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Halyomorpha halys (brown marmorated stink bug, Hemiptera: Pentatomidae), an invasive insect
pest, has established populations in the Willamette Valley of Oregon. Halyomorpha halys is a
potential pest of many specialty crops in the Willamette Valley, including hazelnuts (Corylus
avellana L.). The objectives of this study were to 1) characterize the damage resulting from
feeding of H. halys adults on developing hazelnut kernels, 2) determine how the timing of
feeding during kernel development influences damage to kernels, and 3) determine if the
hazelnut shell thickness had an effect on feeding frequency or resulting damage to the kernels. In
field trials conducted in 2012 and 2013, adult male H. halys were allowed to feed on developing
nuts for one-week periods from initial nut development until harvest. Developing nuts not
exposed to H. halys feeding served as a control treatment. Data were analyzed using an Exact
Binomial Test. Damage symptoms corresponded with the hazelnut kernels’ physiological
development periods, and were similar to symptoms of stink bug feeding on tree nuts in past
studies. Results demonstrated that when stink bugs fed on hazelnuts before kernel expansion,

	
  

development of the kernels could cease and the result is an empty shell (P<0.001). When the
insects fed during kernel expansion, kernels appeared malformed (P<0.001). When stink bugs
fed on mature nuts, a greater proportion of kernels exhibiting corky, white, necrotic kernel tissue
resulted (P<0.001). Results were consistent in both field seasons. Despite differences in mean
shell thickness between cultivars, there were no significant differences in the proportion of
damaged kernels exhibiting these symptoms between cultivars in field tests or lab tests. The
results of these studies demonstrate that commercial hazelnuts are susceptible to damage caused
by the feeding of H. halys throughout the season, regardless of cultivar. Halyomorpha halys
could have a serious detrimental effect in commercial hazelnut orchards.
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1. General Introduction
Halyomorpha halys (Stäl), brown marmorated stink bug, (BMSB) is a member of the
order Hemiptera, family Pentatomidae. Its known native range is China, Japan, Korea and
Taiwan (Hoffman 1931, Kobayashi 1967, Hoebeke and Carter 2003, Bernon 2004).
Halyomorpha halys is phytophagous and exhibits a very wide host range that includes
economically important tree fruit crops, tree nuts, vegetable crops, legumes, ornamentals and
wild plants in both its native range (Kobayashi 1967) and in the United States (Hoebeke and
Carter 2003).
Halyomorpha halys was first detected in the United States in Allentown, Pennsylvania in
1996 but was not positively identified until 2001 (Hoebeke and Carter 2003, Bernon 2004).
Halyomorpha halys did not gain widespread attention in the United States until it was recognized
as a nuisance pest, aggregating on the outside of buildings and inside of residences during the
overwintering stage of its life cycle. The first reports of BMSB came from homeowners in
numerous counties within Pennsylvania (Hoebeke and Carter 2003, Bernon 2004). BMSB
caused economic crop losses in Pennsylvania as early as 2003 (Bernon 2004). Populations of
BMSB increased dramatically in the Eastern United States, causing economic crop damage in the
Northeastern U.S. in 2009 (Nielsen and Hamilton 2009a), and in 2010, caused an estimated $37
million in losses to Mid-Atlantic apple growers (U.S. Apple Assoc. 2011). Halyomorpha halys
appears to have become the dominant pentatomid species in some areas of the United States
(Nielsen et al. 2011, Wiman, personal communication.).
As of May 2013, BMSB has been reported in 40 states, 21 of which it has established as
an agricultural or nuisance pest (NE IPM, 2013). There have also been reports in Switzerland
(Wermelinger et al. 2008) and New Zealand (Harris 2010).
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Halyomorpha halys is quickly becoming a widespread pest in the United States, and
research is lacking on the potential damage that it could inflict on crops that are generally not
grown in its native range. One of these crops is hazelnuts (Corylus avellana L.), a crop of
economic importance in the Willamette Valley of Oregon.

1.1 Taxonomy, physical description and life cycle
There have been many synonomies for brown marmortated stink bug in scientific literature.
Halyomorpha halys has been referenced as Pentatoma halys Stäl (1855), Poecilometis mistus
Uhler (1860), Dalpada brevis, Walker (1867), Dalpoda remota Walker (1867), Halyomorpha
picus auctorum (nec Fabricius 1794), Haylomorpha mista Uhler, Halyomorpha brevis, and
Halyomorpha halys Josifev and Kerzhner (1978). There are 37 known species of Halyomorpha
worldwide (Hoffman 1931, Hoebeke and Carter 2003). In Japanese scientific literature, nearly all
references to Halyomorpha refer to H. halys (Kobayashi 1967).
A detailed physical description of H. halys eggs, five instars, and adult can be found in
Hoffman (1931) and Kobayashi (1967), with a reiteration compared with specimens identified in
the United States and a key to the nymphs in Hoebeke and Carter (2003). Identifying features of
the adult that collectively differentiates it from other North American Pentatomidae are a white
band on the fourth antennal segment, a broadly exposed connexivum with alternating black and
white patterning, projections lacking on the juga, and smooth anterolateral margins of the
pronotum (Hobeke and Carter 2003).
Pentatomids that are morphologically similar to Halyomorpha halys are endemic to many
regions of the continental United States. Brochymena (Hemiptera: Pentatomidae) is a genus of
pentatomid that bears a close resemblance to BMSB in the United States (Hoebeke and Carter
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2003). While both Brochymena quadripustulata (Fabricius 1975) and H. halys have a similar
mottled appearance, B. quadripustulata and others are generally larger in size (10-18 mm) and
possesses a juga with a tooth on the outer margin (Slater and Baranowski 1978). Brochymena
quadripustulata has consistent coloration in all antennal segments. Members of the genus
Euschistus (Hemiptera: Pentatomidae), such as E. conspersus Uhler or E. variolarius (Palisot de
Beauvois 1805) both found in the western United States, could also be mistaken for BMSB due
to their mottled brown dorsum, though these insects tend to be smaller and often have a green
colored venter (Slater and Baranowski 1978). Halyomorpha halys has a white, green, cream, or
maroon venter (Niva and Takeda 2002). Euschistus conspersus is one of the prevalent stink bug
pests in Pacific Northwest apple and pear orchards (McGhee 1997). Because these two insects
share some of the same host plants (McGhee 1997, McPherson and McPherson 2000, Hoebeke
and Carter 2003) misidentification by the public could occur as more attention is shown to
pentatomids in crops not previously threatened by this taxonomic family.
Overwintering behavior of H. halys is consistent in its established regions. Halyomorpha
halys adults emerge from an overwintering diapause between April and June in China (Hoffman
1931), Japan (Kobayashi 1967) and in the United States (Hoebeke and Carter 2003, Nielsen and
Hamilton 2009b). Overwintering often occurs in structures and they are classified as a nuisance
pest in their native and established range in the United States (Kobayashi and Kimura 1969,
Hoebeke and Carter 2003).
Egg-laying occurs for Halyomorpha halys following the end of the overwintering period.
The pre-oviposition period for adult BMSB is 13-15 days after imaginal molting or the cessation
of winter diapause (Kawada and Kitamura 1983, Nielsen et al. 2008). This equates to 147.65
degree-days (DD) (calculated as (25°C – 13.94°C (the experimentally determined lower
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development threshold) x (days spent in development)) in laboratory studies (Nielsen et al.
2008). Courtship rituals are similar to those of other Pentatomidae, in which a male approaches a
female, and, after behaviors described in Kawada and Kitamura (1983), copulation occurs. Males
and females may be attracted to one another via pheromone communication, which is common
within the Pentatomoidea (Aldrich 1988). The average time of copulation is ten minutes, which
is generally less than that of other Hemipterans (Kawada and Kitamura 1983). Multiple
copulation events can take place immediately after one another, with an average of 50-60
minutes between events for males, but no consistent interval for females was found (Kawada and
Kitamura 1983). Mating events occur at an average of 5 events per day (Kawada and Kitamura
1983). After successful copulation, females will lay clusters with an average of 24-28 eggs in
both field observed populations and laboratory studies (Hoffman 1931, Saito et al. 1964, Oda et
al. 1981, Nielsen and Hamilton 2008). Females are capable of laying eggs throughout their adult
stage, with the first cluster being the least fertile (61%), but the remaining clusters averaging an
80% hatch rate (Nielsen et al. 2008a). At 25°C, females lay an average of 8.00±0.19 egg masses
(a mean total 243.78 ± 27.48 eggs) with a mean interval of 4.32 days (Nielsen et al. 2008a).
Females that do not copulate will lay infertile eggs (Kawada and Kitamura 1983, Nielsen and
Hamilton 2009a). Overwintered, reproductive adults will feed after breaking diapause
(Funayama 2002). Information about how temperature could affect reproductive potential is
currently lacking in the literature.
Eggs of Halyomorpha halys are operculate and pale green in color when initially
oviposited. In the field, eggs tend to be laid on the undersides of host plant leaves (Hoffman
1931). During development, eggs turn yellowish in color and develop a visible black triangular
egg opener (Hoffman 1931, Kobayashi 1967). Individual eggs average 1.15mm in diameter and
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1.8mm in height (Kobayashi 1967, Hoebeke and Carter 2003). A detailed description of the eggs
as compared to the closely related pentatomid genus Homologonia can be found in Kobayashi
(1967).
The duration of egg development is heavily affected by temperature (Nielsen et al. 2008).
In life table studies by Nielsen et al. (2008), eggs developed most successfully at 25° and 27°C
(100% survival) in 4-6 days on average. Egg development time is 53.3 DD at these temperatures
(Nielsen et al. 2008). Eclosing nymphs are nearly colorless when first emerged and remain on
the egg cluster (Nielsen et al. 2008). Sclerotization takes place within hours after emerging, and
they become primarily black and orange in coloration (Hoffman 1931, Kobayashi 1966, Nielsen
et al. 2008). Detailed descriptions and drawings of the five nymphal instars can be found in
Kobayashi (1967) and photographs can be found in Hoebeke and Carter (2003). Mean
development times for instars at 20°C in days for the first through fifth instars are as follows:
9.3, 16.2, 11.8, 13.7, 20.16. (Nielsen et al. 2008). Total mean development time at 20°C is
81.2±0.08 days (Nielsen et al. 2008). The lower developmental threshold of the nymphs is
13.9°C (Nielsen et al. 2008). At 25°C, total mean development time is 44.9±0.08 days, and was
significantly faster in each nymphal stage (Nielsen et al. 2008). 537.6 DD are necessary to
complete development to adulthood (Nielsen et al. 2008). Mean percent survival for both
temperatures was similar, with 62.0% at 20°C and 61.00% at 25°C (Nielsen et al. 2008). Total
cohort development time at 25°C is 41.3 days (Nielsen et al. 2008). The average life span is
more than 100 days for lab-reared individuals (Kawada and Kitamura 1983).
Populations of BMSB appear to be univoltine in populations that have been monitored in
the United States, and are expected to be univoltine in ranges where other pest pentatomids are
currently found (Hobeke and Carter 2003, Nielsen and Hamilton 2009b). In its Asian range, it is

	
  

	
  
6	
  
generally univoltine (Kobayashi 1977), however, Hoffman (1931) reports from four to six
generations per year in China. Degree-day models and development times suggest that if BMSB
expands in the United States into warmer climates, multiple generations could be possible within
a growing season (Nielsen et al. 2008), however, this research is still ongoing in different regions
the United States. Nielsen, et al. (2008) also suggested that the number of generations per year
and development time was similar to that of other pest species of Pentatomidae in the United
States, and that the areas of occurrence and phenology will likely be similar for BMSB.
Adults from eggs deposited by overwintering females will feed until late summer. When
day length is reduced and overwintering behavior begins, adults begin to move into structures
and buildings and the result is large numbers of insects appearing on the outside of houses on
windows and doorframes (Saito et al. 1964, Kobayashi and Kitamura 1969, Hoebeke and Carter
2003). BMSB will attempt to enter structures and overwinter in residences and businesses. Both
diapausing and non-diapausing adults have a preference for dark areas (Toyoma 2011).
However, adult Halyomorpha halys are often seen “basking” in sunny or warm areas after
emerging from overwintering sites and before entering overwintering sites (Kawada and
Kitamura 1983, Watanabe et al. 1994). Disturbance of insects results in the production of
unpleasant smelling defense volatiles (Saito et al. 1964, Hobeke and Carter 2003). The attraction
between the adults in overwintering is likely not temperature dependent, but based on a tendency
to be in close proximity to one another (Toyoma 2005). In South Korea, it has been observed that
some adults will return to wooded areas neighboring host plants to overwinter instead of
structures that are closer in proximity (J. Miller, personal communication). Degree-day models
and determination of specific events that initiate the breaking of diapause are currently being
researched in the United States.
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1.2 Pest status of Halyomorpha halys in the United States
The earliest recorded sighting of Halyomorpha halys in the United States are from
Allentown, Pennsylvania in 1996 (Hobeke and Carter 2003). Although previously reported in the
area, it had been misidentified until 2003 (Bernon 2004). The insects are believed to have
entered the United States via a shipping container originating from China. Although primarily a
nuisance pest in the areas surrounding Allentown, concern was expressed that it would become a
serious agricultural pest in the United States (Bernon 2004). This has proven to be the case, as
Halyomorpha halys has, as of May 2013, been reported in 40 states, and is classified as a pest of
economic importance in 13 of those states, including Oregon (NE IPM, 2013).
Halyomorpha halys was first spotted in Oregon in the Portland metropolitan area in 2004
(ODA 2010, Shearer and Wiman 2013). It was first reported as a nuisance pest in homes in
Multnomah County (ODA 2010). Brown marmorated stink bug has since spread into every
county in the Willamette Valley of Oregon, Hood River, and Southern Oregon, and the first
economic losses attributed to H. halys in Oregon were reported in 2013 (Shearer and Wiman
2013). Growers in the northern part of the state have reported BMSB in commercial wine grape
vineyards (Vitis vinifera L.), commercial hazelnut orchards, and on hops (Humulus lupulus L.) in
Washington County. (N. Wiman, personal communication)
Halyomorpha halys is a generalist feeder and a pest of numerous economically important
crops in Asia (Hoffman 1931, Kobayashi 1967, 1977) and more recently the United States. Its
host range includes fruit trees, vegetable crops, legumes, and ornamentals (Kobayashi 1967,
1977). Ornamental hosts in Asia and the United States include but are not limited to Paulownia
(Paulownia tormentosa (Thunb.) Sieb. & Zucc. ex Steud), tree of heaven (Ailanthus altissima
(Mill.) Swingle), catalpa (Catalpa speciosa (Warder) Warder ex Engelm.), holly (Ilex aquifolium
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L.), wild hazelnut (Corylus Americana Walter), mountain ash (Sorbus aucuparia L.), and maples
(Acer spp.) (Cuitan et al. 1993, ODA 2010, Shearer and Wiman 2013). Economically important
host food crops include apple (Malus x domestica Borkh.), cherry (Prunus avium L.), peach
(Prunus persica Batsch) pear (Pyrus pyrifolia Nakai), and corn (Zea mays subsp. mays L.),
eggplant (Solanum melongena L.), cucumber (Cucumis sativus L.) tomato (Solanum
lycopersicum L.) and soybean (Glycine max (L.) (Hoffman 1931, Fukuoka et al. 2002 , Hoebeke
and Carter 2003, Bernon 2004, Nielsen and Hamilton 2009a, Nielsen et al. 2011). In the United
States, economic damage from BMSB has been reported primarily for apples, pears (Nielsen and
Hamilton 2009b) and peaches (Jacobs 2012). BMSB nymphs are capable of causing damage
(Funayama 2002). For other pentatomids, first instar nymphs do not appear to feed but will drink
water (Mitchell et al. 1965, Simmons and Yeargen 1988, McPherson and McPherson 2000) and
this is likely true of H. halys as well.
Management options for Halyomorpha halys are currently limited but under
investigation. Applications of pesticides have been recommended for control of BMSB in
soybeans in Japan, with regard to the timing of application to maximize effectiveness against
adults (Kobayashi 1977). The use of pyrethroids and neonicotinoids is recommended against
Plautia stali Scott (1874) (Hemiptera: Pentatomidae) and has been suggested for BMSB in Japan
(Short and Funayama 2011). Neonicotinoids have also been shown to be somewhat effective
against BMSB in glass-vial bioassays (Nielsen et al. 2008). Pesticide efficacy studies in the
United States are ongoing (Krawcyzk 2011, Lurvey 2011, Leskey et al. 2012).
Cultural controls have been developed to manage pentatomids in agricultural settings.
Sowing crops that can be planted later in the season are suggested in order to avoid the peaking
populations that occur when overwintered adults emerge (Kobayashi 1977). Studies of
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pentatomid damage have shown that planting host crops such as soybeans or cowpea as cover
crop in orchards will increase damage to the primary crop, and should be avoided (Turner 1923).
Variations among cultivars of tree nuts, including shell thicknesses, can affect the damage rate
cause by feeding or damage resulting from the infestation of insects. Jones and Caprio (1992)
found that there was an effect of cultivar on the percentage of punctured macadamia nut by
Nezara viridula (L.) (Hemiptera: Pentatomidae), southern green stink bug and other insects.
Follet et al. (2009) found that percent damage caused by N. viridula feeding on macadamias
differed between cultivars that had varying shell and husk thickness. However, a clear pattern
was not evident, and it was not likely shell thickness alone that contributed to the differences in
damage (Follet et al. 2009).
Field monitoring is currently being developed for BMSB (Leskey et al. 2012).
Commercially available yellow and white bucket traps are available in Japan (Short and
Funayama 2011). Pheromone traps that contain the compound methyl (E,E,Z)-2,4,6decatrienoate, an aggregation pheromone of P. stali, have been shown to be effective in
attracting BMSB in the fall (Khrimian 2005). Khrimian et al. (2008) reported that traps
containing that compound as well as other isomers were effective in attracting BMSB. This
compound was also effective in attracting a parasitoid, Euclytia flava (Townsend) (Diptera:
Tachinidae) and the pentatomid N. viridula (Aldrich et al. 2009). Large pyramid traps baited
with this pheromone compound were more effective than small nets and sweep nets in capturing
BMSB in soybeans (Nielsen et al. 2011). Capture rates for different traps differed based on the
time of season, as well as for the different developmental stages (Nielsen et al. 2011). Traps
designed to attract and kill large numbers of H. halys are currently being developed in China
(Zhang 2011).
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Potential biological control agents are currently being investigated for managing
Halyomorpha halys. As early as 2004 in the United States, two specimens of parasitic
Hymenoptera had been observed from field collected BMSB eggs (Bernon 2004). Qiu (2008)
reported that there were nine species of arthropod natural enemies observed in north China,
including six parasitoid species. This included Trissolcus japonicus (Ashmead), (Hymenoptera:
Scelionidae), which was recovered from field collected BMSB eggs in multiple regions of China
(Yang et al. 2009). Research into the parasitoid’s suitability as a biological control agent in the
United States is currently being conducted. A related species, Trissolcus basalis (Hymenoptera:
Scelionidae) was released as a biological control agent of N. viridula in macadamia nut orchards
in Hawaii (Davis and Krauss 1966) but its success has been challenged (Jones 1995). Anastatus
sp. (Hymenoptera: Eupelmidae) are known parasitoids of Tesseratoma papillosa Drury
(Hemiptera: Pentatomidae) in some areas of China, and were shown to be effective in reducing
H. halys injury to crops in laboratory studies. (Hou et al. 2009). A number of established
parasitic hymenopteran species have been recovered from sentinel H. halys egg masses in the
United States, in addition to observations of predators feeding on the eggs (N. Wiman, personal
communication).

1.3 Symptoms of crop damage by pentatomids
Feeding damage occurs when pentatomids insert their feeding mouthparts into host tissue
(Miles 1958). Hori (2000) describes four types of feeding by phytophagous heteropterans:
Stylet-sheath, lacerate-and-flush, macerate-and-flush, and osmotic pump feeding. The types most
likely used by feeding pentatomids are stylet-sheath, in which the stylets are inserted into the
phloem pathways of the plant, and lacerate-and-flush, in which insects lacerate cells by moving
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the tips of the stylets back and forth into more dense tissue until sufficient cells have been
lacerated (Hori 2000). Lacerate-and-flush is the method for insertion of mouthparts by some
seed-feeding pentatomids (Hori 2000, Panizzi and Parra 2012). Lacerations are accomplished by
“teeth” which occur on the distal segments of the mandibles (Slater and Baranowski 1979,
Panizzi and Parra 2012). In addition, some pentatomids, including N. viridula, have an inner
textural surface of their rostrum that is squamose (Panizzi and Parra 2012). Damage to host
plants can be the result of either direct mechanical damage to the cells, or as the result of
enzymatic activity from saliva inserted into the plant to aid in digestion (Hori 2000, Panizzi and
Parra 2012). Damage to host plants can vary based on the timing of feeding (Kobayashi 1977,
Brown 2003, Nielsen and Hamilton 2009b).
Stinkbug damage to pome fruits such as apple can be generally characterized by the
appearance of three symptoms (Brown 2003). First, puncture marks from the insertion of the
mouthparts can be seen on the outside of the fruit (Brown 2003, Leskey et al. 2009). However,
this can be difficult to observe except under magnification (Brown 2003). Secondly, dry, offcolor areas form near the point of mouthpart insertion, referred to as “corking” (Brown 2003,
Leskey et al. 2009). This can be confused with a similar problem called “cork spot” that is
caused by nutritional deficiencies in some tree fruit (Brown 2003). The location of the corking
near the surface of the fruit and rarely occurring away from the flesh is symptomatic of stink bug
damage. Thirdly, discolored and sunken areas on the outside of the flesh, and water-soaked areas
within the flesh, coupled with the marks from insertion often occur on damage that has occurred
later in the season (Brown 2003, Leskey et al. 2009).
Pentatomids impact hazelnut production in the two largest commercial growing regions
of Turkey (Tuncer and Ecivit 1997) and Italy (Tavella et al. 1997). The primary pentatomid pest
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is presently Palomena prasina L., but other pests possibly pose problems (Tuncer and Ecivit
1997, Tavella et al. 1997). The injury caused to hazelnut kernels by P. prasina is described as
having brown or dark spots, becoming entirely darkened, complete kernel abortion, or “belted”,
with only the basal portion exhibiting damage, and areas with spongy or fibrous tissue (Tavella
et al. 1997, Tavella et al. 2001, Tuncer et al. 2005, and Saruhan and Tuncer 2010). This damage
is often only discovered after the nuts have gone to a processor for shelling (Tuncer et al. 2005).
Prematurely dropped nut clusters are also potentially caused by feeding stinkbugs, but this can
also be a result of physiological problems (Tavella et al. 2001, Tuncer et al. 2005). Feeding by
pentatomids negatively affects the quality of the hazelnut kernels in terms of appearance and
taste (Tuncer et al. 2005).
Pecans, Carya illenoensis Wangenh. (Koch), are a nut crop of economic importance
across the United States, and within the range of BMSB sightings in the U.S. $476 million worth
of pecans were produced domestically in 2012 (USDA-NASS 2013). Pecans are fed upon by at
least eight species of pentatomid, including N. viridula and the brown stink bug, Euschistus
servus (Say) (Dutcher and Todd 1983). Both of these species overwinter within the pecan
orchards (Dutcher and Todd 1983). Feeding damage by either of these two stink bugs before
shell hardening causes “black pit” and premature nut drop (Dutcher and Todd 1983, Yates et al.
1991). The hardening of the saliva produced by the feeding insect forms a tube or “stylet sheath”
that can be seen at the point of insertion (Dutcher and Todd 1983, Yates et al. 1991, Jones and
Caprio 1994). If feeding occurs later in nut development the resulting damage is a discolored
area around the point of insertion and into the kernel, called “kernel spot” (Turner 1923, Dutcher
and Todd 1983). Kernel spot is also characterized by a bitter taste that affects the entire nut
(Turner 1923). Kernel spot is not detectable until after the nut is cracked (Turner 1923, Yates et
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al. 1991), and is also found in macadamia nuts. The planting of cover crops such as cowpea and
soybean can provide an alternate host for feeding pentatomids and can increase damage in pecan
orchards (Turner 1923, Dutcher and Todd 1983).
Macadamia nut, Macadamia integrefolia (Maiden and Betche), is the largest orchard crop
in Hawaii. Production in 2010 totaled 17,000 acres and a farm-value of $29.2 million (USDANASS 2011). Macadamia nuts are fed upon by N. viridula, a non-native stink bug in Hawaii.
Depending on population levels, the amount of damaged nuts can be as high as 50%, occurring
as a result of feeding by the second to fifth instars and adults (Mitchell et al. 1965.). Feeding
occurs on any stage of nut development, and damage will differ based on the timing of insect
feeding and developmental stage of the nut (Jones and Caprio 1994). Feeding that occurs early
during nut development can cause nut abortion (Jones and Caprio 1994). Later feeding is
characterized by dark necrotic areas of the kernel referred to as “kernel spotting” (Mitchell et al.
1965), and is similar to kernel damage found in pecans. Kernel injury of this type may not be
seen until after shelling of the product has occurred (Mitchell et al. 1965). Nezara viridula are
able to penetrate the shells of the mature nuts to feed (Mitchell et al. 1965). Within a tree,
feeding will take place in both the canopy and on the ground (Jones and Caprio 1994). Follett et
al. (2009) reported that a greater amount of feeding took place on the ground. An early study
suggested that feeding by N. viridula caused premature nut drop, however, other studies have not
supported this claim (Mitchell et al. 1965, Jones and Caprio 1994). It is also believed that further
injury can occur to the nut by microorganisms entering the feeding site (Mitchell et al. 1965).
Although high amounts of damage are caused by N. viridula on macadamia nuts, it doesn’t
appear that they are able to complete their life cycle with macadamia nuts as their sole host
(Shearer and Jones 1996). It was observed that N. viridula eggs were rarely found in macadamia
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orchards (Mitchell et al. 1965) suggesting that they rely on other hosts for oviposition or
nymphal development.
Pistachio production in California is analogous to hazelnut in Oregon, in that these states
both represent what is virtually the sole growing region of these crops in the United States
(NASS 2012). 109,000 acres of pistachios were grown in California in 2006. In-shell pistachios
were worth over $1 billion in 2012 (USDA-NASS 2013). Pentatomids, along with other
Hemipterans, have been linked to causing epicarp lesion symptoms in pistachio nuts. Epicarp
lesion symptoms are brown sunken spots on the surface associated with browning of the internal
flesh. At least three genera within Pentatatomidae were able to produce this type of damage with
young fruits: Acrosternum (Chinavia), Thyanta and Chlorochroa. (Rice et al. 1985). Stink bugs
also caused “water soaked areas” at the point of insertion (Rice et al. 1985). Internal damage
occurred first and then spread to the outer region of the fruit, and often caused premature fruit
drop from the cluster (Rice et al. 1985). Damage shifted towards the kernel in fruit that was fed
upon later in development, causing damage that appears much more similar to corking damage in
macadamia, described as “discolored, spongy, and punky” (Rice et al. 1985). Stinkbugs were
capable of penetrating the mature shell at time of harvest, but preferred softer areas of the shell,
such as near the stem (Michaelaides 1989).

1.4 Hazelnut production in Oregon
In 2012, Oregon produced 34,700 tons of hazelnuts on 29,000 acres, at a value of $63.4
million (ODA 2013). The major growing region in Oregon is the Willamette Valley, in which H.
halys has become established. The dominant insect pest for hazelnut growers in Oregon is
filbertworm, Cydia latiferreana Walsingham (Lepidoptera: Tortricidae) (AliNiazee 1998, Olsen
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2002, Walton et al. 2009). This pest is currently controlled with one or two applications of the
insecticide Esfenvalerate when the number of adult moths captured in pheromone-baited traps
surpasses treatment thresholds. Historically, hazelnut growers have also been concerned about
with filbert aphid, Myzocallis corylii (Goeze 1778) and hazelnut aphid, Corylobium avellanae
Schranck (Hemiptera: Aphididae) (AliNiazee 1998, Walton et al. 2009). These represent the only
current hemipteran pests of concern in commercial hazelnuts in Oregon besides Halyomorpha
halys. Populations of the aphids have been reduced in recent decades due to the release of an
imported parasitoid, Trioxys pallidus Haliday (Hymenoptera: Aphidiidae) (Messing 1989, Olsen
2002).

1.5 Potential threat of BMSB to Oregon agriculture
It has been shown that pentatomids are capable of causing damage to multiple fruit,nut
and vegetable crops grown in Oregon, including apples, pears, cherries, beans, and corn.
Physical and economic damage on these crops by BMSB is being researched in the United States
and Japan. However, research into characterizing the symptomology, timing, and severity of
feeding damage caused by Halyomorpha halys on hazelnuts and other tree nuts is currently
lacking, and is urgently needed in order to construct effective management strategies against this
insect as it rapidly spreads into new regions of the United States.
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2. Damage to hazelnut kernels resulting from feeding by Halyomorpha halys
2.1 Introduction
Insects of the family Pentatomidae, commonly called stink bugs, are serious economic pests of
many food and ornamental crops around the world. Included in those crops are pistachios (Rice
et al. 1985), pecans (Turner 1923), and macadamia nuts (Mitchell et al. 1965). Stink bug pests of
cultivated hazelnuts (Corylus avellana L., Fagales: Corylaceae) occur in the leading commercial
hazelnut producing countries of Turkey (Saruhan and Tuncer 2010) and Italy (Tavella et al.
1997). Studies in these countries have reported damage to hazelnut kernels by P. prasina
(Hemiptera: Pentatomidae) in the form of kernel abortion, malformed kernels, and kernels that
have areas of dry, necrotic tissue. Similar symptoms are reportedly caused by pentatomids in
other tree nuts crops. Commercially produced hazelnuts grown in the Willamette Valley,
Oregon, are currently not economically impacted by pentatomids (Olsen 2012). However, the
rapid spread of Halyomorpha halys (Stäl), brown marmorated stink bug (Hemiptera:
Pentatomidae, BMSB) in western Oregon could potentially affect hazelnut growers. In 2012,
34,700 acres of hazelnuts were valued at $63.4 million (ODA 2013).
Economic losses in hazelnuts from H. halys have not yet been reported in Oregon.
However, in 2010, hazelnut scion-selections from Oregon being field-screened for filbert blight
(Anisogramma anomala Peck; Diaporthales: Gnomoniaceae) in NJ exhibited kernel damage in
the form of brown sunken areas on the surface of the mature kernel. It was suspected that this
was caused by BMSB because the plants had large numbers of BMSB on them during the
growing season (P. Shearer, personal communication). Given the potential that BMSB could
damage hazelnuts, research to document the threat and develop management programs was
needed. It is known that H. halys will feed on wild Corylus species. The concern is that BMSB
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will have a serious negative economic impact in commercial hazelnut orchards. Hazelnut
growers first reported BMSB in commercial orchards during summer 2013 (N. Wiman, personal
communication.).
The objectives of this study were to categorize symptoms of damage to kernels fed upon
by H. halys adults during hazelnut kernel development and to determine which physiological
stages of kernel development may be most susceptible to damage from feeding activity.

2.2 Materials and methods
All experiments were conducted between 15 April 2012 and 2 Sept 2013 at the USDA Hazelnut
Germplasm Repository, Corvallis, OR. Nine C. avellana trees were selected, which represented
three cultivars with two additional accessions of each: ‘Cassina’ (‘Amandi’, ‘Espinaredo’),
‘Barcelona’ (‘Grande’, ‘D’Algers’) and ‘Siciliana’ (‘Locale d’Piazza Armerina’, ‘Carrello’). In
2013, Corylus avellana ‘Closca Molla’ was selected as a substitute for the ‘Casina’ accession
because of poor health of the ‘Casina’ tree. ‘Closca Molla’ was selected because of similar mean
shell thickness, as reported in Chambers et al. (2011).
2.2.1 Kernel development
Treatments began 6 June 2012. Clusters of developing hazelnuts (n=10 clusters per tree
per week, n=140 clusters per tree per season) were collected weekly and frozen at -80 °C to
determine the average state of kernel development for the cultivars at the time of insect feeding.
Collection of clusters continued for 14 weeks when nuts began to drop from the trees on 12
September 2012. Kernels with soft shells were sliced laterally once with a single-edge razor
blade to determine the state of development. Kernels with hard shells were removed using
locking pliers. The kernel diameter measured with a plastic circle drawing template (Maped
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Helix Inc., Itasca Il, model #37168). Mean kernel volume was determined by dividing the
volume of water displaced in a 1L graduated cylinder by all kernels in a weekly period by the
total number of kernels. Kernels were classified as 1 (pre-kernel expansion, no kernel
development observed), 2 (kernel expansion period, kernel observed to be expanded but not
filling the shell, soft, watery kernel, ovary wall still present), or 3 (complete kernel expansion,
ovary wall completely disintegrated, kernel detaches easily from opened shell), which were
averaged numerically per collection week for each cultivar. Cluster collection was repeated
during a second field season from 27 May to 2 September 2013.

2.2.2 Feeding damage
Twenty-five feeding exclusion sleeves (48.0 cm x 39.5 cm, Premier Paint Roller, Richmond Hill,
NY, item 60597) were placed over hazelnut branches containing flower buds on each of the trees
(n=225 sleeves total) on 2 May 2012. The open ends of the sleeves were closed securely with
nylon mason twine or a plastic zip-tie. Nut development began on 6 June 2012 and was
completed 9 September 2012 for all but two accessions of ‘Siciliana’, which were allowed to
mature until harvest without additional feeding trials. Three adult male H. halys, collected from
various host plants in the Willamette Valley, OR, were placed in a single sleeve per tree per
week and allowed to feed on developing nuts within the sleeve for one week before being
removed. A plastic printed label indicating the date and week number of the trial was placed into
the sleeve to identify the treatment. Experimentally naïve insects were used each week. This
process was repeated weekly for 16 weeks until nuts matured and fell from the husks, so that
each exposure sleeve represented one discrete 7-day period of feeding by H. halys during nut
development throughout the season. Thirty nuts were collected from the remaining sleeves and
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used as control kernels (unexposed to feeding by H. halys). If adult males were unavailable, field
collected fifth instars were placed inside the sleeves. An insufficient number of insects were
available to fill the sleeves during week 11, 2012, so only 4 trees were exposed. Mature
hazelnuts were collected 3 October 2012.
Kernels were removed from their shells in the laboratory at Oregon State University,
Corvallis, Oregon, and examined for signs of feeding damage. Kernels were sliced individually
with a single-sided razor laterally to discover any internal damage. Nuts were placed into one of
six categories (based on preliminary trials performed during Summer 2011): healthy (no apparent
damage), blanks (no kernel, empty shell), shriveled (small or malformed kernel), corked (internal
dry, spongy, white and brown tissue), or other (moldy or otherwise unhealthy kernel)(Fig. 2.1).
Trials were repeated using similar methods in Spring 2013. Sleeves were placed on
branches 11 May 2013, insects were first placed into sleeves on 27 May 2013 and nuts were
harvested on 16 September 2013. This study ran for a total of 16 weeks. Each week before
placing the sleeves over the branches, the number of developing hazelnut clusters was reduced to
two to reduce variation in the number of nuts exposed to insect feeding. Nuts in three randomly
selected sleeves were not exposed to insect feeding and represented three control replicates.

2.2.3 Mortality
Insect mortality was recorded weekly. Mortality levels between developmental treatments were
analyzed using analysis-of-variance (ANOVA) and Kruskal-Wallis test, with Bonferroni
adjustments.

	
  

	
  
20	
  
2.2.4 Distance to kernel versus mouthpart length
The distance from the edge of the kernel to the outer sidewall was calculated by halving the
difference between the mean diameter of the whole nut and the mean diameter of the kernel.
Data were collected from nuts described above in 2.2.1: Kernel development. The diameter of
each whole nut and each kernel was measured using a drafting circle drawing template.
Mouthparts of deceased and living Halyomorpha halys males (n=82) and females (n=95) from a
laboratory colony were measured from the anterior edge of the tylus to the proximal end of the
rostrum using a handheld electronic micrometer.

2.2.5 Data analysis
To account for differences in development between cultivars, treatment weeks were assigned to
one of four development stages: “pre-shell expansion (PE)”, “shell expansion (SE)”, “kernel
expansion (SE) ” and “maturation (MA)” for each cultivar, based on the kernel development
stages described above. These stages were considered treatments for analysis and compared
against the control treatments, as well as the other treatments within the same year.
The experiment was designed so that the data could be analyzed using ANOVA with
subsequent post-hoc comparisons between treatments. However, the data were not consistently
homoscedastic when a Levene’s test for equality of variances was performed comparing the
treatments. Normality of the data was also suspect when Q-Q normality plots were examined.
Therefore, ANOVA without corrections was considered inappropriate and alternative tests were
performed for analysis of the data.
Data were further analyzed using ANOVA with a Welch’s correction, where variance
was not assumed (McDonald 2009). Because the data being analyzed is a proportion, an Arcsine
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transformation was applied before the corrected ANOVA analysis (Arcsine*sqrt [observed
proportion of damaged kernels], McDonald 2009). If a significant P-value resulted from the
corrected ANOVA test (P<0.05), a Tukey’s Honest Significant Difference test (Tukey’s HSD)
was applied. In order to be the most conservative with analysis of the data, exact binomial tests
were also performed comparing a proportion of damaged kernels in a treatment (i.e. 4 blank nuts
of 34 in the pre-expansion period nut treatment) versus an expected proportion of damaged
kernels (McDonald 2009). The proportion of damaged kernels found in the control treatments
served as the expected proportion. Because P-values < 0.05 resulted from exact binomial tests
where the proportions being compared were nearly the same, or the control proportion treatment
contained no damaged kernels, only those tests that resulted in P-values < 0.01 were considered
significant.
All statistical analyses were conducted using the R software package (R Core Team
2013) and additional third-party libraries (Dorai-Raj 2009, Wickham 2009).

2.3 Results
2.3.1 Kernel development
Development rates of hazelnut kernels were similar between cultivars in both years (Fig. 2.2). In
2013, ‘Amandi’ and “Closca Molla’ were later than the other two cultivars in reaching
development stages by 1 to 2 weeks. This discrepancy was corrected in the analysis by assigning
each week to one of four development stages (PE, SE, KE or MA) for each cultivar individually
as described in the methods.

	
  

	
  
22	
  
2.3.2 Feeding Damage
There were no significant differences in the proportion of damaged kernels observed between
accessions or cultivars (Table 3.1). Therefore, cultivars were combined for statistical analyses. In
the ANOVA and subsequent post-hoc analyses, only the mean proportion of corking damage
during maturation was significantly different than the control kernels in 2012 (P<0.0005,
MSE=1.41; df=4, HSD=1.01). In 2013, both the proportions of mean shriveled and corked
kernels were significantly different than the control hazelnuts (Fig. 2). When analyzed using a
binomial exact test, there were significant differences between the proportions of blank hazelnuts
in the shell expansion and the kernel expansion treatments versus the other treatments in 2012,
and the kernel expansion versus all other treatments in 2013 (P<0.005, fig. 2.3). There was a
significant difference between proportion of shriveled kernels in the kernel expansion stage
versus all other stages in 2012 and kernel expansion and control in 2013 (P<0.005, fig. 2.3). The
kernel expansion and maturation stages had significantly different proportions of corked
hazelnuts versus the other stages in 2012 and 2013 (P<0.005, fig. 2.3). There were no significant
differences in the proportions of unhealthy kernels classified as “other” for 2012 (F= 1.67;
df=4,40; P=0.1754). In 2013, there was a difference between ‘pre-expansion’ and other
treatments (including control) for “other” damaged kernels. (F=2.77; df=4,64; P=0.034, Tukey’s
HSD adjusted P-value=0.003).

2.3.3 Mortality
There were no significant differences in mean mortality of insects in the field cages between the
treatments during 2012 (F = 2.4082; df= 3,127, MSE= 1.817, P=0.0702) or 2013 (F = 2.058;
df=3,140; MSE=1.1969; P=0.1085). The mean insect survival per development stage ranged
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from 1.76±1.04-2.33±0.78 insects in 2012 (58.7%) and 2.23 ± 0.82-2.70 ± 0.60 insects in 2013
(74.3%).

2.3.4 Distance to kernel versus mouthpart length
The mean length of the stylets of adult male H. halys was 7.13 ± 0.45mm. The mean length of
female H. halys rostrum was 7.77 ± 0.40mm. Mean distance between the outer sidewall of the
shells and the developing kernel are shown in Figure 2.4.

2.4 Discussion and conclusions
Halyomorpha halys feeding on hazelnuts is similar to that of stink bugs in other tree nut systems.
The different types of damage observed in the feeding trials were consistent with the damage that
results from pentatomid feeding in other tree nuts including macadamia, pecan, and pistachio
(Mitchell et al. 1965, Dutcher and Todd 1983, Rice et al. 1995) as well as the corking damage on
kernels observed by the feeding of economically damaging stink bugs such as P. prasina in
regions of Turkey and Italy (Tavella et al. 1997, Saruhan and Tuncer 2010). It is possible that
BMSB feeding on shoots upon which the nuts are developing has a detrimental effect on kernel
development. We observed that H. halys would readily accept commercial hazelnuts as a food
source in the lab, and H. halys was observed feeding on the developing nuts in the exclusion
sleeves in the field. However, adults in the field were observed to feed primarily on leaf veins
and branches during daylight hours. Second and third instar H. halys were observed on the
outside of the sleeve cages as well as feeding on leaf veins of hazelnut trees within our test plots
during the 2013 season. These nymphs were not the result of escaped specimens from our
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experiment as only adult males and 5th instars were placed in the cages. Wild adult H. halys were
not observed in the experimental plots during either season.
The symptoms of damage that were observed were correlated with the developmental
activity of the hazelnuts, regarding the size and maturity of the kernel at the time of H. halys
feeding. Thompson (1979) found that ‘Barcelona’ hazelnuts on average have a three to four
week period of rapid ovule, or kernel, expansion, which our data corroborated (Fig. 2.2). Our
data indicate that if the insects fed on the nuts before this expansion, blank nuts can occur in
greater quantities than if not fed on, possibly as a result of interference with fertilization, which
is occurring at this time (Thompson 1979).
It is unclear whether shriveled kernels are caused by direct feeding in the kernel, or if
kernel development is disrupted, or both are responsible agents. Feeding during the time of
kernel expansion resulted in higher proportions of shriveled or malformed kernels at harvest, but
the proportions were less than that of the other significant types of damage observed. We predict
that shriveled or malformed kernels are caused by BMSB feeding directly in the developing
kernel. During both years, the space between the outside of the shell and the edge of the
developing kernel during weeks 4-7 was greater than the mean length of the adult male stylets of
6.13mm (7.13mm minus an estimated 1mm for a proximal section that was not observed to be
inserted by feeding H. halys due to the folding of the sclerotized mouthparts). For comparison,
Depieri and Panizzi (2010) measured the rostrum length of N. viridula, a similarly sized
pentatomid, to be 5.9 ± 0.05 mm using a stereomicroscope and a scaled ocular. However, it is not
clear which parts of the rostrum were included in the measurement. Hori (2000) defines the
stylets as the first two segments of the rostrum, which are only half of the full length of the
rostrum in H. halys. Feeding that occurred during this period appeared to coincide with the
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majority of ‘blank’ nuts that occurred during both years where the space was greater than the
adjusted rostrum length (Fig. 2.4). When the mean length became greater than the distance
between the shell wall and the developing kernel (week 8), ‘shriveled’ kernels were at their peak.
This supports the hypothesis that ‘blank’ nuts are a result of a physiological disruption, and that
shriveled kernels are a result of direct feeding upon the kernel. Panizzi and Parra (2012) suggest
that the relationship between stylet length and the ability to reach food sources should be further
investigated for seed-feeding hemipterans.
Corked kernels are the most consistent type of damage reported from studies on
pentatomid feeding on tree nuts. Corking damage occurs as a result of direct feeding on the
mature or nearly mature kernels. Corked kernels would not be expected if there was not a
developed kernel on which to feed, and our data showed this to be true in both seasons. There
were also nearly no corked kernels observed in the control treatments, with a mean proportion of
0.005 between both years.
All developmental treatment stages showed some evidence of feeding damage,
suggesting that commercial hazelnuts are susceptible to economic losses if H. halys are present
and feeding throughout the fruiting year. The least susceptible stage was ‘pre-expansion’ (PE)
(Fig. 2.3), but some damage was observed in the form of blank hazelnuts, as well as damage
classified as “other” in 2013. Although the mean proportions of blank hazelnuts were greater in
early season feeding (shell expansion and kernel expansion stages) for both years, there were
blank hazelnuts observed in each of the treatments including the controls. Blank hazelnuts may
be caused by physiological problems such as incomplete pollen set or incompatible pollinizers
(Lagerstadt 1977). However, early season feeding by adult H. halys increased the mean
proportion of blank hazelnuts observed at harvest. This type of damage could potentially be the
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most detrimental to growers, as it represents greater yield losses than corked kernels. Corked
kernels could potentially still be sold for non-whole-kernel uses unless taste is affected, as
reported by Tuncer et al. 2005.
Although some marks were observed on the outside of the shells that appeared to be from
insect feeding the marks were not predictive of damage to the kernel and were not present on all
damaged nuts. Clusters exhibiting signs of “brown stain” (Germain 1994) were observed at week
7 of the trials in 2013 in both control and treatment sleeves for weeks 1-6. However, blanks that
result from brown stain instead of other causes can have different characteristics, such as a
smooth interior shell, and this type of blank was not screened for specifically in the analysis.
Prematurely dropped clusters were observed from the treatment trees from non-treatment
braches where no controlled insect feeding occurred, suggesting other possible causes.
Tavella et al. 1997 suggested that prematurely dropped clusters were the result of physiological
issues rather than insect feeding, but it has also been hypothesized that premature nut drop may
be a result of P. prasina feeding on hazelnut (Saruhan and Tuncer 2010). Nut clusters that were
prematurely abscised from the branches were observed in the treatment sleeves in weeks 1-7, but
not in the control sleeves for these weeks. The proportion of dropped kernels in the ‘shell
expansion’ and ‘kernel expansion’ treatments were significantly different than control (KruskalWallis test with Bonferonni adjustment, H=20.6, df=4, P=0.0003). Premature cluster drop that
occurred later in the season was not recorded, as it could not be determined if these clusters were
truly “premature”. Some clusters contained what appeared to be mature kernels as early as week
8, and high temperatures during the 2013 season were thought to be increasing kernel
development.
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The results and observations from these experiments could be used, with monitoring data,
as part of an integrated pest management plan to make predictions about the potential damage to
hazelnuts. For example, if a high number of adults are found feeding in orchards before kernel
expansion, the grower could expect to have a higher number of blank nuts than if no insects were
feeding. This research does not suggest any conclusions about action thresholds or percentages
of yield loss that could be suffered by hazelnut growers, but represents one of the first steps in
developing an integrated pest management plan for hazelnut growers against this pest.
The next stage of the research should be to develop thresholds of damage throughout the
season (amount of yield loss based on numbers of insects per branch, for example.) It needs to be
determined whether H. halys can complete its life cycle on hazelnuts as the only host medium.
Investigation into the possibility of disease transmission by feeding H. halys would also be
worthwhile, as pentatomids have been shown to be capable of transferring pathogens (Hori
2000). A comparison between life history and behavior patterns in the field (adult emergence,
adult development and overwintering) during hazelnut development and harvest would also be
required in developing IPM strategies for hazelnut growers to combat Halyomorpha halys.
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2.5 Figures and tables

	
  
Figure 2.1. Primary damage symptoms associated with kernel feeding by Halyomorpha halys on
hazelnut kernels. a, healthy kernel (in shell), b, blank nut (empty shell), c, shriveled kernel, d,
corking damage.
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Figure 2.2. Growth and development of cultivars of commercial hazelnut in 2012 and 2013 from
terminal bud set to nut drop. Stage 1, kernel development, Stage 2, kernel present and expanding,
and Stage 3, fully expanded or mature kernel. Error bars indicate standard errors of the means.
Development labels based on Thompson (1979). 2012 trials began 6 June. 2013 trials began 27
May.
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Figure 2.3. Proportion of damaged hazelnuts after being exposed to feeding Halyomorpha halys
by treatment period in 2012 and 2013. Different letters indicate significant difference between
groups (Arcsine transformed data, Tukey’s HSD). Case separates experimental year. Asterisks
indicate significant differences vs. control within years (P<0.01, Exact Binomial Test).
Proportions of damaged nuts reflect untransformed data.
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Figure 2.4. Distance from outer sidewall of hazelnut shell and proportion of blank and shriveled
hazelnuts versus week of development from terminal bud set. Red lines indicate mean length of
Halyomorpha halys mouthparts – basal 1.0mm that is not inserted into hazelnuts during feeding.
Highlighted area indicates time that the distance between shell and kernel exceeds mean
mouthpart lengths.
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Table 2.1. P-values resulting from Exact Binomial Tests comparing the proportion of damaged
kernels in treatments (observed) to the proportion of damaged kernels in the control (expected).
Bold numbers indicate significance (p<0.01) vs. Control. Abbreviations for columns: PE, preexpansion, SE, shell expansion, KE, kernel expansion, MA, maturation.
2012 Blank

PE

PE

KE

MA

Control

2.99E-09

2.97E-10

0.541

0.7223

0.0002

9.38E-15
2.20E-16

2.20E-16
2.20E-16

SE
KE

2.20E-16
2.20E-16

0.0001

MA

0.09

2.20E-16

2.20E-16

Control

0.891

2.99E-09

2.97E-10

0.217

Shriveled

PE

SE

KE

MA

Control

2.76E-01

1.21E-05

0.64

0.6325

3.07E-05

4.45E-01

3.72E-01

5.66E-16

2.20E-16

PE

0.03

SE

2.20E-16

KE

2.20E-16

8.55E-12

MA

2.20E-16

3.72E-01

8.37E-15

Control

5.95E-01

2.23E-01

1.17E-07

7.90E-03

Corked

PE

SE

KE

MA

Control

6.40E-01

2.92E-06

3.06E-12

5.00E-02

1.00E-06

6.03E-15

5.41E-02

6.39E-05

8.10E-06

PE

6.25E-01

SE

2.20E-16

KE

2.20E-16

2.20E-16

MA

2.20E-16

2.20E-16

3.37E-10

Control

1.86E-01

1.86E-01

6.06E-11

2.20E-16

2013 Blank

PE

SE

KE

MA

Control

2.20E-16

1.07E-07

0.005534

0.003022

4.69E-10

2.20E-16

2.00E-17

1.44E-05

5.75E-05

PE

2.20E-16

SE

2.20E-16

KE

2.20E-16

2.20E-16

MA

9.15E-05

2.20E-16

1.93E-03

Control

8.95E-06

2.46E-16

2.12E-02

6.42E-01

Shriveled

PE

SE

KE

MA

Control

9.75E-02

1.63E-04

0.592

0.6645

3.11E-02

1.75E-01

3.50E-03

3.77E-10

2.20E-16

PE

9.20E-01

SE

1.49E-02

KE

2.20E-16

3.97E-05

MA

2.08E-01

2.91E-01

1.60E-04

Control

7.28E-01

2.37E-01

1.02E-05

1.93E-01

Corked

PE

SE

KE

MA

Control

6.39E-01

2.20E-16

2.20E-16

2.59E-02

2.20E-16

2.20E-16

2.59E-02

2.65E-01

2.20E-16

PE

	
  

SE

SE

1.00E+00

KE

2.20E-16

2.20E-16

MA

2.20E-16

2.20E-16

2.86E-01

Control

6.32E-01

6.32E-01

2.20E-16

5.92E-02

2.20E-16
2.20E-16
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3. Effect of shell thickness of Corylus avellana L. on proportion of damage and feeding
frequency by Halyomorpha halys

3.1 Introduction
Halyomorpha halys is capable of causing damage to commercial hazelnuts by feeding upon
developing kernels (Chapter 2). Chambers et al. (2010) showed that hazelnut kernel infestation
by filbertworm (Cydia latiferreana, Lepidoptera: Tortricidae) significantly increased with
decreasing shell thickness at the basal scar (the point of entry for the larva). Jones et al. (1992)
showed that damage to macadamia nut kernels caused by Hypothenemus obscurus (Coleoptera:
Scolytidae) entering the nuts through the shell decreased as a function of shell thickness. Jones et
al. (1992) also remarked that thicker shelled cultivars of macadamia have lower rates of Nezara
viridula damage. Follett, et al. (2009) suggested that although shell and husk thickness of
macadamia may play a role in the difference levels of N. viridula damage between cultivars,
other physiological or chemical effects may also affect damage levels.
The variation in shell thickness that occurs between commercial hazelnuts cultivars may
have an effect on kernel feeding activity by H. halys. Our hypothesis for the field trial was that
the proportion of damaged nuts would be greater in nuts with relatively thinner shells. Our
hypothesis for the laboratory trial was that hazelnuts with relatively thicker shells would exhibit
less damage as a result of fewer feeding or probing events by H. halys than shells with thin or no
shells when offered a choice between two nuts of differing thicknesses.
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3.2 Materials and methods
3.2.1 Field trials
Insects were exposed to developing hazelnuts at the same time as the feeding damage trials
described in Chapter 2. Three representative accessions of three cultivars of hazelnuts, Corylus
avellana L. were selected to represent three different thickness of shell: ‘Casina’, ‘Espinaredo’
and ‘Amandi’ for thin, ‘Barcelona’, ‘Grande’ and ‘D’Algers’, for medium, and ‘Sicilinana’
‘Locale d’ Piazza Amerina.’ and ‘Carrello’ as thick. In 2013, ‘Casina’ was replaced by ‘Closca
Molla’ due to poor health of the ‘Casina’ tree during that season. Cultivars were chosen based on
mean shell thickness measurements of hazelnuts collected at the USDA-ARS Hazelnut
Germplasm Repository, Corvallis, OR, as reported by Chambers et al. (2011). Each cultivar was
represented by three accessions to serve as experimental replications for that thickness. Mean
shell thickness between cultivars was determined by measuring the basal scar and sidewall in
2012, and additionally the bottom quarter in 2013 (Fig. 1). Three shells from each treatment
week of each cultivar from the experimentally exposed nuts were used for shell thickness
measurements (n=144 nuts for each cultivar) using an electronic handheld micrometer. The
proportions of damage observed in the forms of blank, shriveled, or corked kernels (as described
in Chapter 2) were compared between representative cultivars using Welch’s ANOVA for
differences between cultivars and on proportion of damage data, which had been Arcsine
transformed (Arcsine*sqrt[observed proportion of damaged nuts/kernels], McDonald 2009). Pvalues less than 0.05 were considered significant, and followed with Tukey’s Honest Significant
Difference post-hoc test (Tukey’s HSD, McDonald 2009).
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3.2.2 Laboratory trials
Adult H. halys were placed into a feeding arena consisting of a plastic dressing cup (5.1cm base,
8.2cm opening, 4.3cm tall, Solo item P550, Solo Cup Co., Urbana, Illinois) with holes (0.6 mm
diameter) punched in the lid for ventilation. Two hazelnuts representing cultivars with differing
shell thickness were placed in the cup with the insects and provisioned with a moistened piece of
synthetic sponge for a water source (n=12 replications for each treatment: thick vs. medium,
thick vs. thin, thin vs. medium, and thin versus shelled). Insects were left in the arenas for one
week. Arenas were checked every two days for insect mortality, and dead insects were replaced
with live ones. Insects were selected randomly from laboratory colonies maintained at Oregon
State University, Corvallis, OR. Sponges were re-wetted every two days as needed. After one
week nuts were examined for the number and location of stylet-sheaths on the surface of the nut,
and corked areas on the kernels were counted. The basal scar, sidewall and bottom quarter
thicknesses of each nut were also measured as in the field trial (n= 96 nuts). Data were analyzed
using linear regression comparing number shell thickness from each location to number of stylet
sheaths and number of corked areas using R statistical software package (R Core Team 2013).

3.3 Results
3.3.1 Shell thickness
Shell thickness differed significantly by cultivar in both 2012 and 2013 (Tukey’s HSD, Fig. 2).

3.3.2 Field trials
No significant differences were found when comparing the proportions of blank, shriveled or
corked hazelnut kernels between accession or cultivar in 2012 or 2013 (Table 3.1).
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Because hazelnuts shells were not observed to be fully developed until 8 weeks in the
season (indicated by field observations of shell hardness and shell color change from green to
brown), damage types were further compared between cultivars including only proportions of
damage observed during the ‘kernel expansion’ and ‘maturation’ treatments. No significant
differences were found in 2012 or 2013 comparing late season treatments to cultivar (Table 3.1).
Although corking damage in late season 2013 had a P-value close to 0.05, a Tukey’s HSD posthoc test indicated no differences in corking damage between cultivar at a 0.05 level of
significance.

3.3.3 Laboratory trials.
A regression analysis comparing the number of sheaths and the number of corked spots showed a
weakly correlated but statistically significant linear relationship (y=0.60x+ 0.25, adjusted
R2=0.49, P<0.0001, RMSE93=1.014). Linear regression models showed very correlation
coefficients and no significant P-values when testing for a correlation between the number of
feeding sheaths and the feeding sites alone (Table 3.2). However, linear regression models
testing for a correlation between the number of corked spots on the kernel compared with
feeding sites showed some statistical significance (P=0.02 for all treatments). Correlation
coefficients for these treatments ranged from 0.04-0.06 (Table 3.2).	
  

3.4 Discussion and conclusions
Although nut crops have shown some resistance insect feeding or infestation due to thick husks
or shells, we did not observe shell thickness to be a deterrent to Halyomorpha halys. No
significant differences were observed in the proportion of damaged kernels in either the field
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trials or the laboratory trials, suggesting that shell thickness does not have an effect on the
damage caused by feeding adult H. halys. The laboratory choice test was done in order to
eliminate the effects that might have resulted from the confined field trials, where insect feeding
may have occurred because it was the only food available despite preference for a thinner shell.
In the 2012 field trials, the greatest proportion of corking damage was seen in the ‘Siciliana’
nuts, which had the thickest shells on average (although statistically there was no difference).
This is counter to the hypothesis that thinner shelled nuts would suffer a greater amount of
damage due to insect feeding. The number of corked spots was determined to be a better
indicator of feeding activity than the number of stylet sheaths. For some of the hazelnuts, the
number of cork spots was greater than the number of sheaths observed. This may have been due
to sheaths being removed from the surface of the nut in transport, or possibly that H. halys is able
to move its stylets to a different area without fully removing them from the nut. Although a
regression between the number of sheaths and the number of corking spots showed a weakly
correlated but statistically significant linear relationship, sheaths were never statistically
significant in suggesting a linear slope different than zero versus shell thickness (Table 3.2).
It is possible that there is some effect of cultivar affecting the feeding behavior of H.
halys in the lab trials other than shell thickness, but it is not known from our study. While a
significant P-value suggests that there could be some effect of shell thickness (the probability of
the slope being different than 0 is high), it is clear from the low correlation coefficients that this
is not a predictive model, and that other factors are influencing the relationship. Follett et al.
(2009) reported similar findings in macadamia nuts fed upon by N. viridula could be due to
physiological or chemical differences. A similar situation could potentially exist for hazelnuts
and H. halys feeding as well.
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Based on the results of the feeding damage trials, it was predicted that if there was an
effect of shell thickness, differences would be seen most evidently in the proportion of nuts with
corking damage, as this type of damage was seen most frequently during the ‘kernel expansion’
and ‘maturation’ stages when the shells are hardening. However, there were no differences in the
proportions of feeding damage when only considering late season feeding. This experiment does
not address the hardness of the shells, which may vary between cultivars and affect feeding
behavior. The results of this experiment show that many commercial hazelnut varieties may be
susceptible to feeding damage by H. halys feeding, regardless of the cultivar being grown, and
that growers should not select which cultivars to grow based on the shell thickness in the context
of BMSB feeding damage.
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3.5 Figures and tables

	
  
Figure 3.1. Cross-section of ‘Barcelona’ hazelnut showing the positions for shell thickness
measurements. a, basal scar (‘top’); b, sidewall (‘side’); c, bottom quarter (‘bottom’).
Measurements were made at the thickest points of each of these areas. Adapted from Chambers
et al. 2011.
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Figure 3.2. Mean shell thickness of different cultivars of commercial hazelnuts in 2012 and
2013. Notches indicate a 95% confidence interval of the median. Differing letters above boxplots
indicate significant differences between means (Kruskal-Wallis test, Tukey’s HSD).	
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Table 3.1. Welch’s ANOVA results comparing proportions of damage to hazelnut kernels from
by Halyomorpha halys feeding between accessions and cultivars for the entire season in 2012
and 2013. Late season compares proportions of damaged kernels during the kernel expansions
and maturation treatments. d.f., degrees of freedom
Comparison / Damage
2012 Accession
Blank
Shriveled
Corking
2012 Cultivar
Blank
Shriveled
Corking
2013 Accession
Blank
Shriveled
Corking
2013 Cultivar
Blank
Shriveled
Corking
2012 Late Season
Corking
2013 Late Season
Corking
	
  
	
  
	
  

	
  
	
  
	
  

	
  

F-value

d.f.

P-value

1.04
0.77
0.82

8, 144
8, 144
8, 144

0.41
0.63
0.59

0.60
2.32
2.09

2, 150
2, 150
2, 150

0.55
0.09
0.59

1.04
1.02
0.52

8, 162
8, 162
8, 162

0.41
0.43
0.84

1.82
1.21
0.27

3, 167
3, 167
3, 167

0.15
0.31
0.84

2.31

2, 90

0.10

2.61

3, 56

0.06
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Table 3.2. Linear regression analysis comparing indicators of H. halys feeding activity (number
of feeding sheaths and number of corked spots) versus shell thickness, by site of feeding. Last
row compares number of sheaths vs. number of cork spots observed on the same nut. RMSE,
residual mean square error, d.f., degrees of freedom.
Treatment
Sheaths/top
Sheath/side
Sheath/bottom
cork/top
cork/side
cork/bottom
Sheaths/Cork

	
  

Slope
-0.408
-0.398
-0.259
-0.605
-0.570
-0.444
0.5965

Intercept
1.929
1.916
1.888
1.764
1.730
1.787
0.250

Adj. R2
0.007
0.008
0.006
0.044
0.045
0.057
0.486

P-value
0.198
0.188
0.216
0.024
0.022
0.012
<0.001

RMSE (92 d.f.)
1.658
1.657
1.659
1.385
1.384
1.375
1.014(93 d.f.)
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4. General Conclusions
Within the past few years, Halyomorpha halys has become a new and serious concern for the
hazelnut industry in the Pacific Northwest. Hazelnuts are susceptible to damage by feeding by
adult stinkbugs throughout the growing season, as demonstrated by the results of this feeding
damage study. The results of the shell thickness experiment indicate that while there may be
physiological differences between cultivars, these differences do not reduce susceptibility to
damage by feeding stinkbugs. The scope of inference of this study is limited, as the research
plots were selected based on availability to the researchers, and the trees used were chosen based
on known characteristics (shell thickness and popularity as a commercial cultivar in the
Willamette Valley). However, there are no reasons that suggest commercial orchards would be
any less susceptible to damage by feeding stinkbugs than the trees in our experimental orchard.
As populations of H. halys continue to increase in commercial agricultural areas and settings in
the Willamette Valley, the need for integrated pest management program is crucial.
The results of the research presented here, along with evidence provided by past and
ongoing studies, confirms the hypothesis that H. halys is a potential pest to hazelnuts similar to
other stink bugs such as P. prasina in Turkey and Italy, as well as pentatomid pests in other tree
nut orchards systems. Although H. halys has been observed feeding on hazelnuts in commercial
and unmanaged orchards, and on wild species of Corylus, it is unknown whether hazelnut is a
preferred or nutritionally appropriate food source. Our research is only the first step in
developing management strategies for H. halys. The next steps of research should be to continue

	
  

	
  
44	
  
to develop monitoring techniques, which will in turn lead to the development of economic injury
and action thresholds for hazelnuts. Our results do not suggest anything about economic losses or
yield losses other than to indicate that they are a possibility. It should also be determined whether
or not hazelnut is a suitable food source for Halyomorpha halys, and if it is possible for the
insect to complete its life cycle when feeding in a hazelnut system alone. This knowledge could
lead to management strategies based on cultural controls and the removal of weeds or other
supplemental food sources in or near hazelnut orchards. More research is needed into whether or
not there are cultivar differences that could lead to management strategies. Though there was no
indication that thickness is a deterrent to stink bug feeding, there was some evidence statistically
that thickness, combined with another unknown characteristic of the cultivar, could be added to
create a more accurate regression model. Although it is not always feasible to change the cultivar
of a tree nut crop in an established orchard, any indication of a particular cultivar’s natural
resistance to stink bug damage could be useful to growers who are establishing a new orchard.
Halyomorpha halys poses a serious threat to hazelnut growers of the Pacific Northwest.
Based on the similarity to the damage symptoms observed in our study, it is possible that H.
halys could prove problematic to other tree nut growing industries in the United States as this
insect continues to establish itself as a pest throughout the country.
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