap crop 0.24 1, 9.67 0.635

Week 1.10 7, 36.7 0.382

Trap crop 9 week 0.94 7, 36.7 0.486

TN UT Trap crop 0.01 1, 8.65 0.920

Week 3.22 7, 23.1 0.016

Trap crop 9 week 4.25 7, 23.1 0.004

WV Redbud Trap crop 26.77 1, 14.8 \0.001

Week 0.93 7, 34.7 0.496

Trap crop 9 week 0.98 7, 34.7 0.458

2015 MD UMD Trap crop 2.05 1, 6.26 0.200

Week 4.37 7, 34.1 0.002

Trap crop 9 week 1.15 7, 34.1 0.355

TN UT Trap crop 0.18 1, 3.01 0.700

Week 1.93 7, 36.3 0.094

Trap crop 9 week 1.36 7, 36.3 0.251

WV WVU Trap crop 1.57 1, 10.9 0.236

Week 18.33 7, 32 \0.001

Trap crop 9 week 2.99 7, 32 0.016

a Recorded from weekly visual estimates per 10 pepper plants (June 28–Sept 15)
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sampling period. In 2014, there was a significant interac-

tion between sample week and trap crop for the overall

percentage of pepper injury (F = 3.01, df = 7, 190,

P = 0.005), with the highest injury levels (*20%)

occurring in early sampling weeks and then generally

decreasing over time (Fig. 6a). At 6 weeks after planting,

peppers surrounded by the trap crop had significantly less

injury than those of control plots, a trend that continued

through the harvest season. In 2015, there were no signif-

icant effects, except for overall differences across sampling

weeks (F = 4.46, df = 7, 197, P\ 0.001). Stink bug

injury was not evident until 4 weeks after planting

(Fig. 6b), and although not statistically significant, a sim-

ilar trend of lower injury on peppers in trap crop plots was

evident during weeks 8–10 (Fig. 6b). The individual

repeated measures ANOVAs performed for field sites with

replicated treatment plots revealed significant main or

interaction effects of the trap crop treatment for only UMD,

Redbud and WVU. During weeks 3–5 at UMD (both

years), pepper injury averaged 11.7 and 22.3% in the

Fig. 3 Abundance and seasonality of stink bugs (H. halys and native

pentatomids) in sunflower and sorghum trap crops, pepper surrounded

by trap crop (Pepper-TC), and pepper in control plots (Pepper-C).

Plotted are weekly mean densities (±SEM) of stink bugs (adults and

nymphs) per m2 of each habitat pooled across all sites in eight states

in a 2014 and b 2015

Fig. 4 Abundance of H. halys and native pentatomids (primarily

Euschistus spp.) at different phenological stages of the sunflower

(a) and sorghum (b) trap crops. Plotted are overall mean densities

(±SEM) per m2 of each trap crop, relative to the mean densities in the

pepper crop of all plots, during each phenological stage. Data are

pooled across years 2014–2015, field sites and sampling weeks

Fig. 5 Effects of a sunflower and sorghum trap crop border on the

overall level of feeding injury on bell peppers by stink bugs (H. halys

and native pentatomids). Plotted are means (±SEM) for the

percentage of minor, major and overall damaged peppers, based on

data pooled across years 2014–2015, field sites and sampling weeks

3–10 after pepper planting. The asterisk above mean comparisons

indicates statistically significant difference between control and trap

crop treatment (P\ 0.05)
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control plots and plots surrounded by the trap crop,

respectively. However, this trend reversed in weeks 8–10

when the percentage of injured peppers was significantly

higher in the control plots (F = 4.07, df = 7, 84,

P\ 0.001). In contrast, stink bug injury at Redbud in 2014

was consistently higher in the control plots throughout the

sampling period, with an average of 13.6% ± 2.59 and

3.9% ± 1.19 of peppers injured in the control plots and

plots surrounded by the trap crop, respectively (F = 34.24,

df = 1, 33, P\ 0.001). WVU in 2014 also reported higher

levels of injured peppers in the control plots compared to

peppers in trap crop plots (F = 10.61, df = 1, 15,

P = 0.005).

Discussion

This study is the first to evaluate a polyculture trap crop

specifically designed to manipulate the polyphagous

behavior of the invasive H. halys. A viable trap cropping

system should both attract and retain pests during critical

growth periods of the cash crop (Shelton and Badenes-

Perez 2006). Our results demonstrate that by combining

two highly attractive host plants with slightly offset phe-

nologies, it is possible to provide an 8-week period of

attraction to H. halys and native stink bug species during

the critical fruiting period of a pepper crop in the mid-

Atlantic and Southeastern regions. The trap crop perimeter

harbored on average about 85% more stink bugs per unit

area than the pepper crop from mid-July (3 weeks after

pepper planting) through the last harvest date, and this

period of attraction coincided with peak activity of stink

bugs in the pepper crop. Both trap crops were most

attractive to stink bugs when fruiting structures were

available for feeding. In other studies, H. halys and native

pentatomids consistently exhibited a strong preference for

feeding on flowering structures and developing seeds dur-

ing the reproductive stages of plant growth (McPherson

and McPherson 2000; Zobel et al. 2016). Our results fur-

ther demonstrate that successive plantings of sunflower, in

order to extend the period of attractiveness, can improve

the polyculture trap crop tactic; however, additional

research is needed to maximize its attractiveness through-

out the crop cycle of the cash crop.

In many cases, deployment of a trap crop system may be

highly attractive to the target pest but fail to reduce pest

densities in the cash crop (Shelton and Badenes-Perez

2006). The polyculture trap crop in this study attracted

1.6–10.39 more stink bugs in sunflower and 4.3–13.99

more in sorghum than the average densities in either pepper

crop (trap crop-protected or control plots). Despite its

attractiveness throughout the growing season, the trap crop

was not effective at diverting stink bugs (adults and

nymphs combined) away from the pepper crop. A separate

analysis of nymphs showed that their average densities

were significantly lower in pepper plots surrounded by trap

crops; however, nymphal stages comprised only 16% of the

overall stink bug populations, and treatment differences in

their numbers occurred later in the season in the pepper

crop. The degree to which a trap crop retains the target

pest, diverting them from the cash crop, is critical to its

success (Holden et al. 2012). A parallel study investigating

the behavioral mechanism of the sunflower and sorghum

trap crop using mark recapture techniques indicated that

our polyculture trap crop had high rates of H. halys

retention during the week-long period studied, with mini-

mal movement from the trap crop to the peppers. This may

suggest that the trap crop was not acting as a source pop-

ulation, but rather arrested stink bug movement as designed

(Blaauw et al. 2017).

The objective of this study was to evaluate the trap crop

approach for organic pepper production across a range of

localities, in order to assess the tactic’s general efficacy. It

is interesting to note that we observed considerable vari-

ation in stink bug population levels (Table 1) and seasonal

Fig. 6 Weekly percentage of peppers damaged by stink bugs (H.

halys and native pentatomids) in control plots compared to plots

surrounded by a sunflower and sorghum trap crop border. Means

(±SEM) are plotted for harvest weeks 3–10 after pepper planting,

based on data from all field sites for 2014 (a) and 2015 (b)
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dynamics among field sites, even though cultural man-

agement and control tactics in the pepper plots were held

constant across all sites, and experimental plots were

spaced a minimum of 10 m from other crops that could

serve as potential stink bug hosts. We attribute these dif-

ferences in stink bug populations in part due to differences

in the length of time since ‘invasion’ of H. halys at each

site (Leskey et al. 2012; Haye et al. 2015), as well as

regional landscape and management factors (Wallner et al.

2014). Although six of the 11 sites experienced very low

stink bug populations with datasets too sparse to analyze

separately, it is noteworthy that individual analyses of

datasets from four field sites with established stink bug

populations and replicated plots (Table 1: UMD 2014, UT

2014, Redbud 2014, and WVU 2015) revealed significant

main or interaction effects for the trap crop treatment and

sampling week. Redbud had significantly lower stink bug

densities in pepper plots surrounded by the trap crop

during the entire sampling period, whereas the trap crop

treatment at the UMD, UT and WVU sites was effective

only in reducing stink bug densities in peppers in the latter

sampling weeks. The results at these sites provide evi-

dence that a polyculture trap crop has potential as a

management approach and suggest that integrating an

additional control tactic with the trap crop earlier in the

growing season (i.e., 3–5 weeks after pepper planting)

could reduce numbers of the initial colonizing adult stink

bugs. Many successful trap cropping systems require

additional management tactics (e.g., vacuuming or pesti-

cide application) applied directly to the trap crop (Holden

et al. 2012). Nielsen et al. (2016) have shown that brief

flaming directed to a sunflower trap crop is effective at

killing H. halys nymphs. Flaming and other tactics such as

vacuuming are acceptable in organic production and could

be employed to remove stink bugs from the trap crop in

the initial weeks after planting to reduce subsequent

damage to the cash crop.

Our results showed that the combination of a sunflower

and sorghum trap crop was highly attractive to stink bugs

and reduced bug densities in the pepper plots at several

sites. However, the bottom-line indicator of effectiveness

for any management tactic is preventing economic levels of

fruit injury. Given that action thresholds for H. halys in

peppers have not been established (Kuhar et al. 2016), it is

unclear how many stink bugs can be tolerated in organic

peppers without resulting economic injury. Zobel et al.

(2016) found that the best predictor of pepper injury in

Maryland was the average density of H. halys adults and

nymphs during the week prior to harvest. Although the

level of pepper injury in our study varied widely

(2.3–43.9%), we found that peppers surrounded by the trap

crop had statistically significantly lower levels of minor

stink bug injury, as compared to peppers of control plots.

Minor fruit injury induced by stink bugs may have addi-

tional implications for growers, as it has been linked to

fruit infection by decay-causing pathogens including

anthracnose (Colletotrichum acutatum Simmonds) in

tomato (Voshell 2015). However, the reduction in injury as

a result of any trap crop effect was relatively small (only a

difference of about 2% compared to control plots), and

importantly, levels of major pepper injury (ranging

5.50–5.95%) did not significantly differ between treat-

ments. Thus, similar to the findings of Soergel et al. (2015),

despite the attractiveness to stink bugs throughout the

growing season and evidence of reduced stink bug densities

in nearby peppers, the trap crop perimeter alone did not

provide a meaningful reduction in fruit injury across all

field sites of this study. Although we did not observe any

edge effects within the relatively small pepper plots of this

study, edge effects have been reported for stink bug injury

to field corn and soybeans (Venugopal et al. 2014), sug-

gesting that future studies might benefit from evaluating

larger pepper plots.

This study demonstrated that a trap crop composed of

sorghum and sunflower is highly attractive to H. halys and

native stink bug species and has potential for reducing the

pest density and injury in a pepper cash crop over an

extended period. However, because results indicated that

the trap crop was most effective during the latter weeks of

the pepper crop cycle, the commercial application of this

tactic may require an additional stink bug removal tactic in

either the trap crop or pepper crop to target early colo-

nizing adults. Future research should address the integra-

tion of other management tactics in combination with the

trap crop approach that are consistent with organic pro-

duction methods. Additional studies should also focus on

successive plantings of both trap crops to maximize their

attractiveness throughout the most vulnerable period of the

cash crop and examine different spatial arrangements of the

trap crop to increase retention of stink bugs away from the

cash crop.
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