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Halyomorpha halys (Stdl) (Hemiptera: Pentatomidae) is an invasive species that has become an important
orchard pest in the Mid-Atlantic region of the US. Adults and nymphs feed on tree fruit. Feeding injury
from adults has been characterized but the injury from nymphs has not been examined systematically.
Since the four plant-feeding instars of H. halys (second through fifth) differ substantially in size, it is
plausible that the effects of their feeding on fruit injury and injury expression may differ among them.
We compared feeding injury at harvest from young nymphs (second plus third instars), older nymphs
(fourth plus fifth instars), and adults that were caged on ‘Smoothee Golden’ apples and ‘Redhaven’
peaches in early June (peach and apple), late July (peach), and late August (apple). Individual apples and
peaches were caged at fruit set and assigned to the following treatments (n = 28/treatment): 1) control
(no H. halys), 2) young nymphs or 3) adults early in the season, and 4) young nymphs, 5) older nymphs or
6) adults later in the season. Fruit in each treatment were exposed to 3—4 young nymphs, two older
nymphs or 1—2 adults placed in the cages for 96 h and evaluated for external and internal feeding injury
within 36 h after harvest. No injury was recorded from unexposed peaches or apples. The percentage of
injured fruit and number of injuries per fruit varied significantly among the exposed treatments. Early
season feeding by young nymphs yielded the least injury to peaches and apples. In apples, the highest
percentage of injured fruit and number of injuries per fruit were caused by late season feeding by adults.
In peaches, early season adult feeding produced the highest percentage of injured fruit and injuries per
fruit. More internal than external injury was recorded on peach and no such difference was observed on
apple. The implications of these findings on H. halys management in fruit orchards are discussed.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

aspects of its biology and behavior contribute to its status as a key
orchard pest. First, it is highly polyphagous (Rice et al., 2014) and

Halyomorpha halys (Stdl) (Hemiptera: Pentatomidae) is an
invasive and polyphagous pest from Asia and has become a serious
threat to Mid-Atlantic tree fruit orchards. Its initial and widespread
outbreak in this region in 2010 resulted in feeding injury that
caused losses to the Mid-Atlantic apple crop at harvest valued at
$37 million and a complete loss of peaches in some Maryland or-
chards (Leskey et al., 2012a). Aside from the fact that H. halys
populations have not yet shown indications of being adequately
suppressed by native parasitoids and predators, several basic
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present throughout most of fruiting period of orchard crops (Leskey
et al, 2015). Many of its host plants are common at the forest edge
adjacent to orchards in the Mid-Atlantic region (Acebes, 2016) and
can support the development of large, localized populations that
can pose a season-long risk to nearby orchards. The ability of
H. halys to invade orchards season-long is facilitated by the strong
flight dispersal capacity of adults (Wiman et al., 2014a,b; Lee and
Leskey, 2015) and the ability of nymphs to walk considerable dis-
tances in search of food plants (Lee et al., 2014). Finally, unlike the
native stink bug pests of tree fruit, both nymphs and adults of
H. halys are known to feed on fruit.

While the injury symptoms from feeding by adult H. halys on
apples, Malus domestica Borkh., and peaches, Prunus persica (L.), have
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been well characterized (Nielsen and Hamilton, 2009), those asso-
ciated with feeding by nymphs have not. Similar to other phytoph-
agous stink bug species, H. halys has five nymphal instars that vary
considerably in size (Hoebeke and Carter, 2003), of which the second
through fifth feed on plants (Panizzi and Slansky, 1985). Studies of
other stink bug species indicate that the different nymphal stages
have different feeding habits (Panizzi and Machado-Neto, 1992;
Simmons and Yeargan, 1988) and may therefore differ in the extent to
which they cause economic injury to tree fruit and/or the nature of
injury expression resulting from their feeding. In the Mid-Atlantic
region where this study was conducted, H. halys has two genera-
tions which overlap spatially and temporally from mid-season on-
ward (Leskey et al., 2012b; Bakken et al., 2015). During a portion of
each growing season, H. halys captures in pheromone-baited traps
consist predominantly of nymphs (Leskey et al., 2015); thus, it is
important to understand the relative risk of injury from feeding by
the different nymphal instars to apples and peaches at points during
the season and the extent to which nymphal feeding contributes to
economic injury at harvest.

Here, we characterized, quantified, and compared the injury to
apple and peach fruit at harvest from feeding early and later in the
season by early instar nymphs, late instar nymphs, and adults of H.
halys.

2. Material and methods
2.1. Insects and study site

Adult male and female H. halys collected from an overwintering
population inside a dwelling in Stephens City, Virginia, USA in April
2015 were held in mixed-sex groups of 50—60 in 30.5 cm? screened
cages (BioQuip Products, Inc., Rancho Dominguez, CA, USA) in a
laboratory room at ~25 °C, ~70% RH, and a 16:8 (L:D) photo
regimen. Cages were provisioned regularly with a diet of popcorn
kernels, barley, buckwheat, soybeans, dried figs, dry roasted, un-
salted peanuts and sundried tomatoes in a Petri dish and a fresh
apple in a separate dish. Water was provided in a small plastic
container with a cotton wick inserted through the lid. Folded paper
towels on the cage floor and three to four freshly excised, com-
pound leaves of tree of heaven, Ailanthus altissima (Mill.) Swingle,
in a water-filled vase were provided as oviposition substrates.
Starting in mid-May, egg masses in the cages were collected at 2-
d intervals and held in Petri dishes in the rearing room described
above. After the eggs had hatched, a piece of wet cotton placed in
each dish provided water for the nymphs. Upon molting to the
second instar, nymphs were transferred to 30.48 cm® screened
cages provisioned with the same diet described above. Second and
third instars from these laboratory colonies were used in the early
season field experiment. Additionally, subsets of the field-collected,
overwintered adults reared in the laboratory since April were used
in the early season field experiments. Due to fewer laboratory-
reared insects available for the late season experiments, a combi-
nation of laboratory-reared and field-collected summer generation
nymphs and adults were used. These were randomly assigned to
the respective treatments. Insects from the field were collected by
hand and sweep netting from tree of heaven and catalpa, Catalpa
speciosa Warder, and held under the laboratory conditions
described above for >24 h prior to use in the experiments.

Trees in a 1.1-ha experimental block of 7-yr-old ‘Smoothee
Golden’ apples, and a 0.2-ha experimental block of 14-yr-old
‘Redhaven’ peaches, at Virginia Tech’s Alson H. Smith Jr. Agricul-
tural Research and Extension Center (AHS AREC), Winchester, Vir-
ginia, USA were used. The orchards were treated with a routine
disease management program but no insecticides were used during
the study.

2.2. Inclusion cage experiments

The cylindrical, open-ended cages (17.8 cm diam, 17.8 cm long)
used by Joseph et al. (2015) were employed (Fig. 1). These were
constructed from semi-rigid, black plastic mesh (13 x 3 mm
openings) covered by a 5-gal paint strainer (Ace Hardware Corp,
Oak Brook, IL, USA) with one open end. A wooden dowel (0.7 cm
diam, 18 cm long) placed perpendicularly in the center of cage was
secured at both ends to the cage wall. Soon after fruit set (in early
May), one or two peach and apple fruit growing near branch tips
were enclosed within the cages. In mid-May the number of fruit per
cage was reduced to one and only fruit that showed no evidence of
injury from any insect pest were selected. Plastic twist ties were
used to attach the dowel to the branch, to secure one edge of the
plastic cage to the branch so the fruit was not touching the cage
wall, and to close the opening of the mesh sleeve around the
branch. To preserve the natural conditions as well as possible, four
to seven peach leaves and three to five apple leaves were allowed to
remain in each cage. Nymphal survivorship on a diet of peach or
apple leaves alone is extremely low (Acebes-Doria et al., 2016), so
feeding predominantly on fruit was assumed.

In total, 168 apples on 28 trees (6 fruit/tree) and 168 peaches on
14 trees (12 fruit/tree) were caged. Predetermined numbers of in-
sects from the laboratory culture were transferred to small lidded
plastic cups and released in each cage. To assess the effects of
H. halys feeding either early or later in the fruiting period of each
crop, there were two separate 96-hr exposure periods. For both
apples and peaches, the early season exposure occurred from 6 to
10 June 2015. Since fourth and fifth instars would not be expected
in the field at the time of the early season experiment (Acebes,
2016), the following treatments were used; 1) control (not
exposed to H. halys), 2) 4 s and third instars, and 3) two adults, with
28 replicates each. The instars were identified based on their size
and the morphological features described by Hoebeke and Carter
(2003). The late season exposure dates differed between the
crops, based on differences in projected harvest dates and fruit
maturity; peaches and apples were exposed from 20 to 24 July and
from 21 to 25 August 2015, respectively. Since all nymphal stages
would be expected in field populations of H. halys at the time of the
late season exposures (Acebes, 2016), the treatments included, 1)
control (not exposed to H. halys), 2) 3 s and third instars, 3) two
fourth and fifth instars, and 4) one to two adults, each with 28
replicates. At the end of each 96-hr exposure period, the number of
live and dead insects in each cage was recorded and the insects
were removed from the cages. Of all cages to which insects were
introduced, only 2.5% contained no live individuals at the end of the
exposure period. However, the insects in those cages were assumed
to have fed on the fruit for some portion of the 96-hr exposure and
the fruit from them were included in the evaluation. The caged
peaches and apples were harvested on 31 July and 11 September,
respectively, coinciding with the approximate harvest dates for
both crops in this region. Those that had dropped from the branch
prior to harvest were excluded from the evaluation, which repre-
sented only 4.8% of each crop. Fruit were stored at 4 °C and eval-
uated for injury within 36 h of harvest. The average daily
temperature and rainfall during the exposure periods were recor-
ded using a WatchDog weather station (Model 900 ET, Spectrum
Technologies, Inc., Plainfield, IL, USA) at the AHS AREC.

2.3. Injury evaluation

Criteria used to evaluate injury to the apples and peaches fol-
lowed Joseph et al. (2015). For apples, external injury was recorded
as the number of ‘punctures’ and/or ‘dimples’ (Fig. 2A) and discrete
areas of surface discoloration with or without distinct depressions
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Fig. 2. Early season feeding injury from H. halys adults on ‘Smoothee Golden’ apples; (A) External injury: punctures (inset) and ‘dimpling’ (B) Internal injury (less apparent) below

the surface, (C) Evidence of deeper internal necrosis.

(Figs. 3A and 4A, respectively). Internal injury to apples was
recorded as the number of areas of necrotic tissue after peeling the
skin and slicing each fruit to the core in all quadrants (Figs. 2C, 3B
and 4B). For peaches, external injury was recorded as the number of
areas of gummosis (gummy, whitish exudate associated with tissue
damage on stone fruit) (Fig. 5) and the number of surface de-
pressions or deformations (Figs. 6A and 7A). Internal injury was
recorded as the number of discrete areas of necrotic tissue after
fruit were peeled and sliced to the core in all quadrants (Figs. 5B, C,
6B and 7B). To adjust the injury recorded based on differences in

the number of insects per cage, the total number of injury sites on
each fruit was divided by the number of bugs to which that fruit
had been initially exposed.

2.4. Data analyses

Analyses were conducted using JMP® Pro version 11 (SAS
Institute Inc., Cary, NC, 2007) and outcomes were considered sig-
nificant at P < 0.05. The number of injured apples and peaches were
compared among treatments using nominal logistic regression.

Fig. 3. Late season feeding injury from third and fourth H. halys instars on ‘Smoothee Golden’ apples; (A) External injury: surface discoloration with distinct depressions, (B) Internal
injury (brown necrosis) below the surface, (C) No evidence of deeper internal necrosis. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)
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Fig. 4. Late season feeding injury from H. halys adults on ‘Smoothee Golden’ apples; (A) External injury: surface discoloration without distinct depressions, (B) Internal necrosis just
below the surface, (C) No evidence of deeper internal necrosis.

Fig. 5. Early season feeding injury from H. halys adults on ‘Redhaven’ peaches; (A) External injury: gummosis and surface depressions (B) Internal injury (reddish-brown necrosis)
below the surface, (C) Deeper internal necrosis. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Late season feeding injury from third and fourth H. halys instars on ‘Redhaven’ peaches; (A) External injury: shallow depressions, (B) Internal injury (white necrosis) below
the surface, (C) No evidence of deeper internal necrosis.

When the likelihood ratio chi-square test indicated a significant per fruit and mean daily rainfall data were transformed using
overall treatment effect, the difference between two treatments log(x+1) to satisfy the assumptions of parametric tests. Differences
was examined using the odds ratio. The number of each injury type in the number of external injuries and the number of internal

Fig. 7. Late season feeding injury from H. halys adults on ‘Redhaven’ peaches; (A) External injury: shallow depressions, (B) Internal injury (white necrosis) below the surface, (C) No
evidence of deeper internal necrosis.
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injuries per fruit among treatments in each experiment were
analyzed using one-way analysis of variance (ANOVA). For external
injuries, each injury type was analyzed separately. One-way ANOVA
was also used to compare mean daily temperatures and rainfall
among the exposure periods. When a significant treatment effect
was found from ANOVA, means were compared using Tukey’s HSD
test. Differences between the number of surface depressions and
internal injuries per fruit were compared using the pairwise t-test.

3. Results

Of all nymphs and adults released into cages, 86% were recov-
ered alive after the 96-hr exposure period and 97.5% of cages con-
tained >1 live individual. For both the early and late exposure
periods, control fruit showed no evidence of injury (Tables 1 and 3),
indicating that the cages effectively excluded H. halys and other
pests, as was reported by Joseph et al. (2015). Mean (+SE) daily
temperatures recorded during the exposure periods on 6—10 June,
20—24 July and 21—25 August 2015 were 21.1 + 0.6 °C, 24.0 + 0.9 °C,
and 22.3 + 0.5 °C, respectively, which differed significantly (F
212 = 4.60, P = 0.03). The mean daily temperature on 20—24 July
2015 was significantly higher than on 6—10 June and 21—-25 August
2015, which did not differ. Mean (+SE) daily rainfall during the
respective exposure periods was 0.05 cm, 0.06 cm, and 0.0 cm, and
did not differ significantly (F 212 = 0.56, P = 0.58).

3.1. Apples

The percentage of apples showing external and internal injury at
harvest differed significantly among the treatments (Table 1). The
percentage of apples with punctures/dimpling was significantly
highest on fruit exposed to adults early in the season. Exposure to
older nymphs and adults later in the season resulted in the highest
percentages of apples with discolored areas with or without
distinct depressions (Table 1). Feeding by young nymphs later in
the season also resulted in substantial surface injury that was
significantly greater than earlier feeding by young nymphs and
adults. The highest percentages of apples that incurred internal
injury were recorded from those exposed to adults and older
nymphs late in the season, followed by those exposed to adults
early in the season and young nymphs later in the season.

Table 2 shows the severity of injury (i.e. number of injuries per
fruit) to apples at harvest. Exposure to adults early in the season
resulted in significantly more punctures/dimpling than all other
treatments, which did not differ. Fruit exposed to adults late in the
season showed the greatest numbers of discolored depressions
(Table 2), followed by those exposed to older nymphs during the

Table 1

same period. Exposure to young nymphs and adults early in the
season caused the fewest discolored depressions, and were com-
parable to those from exposure to young nymphs later in the sea-
son. Similarly, the numbers of internal injury sites were
significantly highest from exposure to adults late in the season.

3.2. Peaches

The percentage of peaches that incurred external and internal
injury varied significantly among treatments (Table 3). A high
percentage of fruit exposed to adults early in the season expressed
gummosis, and this injury was not otherwise detected. Significantly
more peaches with surface depressions were recorded from fruit
exposed to adults early in the season, followed by adults late in the
season. Exposure to both young and older nymphs late in the sea-
son resulted in intermediate percentages of peaches with surface
depressions that were not statistically different. The lowest per-
centage of fruit with this injury was recorded from fruit exposed to
young nymphs early in the season. The percentages of fruit
showing internal necrosis at harvest were significantly highest
from adult exposures early and late in the season, followed by those
exposed to older nymphs in late season. Young nymphs caused
significantly more expressions of this injury from exposures during
the late season than the early season, but both exposure periods
resulted in a significantly lower percentage of injured fruit
compared with the other treatments.

The number of internal and external injuries per peach at har-
vest differed significantly among the treatments (Table 4). Feeding
by adults early in the season resulted in the greatest numbers of
surface depressions (P < 0.05), followed by adults late in the season
with all other treatments having significantly less and statistically
equal numbers of depressions. Internal injuries were significantly
more abundant on fruit exposed to adults early and late in the
season, followed by those exposed to older nymphs late in the
season. Feeding by young nymphs early and late in the season
resulted in equivalent low levels of injury.

Comparisons between the number of surface depressions
(external injury) and internal injury pooled across all treatments
showed that peaches expressed more internal than external injury
per fruit (t = 6.98, df = 159, P < 0.0001), while there was no dif-
ference between these two measures of injury in apples (t = 1.41.
df = 159, P = 0.16).

4. Discussion

This study provided strong evidence that injury to apples and
peaches from feeding by H. halys differed according to the life stage

Percentage of caged ‘Smoothee Golden’ apples injured at harvest following exposure to H. halys nymphs or adults for 96 h early and late in the season.

Treatment No. of fruit evaluated Percentage of apples with external injury Percentage of apples with internal injury
Punctures/dimpling® Discolored depressions”
Control 23 0.00 b 0.00d 0.00 d
Early season
Young nymphs (2nd/3rd instars) 26 0.00 b 1538 ¢ 23.08 ¢
Adults 28 85.71 a 25.00 ¢ 7143 b
Late season
Young nymphs (2nd/3rd instars) 28 3.57b 6429 b 60.71 b
Older nymphs (4th/5th instars) 28 0.00 b 92.86 a 75.00 ab
Adults 27 3.70 b 88.89 a 92.59 a
Statistics x* = 101.86 ¥’ = 9822 ¥’ = 7491
P < 0.0001 P < 0.0001 P < 0.0001

Means within columns followed by the same letter are not significantly different based on the 2 value from the odds ratio comparison at P < 0.05.

2 Punctures and/or dimpling without discoloration (Fig. 2A).

b Surface discoloration with or without distinct depressions (Figs. 3A and 4A, respectively).
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Mean (+SE) number of injuries per fruit on caged ‘Smoothee Golden’ apples at harvest following exposure to H. halys nymphs or adults for 96 h early and late in the season.

Treatment No. of fruit evaluated Mean =+ SE no. external injury® Mean =+ SE no. internal injury
Punctures/dimpling” Discolored depressions®
Control 23 0.00 b 0.00d 0.00d
Early season
Young nymphs (2nd/3rd instars) 26 0.00 b 0.04 +0.02 d 0.07 +0.03 d
Adults 28 2.80+042a 0.18 + 0.06 cd 0.95 + 0.17 bc
Late season
Young nymphs (2nd/3rd instars) 28 0.01 +0.01b 0.60 +0.12 ¢ 0.45 +0.11 cd
Older nymphs (4th/5th instars) 28 0.00 b 230+0.51b 2.07 +0.57b
Adults 27 0.02 +0.02 b 5.56 + 0.68 a 572 +0.67 a
Statistics F 5154 = 75.04 F 5154 = 57.06 F 5154 = 44.72
P < 0.0001 P < 0.0001 P < 0.0001

Means with columns followed by the same letter are not significantly different at o = 0.05 using Tukey’s HSD.
2 No. of injuries per fruit divided by the corresponding no. of stink bugs released in each cage.
b punctures and/or dimpling without discoloration (Fig. 2A).
¢ Surface discoloration with or without distinct depressions (Figs. 3A and 4A, respectively).

Table 3

Percentage of caged ‘Redhaven’ peaches injured at harvest following exposure to H. halys nymphs or adults for 96 h early and late in the season.

Treatment No. of fruit evaluated Percentage of peaches with external Percentage of peaches with internal injury
injury
Gummosis Surface depressions
Control 26 0.00 b 0.00 d 0.00d
Early season
Young nymphs (2nd/3rd instars) 25 0.00 b 4.00d 8.00d
Adults 25 72.00 a 100.00 a 100.00 a
Late season
Young nymphs (2nd/3rd instars) 28 0.00 b 46.43 ¢ 39.29 ¢
Older nymphs (4th/5th instars) 28 0.00 b 39.29 ¢ 82.14b
Adults 28 0.00 b 75.00 b 96.43 ab
Statistics x° = 82.90 x?> =103.70 ¥’ = 7491
P < 0.0001 P < 0.0001 P < 0.0001

Means within columns followed by with the same letter are not significantly different based on the 72 value from the odds ratio comparison at P < 0.05.

Table 4
Mean (+SE) no. of injuries per fruit on caged ‘Redhaven’ peaches at harvest following exposure to H. halys nymphs and adults for 96 h early and late in the season.

Treatment No. of fruit evaluated Mean + SE no. external injury® Mean =+ SE no. internal injury
Gummosis Surface depressions
Control 26 0.00 b 0.00 c 0.00 c
Early season
Young nymphs (2nd/3rd instars) 25 0.00 b 0.02 +0.02 ¢ 0.03 +£0.02 ¢
Adults 25 1.5+032a 4.00 + 041 a 6.88 +0.51 a
Late season
Young nymphs (2nd/3rd instars) 28 0.00 b 039+0.15¢ 0.54+0.15¢
Older nymphs (4th/5th instars) 28 0.00 b 0.54 +0.14 c 218 + 034 b
Adults 28 0.00 b 3.11 £ 0.66 b 793 +£0.99 a
Statistics F 5154 = 41.51 F 5154 = 45.77 F 5154 = 102.32
P < 0.0001 P < 0.0001 P < 0.0001

Means within columns followed by the same letter are not significantly different at o = 0.05 using Tukey’s HSD.
2 No. of injuries per fruit divided by the corresponding no. of stink bugs released in each cage.

to which fruit were exposed and to the time at which feeding
occurred. The types of injury recorded were similar to those
described previously (Nielsen and Hamilton, 2009; Leskey et al.,
2012c; Joseph et al.,, 2015). However, data from field studies by
Leskey et al. (2012c) and Joseph et al. (2015) reasonably assumed
that most of the injury recorded was from feeding by H. halys, based
on recent grower experiences and on much higher populations of
H. halys than native stink bugs species in orchards, but did not
differentiate between injury caused by adults and nymphs. In a
similar cage study by Nielsen and Hamilton (2009), apples and
peaches were exposed only to adult H. halys. Here, we have sys-
tematically characterized the differences between adult and
nymphal feeding injury and showed that injury to apples and

peaches was quantitatively and qualitatively different. Exposure to
second and third instars early in the season consistently resulted in
lowest levels of external and internal injury to apples and peaches.
However, with the exception of gummosis in peaches, young
nymphs did cause both external and internal injury to both crops.
Later in the season, when the fruit were at or near full maturation,
second and third instars caused significantly or numerically more
external and internal injury to both crops than they did early in the
season. Most injury assessments following exposures late in the
season revealed that older nymphs caused significantly or numer-
ically more injury than younger nymphs. With the exception of
punctures/dimpling from adult feeding on apples early in the sea-
son, more apples exposed to adults late in the season were injured
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and showed more injury than those exposed to adults early in the
season. Also, punctures alone would not likely be recorded as
economic injury at harvest if not associated with other surface
injury. Feeding by adults and older nymphs late in the season
caused similar percentages of apples to show external and internal
injury at harvest, although the severity of injury was higher for
adults than older nymphs. In peaches, high percentages of fruit
showed surface depressions and internal necrosis following expo-
sure to adults early or late in the season, with similar levels of injury
severity between the exposure periods. During the late season
exposure, adults caused significantly or numerically more injured
fruit than older nymphs and significantly greater numbers of in-
juries per fruit.

Early season injuries on apples were expressed mainly as
punctures/dimpling and as less apparent internal injury, although
some fruit showed necrotic areas deeper in the flesh (Fig. 2). The
less pronounced expression of injury to apples exposed to H. halys
early in the season may possibly be attributed to the rapid rate of
cell division at that time. It may be helpful for growers to monitor
stink bug injury by not only peeling the skin of fruit that have
evident external injury but also to slice the fruit to check for deeper
internal damage. Late season injury on apple from older nymphs
and adults was expressed as discolored surface depressions and as
internal tissue necrosis which was mostly close to the surface
(Figs. 3 and 4). These findings suggest that apples are more sus-
ceptible to economic injury at harvest from H. halys feeding late in
the season than earlier, concurring with previous findings by
Nielsen and Hamilton (2009). Similarly, the most susceptible
developmental stages of soybean for H. halys injury were also in the
late season, which coincided with the largest annual H. halys
populations that consisted of older nymphs and adults (Nielsen
et al., 2011). Although some level of external injury and minor in-
ternal injury from H. halys may be tolerated on Mid-Atlantic pro-
cessing apples, the degree of tolerance each year may vary inversely
with crop yield and quality. Heavy internal injury can adversely
affect fruit acceptability for some processed products, such as
frozen apple slices, and both external and internal fruit defects from
H. halys feeding are problematic for growers who produce apples
for fresh market.

On peaches, gummosis was an indicator of external feeding
injury from H. halys early in the season and was only recorded from
fruit exposed to adults during that period (Fig. 5), concurring with
previous findings (Joseph et al., 2015) that gummosis was associ-
ated with early season stink bug feeding injury and was often
accompanied by surface discoloration or depressions and internal
necrosis. Early season injury on peach was more pronounced than
late season injury, with obvious surface discoloration and de-
formations and deeper reddish-brownish internal necrosis (Fig. 5),
whereas injuries from nymphs and adults later in the season were
expressed mainly as shallow surface depressions and superficial
whitish necrosis (Figs. 6 and 7). During our study, we never
observed the classic ‘cat-facing’ injury on peaches, which is mani-
fest as shallow to deep irregular-shaped deformations and de-
pressions on the fruit surface (Howitt, 1993) and are usually
attributed to feeding by native stink bugs or plant bugs (Rings,
1957). Since Mid-Atlantic peaches are a high-value, fresh market
crop, these results imply that attack by H. halys either early or late
in the season can negatively affect peach marketability.

The lack of apparent peach injury at harvest from feeding by
young nymphs early in the season suggests that early season injury
is mainly caused by overwintered adults (Leskey et al., 2012c),
conforming with observations that overwintered adults start
moving into orchards in mid-April (Leskey et al., 2015). Leskey et al.
(2014) found that overwintered adults were more susceptible to
insecticide applications than F; summer generation adults,

suggesting the utility of early season insecticide applications tar-
geting H. halys on peach. On the other hand, the use of stronger,
broad spectrum insecticides may be more useful later in the season,
when populations are mostly composed of older nymphs and
adults than young nymphs. Additionally, since less injury to apples
was recorded from feeding by both nymphs and adults early than
later in season, managing H. halys in apple orchards in the early
season may not be as critical as later, when populations consist
predominantly of older nymphs and adults (Acebes, 2016).

Our findings that the numbers of external and internal injuries
on apples did not differ significantly but that peaches showed
significantly more internal than external injury confirm those of
Joseph et al. (2015) and affirm that this can be an especially prob-
lematic issue for grading and marketing peaches if some fruit are
not cut and inspected prior to sale.

With respect to ongoing efforts to develop and refine H. halys
management decision thresholds based on cumulative captures in
pheromone-baited traps in orchards, our results suggest that the
inclusion of fourth and fifth instars may be important to consider.
To date, provisional thresholds have relied only on adult captures
(Short et al., unpublished), but nymphs are equally attracted to
pheromone traps (Weber et al., 2014; Leskey et al., 2015) and
feeding injury from the later instars is qualitatively and quantita-
tively comparable to that from adults. Moreover, H, halys is gener-
ally considered a perimeter-driven threat; both nymphs and adults
are capable of dispersing from wild hosts into orchards and have
been captured in orchards in substantial numbers, particularly in
the border areas adjacent to woodlands (Bergh and Leskey, un-
published) where highest injury from H. halys has been recorded
(Leskey et al., 2012b; Joseph et al., 2014). Acebes-Doria et al. (2016)
showed that H. halys nymphs often require a diet of >2 host plants
for optimal performance and survivorship and Acebes (2016)
documented the walking dispersal of nymphs onto and off of
fruit and wild tree host along the orchard-woodland interface. In
combination, these studies suggest that combining trap-based
thresholds with management tactics at the orchard perimeter
(e.g. border sprays, Blaauw et al., 2015 or “attract and kill”, Morrison
et al., 2015) may be promising tactics for this pest.

Temperature is known to affect the feeding activity of H. halys
adults. Wiman et al. (2014a,b) reported that optimal feeding ac-
tivity was observed between 16 °C and 17 °C and that no feeding
occurred above 26.5 °C - 29.5 °C. As well, more injury to blueberries
from late instars and adults was observed in Oregon than in New
Jersey and attributed to optimal temperatures in Oregon (Wiman
et al., 2015). Whereas those studies addressed the feeding activity
and amount of injury to blueberries from H. halys, the present study
focused primarily on the expression of injury at harvest, with the
amount of injury being a secondary measurement. Mean daily
temperatures during the different exposure periods ranged from
19 °C to 25 °C, implying that H. halys would feed during at least
portions of each 96-hr period, which was confirmed by the various
injuries recorded on peaches and apples from both early and late
season exposures and from all life stages. There is no information
on the effects of abiotic factors on the expression of injury from
H. halys feeding on apples or peaches. Aside from extreme abiotic
conditions, which were not encountered during this study, annual
conditions of temperature and rainfall during the period between
when fruit were exposed and harvest would be expected to fluc-
tuate around some yearly average. Since most of the types of in-
juries recorded were the result of a physiological response of fruit
that are not expressed immediately after feeding but rather develop
over some period of time, we contend that normal variations in
abiotic conditions are not likely to result in differences in injury
expression at harvest. Consequently, despite data from a single
season, we feel that the injury recorded at harvest was
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representative of that caused by nymphs and adults at the different
exposure timings and phenological stages of fruit development and
would not likely change appreciably among years.

In conclusion, H. halys nymphs caused injury to tree fruit and the
extent to which the injuries were expressed varied significantly
depending on the developmental stage of the nymphs and the
period during which feeding occurred. Our results confirmed pre-
vious findings regarding the stage of fruit development during
which apple and peach fruit were more vulnerable to feeding injury
from H. halys adults and provide useful information that has im-
plications for developing temporally and spatially precise man-
agement programs against H. halys in apple and peach orchards.
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