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Section I: Invasive pests, Emerging Pests and Hot topic of Interest

Katerina Velasco-Graham, MS
Dr. Lee's Entomology Lab
Horticulture Crops Research Unit
USDA-ARS, Corvallis

Does silicon enhance resistance to azalea lace bug? The verdict is still out…
Potted rhododendrons were supplemented for a second year to determine if silicon enhances resistance to the invasive
azalea lace bug (Stephanitis pyrioides). Four groups of rhododendrons were supplemented with foliar spray or soil drench
for 4 weeks with calcium silicate or calcium carbonate.
A choice trial showed frass spots and oviposition were reduced with calcium silicate but also with calcium carbonate
compared to a control group. Foliar application showed a slight advantage over the soil drench for both supplements. Two
no choice trials showed no difference between supplemented and control rhododendrons. Survivability was a challenge in
2020 with mortality being much higher than in 2019. Cultivar was a factor for some parameters.
Calcium silicate dosage was tested on nymphs and adults using 1cm cages. No statistical differences in feeding activity or
mortality were seen between 10 ml and 60 ml for either foliar or drench in 5th instar AzLB. Adults did not show a
statistical difference for frass spots or eggs, but a numerical difference was evident between control and treatments for
both parameters.
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Section I: Invasive pests, Emerging Pests and Hot topic of Interest
NEED AND SCOPE FOR INSECTICIDE RESISTANCE MANAGEMENT FOR THE FALL ARMY WORM
Spodoptera frugiperda (J. E. Smith)
R. Ayyasamy* and B. Ananda Ganesa Raja
Department of Entomology, Faculty of Agriculture, Annamalai University,
Chidambaram - 608 002, Tamil Nadu, India E-mail: ayyasamy.regu@gmail.com
*Corresponding Author
Fall armyworm (FAW), Spodoptera frugiperda (J.E.Smith) (Lepidoptera: Noctuidae) native to the
America is a major pest of maize, cereals and forage grasses, and recorded on 186 plant host plants from 42
families (Casmuz Augusto et.al., 2010). Passenger air travel is an important in insect introductions (Tatem and
Hay, 2007) in new countries and considered as the main route by which fall armyworm was first introduced to
Africa. Trade is one of the main drivers of plant pest introduction globally (Chapman et.al., 2017). The FAW
was spreading from Africa to India through the Southwest monsoon winds that blow from Africa to India every
year between June and September. It had also said that freight being transported via air could be another
possible means by which the worm had spread.
Key words: Fall army worm, Spodoptera frugipera, Resistance management
Fall Army Worm Invasion to Tamil Nadu
Incidence of this worm had been observed in Karnataka, Andhra Pradesh (TNAU, 2018) and Maharastra
(Ankush Chormule, 2018). Scientists from the maize research station and department of entomology of Tamil
Nadu Agricultural University Coimbatore confirmed the presence of the S. frugiperda in Coimbatore, Erode,
Tirupur, Dindigul, Karur, Villupuram, Salem, Krishnagiri, Tirunelveli and Thanjavur districts (Muthukrishnan,
2018). Possible reasons for the outbreak is touted to be continuous availability of vegetative, tassel and cob
stages of maize, cool weather along with intermittent rainfall and absence of suitable predators due to excessive
use of insecticides by farmers. Presence of FAW detected not only on maize but also on sugarcane crop in
Solapur district of Maharashtra (Ankush Chormule, 2018). Entomologists of ICAR-Sugarcane Breeding
Institute, (SBI, 2018) have confirmed the presence of fall armyworm (Spodopetra frugiperda) in four sugarcane
fields of two Tamil Nadu districts viz., Erode and Karur.
The invasive nature of the FAW is mainly due to three factors:
1. Absence of Effective Natural Enemy Complex:Though numerous pathogens, including
Spodopterafrugiperda NPV, entomopathogenic fungi Entomophagaaulicae, Nomuraearileyi, and
Eryniaradicans, protozoa, nematodes and a bacterium have been associated with fall armyworm, only a few
cause epizootics. Despite causing high levels of mortality in some population, disease typically appears too late
to alleviate high levels of defoliation (Wayne A Gardner et al., 1984). Natural strains of Bacillus
thuringiensis tend not to be very potent. Success depends on having the product on the foliage when the larvae
first appear. Genetically modified strains improve performance (All et.al., 1996). A number of parasitoids like
Trichogramma sp. are recurrently cited in literature to have a non-negligible impact on the fall armyworm.
2. Green Bridge: FAW has enormous feeding potential and has more than 180 plant species from 42
families. Apart from maize other economically important crops in Tamil Nadu that suffer major fall armyworm
damage include rice, sugarcane, sorghum, beet, tomato, potato, cotton, and pasture grasses.
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3. Favorable Weather Conditions: Moths have very high flying potential, and can travel up to 2000 km
each year in search of warmer climates. Worm is averse to the harsh winter of North America and so returns to
tropical habitat in the autumn. In tropics it occurs throughout (www.herald.co.zw) Tamil Nadu as favorable
tropical weather prevails throughout the year. Prolonged drought with scanty rainfall and less number of rainy
days prevailing in Tamil Nadu favors faster multiplication.
Need for Developing Insecticide Resistance Management Strategy
It becomes imperative to contain the spread and its management on maize so as to prevent establishment
of FAW as a major pest on other crops like sugarcane, rice, sorghum, cumbu, tomato etc.Insecticides effectively
check the FAW in the event of outbreak. A number of insecticides having stomach/ and contact actions like
bifenthrin, chlorpyriphos, cypermethrin, emamectin benzoate, imidacloprid, and lambda cyhalothrin were found
to be effective.
The Plant Protection and Regulation Service Directorate (PPRSD) of the Ministry of Food and
Agriculture (MOFA) in Ghana has, as a matter of urgency, released a list of recommended variouspesticides
and their combinations:Emamectinbenzoate+acetamiprid, emamectin benzoate, Bacillus thuringiensis(Bt),
chlorpyrifos + deltamethrin, acetamiprid + indoxacarb, lambda-cyhalothrin + acetamiprid, imidacloprid +
betacyflutherine, imidacloprid+bifenthrin and acetamiprid + cypermethrin (Agrihome, 2017).
Considering the seriousness and widespread nature of FAW, TNAU-Maize Research Station, Vagarai,
Tamil Nadu, India suggested spraying any one of the insecticides viz., flubendiamide480 SC 3ml/ 10 l,
chloranthraniprole18.5 SC3ml/10 l, spinosad 45 SC 3ml/10 l, thiodicarb 75WP20ml/ 10 l, chlorpyriphos 20EC
20ml/ 10 l, emamectin benzoate 5 SG4g/ 10 l and azadirachtin 1EC (10,000 ppm) 20ml / 10 l (high volume
spray) (Thukkaiyannan, 2018).
Insecticide Resistance in FAW
Re-infestation occurs from the infested alternate hosts around the fields and clustered / contiguous farm
holdings in small scale farming system prevailing in Tamil Nadu in spite of repeated application of insecticides.
Chemical controls are only partially effective and require multiple applications. Farmers are infatuated to use
the same compound which was found effective in the first application. Farmers in their anxiousness use bizarre
combinations of insecticides, high doses and repeated applications of same insecticides may induce the
development resistance to a particular compound and to other un used compounds with similar mode of action
(Diez-Rodrigues and Omoto, 2001;Yu, 1991; Morillo and Notz, 2001; Carvalho, 2013).
A strain of the FAW collected from corn in North Florida, U.S.A showed resistance to commonly used
pyrethroids (permethrin, cypermethrin, cyhalothrin, fenvalerate, tralomethrin, bifenthrin, tetramethrin, and
fluvalinate), organophosphorus insecticides (chlorpyrifos, methyl parathion, diazinon, sulprofos, dichlorvos,
and malathion), carbamates (methomyl, carbaryl, and thiodicarb).The resistance level ranged from 2- to 216fold to pyrethroids , from 12- to 271-fold to organophosphates, from 14- to >192-foldto carbamates .The highest
resistance level was to fluvalinate, methyl parathion andcarbaryl (Yu,1991).
Particularly strong upsurges are often observed because the pest has been introduced in the total absence
of natural enemies from its home range. A number of insects (eg. Trichogramma wasps – Trichogramma sp.)
are recurrently cited in literature to have a non-negligible impact on the fall armyworm. PPRSD is
contemplating to import, test and release the most promising candidates. It is important to introduce ones that
are also active outside the maize fields and thus they will be important contributors for bringing back the overall
natural balance. The use of specific viruses should also be contemplated in the framework of a longer-term
strategy (Agrihome, 2017).
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Scope for Developing Insecticide Resistance Management Strategy
The factors that hasten development of resistance could be due to unchecked multiplication, easy spread,
and hidden target necessitateshigh dose and repeated applications. Hence there is a need to develop pest
management strategy through rotation of chemistries and use of other means of pest control like botanicals and
bio-agents in conjunction with pheromone traps and mechanical methods as discussed below.
1.Monitoring moth activity by fixing pheromone traps.
Fall Army Worm, Spodoptera frugiperda pheromone had been developed by Dr. Kesavan Subaharan at
ICAR – NBAIR, Bangalore (Personal communication). The major compound for FAW, S.frugiperda
pheromone (Z)- 9-Tetradecen-1-ol acetate was characterized using chemical detectors. The antennal response
of adult S. frugiperda males to (Z)- 9-Tetradecen-1-ol acetate (as major component) was established by
electroantennography. This confirms the physiological response of the antennal neurons to pheromone. In field
trials using the controlled release dispenser at three locations Bachahalli, Thondabavi and Mandya, the
usefulness of pheromone traps established .The pheromone traps are now commercially available.
2. Hand collection of egg masses and gregarious larvae
Eggs are laid in layers and most eggs are spread over a single layer attached to foliage.As the eggs are
laid in masses on the foliage and hatching out larvae are gregarious, hand collection of egg masses and larvae
could be done to reduce the extent of damage. When they disperse in large numbers, consume nearly all
vegetation in their path.
3.Protection of both the early vegetative stages and reproductive stage of corn by spray application of
azadirachtin, Bacillus thuringiensis toxin, insecticides as spray or whorl application or poison bait.
Apply prophylactic azadirachtin spray based on moth catches in pheromone traps.
Apply Bacillus thuringiensis toxin spray - Efficacy depends on having the producton the foliage when
the larvae first appear. Genetically modified strains are very potent over naturally occurringstrains of B.t.
Poison bait: 10 Kg rice bran + 2kg of jaggery put in 3 litres of water and allowed to ferment for 24
hours. To this thiodicarb 100g added just 30 minutes before application on the whorls.
4.Rotation of chemistries: To reduce the selection pressure and thereby to prevent / delay the resistance
development, rotation of chemistries with different modes of action and avoiding repeated application of same
chemistries are to be practiced. When frequent application is made,rotation of chemistries based on different
modes of action as indicated below will reduce the chances of development of resistance.
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5.Push-pull technology or pest diversionary approach is a habitat management strategy developed and
implemented to manage stem borer and weed striga in Africa using a repellent intercrop (Desmodium as a
“push”) and an attractive trap plant (Napier / Brachiaria grass as a “pull”). The Napier grass planted around the
maize farm: attracts stem borers and FAW to lay eggs on it; but it does not allow larvae to develop on it due to
poor nutrition; so very few larvae survive.WhereasDesmodium, planted as an intercrop emits volatiles that
repels stemborers or FAW, and secretes root exudates that induces premature germination of striga seeds and
kills the germinating striga.
In India Pest Diversionary Approach / Push- Pull Strategy / Conjunctive use of neem with other IPM
components like trap cropsis suggested for effectively managing pests of rice, cotton, groundnut, tomato,
chillies, tobacco, mustard, etc., through integration of trap crops/susceptible varieties, + neem+ bio control
agents. Neem products like neem seed kernel extract, azadirachtin, neem oil, and neem based commercial
formulations is an excellent choice of materials to use when the conservation of beneficial organisms is
important as plant products like neem have little or no effect on natural enemies. This allows the plant products
in conjunction with natural enemies. Neemdo not kill the pest immediately and it leaves the vulnerable
population to the natural enemies keeps the continuous presence of the natural enemies which take care of the
residual population. Inspite of the ecofriendly nature of neem, trap crop and biocontrol agents, the technology
was not popular among the farmers for adoption, due to certain constraints in these IPM components especially
biocontrol agents and plant products.
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Section I: Invasive and Emerging Pests
SPOTTED WING DROSOPHILA REPORT: AN ADDED FEATURE TO THE NORTHWEST BERRY
FOUNDATION SMALL FRUIT UPDATE
T. Ellis, C. Shores, G. Alton, J. Pond, J. Myer & T. Peerbolt
Agragene & Peerbolt Crop Management
c/o Agragene 9885 Mesa Rim Road, Suite 103
San Diego, CA 92121
TracyEllis@agragene.com, ClydeShores@agragene.com, GordonAlton@agragene.com, Julie Pond
Julie@peerbolt.com, Jason Myer Jason@peerbolt.com, Tom Peerbolt Tom@peerbolt.com

An online report showing the results of a new fixed-location, all season, multi-year spotted wing drosophila
Drosophila suzukii (Diptera: Drosophilidae) SWD trapping program has been added to the Small Fruit Update.
Growers and others interested are able to sign up for the SWD Report on the Small Fruit Update page:
https://nwberryfoundation.org/small-fruit-update. Once signed up, readers will be able to view the sexed SWD
trap counts and discussion by Agragene www.agragene.com and Peerbolt Crop Management
www.peerbolt.com on factors that may be influencing the results. The current report covers SWD traps located
in natural habitats bordering SWD agricultural hosts in the northern Willamette Valley, OR. The number of
SWD shared-data locations will be expanded to additional agricultural regions where SWD inundates fruit and
berry growers.
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Killing two bugs with one stone (and reducing nontarget effects)

Authors: Heather Andrews, Anthony Mugica, Tatum Keyes, Nate Edmonds, Erica Rudolph, Nik Wiman
heather.andrews@oregonstate.edu, mugicca@oregonstate.edu, keyestatum@gmail.com, edmondsnathaniel@gmail.com,
rudolphe@oregonstate.edu, nik.wiman@oregonstate.edu
Oregon State University North Willamette Research and Extension Center, Aurora, OR

Abstract: Historically, filbertworm, Cydia latiferreana (Walsingham), a tortricid moth native to the Pacific Northwest,
has been the key direct pest of hazelnuts in Oregon. Conventional growers normally make one to two applications of a
pyrethroid spray, while organic growers rely heavily on applications of spinosad. The invasion of the brown marmorated
stink bug, Halyomorpha halys (Stål), has meant that PNW hazelnut growers have yet another direct insect pest to contend
with. Unfortunately, the most effective insecticides for H. halys greatly disrupt integrated pest management regimes,
which could mean additional applications of pyrethroids will be required to keep damage in check. Some growers have
recently noted an increase in the presence of two aphid species: the native filbert aphid, Myzocallis coryli (Goeze) and
nonnative hazelnut aphid, Corylobium avellanae (Schrank). Successful introduction of the European parasitoid Trioxys
pallidus (Haliday) in the 1980’s has kept aphids in check, but excessive use of broadspectrum sprays to control H. halys
and C. laitiferreana may be hindering T. pallidus. The samurai wasp, Trissolcus japonicus (Ashmead), a highly effective
egg parasitoid of H. halys, is another biocontrol agent that could play an important part in pest management. Minimizing
the number of insecticide applications by combining products that target major pests could help retain natural enemies and
improve biocontrol. In the summer of 2020 we tested several different combinations of insecticides that targeted H. halys,
C. latiferreana, M. coryli, and C. avellanae. Bioassays were conducted on H. halys nymphs at 14 and 28 DAT, and nuts
were inspected for H. halys and C. latiferreana damage at the end of the season.

13

Section I: Invasive Pests, Emerging Pests, and Hot Topics of Interest

Redistribution and establishment of the samurai wasp, Trissolcus japonicus, an adventive egg parasitoid of the
invasive brown marmorated stink bug, Halyomorpha halys, in Oregon

Claire Donahoo1, David Lowenstein2, Richard Hilton3, Heather Andrews4, and Nik Wiman4

1

Oregon State University, Corvallis, OR;

2

Michigan State University, Macomb County Extension Office, Clinton Twp, MI;

3

Oregon State University, Southern Oregon Research and Extension Center, Central Point, OR; 4OregonState University,
North Willamette Research and Extension Center, Aurora, OR

The brown marmorated stink bug, Halyomorpha halys, is a rapidly-spreading, polyphagous and invasive pest that has
caused millions of dollars of economic damage in US specialty crops and is an increasing problem to the specialty crop
industry in the Pacific Northwest. In the home range of H. halys, the samurai wasp (Trissolcus japonicus) is known to be
an efficient parasitoid of the pest, with very high parasitism rates of H. halys eggs (>90%). As of 2020, Oregon State
University has redistributed the adventive agent at sites across four ecoregions in Oregon with more releases in progress.
In 2018 and 2019, we placed sentinel egg masses of H. halys and yellow sticky cards at release sites to assess
establishment of T. japonicus populations in urban, agricultural, and riparian habitats in various locations around the state
of Oregon and repeated the experiment with just the sticky cards in 2020. We collected the egg masses 5-7 days after
release, while sticky cards were gathered 7-14 days after placement. We also collected wild egg masses of H. halys and
assessed them for parasitism by T. japonicus. Here, we present the parasitism rates of both the sentinel and wild egg
masses, as well as the locations in Oregon where T. japonicus were captured by the yellow sticky cards.
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PHYSIOLOGY BEHIND USING ERYTHRITOL AND SUCRALOSE FOR SPOTTED-WING DROSOPHILA
(DROSOPHILA SUZUKII) CONTROL

Briana Price (M.S. Horticulture Graduate Student), Man-Yeon Choi, Jana C. Lee
USDA-ARS Horticultural Crops Research Unit
3420 NW Orchard Ave, Corvallis, OR, 97330
priceb@oregonstate.edu, man-yeon.choi@usda.gov, jana.lee@usda.gov

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae), commonly referred to as spotted-wing drosophila
(SWD), is a problematic pest for small fruits. Its advantageous serrated female ovipositor, high fecundity, wide
climate tolerance, and wide host range make this pest challenging to eradicate. Among non-insecticidal
integrated pest management tools, erythritol, a non-nutritive sugar, is known to kill SWD. Previous studies have
investigated how consumption of erythritol affects fly mortality, fecundity, and physiological processes. Since
Drosophila spp cannot metabolize erythritol, physiological imbalances such as high osmotic pressure in the
hemolymph, cause adult flies to die within three days. Both digestion and absorption occur in the midgut and
the control of food intake is closely related to the rate of crop emptying and hemolymph osmotic pressure in
insects. According to previous literature, consumption of non-nutritive sugar, sucralose, might not be directly
toxic to Drosophila spp. Sucralose is 600x sweeter than sucrose, thus, it has potential to be used as a nonnutritive phagostimulant. With our choice capillary feeding (CAFÉ) assay providing various molar
concentrations of sucralose, we discover a sweetness level SWD prefer to consume when in presence of water.
In our study we also investigate the sugar content in frass and hemolymph of fed-flies which provides insight on
how these non-nutritive sugars, erythritol and sucralose, are metabolized in the fly body. This work helps us
understand the physiological processes of sucralose metabolism and aids in supporting the possibility of using
sucralose in combination with erythritol to elicit SWD feeding.
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ECOLOGICAL FACTORS AFFECTING THE SAMURAI WASP, TRISSOLCUS JAPONICUS, A
PARASITOID OF BROWN MARMORATED STINK BUG
1

Ryan Paul1,2, Jana Lee2
Oregon State University, Department of Horticulture
2
USDA ARS Horticultural Crops Research Unit
ryan.paul@usda.gov, jana.lee@usda.gov

Preliminary research in biological control focuses on host specificity and non-target impacts under
tightly controlled laboratory conditions. This has been the case for the samurai wasp, Trissolcus japonicus, a
parasitoid of the invasive Brown Marmorated Stink Bug (BMSB) in North America. So far, the ecological
factors influencing the samurai wasps’ potential as a biological control agent have received little attention.
Abiotic environmental conditions, host distributions, and foraging behaviors are likely to influence the efficacy
of samurai wasp in suppressing BMSB. Recent adventive populations of samurai wasp in the Pacific Northwest
have expanded the potential for testing the ecology of samurai wasps in Oregon. This report summarizes some
of the current projects underway to explore the ecological factors influencing efficacy of the samurai wasp as a
biological control agent for BMSB.
Flower retention of samurai wasps
Field retention of samurai wasps was tested using buckwheat, sweet alyssum, dill, and a wildflower mix. Two
plots of each flower were planted at the North Willamette Research and Extension Center during early summer
of 2020 in collaboration with the Wiman lab at Oregon State University and Nielsen lab at Rutgers University.
Beginning in August, 20 BMSB egg masses parasitized by the samurai wasp were placed in each plot once
plants were in full bloom. All egg masses had been parasitized at least 5 days prior to placement in the plot. Egg
masses were attached to bamboo poles in small mesh bags to prevent predation. Plots were sampled for four
weeks following egg mass placement using a vacuum. Egg masses were then collected and emergence was
recorded. Preliminary results indicate that emergence was low (< 50%) for many of the egg masses. Samurai
wasps have been recovered from less than 10% of vacuum samples analyzed so far.
Influence of age on foraging behavior of samurai wasps
Previous research has indicated that young samurai wasps are inactive until near the end of the day time,
becoming active increasingly earlier with age (P. Abram unpublished data). We are testing the implications of
age on foraging activity in cages. To set up the experiment, a BMSB egg mass on filter paper was attached to
the underside of a bean plant leaf. Bean plants with eggs were placed in cages with a single female samurai
wasp which was either 1-day or 7-days old. Wasps were allowed to forage for 5 hours. All trials took place
between 800 and 1700 hours. Following the foraging period, wasps and eggs were removed and eggs were
reared for wasp emergence. Only a few replicates have been performed so current results are inconclusive.
Impact of extreme heat events on samurai wasp fitness
Climate change is predicted to increase the frequency of extreme weather events such as heat waves. While the
effects of mean temperature on parasitoid fitness have received attention, the effects of variable temperature,
especially on idiobiont parasitoids, is largely unexplored. We will be exploring the effects of 10°C simulated
heat wave on development of the samurai wasp. Additionally, we plan on manipulating the developmental
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timing and length of the heat wave experienced by samurai wasps. Wasps will be assessed for lethal and sub
lethal fitness impacts from these heat events. The results of this study could inform the timing and consideration
of weather for releases of parasitoids for biological control.
Foraging cues for samurai wasps
Understanding the foraging cues used by samurai wasps to locate their egg hosts is key to understanding the
conditions under which samurai wasps will be effective biological control and how to monitor populations.
Using a y-tube olfactometer, we are exploring the role of plant volatiles in attraction of samurai wasps to BMSB
eggs. Additionally, we plan to examine the relative roles of olfactory and visual cues in long and short range
foraging by samurai wasps.
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Spotted-wing drosophila (SWD), Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is
tremendously damaging to most small fruits. To control SWD, intensive IPM or new control method is on
demand. Recently, we have screened to find effective lethal genes for controlling SWD with RNA
interference (RNAi) by the injection method. We found a couple of effective lethal genes to have RNAi effect
for SWD control. However, the feeding trial showed relatively little impact compared to the injection. We,
here, investigated the reasons for insensitivity of injection; strong dsRNA degradation activity was found in
the gut. According to the genomic approach, we identified two potential RNase genes, and named as
DrosuRNase1 and DrosuRNase2. They are highly expressed in the gut and are present during all life stages
(larval and adult stages). Two RNase enzymes, DrosuRNase1 and DrosuRNase2, were functionally expressed
in insect Sf9 cell lines and characterized the dsRNA degradation activity. We confirmed that both RNases
have the ability to induce degradation of dsRNA. Here, the results from this study provide an explanation of
why feeding RNAi method is relatively less successful in Drosophila suzukii and figured out ways to improve
RNAi efficiency by overcoming the RNAi degradation.
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HONEY BEE AND NATIVE BEE VISITATION IN SWEET CHERRY ORCHARDS AND CARROT
SEED PRODUCTION
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Introduction
The European honey bee, Apis mellifera L., is commonly used as a surrogate to understand pesticide risk
to all bees1, yet, honey bees have different life history and foraging behavior than most bees native to North
America2. Native bees are primarily solitary ground and stem nesters supplying larvae with individual pollen
provisions rather than collecting resources for a eusocial colony2,3.
One key assumption in the current pesticide risk model is that, despite differences in forage preferences
and behavior3, all bees in agriculture are exposed to the same level of pesticide risk. We tested the assumption
that native bees and honey bees share similar pesticide exposure patterns in cherry production in The Dalles,
Oregon. This system is unique in that native oak habitat directly borders cherry orchards. This landscape places
a rich native bee community alongside commercial crop production where insecticides are used to control pests.
Moreover, orchardists plant large areas of bee-attractive cover crop amid the cherry orchard and oak habitat. We
also tested this assumption in carrot seed production in Madras, Oregon. This system has annual crops with
fewer blooming wild plants nearby and bee-attractive cover crops planted to support honey bee colony health
during the carrot bloom time.
Honey bee and native bee forage overlap can lead to competition between managed and wild bees4,5 and
disease transmission between species6,7. Therefore, identifying areas where honey bees and native bees share
resources could have implications for bee health and conservation in addition to identifying weak points of the
current EPA pesticide exposure model.
Results and Discussion
This study compares pesticide risk of honey bees and native bees by examining pollen forage overlap in
sweet cherry orchards, native oak habitat, carrot seed production fields, and bee-attractive cover crops. Twelve
commercial cherry orchards, six native oak fragments, and four cover crop plots were assessed for honey bee
and native bee presence in The Dalles, OR. Four carrot fields and two cover crop plots were assessed for honey
bee and native bee presence in Madras, OR.
We estimated exposure by comparing the bee communities and plants found within each landcover class
(oak, cherry, cherry understory, cherry cover crop, carrot, carrot cover crop). Native bees were surveyed via net
collection and honey bees were counted with a clicker in timed walking surveys. This provides a visitation rate
of bees per minute.

Figure 1. A box and whisker plot showing the visitation rate (bees per minute) of flowers in each landcover
class in The Dalles, OR sweet cherry production and surrounding oak habitat.
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Preliminary analysis shows that honey bees and native bees are using landcover classes differently and
visiting floral resources in them at different rates. Honey bees and native bees also use the same floral resource
(blooming mustard cover crops) differently in cherry and carrot systems. Native bee presence is very low in
carrot systems for both carrot fields and cover crops in Madras, OR. However, in sweet cherry production
systems, native bees are visit oak and cover crop sites with similar rates.
In the future, we will estimate pesticide risk to different bee taxa by analyzing pesticide residues from
pollen collected by honey bees from each landcover’s plant species. We found that there is considerable
difference between visitation rates of honey bees and native bees which could lead to different pesticide
exposure across land use types in commercial cherry and carrot fields. This work will continue into the 2021
field season.
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Introduction
Recent wildfires and the resulting smoke in the west coast including Oregon have impacted thousands of
managed honey bee colonies and potentially hundreds of feral honey bee colonies in the wild. The effects of
smoke and fire on honey bees are not well understood. During the period of smoke, beekeepers noticed
significantly reduced foraging in their colonies. The ash (particulate matter) resulting from wildfires /forest fires
may impact olfaction, respiration and physiology of honey bees. Further, the colonies that were in close
proximity to these fires may have encountered significantly higher temperatures. Past studies have shown that
stressors like heat-shock can reduce stored sperm viability and result in queen failure in honey bee colonies1.
Also, the air pollutants can degrade floral scents on which insect pollinators rely when foraging for food. This
degradation may negatively impact pollinators including bees, as they may have to spend more time searching
for floral resources2. This may in turn lead to poor pollination.
Results and Discussion
We are currently assessing both the impacts of heat due to direct wildfire exposures, as well as the indirect
effects of wildfire smoke on honey bees. For the first part, we are evaluating the direct impacts of wildfires and
the subsequent heat exposures on honey bee queens. For this experiment, we obtained live queens from two
different groups of hives from a beekeeping operation. The first group of hives were exposed to wildfire (high
temperatures) and survived, and the second group (control) of hives were not exposed to wildfires. The queens
in both groups were genetically similar. The live queens were shipped to North Carolina State University
Apiculture Lab. All morphometric measurements of queens were performed from photographs using ImageJ
and sperm count and sperm viability was measured by cellometry using a Nexcelom Cellometer at the North
Carolina State University Apiculture Lab. Univariate ANOVA was conducted to compare the exposure groups
(“clean” and “fire” for un-exposed and exposed respectively). Exposure groups (wildfire and control) did not
differ significantly in any queen measure (Figure 1; F1,38 ≤ 3.37, p ≥ 0.07). The spermathecal contents were
shipped back to the Oregon State University (OSU) Honey Bee Lab for further proteomic analysis.
For the second part of the study we sampled worker honey bees from wildfire smoke exposed colonies in
September and again in October (after one month post wild fire) from OSU research apiaries. The air quality
index was 275 in the afternoon at the time of sampling in September. The air quality index was 35 in the
morning of sampling in October (after one month). The samples are currently being processed at the OSU
Honey Bee Lab. Scanning Electron Microscopic imaging (Figure 2) is being conducted at the OSU Electron
Microscopy Center to evaluate the particle depositions on honey bees due to the wildfire smoke. In addition,
physiological assessments will also be conducted on these honey bees to evaluate stress during and after
wildfire smoke.
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Figure 1: Results from the univariate ANOVA conducted.

Figure 2: Scanning electron microscopic images of the sampled honey bees showing antennae (left) and
spiracle (right).
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Pollination is critical to successful blueberry production, and honeybees are a common feature of blueberry
ranches in bloom across the pacific northwest. However, honeybees are not inherently attracted to blueberry flowers, and
will quickly abandon a blueberry field once other, more attractive resources go into bloom nearby. New technologies
developed by Beeflow leverage existing and emerging knowledge about honeybee behavior and attraction.
Beeflow increases pollination efficiency through the provision of supplements that support bee immunity resulting
in stronger hives with workers that forage under a wider temperature range compared to untreated bees (Balbuena et al.,
2012; Negri et al., 2017). Further, Beeflow trains honeybees to forage on target crops, even if they naturally tend to be
less attractive to honeybees (Arenas et al., 2007). Here we report on the effects of the Beeflow pollination strategy on
pollination success and crop yields in Oregon blueberries (Reka var.).
We conducted out field trial in Aurora, OR in partnership with Casale Agriculture in 2019. The ranch was stocked
at 4 beehives per acre which is standard in blueberries. We compared the impact of the Beeflow pollination strategy in
three treatment plots (3.5ha) to a reference plot (2.6ha) at the same ranch. We marked 5 plants in each plot (n=20 plants),
and 3 branches on each of those plants (n=60 branches). We then monitored bloom, measured visitation, monitored fruit
development, and determined fruit set and berry weight on each of those branches.
We applied our immunity supplements to the beehives that were used in the treatment plots, but not the reference
plot, in preparation for the trial. Then when the plants at the ranch reached 5% bloom, we applied a crop-specific
attractant to the beehives in the treatment plots, but not in the reference plot. We conducted honeybee visitation surveys
(m=234 visitation surveys; 20 observation hours) throughout the bloom in order to assess differences in the pollination
rate in each plot over time.
We consistently observed higher visitation frequency, fruit set, and fruit weight in the plots managed under the
Beeflow pollination strategy compared to the reference plot. Honeybees made 83% more visits on average to the plants in
the treatment plots and visitation remained higher than in the reference plots throughout bloom (Figure 1). Treatment plots
produced an 86% average fruit set, which was 19% higher than the fruit set in the reference plot (86 vs 72, 土5% fruit
set). In addition, average fruit weight was 22% greater in the treatment plots compared to the reference plot (1.99 vs 1.63
土0.25 average grams per berry). Taken together, plots in which honeybee hives had been treated with ToBee®️ had a 41%
higher crop yield compared to the reference plot on the same ranch.
Figure 1. Honeybee visitation was consistently
higher in plots treated with the Beeflow ToBEE®️
attractant compared to the reference plot on
the ranch. This resulted in overall higher fruit
set and weight in those plots.
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Introduction
Poor nutrition is one among the suite of factors cited as probable causes for honey bee colony declines over the
past decade. Habitat loss, monocultures, and changes in plant flowering phenology are believed to be largely
contributing to poor nutrition1-4. Pollen and nectar are the two principal food resources (macronutrients) for
honey bees. Carbohydrate-rich nectar supplies bees with energy, while pollen serves as the primary source of
proteins, lipids, vitamins5-6 and micronutrients7.
Research on honey bee nutrition is still an underdeveloped area8-9 even though bee nutrition has been studied for
a significant amount of time. To meet the required nutritional needs of bee pollinators, supplemental forage is
often recommended. Supplemental forage is beneficial in providing all bees with an added boost of nutrients
that may not be present in a single, crop pollen source. Efforts to improve bee nutrition by providing
supplemental forage for honey bees are ongoing, including efforts of Project Apis m. (PAm) via their “Seeds for
Bees” program. While floral morphology and various traits do influence pollinator visitation10-12, nutritional
composition of floral resources is a major factor in forage attractiveness for bees where proteins, lipids and
sterols have largely directed bee forage preferences13-16. Hence, it is imperative to assess the nutritional
composition of major supplemental forage plants to understand not only their attractiveness to both managed
bees (honey bees) and native bees based on the nutritional profile, but also to build our repertoire of information
regarding the nutritional composition of major non-crop, bee forage plants. This is especially important if we
aim to minimize competition between managed and native bees for food resources.
Competition between bee species has been recently well documented17-20. Competition may arise due to sharing
of forage and/or habitats. Such an extensive sharing of similar resources may either outcompete the weaker bee
species, or may give rise to a temporal variation in foraging of the same floral resources to avoid conflict.
Recently in 2018, a petition to list four species of bumble bees as endangered in California, lists inter-species
competition between bees as a major factor. Since managed and native bees share resources across various
habitats, understanding the dynamics of their forage choices may help formulate conservation measures. Hence,
it is important that extensive studies be conducted to understand the complex dynamics between managed and
native bees on important non-crop, supplemental forage plants.
Results and Discussion
Three seed mixes were chosen: mustard mix, wildflower mix and clover mix. For each of the three seed mixes,
two to three dominant plants species (based on their percentage composition) were selected for planting and
subsequent forage studies. The seeds were planted in April 2020. The study continued until mid-August. In
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addition to recording bee visitations, we also collected nectar and pollen for estimating sugar contents and for
nutritional analysis respectively. As evident from the bee visitation bipartite networks (Figures 1 and 2),
depending on the time of day (morning or afternoon) and the plant species, bee visitations varied. Nectar sugar
was measured as Brix percentage. Pollen nutritional analyses was conducted to evaluate the pollen protein
contents and phytosterol compositions (Figure 3). In addition, pollen lipid contents and analyses of pollen
metabolites will also be conducted in the future.
Insights gleaned from this study could help formulate strategies to improve honey bee nutrition. Understanding
the nutritional composition of non-crop, supplemental forage plants is crucial in formulating strategies to
improve honey bee nutrition and conservation measures for native bees. Assessing floral attractiveness to the
target supplemental forage plants will indicate the preferences of both managed and native bees, which might
assist in developing strategies to mitigate competition for food resources between managed and native bees, and
thus benefit all bee species.

Figure 1: Bee visitation networks for the morning half of observations across all sampling days. The width of
the connections indicate the average number of visitations. The bees have been broadly classified into Apis and
non-Apis groups.
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Figure 2: Bee visitation networks for the afternoon half of observations across all sampling days. The width of
the connections indicate the average number of visitations. The bees have been broadly classified into Apis and
non-Apis groups.

Figure 3: Total ion chromatograph of a representative sterol standard mix (75µm). The sterol peaks identified
are as follows: (a) Desmosterol; (b) Ergosterol; (c) 24-methylenecholesterol; (d) Stigmasterol; (e)
Brassicasterol; (f) Δ5-avenasterol; (g) Cholesterol; (h) Campesterol; (i) β-sitosterol; (j) Campestanol; (k)
Sitostanol. A targeted lipidomics was conducted for quantifying phytosterols at the Oregon State University
Mass Spectrometry Center. Figure reproduced from Chakrabarti et al. 20197.
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Background: The Oregon Bee Atlas (OBA) is a volunteer-focused initiative to survey the bee fauna of Oregon.
The mission of the OBA is to train and equip citizen scientists to: (a) create and maintain a comprehensive, high
quality and publicly accessible inventory of the state’s native bees and their plant-host preferences, (b) to
educate Oregonians on the state’s bee biodiversity, and (c) to conduct an on-going survey of native bee
populations in order to assess their health. Most OBA volunteers live in the Willamette Valley region which is
also where the highest urban densities occur in the state. For many citizen science initiatives, biodiversity
survey is geographically skewed towards areas of high population densities such as cities and surrounding
metro areas (Geldman et al., 2016). The OBA’s membership is largely based in large urban areas in the
Willamette Valley and has attempted to overcome these problems through educational efforts that prompt
volunteers to survey outside their area of residence. Educational efforts have focused on the importance of
surveying outside of urban areas, especially east of the Cascade Mountains where the state’s bee diversity is
highest.
Methods: We hypothesized that for OBA volunteers that live in the densely populated Willamette Valley, there
was a smaller sampling effort within the Willamette Valley from 2018, when the OBA is started, to 2020. To
test this hypothesis, I calculated the percentage of Willamette Valley specimens collected compared to total
OBA specimens collected across each year. I then calculated the percentage of these collection events occurring
inside and outside of the Willamette Valley for each year. In order to determine if the number of Willamette
Valley volunteers was increasing, decreasing, or remaining stable, I calculated the percentage of active
volunteers for each year and took the average of these percentages.
Results: Willamette Valley volunteers collected a total of 42,464 wild bee specimens from 2018-2020. For
these same volunteers, the proportion of specimens collected inside of the Willamette Valley has decreased by
about 17.1% each year, and the proportion of specimens collected outside of the Willamette Valley has
increased by about 25.3% each year. The proportion of specimens collected east of the Cascades increased by
about 13.4% per year. The proportion of Willamette Valley volunteers has increased by about 6.5% per year.
Figure 1. shows Willamette Valley volunteer sampling densities across the state of Oregon for all three years
combined (2018-2020).
Conclusion: The sampling effort outside of the Willamette Valley by Willamette Valley volunteers is
increasing each year. In particular, collection efforts are increasing east of the Cascades where bee diversity is
highest, therefore, increasing the likelihood of finding novel specimens. Based on these trends, we demonstrate
that volunteer recruitment from urban centers can result in high quality biodiversity data from less populated
parts of the state.
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Figure 1. Willamette Valley volunteer sampling densities from 2018-2020. The number of specimens
represented is 42,464. The highest densities are in the Willamette Valley and close to urban centers. However,
there appears to be a trend for these volunteers to sample outside of this region, especially east of the Cascades,
from one year to the next.
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IS THE PACIFIC NORTHWEST READY FOR THE LOSS OF CHLOPRPYRIFOS, DIAZINON AND NALED
Alan Schreiber, Agriculture Development Group, Inc.
Jim Zahand, Zahand Consulting
Tim Waters, Washington State University
(509) 266 4348
aschreib@centurytel.net

Chlorpyrifos was first registered in New York State in 1967 for soil insect control. By 1978 it was widely used
for corn rootworm control across the U.S. In the 1980s and 1990s, it was the most widely used insecticide on
the planet. In the past four years, EPA has moved to widely curtain its use. The states of California and Oregon
have moved to further restrict its use. Two of the main global manufacturers, Corteva and Adama, have
decided to exit the chlorpyrifos business. Diazinon is facing a similar fate. EPA is considering the cancellation
of naled (Dibrome). Chlorpyrifos and diazinon are two commonly used soil insecticide. Naled’s primary use is
for mosquito control, particularly in situations where mosquitoes have become resistant to pyrethroid
insecticides.

Each of these insecticides have use patterns where the alternative choices are less attractive and use of current
alternatives is expected to result in increased insecticide use and or decreases in yield and quality. Of particular
concern are control of seed corn maggot, onion maggot, cabbage maggot, western corn rootworm, mint root
borer and garden symphylan among other arthropod pests. Also, chlorpyrifos is useful in controlling mixed
assemblages of pests such as aphids and asparagus beetle on asparagus. Diazinon and chlorpyrifos are
registered on more crops than just about any other conventional insecticide including on many niche specialty
crops that are likely to have difficulty obtaining alternative product registration despite support from IR-4.

Limited research has been conducted looking for alternatives (Rondon, OSU and Walsh, WSU). Research by
Walsh for chlorpyrifos alternatives for control of mint root borer have failed to come up with an adequate
alternatives. Consideration is needed for the Pacific Northwest’s specialty crop industry needs for life after
these insecticides.
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EXPERIENCES CONDUCTING TRIALS ON HEMP AT HAREC
D. Ira Thompson and Silvia I. Rondon
Department of Crop and Soil Science,
Hermiston Agricultural Research and Extension Centre,
Oregon State University, 2121 1st S Street, Hermiston, OR, 97838
thompsir@oregonstate.edu; silvia.rondon@oregonstate.edu

Growing a new crop is always an exciting challenge. In 2020, the Hermiston Agricultural Research and
Extension Center (HAREC) Irrigated Agricultural Entomology Program (IAEP) conducted two pesticide trials
one under central pivot irrigation (Outdoor), and a second one under screenhouse with overhead irrigation
(Indoor). Each trial provided specific challenges but provided promising preliminary data. This abstract focuses
on the agronomics of growing hemp in eastern Oregon.
In both trials, hemp plants were transplanted from propagation trays sourced from a local grower. Crop
was planted mid-June. Outdoor and indoor crop were irrigated twice daily during the first 3-wks until
establishment (0.25 in); thereafter only once daily until close to harvest (0.3 in). All planting was done by hand.
No herbicides were used, and all weed control was manual. The most common weeds were lambsquarter,
pigweed, purslane, and crabgrass; also volunteer wheat/potato. No herbicides are available for industrial hemp
so the only option for control are cultivation and other
physical control methods. Per grower recommendations,
we applied 200 lbs of nitrogen, and 250 lbs of
phosphorous and potassium at planting. After the crop
was established, nitrogen was then applied at 20 lbs
weekly for 5 wks to reach a target of 300 lbs.
Outdoor, the biggest challenge was constant
winds during the establishment of the young starts.
Shortly after transplanting a very strong windstorm with
wind gusts of up to 70 miles per hour caused us to have
to replant at least 40% of the young plants (Figure 1).
Strong winds continued to cause problems the following
weeks. Another significant challenge was mammalian
herbivores, especially gophers and deer. Gophers would
routinely kill plants by pulling young plants down into
burrows and destroying root systems even affecting
Figure 1. Plants tilted by the wind and missing. Photo credit. OSU
mature plants. Deer caused most damage by bedding in
IAEP (Rondon).
plots and lodging plants. Insects and mites were scouted
on a weekly basis by visual inspection. Insects such as
spider mites, green peach aphids, corn earworms, worms, western flower thrips, lygus bugs, and natural
enemies such as Geocoris, Nabids, Orius, and several species of Coccinellidae were found on hemp.
Indoors the most significant issue was irrigation. Compaction and poor drainage were issues that we
need to balance. Weeds, such as annual mustards and grasses provided another significant challenge in the
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screenhouse. As in the outdoor trial only manual removal was
the only option so we did cultivation twice a week (Figure 2).
Following same sampling procedures as described above, only
spiders and flies were found.
At the end of the season, both, outdoor and indoor
hemp grew up to 7 ft tall. No diseases were observed and none
of the insects found caused any severe damage, thus no
insecticides or miticides were applied. Crop was not taken to
yield.

Figure 2. Hemp grown in a screenhouse. Volunteers and
irrigation issues. Photo credit. OSU IAEP (Rondon).
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Management of sod webworm, Chrysoteuchia topiaria Zeller (Lepidoptera: Crambidae) in grass seed
production systems in Oregon
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Crop and Soil Science Department, Oregon State University
2
Department of Horticulture, Oregon State University
1,2
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The subterranean sod webworm or cranberry girdler, Chrysoteuchia topiaria Zeller (Lepidoptera: Crambidae)
is the most damaging insect pest species in grass seed, turf, and lawns in western Oregon (Fisher and Dreves
2007). As the common name suggests, this insect also affects cranberry production systems. This insect has one
generation per year. Sod webworm is a persistent but sporadic pest in perennial ryegrass, tall fescue, bentgrass,
and orchardgrass; however, the extent of damage is worse and more frequent in older fine fescue stands.
Damage is usually first noticed by failures of fall regrowth. Larvae feed on and within the crown and roots of
most grasses. This feeding behavior can cause serious damage in established fields grown for grass seed.
Chemical applications made in late or early September are most effective because the larvae are small, in the
first to third instar. However, the timing of chemical applications and alignment of optimal lifecycle treatment
can be problematic for this pest.
Current insecticide options are soil active and should be applied to pre-irrigated soil and followed immediately
with 1 to 2 inches of overhead irrigation or rain. Yet precipitation in September in western Oregon is unreliable
and usually insufficient to bring soil active insecticides to the zone of sod webworm activity. Thus, control of
larvae in unirrigated, established fine fescue or tall fescue fields remains problematic. Collectively this is
because: (1) the timing is too late, as larvae have already caused substantial damage, (2) insufficient rainfall is
available in early September when control timing is optimal and (3) post-harvest residues in most fields adsorb
insecticides before reaching the larvae (Salisbury and Anderson 2019).
The objective of this current study is to evaluate the efficacy of insecticide chemistries with diverse mode(s) of
action against sod webworm infestations in grass seed fields. One 3rd year commercial fine fescue field with
reliable pest pressure due to the natural infestation was selected to conduct this study. Replicated field plots (30
ft. length x 10 ft. wide) with 10ft. wide buffers were set up. Insecticide treatments (Table 1) were applied to
CO2 backpack sprayer (R&D Equipment) at 24 PSI to deliver 20 gallons per acre. Pre-application counts were
made in early September. The first application (I) was made on September 22, 2020 and data was collected at
weekly intervals. A second application (II) of select insecticides was made 23 days after the first application on
October 16, 2020 (Table 1). Three, 6-inch cores at a depth of 4 inches were removed from each plot at the postevaluation dates and each core was dissected for live, dead and moribund larvae and pre-pupae. The mean
number of live sod webworms per crown are reported for each treatment (n=4). No phytoxicity was observed in
any treatment. Data were analyzed using ANOVA followed by Tukey test- with multiple comparisons using
SAS 2011 (SAS Institute 2011).
Preliminary data analyses are presented (Figure 1) indicating a significant difference between treatments and
untreated control (F= 13.08; df= 11,3; P<0.001). Visual health ratings based on percent herbivory and the
severity herbivory per plot were not statistically different among treatments. On a scale of 1-5, average ratings
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were 3.0. Plots will be maintained until spring/summer 2021 for additional data points on natural enemy
abundance and additional characteristics.
Table 1. Insecticide treatments applied to plot, active ingredient, modes of action (MoA), rate used and timing
of application.
Rate
Timing
Treatment
Active Ingredient
MoA
(oz/acre)
Untreated control
Prevathon
Chlorantraniliprole
Group 28
10
I
Prevathon
Chlorantraniliprole
Group 28
14
I
Prevathon
Chlorantraniliprole
Group 28
7
II
Prevathon
Chlorantraniliprole
Group 28
10
II
Brigade
Bifenthrin
Group 3A
6.4
I
Brigade
Bifenthrin
Group 3A
3.2
II
Avaunt EVO
Indoxacarb
Group 22
6
I
Sevin
Carbaryl
Group 1A
32
I
Dimethoate
Dimethoate
Group 1A
9.6
I
Lorsban
Chlorpyrifos
Group 1B
24
I
EndigoZCX
Thiamethoxam +lambda
Group 3A, 4A
4.5
I
cyhalothrin

References
Fisher, G.C., Dreves, A., 2007. Sod webworm in western Oregon grass seed fields., in: Seed Production
Research at Oregon State University USDA-ARS Cooperating. Department of Crop and Soil Science Ext/CrS
127, 3/08.
Salisbury, S.E., Anderson, N.P., 2019. Grass seed pests, in: Hollingsworth, C.S., Editor. Pacific Northwest
Insect Management Handbook [Online]. Oregon State University.
SAS Institute, 2011. SAS/IML 9.3 user's guide. Sas Institute.

No. of larvae per plot

Efficacy against sod webworm larva
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

A
AB

BC

B

D

D

D

D

CD

BC
BCD
D

Figure1. Mean number of larvae sampled per three cores sampled per plot receiving
insecticide treatments in this study. Means followed by the same letter are not statistically
different (P>0.05).
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MOLECULAR APPROACH FOR SLUG MANAGEMENT
1

M.-Y. Choi1, S.-J. Ahn1,2, and R. Mc Donnell2
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Crop and Soil Science, Oregon State University, Corvallis, OR 97331
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Many pest slugs are a global problem in agriculture, and have detrimental impacts on most crops including,
vegetables, nursery plants, and field crops. The gray garden (=field) slug, Deroceras reticulatum (Gastropoda:
Agriolimacidae), is the most destructive pest slug for a variety of nursery and field crops in western Oregon and
Washington. Studies on D. reticulatum have focused on its ecology, biology, pest status, and control methods
using chemical molluscicides, cultural practices and natural enemies. However, less attention has been paid to
its molecular biology due to lack of molecular information, which is crucial for developing molecular-based
slug strategies.
Neuropeptides (NPs) and G-protein coupled receptors (GPCRs) are involved in essential biological
processes during all the life stages in animals. For over two decades, insect NPs and their GPCRs have been
proposed as potential targets for next-generation pest management. Therefore, the slug NPs and their GPCRs
provide great potential for developing new control approaches, including RNA interference (RNAi), and
receptor interference (RECEPTORi) with bioactive proteins.
Recently, we identified a variety of NPs and GPCRs for biological targets in the slug, and discovered
potential bioactive proteins that have significantly reduced slug survival in the laboratory tests. The results
suggest the bioactive proteins interfere with the binding of receptors and natural ligands in the slug's specific
biological processes. It will be interesting to investigate a better understanding of how slugs respond to the
peptides and the underlying mechanisms involved, which will increase our knowledge of the physiological
function of the peptides and aid in the development of novel pesticides against molluscan pests.
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CORN EARWORM ADULT POPULATIONS MONITORING USING CAMERAMOUNTED TRAPS
Govinda Shrestha and Silvia I. Rondon
Oregon State University, HAREC 2121 1st St, Hermiston, Oregon, 97838
govinda.shrestha@oregonsate.edu; silvia.rondon@oregonstate.edu
In Oregon, sweet corn (Zea mays L.) is the number one vegetable crop in terms of acreage, and second
after onion in monetary value (Oregon Department of Agriculture, 2020). In 2019, corn farmers across the state
planted about 24,000 acres and produced nearby 5 million tons of corn, yielding $38 million USD in monetary
value (Oregon Department of Agriculture, 2020).
A wide array of insects’ attack corn, causing losses in yield as well as quality. One of the most important
pests of corn in Oregon is the corn earworm, Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae). This pest is
also known as the tomato fruitworm or the cotton bollworm. This insect has a global distribution and it is found
across the United States.
The corn earworm life cycle consists of an egg, five larval instars, pupa, and adult. Larva is the only
damaging stage. Early in the cropping season, larva feeds on buds and tender unfolding leaves of young plants,
and later in the season on tassels (male flowers) and ear shoots (female flowers). The most severe yield and quality
losses usually occurs when the larvae feed on the kernels. There are no effective treatments once mature larvae
enter the ear (Neufeld, 2009). Insecticide applications are often targeted to kill eggs and early instar larvae.
However, scouting of eggs and small larvae are often tedious and laborious, therefore; treatment thresholds are
based on adult counts using pheromone traps. Our work is focusing on developing an effective adult monitoring
program that can help improve corn earworm monitoring programs.
Hence, in this study, we tested the efficacy of a
Lure
camera-mounted trap for monitoring corn earworm adult
populations (Fig. 1). The camera-mounted trapping system
was developed by a European company (TRAPVIEW,
Hruševje, Slovenia). Detail information can be found here
https://www.trapview.com/v2/en/. In general, the camera
installed on this system takes insect(s) picture(s) caught
inside
trap. The algorithm developed by the company is designed to
identify
and mark target pest, corn earworm in our study (Fig. 2).
Then,
information is sent to the user's email address.
The objective of this study was to assess the trap
accuracy in detecting the corn earworm. In 2019 and 2020,
one
self-cleaning camera-mounted trap was installed 5-10 ft from
a corn
field at the Oregon State University Hermiston Agricultural
Research and Extension Center (latitude 45.8170761,
longitude 119.2846219). Trap was placed in direction of the
prevailing wind. A corn earworm synthetic pheromone lure
Fig. 1. A camera-mounted trap installed at the corn
(Scentry Biologicals Inc.) was placed at the top of the
camerafield boarder. Photo credit: OSU-IAEP (SIR)
mounted trap to improve capture capability (Fig. 1); lure was
changed once a month. Trap data were collected daily using
remote
connection; although data could have been collected per hour, per week, or per month. One of the best features
of this system is the remotely auto service of rolls of sticky cards; visual counts were also made to correlate
with system records.
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Overall, our results indicated
that camera-mounted traps can be used
to monitor corn earworm adult
population with great accuracy.
Camera-mounted traps were able to
catch and recognize the corn earworm
adults in the system (Fig. 2). Although
corn earworm population level varied in
2019 and 2020, both years the
population reached a single peak in late
July to early August. This peak
coincided with tasseling.
In conclusion, camera-mounted
traps developed by TRAPVIEW
Fig. 2. Corn earworm adults captured and marked with green square boxes on TRAPVIEW
company have a high potential to
system. Photo credit. Trapview system.
improve corn earworm adult monitoring
program. Moreover, they could be used
to monitor other important pests. More research is needed.
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SCREENING GRASS CULTIVARS FOR RESISTANCE AGAINST SOD WEBWORM
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In Oregon, several grass species are cultivated for seed production on over 400,000 acres of land by over 1,500
growers, bringing in $517 million in production value which is the state’s 4th largest agricultural commodity
(USDA/NASS, 2019). However, several insect species such as aphids, billbugs, cutworm complex, and sod webworms
cause damage to grass seed crops and reduce yield by direct feeding injury and/or indirectly vectoring diseases. The sod
webworm, also known as the cranberry girdler, is a common and damaging root and stem feeding crambid moth species
in Oregon grass seed crops with yield loss amounting to 1,500 pounds per acre (Fisher and Dreves, 2007). The extent of
damage is most significant in fine fescue stands where it regularly causes significant crop losses. Larvae is the damaging
stage and feed on and in crowns and roots of most grasses and can seriously injure established stands. Although
insecticide options are available, they are not as effective in reaching to targeted larval stages in the soil due to insufficient
and untimely rainfall in Oregon when larvae are most active (Salisbury and Anderson, 2019).
Host-plant resistant could be utilized as an IPM tool to reduce the pressure and damage of this pest in grass seed
crops as many cool season grass species are known to produce secondary metabolites (alkaloids) which can deter insect
herbivory (Malinowski and Belesky 2000). Few grass species grown in cooler regions have a symbiotic relationship with
fungal endophytes of family Clavicipitaceae which produce mycotoxins or secondary metabolites. The presence of fungal
endophytes also enhances the plants ability to withstand environmental stress factors like drought or high temperatures
(Kuldau and Bacon, 2008; Malinowski and Belesky, 2000). In this study, we intend to survey for the presence and
viability of fungal endophytes in grass seeds. Additionally, since the conditions and duration of seed storage likely
influence the viability of endophytes, seeds of 31 cultivars from four grass species (tall fescue, fine fescue, perennial
ryegrass and orchardgrass) were obtained from five different seed storage and distribution facilities in Oregon such as
AMPAC, Columbia seeds, Simplot, TMI, and USDA.
In fall of 2020, seeds were planted in plastic containers and plants were maintained in the greenhouse under a
16:8h L:D photoperiod. In a no-choice test, three third instar sod webworm larvae were released on a 4-6 leaf seedlingstage grass plant caged within a mesh cloth. There were three replicates per cultivar. After one week, number of dead
larvae were counted by destructive sampling. The percent mortality of sod webworm larvae was tested among cultivars
within each grass species in separate linear mixed models in JMP Pro 15.0 (SAS Institute Inc., 2019).
Preliminary results showed that the percent mortality of sod webworm larvae did not differ between cultivars and
grass species. Due to fewer replications, there was a significant blocking effect and thus the parameter estimation
algorithm did not converge when testing the interaction effects of cultivars and grass species. In future, the number of
replications will be increased to at least ten replications to reduce the error variance. The percent mortality of sod
webworm larvae in no-choice test is presented in Figure 1. In this current study, although not significant, the mortality of
sod webworm larvae varied widely between cultivars. Out of 31 tested cultivars, on average 17 cultivars caused 22-44%
mortality and 14 cultivars caused 56-78% mortality. Among 14 cultivars causing mortality higher than 50%, one
commercial cultivar of perennial ryegrass from AMPAC seed source caused up to 78% mortality.
After conclusion of the insect bioassays, plant materials used in this study were subjected to air drying and
processed for further biochemical analyses. The analysis is still under progress in Duringer’s lab. In the lab, the mycotoxin
profiles obtained from analysis will be measured and compared to determine the endophyte status in tested plants.
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Figure 1. Percent mortality of sod webworm larvae (±SE) in a no-choice test where larvae were released on a potted and
caged plant of several cultivars of four grass species.
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EFFECT OF NUTRIENTS AND WATER REGIMENS ON INSECTS’ POPULATIONS IN CARROTS
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The nutritional quality of plants is one of the main characteristics of host plant selection by phytophagous
insects. Primary macronutrients of plants include nitrogen, phosphorus, and potassium; while secondary
macronutrients include calcium, magnesium, and sulphur. The relative availability of those nutrients, as well as
the water regimen can affect the growth of plants and fitness of herbivores.
Carrots represent an important crop in the Columbia Basin of Oregon and Washington for the fresh,
processing, and carrot seed market. This 2-year study focused on determining if side-dressing applications of
calcium nitrate (CN-9) and urea ammonium nitrate (UAN-32), in combination with normal (1 inch/week under
central pivot irrigation) or extra (10%) water regimens would influence pests and beneficial populations in
carrots. The trial was set up as a split randomized complete block with four replications per treatment.
Experimental plots were 3 beds wide x 6 m long, with 2 rows per bed and 60 cm row spacing (Figure 1).
Normal commercial production practices were followed throughout the growing season, and the crop was taken
to yield.
After plant emergence, insects were collected weekly using a sweep net and an inverted leaf blower to
collect insects above ground; pitfall traps were used to collect insects below ground. Above ground,
leafhoppers, thrips, Lygus bugs, aphids, and beneficial insects such as big-eyed bugs, lady beetles, spiders, and
parasitoids were collected. Springtails, ground beetles, rove beetles, carrion beetles were collected below
ground. A subsample (one row/plot) was harvested by hand at the end of the season to evaluate the effects of
fertilizer and irrigation on marketable yield (Figure 2).
Among the two sampling methods, the inverted leaf blower was more efficient in collecting above
ground insects compared to sweep net. Both fertilizer treatments did not affect insect populations. However,
water regimens influenced the population of key insect pests including leafhoppers and aphids. Yield (ctw/a)
was not influenced by fertilizer treatment but was affected by water regimen. Marketable yield was higher when
irrigated with 10% extra water.
Further studies in carrots may involve the use of different fertilizers to disentangle the dynamics among
nutrients and phytophagous.
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Figure 1. Experiments were conducted in 2018 and 2019, and set up as a split randomized complete block with
four reps/treatment. In both circles, carrots were irrigated following two water regimens (normal and 10% extra
water), and two fertilizers (CN-9 and UAN-32). Insect pests and natural enemies were collected in each plot by
sweep net, inverted leaf blower, and pitfall traps.

Figure 2. Insect collection (left) and harvesting (right). Photo credit: OSU-IAEP (S. Rondon).
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Quantifying Crop Safety and Efficacy when Tank Mixing Insecticides and Fungicides

PERSONNEL:
Tim Waters, Washington State University Extension, twaters@wsu.edu, 404 W Clark Ave, Pasco, WA 99301, 509
545-3511.
David Linnard Wheeler, Washington State University, Department of Plant Pathology, Pullman, WA. 99163.
david.wheeler@wsu.edu, (215) 880 3024.

ACCOMPLISHMENTS:
Eleven combinations of two insecticides and three fungicides were evaluated for control of aphids and early blight in
potatoes. None of the mixes resulted in incompatible tank mixes or crop phytotoxicity. Beleaf insecticide tank mixed with
Manzate, Luna Tranquility or Bravo fungicides was effective at reducing aphid populations, contrary to applications of
Warrior insecticide with the same fungicides or applied alone. The application of Warrior insecticide alone negatively
impacted plant health and decreased potato yield and quality as compared to the Beleaf and Manzate tank mix treatment.
Early blight disease severity was extremely variable amongst treatments and will be more thoroughly investigated in
2021. There is no evidence in these data of antagonistic impacts of tank mixing the fungicides and insecticides tested in
2020.
Treatment
1 (UTC)
2
3
4
5

Insecticide
None
Warrior (L-cyhalothrin) 1.92 fl oz/A
Warrior (L-cyhalothrin) 1.92 fl oz/A
None
Beleaf (flonicamid) 2.8 oz/A

6
7

Beleaf (flonicamid) 2.8 oz/A

Fungicide
None
Manzate (mancozeb) 1.6 qt/A
None
Manzate (mancozeb) 1.6 qt/A
Luna Tranquility 16 fl oz/A
(fluopyram+pyrimethalanil)

Luna Tranquility 16 fl oz/A
(fluopyram+pyrimethalanil
8
Beleaf (flonicamid) 2.8 oz/A
Bravo WS (chlorothalonil) .75 pt/A FB
1.5 pt/A
9
Bravo WS (chlorothalonil) .75 pt/A FB
1.5 pt/A
10
Warrior (L-cyhalothrin) 1.92 fl oz/A
Bravo WS (chlorothalonil) .75 pt/A FB
1.5 pt/A
11
Beleaf (flonicamid) 2.8 oz/A
Manzate (mancozeb) 1.6 qt/A
12
Warrior (L-cyhalothrin) 1.92 fl oz/A
Luna Tranquility 16 fl oz/A
(fluopyram+pyrimethalanil)
Table 1. Product mixes tested. All products were applied twice at the same rate, except Bravo where the first application
was 0.75 and second application was 1.5 pints per acre. All mixes included 0.25% non-ionic surfactant.
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RESULTS/DISCUSSION:
In the simulated jar test, all mixes dissolved in solution and did not produce notable precipitates and therefore were all
scored as compatible. This is not surprising since the tank mixes evaluated were recommended by crop advisors who
routinely utilize these mixes in potato production, none the less it was important to confirm physical compatibility before
further testing was done. No crop phytotoxicity was noted either.
Aphid populations were rather low at the beginning of the 2020 growing season. In fact, at the first application date, we
only detected an average of one wingless aphid per plant. The first application had to be made in late July to keep early
blight from overtaking the plot area. Fortunately, just after the second application aphid numbers increased dramatically in
the experimental block. The second application (August 10) occurred just two days before the scheduled evaluation on
August 12. Since the application was so close that evaluation date, we did not detect any differences in the aphid
populations initially. However, by the following evaluation date (August 19) plots treated with Beleaf insecticide
combined with any of the three fungicides contained fewer wingless aphids than the untreated check plots (Figure 1).
Plots treated with any of the fungicides alone, or in mix with Warrior insecticide did not contain fewer aphids than the
untreated check plots (Figure 1). Plots treated with Beleaf and Warrior alone did not significantly reduce aphid numbers
compared to the untreated check (Figure 1). Warrior insecticide was ineffective at managing aphid populations, when
applied alone, or in combination with Manzate, Luna Tranquility, or Bravo fungicides. Beleaf insecticide was effective at
managing aphid populations when applied in a mix with Manzate, Luna Tranquility, or Bravo fungicides. In fact, the
treatments in the trial with the fewest aphids were plots treated with any of the fungicides in combination with Beleaf
insecticide, though not statistically significant. In terms of aphid control, these data do not demonstrate any antagonist
impacts when tank mixing these combinations of insecticides and fungicides (Table 1).
Plant damage was assessed on August 26 by scoring test plots on a 0-10 scale where 0 would indicate no plant damage
and a 10 would indicate the most severe plant damage attributed to insect feeding or disease lesions. Plots treated with
Warrior insecticide alone contained significantly more plant damage than plots treated with Warrior+Manzate, Manzate,
Beleaf+LunaTranquility, LunaTranquility, Beleaf+Bravo, Beleaf+Manzate, and Warrior+LunaTranquility (Figure 2). This
gives an indication that Warrior, Beleaf, and Bravo alone did not positively impact plant health.
Total yield, Market #1, Market #2, defects, and specific gravity did not differ among treatments (Data not shown). Market
yield was significantly higher in plots treated with Beleaf+Manzate than plots treated with Warrior alone but did not differ
between other treatments (Figure 3). Percent usable potatoes was significantly higher in plots treated with Warrior+Bravo
compared to Warrior alone and did not differ between other treatments (Figure 4). The yield and grade data indicates
strongly that Warrior alone does not improve, but rather may hinder yield and quality of potatoes.
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Figure 1. Aphids per plant by treatment using bucket sample assessment on August 19, 2020. Means followed by the
same letter or symbol do not significantly differ (P=.05, Student-Newman-Keuls).

Figure 2. Plant damage assessments conducted on August 26, 2020. Scored on a 0-10 scale where 0 is no visible plant
damage and 10 is 100% of the plants exhibiting damage. Means followed by same letter or symbol do not significantly
differ (P=.05, Student-Newman-Keuls).
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Figure 3. Market yield and Market #1 potato grades. Means followed by same letter or symbol do not significantly differ
(P=.05, Student-Newman-Keuls).

Figure 4. Percent usable potatoes. This is calculated by dividing the market yield by the total yield. Means followed by
same letter or symbol do not significantly differ (P=.05, Student-Newman-Keuls).
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THE PACIFIC NORTHWEST HAS NO ECONOMIC THRESHOLDS FOR INSECT PESTS OF POTATOES

Alan Schreiber
Agriculture Development Group, Inc.
2621 Ringold Road
Eltopia, WA 99330
(509) 266 4348
aschreib@centurytel.net

The Pacific Northwest is the dominate producer of fresh and processed potatoes in North America, producing at least 60%
of U.S. potatoes. Potatoes suffer from a wide variety of insect pests including wireworm, Colorado potato beetle (CPB),
beet leafhopper, thrips, two-spotted spider mite, aphid species, potato psyllid, various worm species, potato tuber moth
and western lygus bug. Potato growers make decisions on deploying pest management measures against all of these pest.
What makes a grower decide to control a pest is a complex and curious process.

As predominate as the Pacific Northwest is in potato production, producing it is surprising that the industry has no
scientific guidelines on when to initiate control measures for any insect pest. CPB is the more treated for insect pest of
potatoes in the PNW yet there are not locally derived standards for when it should be controlled. Recommendations from
the University of Maine indicate that growers should treated when they detect 200 small larvae per 50 plants or 75 large
larvae per 50 plants. Recommendations from the University of Nebraska indicate that growers should treat before 25%
defoliation before tuber bulking, before 10% defoliation during the first half of tuber bulking and before 25% defoliation
after tuber bulking. Recommendations from the University of Manitoba indicates that the economic injury level for CPB
is 0.14 to 0.82 larvae per plant.

A trial initiated in 2020 looked at the impact of various numbers of first, second, third and fourth instar larvae and adults
had on potato yield. At the time of submission of this abstract the data were still being analyzed but some trends were
clear. Differences in defoliation by CPB were poor indicators of yield. However, overall, first generation feeding
damaged caused 250% more yield loss than second generating feeding damage. These results indicated that critical nature
of controlling first generation CPB and the lower priority that should be directed for late season control of CPB.
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DEVELOPING AN INSECT IPM PROGRAM FOR WASHINGTON POTATOES

Alan Schreiber, Tim Waters (Washington State University)
Agriculture Development Group, Inc.
2621 Ringold Road
Eltopia, WA 99330
(509) 266 4348
aschreib@centurytel.net

Factors that have forced potato producers in Washington to decrease their reliance Integrated Pest Management (IPM)
programs include the loss of broad-spectrum insecticides (e.g., methamidophos, azinophosmethyl, and aldicarb), and new
pests, such as worms (1995), thrips (1995), beet leafhopper (2002), potato tuberworm (2005), and potato psyllid (2011).
At the same time that growers face increasing pressures to produce high-yielding, defect-free potatoes at a low cost,
consumers are demanding agricultural products with fewer pesticide inputs. Thus, there is renewed interest in establishing
potato integrated pest management (IPM) programs. The registration of new selective insecticides can play an important
role in the successful deployment of such programs. However, the selective nature and shorter residual activities of many
newer insecticides necessitates a more targeted approach for their success in an IPM program.
The desire to move away from current insect management programs in Washington potatoes resulted in the establishment
of the Resilient Potato Production Initiative Group. This proposal is a product of one of the committees of this working
group.

Previous research conducted by Schreiber, Waters, and others has demonstrated that certain selective insecticides can
provide commercially acceptable levels of control of insect pests such as Colorado potato beetle, aphids, and psyllids.
Similar research has been conducted against pests such as beet leafhopper, thrips, and Lygus. Much of the work to
establish IPM programs in potatoes has already been done but there are some non-biological constraints that prevent
adoption of new pest management strategies. These constraints include the perception that cost of new strategies,
including scouting and insecticides, may be prohibitive. Producers are also constrained by lack of first-hand experience
utilizing these strategies successfully on their farms; they cannot afford the risk of new management tactics without
understanding their optimal implementation, efficacy, and cost.
This project initiates a program that seeks to open up the pest management options for potato farmers. It evaluates
different insecticide application and pest management regimes and it will act as a source of evidence that can increase
confidence in alternative practices. It is part of an industrywide initiative addressing marketplace concerns and reconciling
these with processor and grower requirements for high yield and quality within cost constraints. This is year two of this
project.

Research on IPM programs has been conducted on small scale research plots for decades in the Columbia Basin. Waters
was funded by the Washington State Potato Commission to evaluate various IPM strategies in small plots in 2013 and
2014. Those studies compared broad insecticides to narrow spectrum insecticides, focusing mostly on product cost and
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application timing based on pest occurrence using potato yield and profitability as the measure of success. Those studies
indicated that broad spectrum chemistries did not typically provide the best pest control but yield and quality data were
not always different between the treatments. Schreiber was funded by the Northwest Potato Research Consortium in 2018
to conduct an IPM demonstration project on a small scale at his research station. He monitored seven potato insect
management programs that were developed based on input costs and risk tolerance. The high input, risk averse program
had the highest insecticide use while low input, less risk averse programs had much lower reliance on insecticides. The
results from this one-year trial indicates adjusting action thresholds higher and using narrower spectrum products have the
potential to reduce insecticide use. However, limited conclusions can be drawn from a one-time small-scale experimental
trial. To have confidence in adjusting to higher action thresholds, this strategy must be evaluated on commercial scale
potato production. Moreover, small plot research in potato seldom demonstrates differences in potato yield and quality
because variability in those parameters within a field is greater than variability due to treatment effects. Producers are
eager to reduce insecticide applications, but only if the reduced applications result in yield and quality that are not
different, or better than what they do as a standard practice.

In 2019, 22 paired or split potato fields were selected for inclusion into the program. 11 fields were selected as “IPM”
fields and 11 fields were to be used for comparisons (grower standard). Ten fields were between Pasco and the Oregon
border along the Columbia River and twelve fields were north of Pasco to along Highway 26. The fields were sampled
weekly with a beat sheet, sticky cards and with leaf samples. Fields were sampled from row closure to four days prior to
desiccation. The insect management decisions were made in consultation with the grower, crop advisors and the
principal investigators. Decisions concerning insect management in the grower standard fields were made by the grower
and crop advisors.

When comparing the eleven IPM fields to eleven grower standard fields there were some noticeable differences in insect
populations. There were more thrips (6%) small CPB larvae (3%), wingless aphids (40%), lygus nymphs (195), lygus
adults (11%), loopers (72%), ad cutworms (135%) in the IPM fields as compared to the grower standard fields. There
were more large CPB (47%), adult CPB (37%), winged aphids (20%), mites, and stinkbugs (14%) in the grower standard
fields than in the IPM fields. It is noteworthy that there were virtually no mites detected in the IPM fields but 610 mites
detected in the grower standard fields. Most of these mites came from one field.

There were overwhelmingly more insect pests in south fields than in north fields. The variability in number of
insecticides applied across farms was quite high ranging from zero to ten. By far, the most commonly treated for insect
was Colorado potato beetle. Antecdotal information suggestions that while Colorado potato beetle populations were
higher than usual, other insect pest populations were lower than usual. The average number of foliar insecticide
applications in grower standard fields was 7.2. The average number of foliar insecticide applications in IPM fields was
3.2.
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SEARCHING FOR A VECTOR OF GRAPEVINE RED BLOTCH VIRUS
Jana Lee, Michelle Soule, Bob Martin
USDA-ARS Horticultural Crops Research Unit
3420 NW Orchard Ave., Corvallis, OR 97330
jana.lee@usda.gov
Grapevines in the US are affected by the geminivirus Grapevine red blotch virus (GRBV) causing leaves to turn
red. Grapes from infected vines may ripen later, and affect the perceived quality of wines by consumers.
Researchers have been trying to find the vector(s) since observed patterns in the field suggest that it is spread
via a vector and geminiviruses are often insect-vectored. Thus far, the three-cornered alfalfa hopper and
Virginia creeper leafhopper were documented to transmit the virus in lab/greenhouse studies. However,
transmission rates have been low, and these insects are not always observed in infected vineyards. This suggest
that other vectors may also be responsible. Therefore, we conducted a two-year study testing the ability of
insects collected from an infected vineyard for their ability to transmit the virus.
Methods
Insect collection: From June to October in 2018, and May to October in 2019, insects were collected from an
infected vineyard in the Willamette Valley of Oregon. A sweep net was used to collect insects from the grass,
weeds and oaks surrounding the field, and between-row grass. An inverted leaf blower with a mesh bag
vacuumed insects from surrounding/row grass, blackberry borders, and vine canopy. Few insects were
collected from the canopy by vacuum, and canopy samples were taken by shaking the vines over a large funnel
or beat sheet. All sampled insects were stored in plastic bags, and kept live on ice for transport.
Sorting: In the afternoon, insects were aspirated from bags into vials, sorted by morphotype or species, and
checked under the microscope. They were stored on ice for transport to the greenhouse. Dead insects of the
same morphotype were saved for identification by ODA. In 2018, various morphotypes of the froghopper
Philaenus spumarius were tested in separate cages. Once we learned that they were the same species, they were
caged together in 2019. In both years, small brown leafhoppers were difficult to separate while alive, and
contained a mix of Amblysellus grex and Deltocephalus fuscinervosus. In 2019, a darker morphotyype was
separated out containing only D. fuscinervosus, and tested alone.
Plant transmission: All individuals collected that morning of a given species/morphotype were grouped
together. Each insect type was placed in a separate 60 x 60 x 180 cm plastic mesh cage with an infected potted
grapevine for 5 days to acquire the virus. Plants were watered with water spikes connected to a gallon jug
outside the cage. After 5 days, two clean plants were placed per cage, and insects were allowed to move freely
between them for 7 days. In late 2018, and 2019, an emphasis was placed on collecting insects from the
infected canopy, and placing them directly onto a clean plant for 12 days. These insects presumably fed on the
infected vines, may already carry the virus, and then could be directly tested on clean plants. At the end of the
“infected→clean” or “canopy→clean” setups, the plants were then fumigated with dichlorovos pest strips and a
plastic tarp wrapped over the cage for 1-2 days. Then plants in cages were aired out. Test plants that were
initially clean were removed and treated with a systemic insecticide, and maintained with fungicides and
weeding until further virus testing. Plants were tested for GRBV with PCR or LAMP tests in 2018, August
2019, and October 2020.
Insect tests: Most insects collected were used for transmission tests. Some insects were frozen for DNA testing
when there were extra insects, or just one species on a given day and not used for transmission tests. Insects
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were tested for GRBV by LAMP or PCR amplification of Coat and Replicate protein primers. Positive results
would indicate that the insect fed on the infected plant but not necessarily indicate that it is a vector.
Results
Transmission: In 2018-19, 147
transmission tests were conducted
in cages involving 25 species, with
14 species tested both years
highlighted in red. The total
number of test cages, cages where
insects collected from the canopy
were placed on clean plants, and
total insects used in testing are in
Table 1.
No plants were GRBV+ from 2018
transmission tests, and four plants
from 2019 tests were GRBV+. In
2018, 125 plants were screened
involving 20 insect species, with
56 infected→clean setups and 13
canopy→clean setups. In 2019,
125 plants were screened involving
20 insect species, with 42 and 36
respective setups.
Plants that tested GRBV+ were
exposed to Euscelis variegatus,
Dikraneura absenta, and
Nothodlephax with
infected→clean setups during
2019 on June 12, July 10, and
July 10, respectively. Both
plants from the cage with
Dikraneura absenta were
GRBV+.

Table 1 - Plant transmission tests
Canopy Species
Tests -> clean # Insects Group
Acyrhosiphon
3
190 aphid
Aphis
1
5 aphid
Geocoridae
1
4 big-eyed bug
Philaenus spumarius
40
16
1673 froghopper
Allygus mixtus
3
45 leafhopper
Amblysellus grex & D. fuscinervosus
10
270 leafhopper
Athysanus argentarius
1
4 leafhopper
Baclutha
7
1
90 leafhopper
Ceratagallia californica
11
2
428 leafhopper
Colladanus reductus
1
4 leafhopper
Consanus obsoletus
12
175 leafhopper
Deltocephalus fuscinerosus only
1
4 leafhopper
Dikraneura absenta
8
52 leafhopper
Euscelis variegatus
10
2
220 leafhopper
Fieberiella florii
5
5
12 leafhopper
Giprus
4
4
16 leafhopper
Gyponana octolineata
7
7
29 leafhopper
Hordina atropunctata
7
7
55 leafhopper
Megoloceroea recticornus
1
30 mirid
Orhotylus
3
107 mirid
Orthocephalus
4
19 mirid
Cixius
3
3
24 planthopper
Nothodelphax -black
1
7 planthopper
Nothodelphax -pink
1
20 planthopper
Euschistus conspersus
1
1
6 stink bug
Spistissilus festinus
1
1
1 treehopper

Table 2
Insect species
Amblysellus grex

# insects
tested
6

LAMP Coat protein
positive PCR
3
1 duplex

Replicate
PCR
-

Balclutha

1

1

-

-

Ceratagallia californica
Cixius sp.
Colladonus reductus
Conosanus obsoletus
Dikraneura absenta
Euscelis variegatus
Fieberiella florii
Gyponana octolineata
Hordnia atropunctata
Philaenus spumarius
Xerophloea peltata

2
2
1
4
3
1
1
1
1
27
1

2
2
1
2
3
1
1
9
-

2
2 faint
1 faint
1
1
2 faint
1 faint

2
2 faint
1 faint
1
1
4 faint
1 faint
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Insects: Thirteen insect species, 51 individuals were available for DNA tests, and the number of positive results
are summarized in Table 2.
Lastly, the plant and insect tests are summarized together in Table 3. Euscelis variegatus and Dikraneura
absenta were found to contain the virus when collected from the field, and also placing them in infected→clean
setups resulted in GRBV+ plants. Interestingly, the GRBV+ plants were exposed to insects collected from the
surrounding grass rather than the canopy. Euscelis variegatus was the most abundant of the three, with higher
captures in June-July. It is a vector of aster yellows and Western X in sweet cherries. Dikraneura absenta was
caught in fairly low numbers mainly in June and July, and has been recorded in other vineyards. A blackbodied Nothodelphax was not common, only one transmission study was done in July when a sufficient number
was captured. These species warrant further testing.
The insects that were GRBV+ and collected from the canopy did not show evidence of transmission. Some
insects should be tested with more replications. Philaenus spumarius which was very abundant in the vineyard
was tested 40 times with no plants becoming positive. From the 2-year study, P. spumarius does not seem a
likely vector of GRBV.
Table 3
Plant
Insect GRBV+
Insect
Insect
GRBV+
origin
Euscelis variegatus
1 /10 transm. LAMP+, faint PCR Grass
cages
Dikraneura absenta
1 /8
LAMP+, faint PCR Grass
Nothodelphax -black
1 /1
not done
Grass
Cixius
0 /3
LAMP+, strong
Canopy
PCR
Fieberiella florii
0 /5
LAMP+, strong
Canopy
PCR
Gyponana octolineata 0 /7
LAMP+, strong
Canopy
PCR
Philaenus spumarius
0 /40
LAMP+, faint PCR Canopy,
grass
Xerophloea peltata
not done
LAMP+, faint PCR Rows
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Bud Mite Phenology and the Fate of Blasted Buds
Erica Rudolph1, Heather Andrews1, Nik Wiman1
1

Oregon State University, North Willamette Research and Extension Center

Abstract: Phytocoptella avellanae and Cecidophyopsis vermiformis are microscopic eriophyid mites that cause damage to
developing hazelnut buds and are commonly referred to as “big bud mites”. Damage caused primarily by P. avellanae
manifests as enlarged, split buds termed “blasted buds” or “big buds”. To date, broad-spectrum acaricides are often
sprayed on a calendar basis, or when trees appear to have numerous blasted buds; however, this approach may not be
entirely effective if applications do not coincide with bud mite migration, when adults and juveniles are most exposed to
residues. This migratory period varies with environmental conditions and currently there are no definitive guidelines
delineating the optimal time to spray for bud mites in the Pacific Northwest (PNW). Traps can be used to estimate when
the migration occurs, but are very labor intensive and are not often utilized by growers. A predictive phenology model to
guide management should be possible, and our goal is to generate the necessary data. We collected phenology data from
2016-2020 to develop a migration curve. In addition to investigating a migration curve, we also tracked the fate of
developing blasted buds over the course of the 2020 field season. An initial evaluation of blasted buds was conducted in
early spring, when damage symptoms first appear, and a follow up observation was conducted in early fall to evaluate the
trees’ ability to overcome damage.
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