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BERRY/GRAPE PROCESSING TECHNICAL WORKING GROUP

Dehydration of Berry Purees to Produce Value-Added Powders of High Quality
for Use in Nutritional Supplements
Joan Davenport & James Harbertson
Cooperators: Kerry Ringer, Columbia Phytonutrient.
Small fruit and wine grape pomace has been collected. Pomace has been separated into seed and
skin/pulp components and the skin/pulp components dried using radiant zone heating and, for selected
pomaces, also by freeze drying. The resulting dried fruit powders are being analyzed for their
phytonutrient content.
Accomplishments:
During the past year, a collection of Rubus sp. dried powders were developed. In addition, red wine grape
pomace was collected from 4 Bordeaux varieties grown within a 30 mile radius in central Washington
(Cabernet Sauvignon, Malbec, Merlot, and Petit Verdot). Sample analytical methods are being optimized
for the different types of fruit powders to ensure analytical accuracy.
Reasons Why Goals and Objectives Were Not Met (when applicable):
The principal collaborator for this project, Dr. Kerry Ringer, became very ill in July 2011 and the cause was
not diagnosed until February. This has stalled our current progress.
Potential Significance to Industry:
Radiant zone drying has the potential to rapidly and effectively develop value added products from berry
processing wastes.
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GENETICS TECHNICAL WORKING GROUP

Molecular Markers for Aphid Resistance in Black Raspberry
Chad Finn, USDA-ARS HCRL, & Nahla Bassil, USDA-ARS NCGR

Objectives:
We plan to identify molecular markers (focusing on SSR or microsatellite markers) linked to resistance to
the large raspberry aphid (Amphorophora agathonica Hottes) in black raspberry (Rubus occidentalis L).
The use of marker assisted selection (MAS) for aphid resistance would be a valuable tool to enhance
breeding efforts to develop new black raspberry cultivars with durable aphid/virus resistance. This falls
under the identified #1 priority for red and black raspberries: Develop cultivars that are summer-bearing,
high-yielding, winter hardy, machine harvestable, disease resistant, virus resistant and have superior
processed fruit quality as well as the #1 priority: Management of viruses and crumbly fruit.
Methods and Materials:
We have identified aphid resistance in two wild populations (ORUS 3778 from Ontario, and ORUS 3817
from Maine) of black raspberry and have crossed selections from these populations with ‘Munger’ and
‘Jewel’, which are susceptible to aphids. The resulting seedlings were all resistant to aphid colonization
(presumably because the resistant parents chosen were homozygous, carrying two dominant copies of the
gene responsible) and selections were crossed back to a susceptible elite selection to develop populations
segregating for the trait. In addition we successfully crossed a third aphid resistant selection (ORUS 41091 from Michigan) with an elite aphid-susceptible selection. These three populations all segregate for aphid
resistance from their wild ancestors and will be the focus of this project.
We are screening SSR markers developed in other Rubus species as well as SSR markers from a black
raspberry Expressed Sequence Tag (EST) library (developed by Kim Lewers, USDA-ARS, Beltsville, MD) for
association with aphid resistance or susceptibility within these populations. First, the parents of the
crosses will be screened for marker polymorphism using these SSR primers. Primers that are polymorphic
between the two parents will then be used to screen a subset of the resistant and susceptible progeny
from each cross. Markers showing consistent differences between aphid resistant and aphid susceptible
progeny will then be scored for all progeny from that cross to determine crossover frequency and
usefulness of the marker for predicting aphid resistance. SSR primer pairs which are not polymorphic will
be screened for SNPs or other markers so that they may still be useful for this project. SSR data are being
analyzed by fragment analysis of fluorescently labeled PCR products using the Beckman Coulter CEQ 8000
genetic analyzer and SNP data are being analyzed by high resolution melting (HRM) of PCR fragments
using the LightScanner (Idaho Technology Inc.). Because of the low polymorphism rate observed in the
markers examined to date, additional SSRs and SNPs to support the continuation of this work are being
developed by high-throughput sequencing on the Illumina Genome Analyzer II.
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Accomplishments / Progress Report (comparison of results with original goals):
This project is proceeding along the original timeline as planned. In the fall of 2008, F1 seedling
populations were germinated and screened for aphid resistance from crosses between aphid resistant
selections from Ontario and Maine and the aphid susceptible cultivars ‘Munger’ and ‘Black Hawk’. All of the
seedlings from these crosses were determined to be aphid resistant so a few of them were selected and
grown in the greenhouse through the fall and into the winter. We performed crosses with some of these
in the spring of 2009 and screened the resulting seedlings for aphid resistance from December 2009 –
January 2010. We have screened the parents of these two populations for polymorphism using existing
Rubus SSR primer pairs and have begun screening these for polymorphism using the EST-SSR primers
developed by Kim Lewers (USDA-ARS, Beltsville, MD). To date we have screened over 130 raspberry and
blackberry SSR primers for polymorphism and have found fewer than two dozen that were polymorphic.
We have also screened over 170 of the black raspberry EST primer pairs for polymorphism by capillary
electrophoresis, and have found the rate of marker polymorphism to be around 3%. In an attempt to get
all possible utility out of these primer pairs we have begun screening the monomorphic SSR primers for
SNPs, which do not show up by capillary electrophoresis. In order to do this we have used a relatively new
technique called high resolution melting (HRM). HRM measures the melting point of PCR fragments and
uses this information to identify differences in DNA sequence. This has required a fair bit of project time
spent on new method development in order to get clear, reproducible results; however we have had good
success to date determining SNP polymorphism and segregation in the populations and plan to continue
this for SSR markers that are uninformative.
In 2009 we also were able to perform a cross with a third source of aphid resistance (ORUS 4109-1 from
Michigan) and in December 2009 confirmed segregation consistent with inheritance by a single dominant
gene. We have added the parents of this population to our marker screen and have found that the aphid
resistant parent is homozygous at most of its SSR loci. This means that most of these markers do not
segregate and will not co-segregate with aphid resistance. We plan to continue to screen for
polymorphism in this population and use HRM as appropriate to find useful markers, however another
generation of crossing and more informative markers will probably be needed to find markers associated
with aphid resistance from this source. Because of the unexpectedly low rate of marker polymorphism
observed we will be directing some future efforts toward further marker development to aid in
accomplishing the project goals.
As a byproduct of this project, several useful markers were identified for studying genetic diversity in black
raspberry. While not enough markers have been identified yet to effectively scan for meaningful
associations with aphid resistance or other traits, the markers have been used to give us a valuable
snapshot of genetic diversity in cultivated and wild black raspberry germplasm. These markers have been
used to show just how closely related black raspberry cultivars are in comparison to available germplasm,
understand patterns of diversity in wild black raspberry populations, and fingerprint black raspberry
cultivars. This fingerprinting work has been particularly valuable to the industry as we have discovered an
array of “off types” in the standard cultivars being grown, limiting the ability of researchers to compare
results, make recommendations to growers, and effectively evaluate breeding material against a uniform
standard. We have worked with the nurseries supplying plants to help solve some of the problems in the
supply chain, although further work in this regard will be needed to understand the extent of the problem
and identify a uniform standard for some cultivars.
Reasons why goals and objectives were not met (when applicable):
While this project is still underway and has yielded valuable results for researchers and the industry, it has
become clear that a lack of informative markers will be a limiting factor for the success of finding markers
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linked to aphid resistance. Because of this, more focus is being placed on developing additional markers
and genomic resources in the final year of the project and outside funding will be pursued for the
continuation of this work.
Other Funding Sources that you have applied to for this project:
No other funding for this project has been sought. In early 2010 we applied for a USDA Specialty Crops
Research Initiative (SCRI) grant that would have assisted this project by generating additional markers and
genomic resources that could have been used for this project as well as linkage mapping in the two
populations. Our SCRI proposal was turned down for funding in 2010, and we reapplied in 2011. We are
awaiting official confirmation of the level of funding support we will receive for the SCRI project, however
the SCRI funds will not become available until after our NCSFR funding has run out. While the SCRI
project has a much broader focus than this one, we expect that it will allow us to successfully complete the
objectives that probably will not be met by the end of the current project’s funding window.
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Evaluation of Fruit Chemistry Traits in Wild Black Raspberry Germplasm: Year
2 (Final)
Jungmin Lee & Chad Finn, USDA-ARS-HCRU; Michael Dossett, Agriculture & Agri-Food Canada Pacific Agri-Food Research Centre)

Objectives:
Our objective was to evaluate fruit chemistry traits in wild black raspberry (Rubus occidentalis L.)
populations grown in Oregon to assess diversity available for breeding elite improved cultivars with
superior processed fruit quality and to aid in the identification of superior germplasm for breeding.
Methods and Materials:
In 2007, 78 wild black raspberry populations were established in a replicated planting in Corvallis, OR
along with the cultivars ‘Munger’, ‘Jewel’, and ‘Mac Black’ as standards for comparison. This planting was
established as a randomized complete block design with each population represented in 4 blocks. These
populations were collected and sent to us as seed by colleagues living in eastern North America within the
native distribution of R. occidentalis as part of a larger project to identify genetic diversity and disease
resistance in black raspberry germplasm from across its range. Fruit sampled from each plot across all four
replicates will be analyzed for a variety of fruit chemistry traits. Analyses of fruit chemistry traits would
include °Brix, pH, titratable acidity, total phenolics, total anthocyanins, and anthocyanin profiles. These
traits were analyzed using established methods by Drs. Jungmin Lee and Chad Finn’s research programs.
Accomplishments / Progress Report (comparison of results with original goals):
This project has been tremendously successful in comparison with its initial goal. To date our survey of this
germplasm has uncovered a wide range of variation in pigment content (39 - 996 mg100 mL-1; 25 fold
difference). Individual genotypes have been identified with less than one fourth to nearly three times the
anthocyanin concentration of the industry standard, ‘Munger’. Black raspberry cultivars were fairly similar
to each other in anthocyanin concentration, but more than a 10-fold difference in wild populations has
been observed. Approximately half of the wild populations studied had total anthocyanin content higher
than observed in the cultivars, indicating great potential for improving this trait. Several selections have
been made with good disease resistance and improved anthocyanin and phenolic content, and are being
used in crosses by the breeding program this year.
During the course of this project, black raspberries with a mutation in their anthocyanin modification
pathway were also discovered. These black raspberries are unable to develop the full compliment of
pigments observed in normal black raspberry fruit and will provide a unique opportunity to study the
genetic control of pigment synthesis in black raspberry as well as understand the relative importance of
certain anthocyanins in development of fruit color. Analysis of other basic chemistry traits is nearing
completion.
We have published a review article to summarize and clarify contemporary scientific findings of Rubus fruit
phenolics, focusing mainly on published peer-reviewed work from the last six years. With increased
awareness given to the potential health benefits of consuming berries high in phenolics, efforts have been
directed at enhancing Rubus fruit quality and color (through plant selection, harvesting, storage, etc.) for
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processors and consumers alike. Assessment of any progress requires knowing the state of the starting
material, so effective research into Rubus phenolics relies upon the accurate identification of components
in Rubus fruit in the initial investigations. We have summarized these reports into three sections:
anthocyanins, phenolic monomers other than anthocyanins, and phenolic polymers. More work is needed
in identification and quantification, and further opportunities remain for deciphering and clarifying existing
phenolic information for Rubus fruit.
Michael Dossett has successfully competed his Ph.D. program and is now working on red raspberry,
blueberry, strawberry, etc. breeding at Agriculture and Agri-Food Canada (AAFC)- Pacific Agri-Food
Research Centre as a Canadian government laboratory visiting fellow.
This funded and completed NCSFR project was the foundation of our newly awarded USDA/NIFA Specialty
Crops Research Initiative (SCRI) grant titled- Developing the genomic infrastructure for breeding improved
black raspberries.
Charts, Graphs and/or Diagrams:
Table 1. Summary of black raspberry anthocyanins our group has evaluated in the past seven years. A
more extensive summary of Rubus fruit phenolics can be found in Lee et al. (2012). Black raspberry
mutant anthocyanins are summarized here as well. Total anthocyanins were expressed by cyandin-3glucoside and quantified by HPLC.

Sample

Cultivated black
raspberry (R.
occidentalis L.)

Anthocyanins reported
(in elution order)

Cyanidin-3-sambubioside, cyanidin-3xylosylrutinoside, cyanidin-3glucoside, cyanidin-3-rutinoside,
pelargonidin-3-rutinoside, and
peonidin-3-rutinoside*.
Wild black
Cyanidin-3-sambubioside, cyanidin-3raspberry mutants
glucoside, and pelargonidin-3(R. occidentalis L.)
glucoside.
Wild black
Cyanidin-3-sambubioside, cyanidin-3raspberry (R.
xylosylrutinoside, cyanidin-3occidentalis L.)
glucoside, cyanidin-3-rutinoside,
pelargonidin-3-glucoside*,
pelargonidin-3-rutinoside, and
peonidin-3-rutinoside*.
* Low levels found or not detected in all samples.

Total
anthocyanins
(mg100 mL-1)
245-541
(n=190)

References

78-134
(n=6)

Dossett et al.,
2011

39-996
(n=854)

Dossett et al.,
2012

Dossett et al.,
2008, 2010

Potential Significance to Industry:
We believe this collection represents the largest ever of black raspberry germplasm, representing the
entire range of the species. Evaluation of fruit chemistry traits would be of great value in understanding
the best ways to utilize this germplasm and the future prospects of selecting for superior fruit
chemistry/quality traits as a breeding goal. In addition, it will provide critical information for decisions
about which wild plants to use as parents in the breeding program. The use of these wild parents in the
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breeding program will have important long-term consequences for breeding progress and the development
of improved cultivars to support the industry.
Other Funding Sources that you have applied to for this project:
This funded and completed NCSFR project was the foundation of our newly awarded USDA/NIFA Specialty
Crops Research Initiative (SCRI) grant titled- Developing the genomic infrastructure for breeding improved
black raspberries.
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Weed and Insect Control in Cranberry Beds
Kim Patten, WS, Long Beach Research and Extension Unit

Objectives:
1. Develop and assess new controls for perennial weeds in cranberry beds: Priority - Weeds.
2. Develop and assess controls for blackvine weevil in cranberry beds: Priority - Soil-borne pests.
3. Assess organophosphate alternatives for insecticide management on cranberry beds: PriorityOrganophosphate alternatives.
Methods and Materials:
Replication field trials were conducted across multiple sites/farms for an array of cranberry pests. Efficacy,
crop tolerance and yield were monitored following treatment for two years.
Accomplishments /Progress Report:
All the goals were accomplished.
Potential Significance to Industry:
Based on the economic analysis done for the section 18 registration on just one chemistry used in this
project, this project will have saved >$500,000/ year cash crop value lost to weeds in OR and $200,000 in
WA. There will be additional significance of other chemistries as they come online.
Other Funding Sources that you have applied to for this project:
Washington State Commission for Pesticide Registration, Washington State Cranberry Commission,
Cranberry Institute, Ocean Spray, Pacific Coast Cranberry Research Foundation, British Columbia Cranberry
Marketing Commission.
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Cultivar Development of Edible Fruited Honeysuckle (Lonicera caerulea L.)
Maxine Thompson, OSU

Objectives:
To develop through breeding cultivars that will form the basis for a new berry crop in the U.S. Special
focus is directed towards cultivars suitable for the home garden or small U-pick operations.
Methods and Materials:
Classical plant breeding methods are used; that is, making controlled crosses between parents chosen for
having complimentary desirable traits, growing the resultant seedlings, and evaluating phenological,
morphological, and berry quality traits. Promising selections are then propagated by dormant cuttings and
distributed to interested growers for further evaluations in different climatic regions. Plants have been
sent to many regions including frigid, North Dakota and as far south as Fresno, California.
The research plot consists of slightly over one acre at my home, surrounded by a deer fence and covered
with a bird net during harvest. Evaluations of plant traits are done in the field and harvested berries are
evaluated in a room in my barn, equipped with refrigerator and freezer storage. Scales for weighing
berries and a digital refractometer to assess soluble solids (sugars) are the only equipment used.
Accomplishments / Progress Report (comparison of results with original goals):
Much progress has been made towards the goal during the past few years. Several very promising
selections are being evaluated for potential release as cultivars. As breeding experience advances, more
judicious choice of parents has been possible so that each generation of seedlings contains a higher
percentage of desirable seedlings. This year 21 % of third year seedlings were considered worthy of
saving for further observation next year. Desirable traits included oval to slightly elongate, uniform berry
shape, large size, firm berry, and good taste, and a moderately open, upright bush growth habit..
To help in assessing taste quality this year Brian Yorgey of OSU’s Food Science and Technology
Department, volunteered to set up two taste panels involving 20 selections.
To determine the keeping quality of berries, I placed samples of 250 selections in a refrigerator from one
to four weeks. Surprisingly, most held up very well for at least 2 weeks. In fact, two of them were very
good after 4 weeks, still firm and good tasting. Good storability is essential for fresh market sales.
Plants of this berry are self-incompatible; that is, they will not set fruit with their own pollen. Therefore,
one must plant at least 2 different cultivars to obtain fruit. It is also possible that cross-incompatibility may
exist between 2 different forms. Therefore, before releasing any pair of cultivars the compatibility
relationship must be affirmed. This is possible to determine by using an in vitro method.
This involves pollination of detached flowers with pollen collected from different plants, placing flowers in a
Petri dish to allow pollen tubes to grow over night and then putting them in a freezer. Tube growth can be
assessed later as time permits. Using a fluorescent microscope, incompatible tubes appear distinctly
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different from compatible tubes. I intercrossed 14 selections to determine which will or will not set fruit on
the others.
Reasons why goals and objectives were not met (when applicable):
Considering the extremely low level of funding and the very limited germplasm available for this breeding
project, I believe that good progress has been made towards the goal of developing promising cultivars. If
the amount of funds normally supplied for plant breeding were available, undoubtedly, a much larger
program would result in more rapid progress. Also, a plant exploration trip to Japan for collecting a wider
range of genetic diversity would surely result in more progress.
Potential Significance to Industry:
When cultivars are released to the public and farmers can provide a supply of fruit, this berry will find a
niche market in high value processed products, as has occurred in Japan where there is currently more
demand than supply. As people become acquainted with the unique flavors of this berry, it should become
a popular home garden plant as well as a successful U-pick farm operation. Because management of
these plants is similar to that of blueberries and fruit maturity is well in advance, this crop could
complement a blueberry farm by extending the harvest season and provide a high value product for the
farmer. The lack of serious pest or diseases observed so far makes this a prime candidate for organic
farmers. Preliminary phytochemical studies have demonstrated that these berries are high in vitamin C,
anthocyanins and anti-oxidant capacity qualities so prized by the health food industry.
Other Funding Sources that you have applied to for this project:
Applied and received a 2-year grant of $11,576 from OSU’s Agriculture Research Foundation to conduct
pollination research for 2 years. This work is separate from the breeding project.
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PEST MANAGEMENT TECHNICAL WORKING GROUP

Field Scouting to Assess Treatment Efficacy and Monitoring Protocols for the
Spotted Wing Drosophila
Jana Lee & Denny Bruck, USDA-ARS
Cooperators: Tom Peerbolt, Peerbolt Crop Management

Objectives:
1. Field test various techniques for monitoring the presence and population dynamics of spotted wing
Drosophila in the field.
2. Assess the effectiveness of chemical applications (both chemistries and treatment interval) on fly
control and maintenance of fruit quality.
3. Disseminate research results real-time via AgReports (PCM web based scouting system)
Methods and Materials:
Obj. 1: Monitoring. In March 2012 we identified growers and fields as potential sites for monitoring SWD
with 40 hours of scouting time per week. A majority have been in the survey since 2010. The circles on the
map show the areas where the fields were located. Scouts were hired and trained, and began scouting for
SWD in April (Fig. 1).
We used the 2010 trap design of a lidded 32-ounce cup with 5-6 holes drilled on one side. Two inches of
apple cider vinegar was added to the cup and a drop of unscented soap was added to break the surface
tension. During 2012 we tested various traps, but none showed greater efficacy than the 2010 design.
Placement of traps in the field (1 per 5 acres) was determined by the proximity of native habitat or farm
locations where SWD may have been a problem the previous season. Flies caught in the traps were also
brought back to the lab for further identification using a microscope.
When the fruit began to color, scouts added a “baggie” test to monitor for SWD larvae. The protocol
involves picking a representative number of berries from random sites in the field (up to 25 for
strawberries and up to 75 for caneberries and blueberries). Various methods have been used to encourage
the larvae to leave the fruit. The current method, which seems the most productive, is adding enough of a
water/salt solution (1 cup regular table salt to 1 gallon water) to the gallon bag holding the fruit to cover
it. The bag is then put aside in a warm place for at least an hour. Lastly, the contents of the bag are
poured into a white dish and a screen is put over the fruit, holding it down and allowing the larvae to rise
to the top for easier counting.
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Scouts were also trained in the use of the online data entry system at www.peerbolt.com/swd . We were
able to use the site’s data to alert growers to the presence of SWD and suggest the need for control. The
site also archived the field trapping history.
Obj. 2: Chemical applications. Each treatment was replicated four times in a randomized complete block
design. Because of grower unwillingness to leave areas of the field untreated, we were not able to have
an untreated control plot. Alternatively, we sampled foliage from the field prior to pesticide application to
confirm that untreated leaves were not toxic to SWD.
Blueberries received a directed spray application to both sides of each row. Data were collected from the
middle section of the center row. Plot length was 40 feet, to allow for uniform spray application down
each row. Treatments were applied at the high labeled rate with a hand-held CO2-powered sprayer
applying 50 gallons of water per acre. We made one application of each treatment.
The timing of the application was determined by evidence of an active SWD population in the field using
apple cider vinegar bait traps and the presence of ripening fruit. The residual activity of the pesticide
treatments were made at approximately 1, 3, 7, 10 and 14 days by exposing SWD adults to previously
treated leaf surfaces in the laboratory. Because growers were proactive in their spray programs there
were not active SWD populations in the field to evaluate the effect of the various pesticides on SWD
populations in the field.
Obj. 3. Web-based scouting: Scouts enter the SWD data daily into a password-protected website specially
created for monitoring SWD. The site (www.peerbolt.com/swd) archives the data, which can be viewed
and/or downloaded by researchers.
Accomplishments / Progress Report (comparison of results with original goals):
Obj. 1: Monitoring. In 2010 and 2011, adult SWD did not begin to be trapped until mid-June, with rapid
increases to high numbers toward the end of August (Fig. 2a, 1b). The pattern was different in 2012 with
flies regularly detected early in the season and continuing to be caught in rising numbers with a spike in
August (Fig. 1c). Trapping occurred in 72 fields in 2010 (Fig. 3a), 63 fields in 2011 (Fig. 3b), and 64 fields
in 2012 (Fig. 3c).
Obj. 2: Chemical applications. For conventional pesticides, Mustang Max provided ~14+ days of residual
adult control. Malathion provided ~7-10 days of residual adult control. Delegate provided ~5-7 days of
residual adult control. Assail (and neonicotinoids in general) do not seem to perform well against adult
SWD (Fig. 4a).
For organic pesticides, Entrust provides ~5-7 days of residual adult control. Pyganic provides no residual
control but is a good contact poison for adult SWD. Two applications of Pyganic (18oz) three days apart
found to be efficacious in CA for up to five days (Fig. 4b).
Obj. 3. Web-based scouting:
Alerts & Information The home page of the SWD site was updated at least weekly and/or when an alert
was needed. That page also had the latest information about the area-wide scouting and research.
Real-time charts Charts were accessible from the home page (Fig. 5). The charts were tied to the data as
it was input by the scouts. Viewers could select a county and the county quadrant. Each crop was given a
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color. Hovering over a point with the cursor brought up the date and number of flies (by sex) or larvae.
The table below noted number of traps per crop as a further clarification of the numbers.
Accessible data for researchers We created passwords for participating researchers so they could log into
the site and download a spreadsheet with the data entered by the scouts. They used the data on their own
computers to analyze the progression of the fly.

Charts, Graphs and/or Diagrams:

Figure 1. Location of fields that were trapped.

Figure 2. SWD trapped in 2010 (a), 2011 (b), and 2012 (c).
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Figure 3. Number of fields and types of crop sampled in 2010 (a), 2011 (b), and 2012 (c).
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Figure 4. Mortality of SWD adults exposed to conventional (a), and organic pesticides (b).

Page 15 of 158

Figure 5. Data shown on website.

Potential Significance to Industry:

The SWD has been recognized by the small fruit industry as a critical emerging pest.
Conversations with fruit processors in the region have indicated that there is low tolerance for
SWD larvae in fruit. Development of effective monitoring and management strategies are critical
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for small fruit industries as well. We determined the presence of adults in the field in a variety of
small fruit crops (strawberry, blackberry, raspberry, blueberries) as well as their phonological
activity. We found certain chemical products to be effective at treating SWD, and growers did not
need to spend time or money on other chemicals that were not effective. We maintained a realtime database to share field information in a password protected SWD project area and it was
available to SWD researchers and extension agents in a timely manner.
Other Funding Sources that you have applied to for this project:
Note: Funding from SCRI and WA commissions funded different objectives in different fields.
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Native Habitat Restoration, Sustainable IPM and Beneficial Insect
Conservation for Washington Viticulture
David James, WSU
Cooperators: Gwen-Alyn Hoheisel, Extension Educator, WSU; Steven Link, WSU-Tri Cities; & Robert Pyle,
Xerces Society

Objectives:
1. Establish patches of native plant habitat in four commercial demonstration vineyards.
2. Evaluate selected PNW native perennial plants for beneficial insect attraction and practicality as
vineyard ground covers.
Methods and Materials:
From a request for expressions of interest in Nov 2008, more than a dozen wineries/vineyards responded.
Most are well-suited in terms of location, nearby habitat and philosophical commitment. A 3 year program
using 8 collaborating vineyards is planned. A mix of small and larger restoration/refugia areas will be
selected in each ‘habitat’ vineyard to provide a mosaic. Refugia will consist of low shrubs/flower strips,
bushes, ‘hedgerows’, and patches of low and high-growing species. Advantage will be taken of existing
native refugia within and near the selected vineyards. Native plants will be selected on the basis of WSU
research showing importance in harboring natural enemies of wine grape pests, and/or research conducted
elsewhere demonstrating their importance in attracting/retaining beneficials, including bees and butterflies.
Data will be obtained on populations of pests, natural enemies, beneficials (bees, butterflies) in the
‘restored’ vineyards and in paired conventional vineyards, during all years of the project to document
changes in abundance and dynamics. Research conducted at WSU-Prosser during 2000-2005, showed that
Anagrus wasps, biological control agents of leafhoppers, overwinter in the eggs of alternate leafhopper
hosts present on blackberries and roses during autumn. Having these plants in close proximity to vineyards
enabled Anagrus to colonize vineyards earlier in spring and provide better biological control. We surveyed
endemic vegetation surrounding WA vineyards in 2003 for predatory mites and found blackberry, dogwood
and alder had the highest densities of these beneficials. Thus, roses and/or blackberries, dogwood, alder
will be among the plantings considered for refugia plantings, along with other native plants shown to be
attractive to beneficial insects by other researchers including native mints, asters, yarrow, nettles,
rabbitbrush and penstemon. The ‘background’ native flora at each site may include some of the foregoing
but also other species which may also have value as hosts. Host resources for endemic butterflies
substantially overlap with those used by natural enemies of grape pests. Nectar-rich native flowers like
yarrow, rabbitbrush, thistles, potentilla and coyote mint are excellent food resources for adult butterflies as
well as beneficial insects like lacewings, predatory bugs and parasitic wasps. There is also likely some
overlap with the plants required by butterflies for development of larvae. Examples of butterfly larval hosts
and resources for beneficials include buckwheats, lupines, mustards, mallow, rabbitbrush and thistles.
Ground covers confer a number of benefits on vineyards, including the attraction and retention of
beneficial insects. A WSU/NCSFR funded study during 2005-08 demonstrated the value of some species of
non-endemic annual flowering plants to attract and retain various beneficial insects in WA vineyards, with
no adverse effects on vine growth. However, germination and survival of the cover crops was generally
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poor, due to aridity. A study in Michigan compared the attractiveness of selected perennial native plants
and exotic annual plants to beneficial insects and found many native plants to be just as attractive, or
more attractive than the exotics. The use of native perennial plants for ground covers has several benefits,
including better adaptation to the local environment, aiding local biodiversity, and avoidance of annual
establishment. In addition, native perennials may provide overwintering sites for beneficial arthropods.
Forty to fifty species will be selected for monitoring and evaluation. Potential native plant species that may
be used include: Yarrow (Achillea millefolium), Lupines (Lupinus spp)., Blanket flower (Gaillardia),
Penstemon spp., and Buckwheats (Eriogonum spp.). During March-October 2011-12 naturally occurring
stands of selected plant species will be located in the Yakima Valley and nearby areas These stands will be
monitored and evaluated for their attractiveness to beneficial (and pest) insects during the season using
sticky cards (some data were collected in 2010). Stands will be visited bi-weekly or weekly (according to
flowering) and sticky cards collected/replaced. Insects on the sticky cards will be identified and counted.
Plants will also be assessed for occurrence of open flowers with dates of first, last and peak bloom
recorded for each species. Ten-twenty plant species (including those cited above) will be established in
replicated plot studies at WSU-Prosser and will be ready for initial evaluation in 2011. Additional promising
species from the natural site screening study will be added to the plot study during the proposed project.
Accomplishments / Progress Report (comparison of results with original goals):
Investigate native perennial flowering plants for attractiveness to beneficial insects and practicality for use
as vineyard covers and refugia.
More than 1000 traps were deployed on 106 species of flowering perennial plants during April-November
2011. To date (January 2012), traps for only 5 plant species (Yarrow, Gary Rabbitbrush, Green
Rabbitbrush, Clematis, Milkweed) have been fully read and analyzed with the remainder expected to be
completed before April 2012. Data on the attraction of 6 groups of beneficial insects to these plants are
shown in Figure 1. All of the species except Green Rabbitbrush attracted large numbers of predatory bugs.
Gray Rabbitbrush was outstanding in attraction of parasitic wasps (including
ichneumonids/braconids/Anagrus) with a mean of up to 380 per trap. Yarrow and Milkweed also attracted
large numbers of parasitic wasps. The only species with significant attraction to beneficial flies was Yarrow
with the other species not attracting significantly more than control traps. Gray Rabbitbrush had the best
overall profile of beneficial insect attraction and Clematis had the worst (Fig. 2). Yarrow, Gray Rabbitbrush
and Milkweed were also evaluated in 2010 with good results (see 2010 progress report) and it is becoming
clear that these three plants are strong attractants for a number of natural enemy groups, particularly
parasitic wasps and predatory bugs. Yarrow and Milkweed are potential ground cover plants for vineyards
while Gray Rabbitbrush would serve as excellent refugia plants near to vines. Most of the beneficial insect
attraction to rabbitbrush occurs during August-October and it is likely that these plants also serve as
overwintering sites for beneficial insects.
Evaluation of the pest and beneficial insect fauna associated with habitat-enhanced (NHR) and habitatreduced (control) vineyards.
Vineyard pairs in the Columbia Gorge and Quincy-Mattawa areas showed the greatest contrast in terms of
numbers of native plants species present close to grapevines and data from these sites are presented. In
both areas, the VH vineyard had a diverse immediate area flora that conservatively contained at least 30
native species occurring at medium-high density. In contrast, the C vineyards in both areas had a lowdiversity flora comprising only 7-12 species.

Pest incidence/abundance. Spider mite populations were absent (Quincy) or occurred at very low density
(Columbia Gorge). However, populations were significantly greater in the C vineyard than in the VH
vineyard in the gorge (Fig. 3). Predatory and mildew-feeding mites (tydeids) were commoner in the gorge
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VH vineyard along with rust mites, although the latter were substantially below levels likely to cause
economic damage (Fig. 3). Leafhoppers were virtually absent in the gorge vineyards but adults were
common (mean 30 +/trap) in the Quincy VH vineyard. However, this high level of adults did not translate
into economically damaging levels of nymphs on leaves (Fig. 4). Very few leafhoppers were seen at the
Quincy C vineyard due to spray application.

Beneficial insect incidence/abundance. Data on abundance of four groups of beneficial insect in VH and C
vineyards at Quincy and in the Columbia Gorge are shown in Figs. 5-6. Abundances in native habitat (H)
areas close to the VH vineyard are also shown. In most cases greater populations of beneficials occurred in
the native habitat area (H) alongside the VH vineyard than in the C and VH vineyards. In a number of
cases (e.g. predatory beetles and bugs, lacewings (Quincy only), parasitic wasps), beneficial insect
populations were greater in the VH than in the corresponding C vineyard, suggesting dispersal from the
adjacent habitat into the vineyard. However, with some groups of beneficials (e.g. beneficial flies,
lacewings (gorge)), there appeared to be no movement from habitat into the adjacent vineyard (Figs. 5-6).
These preliminary data support the hypothesis that adjacent native habitats supporting a diverse
community of native plants can be an important source of some groups of predators, parasitoids and
pollinators, instrumental in providing effective and sustainable ecosystem services (e.g biological control of
grape pests) in vineyards. In addition to providing direct and tangible benefits to viticulture, vineyard
habitat restoration also has the potential to help conserve threatened flora and fauna including endangered
native bees and butterflies. The Columbia Gorge enhanced habitat vineyard supported populations of at
least 9 butterfly species in 2011, at least one of which is threatened because of habitat destruction.
Ultimately, our research on attraction of beneficial insects to native flowering plants and evaluation of the
influence of native habitat on vineyard IPM, will converge. Identification of the most attractive flowering
plants to specific beneficial insects will enable design and tailoring of native habitat to provide needed
ecosystem services in specific vineyards or viticultural regions in Washington.
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Charts, Graphs and/or Diagrams:
Figure 1. Attraction of beneficial insects to Gray Rabbitbrush (GR), Milkweed (M), Green Rabbitbrush (R), Clematis (C)
and Yarrow (Y) in field evaluations conducted during 2011.
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Figure 2. Beneficial insect attraction profiles for 5 native flowering perennial plants derived from field data obtained
in 2011.
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Figure 3. Pest and beneficial mite populations on grape leaves in VH (habitat-enhanced) and conventional (C)
vineyards in the Columbia Gorge in 2011.
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Figure 4. Adult and immature leafhoppers in VH (habitat-enhanced) and conventional (C) vineyards at Quincy in
2011.
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Figure 5. Mean abundance of beneficial insects in a habitat-enhanced vineyard (HV), adjacent habitat (H) and a
habitat-reduced vineyard (C) in the Quincy area during 2011.
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Figure 6. Mean abundance of beneficial insects in a habitat-enhanced vineyard (VH), adjacent habitat (H) and a
habitat-reduced vineyard (C) in the Columbia Gorge during 2011.
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Potential Significance to Industry:
Washington State is renowned for quality wine grape production. Considerable progress has been made in
developing IPM strategies that increase biological control of pests and reduce pesticide inputs.
Sustainability can be improved by providing a diversified, native-type habitat that contains resources for
predators and parasitoids leading to enhanced biological control. Habitat restoration will also benefit native
flora and fauna, concordant with the wine industry’s image of a clean and green enterprise that shares the
land with minimal adverse impacts on the environment. The project addresses the Washington wine grape
industry priorities of reducing synthetic chemical inputs, improving IPM and implementing sustainable
farming practices that protect the environment and community as a whole.
Other Funding Sources that you have applied to for this project:
Western Sustainable Agriculture Research and Education
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Fruit and Odor Preference, and Damage by the Invasive Spotted Wing
Drosophila
Jana Lee & Denny Bruck, USDA-ARS

Objectives:
1. To determine fecundity of SWD.
2. To determine which fruits and stages of ripeness are preferred by SWD for egg laying.
3. To determine preference of SWD to various odors and colors.
4. To create a damage rating of infested fruit over time.
Methods and Materials:
Obj. 1: Fecundity of SWD. Newly emerged SWD females were individually transferred to a plastic cage
kept at 22°C, 16L:8D, and ~70% RH. Each female was paired with a male; a new male was replaced each
week. Inside the cage, flies were given a water wick, 20% sucrose water tube, and egg laying substrate
(artificial diet, blueberries and wine grapes). The substrate was collected and replaced each day, and the
number of eggs laid was counted. The diet or fruit were reared out to confirm that SWD were developing.
No statistical comparison was made between the different substrates, because each substrate was tested
at different times of the year with a different stock of flies (3 m-old colony, wild flies). Flies were
monitored on artificial diet until death; the last female was dead on day 153. Flies were monitored on
blueberries and wine grapes for the first four weeks.
Obj. 2: Fruit susceptibility to SWD. Thirty-four no-choice and choice tests were conducted in the
laboratory to determine whether SWD would attack fruit at various ripeness stages (26 tests), various
cultivars within a given fruit type (7 tests), and various fruit types (1 test). In all tests, SWD were exposed
to fruits presented on the floor of the cage for 24 hr at 22°C, 16L:8D, and ~70% RH. Each of the 34 tests
was replicated 6-15 times. After 24 hr of exposure to SWD, fruits were removed, and the number of eggs
laid by SWD was counted under the microscope for blueberries, cherries, and wine grapes. The same
blueberries, cherries, and wine grapes were transferred to rearing cups with mesh lids kept at room
temperature. After 2 wk, fruits were dissected for developing SWD (adults, pupae, and larvae). For
blackberries, raspberries, and strawberries, the number of developing SWD larvae and pupae were counted
after 1 wk.
A field without pesticide treatment was used for field studies. To compare ripeness levels, 8 samples of 25
ripe, pink and green ‘Blueray’ were collected weekly. To compare cultivar susceptibility, 4-8 samples of
ripe blueberries of available cultivars were collected weekly. taken each week. Berries were reared in the
laboratory for 2 weeks to determine SWD infestation.
Obj. 3: Visual and odor preference of SWD. Color preference was tested first in cages in a greenhouse,
and the three most attractive colors (red, orange, black) were tested with common trap colors (white,
clear) in the field. In cages with ~200 SWD, clear, white, black, red, orange, green, blue, purple, and pink
cups filled with soapy water to test only attraction to color. In the field, the five colored cups filled with
apple cider vinegar and dishsoap and checked weekly for 14 weeks in July-October in 2010, and 8 weeks
in August-October in 2011. Treatments were replicated in six blocks. Odor preference was screened in
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cages with ~200 SWD and the more attractive odors were selected for field testing. In the field, 7 odors
were tested in six blocks set up within cherry and peach orchards between during Aug. 28 – Oct. 22, 2010.
Obj. 4: Damage rating of infested fruit. To develop a damage timeline, fruits were exposed to mated SWD
females and monitored over time. After removing the flies, infested fruits and uninfested control fruits
were held at ambient indoor room temperature. Each day the fruits will be individually examined for holes,
bruises, and coloration and repeatedly photographed each day.
Accomplishments / Progress Report (comparison of results with original goals):

Obj. 1: Fecundity

Trial
Artificial
diet
Blueberry
Grape

Fertile ♀
70%, 14/20
87%, 19/22
95%, 20/21

Mean ±SE and min-max among fertile females
Eggs laid in 4 wk
Daily egg
Age of first
Eggs laid
laying rates egg laying (d) over lifetime
160.5 ±46.8, 1-524 0-161
7.8 ±1.6, 3-20 418.5 ±100.6,
72-1197
148.4 ±19.1, 2-251 0-35
3.7 ±0.3, 2-7
na
85.2 ±10.9, 10-167 0-28
5.2 ±0.3, 2-8
na

Observed fecundities ranged from 85 to 161 over four weeks, and was 419 over the lifetime of flies given
artificial diet. While no statistical comparison was made, the fecundity of flies appeared highest on
artificial diet, then blueberry, and lowest on ‘Pinot noir’. The first females were observed to start laying
eggs between 48 and 72 hr, and average age ranged from 3.7 to 7.8 d-old. Egg laying rates were variable
from day-to-day, a distinct peak in egg laying did not appear consistently.
Obj. 2: Fruit susceptibility: In 26 no-choice and choice laboratory tests with various ripeness stages of
blackberry, blueberry, cherry, raspberry, and strawberry, fruits were susceptible to D. suzukii once fruit
coloration started (Fig. 1a). None to few eggs were laid on the green stages, and further development
was low on green fruit. Few D. suzukii developed on selected grape cultivars (table and wine) and
overripe blueberries. In close-range choice tests, D. suzukii showed some preference for certain
blackberry and late-season blueberries cultivars from Oregon (2-4-fold differences), but no cultivar
preference among other blueberry, raspberry, and wine grape cultivars. When brix levels increased within
each fruit type, more eggs were laid or more D. suzukii developed on those blackberries, blueberries,
cherries, raspberries, and strawberries with weak to moderate trends. When D. suzukii were exposed to
six fruit types simultaneously in close-range, strawberry, raspberry, blackberry, cherry, and blueberry were
more susceptible than green table grapes (Fig. 1c).
Field studies confirm laboratory results that ripened berries are preferred by SWD compared to green or
early coloring stages (Fig. 1b). Field studies also suggest that certain blueberry cultivars may be more
susceptible to infestation, high infestation rates were consistently observed in ‘Blueray’.
Obj. 3: Visual and odor preference: In a 1 m3 cage, SWD were trapped the most in red and black cups
with soapy water, followed by orange (Fig. 2a). All the other colors, including clear and white cups, which
are used in most monitoring programs, appeared similarly low. In various fruit fields, more female SWD
were trapped in red than clear traps (Fig. 2c,d). Thus far, other odors available have not been more
attractive than apple cider vinegar or yeast-sugar water (Fig. 2b).
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Obj. 4: Damage rating of infested fruit: Results have been made into pictoral guides available online by
Oregon State University Extension, and USDA ARS (see citations).

Charts, Graphs and/or Diagrams:

Fig. 1. Number of eggs laid or developing SWD on
various (a) ‘Earliblue’ blueberries at different
ripeness stages in the laboratory, (b) ‘Blueray’ in the
field, and (c) different fruits.
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Fig. 2. SWD captured among (a) 10 color cups in the greenhouse, (b) 5 color cups in the field,
and (c) variously baited clear traps in the field.
Potential Significance to Industry:
Determining the fecundity of SWD will clarify the potential infestation levels caused by SWD. Knowing the
ripeness stages at which fruits are susceptible has been instrumental in improving the timing of insecticide
use in the field. Recognizing fruit damage by SWD, and finding more attractive compounds and colors will
assist growers with monitoring fields.
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Population Dynamics of Pseudomonas syringae and Management of Bacterial
Canker on Blueberry
Joyce Loper, USDA-ARS, HCRL & Virginia Stockwell, OSU
Cooperators: Jay Pscheidt, OSU
Objectives:
1. Develop knowledge of the disease cycle for bacterial canker of blueberry.
2. Develop a reliable disease assay.
3. Develop and evaluate molecular methods for detection of the pathogen P. syringae on plant
tissues.
Methods and Materials:
Sampling plan. We sampled blueberry plants for populations of P. syringae periodically from September
2009 through June 2011. Sampling was done from an established planting of “Berkeley’ and another
planting of ‘Bluetta’ at the OSU Botany and Plant Pathology Field Laboratory near Corvallis, Oregon.
Populations of P. syringae were enumerated from 40 buds, blossoms or leaves of blueberries using a
standard culture-based technique. Because P. syringae commonly forms ice nuclei, we also assayed all
samples for ice nucleation activity.
Inoculation Methods: We tested two methods in 2011 and 2012 for inoculation of plants with P. syringae.
For both methods, P. syringae was suspended in a dilute solution of an organosilicon surfactant
(Breakthru), which helps the bacterial cells move into the plant. In the first method, unopened terminal
buds were cut with a razor blade that was dipped into a suspension of the pathogen. In the second
method, young blueberry leaves were cut transversely with scissors dipped in a suspension of P. syringae
+ Breakthru. Cultivars tested were: Bluejay, Blueray, Chandler, Darrow, Duke (widely grown in the PNW),
Jersey, Ochlockonee, and Powderblue. In 2012, we added Bluecrop, Elliot, and Liberty to the list of
cultivars tested. The cultivars were selected based on their importance to the industry, their reported
sensitivity to bacterial canker, and observations of local growers and researchers, who have noted disease
susceptibility of certain cultivars.
Accomplishments / Progress Report (comparison of results with original goals):
Objective 1. Develop knowledge of the disease cycle for bacterial canker of blueberry - We monitored
indigenous populations of P. syringae on mature ‘Bluetta’ plants in an experimental blueberry plot from
September 2009 to June 2011 (Figure 1). We also monitored the pathogen on cultivar ‘Berkeley.’ In both
years, formulated copper was applied to plants in early winter and tissues with symptoms of bacterial
canker were not removed.
Similar population dynamics of indigenous P. syringae were observed over both years of monitoring.
Furthermore, indigenous populations of P. syringae were similar on ‘Bluetta’ and ‘Berkeley’ plants, so only
results from ‘Bluetta’ are shown. In September and October, few buds had detectable populations of P.
syringae (Figure 1). In November at leaf drop, we first observed buds with symptoms of bacterial blight
(brown bud scales or brown buds) in the plots. At this time, close to 20% of the samples had detectable
populations of P. syringae (Figure 1). Population sizes and incidence of detection of P. syringae increased
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through January (Figure 1). By January, the incidence of detection of P. syringae increased to 40% or
double the incidence from November. Similarly, the average population sizes of the pathogen in buds
increased from November to January.
In March, we sampled emerging flower clusters and continued to sample flower clusters through the end
of bloom in May. Population sizes of P. syringae on flower clusters increased through bloom and
correspondingly, the incidence of detection soared to between 80 to 100% of the samples (Figure 1).
In early summer months, samples of terminal leaves were taken from ‘Bluetta’ plants. Of the leaves
sampled, 20 to 30% had some degree of necrosis. Of the necrotic leaves, 100% had populations of the
pathogen and the population size ranged from 2 X 104 to 1 X 107 CFU per leaf. Populations of P. syringae
were detected on only ~10% of the leaves that appeared symptomless, and the population sizes of the
pathogen on symptomless leaves ranged from 100 to 1000 CFU/leaf.
Objective 2. Develop a reliable disease assay - In February of 2011 and 2012, we inoculated terminal
buds of blueberry with a suspension of P. syringae. For a given cultivar, the incidence of death of
inoculated buds (Figure 2A) was similar (within 15%) between 2011 and 2012. The exception was ‘Duke’,
which had a much higher disease incidence in 2012 compared to 2011. One possible explanation for this
variation between the years is that the initial bud size inoculated for ‘Duke’ was much smaller in 2012 vs.
2011. In both years, the incidence of stem necrosis was greatest on ‘Powderblue,’ with stem necrosis
observed on >80% of the inoculated buds (Figure 2A). The incidence of bud death for cultivars tested
over two years ranged from 50 to 100%, and only ‘Darrow’ had a bud disease incidence of 50% in both
years (Figure 2A). The lowest incidence of necrosis was 27% on ‘Liberty’, although that cultivar only was
evaluated in 2012 (Figure 2A).
The length of stem necrosis averaged ~10 mm between cultivars and years (Figure 2B) The greatest
average stem necrosis was on ‘Powderblue’ in 2011 (~40 mm), but in 2012, the stem necrosis on
‘Powderblue’ was about ~10 mm and similar to many other cultivars (Figure 2B). Of cultivars tested in
both years, the shortest lesions were on ‘Darrow’ and ‘Jersey’ (Figure 2B). Cultivars ‘Bluecrop’ and ‘Elliott’
(tested only in 2012) had a high incidence of disease, but the lesion length was shorter than the average
of 10 mm (Figure 2B). Cultivar ‘Liberty’ (tested only in 2012) had a low disease incidence on inoculated
buds and the lesions that did develop were restricted in length (Figures 2A and 2B).
In May 2011 and 2012, we inoculated leaves on another set of plants of all of the cultivars with P.
syringae. Leaf inoculation is a common method to test cultivars for resistance for many other bacterial
diseases. For all blueberry cultivars, leaves inoculated with P. syringae showed minor disease symptoms a
week after inoculation (data not shown). Nonetheless, the disease symptoms on the inoculated leaf
tissues did not spread into petioles or stems within 2 months after inoculation. The lack of spread of the
disease symptoms in inoculated leaves limits the usefulness of this method to assess differential sensitivity
of blueberry cultivars to P. syringae.
Objective 3. Develop and evaluate molecular methods for detection of the pathogen Pseudomonas
syringae on plant tissues. - We selected four isolates of P. syringae from diseased blueberry plants in
Oregon for thorough characterization. Two of the isolates were from a commercial nursery, one from a
commercial production field, and one from our experimental research plot at the OSU Botany and Plant
Pathology Field Laboratory.
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We isolated the DNA of the bacterial isolates and sequenced four housekeeping genes of the bacteria.
Housekeeping genes are those genes that are important to bacteria for growth and replication. They are
conserved among species and pathovars, and because they accumulate few new mutations, they are
valuable markers to determine the evolutionary relationships between bacterial isolates. We used the
sequence of the housekeeping genes to 1) confirm identity of the bacteria as P. syringae and 2) generate
phyllogenetic trees to determine the relatedness of the blueberry isolates to other pathovars of P. syringae.
This multilocus sequence analysis approach confirmed that each of the bacterial isolates from blueberry
were P. syringae. A portion of the phyllogenetic tree that compares the relationship of the blueberry
isolates with known pathovars of P. syringae is presented in Figure 3. If the blueberry isolates formed a
tight cluster in the phyllogenetic tree, it would indicate that a specific group of pathogens caused disease
on blueberry, but this was not the case. An example of a closely related group of isolates from a host is
seen near the bottom of the phyllogenetic tree with P. syringae pathovar apii, which causes disease on
celery. All of the isolates of P. syringae pathovar apii form a tight cluster in only one area of the
phyllogenetic tree.
A striking result from our research is that isolates of P. syringae from diseased blueberry are diverse
(Figure 3). The blueberry isolates from the commercial nursery clustered with genomospecies 1 pathovars
from maple and goldenrod; the blueberry isolate from the commercial grower’s field clustered with the
genomospecies 3 pathovar from passion flower; and the blueberry isolate from the OSU research plot
clustered with the genomospecies 1 pathovar that causes blister spot of apple. This indicates that several
pathovars of P. syringae are capable of causing disease on blueberry in agricultural settings.
In addition to molecular characterization, we examined the traits and host range of the isolates from
blueberry. We found that the isolates produce the plant toxin syringomycin, which is common among
many pathovars of P. syringae. This result was not surprising because we previously determined, using a
PCR assay, that a gene for syringomycin is present in each of the four isolates.
We found that the blueberry isolates that clustered with genomospecies 1 pathovars were ice nucleation
active and we were able to detect the gene (inaZ) encoding for the ice nucleation protein with PCR using a
newly developed primer set. The isolate from blueberry that clustered with the genomospecies 3 pathovar
of passion flower was only weakly ice nucleation active in a laboratory test and the PCR assay failed to
detect the gene inaZ.
Laboratory tests indicate that the isolates from blueberry are copper-tolerant. Each of the isolates from
blueberry is tolerant to 0.32 mM copper added to culture media. Previous researchers (Andersen et al.,
1991. Phytopathology 81:648-656) demonstrated that strains of P. syringae that are capable of growth on
media amended with 0.32 mM copper are not controlled by applications of copper to plants and thus are
considered copper-tolerant.
In repeated inoculation assays, the blueberry isolates caused disease symptoms (necrosis, spreading
lesions, and discoloration) on immature blueberry fruitlets and leaf petioles of bean, cantaloupe, and pea.
One isolate also caused mild disease symptoms on cucumber. None of the isolates caused disease
symptoms on corn. The results from the blueberry isolates were similar to those obtained from other
wide-host range P. syringae pv syringae strains that were included as positive controls. We concluded that
the blueberry isolates exhibited a wide-host range in our inoculation assays.
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One aspect of this Objective was to develop molecular methods to detect the pathogen on plant tissues.
We confirmed that primers designed to amplify the gene for syringomycin (plant toxin) also detected the
gene in P. syringae isolates from blueberry. These primers need to be tested on a much larger group of
isolates to determine if they could be used reliably to detect isolates that cause disease on blueberry. We
also developed a new set of primers to detect inaZ (ice nucleation protein) in P. syringae, which yielded a
product with isolates that were clearly capable of ice nucleation activity, but not for all blueberry isolates.
Because many strains of P. syringae now have sequenced genomes, it may be possible to design primers
for PCR detection from comparative genomic data.
Reasons Why Goals and Objectives Were Not Met (when applicable):
The stated objectives for the funding period were met. Additional work is advised to assess the sensitivity
of blueberry cultivars to bacterial blight. The bud inoculation method appeared to give repeatable results
between years and may provide some measure of sensitivity. But we are aware that sensitivity to the
pathogen changes rapidly as the plants develop, and methods must be tailored to each susceptible tissue
and developmental stage of the plant. Additional work is also advised to extend the analysis of pathogen
diversity to a broader set of isolates and to develop a molecular detection method because there are no
techniques available currently to separate pathogenic isolates of P. syringae from related non-pathogenic
bacteria that are prevalent on blueberry.
Charts, Graphs and/or Diagrams:

Figure 1. Average population size (top panel) and incidence of detection (bottom panel) of Pseudomonas
syringae isolated from blueberry cultivar ‘Bluetta’ from April 2009 to September 2011 from an experimental
plot near Corvallis, OR.
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Figure 2. Evaluation of symptom development in blueberry cultivars inoculated with Pseudomonas
syringae applied to cut terminal buds in February 2011 (white bars) and 2012 (black bars). Panel A
presents the incidence of death of inoculated buds by July. Panel B is the average length of necrosis
extending into the stem from an inoculated bud measured in July. Cultivars ‘Bluecrop’, ‘Elliott’, and
‘Liberty’ were tested only in 2012, not in 2011.
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Figure 3. Phyllogenetic tree illustrating the relationship of four isolates of P. syringae from diseased
blueberry plants in Oregon to known pathovars of P. syringae. The phyllogenetic tree was generated from
multilocus sequence analysis of housekeeping genes.

Strain JL2582, from blueberry at
OSU plot, was most closely grouped
with P. syringae pv papulans, causal
agent of blister spot of apple.
Strains JL2573 and JL2576, from
blueberry plants at a commercial
nursery, were most closely grouped
with P. syringae pv aceris and P.
syringae pv solidagae , pathogens
of maple and goldenrod,
respectively.

Strain BB2, from blueberry in a
commercial production field, was
most closely grouped with P.
syringae pv passiflorae, a pathogen
of passionflower.
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Potential Significance to Industry:
Basic information about the biology of P. syringae and the epidemiology of bacterial canker of blueberry
can be used in the future to develop disease management strategies that are tailored to vulnerable stages
(such as the epiphytic population increase in the late winter/early spring months) in the disease cycle of
the pathogen. We found that several pathovars of P. syringae can cause disease on blueberry, thus
several genera of host plants (in addition to blueberry) with infections caused by P. syringae may be local
sources of inoculum for infection of blueberry. Gaining information on the biology of the pathogen and
epidemiology of the disease is the first step towards the development of alternative methods for the
management of bacterial canker on this woody plant host.
An important goal of our research was to develop a method to inoculate blueberry with P. syringae that
results in reliable levels of disease in repeated assays. The bud inoculation method will be useful in the
future to test a variety of possible disease management strategies, including biological controls, chemicals,
or germplasm or cultivars for susceptibility to bacterial canker.
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New Opportunities for Control of Bindweed in Blackberries
Ed Peachey & Jessica Green, OSU
Cooperators: Eric Coombs, Oregon Department of Ag.; Diane Kaufman, NWREC;& Joe
DeFrancesco, NWREC

Objectives:
1) Determine whether the herbicide quinclorac can be used to control or suppress bindweed in
blackberries without impacting crop performance, and
2) Determine whether a biological control of bindweed, the gall-forming mite Aceria malherbae, can
be established in berry fields and used in concert with herbicides to enhance bindweed control.
Methods and Materials:
Objective 1. - Projects were located at 7 sites to test the efficacy of quinclorac on bindweed in blackberries
and measure tolerance to quinclorac: Dayton in AY marionberries (2008-09), Corvallis in EY marionberries
(2009); Corvallis in the establishment year of both marionberries and raspberries (2009-10); Lebanon in
raspberries (2010); Dayton on raspberries (2010 and 2011); and again in Corvallis on AY marionberries
(2011 and 2012). Quinclorac treatments were typically applied at three timings: approximately 30 days
before expected harvest; shortly after harvest was completed; or in the fall just before the first frost.
Berries were harvested two to three times and average berry wt determined from a 25 berry subsample.
Objective 2. - Bindweed mites were collected from north central Oregon and at the USDA station near
Prosser, WA. Mites were applied to bindweed at sites near Dayton (AY blackberries), Lebanon
(blueberries), and Junction City (blueberries) in June, 2009. Mites were dispersed using one of two
methods, by either twisting inoculated material onto existing plants, or chopping and spreading inoculated
leaf tissue. Quinclorac was applied to the field sites in late August, 2009 at rates of 0, 0.063, 0.125, and
0.25 lbs ai/A. Above-ground field bindweed biomass was clipped from each plot in June 2010.
Additionally, a controlled environment study was conducted to test the effects of irrigation, herbicide, and
mite inoculation on bindweed growth and mite colonization. Field bindweed rhizomes were planted in 9.6L
plastic pots and placed outside at a research farm. Once established, the plants were inoculated with the
mites, and quinclorac treatments were applied in the fall. Quinclorac was applied at the rates used in field
studies in 2009. The experiment was repeated in 2010, with the exception of the 0.25 lbs ai/A rate. Shoot
and root biomass were measured the following summer each year.
Accomplishments / Progress Report (comparison of results with original goals):
Objective 1. - At the Dayton AY field, quinclorac was applied to producing vines in June and August of
2008 in a preliminary experiment. Bindweed control in summer 2009 was good at 0.375 lbs ai/A when
applied spring or fall of 2008 (Table 1). Sequential applications were most effective. Yield in 2008 and
primocane count and length in 2009 were unaffected by quinclorac treatments. Treatments applied at the
second site near Dayton in the spring of 2009 to bearing canes may have reduced yield by 5% at 0.75 lbs
ai/A (2X rate). At the Corvallis EY field, treatments applied in the fall of 2008 and spring of 2009 may have
reduced yield slightly at the 0.75 lb ai/A (2X) rate. Primocane length measured in August was reduced
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slightly as well, from an average of 10 to 9.5 ft and no effects we noted on primocane length or plant
growth in early summer of 2010. We are still taking yield at the Corvallis site to measure potential effects
of quinclorac on berry yield and cane growth following summer and fall treatments in 2009, but after 2
harvests there is no indication that the quinclorac treatments are affecting yield.
Quinclorac and several other herbicides were applied to micro-propagated blackberries and rooted
raspberry cuttings shortly after transplanting in April 2009 to determine crop tolerance. No effects of
quinclorac were noted when applied in June or August. Primocane length measured in the spring of 2010
also indicated no treatment effects on quinclorac growth.

Table 1. Effect of quinclorac applied in the spring on alternate year (AY) Marion blackberries, Dayton
(average of 2 harvests, n=3), 2008-09.
Herbicide

App. Date
Rate

2008 (July, bearing year)
Yield
Avg.
berry wt

lbs ai/A

lbs/10 ft of
row

g

2009 (June, non-bearing year)
Cane density
Avg. cane Bindweed
length
control
no./plant

ft

%

1

Quinclorac

24-May-08

0.375

23.8

4.2

19.0

9.2

73

2

Quinclorac

24-May-08
1-Oct-08

0.375+
0.375

-

-

21.0

9.5

100

3

Quinclorac

24-May-08

0.75

4.5

23.5

4

Quinclorac

24-May-08
1-Oct-08

0.75+
0.75

-

-

21.7

9.8

100

5

Check

-

24.6

4.1

20.3

8.5

0

ns

ns

ns

ns

11

FPLSD (0.05)

24.6

-

9.8

85
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Table 2.Effect of quinclorac applied in the spring and fall on alternate year (AY) marionberry yield (average of
3 harvests )and bindweed control,Dayton, 2009-10, N=3.
Quinclorac treatment
Timing (2009)

Yield

Avg.
berry wt

Rate

Bindweed control
Sept.2009

June 2010

August 2010

lbs ai/A

lb/10 ft of
row

g

------------------------- % -------------------------

4.1

5.1

85

67

47

1

9-Jun-09

0.375

2

9-Jun-09+
7-Oct -09

0.375 + 0.375

-

-

90

88

67

3

7-Oct -09

0.375

-

-

0

25

50

4

9-Jun-09

0.750

3.7

4.7

88

73

80

5

9-Jun-09+
7-Oct -09

0.75 +0.75

-

-

90

93

93

6

7-Oct -09

0.75

-

-

30

70

87

7

-

-

3.7

5.1

0

0

0

ns

ns

44

31

34

LSD (0.05)

Table 3.Effect of quinclorac applied in the spring and fall of 2009 on yield of every-year (EY) Marion blackberries in
2009-10, Corvallis, OR (average of 3 harvests, n=4), 2009-10.
Treatments

Date

Rate
Yield
kg/ha

lbs/3 plants

2009
Primocanes
(11-Aug-2009)
no. /plant avg. length
(ft)

Primocanes
(10-Jun-2010)

2010
Yield

Avg. berry
wt.

no./plant

avg. length (ft)

lbs/3 plants

g

1

Quinclorac

1-Jun-09

0.375

24.9

2.8

9.2

4.0

3.6

16.5

2.7

2

Quinclorac

1-Jun-09
1-Nov-09

0.375+
0.375

-

-

-

5.2

2.3

18.0

2.7

3

Quinclorac

1-Nov-09

0.375

-

-

-

6.6

3.3

19.6

2.7

4

Quinclorac

1-Jun-09

0.75

22.0

2.7

8.3

5.0

3.3

17.6

2.6

5

Quinclorac

1-Jun-09
1-Nov-09

0.75+
0.75

-

-

-

4.9

3.0

15.8

2.6

6

Quinclorac

1-Nov-09

0.75

-

-

-

5.6

3.3

17.2

2.6

7

Check

22.2

3.0

9.9

5.6

3.3

18.5

2.8

ns

0.5

0.7

ns

ns

ns

ns

FPLSD (0.05)
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Table 4. Caneberry tolerance to herbicides applied two or more weeks after transplanting. Blackberries were tissue
culture plugs and raspberries were bare root stems (2009-10).
Herbicide

Timing

Rate

lb ai/A

Cane Length
(June 28, 2009)

Phytotoxicity
(June 28, 2009)

Phytotoxicity
(July 23, 2009)

Cane length
( July 23, 2009)

Cane length
( Aug 25, 2009)

Phytotoxicity
(June 2010)

Black

Rasp

Black

Black

Black

Rasp

Black

Rasp

Black

in

in

in

in

in

in

Rasp

Rasp

0-10

Rasp

0-10

Cane length
( June 2010)
Black

Rasp

ft

ft

2.4

1

Quinclorac

20-May

0.375

7.5

12.0

0

0.5

0

0

30

25

75

51

0

0

3.4

2

Quinclorac

29-Jun

0.375

-

-

0

0

0

0

26

23

76

52

0

0

3.0

2.4

3

Quinclorac

16.1

0

0.3

0

0

21

33

65

59

0

0

3.3

2.5

Quinclorac

0.375+
0.375
0.375

9.1

4

20-May+
29-Jun
31-Jul

-

-

0

0

0

0

23

26

69

52

0

0

3.2

2.2

5

Quinclorac

20-May

0.75

8.7

16.9

0

0

0

0

30

35

70

60

0

0

3.5

2.5

6

Quinclorac

29-Jun

0.75

-

-

0

0.3

0

0

32

26

78

49

0

0

3.6

2.5

7

Quinclorac

15.1

0

0.8

0

0

26

37

72

53

0

0

3.5

2.4

Quinclorac

0.75+
0.75
0.75

9.1

8

20-May+
29-Jun
31-Jul

-

-

0

0

0

0

28

30

74

58

0

0

3.7

3.0

9

Oryzalin

20-May

2

-

-

0

0.1

0

0

28

26

77

52

0

0

3.4

2.6

10

Pendimethalin 20-May

1.9

-

-

0

0

0

0

26

5

69

24

0

0

3.5

2.1

11

Simazine

20-May

1.6

-

-

0

0

0

0

29

35

82

60

0

0

3.2

2.7

12

Diuron

20-May

1.6

-

-

0

0

0

0

27

24

72

50

0

0

3.1

2.1

13

Terbacil

20-May

0.8

-

-

0

0.2

0

0

33

20

82

35

0

0

3.2

2.6

14

Dichlobenil

20-May

1.96

-

-

0.5

0.5

0

0

26

33

76

59

0

0

3.0

2.5

15

Flumioxazin

20-May

16

Check
FPLSD

0.19
-

-

-

0

1.0

0

0

27

16

72

38

0

0

3.5

2.2

6.1

13.9

0

0

0

0

26

29

73

53

0

0

3.0

2.5

ns

ns

ns

ns

ns

1.4

ns

14

ns

19

ns

ns

ns

ns
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Table 5. Effect of quinclorac herbicides on red raspberry (var. Meeker) growth and yield, Lebanon, OR,
2010.
Herbicide

Application
date

Rate

Obs

Yield

Phytotoxicity rating
6/24/2010

6/5/2010
Spray
zone

Upper
canopy

lbs ai/A

Spray
zone

Avg.
berry wt

Upper
canopy

0-10

lbs/A

g

1

Quinclorac

19-May-10

0.375

3

0

0

0

0

5370

3.24

2

Quinclorac

19-May-10

0.75

3

0

0

0

0

5480

3.32

3

Check

3

-

-

-

-

4570

0.4

ns

0.4

ns

1250

FPLSD

3.32
ns

Table 6. Effect quinclorac herbicides on red raspberry (var. Cascade Delight) growth and yield, Dayton, OR,
2010.
Herbicide

Application
date

Rate

Obs

Yield

Phytotoxicity rating
6/16/2010
Spray
zone

8/3/2010

Upper
canopy

lbs ai/A

Spray
zone

Avg.
berry wt

Upper
canopy

0-10

lbs/A

g

1

Quinclorac

5-Jun-10

0.375

3

0.2

0

0

0

7090

5.64

2

Quinclorac

5-Jun-10

0.75

3

0

0

0

0

4990

5.28

3

Check

5

-

-

-

-

5700

ns

-

0.9

-

1230

FPLSD

5.32
ns

Table 7. Effect of quinclorac herbicides on red raspberry (var. Cascade Delight) growth and yield, Dayton,
OR, 2011.
Herbicide

Timing

Date of application

Rate

Obs

Phytotoxicity rating
(July 21, 2011)
Spray
Upper
zone
canopy

Yield

Avg. berry
wt.

0-10

lbs/A

g

lbs ai/A

1
2

Quinclorac
Quinclorac

30 D PHI
30 D PHI

5-Jun-10 + 6-Jun-11
5-Jun-10 + 6-Jun-11

0.375
0.75

3
3

0
0

0
0

2544
1720

5.32
4.40

3
4

Quinclorac
Quinclorac

POST harvest
POST harvest

3-Aug-10
3-Aug-10

0.375
0.75

3
3

0
0

0
0

2992
2349

5.48
5.36

5
6

Quinclorac
Quinclorac

Fall
Fall

14-Nov-10
14-Nov-10

0.375
0.75

3
3

0
0

0
0

2089
1738

5.04
4.36

7

Check

-

-

-

4

0

0

2720

5.08

1.0

ns

959
(p=0.15)

ns

FPLSD
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Table 8. Marion blackberry tolerance to quinclorac and other herbicides, Corvallis, OR. Treatments were
applied in Fall (Oct 2011) and/or Spring (May 2012).
Herbicide

Timing

Rate

Obs

Yield
(total of 3 harvests)
Mean

lbs ai/A

Se

Avg. berry wt
(avg. of 3 harvests)
Mean

lbs/A

Se

Primocane lengths
(Aug 5, 2012)
Mean

g

Se
ft

1

Mesotrione

Fall '11

0.094

4

12,710

1,315

4.7

0.1

6.3

0.9

2

Mesotrione

Fall '11

0.188

4

11,300

1,123

4.2

0.2

5.6

1.0

3

Mesotrione

Spring '12

0.094

4

12,198

1,413

4.5

0.1

7.1

0.6

4

Mesotrione

Spring '12

0.188

4

12,383

967

4.5

0.1

7.1

1.0

5

Quinclorac

Fall + Spring

0.375

5

13,348

1,001

4.4

0.3

5.9

0.6

6

Quinclorac

Fall + Spring

0.750

5

11,850

878

4.3

0.3

7.1

0.8

7

S-metolachlor

Spring '12

0.630

4

12,657

1,108

4.6

0.1

6.1

0.6

8

Clopyralid

Fall + Spring

0.125

4

11,544

865

4.7

0.2

6.8

0.2

9

Handweeded

-

-

4

11,833

1,094

4.6

0.1

5.6

0.6

-

-

4

10,863

675

4.6

0.3

6.4

0.5

10 Unweeded
LSD(0.05)

1797

0.5

ns

Objective 2. - Field - The bindweed mite established quickly at the Lebanon and Dayton field sites.
Mites did not establish in Junction City, likely due to overhead irrigation and unexpected herbicide
applications by the grower. There was no difference in leaf galling between dispersal method at either
site; spreading chopped pieces of infested material (SP) was as effective as twisting mite-infested
strands of material (TW) onto existing plants (Table 9). Leaf galling was evident up to 100 DAT at both
locations.
Quinclorac controlled bindweed growth at each site, both during the growing season, and into the
following year. At the Dayton site, quinclorac reduced flowering by 40% in first year
blackberries.Percent control in blueberries averaged 75% and 79% at 1X and 2X rates, respectively.
Quinclorac application in late August reduced the number of mite infested leaves per area at the
Dayton site (Figure1). However, this effect may have been a consequence of lack of available plant
material for the mites to colonize.
Container - In the pot study conducted over 3 years, quinclorac was the primary factor regulating
bindweed growth (Table 10).Additionally, plant response (shoot and root growth) varied depending on
the level of moisture available to the potted bindweed (Figure 3).Mite activity was greatest in
inoculated pots receiving high-drip irrigation. Root weight in 2011 was 40% greater in pots that had
been inoculated with mites the previous summer (Table11).This unique finding could indicate that in
areas where soil moisture is limited, A. malherbae can effectively reduce field bindweed growth, but
when the plant has sufficient water, growth increases as a result of feeding by mite.
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Table 9. ANOVA for treatment effects during the growing season (Jul-Sept, 2009) at the fieldsites.
Significant p-values are indicated in bold. Measurements taken included: visual ratings of symptoms
on the SHOOT and the growing TIP. Number of galled LEAVES, average LENGTH of shoots,
number of FLOWERS, and PERCENT CONTROL.
LEBANON
Source
Block
Method
Herbicide
Method x Hcide

df
3
1
2
2

DAYTON
Source
Block
Method
Herbicide
Method x Hcide

df
3
1
1
1

Shoot
0.34
0.26
0.01
0.69

Shoot
0.01
0.29
0.23
0.20

----------------------- p-value ---------------------------------------Tip
Leaves
Length
Flowers
% control
0.20
0.05
0.07
≤.001
≤.001
0.56
0.49
0.05
0.24
0.19
0.03
0.10
0.01
0.01
≤.0001
0.80
0.80
0.37
0.60
0.36
p-value
Tip
0.07
0.07
≤.001
0.62

Leaves
0.01
0.06
≤.001
0.96

Length
0.07
0.25
≤.001
0.81

Flowers
0.00
0.10
≤.0001
0.67

% control
0.01
0.84
≤.0001
0.82

Table 10. Effect of treatment on field bindweed shoot and root biomass in the container study. Biomass
was collected the summer following treatment. Values are means (±SE).
Treatment

2009-10

2010-11

Quinclorac
(lbs ai)/A

Mite
yes/no

Shoot
Root
Shoot
-------------------------------------- g ------------------------------------

1
2
3
4
5

0
0.0625
0.125
0.25*
0

0
0
0
0
1

3.7
0.4
0.1
0.0
3.8

0.6
0.3
0.1
0.0
1.0

11.2
2.7
5.5
3.5
13.1

2.0
1.1
1.1
1.2
2.6

1.3
1.0
0.3
--1.1

0.7
0.3
0.1
--0.2

0.8
0.7
0.2
--0.6

0.7
1.0
0.3
--0.7

6

0.0625

1

1.9

0.6

6.0

1.0

0.5

0.2

0.5

0.9

7

0.125

1

0.5

0.4

7.2

1.0

0.3

0.1

0.2

0.3

8

0.25*

1

0.0

3.6

---

---

---

---

0.0

1.2

Root

*this rate was not applied in 2010-2011
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Table 11. Effect of treatments on potted field bindweed near Corvallis, OR. Values are seasonal means
(±SE) during the growing season (2010), and at harvest (2011).
Effect

Treatment

2010
Galls1

Shoots2

Ave. shoot
length

Root
wt.(dry)

Shoot
wt.(dry)

-- no.--

-- no.--

-- cm --

-- g --

-- g --

-

0.9 (0.2)

1.7 (0.2)

4.8 (0.7)

0.7 (0.2)

1.9 (0.7)

+

3.6 (0.6)

2.7 (0.2)

6.4 (0.5)

1.5 (0.3)

2.3 (0.5)

1.2

0.6

1.8

0.6

1.8

Untreated

2.1 (0.5)

2.4 (0.3)

6.1 (0.6)

0.7 (0.1)

1.2 (0.5)

0.14 kg ai/ha

2.2 (0.2)

1.9 (0.2)

6.4 (0.8)

0.6 (0.1)

0.8 (0.2)

0.28 kg ai/ha

1.5 (0.5)

1.3 (0.1)

4.3 (0.7)

0.3 (0.1)

0.3 (0.1)

0.8

0.6

2.0

0.4

0.7

Mite3

FPLSD (0.05)

Quinclorac

2011

FPLSD (0.05)

Charts, Graphs and/or Diagrams:

Figure 1.Effects of mites on leaf galling over time at the Dayton site. Inoculated strands were either
twisted onto existing plants (TW), or chopped and spread over bindweed patches (SP). Quinclorac
(0=not applied, 1=0.25lbs ai/A) was applied in late August, 2009.
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Figure 2.Quinclorac effectively reduced field bindweed biomass at both field locations, 2009-2010.

Figure 3.Effects of the bindweed mite (A. malherbae) on above-ground growth of field bindweed grown under
varying levels of irrigation. Both the number (a) and length (b) of field bindweed shoots increased when plants
received adequate water and were inoculated with mites.

Potential Significance to Industry:
We are developing new strategies to cope with field bindweed in small fruit crops. The most promising
development will be a registration for quinclorac on small fruit crops. Blackberries and raspberries
appear to be very tolerant to quinclorac at rates up to 0.75 lbs ai/A. More work is needed, however, to
fully exploit the potential of this herbicide to control bindweed. This data will support a registration for
quinclorac on cane crops.IR-4 magnitude-of-the-residue studies are complete and the data package
has been submitted to EPA for review.
We are beginning to understand the environmental conditions that promote colonization of the
bindweed mite. Field site results are encouraging but we are not certain if the mite will be able to
overwinter in subsequent years. To date it appears that mites are effective in limiting growth only in
water-stressed systems. This may explain why the bindweed mite is commonly used in arid regions and
rangelands. There did not seem to be any improvement in bindweed control with quinclorac when the
mite was established on the foliage, even with quinclorac applied at very low rates.
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Genetic Diversity Among Grapevine Viruses in the Pacific Northwest
Naidu A. Rayapati, WSU
Cooperators: Robert Martin, USDA-ARS

Objectives:
Conduct genetic diversity studies among economically important grapevine viruses documented in the
Pacific Northwest region.
Methods and Materials:
The Grapevine Virus E (GVE, isolate WAHH2) was collected from a single, own-rooted grapevine (cv.
Cabernet Sauvignon) planted in a commercial vineyard block in Yakima Valley of Washington State.
Initially, primers GVE Rbp F2 (5’-GCCAAGGSAGTATTTGATG) and GVE Rbp R2: 3 (5’AWGGGTACTCAGACTTCC) were designed, based on consensus sequence specific to open reading
frame 5 of GVE isolates available in GenBank, to amplify a 327 bp fragment from petiole extracts in one
step-single tube reverse transcription polymerase chain reaction (RT-PCR) assay. Sequences obtained
from cloned amplicons were compared with corresponding sequences of GVE isolates available in
GenBank. Additional primers were designed, based on consensus sequence of GVE isolates from Japan
and South Africa to obtain overlapping amplicons spanning the entire GVE genome. The 3’-terminal
sequence was determined using FirstChoice RLM-RACE Kit (Ambion) following manufacturer's
instructions. Sequences from the overlapping fragments were assembled and pairwise comparisons
done using Vector NTI Advance 11 (Life Technologies Corp., CA, USA). We used the NCBI ORF finder
to indentify open reading frames and BLASTP in conjunction with the Conserved Domain Database
(CDD) to identify and annotate protein domains. The sequence of GVE isolate (WAHH2) was compared
with GVE isolates TvAQ7 from table grape (Vitis labrusca cv. Aki Queen) and TvP15 from a wine grape
(V. vinifera cv. Pione) reported from Japan and GVE isolate SA94 from wine grape (V. vinifera cv.
Merlot) reported from South Africa.
Accomplishments / Progress Report (comparison of results with original goals):
The complete genome of WAHH2 isolate from Washington is 7,568 nt long, excluding the poly(A) tail.
It’s genome is similar in size to GVE SA94 (7,568 nt) from South Africa than to GVE TvAQ7 (7,576 nt)
from Japan. In pairwise comparisons (Table 1), WAHH2 genome showed 98% and 70% identity with
genome sequences of SA94 and TvAQ7 isolates, respectively, and 45% and 46% identity with
Grapevine Virus A (DQ855087) and Grapevine Virus B (EF583906), respectively. These results suggest
that WAHH2 is more closely related to SA94 than to TvAQ7 of GVE and other vitiviruses associated with
Rugose Wood Complex. GVE WAHH2 encodes five ORFs and their arrangement (Fig. 1) was identical
to those described previously for SA94 and TvAQ7 isolates. Similar to SA94 and unlike TvAQ7, the
ORF1 of WAHH2 does not overlap with ORF2.
In pairwise comparison of different ORFs (Table 1), WAHH2 isolate shared a higher sequence identity
at both nt and amino acid (aa) levels with SA94 (97-99% at nt level and 98-100% at aa level) and
TvP15 (95-99% at nt level and 91-99% at aa level) isolates than with TvAQ7 (53-78% at nt level and
45-87% at the aa level)..These values, except for ORF2 of TvAQ7, are within the limits of species
demarcation proposed for the family Flexiviridae, where isolates sharing greater than 72% nt or 80%
aa sequence identities between their CP or polymerase genes are considered one species. In this
regard, it can be concluded that WAHH2, SA94 and TvP15 are closely related sequence variants and
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TvAQ7 is a distant variant of GVE. Thus, it is likely that divergent variants of GVE are present in
different grape-growing regions. Our limited survey of WA and OR vineyards indicated the presence of
GVE in different wine grape cultivars. Further studies are in progress to determine genetic relationships
and biological properties of GVE isolates from WA and OR vineyards.
Charts, Graphs and/or Diagrams:
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Figure 1. Genome map of Grapevine virus E isolates showing differences in the conserved domains
present in their replicase open reading frames. Washington isolate WAHH2 contain a DExD (DEAD-like
helicases) domain embedded within the helicase domain although this domain is absent within the
replicase polypeptide of isolates TvAQ7 (AB432910) and SA94 (GU903012). Mtr, methyltransferase;
Hel, helicase; Alk B, AlkB conserved domain; RdRp, RNA-dependent RNA polymerase; HP, hypothetical
protein (a protein with unknown function); MP, movement protein; CP, coat protein; NB, nucleic-acidbinding protein.
Table 1. Percent nucleotide/amino acid sequence identities of open reading frames and untranslated
regions (UTR) of Washington isolate of Grapevine virus E (GVE) and other vitiviruses.
Virus isolate
GVE_SA94
GVE_TvP15
GVE_TvAQ7
GVA_BMo32-1
GVB_94_971
AcVA_TP7-93A
AcVB_TP7-93B

Accession #
GU903012
AB432911
AB432910
DQ855087
EF583906
JN427014
JN427015

5'UTR
100.0
N/A
73.8
16.6
40.0
N/A
25.9

RdRp
98.0/98.8
N/A
69.0/72.8
43.3/28.8
43.7/31.4
42.9/30.0
43.8/30.7

HP
96.5/94.2
95.4/90.5
52.5/44.6
32.5/10.3
36.5/13.9
26.5/5.4
26.5/9.0

MP
97.8/98.5
98.3/98.5
72.2/76.1
39.9/23.4
34.3/17.3
39.222.0
40.1/23.8

CP
98.6/100.0
98.6/99.4
77.5/86.9
45.7/42.0
43.2/36.5
45.3/39.3
44.8/36.3

NB
98.8/97.4
98.5/97.4
76.0/76.7
30.8/13.5
63.2/65.8
37.5/11.0
38.0/10.1

3'UTR
100.0
99.0
56.9
16.9
31.9
31.3
24.5

GVA, Grapevine virus A; GVB, Grapevine virus B; AcVA, Actinidia virus A; AcVB, Actinidia virus B; UTR,
untranslated region; RdRp, RNA-dependent RNA polymerase; HP, hypothetical protein (a protein with
unknown function); MP, movement protein; CP, coat protein; NB, nucleic-acid-binding protein.
Potential Significance to Industry:
Using molecular biology approaches, we have documented, for the first time, the presence of
Grapevine virus E (GVE) in the Pacific Northwest vineyards. This knowledge will strengthen our ability
to improve the sanitary status of vineyards in the region and benefit grape clean plant programs in the
Pacific Northwest and across the country in providing clean planting materials to nurseries and
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growers. In this regard, the information and resources generated from this project is helping us to
maintain ‘clean’ plant materials in certified nurseries and Foundation Block vineyard at Prosser, WA.
The project outputs have been disseminated to various stakeholders through extension and outreach
programs for increased knowledge of viruses and their impacts on sustainability of the wine grape
industry in the region.
Other Funding Sources that you have applied to for this project:
This project was supported, in part, by the Wine Advisory Committee of the Washington Wine
Commission and Specialty Crops Research Initiative of the USDA-NIFA.
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Biological and Chemical Alternatives to Broadcast Fumigation for
Raspberry
Thomas Walters, WSU-Mount Vernon NWREC & Inga Zasada, USDA-ARS-HCRL
Cooperators: Nik Grünwald, USDA-ARS-HCRL

Objectives:
1) Validate a quantitative PCR (qPCR)-based assay for P. rubi evaluations from raspberry roots
and soil.
2) Continue evaluations of solarization and Brassicacaceous seed meal amendments as preplant
treatments for raspberry.
3) Establish trials to determine whether bed fumigation and alleyway management methods
sufficiently delay pathogen entry into planting beds to permit successful plant establishment.
Methods and Materials:
In year 1, a total of five trials comparing bed and broadcast fumigation were established in Skagit and
Whatcom counties (Northwestern Washington State). All of the trials were replicated, with the
exception of Whatcom trial 3. Each trial compared, at a minimum, a conventional broadcast nontarped
fumigation treatment with a tarped bed fumigation treatment using the same fumigant and rate. Some
trials included other treatments as well, such as bed fumigated nontarped plots, bed fumigated plots
with alleyway management, and non-treated checks (Table 1). Treatments were applied to trials
October 2010, except for Skagit trial 2 which was treated May 2011. Weed populations were
extensively evaluated at one of the locations.
In year 2, soil samples were collected for nematode and Phytophthora analysis October 2011 and
March 2012. P. rubi in soil samples was evaluated with a greenhouse bioassay as described previously;
nematodes were evaluated using a Baerman funnel. Plot cane height was estimated by measuring the
heights of XX canes in each of YY locations within each plot.
Accomplishments / Progress Report (comparison of results with original goals):
Cane height of plants in bed fumigated plots was identical to that of plants in broadcast fumigated
plots in four of the five trials (Table 1). At one trial, (Burlington), canes in bed fumigated plots were
significantly taller than those in broadcast fumigated or non-fumigated plots. In general, there was no
difference in root rot severity between bed fumigated and broadcast fumigated treatments (Table 2).
However, in Lynden Trial 3, root rot symptoms were less in samples from bed fumigated plots than in
the broadcast fumigated plots.
P. penetrans were found in roots from four of the five trials. Among these, there was no difference
between bed and broadcast treatments in two trials. In the remaining two trials, there were fewer P.
penetrans in the bed fumigated plots.
Taken together, these results show that in each trial, bed fumigation provided suppression of
Phytophthora and P. penetrans that was at least as good as that of broadcast fumigation. In some
cases, bed fumigation was superior to broadcast fumigation. Similarly, plants in bed-fumigated plots
grew as well as, or better than their counterparts in broadcast fumigated plots.
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Charts, Graphs and/or Diagrams:
Table 1. Cane height (cm) in bed and broadcast-fumigated plots within five trials in Northwestern
Washington, November 2011.

Burlington

Lynden 1

Non-fumigated

130 c

--

Bed fumigated

166 a

140

Bed fumigated (custom
applicator's apparatus)

Lynden 2

Lynden 3

Mount
Vernon

--

46

258

54

-201

--

--

--

--

60

Bed fumigated+cover crop

146 b

--

--

--

--

Broadcast fumigated

137 bc

139

218

244

56

P-value

0.0012

n/a

0.1002

0.4

0.29

Table 2. Root rot severity in bioassay of soil samples taken from the trials October, 2011.
Root rot severity

Burlington Lynden 1

Lynden 2 Lynden 3

beds
Non-fumigated

--

Bed fumigated, tarp
Bed fumigated,
tarp+cover crop

4.0

Broadcast fumigated

3.8

P-value

a

-b

0.70

alleyways
Non-fumigated

--

Bed fumigated, tarp
Bed fumigated,
tarp+cover crop

3.8

Broadcast fumigated

4.3

P-value

b

-a

0.80
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Table 3. P. penetrans /g FW roots, April 2012.
Burlington
non-fumigated
Bed fumigated, tarp
Bed fumigated, no tarp
Bed fumigated,
tarp+cover crop

Lynden 1 Lynden 2 Lynden 3

1416 ab
228 b

Mount
Vernon
243

7b

0

78

165 b
192 b

Broadcast fumigated

2393 a

P-value

0.0248

0
n/a

718 a

366

0.0024

0.3730

0.1051

Potential Significance to Industry:
Berry growers in the Northwest currently approximately $2M per year on soil fumigation (estimated
2,000 acres per year, at an average cost of $1,000/Acre). EPA’s new regulations on common soil
fumigants will be fully implemented in December 2012, and will greatly restrict soil fumigation for berry
growers beginning in 2013. Berry growers have an alternative they can use now (bed fumigation),
which will allow them to fumigate fields in compliance with EPA’s new restrictions. Without this
alternative, raspberry growers in particular would not be able to continue to plant most of the acreage
they need. Bed fumigation, and alleyway management, as demonstrated in our trials, offers an
alternative to broadcast fumigation at essentially no additional cost. The immediate and actual benefit
is that growers will be able to continue to plant. They have seen this strategy function in on-farm trials
and will be confident that they can use it on their farms. Continued research on solarization and seed
meal amendments has potential benefit to organic and conventional berry growers, offering them nonchemical alternatives that are much less expensive than broadcast fumigation.
Other Funding Sources that you have applied to for this project:
We also successfully applied to the USDA-RAMP program for funding to extend the bed/broadcast
fumigation comparisons, and to extend this work past the time funded by NWCSFR
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Integration of Mite Biological Control Using Timed Miticide Applications
and Organic and Low Input Fungus Programs
Vaughn Walton, OSU; Amy Dreves, OSU; & Walt Mahaffee, USDA
Cooperators: Angela Gadino, OSU; David Gent, USDA-ARS; & Jay Pscheidt, OSU

Objectives:
The goal is to understand the biology and management of powdery mildew and mites in vineyards.
The primary objectives include:
1) Optimize pesticide controls oferiophyid pest mite populations.
2) Determine impact of low-impact fungicide spray regimes on pest and predatory mite
populations.
Methods and Materials:
The current recommendations for rustmite control is during the late dormant period up to bud break.
During optimal conditions, growers have reported good results in using these recommended spray
timings to manage symptoms caused by mites. Action during this period may be problematic due to
sub-optimal spraying conditions including low temperatures, wet conditions (making sprays and
vineyard access difficult), impenetrability of pesticides, and little to no movement of rust mites in
exposed areas. For these reasons, growers have reported inconsistent control efficacy using
phenology-timed pesticide applications. One alternative to spring management is to time pesticide
sprays during summer when mites are exposed on leaves as shown by leaf counts during late July or
August. Our objectives in this grant were to optimize in-season sprays for mites and minimize the nontarget impact of regularly sprayed fungicides during the season
Objective I:Optimize pesticide controls oferiophyid pest mite populations.
Laboratory trials: To determine efficacy, a trial was conducted under laboratory conditions on rust
mites found on stunted shoots (1 -2 inch length) from Pinot Noir vines in April 2010. There were seven
treatments and three replicates(See Table 1).One mite-infested shoot represented a replicate. A
minimum of 35 mites was counted on each shoot before applications were made. Mites were three
days after treatments to determine mean mite mortality.
Field trials: Late dormant timed applications during 2009 included: (1) Untreated control, (2) A
treatment at the onset of wooly bud stage in early spring (one spray only), (3) A treatment at the
onset of wooly bud stage and one two weeks later (two sprays). Micronized sulfur (6 pounds per acre
and 1% surfactant) was used as the only pesticide as this compound also has fungicidal qualities. A
randomized block design was used to assign each treatment and was replicated five times for a total of
15 plots. Each plot consisted of five to ten bays (the area between two trellis poles each containing
between 5 and 7 vines). Ten leaves were collected per replicate (Fifty leaves total per treatment) and
both eriophyid and beneficial mites counted using a dissecting microscope.
In-summer applications were conducted in 2010 in two vineyards with known mite infestation. These
treatments included (1) Untreated control, (2) 5lbs sulfur with citric oil, (3) 2lbs sulfur with citric oil, (4)
citric oil only, (5) Kaolin clay, (6) systemic neonicotenoid (Movento), (7) Miticide (Envidor). Materials
for investigation were collected from ten vines total (two leaves per vine, twenty leaves per treatment).
During winter, approximately three months after the summer applications, two shoot samples (basal
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and terminal) were collected from each vine (twenty shoots per plot) and dissected to determine pest
mite densities.
Objective II: Laboratory trials: Bioassays were conducted to verify field trials using a Precision Potter
Spray Tower to test the toxicity of multiple fungicides, including several often used formulations of
sulfur, stylet oil, several classes of synthetic fungicides and whey powder, an alternative ‘soft’
fungicide, on T. pyriunder laboratory conditions. Predator mites were reared and used in experimental
units that consisted of one bean leaf placed in a glass Petri dish with a barrier to prevent escape.
Bioassays will be conducted using juvenile protonymphs (0-3 days old) and mated adult females.
Treatments were replicated three times each, with water as control using a range of labeled rates.
Mortality will be assessed for each treatment at 24h, 3d and 7d post application. Fecundity, oviposition
rate and longevity were determined for protonymph and adult female trails at 6d, 10d, 14d and 4d,
10d, 14d. To obtain rate-response relationships a Probit-regression analysis were conducted. Relative
toxicity of pesticides were subsequently categorized using IOBC classifications for relative toxicity to the
local strain of T. pyri.
Field trials: Field trials were conducted to examine the effects of reduced fungicide use on the
development of mite populations and powdery mildew disease development and included:
(i) Non-sulfur control - a rotation of pyraclostrobin + boscalid, myclobutanil, and quinoxyfen
beginning at 10 to 20 cm shoot length;
(ii) Sulfur only - Sulfur applied at bud swell and 7 to 10 days after bud burst to suppress bud
and grape leaf rust mites, followed by sulfur limited to the period prior to fruit set, and
synthetic fungicides thereafter;
(iii) Sulfur and synthetic fungicides – Sulfur applied at bud swell and 7 to 10 days after bud
burst to suppress bud and grape leaf rust mites, followed by a rotation of sulfur and synthetic
fungicides (four to five sulfur applications total).
(iv) Reduced rate sulfur – Sulfur applied at bud swell and 7 to 10 days after bud burst to
suppress bud and grape leaf rust mites, followed by a reduced sulfur rate of 2 lbs. per acre
applied 10-14 days apart.
(v) Polymerase chain reaction (PCR)-timed fungicide spray program - Sulfur applied at bud swell
and 7 to 10 days after bud burst to suppress bud and grape leaf rust mites and the next
fungicide application based on PCR spore counts with reduced fungicide applications initially,
and the remainder of fungicides applied 10-14 days apart.
Treatments were applied to small plots (groups of 35-42 vines), replicated three times in a randomized
complete block design. Treatments were applied with an ATV boom-type sprayer. Mite and beneficial
populations monitoring were started before the initial treatments were applied and continued biweekly
after the initial treatments in order to determine the effect of treatments on these populations. Pest
mite (including rust mite and spider mite populations) and predatory mite numbers were sampled at
14-day intervals by collecting 16 leaves (four on each of four vines in the center of each plot: two
proximal and two distal). Leaves were taken to the laboratory and 15mm diameter leaf disks were
investigated for mite incidence using stereomicroscopes. Sampling continued until the end of the
summer season until leaf senescence. A randomized block design similar as described above will be
used. Leaf samples (basal and terminal) will be collected every other week until the end of the
growing season. All data were analyzed using ANOVA to highlight significant differences (Using
Statistica version 4 computer software).
Accomplishments / Progress Report (comparison of results with original goals):
Objective 1: Optimize spray timing for eriophyid pest mite populations.
Laboratory trials: The two highest concentrations of Micronized sulfur and Nufilm resulted in the
highest eriophyid mite mortality followed by the lower concentration of micronized sulfur and Nufilm,
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and the two Stylet oil concentrations. The lowest mortality was recorded with the sulfur only and
control treatments (Table 1).
Field trials: There were no significant differences between treatments (Fig. 1). Movento counts were
numerically but not statistically different than the other treatments. Continued counts during winter
2010/2011 inside bud tissues revealed no mites in any tissues preventing statistical analysis.
Objective 2: Laboratory trials: Results indicate that five of the six fungicides tested (Table 2) did not
display mortality levels greater than 50% at all rates for adult female and juvenile T. pyri(Table 3).
Only exposure to paraffinic oil resulted in mortality greater than 50% at all three rates and was
significantly different from the control (Table 3). Fungicide effects on adult female reproductive
potential were minimal (Table 4). Sub-lethal effects were more pronounced in the juvenile bioassays
when exposed to certain fungicides (Table 4). Significant decreases were observed in the sulfur and
mancozeb treatments. Percent fecundity reduction relative to the respective control was highest in the
sulfur (28%, 51.2%), myclobutanil (24.7%, 45.7%) and mancozeb (21.8%, 83.2%, 70%) treatments
at different rates. Whey powder and boscalid showed no significant differences from the control and a
low percent reduction in fecundity.
Overall, adult and juvenile T. pyri exposure to five of the six pesticides resulted in less than 50%
mortality. Paraffinic oil treated mites displayed the most consistent significant differences from the
untreated control and resulted in mortality greater than 50% for both adult and juvenile predatory
mites at the three concentrations tested. The low mortality of mites exposed to the five other
pesticides, especially at recommended field concentrations, suggest that other factors may be involved
with decreasing populations of T. pyri observed in agricultural production. Although acute pesticide
toxicity is a critical issue, additional factors such as sub-lethal effects, pesticide repellency, dispersal,
repeated pesticide exposure, application timing and food availability are potential contributors to
reduced field populations.
Field trials: Determine impact of low-impact fungicide spray regimes on pest and predatory mite
populations. Fungicide field trials have been completed and all data collected and recorded from leaf
samples. Results for the 2008 season show a trend of higher pest mite numbers in plots that only
received synthetic fungicides in both locations. In the Dundee vineyard, mean seasonal pest mite
numbers per leaf was 1.07 in plots that only received synthetic fungicides compared to 0.2 in plots that
received a mix of synthetic fungicides and sulfur. The mean number of predatory mites ranged from
0.18 and 0.15 mites per leaf in each of the treatments. In the Salem vineyard, mean seasonal pest
mite numbers per leaf was 8.1 in plots that only received synthetic fungicides compared to 3.44 in
plots that received a mix of synthetic fungicides and sulfur. Mean seasonal predatory mites per leaf in
synthetic fungicide plots were 0.48 mites per leaf compared to 0.21 mites per leaf in plots that received
both synthetic fungicides and sulfur. Overall, vineyard plots with multiple sulfur applications resulted in
the lowering of both pest and predatory mite populations. In cases where synthetic fungicides were
the only compounds used for fungus control, both pest and predatory mite populations were higher
than in plots where sulfur was used (Figure 2). In many cases, it however appeared as if pest
populations were not contained by predatory mite numbers. In plots where sulfur was applied in
combination with synthetic fungicides, there were lowering of pest mite numbers, and beneficial mite
numbers were not affected in the same negative degree as in plots where sulfur were used as the only
fungicide.
During 2009 (Figs. 2, 3), in the Dundee vineyard, mean seasonal pest mite numbers per leaf was 0.49
in plots that only received synthetic fungicides compared to 0.036 in plots that received a mix of
synthetic fungicides and sulfur. No differences could be found for mean predatory mites in different
treatments. In the Salem vineyard, mean seasonal pest mite numbers per leaf was 0.0036 in plots that
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only received synthetic fungicides compared to 0.003 in plots that received a mix of synthetic
fungicides and sulfur. No differences could be found for mean predatory mites in different treatments.
It appears as if a synthetic fungicide only spray protocol may result in excessively high pest numbers in
the following spring in all of our trial sites during all years.
Vineyard plots receiving multiple sulfur applications resulted in the lowering of both pest and predatory
mite populations in2009 (confirming data from 2007-2008). As mentioned during the 2008 crop year
report August-September rust mite numbers are of importance as this is the time when mass migration
to over-wintering sites start to take place. The levels of these populations are related to spring
(damaging deutogyne) populations. In Dundee high rust mite numbers were found during this period
in the synthetic fungicide-only treatment (confirmed by 2007-2008 data).
In some cases where repeated sulfur applications were applied and no synthetic fungicides were used,
there was a resurgence of pest mite numbers (Also see report 2008), resulting in pest pressure during
the following season. In plots where sulfur was applied in combination with synthetic fungicides, there
were lowering of pest mite numbers, and beneficial mite numbers were not affected in the same
negative degree as in plots where sulfur were used as the only fungicide. The sulfur-synthetic
fungicide mix resulted in low pest mite during 2009. In Dundee low sulfur and PCR sulfur treatments
resulted in higher pest mite numbers during the latter part of the season during 2009. In Salem low
sulfur and PCR sulfur treatments resulted in low pest mite numbers during the latter part of the season
during 2009, but very similar to the other treatments.
Potential Significance to Industry:
Often-used pesticides were categorized and will provide growers information to make informed
management decisions. Trends regarding in-season pesticide treatment regimes show that synthetic
pesticides used as the only fungicide control program may result in elevated pest mite populations. Inseason control of mite pest populations is resulted in no significant findings. Initial laboratory trials
however show that oils (Sticker/spreaders) play an important role in controlling pest mites.

Table 1. Mortality rates of rust mites on shoots sprayed with commonly-used pesticides in the laboratory.
Treatment
Percent mortality 3 days
Total mites
after treatment
Control
3a
105
8 lbs Micronized Sulfur (S)
73c
111
and 1% v/v Nufilm (NF)
6 lbs S, 1% v/v NF
79c
115
6 lbs S
15ab
211
4.5 lbs S, 1% v/v NF
56b
153
1.5 gal. Stylet oil
56b
171
2.5 gal. Stylet oil
63bc
174
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Table 2. List of pesticide compounds and rates tested on T. pyri for treatments.
Rate1
1×
2×
Pesticide
Tradename®
% a.i.
Micronized sulfur WP
ProNatural
92
4lbs
8lbs
whey powder
Tillamook Dairy n/a
10lbs
20lbs
boscalid (+pyraclostrobin)
Pristine
25 + 13 12.5 oz 25 oz
myclobutanil
Rally 40W
40
4 oz
8 oz
paraffinic oil
JMS Stylet-oil
97.1
1.5 gal
3 gal
ethylenebisdithiocarbamate (mancozeb) Manzate
75
2 lbs
4 lbs
1
Pesticide concentrations sprayed in laboratory bioassays were based on ratesper acre per 100 gallon water
volume.

Table 3. Direct mortality effects of six fungicide compounds on the predatory mite, Typhlodromuspyri.
Mean % mortality (± SEM)
Treatment
Rate
Adult females
Standard (1×)
1.5×
2×
Water
Check
Sulfur
33.3 ± 9.7a
25.3 ± 6.5a
25.3 ± 3.9a
22.2 ± 2.9a
17.3 ± 2.2a
Whey
37.3 ± 9.3a
24.0 ± 7.5a
26.7 ± 8.7a
20.0 ± 4.0a
15.6 ± 3.9a
Boscalid
24.0 ± 6.5a
33.3 ± 3.7a
25.3 ± 9.3a
16.7 ± 3.0a
17.3 ± 2.7a
Myclobutanil
28.0 ± 2.5a
18.7 ± 5.0a
12.0 ± 1.3b
6.7 ± 2.1b
13.3 ± 2.1b
Mancozeb
20.0 ± 7.6a
18.7 ± 5.3a
22.7 ± 4.5a
16.7 ± 2.8a
12.0 ± 4.3a
Paraffinic oil*
56.0 ± 15.3ab
47.7 ± 14.4ad
86.6 ± 5.9b
14.7 ± 4.4c 20.0 ± 4.2cd
Juvenile mites
Standard (1×)
1.5×
2×
Water
Check
Sulfur
32.0 ± 6.5a
41.3 ± 3.3a
37.3 ± 8.6a
24.0 ± 2.7a
22.2 ± 2.7a
Whey
29.3 ± 7.8a
36.0 ± 5.4a
22.7 ± 4.5a
24.4 ± 3.7a
20.0 ± 4.2a
Boscalid
37.3 ± 8.8a
21.3 ± 3.9a
29.3 ± 5.0a
26.0 ± 3.7a
19.3 ± 4.3a
Myclobutanil
21.3 ± 3.9a
30.7 ± 6.9a
36.0 ± 3.4a
29.3 ± 5.4a
33.3 ± 6.3a
Mancozeb
38.7 ± 11.4a
49.3 ± 14.0a
37.3 ± 16.1a 24.7 ± 5.0a
19.3 ± 2.9a
Paraffinic oil*
93.3 ± 3.7a
96.0 ± 4.0a
100 ± 0a
14.6 ± 6.7b
13.3 ± 5.9b
*rate is vol:vol (ml/l)
1
Treatment means across columns (bioassay day after treatment) and are not followed by the same letter are
significantly different
(p≤ 0.05, Fishers LSD pairwise comparison).

Page 56 of 158

Table 4. Sub-lethal (fecundity) effects of six fungicide compounds on the female predatory mite,
Typhlodromuspyri when exposed in the adult or juvenile developmental stage.
Cumulative mean reproduction per female (± SEM)
Treatment
Rate
Adult females Standard (1×)
1.5×
2×
Water
Control
Sulfur
4.5 ± 0.6a1
5.1 ± 0.4a 5.5 ± 0.4a 5.3 ± 0.3a 4.7 ± 0.6a
Whey
4.3 ± 0.6a
5.5 ± 0.3a 5.0 ± 0.8a 5.3 ± 0.4a 5.2 ± 0.5a
Boscalid
4.3 ± 0.4a
4.7 ± 0.4a 5.4 ± 0.4a 5.1 ± 0.2a 5.2 ± 0.2a
Myclobutanil
6.1 ± 0.5a
6.0 ± 0.5a 5.5 ± 0.6a 6.0 ± 0.4a 5.2 ± 0.5a
Mancozeb
6.0 ± 0.7a
4.8 ± 0.5a 4.4 ± 0.4a 5.5 ± 0.2a 5.6 ± 0.2a
Paraffinic oil
3.8 ± 1.1a
4.6 ± 0.3a 4.0 ± 1.2a 5.0 ± 0.2a 5.2 ± 0.2a
Juvenile mites Standard (1×)
1.5×
2×
Water
Control
Sulfur
3.0 ± 0.6a
2.0 ± 0.5b 3.4 ± 0.2a 3.5 ± 0.4a 4.1 ± 0.3a
Whey
3.4 ± 0.4a
5.8 ± 0.6b 4.8 ± 0.7a 3.7 ± 0.2a 4.0 ± 0.1a
Boscalid
3.6 ± 1.0a
3.4 ± 0.5a 2.8 ± 0.6a 4.2 ± 0.5a 3.7 ± 0.5a
Myclobutanil
3.7 ± 0.6a
2.7 ± 0.9a 4.1 ± 0.7a 4.6 ± 1.0a 5.0 ± 0.9a
Mancozeb
3.4 ± 0.3a
0.7 ± 0.6b 1.3 ± 0.9b 3.9 ± 0.5a 4.3 ± 0.2a
Paraffinic oil2
0
0
0
0
0
1
Values followed by different letters within each row are significantly different from each
other (P< 0.05).
2
No reproductive data available for mites treated as juveniles with paraffinic oil due to
100% mortality levels.

! "#$%&' ( )*)
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Fig. 1. In-Season field sprays for eriophyid mite control in two vineyards in the Willamette Valley of
Oregon during 2010.
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Fig. 2. Mean mites per leaf in Dundee, Oregon during 2009 using five fungicide treatment regimes.
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Fig. 3. Mean mites per leaf in Salem, Oregon during 2009 using five fungicide treatment regimes.
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Irrigation Guidelines for Sprinkler Frost Protection in Cranberry
David Bryla, USDA-ARS & Linda White, OSU
Cooperators: Knute Anderssen, OSU; Bob Donaldson, Oregon Cranberry Growers Association,
David Kranick; & Kim Patten, WSU

Objectives:
1) Determine the critical temperatures for frost damage in cranberry cultivars at various stages of
plant development.
2) Determine the amount of irrigation water needed for frost protection.
3) Develop a guide for sprinkler frost protection in the Pacific Northwest.
Methods and Materials:
The study was initiated in a commercial cranberry bed using temperature-control chambers. The
chambers operate much like a freezer but are equipped with a dual thermostat to offset control
temperature from an ambient set point. This approach offers two key advantages over the traditional
use of cut vines for measuring frost tolerance. First, measurements are taken on mature, intact plants
growing in the field. Second, treatments fluctuate naturally over the night rather than remaining
constant. A disadvantage to the procedure, however, is that fewer samples can be measured. Five
chambers were located at random in the bed and set to maintain temperatures at 2.5oF above and 2.5,
5, 7.5, or 10oF below that of sprinkler-protected control plots. Each temperature treatment was
applied once or twice a month from February to June at different locations in the bed.
Two weeks after imposing freezing stress, all leaves were visually rated for percent water soaking and
necrosis, and buds will be rated for viability, i.e., the ability to continue growth following freeze-thaw
stress. Each treated plots will also be harvested in the fall and assessed for fruit loss. Freeze
thresholds will be expressed both in terms of 1) the lowest temperature in which the leaves, fruit, and
leaf and flower buds survive and grow normally after exposure to freezing (i.e., 0% lethality,
represented as LT0) and 2) the range of temperatures in which 10% and 90% of leaves, fruit, and
buds are damaged (represented as LT10-90). Basically, LT0 represents the temperature in which frost
protection is needed for zero crop loss while LT10-90 provides an indicator of variability in the crop to
freeze damage.
Accomplishments / Progress Report (comparison of results with original goals):
We collected 1 year of data on the critical temperatures for frost damage and will collect a second year
next season. This year, we determined that freeze damage was time dependent. Thus, next year,
plants exposed to critical temperatures for various amounts of time over the growing season.
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Potential Significance to Industry:
Results of the study will be used to develop a sprinkler irrigation guide for frost protection in cranberry.
No such guide currently exists. The new guide will contain detailed information on where to locate
temperature sensors in a bed and the specific temperatures in which frost protection is needed from
bud break to fruit set. It will also provide information on irrigation system design (especially selection
and placement of sprinkler heads), management (application rate and sprinkler rotation speed), and
maintenance (when to replace worn-out components and how to test the system’s distribution
uniformity) required for good frost protection. This information will help cranberry growers reduce or
eliminate the incidence of frost damage to their crop and to better manage their irrigation water
supplies for higher production and lower water and energy (pumping) use.
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Using Late Season Foliar N Supplements to Improve Wine Quality
Joan Davenport & Kerry Ringer, WSU
Cooperators: Olsen Brothers Farm & Margaret McCoy, WSU

Objectives:
We propose to study late season foliar N applications with conventional and organic N sources to
improve grape processing quality by:
1) Determine if late season foliar N applications can increase grape berry N concentration, content
fermented wine flavor compounds.
2) Compare conventional soluble synthetic N sources to soluble organic N sources for their
suitability to supplement grapevine nutrition with late season foliar applications.
3) Evaluate the effect of late season foliar N application on plant N concentration (fruit, leaves,
petioles) as well fruit amino acid concentrations and other secondary metabolites (e.g.,
phenolics) which may have health benefits to the consumer.
4) Evaluate the effect of late season foliar N application on canopy vigor.
Methods and Materials:
A commercial Riesling blocks near Prosser WA north of Benton City, WA (latitude 46.3, longitude 119.6), planted in 2000 are being used for this experiment with a history of low tissue nitrogen
concentration was identified. Forty plots were established in a four block pattern with each row serving
as a block. Each plot is ten vines long the center eight are used as data vines. In 2011, vines were
treated with a 6% solution of of UAN-32 (44.3% NH4NO3: 35.4% urea: 20.3% water; representing
32% actual N; (JR Simplot, Boise, ID), applied at weekly intervals using backpack sprayers beginning
at veraison, for five total applications of either 15 or 30 lbs/A total N. For an organic N treatment,
Nitrex was used with the same N concentration, rates, and timing. In addition, the same materials
were applied to attain the same rate during the same period but using soil application in two different
applications via a simulated drip fertigation. There was a water control treatment as well for both foliar
and soil treatments.
Parameters Measured:
Leaf Blade and Petiole Analysis: bloom and veraison
Shoot length: weekly measurement July 1st through harvest.
Pruning weights: on a per plot basis in February.
Harvest: within 10 days of commercial harvest with clusters counts
Fruit analysis: soluble solids (Brix), pH, titratable acidity, yeast assimilable nitrogen (ammonia +
amino nitrogen).
Winemaking: Each treatment was fermented in duplicate. Wine has been bottled and stored for
future assessment both analytically an organolepitically for sensory qualities.
Accomplishments / Progress Report (comparison of results with original goals):
Overall, the different N treatments did not affect any of the plant physiological characteristics (shoot
length, pruning weights, or leaf tissue N concentration). This indicates that late season N fertilizers
can be applied in vineyards without negative impact on canopy vigor.
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There were no differences in fruit or juice YAN, but some slight differences in aromatic compound
composition in 2011.
This study will be continued in 2012 and wine sensory analysis will be conducted..
Potential Significance to Industry:
The nitrogen (N) content of grape berries in Washington State is low. This can be problematic in the
winemaking procedure as yeast requires an adequate nutrient supply (particularly N) to successfully
complete fermentation. While in conventional winemaking, inorganic nutrient supplements may be
added to effectively supply N, in organic wine production there is limited availability of effective
materials. In addition, while studies have been conducted to see how much N is required in juice
“must” to complete fermentation, studies have not reported on how inherent berry N compares to
added N in terms of flavors and potential health benefit compounds that result.
In this study, we determined that late season additions of conventional and organic N could be made
without adversely impacting grapevine growth. Although the late season N supplements did not result
in significant differences in fruit N, they did result in differences in flavor characteristics.
The potential benefit of this work is that vines can be managed to change flavor characteristics to a
specific style, which enables the grower and wine maker to target niche markets.
Other Funding Sources that you have applied to for this project:
The NCSFR and commissions are trying to coordinate funding efforts. If the same project is submitted
to multiple sources for funding, it needs to be clear if they are complimentary (i.e. each source is being
asked for what percentage of the total project and give total budget for project) or redundant (the
request is duplicated in the hopes that it will get funded):
Funding in 2011 was applied for and received from the Washington Wine Advisory Council to cover the
summer salary of the student as the total funds provided by this grant do not completely cover the
annual cost of an MS student.
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Developing a Site Selection Tool Using GIS and Grapes as a Model System
Joan Davenport, WSU; Gregory Jones, SOU; & Andrew Duff
Cooperators: Michelle Moyer & Ian Yau, WSU
Objectives:
1) Compile a GIS database of existing grape production areas in the inland Pacific Northwest
(PNW; WA, OR, ID),
2) Evaluate inland PNW production areas for site suitability to different grape species/varietals,
3) Establish GIS for grape site potential selection.
Methods and Materials:
Climatic data sources include precipitation, temperature and growing season length data from the
PRISM climate group and interpolations of weather station data from the Western Regional Climate
Center. Topographic data was processed from digital elevation models from the National Elevation
Dataset. Soil data are from the Soil Survey Geographic database. Layers were projected, processed and
analyzed with ESRI's ArcGIS suite of software. Validation efforts have been a combination of interviews
with growers, mapping wine grape vineyards by cultivar with a combination of GPS, aerial imagery and
digitization of existing maps.
Accomplishments / Progress Report (comparison of results with original goals):
We have spatial representations of American Viticultural Areas in the inland Pacific Northwest and a
GIS database of site suitability layers for the region. Initial validation efforts have been completed but
they are thus far are limited and very preliminary. A model was made available to WSU research and
extension personnel in the autumn of 2011 for validation and use and training was provided. In
addition, an MS Thesis has been completed and defended and 1 manuscript is currently under review.
A second student is exploring .
Charts, Graphs and/or Diagrams: Graphic Representation of Model
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Potential Significance to Industry:
Currently site selection in the inland PNW is a combination of legend and trial and error. While Dr.
Walt Clore was still living, many people would contact him for site assessment. However, the questions
are now being directed across a host of people in both the public and private sector. This model
provides public sector employees at WSU a uniform and easy way provide a definitive “no” answer for
sites that are poorly suited to vineyard development. This benefits the industry by reducing the
number of potential unsuccessful plantings as well as freeing up time for public sector employees to
focus on research and extension needs that benefit a broad cross section of the industry.
Other Funding Sources that you have applied to for this project:
Washington State Grape and Wine Research Group (WSGWRG), who have funded the additional
validation efforts in a grant to Dr. Michelle Moyer.
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Variety Evaluation and Crop Adjustment to Improve Fruit Quality of Table
Grapes
Esmaeil Fallahi, U of I
Cooperators: John Clark, University of Arkansas
Objectives:
We had three objectives:
1) To evaluate vine performance, yield, and berry quality attributes of new selections and cultivars
of table grapes and to study their suitability for the conditions of Southwest Idaho, Oregon, and
Washington.
2) To study the effects of crop load management and viticultural practices, including cluster
thinning, cluster removal, girdling, gibberellic acid (GA), on berry maturity and quality of table
grapes that showed promising results in our earlier evaluation.
3) To evaluate storage life of promising cultivar under a regular cold storage condition.
Methods and Materials:
In 2010, cuttings of several new table grapes, including 15 new selections from University of Arkansas
were chosen by the project leader and Dr. Clark. In addition, ‘Autumn King’, ‘Sweet Scarlet’, ‘Scarlet
Royal’, ‘Sugar Thirteen’, ‘Bidaneh’, ‘Askari’, ‘Mehdikhani’, and several other cultivars were rooted, and
planted at the University of Idaho Parma Research and Extension Center. The vine spacing at the
University of Idaho is 6 or 7 ft within rows and 12 ft between rows and vines are trained into a bilateral
cordon or quadrilateral cordon systems. The experimental arrangement is completely randomized
design with at least 10 one-vine replicates. In 2011 and 2012, vines that were planted in 2007 and
2008 were mature and initial data were gathered from these vines. Data collection and vine training
will continue in 2012 and 2013. During each year in 2012-2013, clusters will be sampled, and yield and
fruit quality attributes, including berry size, color, soluble solids, berry skin characteristics, and cluster
weight and shape will be measured. Vine performance (survival) are being measured at the end of
each season.
Accomplishments / Progress Report: (comparison of results with original goals):
Cluster removal and cluster cutting with and without girdling were practiced in ‘Alborz’ and ‘Emerald’
and Jupiter. Alborz vines that received cluster shortening and cluster removal plus girdling had
significantly larger berries than control vines. Alborz vines that received no treatment (control) as well
as those with cluster removal but not shortened had significantly longer clusters than all other
treatments. In ‘Alborz’, yield, and sugar were not affected by cluster cutting or cluster removal in
some years. Our experiment with Álborz’ table grape in 2010 showed that we can have between 20
clusters (when vines are young) to 32 clusters (when vines are mature) while maintaining acceptable
berry size, if shoot thinning and cluster cutting and removal are practiced correctly..
Our results indicated that new cultivars such as ‘Kashishi’, and ‘Autumn Royal’ and ‘Jupiter’ may have a
great potential and we intend to continue our research on these cultivars. However, ‘Anahita’ was
sensitive to spring cold and productivity could be diminished as a result of cold springs. ‘Alborz’,
‘Emerald’, ‘Jupiter’, ‘Anahita’, and a few other cultivars from our experiments in Idaho were planted in
different sites in Oregon and Northern Idaho and Moses Lake, Washington. In 2011 through 2012, in
cooperation with our collaborators, we will monitor and measure vine growth performance, yield, and
berry quality attributes of these cultivars. Overall, three applications of gibberrelic acid, each at 50
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ppm, starting at fruit set within a 5-day interval showed satisfactory results and produced berries at
sizes 12-14 (based on California sizing system). Effects of regular storage on fruit quality and berry
storability were studied in certain cultivars including ‘Alborz’, ‘Jupiter’, ‘Bidaneh’ and ‘Red Globe’. ‘Red
Globe’ and ‘Bidaneh’ had the longest storage life and with the use of sulfur pads, they could be stored
until Thanksgiving and some until Christmas. Performance of different cultivars under storage
conditions will be further studied during 2011 and 2012.
Potential Significance to Industry:
Numerous growers in Idaho, Washington, and Oregon are using the results of this project to establish
table grapes in their areas. Every step of this project is used as a model for this newly established
industry in the PNW. Also, several researchers are using our findings to further study the performance
of table grapes in other locations in the PNW. Based on our research, there are indications that with
practices such as cluster removal and cutting we can produce table grapes with excellent cluster and
berry sizes in the region. Our results indicate that many of tested cultivars not only mature after
California grape production has slowed down or finished but also they have superior berry color without
adding any plant growth regulators. Every year, numerous potential table grape growers visit our
experiments and a large number of growers have added new acres of table grapes. In summary, as a
result of our table grape research project (the only table grape project in the PNW), the future for table
grape as a new alternative fruit for Pacific Northwest is bright and the acreage of table grape, as a
brand new industry is exceeding 1000 acres according to the information provided by the Idaho Table
Grape Association. Also, several sizable overseas buyers have been put for purchase of Idaho grapes.
Other Sources of Support:
Snake River Table Grape Association has been assisting us in various forms such as labor, materials,
and some financial assistantship (partially paying for a research technician).
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A Link Between Grapevine Bleeding and Budbreak, Shoot Growth, and
Fruit Set: Causes and Consequences for Vineyard Management
Markus Keller, WSU
Cooperators: Bhaskar R. Bondada, WSU

Objectives:
The main goal of this project is to uncover a mechanistic basis for the observation that the dry winter
of 2004/05 (23-45% of normal precipitation) was associated in 2005 with stunted shoot growth and
poor fruit set in inland Northwest vineyards. This knowledge could then be used to enhance decision
making with respect to irrigation around budbreak. The specific objectives of the project are to:
1.
Determine if sap flow (‘bleeding’) is a prerequisite for budbreak and canopy development.
2.
Test if spring shoot vigor and fruit set are related to soil moisture before or during
budbreak.
3.
Develop practical recommendations for early-season irrigation management.
Methods and Materials:
We exposed own-rooted, pot-grown Vitis vinifera L. cv. Merlot vines to different levels of soil moisture
(θv) before and during the budbreak period. Dormant vines were moved into a temperature-controlled
greenhouse to maintain soil temperatures above the threshold necessary for bleeding (>7°C) and to
eliminate the risk of rainfall interfering with θv treatments. Two types of soil were tested to establish θv
thresholds necessary for adequate budbreak and subsequent shoot growth: loamy sand (θv ≈ 7% [v/v]
at field capacity, FC, and 15% at permanent wilting point, PWP) and sandy loam (θv ≈ 11% at FC and
23% at PWP). Soil moisture was altered in steps of 1% between FC and PWP and maintained at these
levels by daily irrigation based on measurements by time-domain reflectometry (TDR), using a
HydroSenseTM system (Campbell Scientific), and by weighing the pots each day. Treatments began
before budswell and continued through bloom; if budbreak did not occur due to dry soil, then those
treatments were terminated. We collected bleeding sap from one cut spur per vine to estimate the rate
of sap flow and sap composition. Samples were frozen for later analysis of osmotic pressure using a
vapor pressure osmometer. Viticultural measurements included shoot number and length, leaf number
and area; yield components and fruit composition will be determined at harvest. All data were (or will
be) tested using correlation analysis.
Accomplishments / Progress Report (comparison of results with original goals):
Sap flow (bleeding) started almost immediately (i.e. within 1-2 days) in vines that were transferred
from cold storage to the greenhouse and irrigated. This was followed by rapid and uniform budbreak
and shoot growth. In vines maintained near PWP, sap flow was not observed and no budbreak
occurred, regardless of soil type; most of these vines eventually died. However, if such vines were
subsequently irrigated to FC while the buds were still alive, these buds broke and grew normally.
Target θv was closely correlated with measured θv in both the loamy sand (r = 0.96) and the sandy
loam (r = 0.99). In both soils θv was strongly and positively correlated with shoot growth rate, average
internode length, leaf-area expansion rate, average leaf size, and total daily water evaporation from
pots (Table 1). The latter can be taken as a proxy for daily whole-vine transpiration, because
evaporation was dominated by transpiration as indicated by the strong correlation between shoot leaf
area and evaporation in both loamy sand (r = 0.96) and sandy loam (r = 0.89). Shoot growth and leaf
expansion were maximal between FC and 3-4% (v/v) below FC in both soil types; below this threshold
the rates decreased almost linearly down to zero at PWP. Our data suggest that in both sandy and
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loamy soils over 80% of the variation in internode length, shoot length, leaf size, and leaf area of
Merlot grapevines may be explained by variation in soil moisture. Our quantitative approach also
indicates that budbreak may occur at θv only slightly (~1% v/v) above PWP, while subsequent growth
increases up to 3-4% below FC. These results from the 2012 growing season (using soil types typical
of the inland Northwest) are in agreement with those obtained in 2011 with a potting mix high in
organic matter. They confirm our initial hypothesis that adequate soil moisture is important for vines to
initiate sap flow (i.e., by implication, root pressure) and that sap flow is crucial for uniform budbreak.
They also emphasize the importance of adequate soil moisture during the early post-budbreak period
for rapid canopy development and establishment. Data on fruit set, yield components, and fruit
composition will not be available until harvest, which usually occurs in October.
Reasons why goals and objectives were not met (when applicable):
All experiments were conducted as planned. However, bleeding sap samples have yet to be analyzed,
because the graduate student who was doing this project was called to active duty in the US Navy and
as a result resigned from graduate school. We are currently working on alternative arrangements to
finish sample analysis by the end of this year.
Charts, Graphs and/or Diagrams:

Table 1: Correlation between soil moisture (θv) and vine growth for potted Merlot grapevines
growing in two different soils.
Correlation with θv by soil type (r value at p < 0.001)
Growth variable
Loamy sand
Sandy loam
Shoot growth rate
0.95
0.88
Internode length
0.92
0.90
Leaf-area expansion rate
0.95
0.92
Leaf size
0.91
0.91
Water evaporation (soil + leaves)
0.93
0.97
Potential Significance to Industry:
We will use the knowledge gained from this study to develop practical recommendations for earlyseason vineyard management. For instance, because water stress was identified as a key culprit for
stunted shoot growth in spring, one recommendation is for growers to measure soil moisture before
budbreak and to irrigate if necessary. Alternatively, irrigation could be initiated if bleeding does not
start despite conducive soil temperatures or if budbreak seems erratic despite favorable air
temperatures. Given that budbreak of both wine and juice grapes typically occurs during the second
two-thirds of April in the inland Northwest, there is not only ample time for the soil to dry down
following a dry winter, but irrigation water is also usually available by that time. Results from this
project will thus help growers to fine-tune early-season vineyard management depending on weather
conditions and vine phenology in order to optimize canopy development and minimize crop losses. Crop
losses of up to 50% have been observed in some vineyards after a dry winter. Our study therefore has
the potential to save growers up to $2,500/acre (assuming a normal crop of 5 tons/acre @ $1,000/ton)
after a dry winter by supplying a single irrigation application at the start of the growing season. This
will reduce annual and spatial fluctuations in grape yield and quality, which in turn will also improve
harvest planning and quality management to ensure a consistent supply of high-quality fruit for both
domestic and export markets. Ultimately, this will enhance the profitability and sustainability of the
grape, juice and wine industries in the face of climate change and labor shortages.
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Effects of Cluster Zone Leaf Removal on Norisoprenoids of Pinot Noir Fruit
and Wine - Part 2. Grape Composition and Wine Aroma
Michael Qian, OSU
Cooperators: Patty Skinkis, OSU & Graduate Students: Hui Feng, Fang Yuan

Objectives:
1.
Determine the impact of cluster zone leaf removal in modifying canopy microclimate for fruit
quality in both high and low vigor vines.
2.
Improve the understanding of leaf pulling on formation of norisoprenoids in Pinot noir
grapes in relation to inherent vine vigor.
3.
Establish a correlation of grape aroma precursor content with wine aroma potential
Methods and Materials
Viticultural treatment (by Dr. Patty Skinkis)
Leaf pull trial. Three leaf removal treatments (100%, 50% and 0% leaf removal in the cluster zone) in
a randomized complete block trial were imposed. Treatments were imposed on 6 vines per treatment
across five replicates in a randomized complete block design. Leaves were removed at the pea-sized
stage. Treatments with 50% leaf removal were having leaves removed from alternating nodes from the
base of the shoot to the node just above the upper-most cluster. The 100% leaf removal treatments
were having all leaves removed from the base of the shoot to the node just above the upper-most
cluster, and the 0% were have no leaves removed in the cluster zone for the duration of the season.
Vines had the normal thinning regime (1.5 clusters per shoot) and all other standard management
practices for the region performed.

Crop load trial. This trial was conducted at a commercial vineyard site in Dayton, OR. The vineyard
blocks were 15 year old, established Vitis vinifera L. ‘Pinot Noir’ clone 115 grafted to 3309C rootstock. A
3 x 4 factorial experimental design was established to test three crop thinning intensities (no thinning
(control), moderate thinning (MT) and severe thinning (ST)) at four stages of phenology (pre-bloom,
fruit set, lag phase and véraison). Moderate thinning is defined as thinning to 1 cluster per shoot, and
severe thinning is defined as 0.5 clusters per shoot, achieved by a manual thinning scheme of 1-0-1-0.
The unthinned treatment (control) had no clusters removed, which for this clone of Pinot Noir results in
approximately 1.8-2.0 clusters/shoot. The basal cluster remained on the vine of crop thinning
treatments. Each treatment (timing x intensity) were replicated five times in a randomized complete
block design. There were at least 5 vines per treatment replicate. The replicated experiment was
applied to both a high density (1.0 x 1.5 m) and moderate density (1.5 x 2.1 m) block in the same
vineyard. Wings were removed from clusters of the MT and ST treatments at the time that they were
thinned. A second set of control vines (full crop) had all clusters remaining on the vine but the wings
on each cluster were removed at the pea-sized stage and serve as a “non-wing” control. Vines were
managed with standard practices for the region (hedging, leaf pulling, pest management, etc.)
performed by the grower collaborator with the exception of cluster thinning.
°Brix and organic acid analysis in grape must
Grape fruits were collected from each treatment. Treatment replicates were harvested separately and
frozen at -80C until analysis. Grape samples (100 g) were placed in a clean zip-lock bag and squeezed
to collect the juice. For each sample, 20 mL grape juice was pipetted into a beaker, and 0.4g PVPP
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(Polyvinylpyrrolidone) was added and mixed well. The mixture was filtered through a glass wool and
the clear juice was collected. About 1.5 mL juice sample was transferred into a 1.5 mL micro-centrifuge
vial, and centrifuged at 11000 rpm for 2 min. The clear juice was applied onto a PAL-1 pocket
refractometer (Atago USA, Inc., Bellevue, WA) for °Brix analysis.
One mL of clear grape juice was diluted with 9 mL Milli-Q water for HPLC analysis of organic acids.
Twenty microliters of sample was injected onto a Shimadzu HPLC system equipped with a Bio-Rad
Aminex ion exclusion column (HPX-87H, 300 x 7.8 mm, Richmond, CA) maintained at 65°C. A UV-Vis
spectrophotometric detector at wavelength of 210 nm was used for detection. A mobile phase of 0.005
M sulfuric acid was programmed at a constant flow rate of 0.5 mL/min. Each sample was run in
duplicate. A standard curve containing 0.1%, 0.5%, 1%, 2%, and 5% of malic acid, citric acid and
tartaric acid solutions prepared from 10% of individual compounds was used for quantification.
Free volatile aroma compound analysis in grape juice
Grape sample was blended under liquid nitrogen, and 50 g grape powder were mixed with 50 mL 0.2M
citric buffer (pH=3.2) and 30 g sodium chloride. After shaking at room temperature for 24 hours
without light, the mixture was centrifuged for 30 min at 7000 rpm. The supernatant was filtered
through filter papers (Whatman No. 1 filter paper with particle retention 11 µm, followed by VWR 413
filter paper with particle retention 5 µm), and the clear juice was used for free and bound aroma
analysis.
Twenty mL of grape extract were placed in a 20 mL vial. 20 µL of internal standard solution containing
9.4 mg/L of 3-hexanone, 2.4 mg/L of 4-octanol, 15.1 mg/L of octyl propionate and 1.3 mg/L
naphthalene in methanol was added to the vial. A pre-cleaned PDMS Twister stir bar was placed into
the vial and stirred for 3 hours at a speed of 1000rpm. After extraction, the stir bar was rinsed with
Milli-Q water, dried with Kimwipe tissue paper, and placed into the glass sample holder of the thermal
desorption autosampler tray for GC-MS analysis.
Bound glycoside and precursor analysis in grape juice
Bound glycoside and precursor analysis was also achieved by SBSE-GC-MS after they were extracted
using BAKERBONDTM SPE C18 extraction columns and then hydrolyzed by enzyme-acid. Each 20 mL of
grape juice extract was loaded onto a C18 cartridge that was pre-conditioned with 10mL of methanol
followed by 10 mL of Milli-Q water. After sample loading, the cartridge was washed with 10 mL of MilliQ water and then 20 mL of dichloromethane. The glycosides and precursors were eluted from the
cartridge with 6 mL of methanol into a 40 mL vial. The eluents were concentrated to dryness at 45ºC
under vacuum. An aliquot of citrate buffer solution (20mL) and 100 µL of Macer8TM FJ enzyme solution
(Biocatalysts Limited, Wales, UK) were added into the dried glycoside extracts. The mixtures were
incubated at 45ºC for 20 hours. After the hydrolysis, the mixture was cooled to room temperature, and
6 g of sodium chloride as well as 20 µL of internal standard solution were added to the vial. A precleaned Twister stir bar was placed into the vial and stirred for 3 hours at a speed of 1000rpm to
extract the released aglycones for GC-MS analysis.
Total C13-norisoprenoid analysis in grape juice
Total C13-norisoprenoids was achieved by SBSE-GC-MS after grape juice was hydrolyzed by acid at
high temperature. Ten microliter grape juice was mixed with 10mL 0.2 M citric acid buffer (pH 2.5),
and then mixture was heated at 100°C for 1 hour. After the hydrolysis, the mixture was cooled to room
temperature, and 6 g of sodium chloride as well as 20 µL of internal standard solution were added to
the vial. A pre-cleaned Twister stir bar was placed into the vial and stirred for 3 hours at a speed of
1000rpm to extract the released aglycones for GC-MS analysis.

Page 71 of 158

GC-MS analysis
The analytes were thermally desorbed at the TDU unit in splitless mode and cryofocused in a CIS 4
(Gerstel) at -80 º C with liquid nitrogen. A solvent vent injection was employed and the temperature of
the PTV was programmed from -80 ºC to 250 ºC at a rate of 10 ºC/sec. A DB-WAX column
(30m×0.25mm×0.5µm) was used to separate the analytes, The oven temperature was programmed at
40 ºC for a 2 min holding, then to 230 ºC at 4 ºC/min, and hold at 230°C for 6 min. The mass selective
detector in the scan mode was used for acquiring the data.
Stock solutions in methanol of all quantified compounds were prepared from chemical standards
obtained from Sigma-Aldrich and other chemical companies with the highest purity. Each standard
stock solution was mixed and diluted with citrate buffer to the desired concentration series, and
combined with a 20 µL of internal standard solution and 6g a sodium chloride. The stir bar extraction
and GC-MS procedure was same to the sample analysis. The calibration curve built up by plotting yaxis as peak area ration of target compounds to internal standard and x-axis as concentration ratio of
target compounds to internal standard. The concentrations in the samples were calculated based on
the standard curves of the corresponding compounds. The concentrations of vitispirane, TDN,
hydroxydihydroedulan and 3-hydroxy-β-damascone were estimated based on the response of βdamascenone because they are not commercially available.
Aroma composition analysis in Pinot noir wine
The grapes from Stoller vineyard was placed in fermenting jars after being destemmed for whole berry
fermentation. The must was sulfited with KMS to 50 ppm, and RC212 yeast was used. After primary
fermentation, the wines were pressed and racked off the berry skins into 0.5 gal carboys. They
remained there for 2 months and were bottled in January. Fermentations were replicated 3 times.
Totally there were 36 bottles of Pinot Noir wine samples were analyzed. The samples labeled as “IS”
were from fruit taken from vines that treated with industry standard with triplication. Likewise, “0%
Leaf removal” received no leaf removal treatment with triplication. “50% Leaf removal” received
treatment that leaves removed from alternating nodes from the base of the shoot to the node just
above the upper-most cluster. The “100% leaf removal” treatments were having all leaves removed
from the base of the shoot to the node just above the upper-most cluster. Each bottle of wine was
analyzed for one time using SPME-GC-MS method. An internal standard solution was made by mixing
0.96 mg/mL of 3-heptanone, 1.03 mg/mL of hexyl formate, 1.08 mg/mL of 4-octanol, and 1.14 mg/mL
of octyl propanoate in methanol, and stored at -15ºC.
A 2 mL of wine sample was diluted with 8 mL of saturated salt water in a 20 mL vial, in which a 20 uL
of internal standard solution was added. A 2cm 3 phase (DVB\CAR\PDMS) SPME fiber was used for
extraction of the aroma compounds. The vial was equilibrated at 50°C for 30min , then stirred with the
magnetic stirrer, the solid-phase microextraction was performed at 50°C for 30min, immediately
followed by desorption of the analytes into gas chromatograph injector. The SPME fiber remained in
the injector port for approximately 5 minutes. A DB-WAX column (30m×0.25mm×0.5µm) was used to
separate the analytes, and the oven temperature was programmed at 35 ºC for a 4 min holding, then
to 230 ºC at 5 ºC/min, and hold at 230 °C for 10 min. The selected target aroma compounds were
quantified by comparison the peak area of each compound to the peak area of internal standard.
Statistical analysis
Analysis of variance (ANOVA) was used. SPSS software (version 16.0) was applied to the experimental
data, and the results were considered to be significant if the associated p-value was ≤ 0.05.
Results and Discussion
Effect of leaf removal on grape quality:
°Brix and organic acids are normally used as indicators for grape quality although they do not correlate
well as grape aroma potential. Nevertheless, they are widely used as grape maturity indices. The major
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organic acids in grapes are malic and tartaric acids, and small amount of citric acid. Malic acid
decreases with grape maturity. Frequently, the total organic acids (in the forms of pH or titratable
acidity) were measured and the inaccuracy of the methods and the variation for field treatment make it
hard to tell the real impact. In this study, organic acids were separated by HPLC so individual organic
acid can be monitored. °Brix and organic acids results are showed in Table 1. Since year 2011 is a
very cool year, the °Brix of 2011 is relatively lower than 2010. However, the °Brix among different
treatments did not have significant difference and so did the citric acid, malic acid and tartaric acid
content. The results showed that leaf removal management did not affect grape ripeness.
Table 1. Brix and Organic Acids (g/L) contents under different cluster zone leaf removal in 2010 and 2011
2010
Treatment

°Brix

Citric acid

2011

Tartaric acid

Malic acid

°Brix

Industry

19.2 ±

standard

0.5

0%

20.5±0.5

0.78±0.07

4.09±0.33

6.95±0.14

50%

20.7±0.4

0.74±0.10

4.12±0.34

6.06±0.08

100%

20.4±0.6

0.71±0.07

4.10±0.15

5.86±0.14

P-value

0.680

0.435

0.984

0.061

18.9 ±
0.6
19.5 ±
0.9
19.2 ±
0.6
0.77

Citric acid

Tartaric acid

Malic acid

0.27±0.04

3.75±0.57

4.30±0.87

0.33±0.05

4.59±0.74

4.86±0.58

0.33±0.03

4.62±0.52

5.10±0.56

0.33±0.02

4.52±0.58

5.23±0.59

0.041

0.111

0.165

Mean ± SD presented and analyzed with ANOVA and Tukey means separation with different letters indicating difference at α=0.05. There is no significant
difference between treatments.

Effect of leaf removal on carotenoids composition in grapes:
As a UV protector, light plays very important role in carotenoids synthesis process in plants. Cluster
zone removal can improve the light penetration and thus may have some impact on fruit carotenoid
composition. Products of carotenoid degradation such as ionones, and damascenones are also
important for wine flavor due to their low sensory threshold. The major carotenoids in Pinot Noir grape
is β-carotene and lutein although neochrome, neoxanthin, flavoxanthin and some unidentified
carotenoids are also exist in small amount. The effect of cluster zone leaf removal on carotenoids and
chlorophyll content was showed in Table 2. Comparison were made between industry standard, 0%
leaf removal, 50% leaf removal and 100% leaf removal treatment in year 2011. Figure 1 showed the
total polar fraction, lutein, chlorophyll and β-carotene content. For year 2011, there is no significant
difference of total carotenoids, lutein and chlorophyll content between the treatments. But cluster zone
leaf removal had significantly decreased flavoxanthin content in the Pinot Noir grape berries (Figure 2).
Conversely, increased neochrome a. content was found in the 50% and 100% leaf removal treatments.
It is well known that sun light will facilitate carotenoid degradation after veraison but the timing and
mechanism of this influence is not well understood. It had been demonstrated that timing of leaf
removal is also very important for carotenoids content in Riesling and C13- norisoprenoids content in
finished wine (Kwasniewski, Vanden Heuvel et al. 2010). It is possible that increased sun exposure may
not only affect carotenoid degradation but also participated in the regulation of carotenoid biosynthesis
process in the early growing stage. In this study, cluster zone leaf removal at pea size stage also
showed decreased total β-carotene concentration but no statistical difference was detected. Since
carotenoids degradation products — C13-norisoprenoids have very low threshold in wine, little
difference in carotenoids degradation may still have impact on the flavor. C13-norisoprenoids content
and the sensory evaluation of the finished wine may provide more information.
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Table 2. Carotenoids and Chlorophyll Content under Different Cluster Zone Leaf Removal Treatment
(as mg/kg berry)
Compound

IS

0%

50%

100%

P-value

Neochrome a

3.7 ± 0.4 b

4.0 ± 0.1 b

4.8 ± 0.3 a

5.0 ± 0.3 a

<0.001

26 ± 3.3

25 ± 1.9

26 ± 1.7

26 ± 0.7

0.759

4.3 ± 0.5 a

4.6 ± 0.7 a

3.7 ± 0.6 ab

3.1 ± 0.5 b

0.007

Unknown

3.2 ± 0.5

2.5 ± 0.6

2.8 ± 0.4

3.3 ± 0.3

0.079

(all-E)-lutein

209 ± 11

201 ± 14

197 ± 25

206 ± 12

0.767

(13Z) or (13'Z)-lutein

8.6 ± 0.9

11 ± 1.2

11 ± 2.0

9.2 ± 2.0

0.154

Pheophytin b

209 ± 13

219 ± 12.3

214 ± 16

215 ± 17

0.773

Pheophytin a

31± 1.9

32 ± 1.6

31 ± 2.2

31 ± 2.7

0.732

(all E)-β-carotene

87 ± 3.6

89 ± 4.6

88 ± 8.9

83 ± 5.9

0.500

(13Z)-β-carotene

12 ± 1.2

11 ± 1.5

9.2 ± 1.9

11 ± 1.9

0.195

Total polar fraction

37 ± 4.2

36 ± 2.3

37 ± 2.1

37 ± 0.9

0.901

Lutein

217 ± 9.9

212 ± 14

208 ± 26

215 ± 12

0.879

Chlorophyll

239 ± 15

252 ± 14

245 ± 18

245 ± 19

0.773

β-carotene

99 ± 4.4

101 ± 4.6

97 ± 9.9

94 ± 4.9

0.535

(9’Z)-neoxanthin and neochrome b
Flavoxanthin

Total

Mean ± SD presented. P-values indicate significance ANOVA with different letters indicating differences in means
(Tukey) at α=0.05.Total polar fraction is the total of neochrome a, neochrome b, neoxanthin, flavoxanthin and unknown.
Lutein is the total of (all-E)-lutein and (13 Z) or (13'Z)-lutein. Chlorophyll is the total of pheophytin a. and pheophytin b.
β-carotene is the total of (all E)-β-carotene and (13 Z)-β-carotene. All the compounds are calculated as β-carotene
equivalent.
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Figure 1. Total content of polar fraction, lutein, chlorophyll and β-carotene in Pinot Noir grape berries.
Industry Std – industry standard; 0% - 0% cluster zone leaf removal; 50% - 50% cluster zone leaf
removal; 100% - 100% cluster zone leaf removal; No significant difference between the treatment
(α=0.05). All the compounds are calculated as β-carotene equivalent.

Figure 2 Neochrome a. and Flavoxanthin content of Pinot Noir grape grown under different cluster zone
leaf removal treatment. Different letters indicating differences in means (Tukey) at α=0.05. All the
compounds are calculated as β-carotene equivalent.
Effect of leaf removal on aroma composition in grapes:
In order to sensitively analyze low concentrations of volatile compounds in Pinot noir grapes, stir bar
sorptive extraction (SBSE)-GC-MS technique was used in this study as an effective technique to
quantify volatile compounds in grapes (1). In order to evaluate grape quality, we analyzed three
groups of compounds, including C6 aldehyde and alcohols, terpene alcohols and norisoprenoids based
on their biological origins. All free and bound forms as well as acid hydrolyzed total C13-norisoprenoids
were analyzed and the results were shown in Table 3 & 4 and Figure 3.
In the C6 compounds category, hexanal and trans-2-hexenal were present as free form, whereas 1hexanol can exist in both free and glycoside forms. Generally, C6 compounds are related mainly to the
lipoxygenase activity of the grape (2, 3) and decease sharply as the grape mature. C6 alcohols and
aldehydes have the herbaceous and unripe odors, and are detrimental to the wine quality if present in
concentrations above their sensorial perception limits. However, in most of cases, these compounds
will disappear after wine fermentation process. It is possible that C6 compounds could be used as an
indicator of grape maturity. In present study, leaf removal treatments did not show significant effect
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on the concentration of free t-2-hexenal and 1-hexanol in 2010 and 2011(Table 3), or on 1-hexanol
glycoside (Table 4). However, 50% leaf removal reduced the concentration of hexanal in both two
years compared to control. But this trend was not statistically significant at 100% leaf removal level.
The results are not conclusive if C6 compounds can be reliably used as grape maturity indices.
The presence of monoterpene alcohols in Muscat grape was first suspected by Cordonnier as early as
1956. Since then, tremendous amounts of researches have been devoted to terpene compounds in
grapes and wine. Terpene alcohols are a diverse class of natural products, and more than forty terpene
compounds have been identified in grapes. Some of the monoterpene alcohols are among the most
odoriferous, such as linalol, α-terpineol, geraniol, and linalool oxide, all of which have floral and citrus
characters. The olfactory perception thresholds of these compounds are rather low, as low as a few
hundred micrograms per liter. Therefore they can contribute to the aroma of grapes and wines even
their concentrations are low. Terpene alcohols exist mainly as glycosides, which have no flavor but can
release terpene alcohols by acidic or enzymatic hydrolysis during wine-making. It is still controversial if
terpene alcohols are important to Pinot noir aroma.
The glycosides of five terpene alcohols including trans-linalool oxide, cis-linalool oxide, linalool, αterpineol, and geraniol in the grapes with different leaf removal treatment in 2010 and 2011 were
analyzed in the present study (Table 4). Compared with 2010, 2011 which is a cooler year generates
relatively lower concentration of glycosidically bound terpene alcohols. However, in both years there
are similar trends about leaf removal treatment impact on glycosidically bound terpene alcohols
concentration. Leaf removal had significant effect on all terpene alcohols analyzed; results showed
50% and 100% leaf removal treatments significantly increase individual and total terpene alcohol
concentration in Pinot noir grape (Table 3 & 4). 50% leaf removal increase more than 50% of translinalool oxide and cis-linalool oxide, 40% in both linalool and α-terpineol, 70% in geraniol compared to
control. 100% leaf removal had 100% and 95% higher in trans-linalool oxide and cis-linalool oxide,
65% and 65% higher in linalool and α-terpineol, 97% higher in geraniol than the control. Our results
confirm previous report that leaf removal increases bound form secondary grape metabolites (4). It is
possible that the differences in the total terpene alcohol concentrations between leaves removed and
control fruit may reflect differences in the fruit zone light interception since light can affect secondary
metabolites, and research has demonstrated that sun-exposed grapes had higher concentrations of
aroma and flavor compounds compared to shade grapes (5, 6).
Norisoprenoids are important odorants in wines and are thought to originate from carotenoid
degradation present in grapes. Norisoprenoids exist in the free and glycoside form. Although the
glycoside precursors are not directly related to wine organoleptic properties, it can provide an
assessment of grape aroma potential during wine making. Studies carried out in recent decades have
demonstrated that most flavor compounds in non-floral grapes are in glycoside form. In general,
volatile compounds from glycoside precursors can be released or formed during winemaking process by
endogenous and exogenous glycosidase by the action of wine yeast, and lactic bacteria, or by acid
hydrolysis (3, 11 &12). The chemical complexity of the precursor fractions has required most study
based on the analysis of hydrolysates obtained via acid or enzymatic hydrolysis from these fractions
and, consequently, there is today extensive information about the differential characteristics of both
types of hydrolysis. In general, enzymatic hydrolysis is preferred for the chemical characterization of
the precursors because it induces fewer transformations than acid hydrolysis. However, acid-catalyzed
cyclations, dehydrations and rearrangements, accelerated at higher temperature, have been described
as more effective way to release norisoprenoids, and the sensory properties of acid hydrolysates are
much more intense than those obtained by enzymatic hydrolysis (13, 14). In this study we did both
enzymatic and acidic hydrolysis to released norisoprenoids from the precursor fractions in order to
better understand the impact of cluster zone leaf removal treatment on grape C13-norisoprenoids
formation.
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Norisoprenoids are a diverse group of aroma compounds and the most important norisoprenoids in
wines include β-damascenone, β-ionone, vitispirane, TDN (1, 1, 6-trimethyl-1, 2-dihydronaphthalene),
hydroxydihydroedulan and 3-hydroxy-beta-damascone. Among these compounds, β-damascenone with
a complex smell of flowers, tropical fruit and stewed apple, has a very low olfactory perception
threshold in water (3–4 ng/l) and a relatively low threshold in model dilute alcohol solution (40–60
ng/l). They are very important contributors to red wine aroma.
The concentrations of free and glycoside of each individual norisoprenoid compound from different
treatments in 2010 and 2011 are presented in Table 3 & 4. There are difference of concentration of
C13-norisoprenoids from 2010 and 2011, and since the weather of 2010 and 2011 are very different,
those differences in concentration may come from the year to year variation. However, in both years
100% leaf removal increased free form -damascenone concentration in grape, however there no
difference between control and 50% leaf removal. Except TDN and 3-hydroxy--damascone, leaf
removal increased other bound norisoprenoids, as well as the total norisoprenoids concentration in
grapes. Compared with Figure 3, we can see acid hydrolysis generated higher concentration of C13norisoprenoids which is agree with previous reports, and in both years 50% and 100% leaf removal
treatment significantly increase -damascenone content in grapes. It is evident that more sun
exposure caused by leaf removal increases degradation of carotenoids, therefore increase
concentration of norisoprenoids in grapes, because norisoprenoids originated from the oxidative
degradation of carotenoids.

Table 3. Free form aroma composition in Pinot noir grape grown under different leaf removal
treatments in 2010 and 2011(as mg/Kg berry).
Free Form aroma

0% leaf
removal

2010
50% Leaf
removal

100% Leaf
removal

0% leaf
removal

2011
50% Leaf
removal

100% Leaf
removal

C6 Compounds
Hexanal
26.2±8.9b
16.2±5.1ab
19.3±2.8ab
19.5±3.8a
22.4±3.7a
27.7±3.1b
trans-2-Hexenal
523±28a
466±127a
497±56a
390±58a
336±22a
385±22a
1-Hexanol
129±12a
113±14a
140±29a
145±13a
124±15a
136±19a
trans-3-Hexenol
7.3±1.3a
7.6±1.9a
6.5±2.2a
nc
nc
nc
cis-3-Hexenol
71±38a
52±15a
79±24a
nc
nc
nc
trans-2-Hexenol
202±24a
170±19a
192±32a
nc
nc
nc
Terpineols
Linalool
nd
nd
nd
nd
nd
nd
Geraniol
0.09±0.02a
0.19±0.03a
0.23±0.06a
nc
nc
nc
Geranyl acetone
0.36±0.07a
0.55±0.06a
0.62±0.15a
nc
nc
nc
C13-Norisoprenoids
β-damascenone
0.59±0.07a
0.54±0.05a
0.82±0.11b
0.12±0.02a
0.13±0.01a
0.15±0.02a
Means presented and analyzed with ANOVA and Tukey means separation with different letters indicating
difference at α=0.05. nc. Not collected. nd. not detected.
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Table 4. Glycosidically bound form aroma content in Pinot noir grape grown under different leaf
removal treatments in 2010 and 2011(as mg/Kg berry).
0% leaf
removal

2010
50% Leaf
removal

100% Leaf
removal

0% leaf
removal

2011
50% Leaf
removal

100% Leaf
removal

C6 Compounds
1-Hexanol
cis-3-Hexenol
trans-2-Hexenol

67.27 ± 12.46a
nc
nc

69.64 ± 13.13a
nc
nc

74.86 ± 8.48a
nc
nc

42.59 ± 6.18a
7.83 ± 0.86a
13.45 ± 2.50a

47.05 ± 7.97a
8.39 ± 1.47 a
14.31 ± 0.62a

46.43 ± 5.47a
9.62 ± 0.72a
14.87 ± 2.23a

Terpineols
trans-linalool oxide
cis-linalool oxide
Linalool
α-Terpineol
Citronellol
Nerol
Geraniol

17.99 ± 6.12a
20.64 ± 7.91a
1.16 ± 0.13a
1.54 ± 0.41a
nd
nd
11.56 ± 2.88a

27.978 ± 2.99b
32.01 ± 4.36 b
1.58 ± 0.53b
2.12 ± 0.70ab
nd
nd
20.05 ± 3.58b

36.64 ± 9.86c

7.40 ± 1.09a
9.46 ± 1.85a
1.64 ± 0.17a
11.04 ± 0.74a
0.48 ± 0.05a
0.55 ± 0.07a
5.19 ± 0.77a

4.72 ± 1.10a
7.91 ± 0.74a
1.17 ± 0.54a
9.08 ± 1.22a
0.34 ± 0.18a
0.48 ± 0.21a
5.01 ± 2.26a

6.39 ± 0.58a
9.63 ± 1.60a
1.19 ± 0.14a
11.24 ±2.21a
0.43 ± 0.06a
0.46 ± 0.06a
5.38 ± 0.52a

Glycosidically Bound
Form aroma

C13-Norisoprenoids
Vitispirane A
0.52 ± 0.12a
1.02 ± 0.31b
Vitispirane B
nc
nc
β-Damascenone
4.73 ± 0.49a
5.63 ± 1.28ab
Hydroxydihydroedulan
1.97 ± 0.13a
4.51 ± 0.98b
3-Hydroxy-β-damascone
0.33 ± 0.13a
0.36 ± 0.18a
3-oxo-α-ionol
nc
nc
Means presented and analyzed with ANOVA and Tukey
α=0.05. nc. not collected. nd. not detected

40.40 ± 11.22b

1.91 ± 0.34b
2.54 ± 0.61b
nd
nd
22.73 ± 1.57b

1.11 ± 0.41b
0.07 ± 0.01a
0.05 ± 0.01a
0.10 ± 0.02b
nc
0.18 ± 0.05a
0.22 ± 0.07a
0.30 ± 0.08b
7.16 ± 1.63b
1.55 ± 0.12a
1.59 ± 0.08a
2.01 ± 0.10b
5.42 ± 2.28b
2.21 ± 0.46a
2.80 ± 0.74a
3.63 ± 0.54b
0.38 ± 0.12a
0.20 ± 0.05a
0.18 ± 0.03a
0.17 ± 0.02a
nc
0.19 ± 0.04a
0.19 ± 0.05a
0.16 ± 0.02a
means separation with different letters indicating difference at
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Figure 3. Total acid hydrolyzed C13-norisoprenoids in Pinot noir grapes grown under different leaf
removal treatments in 2010 and 2011.
Effect of leaf removal on aroma composition in Pinot noir wines:
The volatiles isolated from Pinot noir wines made from grapes from vineyards with different cluster
zone leaf removal treatment are listed in Table 5, classified in major groups according to their chemical
similarity and biosynthetic pathway. The majority of volatiles were higher alcohols, ethyl esters, acetate
esters, fatty acids. Other minor compounds identified were terpene alcohols, norisoprenoids, which are
important aroma contributors though in relatively lower concentration.
The C6 compounds, derived from grape polyunsaturated fatty acids (primary originated from
membrane lipids) namely linoleic and -linolenic acid, through a cascade of enzymatic reactions. This
pathway yield C6 aldehydes, which are subsequently reduced to C6 alcohols, which can, in turn, be
esterified to produce esters. In this study we find four different C6 alcohols, including 1-hexanol, trans3-hexenol, trans-2-hexenol and cis-3-hexenol. In 2011 wine samples, 100% leaf removal treatment has
the highest concentration of C6 alcohols, which is similar to what we observed in grapes. In 2010 and
2011, glycosidically bound C6 compounds was higher in 100% leaf removal treatment, which indicated
during wine making process, C6 alcohols were hydrolyzed either their precursor or from chemical
rearrangement.
One of the important groups of aroma compounds in wine is the ethyl esters of fatty acids that are
produced enzymatically during yeast fermentation and from ethanolysis of acetyl-CoA that is formed
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during fatty acids synthesis or degradation. Their concentration is dependent on several factors,
including yeast strain, fermentation temperature, and sugar content, etc. Ethyl esters contribute to the
typical fruity aroma of young wines (15). In 2011, there is no significant difference of ethyl ester
content in the wine made by the grape with different cluster zone leaf removal treatment. However,
50% leaf removal treatment wine showed higher concentration of ethyl esters compared to control.
Acetate esters are the result of reaction of acetyl-CoA with higher alcohols that are formed from
degradation of amino acids or carbohydrates. Among the acetate esters, ethyl acetate was the most
abundant. Between leaf removal treatment and the control wines there was no significant difference
(p>0.05).
Numerous studies reported that terpenoid compounds can be used analytically for varietal
characterization. Terpenes belong to secondary plant metabolites, of which the biosynthesis begins
with acetyl-CoA. Microorganisms are also able to synthesize terpene compounds, but the formation of
terpenes by Saccharomyces cerevisiae has not yet been observed. Terpenes are affected by the
metabolism of yeast during fermentation. Five terpene alcohol and norisoprenoid were detected in the
wine samples (Table 5). Wine made from grape with 100% leaf removal treatment has the highest
terpene alcohol and norisoprenoid content; there was significant difference between leaf removal
treatment wine sample and control sample in the content of terpene alcohols and norisoprenoid. As
we mentioned above in Table 3 & 4, both free and glycosidically bound terpene alcohols and C13norisoprenoids were higher in the grape grown under leaf removal treatment which could explain the
higher concentration of them in final wine. Since those compounds have very low sensory threshold,
they could serve as impact odorant in sample wine and play a significant role in the flavor of wine.
The aromatic compounds, which are released into medium as secondary products of yeast metabolism,
are fusel alcohols. These compounds can be synthesized by yeast action through two mechanisms:
anabolic pathway from glucose or catabolic pathway from their corresponding amino acids. In this
study, isoamyl alcohol (alcohol, harsh, bitter, threshold, 30mg/L) and isobutyl alcohol (fusel alcohol,
threshold, 40mg/L) are the most abundant higher alcohols in wine sample. However, in 2011 wine
samples, there was no significant difference between leaf removal treatment and control regarding the
content of higher alcohols (P>0.05). Four fatty acids, hexanoic acid, octanoic acid, decanoic acid and
dodecanoic acid were identified in this study (Table 5). The content of these fatty acids was lower than
their odor threshold in all wine analyzed. Leaf removal treatment didn’t affect the content of fatty acids
in wine samples in 2011.
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Table 5 Volatiles concentrations in Pinot Noir Wines made from grapes in vineyard with different
cluster zone leaf removal treatments (as ug/L)
Compounds
C6 compounds
1-Hexanol
trans-3-Hexenol
cis-3-Hexenol
trans-2-Hexenol
Total
Ethyl esters
Ethyl Propanoate
Ethyl Butanoate
Ethyl Hexanoate
Ethyl Heptanoate
Ethyl Octanoate
Ethyl Decanoate
Ethyl 2-methyl butyrate
Ethyl 3-methyl butyrate
Ethyl isobutyrate
Acetate esters
Ethyl Acetate
Isobutyl acetate
Isoamyl acetate
Hexyl acetate
Octyl Acetate
Ethyl phenylacetate
Phenethyl acetate
Terpineols &
C13-norisoprenoids
Linalool
α-Terpineol
β-Citronellol
trans-Geraniol
β−Damascenone
Higher Alcohols
Isobutyl alcohol* (ppm)
Isoamyl alcohol* (ppm)
1-Octanol
1-Nonanol
Decanol
Benzyl Alcohol
Phenethyl alcohol
Acids
Hexanoic acid
Octanoic acid
Decanoic acid
Dodecanoic acid

Industry
standard

0%
leaf removal

50 %
leaf removal

100 %
leaf removal

2217±139a
16.77±0.55ab
26.35±0.49a
2.99±1.20a
2263

2251±15a
15.39±0.16a
22.65±1.75a
3.11±0.38a
2292

2234±134a
17.64±1.09b
24.64±1.25a
3.69±0.42a
2280

2578±92b
17.98±0.21b
33±3.67b
4.05±0.44a
2632

55.39±1.37a
152±7.77ab
293.46±8.99a
0.36±0.04a
289±23a
69±3.24a
4.83±0.23a
5.36±0.21a
115±10a

56.89±2.24a
139±6a
288±9a
0.34±0.03a
295±21a
72±6a
5.29±0.58a
5.86±0.41a
125±9a

57.89±4.80a
165±8b
315±29a
0.35±0.02a
324±39a
87±8a
5.15±0.23a
5.65±0.16a
120±6a

63±5.64a
142±6a
280±30a
0.41±0.04a
283±22a
74±12a
5.85±0.67a
6.80±0.90a
133±6a

39671±548ab
118±3a
375±24a
5.67±3.03a
1.99±2.66a
2.04±0.29a
29.27±1.89a

39163±1157a
117±4a
374±17a
5.75±2.21a
0.59±0.21a
2.17±0.26a
30.80±0.88a

42120±810c
121±7a
376±34a
4.83±2.21a
0.58±0.07a
2.12±0.09a
30±1.71a

41251±245bc
119±7a
367±77a
3.33±20.92a
3.10±4.36a
2.22±0.04a
30±0.55a

11.41±0.36a
9.25±0.25a
11.67±0.95a
13.11±0.90a
2.22±0.12a

10.12±0.08b
10.12±2.87a
9.45±0.66b
9.41±0.76b
2.29±0.06a

11.12±0.30a
9.21±0.08a
11.66±0.44a
12.72±1.75a
2.43±0.06ab

12.25±0.41c
10.23±0.52a
12.95±0.98a
12.63±1.34ab
2.54±0.11b

177±12a
206±14a
29.71±0.75a
5.96±0.06a
2.29±0.10a
1506±62a
33.51±2.09a

169±17a
206±5a
30.73±0.46a
5.40±0.16b
2.30±0.17a
1636±61a
34.86±0.92a

183±16a
214±17a
34.73±2.09b
6.41±0.08c
2.55±0.03a
1608±103a
34.66±3.42a

179±11a
223±6a
30.90±1.48a
7.09±0.17d
2.24±0.0.16a
1473±25a
35.45±1.13a

194±6a
3345±149a
318±11a
45±2a

186±3a
3393±103a
330±18a
48.43±0.49b

208±20a
3731±424a
335±38a
52.81±0.61c

185±8a
3161±193a
308±23a
48±1.53ab

Conclusion:
1.
In 2010 and 2011, cluster zone leaf removal had no impact on grape °Brix, citric, tartaric,
and malic acid content.
2.
Cluster zone leaf removal had no significant impact on C6 compounds, both free and bound
in both years.
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3.
4.
5.

6.

Cluster zone leaf removal had no impact on free form terpineols in both years.
Cluster zone leaf removal increased glycosidically bound terpene alcohols in 2010, but this
trend was not observed in 2011.
In 2011, cluster zone leaf removal significantly increased the amount of neochrome a. and
decreased the amount of flavoxanthin in grapes. However, lutein and -carotene was not
influenced by leaf removal treatment.
In 2010 and 2011, increasing trends were observed with free β-damascenone as well as
some glycosidically bound C13-norisoprenoids and total C13-norisoprenoids in grape grown
under leaf removal treatment.

Accomplishments / Progress Report (comparison of results with original goals):
Since funding first came in during fall 2009, the project did not begin until 2010. This report outlines
the results of the first growing season during which this trial was conducted (2010). This project will
continue through 2012.
Reasons why goals and objectives were not met (when applicable):
Due to the lag in receipt of funding, work for year 1 of the project did not begin until the growing
season 2010. However, work towards goals and objectives has begun and progress is underway.
Potential Significance to Industry:
Since high vegetative vigor is common in the cool-climate winegrowing region of Oregon, excessive
canopy density is known to produce unbalanced musts, resulting in poor wine quality. Growers have
practiced leaf removal to influence different wine styles and allow air circulation to fight disease
pressure. While it is agreed that leaf removal is beneficial, however excessive removal (known as
“over-leafing”) could affect grape quality. Pinot Noir is not that as photo sensitive as other varieties is
thin-skinned and is therefore more prone to sunburn, disease, and temperature increase. It is reported
that currently growers are spending $270/acre on manual leaf pulling. Therefore, better understanding
is needed to study metrics which considered determining how and why to leaf pull rather than
prescribing industry myths such as “low yield equals quality”.
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Effects of Vineyard Cover Crop Management on Soil Moisture, Vine Growth
and Nutrition in Establishing Young Vines
Patricia Skinkis, OSU & R. Paul Schreiner, USDA-ARS HCRL

Cooperators: Dean Underwood, Vineyard Manager, Olsen Family Vineyards

Objectives:
1.
Determine the impact of maintaining cover crops in vineyard alleyways on vine growth and
development.
2.
Determine the effect of cover crop management on vine nutrition.
3.
Evaluate weed coverage in vine rows and in alleyways.
4.
Evaluate the effects of alleyway cover crop management on soil moisture and rooting
patterns of young vines.
Methods and Materials:
The research trial is being conducted at a commercial vineyard near Independence, Oregon, USA (44°
77’ N, -123° 18’ W, 90 m a.s.l.). The vineyard was planted in July 2008 to Chardonnay clone 96 on
3309C rootstock and spaced at 1.52 m x 2.13 m. A cover crop mixture of crimson clover (22-26 kg/ha)
and cereal rye (34-46 kg/ha) was sown each fall prior to each data collection year in all areas of the
vineyard block with the exception of control treatments that were left unplanted. Prior to planting the
cover crop, vine rows and cover crop treatment blocks were sprayed with glyphosate to eliminate
unwanted vegetation. A 0.91 m wide herbicide strip was maintained in vine rows to control weeds,
leaving a 1.22 m wide seed bed for cover crop growth. The mow and mulching treatments (shown
below) were imposed when crimson clover reached 90% flowering in May each year. The unplanted
treatment plots were not seeded to cover crop and were maintained free of vegetation through
herbicide applications (January, April) and tillage (summer, fall). The treatments are applied to 20-vine
plots in a completely randomized design with five replicates. Buffer rows were used between all
treatment rows to allow spatial separation of all cover crop treatments.
Unplanted: Cover crop was never planted and the ground is kept free of vegetation.
Incorporate:
Cover crop biomass is mowed and tilled into the alleyway.
Remove:
Cover crop biomass is mowed and removed.
Mulch 1: Cover crop biomass is mowed, collected, and redistributed as mulch layer in the vine row.
Mulch 3: Similar to Mulch 1, this treatment uses a 3-fold amount of biomass as a mulch layer.
Cover crop composition and total weight of mown residues was measured each year. Just prior to
implementing the treatments, alleyway cover crop samples were collected in all planted treatments
using a 0.25 m2 meter quadrat and trimming all cover crop to a height of 10 cm with a gas-powered
hedger to simulate the mowing. Two samples were collected from each treatment rep, bagged and
brought back to the lab for separation into three classes: cereal rye, crimson clover and weeds. Fresh
weights and dry weights of each were taken. These data were then used to determine the MS1 and
MS3 mulch rates to be applied based on total residues existing in the treatment plots. The mulch rate
is based on the growth that existed that season from growth in the alleyways. In 2010 and 2011, the
mulch biomass generated from the cover crop was 2.5 kg/m2 in MS1 and 7.5 kg/m2 in MS3. To ensure
even distribution of residues, mown residue was distributed into alleyways and/or in-row for the
various treatments by hand each year.
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A modified flail mower with a catchment bin was used to cut and collect all residues from each
treatment alleyway. Ten aliquots 100 mL aliquots of fresh biomass were taken from the total mowed
cover crop, combined, weighed immediately, and dried at 70 ºC for 72 hours prior to analysis for %N,
%C, and C:N. Total cover crop N was calculated by multiplying %N of residues in each treatment by
the equivalent of dry weight applied to each specific plot. The data was used to estimate applied-N as
well as %N, %C, and C: N of the mowed cover crop biomass for each treatment. Due to variability in
seasons, the cover crop contribution of clover and rye varied by year, resulting in different cover crop
residue composition. On average, cover crop residues had 1.4-1.6% N and 27-42% C by year.
Vine growth measurements were taken during key phonological stages during the growing season to
determine impacts on vine growth. Shoot lengths were measured on ten tagged shoots per plot,
starting 1 month after bud break and continuing every ten days until vines were hedged. Leaf area was
measured non-destructively at bloom (50% cap fall) and at véraison using a template created from five
different leaf size categories. To establish the categories twenty leaves that matched each of five
concentric circles were collected and scanned using a leaf area meter (LI-COR 3100; LI-COR
Biosciences, Lincoln, NE). Leaves that matched these categories were counted in the field on five
random shoots per plot, and total vine area was determined by multiplying by the predetermined
average areas and by the number of shoots on the vine. Leaf chlorophyll was measured at bloom and
véraison using a SPAD 502 meter véraison (Minolta Corp., Ramsey, NJ). Undamaged leaves at the fifth
to seventh basal node on a shoot were selected for SPAD measurement. To determine impacts of the
treatments on vine growth changes, trunk diameters, pruning weight and cane weight were measured
at the end of the season once vines had reached dormancy.
Vine yield potential was assessed through fruitfulness, fruit set quantification, and yield at harvest.
Fruitfulness was assessed by counting inflorescences per vine early in the growing season. Fruit set
was measured by comparing photos taken at pre-bloom of five tagged inflorescences per plot to photos
of the same clusters post fruit set. Each photo was analyzed individually by counting the number of
flowers or berries visible. Twenty photos of clusters were collected as standards from vines in the
buffer rows at each time point, and the true counts obtained by destructive harvest of these clusters
and manual flower bud/berry counting. True counts and photo counts were plotted to determine a
regression by which to determine the flower/berry count per cluster. Yield data was collected from 3
vines per plot and cluster number per vine recorded. The first yield data was not collected until 2011
because all fruit was lost in 2010 as a result of bird predation.
It was hypothesized that cover crop mulch treatments would lead to differences in soil moisture,
compaction, temperature, and nutrition level. Soil moisture was measured using a capacitance probe
(Aquapro Sensors, Ducor, CA) once every ten days from early June through late July and was paired
with water potential measurements throughout the season. A calibration curve for the Aquapro values
was determined based on volumetric soil moisture values for this soil, obtained by sampling gravimetric
water content of the soil for this site. Soil mechanical resistance (compaction) was measured at three
random points within the vine row in each plot using a solid cone hydraulic penetrometer (Hypen1,
Pike Agriculture, Livermore Falls, ME) at four depths (7.5 cm, 12.5 cm, 23 cm, and 30.5 cm) at bloom
in 2011 and at pre bloom and bloom in 2012. The 2012 bloom measurement included an additional
measurement of the center of the tractor row at three random locations on the east side of the vines.
Stem water potential (Ψstem) and leaf water potential (Ψleaf) were measured approximately every ten
days under clear sunny conditions with a pressure chamber (Model #600, PMS Instruments, Albany,
OR). Stem and leaf water potential was measured at solar noon on one leaf each per rep as described
by Aruajo and Williams (2002) except that foil laminate bags were used for stem water potential and
were put on one hour prior to measurement.
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Soil temperature was measured in the vine row once in June 2011 using a digital thermocouple probe
(Model CK36PF, Reotemp, San Diego, CA). One soil temperature measure was taken per plot halfway
between two randomly selected vines and recorded for three depths: 5 cm, 10 cm, and 20 cm. To
account for temperature fluctuations through the day, one depth at all plots was measured and then
the next subsequent depth was measured. At each depth, two measures of temperature were recorded
and averaged to represent the temperature for that depth.
Soil nutrition was collected by sampling soil cores. Five cores (5.7 cm diameter) were collected from
random locations in the vine row and the east-side tractor row of each plot at three depths: 0-20 cm,
20-40 cm, and 40-60 cm. The material from one plot at a given depth and location was bulked and
mixed and a 125 mL subsample was acquired. The soil was dried at X for X hours and analyzed by X
(X).
It was hypothesized that the mulch treatments may lead to increased vine nutrient status. To
understand impacts of the treatments on vine nutrition, vine tissue samples from each treatment were
collected at bloom (leaf petioles collected) and véraison (leaf blade and leaf petiole samples) and
analyzed for macronutrient and micronutrient concentrations by the Schreiner lab using standard
nutritional analyses.
Mulching can increase soil moisture and may contribute to increased nutrient availability either directly
or indirectly. To understand vine growth parameters, we also had to consider root growth. Rooting
patterns were assessed at véraison each year for the unplanted (UN), mowed (M), and mulched
treatments (MS1 and MS3) under leadership of the Schreiner lab. A total of five soil cores (6.35 cm
diameter) were taken at 0-20, 20-40 and 40-60 cm depth within each plot. The samples are
immediately processed in the field to collect roots from the bulk soil sample for further processing in
the lab and soil samples collected for analysis. The samples were then transported to the lab and kept
under cold storage until processing. Fine roots were separated from larger roots and weighed to
determine total root biomass differences at depth and distance from the vine.
Weed growth was assessed in-row and between-row. Samples of the cover crop biomass collected
prior to treatment application were separated by cover crop species and weeds; this allowed an
estimation of total weed composition. Prior to tillage of all alleyways in 2009 and 2010, weed coverage
was assessed using a 1.0 m2 quadrat to determine a percentage of total surface area coverage by
weeds. Weeds within the quadrat were counted and grouped as broadleaf or grass species. This same
method was used in-row. To assess weeds in the mulched treatments (MS1 and MS3), the mulch layer
was temporarily removed and weeds counted. Mulch was then put back into place. After all weed
assessments, the plots were sprayed with glyphosate to allow for assessment of the treatments and
remove weeds as a confounding factor in the experiment.
The first official harvest of fruit occurred in fall 2011. Fruit was sampled during ripening by collecting a
5-cluster sample per plot and analyzing for total soluble solids (TSS), pH and titratable acidity (TA). A
7-cluster sample was collected at harvest for analysis of cluster weight, berry weight, TSS, pH, TA, and
yeast assimilable nitrogen. Fruit was processed to juice and analyzed immediately for TSS, pH and TA.
An aliquot of juice was frozen for later analysis of yeast assimilable nitrogen, and rest of the juice was
processed immediately to determine total soluble solids (TSS) with a digital refractometer (Model
300042, Sper Scientific, Scotsdale), pH with a digital pH meter (Accumet AB 15, Fisher Scientific),
titratable acidity by titration with 0.1 N NaOH to an end pH of 8.2. Yeast available nitrogen was
calculated by the sum of ammonia nitrogen determined by ammonia assay (R-Biopharm, Germany) and
amino acid nitrogen determined by NOPA primary amino acid assay (Gusmer Enterprises, Fresno, CA).
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Accomplishments / Progress Report:
This research trial began in spring 2009 with start-up funding from the Oregon Agriculture Research
Foundation. Upon receipt of the NCSFR funds in fall 2009, we planned for the next three years of the
project 2010-2012. This report covers results of the 2011 season.
Determine the impact of maintaining cover crops in vineyard alleyways on vine growth and development.
Vine growth was monitored through shoot lengths every 10 days from June 22 to August 11, 2011 and
by quantifying leaf area at bloom and véraison. Since the vines were left untrained and not hedged per
typical VSP training, we were able to capture shoot growth differences throughout most of the season.
The mulch treatments (Mulch 1 and Mulch 3) had the longest shoot lengths throughout the measurement
time period (Figure 1). However, vine leaf area at bloom (1.11 to 1.38 m2/vine) and véraison (1.8 -2.4
m2/vine) did not differ by treatment (Table 1), yet there was a trend toward higher leaf area in mulched
treatments. Not only was shoot growth increased with mulching treatment, but fruitfulness was as well.
The total number of clusters per shoot was highest in the mulched treatments (1.9 clusters/shoot)
compared to 1.8 clusters/shoot in non-mulched treatments (P=0.0019). While this may seem like a
relatively small difference on a per shoot scale, this may lead to important increases in vine yield across a
vineyard. Similar results were found with increasing clusters per vine in 2010. There were no differences
found for final harvest yields between treatments, but this may be attributed to some fruit loss due to
late season shoot positioning causing sunburn and/or losses due to Botrytis. There were no differences in
cluster weight, berry weight (Table 1) or berries per cluster by treatment. Furthermore, no differences
were found for dormant pruning weight (Table 1); this was likely due to the fact that shoots were hedged
late into the season when the vines were finally vertically shoot positioned. We estimate nearly 1 m of
shoot length was removed after the late season hedging, and this could impact the final pruning weight
results.
The canopy size in these 3-year old vines was able to successfully support relatively high vine yields in
this first year of production: 5.5 to 6.6 T/A. Fruit at harvest was not different by treatment for TSS, pH
or TA (Table 1). However, TSS was negatively correlated with increasing yield and Ravaz Index,
indicating that there was some difference between treatments on vine balance.
The differences in vine growth were observed in part through the increase in fruit yield and canopy size
between the treatments. However, multivariate statistics will need to be used in analyzing these data
further to better understand the vine growth, fruit production and vine nutrition components of this
study. These analyses are currently underway in 2012.
Determine the effect of cover crop management on vine nutrition.
The increase in vine growth is likely related to the nutritive impacts of the various cover crop
management treatments. Data was collected on leaf chlorophyll (estimation through SPAD) at bloom and
véraison. Also, leaf and petiole samples were collected at bloom and véraison for macro and
micronutrient analysis. Leaf blade N at bloom differed by treatment with Mulch 3 having the highest leaf
blade N while the lowest was in remove (Table 2). There were no differences in leaf N at véraison, but
this may be due to increase biomass production in mulched treatments, thereby reducing the total
concentration as read by the analysis. Leaf chlorophyll as estimated by SPAD was highest in the mulched
treatments at both bloom and véraison time points. Mulch3 had the highest boron and potassium levels
in bloom petiole samples compared to all other treatments.
Véraison leaf blade N is highly correlated to fruit YAN at harvest. While there were no differences in YAN
by treatment, the trend with higher YAN and véraison leaf blade N in mulched treatments suggest that
these treatments likely have higher tissue N which is increasing total biomass production. However,
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multivariate analyses and principal component analyses are being conducted to better understand how all
these components result in increased vine growth and development with these cover crop management
treatments.
Evaluate weed coverage in vine rows and in alleyways.
Weed coverage was analyzed within this study from 2009 to 2010. Vine row weed coverage and densities
were lower in treatments with residue mulch at each sampling date in 2009 and 2010 with nearly 100%
in-row weed suppression by the heavier mulch treatment. Alleyway weed coverage was lowest when
residue was incorporated, and highest in the unplanted treatment at some sampling dates. Grass weed
densities in alleyways were similar between treatments at all sampling dates. Results of this study
indicate that in-row mulch of cover crop residues at fresh weight densities of 2.5-15.0 kg/m2 provided
effective weed control in a non-irrigated vineyard in western Oregon. Also, alleyway weed coverage may
be reduced through incorporation of mowed cover crop residues.
The results of the weed control component of this study were completed in 2009 and 2010. One
manuscript documenting the results of this work was published in April 2011 in HortTechnology (refer to
section 5 below).
Evaluate the effects of alleyway cover crop management on soil moisture and rooting patterns of young
vines.
Root sampling was conducted at véraison in 2011. Samples were processed and analyzed in fall 2011
through winter 2012. Data is still being analyzed at this time. However, preliminary data suggests that
root density differences were becoming less apparent as the vines began to establish further. Root
density data collected in fall 2010 indicated that mulched treatments (Mulch 1 and Mulch 3) had greater
root densities in-row than in alleyways, while the unplanted (UN) and mow and remove (Remove)
treatments had similar root densities in-row and in alleyways. The heaviest mulch (MS3) resulted in the
highest root density at the 0-60 cm depth; this is likely due to the greater soil moisture (Figure 2) and
possibly lower compaction (Figure 3).
Soil moisture was conserved with the mulching treatments, Mulch 1 and Mulch 3 in 2011. The soil
moisture was different by treatments for all dates of data collection with the exception of June 7, 2011.
Although soil moisture differences were found, there were no differences by treatment for midday stem
water potential. Furthermore, mean readings never approached a level indicating vine stress (1.2 MPa).
The increased soil moisture in the mulched treatments may explain the increased growth responses in
roots and vine growth. Increased soil moisture allows for potential increased nutrient availability as well.
Soil compaction down to 23 cm was also reduced in mulch treatments (Figure 3), and this may be due to
the soil moisture difference. Soil temperature measured in 2011 was moderated by the mulch treatments
at the 10 cm depth with 4.6 deg C cooler temperatues in mulched than unmulched treatments
(P=0.034). This temperature difference was localized and was not different at the 20 cm depth.
Differences in temperature as a result of mulches may have a role in vine growth differences and/or
nutrient breakdown over time. However, further temperature measures would need to be taken to fully
understand the temperature effect.
Reasons why goals and objectives were not met (when applicable):
There were no objectives that have not been met at this time. However, we wanted to continue the
treatments into 2012, but there was difficulty seeding the cover crop and obtaining a solid stand of
cover during fall of 2011. Therefore, we were not able to repeat the treatments for the final year of the
study (2012). We took this final year to gather data on legacy effects from the repeated treatments
applied in 2009, 2010 and 2011.
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Charts, Graphs and/or Diagrams:

Figure 1. Shoot growth as measured by primary shoot length from June 22 to August 11, 2011. Mean
(+SE) are shown; *P<0.05, **P<0.01.

Figure 2. Volumetric soil moisture in the top 30 cm of the soil profile (mean +SE) in the vine row. The
mulch treatments had the highest soil moisture at all dates during 2011 with the exception of the first
measurement date of 6/7/2011.
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Figure 3. Soil resistance in the vine row on July 11, 2011. Means (+SE) are presented; *P<0.05,
**P,0.01, n.s. – not significant at P>0.05.

Table 1. Vine size and fruit composition of V. vinifera L ‘Chardonnay’ in 2011.

Treatment
Unplanted
Incorporate
Remove
Mulch 1
Mulch 3
P

Leaf
area/vine
(m2)a

Yield
(T/A)

Ravaz

Dormant
pruning
wt (kg)

Cluster
wt (g)

Berry wt
(g)

TSS
(°Brix)

pH

TA
(g/L)

YAN
(mg/L)

1.9
1.8
2.0
2.4
2.1
n.s.

5.7
5.6
5.5
6.2
6.6
n.s.

1.25
1.30
1.33
1.31
1.22
n.s.

3.4
3.2
3.0
3.5
4.0
n.s.

191
197
163
199
211
n.s.

1.1
1.1
1.0
1.1
1.0
n.s.

19.2
18.9
19.6
19.7
18.8
n.s.

3.15
3.15
3.12
3.15
3.15
n.s.

10.7
11.1
10.7
10.5
11.4
n.s.

163
196
181
214
230
n.s.

a

leaf area was quantified at véraison.
n.s. – not significant at α=0.05.
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Table 2. Leaf chlorophyll (SPAD) and leaf blade N of V. vinifera L ‘Chardonnay’ grapevines
during 2011
Bloom
Véraison
Bloom leaf N
Véraison leaf N
SPAD
SPAD
(%)
(%)
Unplanted
37.4 ab
32.9 b
3.6 ab
2.5
Incorporate
36.7 b
34.6 ab
3.5 ab
2.6
Remove
37.6 ab
33.3 b
3.4 b
2.5
Mulch 1
39.3 a
34.9 ab
3.6 ab
2.5
Mulch 3
39.3 a
37.2 a
3.7 a
2.6
P
0.0028
0.0054
0.0013
n.s.
Different letters indicate a difference by Tukey HSD mean separation at the
P-level shown; n.s- not significant at P>0.05.

Potential Significance to Industry:
This trial will help us identify alternative vineyard floor management practices that can be used in
vineyards of cool climate grape growing regions. Since this project has been started from the beginning
of planting, continuation of this work from the establishment years (1-3) and into production years (45+) allows for quantification of the impacts of these management methods over time. This will help
determine whether these management practices allow for hastened development and production with
fewer fertilizer and herbicide inputs and conservation of soil water. Also, these management practices
may be well suited for organic and sustainable farming programs where chemical inputs are restricted.
Through this work, we have shown that vines can be dry-farmed without irrigation in this manner, and
that there are data to support increased vine development with mulching practices. Further years of
this project will validate these initial findings. It is estimated that there can be significant cost savings
for the grape grower, including $82/acre/year savings in herbicide use, $75/acre/years 1-3 savings in
fertilizers, and $3300/acre savings in initial irrigation system costs.
The biomass generated from the cover crop for the in-row mulch resulted in a range of 1.0-2.0
tons/acre in Mulch1 and 3.2-6.0 tons/acre in Mulch3, differing with growth in a given year. Growers
who wish to mulch their grapevines currently may purchase straw at a cost of $50-100/ton or more,
depending on quality of the straw. To obtain 2-6 tons/acre of mulch would cost the grower at minimum
$100-300/acre in mulch costs, not including application to the vine rows. Furthermore, straw has
higher carbon content than our cover crop mulch and does not provide the same nutritional content,
such as nitrogen, provided by clover in our trial. Straws may also contain weed seeds that can be
introduced into the vineyard system and increase weed management costs. Therefore, mulching with a
vineyard-grown cover crop reduces costs in comparison to purchasing off-farm mulches.
Other Funding Sources that you have applied to for this project:
There are no current proposals pending for this work. However, another project related to this trial has
been submitted to the Viticulture Consortium-West by co-PI Schreiner in 2010 and received funding for
one year to investigate mychorrizal fungi populations on roots.
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Effects of Cluster Zone Leaf Removal on Norisoprenoids of Pinot Noir Fruit
and Wine, Part 1: Canopy Microclimate and Fruit Quality
Patricia Skinkis, OSU
Cooperators: Michael Qian, OSU

Objectives:
1.
Evaluate how crop/canopy manipulation of leaf area to fruit ratio impacts vine growth and
berry ripening.
2.
Evaluate impacts of crop thinning and leaf pulling on fruit composition at harvest.
3.
Determine norisoprenoid concentration of fruit in relationship to canopy manipulation
practices.
4.
Evaluate sensory results of wines produced from crop thinning/leaf pulling treatments.
Methods and Materials:
Crop load trial. This trial is being conducted at Stoller Vineyard, Dayton, OR. The vineyard blocks being
used for 2011 and 2012 were planted in 1998 to Vitis vinifera L. ‘Pinot Noir’ clone 115 grafted to 3309C
rootstock at a planting density of 1245 vines/acre (1.5 x 2.1 m/vine). In 2010, a different trial block
was used at the same vineyard (15 year old clone 115 PN grafted to 3309). However, due to issues
with lack of yield, and labor management issues in 2010, we moved to a more consistent yielding block
that is more visible by the vineyard manager to avoid treatment losses for 2011 and 2012. A 2x4
factorial experimental design is being used to compare two crop thinning intensities (moderate thinning
(MT) and severe thinning (ST)) at four stages of phenology (pre-bloom, fruit set, lag phase and
véraison). Moderate thinning is defined as thinning to 1 cluster per shoot, and severe thinning is
defined as 1 cluster per every 2 shoots, achieved by a manual thinning scheme of 1-0-1-0. These
treatments will be compared to a full crop treatment (control) where no clusters are removed. Full crop
level on these vines was approximately 1.5 clusters per shoot. For thinning treatments, the basal
cluster is retained on the vine of crop thinned treatments. Each treatment is replicated five times in a
randomized complete block design. There are 8 vines per plot. Wings were removed from clusters of
the MT and ST treatments at the time that they were thinned. A second set of control vines (full crop)
will have all clusters remaining on the vine but the wings on each cluster will be removed at the peasized stage and will serve as a “non-wing” control. This will be used to compare against other
treatments and between the full crop (control) treatment. Vines are managed with standard practices
for the region (hedging, leaf pulling, pest management, etc.) performed by the grower collaborator
with the exception of cluster thinning which is conducted by the PI’s research team.

Leaf pull trial. A second experiment is being conducted to quantify the impacts of cluster zone leaf
removal on fruit quality. Here, three leaf removal treatments (100%, 50% and 0% leaf removal in the
cluster zone) in a randomized complete block design are imposed on VSP-trained Pinot Noir. The trial
was conducted at the same vineyard site as the crop load trial in 2010, but to better maintain the
study, the trial was moved to a OSU’s Woodhall Research Vineyard in Alpine, OR for the study in 2011
and 2012. The vineyard was planted in 2006 to Pommard clone Pinot Noir grafted to 101-14 rootstock.
The vines are planted at a density of 1815 vines/acre. Leaf pull treatments are imposed on 6 vines per
plot (2011-2012) and replicated across 5 blocks. Leaves are removed at the pea-sized stage.
Treatments with 50% leaf removal have leaves removed from alternating nodes from the base of the
shoot to the node just above the upper-most cluster. The 100% leaf removal treatments have all
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leaves removed from the base of the shoot to the node just above the upper-most cluster, and the 0%
(None) have no leaves removed in the cluster zone for the duration of the season. An industry
standard treatment is also used in this study (2011 and 2012) where leaves are pulled on the morningsun side of the canopy (East) at the pea-size stage. Previous research within our program indicates
that there is no sun-burning with 100% cluster zone leaf removal in VSP-trained Pinot Noir in the
Willamette Valley when removed at this stage. Vines will have the normal thinning regime (1.5 clusters
per shoot) and all other standard management practices for the region performed.

Vine growth measurements. Various measures are taken to compare vine growth between crop
thinning and leaf pulling treatments, including shoot length, leaf area, canopy density, vine yields and
pruning weight.

Crop load trial. Shoot lengths are measured weekly on 5 shoots per plot from bud break through
hedging. This is to determine if there are changes in growth rate early in the season as a result of
differences that may be present in carbohydrate and nutrient reserves due to crop level. To determine
the impacts of crop level on canopy size, leaf area is measured on three vines per plot at bloom and
véraison using a non-destructive method utilizing a calibrated leaf area template to quantify leaf area
per shoot multiplied by shoot number per vine. Since high vine vigor is common, growers often hope
that leaving fruit on the vine longer into the season will hold back vine vigor; however, the hypothesis
is that vine growth is not decreased with later crop thinning or higher crop levels due to the conditions
of western Oregon that are inherently conducive to vine growth. To further test this hypothesis,
canopy density in terms of leaf area index is measured using a ceptometer (Decagon, Pullman, WA).
We hypothesize that crop yields that are out of balance (too high or too low) will alter storage
carbohydrates in vines and lead to reduced canopy growth and pruning weights. To test this
hypothesis, pruning weights and cane weights are measured during the dormant season to determine
changes in vine size biomass gain. From véraison to harvest, fruit samples are collected and cluster
weight, berries per cluster and berry weight are quantified on a 5-cluster sample collected per plot
during ripening and 7 cluster sample per plot at harvest. Whole vine yield is quantified on four vines
per plot. The yield and pruning weights for each treatment are used to calculate the Ravaz Index, a
measure of vine balance. The Ravaz index will be correlated with fruit composition data, and ultimately
we hope to better define what the target Ravaz Index should be for quality wine production in the
PNW.
Leaf pull trial. Leaf area is measured at the time of leaf pulling and during véraison to determine
differences in the leaf area to fruit ratio. Leaf area index will also be quantified during véraison as
outlined above for the crop load trial. The cluster zone microclimate will be assessed for total sunlight
at 10 am, noon and 2 pm on the E and W exposure of the canopy at the cluster zone. These data will
be statistically analyzed to determine relationships between microclimate and fruit composition. During
ripening and at harvest, fruit samples are collected and cluster weight, berries per cluster and berry
weight are quantified on 7 clusters per plot. At harvest, whole vine yield is quantified on three vines
per treatment replicate. During the dormant period, vine pruning weight and cane weight are
quantified to determine if leaf pulling at the various levels (0%, 50% and 100% in the cluster zone) is
changing the overall vine size and vigor.

Fruit composition. The following methods are being used for both the leaf pull and crop load trials to
quantify fruit composition and quality. During the ripening phase of both trials, fruit is sampled and
analyzed for basic maturity advancement, including total soluble solids (TSS), pH and titratable acidity.
Samples are collected from designated sampling vines so as not to impair the crop level at harvest on
vines in the crop load trial. Since both trials are conducted in a commercial vineyard and must adhere
to a harvest schedule, fruit from all treatments are harvested the same day, once commercially
acceptable SS, pH and TA levels are reached. At harvest, all vines reserved for the harvest yields and
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sampling within the experimental plot are harvested, counted and weighted to obtain yield and cluster
counts. Must analysis is conducted on fruit collected from each plot. Treatment plots are harvested
separately and consist of a 7-cluster sample. Samples are processed immediately to measure TSS, pH
and titratable acidity (TA). A second 7-cluster sample is harvested and frozen at -80 °C until analysis
for total anthocyanins, phenolics, tannins, and aroma analysis through GC/MS. Juice processed
immediately after harvest is frozen and stored at -20°F until analysis for yeast available nitrogen
concentration (YAN); this analysis is used for the crop load but not the leaf pull trial as it is likely that
crop level may be more important than leaf pulling in affecting YAN. Yeast available nitrogen
concentrations of fruit are determined with an enzymatic assay for ammonia (r-Biopharm, Germany),
and the NOPA assay for primary amines. Fruit is analyzed for whole berry skin polyphenol and
anthocyanin concentration using the Folin-Ciocalteau (Waterhouse 2002) and the pH-differential (Lee
et al. 2005) methods, respectively. Tannin assays are also being performed on whole berry extracts
following the Methyl-Cellulose Precipitation (MCP, Mercurio et al. 2007) method. Fruit samples from
severely thinned, moderately thinned, and full crop vines from selected time points (fruit set, lag phase
and véraison) are to be submitted to the Qian Lab for GC-MS analysis of norisoprenoids as outlined in
the related proposal: Effects of Cluster Zone Leaf Removal on Norisoprenoids of Pinot Noir Fruit and
Wine Part 2. Grape Composition and Wine Aroma.
Wine will be made from select vineyard treatments for wine norisoprenoid analysis though the Skinkis
and Qian Labs. Wines are being produced starting in year 2. Fruit from the crop load plots were pooled
by early and late season fruit thinning treatments and compared to full crop treatments. These
treatments were pooled based on the data collected in the vineyard and the results observed in 2010
and 2012.
Statistical analysis of preliminary data is conducted using general linear models and mixed procedures
of analysis of variance for parametric data and Kruskal-Wallis for non-parametric data as appropriate.
Correlation and regression methods are also used as appropriate. All statistical analysis was conducted
with SAS 9.2 statistical software.
Accomplishments / Progress Report:
This report focuses on the results of Year 2 of the study (2011) and relevant data from Year 1 (2010)
that are important for project summarization. This project will continue through 2012.
Objective 1: Evaluate how crop/canopy manipulation of leaf area to fruit ratio impacts vine growth and
berry ripening.
The crop thinning treatments resulted in differences in total yield by 38 to 40% in moderately thinned
treatments and 64 to 70% in severely thinned treatments as compared to full yield control vines in
2010 and 2011 (Table 1). Because there were differences in fruit set between years, the final yield per
treatment was vastly different between the two years, and the crop levels had very different effects in
2010 compared to 2011.
Crop thinning conduced pre-bloom did not result in increased canopy growth as compared to vines that
were not thinned. There were no differences in vine shoot length, leaf area, pruning weight or other
vine growth metrics compared to control vines in year 1 and 2. Also, there were no differences in total
lateral shoot number or length between treatments. Leaf areas measured at véraison show no
differences in vine canopy size and canopy density with any level of crop thinning or timing of crop
thinning in Year 1 or 2 (Table 1). All treatments had ample leaf area to support the fruit at 4.8 to 5.4
m2 leaf area/vine. Data from 2010 and 2011 indicate that having heavier yields on the vines did not
reduce vine vegetative growth. Also, given that there was similar leaf area across treatments, the
reduction in fruit yield with crop thinning treatments resulted in a clear shift in vine balance (Table 1).
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Published vine balance metrics for leaf area to yield in warmer climates have been determined to be
0.8 to 1.2 m2/kg, and results of years 1 and 2 indicate that vines in our trials have much higher leaf
area to fruit ratios, ranging from 0.95 to 2.81 m2/kg in 2011 (Table 1) and even higher differences in
2010 (5.1 to 7.1 m2/kg). This shift in vine balance with crop thinning resulted in differences in total
soluble solids, anthocyanins and tannins in Year 2 (see objective 2), but there were no differences
found in Year 1 when yields were nearly 50% of the total achieved in all treatments in 2012.
Data from Year 1 and 2 combined suggest that the crop level naturally set by the vine (full crop) is not
limiting vine growth, even in a heavy fruit set year where high yields are achieved. With consistent high
yields, it may be possible to reduce vine size, but given the relatively low yields of Pinot Noir without
crop thinning, it is hard to believe that these vines are over-cropped for the given canopy.
Leaf pulling treatments removed different amounts of leaves per shoot, based on the intensity of leaf
pulling (Table 2). While leaf area removed from the vines differed (14-25%), the leaf area that
remained was sufficient to support canopy growth and fruit development. Leaf area as quantified at
véraison was not different by treatment (Table 1), and dormant pruning weights also did not differ,
suggesting that adequate canopy remained on the vine to support both canopy and fruit. Leaf removal
in that targeted cluster zone increased sunlight exposure of clusters (Table 2, Figure 4). Fully exposed
clusters (100% leaf removal) had higher sunlight exposure at 10 AM and 2 PM than those with 50%
and 0% leaf removal in the cluster zone.
At harvest, cluster weight and berry weight were assessed for both the crop load and leaf pull studies.
There were no major differences in fruit set, cluster weight or berry number per cluster based on
timing or intensity of crop thinning in the crop load trial. In 2011, there was a berry weight difference
from 1.12 to 1.24 g per berry, but the difference was not clear as to the timing of cluster thinning and
was not associated with berry size compensation due to earlier crop thinning. Data indicates that crop
thinning early in the berry development stages (pre-bloom or fruit set) does not cause increased fruit
set nor berry size increases which has been found in other studies. Winemakers desire small berry size
for high skin to pulp ratio and increased intensity of wine quality components, and crop thinning early
should not result in significant berry size increase in the situation observed in this study. This may be
due in part to the fact that there are adequate carbon, nutrient and water resources available to vines
and carbon competition is not a concern in these vines.
Cluster zone leaf removal should not result in any decrease in fruit set since it was done post-bloom,
and there was no decrease in berry number per cluster. Also, the increased exposure between 0% and
100% cluster zone leaf removal did not result in sunburned fruit or reduced berry weight through
desiccation.
Objective 2: Evaluate impacts of crop thinning and leaf pulling on fruit composition at harvest.
At harvest 2010, there were no differences in TSS, pH or TA of fruit based on timing or intensity of
crop removal, and crop thinning from 3.1 in full yield vines to 1.6 T/acre in severely thinned vines did
not result in any appreciable changes in fruit composition. There were some differences in phenolics
and tannins with moderate thinning having the highest phenolics compared to full yield and severely
thinned treatments. Tannins were highest only in the pre-bloom treatment. There were no differences
in anthocyanins as we anticipated, but the lack of differences in fruit composition was likely related to
the already low yields on these vines. Vine size, yield, and Ravaz Index were not related to any fruit
quality parameters when statistically analyzed in 2010. Higher fruit set in the block used in 2011
resulted in larger cluster size and yield in 2011. This allowed a greater range of crop yield from 7.5
T/acre in full yielding vines down to 2.7 T/acre in the most severe thinning treatments. When
comparing full yield vines to thinned vines, there was a 1.2 °Brix differences in total soluble solids at
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harvest, but 3.2 T/acre of fruit was removed to achieve this difference. There were no additional
increases in sugars with further crop thinning from 4.3 tons/acre (1.4 lb/ft) in moderate thinning down
to 2.7 tons/acre (0.9 lb/ft) in severe thinned treatments, a difference of 1.7 T/acre. Vine balance
(Ravaz Index) was negatively correlated with total soluble solids where heavier yields (higher Ravaz)
resulted in lower TSS (Figure 1). The Ravaz Index found for all crop levels in 2011 was well below the
published range considered optimum for winegrape production (5 to 10) at 3.5 or lower. When
comparing leaf area to fruit weight ratios to TSS through regression analysis, a quadratic relationship
was identified (Figure 2). As leaf area increased per weight of fruit, there was an increase in sugars;
however, there was an inflection point at 2.25 to 3.25 m2/kg. This leaf area per weight of fruit is also
higher than the reported optimum in other literature for winegrapes from 0.8 to 1.2 m2/kg. The one
fruit quality component that increased with decreasing yields, down to the lowest crop level, was
anthocyanin concentration (Figure 3). Other fruit composition changes that occurred in 2011 were as
follows: a) TSS was higher in the lag and véraison thinning treatments compared to the pre-bloom
thinning; b) pH was lower in unthinned treatments compared to thinned treatments (thinned pH= 3.35
and unthinned pH= 3.25), c) titratable acidity was higher in unthinned compared to thinned treatments
by 0.4 g/L and was lowest in the later season thinning compared to early season thinning, and d)
tannins were affected by timing and intensity with lowest crop levels having the highest whole berry
tannins. The influence of timing of thinning on tannins was unclear and will be investigated in the
future. There were no differences in yeast assimilable nitrogen of fruit with any crop level in either year
of the study. Further years of research will help validate these yield-quality relationships, especially
given differences in seasons which can affect fruit yields, development and ripening. It is clear from
this work that vine balance metrics for quality Pinot Noir production differ greatly from published
literature from warmer climates and heavier yielding cultivars.
Increasing the intensity of leaf removal at pea-size stage did not delay the ripening of grapes. Fruit
samples from 2010 show no clear differences in berry composition and all leaf pull treatments were of
the same maturity at harvest in 2011 (TSS= 19.8°Brix, pH=3.04, and TA=10.0 g/L). There were no
differences in total phenolics or total anthocyanins despite increased sunlight exposure of the fruit with
increased leaf removal (Table 3). However, there were differences observed in total tannins, but leaf
pull intensity did not seem to be playing the role in this increase. This is interesting data as leaf pulling
is thought to lead to increases in anthocyanins and tannins, particularly in a cool season as observed in
2010 and 2011. Further analysis of aroma compounds may result in more interesting fruit quality
differences.
Objective 3: Determine norisoprenoid concentration of fruit in relationship to canopy manipulation
practices.
Fruit samples from severely thinned, moderately thinned and full yield vines were analyzed for basic
maturity (TSS, pH and TA) as well as total phenolics, tannins and anthocyanins as outlined in Objective
2. However, based on limitations of funding and time, only samples from selected treatments were
submitted to the Qian Lab for analysis of norisoprenoids as outlined in the related proposal: Effects of
Cluster Zone Leaf Removal on Norisoprenoids of Pinot Noir Fruit and Wine Part 2. Grape Composition
and Wine Aroma. Fruit samples from the 2010 and 2011 harvests were analyzed by the Qian Lab. Dr.
Qian will report on his findings in the project report for part II of this study.
Objective 4: Evaluate sensory results of wines produced from crop thinning/leaf pulling treatments.
Wines from research plots were made by the Skinkis Lab in 2011. To achieve enough wine for
production, treatments were pooled for production between the early crop thinning treatments (prebloom and fruit set) and late crop thinning (lag and véraison) for both moderate and severe thinning.
These two crop level wines will be compared to control (full crop) wines. These wines are pending
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sensory analysis in 2012, and wines will also be used for aroma analysis by the Qian Lab. Wines were
made by the Qian Lab from treatments in the leaf pull trial during 2011. These treatments plots were
pooled to make single wine lots per treatment. These wines were used for GCMS aroma analysis and
lots were too small to produce wines for sensory analysis.
Reasons why goals and objectives were not met (when applicable):
Upon the first year’s reporting, we articulated the redirection of the original proposal objectives to
make best use of grant budgets as well as better design research to target critical needs in
understanding vine balance for fruit quality in Oregon. We focused on trials to address adjustment of
fruit level and canopy level to understand vine balance. Since making these changes, we selected
better suited vineyard blocks for 2011 and 2012 (see Materials and Methods), and we were able to
successfully conduct the studies which resulted in sound data by which to better understand vine
balance, yield management and the impacts on fruit ripening and composition at harvest.
Charts, Graphs and/or Diagrams:
Crop Load Trial Tables and Figures

Table 1. Vine canopy size, fruit yield, and vine balance with different cropping levels in 2011.
Yield/vine
(kg)

Leaves/shoot

Vine leaf
area (m2)

Leaf area:yield
(m2/kg)

Treatment
Intensity of
3.15 a
27
4.93
1.59 b
Moderate
thinning
1.94 b
28
5.31
2.81 a
Severe
Intensity
<0.0001
n.s.
n.s.
<0.0001
2.71
29
5.34
2.12
Pre-bloom
Timing of
2.59
27
4.88
2.08
Fruit set
thinning
2.56
26
4.85
2.07
Lag phase
2.33
28
5.40
2.54
Véraison
Timing
n.s.
n.s.
n.s.
n.s.
Intensity x Timing
n.s.
n.s.
n.s.
n.s.
Control
5.33
28
5.03
0.95
Unthinned
Intensity
<0.0001
n.s.
n.s.
<0.0001
Timing
<0.0001
n.s.
n.s.
<0.0001
Values represent means. Mean separation by Tukey's honestly significant difference test.; n.s.
indicates not significant at p<0.05; n.d. indicates not determined.
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Figure 1. Total soluble solids (TSS) as a function of Ravaz index (yield/pruning weight) in 2011.
Regression analysis indicated a linear relationship demonstrated by the equation y=-0.5562x+21.379
(R2=0.50072, p<0.0001).

Figure 2. Total soluble solids (TSS) as a function of leaf area to yield ratio in 2011. Regression
analysis indicated a quadratic relationship which was fitted to the data: y= -0.2835x2+1.6486x+18.45
(R2=0.45606, p<0.0001)
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Figure 3. Effect of vine yield on anthocyanin concentration (mg/g) in 2011. Regression analysis
indicated a linear relationship fitted by the equation y=-0.039x+0.7052 (R2=0.2663, p<0.0001).

Leaf Pull Trial Tables & Figures

Table 2. The effect of leaf removal on amount of leaf area and canopy density, 2011

Leaf area
Leaf area
Leaf
Ambient
# Leaves
after leaf
at
area
light at
removed % of Total leaf
removal
véraison index at véraison
Treatment
per shoot
area removed
(m2)
(m2)
véraison
(%)
None
0d
0 c
3.1
4.2
3.9 a
14 b
Industry standard
4c
14 b
3.1
3.6
2.6 b
27 ab
50% removal
6b
16 b
2.9
3.5
3.3 ab
19 ab
100% removal
8a
25 a
2.7
3.6
2.6 b
30 a
P
<0.0001
<0.0001
n.s.
n.s.
0.0077
0.0428
Means presented with separation by Tukey's HSD test where P<0.05. n.s. = not significant
(P>0.05). None - no leaf removal; Industry standard - leaf removal on morning-sun side only at
pea-size berry stage; 50% removal - half of all leaves in cluster zone removed; 100% removal all leaves in clusters zone removed. Ambient light was measured in the cluster zone at solar noon
during véraison.
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Figure 4. Percent of ambient light measured at 2 PM in the cluster zone of treatments of
various levels of cluster zone leaf removal. IS=industry standard where leaves are removed on
the eastern side of the canopies only.

Table 3. Berry composition at harvest for fruit from vines with various levels of cluster zone leaf
removal, 2010 and 2011.
Total
Anthocyanin Total Phenolics
Tannin
Year
Treatment
(mg/g)
(mg/g)
(mg/g)
None
0.46
5.2
4.0
2010
50% removed
0.52
5.5
4.3
Vineyard
100% removed
0.49
5.6
4.6
1
P
n.s.
n.s.
n.s.
None
0.53
6.7
5.3 ab
Industry standard
0.56
6.8
6.4 a
2011
Vineyard
50% removed
0.57
6.5
5.5 ab
2
100% removed
0.54
6.6
5.0 b
P
n.s.
n.s.
0.0126
Means presented of concentration of whole berry homogenate. Different letters
indicate difference by treatment using Tukey HSD mean separation when
P<0.05.; n.s.-not significant (P>0.05). None-no leaf removal; 50% removed half of cluster zone leaves removed; 100% removed - all leaves removed in the
cluster zone; Industry standard - morning-sun side leaf removal at pea-size
stage.
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Potential Significance to Industry:
The results of these experiments will be used to fine tune crop thinning and leaf pulling practices for
Oregon Pinot Noir production. Growers have concerns over the amount of crop thinning that they are
currently conducting to reach target yields set forth by buyer (winery) contracts, and they need more
information to help them better understand which yields can be maintained while also preserving
quality. Pinot Noir producers in Oregon are spending $540/acre for crop thinning and remove anywhere
from 25-50% of total yields through multiple passes by vineyard crews. Target yields for Oregon Pinot
Noir are based on set criteria for Oregon (2 to 2.5 tons/acre) that is not sound across all vineyard
locations given different vine spacing, training systems, climates, etc. This is the most costly vineyard
production practice for Oregon producers. By identifying adequate timing of thinning and appropriate
crop levels, crop thinning may be reduced. Currently, one industry member who is part of the project
PI’s industry advisory board, has implemented a pre-bloom cluster thinning to one cluster per shoot
and removed the wings at that time. He estimates 50% reduction in crop thinning and leaf pulling
costs by doing flower thinning combined with cluster zone leaf removal, and it takes 35 man hours per
acre to complete. Other canopy management costs in Oregon include shoot thinning, shoot positioning,
hedging and leaf pulling. If we can show benefits of reduced vine vigor with competitive sinks (fruit),
there may be justification for modifying crop thinning practices in efforts to achieve some vigor
reduction and reduced inputs into hedging, etc. Also, if we find that we can support higher yields
without compromising quality, this will increase profits per acre and help vineyard and winery
production efficiency over time.
Leaf pulling is also a key management practice used by Oregon growers; they spend $270/acre on
manual leaf pulling. This practice is often conducted conservatively to avoid sunburn. However,
growers are also trying to increase ripeness, aromas and color in fruit in high density vineyards and
cool seasons, so increased leaf removal may be beneficial to fruit quality. From this research, we have
found that increased leaf pulling intensity in the cluster zone has not caused sunburn, and there is no
delay in fruit ripening with leaf pulling. Fruit polyphenolic composition at harvest has been effected only
to a minor degree, but there are increases in aroma composition.
Through manipulating the canopy and fruit levels, we hope to understand the adequate leaf area/fruit
and yield/pruning weight ratios for identifying vine balance for quality Pinot Noir production. Through
this project and that of the related project co-PI, Dr. Micheal Qian, we will be able to relate these
management practices to fruit anthocyanins, phenolics and tannins as well as fruit aromatic qualities by
quantifying norisoprenoids and other aroma compounds that are most important for Pinot Noir. If
growers are able to reduce crop thinning or modify their canopy management costs while maintaining
quality through altered grape composition, they may be able to have significant cost savings per acre.
The first years of this trial indicate that even in a cool seasons, severely restricting crop level does not
hasten ripening to an appreciable degree. When yields are already low in low fruit set years, crop
thinning may not do more than reduce yields and potential profit rather than increase fruit quality.
Better metrics need to be considered to determine how and why to leaf pull and crop thin rather than
prescribing industry convention that defines quality through low yields.
Other Funding Sources that you have applied to for this project:
No additional funding sources have been sought for this project. However, start-up funding for this trial
was provided in 2009 by the Oregon Agricultural Research Foundation.
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Weed, Water, and Nutrient Management Practices for Organic Blackberry
Production
Bernadine Strik, Professor, OSU & David Bryla, USDA-ARS
Cooperators: Gil Buller, NWREC/OSU; Emily Vollmer, Research Assistant, Horticulture; Yanyun Zhao
and Mark Daeschel, OSU; Chad Finn, USDA-ARS; & Eric Pond, AgriCare Inc.

Objectives:
The objectives of this study are to develop best irrigation and fertigation practices and weed
management systems in organic ‘Marion’ and ‘Black Diamond’ machine-harvested for processing.
Specifically:
1) develop weed management systems and determine the impact of in-row weed presence on
plant growth, machine harvest efficiency, and fruit quality;
2) study impact of machine-harvest for procession on ‘Marion’ and ‘Black Diamond’ yield, quality,
and cost of production;
3) evaluate the incidence of cane disease (purple blotch and septoria);
4) develop best fertigation practices for application of organic fertilizers; and
5) determine the water requirements of ‘Marion’ and ‘Black Diamond’ blackberry and identify the
effects of post-harvest irrigation on primocane growth, bud set, weed development, incidence
of frost and disease damage, and flower and fruit production in each cultivar.
Methods and Materials:
A new planting was established on certified organic land at the NWREC in spring 2010. Treatments are
arranged in a split-split-plot design with five replicates: 1) cultivar (Marion and Black Diamond); 2)
irrigation strategy (post-harvest {April-Sept.} and no post-harvest {April-July} irrigation); 3) weed
management practice (weed mat, hand-weed, and weedy “control”); and 4) primocane training date
(August and February in EY). Each treatment plot consists of one row of four plants spaced 5 x 10 ft
apart. Treatment plots are separated by 5 ft to allow clearing of the machine harvester between plots.
Plants are drip irrigated and fertigated (hydrolyzed fish). Plant water status (leaf water potential) is
being measured. Irrigation is being controlled and metered separately for cultivar, post-harvest
irrigation, and weed management treatments. Soil water content is being monitored. Tissue (leaf) and
soil samples are being collected to determine plant and soil nutrient status. We will examine root
characteristics of the cultivars in order to predict their inherent effectiveness at acquiring water and
nutrients from soil under the different weed management and irrigation treatments. Root development
is being monitored nondestructively using minirhizotrons near the plants. Weed pressure is being
evaluated by rating percentage of weed coverage per plot, general weed species presence, and
average weed height. Weeds are being hoed, as required, in the "hand-weed" treatment and in holes
around plants in the weed mat treatment. Weed mat was placed on treatment plots before planting.
Primocanes were trained as they grew in 2011. Fruit will be machine-harvested each year following,
starting in 2012. Data will be collected on total marketable yield, berry weight, and a rating of harvest
contaminants on each harvest date; percent of total yield per harvest will be calculated to evaluate
treatment effects on fruiting season. Machine harvested fruit will be sub-sampled on each harvest date
to determine the level and type of abiotic (e.g. thorns and plant debris) and insect contaminants.
Machine-harvest efficiency will be evaluated by sub-sampling ground losses. Floricanes will be pruned
out near the end of August each year after harvest. Yield component data will be measured at time of
caning out, including total cane length, average lateral length, and fruiting sites per lateral. Treatment
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effects on the incidence of purple blotch and septoria cane disease will be evaluated each spring by
counting lesions on the bottom meter of each cane in the center plant of each plot. In winter, 2011-12,
we will collect data on plant dry weight and nutrient accumulation as affected by treatment.
Accomplishments / Progress Report (comparison of results with original goals):
The planting established well.
Results to date: Cane tissue was collected on 1 March 2011 and again on 24 January 2012. We will
calculate the amount of growth and nutrient uptake as affected by treatment (in progress).
Plant nutrient status was assessed by collecting primocane leaves on 18 August 2011. Few effects of
weed management were observed, however cultivar and year significantly affected most plant
nutrients. We observed yellowing of ‘Marion’ leaves in control plots on 6 July 2011, which we expected
to indicate significant effects of weed management on leaf tissue N. While no significant effects were
observed in August, mean N was lower in ‘Marion’ leaves in control plots. Given the 6 week time lapse
between events, N possibly remobilized before sampling. This year we are sampling floricane leaves (as
well as primocane leaves) to look at the treatment effect on plant nutrient status.
Average primocane length, collected 15 February 2011 and again 24 January 2012, was significantly
affected by cultivar in both years, but was only significantly affected by weed management in 2011. In
2011, average primocane length was significantly greater in “hand weed” plots than “weed mat” plots
(note, at the time of sampling in 2011, there were was no “control” weed management treatment).
On 7 October 2010 and 14 October 2011, soil samples
were collected in a grid pattern to determine the
influence of fertilization on soil nutrient status and pH. A
full soil sample, taken on 7 October 2011, showed a
cultivar effect on soil Mg; soils in ‘Marion’ plots had
significantly less Mg than soils in ‘Black Diamond’ plots.
No weed management effect on soil nutrient status was
found.

Fig. 1

In 2011, average pH tended to decrease with soil
sample depth. Similar trends were observed for pH in
2010 (Fig. 1).
In 2010, there was a location by weed management interaction on soil pH. In 2011, pH only varied
significantly by location (Fig. 2), suggesting that the weed management treatments tested may not
significantly affect pH in established systems.
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Fig. 2
Grid soil sampling pattern
2010 and 2011

Average soil temperature was significantly greater in the weed mat treatment compared to hand weed and control treatments
(Fig. 3). Plants in plots with weed mat required 30% more irrigation than hand weed or control plots. ‘Black Diamond’
consistently had a higher leaf water potential than ‘Marion’, indicating a higher plant water status (Fig. 4).

Fig. 3

Fig. 4

Potential Significance to Industry:
We will have science-based information on the effectiveness of organic weed management techniques,
the importance of post-harvest irrigation, fertigation, and primocane management on processed,
machine-harvested, organic blackberries. We will be able to provide advice on the irrigation
requirements of 'Black Diamond' and 'Marion' throughout the growing season and the impact of weed
presence on plant water status. We will maintain detailed records on costs, yield, and returns, in order
to be able to provide economic cost/benefit analyses. To the best of our knowledge, this will be the
only organic blackberry research study on processed fruit markets in the world.
Other Funding Sources that you have applied to for this project:
Initial funding from the NCSFR (this project) has helped us be successful obtaining federal grants –
OOCR: $29,885 (2009-2010); NIFA-OREI: $2.4 million (2010-2014)
Funding from other sources (OOCR and NIFA are being utilized to expand the project (beyond the
objectives of the NCSFR), including adding fresh market blackberries, fruit nutraceutical properties,
storage or shelf-life, a grower cooperator trial in Oregon, food safety issues, and a duplicate study on
fresh market blackberries in North Carolina.
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Organic Blueberry Production Systems
Bernadine Strik, OSU
Cooperators: David Bryla, USDA-ARS; Dan Sullivan; James Julian; Gil Buller & Emily Vollmer,
Research Assistants; Eric Pond, AgriCare Inc.

Objectives:
The long-term goal of this project is to develop organic production systems for highbush blueberry that
maximize plant growth, yield, and fruit quality; facilitate weed, water and nutrient management; and
provide economic benefit to growers. The objectives of this study are to: 1) evaluate blueberry plant
growth, yield, and quality in various certified-organic production systems in two popular fresh-market
cultivars; 2) determine the effect of raised beds on soil and plant water status and plant growth, and
production; 3) evaluate and continue to develop organic weed management systems in producing
blueberries; and 4) develop and evaluate organic fertilizer treatments to optimize plant growth,
production, and quality
Methods and Materials:
Planting is a split-split plot design (1 acre in size) with treatments listed in abstract.
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371 a
234 b
224 b
255 a
183 b
175 b
401 a
238 b
243 b
203 a
191 b
202 a

327 a
235 b
221 b

2008

Soil & irrigation:
• Weed mat increased soil temperature compared to sawdust mulched plots in
years 1 through 3 and in year 5 once the organic mulches were replenished.
• Percent soil moisture from soil surface to 30 cm deep was maintained in a
suitable range for good plant growth (~24 to 28% in summer) through
careful management of irrigation.
• In years 1 through 3, weed mat plots on raised beds received more than
double the irrigation water as sawdust + compost mulched plots, but in years
4 and 5 there was less difference in irrigation applied (weed mat 15 to 30%
more)
• Compost+sawdust mulched plots had higher soil pH and K and organic
matter. The organic mulches needed replenshing in early 2011 (Table 1).

271 b
280 a
274 ab
3.75 a
3.18 b
3.02 c

Table 1. Effect of mulch in organic production on soil properties in autumn of each year.
pH
Organic Matter
2008
2009
2010
2011
2008
2009
2010
Mulch
5.29 a
4.65 a 3.19 a 4.06 a
Compost+sawdust 5.47 a 5.09 b 5.41 a
5.28 b 5.09 b 5.31 ab
5.17 b
3.59 b 2.81 b 3.56 b
Sawdust
4.78 c 5.36 a
5.21 b
5.20 ab
3.62 b 2.68 c 3.42 c
Weed mat

2008

206 a
204 a
205 a

230 a
223 a
226 a

Yield:

2011

Phosphorus (P)
2009
2010

2011

Potassium (K)
2009
2010

2011

Results & Discussion

Yield data are presented for years 2 (2008; only plants large enough were pruned to
produce a crop) through year 5 (2011).
•

Yield has been greater on raised beds than flat ground (Fig. 1).

Figure 1. Average yield (tons/acre) for raised vs. flat plantings in year 2-5
•

Compost+sawdust and weed mat mulched plots produced greater yield than
those mulched with sawdust in all years except 2011 (Fig. 2).
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Figure 2. Average effect of mulch on yield per acre, years 2-5.

•
•
•
•

‘Duke’ and ‘Liberty’ responded differently to fertilizer source and rate in all years of study to
date (Fig. 3).
In 2008, fertilization with feather meal reduced yield relative to fish, likely because the feather
meal was applied too late to be available.
In 2008-2009, fertilization with the high rate of fish reduced yield in both cultivars.
Recently, ‘Duke’ has had highest yield when fertilized with feather meal.

Figure 3. Average effect of fertilizer rate and source on yield of ‘Duke’ and ‘Liberty’ in years 2-5
Fruit quality:
• Average berry weight was less on weed mat (2.1 g) than on the organic mulches (2.2 g) for
years 2 through 5.
•

Fertilizing with the high rate of fish has reduced berry weight (2.1 g) compared to the other
treatments (2.2 g).

•

‘Duke’ have had heavier berries (2.3 g) than ‘Liberty’ (2.1 g), but when averaged over the 4
years, growing on raised beds has had no impact on berry weight.

•

‘Liberty’ fruit have had higher Brix (15.6) than ‘Duke’ (13.3). Fertilizer source and rate have
affected Brix with low feather meal having the lowest Brix (14.1) and high fish the greatest
(14.7), on average.
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•

‘Duke’ fruit have been firmer (181 g deflection) than ‘Liberty’ (163 g) and those fertilized
with high fish have been more firm (177 g) than those with the low rate of feather (167 g).

Economics: Data were collected from establishment through 2011 on all costs associated with the
various treatments. To date, we have published a research paper on the costs of establishment (year
0 through 3 (2009). Planting costs were $300/acre higher on raised beds than on the flat, but the
higher costs were more than offset by an average of 63% greater yields that improved net returns by
as much as $1,155/acre. The greatest yields were obtained in plants fertilized with the low rate of fish
emulsion or the high rate of feather meal, but fertilizing with fish emulsion by hand cost as much as
$2,050/acre more than feather meal. Mulch type affected establishment costs, weed presence, and
weed management costs. The highest yielding treatment combinations (growing on raised beds
mulched with compost+sawdust and fertilized with fish emulsion) improved cumulative net returns as
much as $7,825/acre over 3 years.
Using information learned from this study and grower input we have developed a blueberry economics
publication for organic production:
Potential Significance to Industry:
We are developing science-based information on the effectiveness of organic weed management
techniques and their costs. We are showing that high rates of fertilizer can decrease yield, even in
organic systems. Growing on raised beds and use of weed mat increases planting irrigation
requirements in the establishment years. Cost of production information now published, and results on
yield progression over time, will help growers make decisions on which, if any, organic production
systems are right for their farm.
Other Funding Sources:
NIFA-OREI and Washington Blueberry Commission, for complementary projects and to help pay hand
harvest costs, respectively.
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Is Timing the Key to Good Fruit Phenolics?
Julie Tarara & Jungmin Lee, USDA-ARS
Cooperators: Patricia Skinkis, OSU

Objectives:
Determine to a finer temporal scale than is now known, the most temperature-sensitive stage(s) of
grape berry development for the accumulation of phenolic compounds
Methods and Materials:
Three potentially temperature-sensitive periods during cluster development will be designated; earlier
stages of cluster development than have been evaluated previously will be targeted. From pre-anthesis
until berries are >7mm diam., cluster temperature will be approximated by thermocouples enrobed by
silicone spheres ("pseudo-berries") spaced along the rachis, a technique that avoids necrosis of
sensitive tissue and produces an acceptable level of uncertainty (<1°C for 80% of any 24-h period).
Direct measurement of berry skin temperature will be used thereafter. Solar radiation at each cluster
will be measured by photodiode. Reference meteorological variables will be measured at cordon and
standard reference heights. Signals from all environmental instrumentation, including cluster
temperatures, will be averaged every 12 min for the duration of the field experiment. At the
termination of each temperature×timing treatment, four replicates will be harvested and stored at 80°C until analysis. The remaining four replicates will be allowed to mature at ambient temperature
and will be harvested (stored at -80°C until chemical analyses) when a composite sample of untreated
berries from the experimental vines attains soluble solids concentration of ~24°Brix.
Comprehensive chemical analyses will be performed according to established protocols in the PI's lab
(Lee) as described previously (Lee and Finn, 2007; Lee et al., 2008; Lee and Martin, 2009; Lee et al.,
2009). Detailed protocols for extraction and measurement are not included here in the interest of
space. Total anthocyanins, total phenolics, and total tannins will be determined by spectrophotometric
methods. Individual anthocyanins, phenolic acids, flavonol-glycosides, flavanol monomers, and flavanol
polymers (tannins; proanthocyanidins) will be analyzed by high performance liquid chromatography
(HPLC). Compounds with significant roles in fermentation also will be quantified: organic acids (malic
acid, tartaric acid), yeast assimilable nitrogen content (YANC), and simple sugars (glucose, fructose).
Accomplishments / Progress Report (comparison of results with original goals):
Repeat procedures and milestones listed under Year 1
Reasons why goals and objectives were not met (when applicable):
Due to long delays in hiring to fill a critical staffing vacancy, the project objectives were redirected to a
related, collaborative project with a focus of vine balance and cropping levels on fruit quality in ‘Pinot
noir’.
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SMALL FRUITS INITIATIVE TECHNICAL WORKING GROUP

Small Fruit Breeding for the Pacific Northwest at Washington State
University Puyallup
Patrick Moore & Wendy Hoashi-Erhardt, WSU

Objectives:
1) To develop processing red raspberry cultivars that are adapted to the PNW that are machine
harvestable. Additional desired traits are RBDV resistance and root rot tolerance.
2) To develop strawberry cultivars that are adapted to the PNW and that have higher picking
efficiency than current industry standards. Additional desired traits are fruit firmness and
disease resistance.
Methods and Materials:
Raspberry Cultivar Development: Traditional plant breeding methods will be used, with crosses made
each year, seedlings planted and selections made among the seedlings two and three years after
planting. Raspberry selections are subsequently evaluated for machine harvestability in plantings
commercially managed by a cooperating grower. Selections that appear to machine harvest well are
tested for yield, fruit size, and fruit firmness in replicated trials at WSU Puyallup, and also evaluated for
susceptibility to root rot and raspberry bushy dwarf virus. Those selections with several desirable traits
are propagated for regional grower trials.
Strawberry Cultivar Development: Traditional plant breeding methods will be used, with crosses made
each year, seedling plantings established and selections made among the seedlings one year after
planting. After strawberry selections are made, they are planted in 8-plant plots and observed for yield
and fruit quality at WSU Puyallup. The most promising selections will go through virus elimination
treatment and evaluated in replicated plots for yield, fruit size, and fruit firmness. Those that continue
to appear promising will be propagated for grower trials.
Accomplishments / Progress Report (comparison of results with original goals):
Raspberry: In 2012, 84 raspberry crosses were made for cultivar development, an additional 12
crosses were made for research studies. Seedlings from 2011 crosses were planted in the field at WSU
Puyallup. Sixty-two preliminary selections have been made among the 7,200 raspberry seedlings
planted in 2010, with additional selections possible. A new machine harvesting planting to evaluate
machine-harvestability of raspberry selections was established with a cooperating grower with 90 WSU
selections, 10 BC selections and Meeker and Willamette as standards for comparison. This planting will
be machine harvested in 2014 and 2015. The machine harvesting plantings established in 2009 and
2010 will be evaluated weekly during the 2012 season beginning July 5. A replicated planting was
established at WSU Puyallup of 16 WSU selections, four cultivars and one BC selection, which will be
evaluated for the first time in 2014. Harvests of the 2009 and 2010 replicated plantings at Puyallup are
ongoing and results will be summarized after harvests are completed. Replicated root rot evaluation
plots at WSU Puyallup have been planted in each of the last four years. These evaluations will provide
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information on field tolerance to severe levels of root rot. Selections were tested by graft inoculation
of raspberry bushy dwarf virus (RBDV) to determine if they were resistant or susceptible to RBDV. Two
additional WSU selections were identified that are RBDV resistant and nine selections with a RBDV
resistant parent tested susceptible. Three WSU selections were planted in grower trials with up to 550
plants of each selection planted at six sites.
Strawberry: In 2012, 72 strawberry crosses were made and seedlings from these crosses will be
planted in 2013. Seedlings from the 2011 crosses were planted in the field at WSU Puyallup. Twentytwo strawberry selections were made in 2012 among the 3,200 strawberry seedlings planted in 2011.
A planting with non-replicated plots of 40 WSU selections, one ORUS selection and one cultivar and
replicated plots of four ORUS selections and ten cultivars were established at WSU Puyallup in 2012.
The plantings established in 2010 and 2011 were harvested, but data has not been analyzed yet.
Selections with promise will be propagated and planted in a new selection trial for additional
evaluation.
Twenty-two selections were made in 2012 among the 3,200 seedlings planted in 2011. These
selections will be propagated for planting in yield plots in 2013. The selection trials planted in 2010
and 2011 were harvested in 2012.
This is an ongoing project
Potential Significance to Industry:
The Pacific Northwest raspberry and strawberry industries need new cultivars that are higher yielding,
efficient to harvest and more pest resistant. Breeding programs from other areas produce cultivars
that are selected in different environments and intended for other markets and are unlikely to provide
cultivars that are adapted to the PNW markets and environment. New selections that can be more
efficiently harvested or more pest resistant will make PNW growers more profitable
Other Funding Sources that you have applied to for this project:
Funding from several sources is combined to support the raspberry and strawberry breeding effort.
Funding from each source is essential to the productivity of the breeding effort.
2011-12 funding sources ($166,122)
Northwest Center for Small Fruit Research (48.2%)
Washington Red Raspberry Commission (39.1%)
Washington Strawberry Commission (10.3%)
Oregon Strawberry Commission (2.4%)
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Evaluation of Small Fruit Germplasm at the North Willamette Research &
Extension Center, Oregon State University
Bernadine Strik, OSU & Chad Finn, USDA-ARS

Objectives:
1) To develop small fruit cultivars that meet the needs of the Northwest commercial small fruit
industry.
2) Cooperate with other plant breeders in the Pacific Northwest in testing and developing
commercially acceptable berry crop cultivars.
3) Research production systems for advanced selections and new releases to optimize yield and
quality and improve sustainability of berry crop growers in the Pacific Northwest.
4) Evaluate machine harvest efficiency/adaptability of various caneberry genotypes at NWREC
5) Coordinate planting, harvest, and processor evaluation of advanced selections at grower
cooperator sites; collect and analyze data and grower evaluation at these sites.
6) Historically this cooperative agreement has focused on raspberry, blackberry, and strawberry
germplasm with the following specific traits of interest:
a. Blackberry: thornless, machine harvestable, fruit quality comparable to ‘Marion’ for
processing; extended harvest season, excellent flavor, and shipping quality for fresh
market.
b. Strawberry: for processing: quality comparable to ‘Hood’/‘Totem’, large fruit to improve
harvest efficiency, and plants that are disease tolerant; for local sale and regional fresh
marketing: fruit that attractive, have great flavor, and ship well, and plants that are
productive with good disease and insect resistance.
c. Black raspberry: fruit quality comparable to ‘Munger’, suited to machine harvest, and
improved planting longevity than ‘Munger’.
d. Red raspberry: for processing: suited for machine harvest with excellent processing
characteristics; for fresh market: summer- and primocane-fruiting cultivars that extend
the fruiting season, can be shipped, and maintain excellent fruit quality.
Methods and Materials:
Towards these goals, the USDA-ARS makes crosses between parents and evaluates their offspring in
Corvallis. The numbers of crosses varies with crop but ranges from 40-80. Between 75 and 100
seedlings from each cross are planted. Typically 0.5-1.0% of the seedlings is kept as selections.
Selections from these offspring are then planted at Oregon State University’s North Willamette
Research and Extension Center (NWREC) in observation (single plot) and replicated trials (four plots)
and grown using commercial practices.
While many selections are established at NWREC, only those that look promising are hand harvested to
determine yield and fruit size. Fruit are shipped to the OSU Department of Food Science for processing
to assess processed fruit quality.
The plants are also scored for plant health, growth habit, and fruit quality. As appropriate, production
methods are evaluated to optimize a genotypes performance and ultimately develop recommendations
for commercial cultivation methods. Genotypes that perform well are moved into commercial trials at
grower cooperator fields.
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Advanced selections of blackberry that have trailing and erect blackberry parentage are being
evaluated at the NWREC using different pruning and training techniques to optimize production and
management.
Accomplishments / Progress Report and Impact:
In 2011, ~4300 Rubus seedlings were evaluated in and 52 selections (30 blackberry, 20, 2 hybrids).
We made 80 crosses of which about 1/4 were for germplasm development and ¾ with cultivar
potential.
In blackberry, the USDA-ARS/OSU Cooperative breeding program received a patent in December 2011
for ‘Onyx’ (PP 22,358) blackberry. ‘Onyx’ is a late season ripening blackberry that is firm enough for the
fresh market. In commercial trials as a selection, it has performed very well and wholesalers are
building their program around it for its ripening season. In addition, several advanced selections are
being propagated for grower trial. Primocane-fruiting blackberries continue to be evaluated for
suitability for the PNW for late-season fresh market fruit. In red raspberry, we submitted a patent
application for ‘Vintage’. ‘Vintage has outstanding flavor and bright color in a primocane fruiting
cultivar and has yield comparable to the high yielding standard ‘Heritage’. Cultivars have been released
relatively recently including four genetically thornless blackberries (Black Diamond, Black Pearl,
Nightfall, Wild Treasure), six thorny trailing blackberries especially suited to the fresh market (Siskiyou,
Black Butte, Obsidian, Metolius, Newberry, Onyx), two thorny erect primocane fruiting blackberries
(Prime-Jan, Prime-Jim), two primocane-fruiting raspberries (Chinook, Vintage), and five summerbearing red raspberries (Coho, Lewis, Esquimalt, Saanich, Cascade Bounty). These have to varying
extents impacted commercial production with a few of these becoming industry leaders.
In strawberry, 61 selections were made from ~4000 seedlings and 67 new crosses were made. Over
3,000 seedlings were planted. In 2008, 4 genotypes were identified as strong, potential replacements
for ‘Hood’ or ‘Totem’ for ice cream applications. Fruit from commercial growers in “pallet-size
quantities” of these cultivars were harvested in 2011 for evaluation. ‘Valley Red’, a new processing
cultivar, was released in 2009 and ‘Sweet Bliss’ (ORUS 2180-1) in 2011, and in collaboration with
Washington State University, ‘Puget Crimson’ is being released in 2011. ORUS 2240-1 and ORUS 22622 have been approved for patenting and have been released as ‘Sweet Sunrise’ and ‘Charm’,
respectively.
‘Tillamook’ strawberry accounts for significant amount of production in the Pacific Northwest- growers
prefer this cultivar for its high quality of IQF quality fruit, consistently high yields of large fruit that
improves hand-harvest efficiency.
In blueberry in 2011, we made 55 successful blueberry crosses. Most of the crosses were among elite
parents with the cultivar-quality progeny as the goal. We are especially interested in increasing fruit
quality throughout the season. We made 36 selections and have one advanced selection that has
medium sized highly flavored fruit for the processed market. We submitted a patent for ORUS 61-1 as
Perpetua which is an ornamental blueberry that flowers on current season’s growth.
This program is having an impact in the Pacific Northwest. The new blueberry cultivars from Michigan
State University, Draper, Liberty, and Aurora, tested here in Oregon in this program, are in very high
demand by growers and will have a large impact on the late-season fresh market.
Potential Significance to Industry:
Cultivars have been released that have become among the most important or the most important
cultivars for blackberry, strawberry and red raspberry. Their cumulative financial impact is tremendous
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as outlined in impact. Production systems have been developed that improve economic returns for
growers.
Other Funding Sources that you have applied to for this project:
The Washington Blueberry, Strawberry and Red Raspberry Commissions and the Oregon Raspberry and
Blackberry, Strawberry and Blueberry Commissions have given financial support to help conduct
cultivar development work that complements the funding received from the NW Center.
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Quality Evaluation of Berry Selections and Varieties
Brian Yorgey & Yanyun Zhao, OSU
Chad Finn, USDA-ARS; Pat Moore, WSU; & Chaim Kempler, Agriculture & Agri-Food Canada

Objectives:
1. Evaluate advanced breeding selections from Chad Finn's breeding program (USDA/ARS/NCSFR)
and variety trials for objective attributes related to processing or fresh market potential,
2. Process samples of advanced selections, selected field crosses, and standard varieties for
display to and evaluation by breeders and the industry,
3. Include blueberries, black raspberries, and other berries grown around the region along with
strawberries, blackberries and raspberries as has been done in the past, and
4. Prepare summary of all data in report format for use by breeders and industry members.
Methods and Materials:
Berries for this project will come mainly from plots at the North Willamette Research and Extension
Center but may also come from other research fields in Corvallis or Washington or from grower fields.
Selections and cultivars will be sampled throughout their harvest periods to track variations in fruit
quality over time. New selections will be processed and analyzed from one to three times. Advanced
selections will be sampled weekly.
Samples will be brought to the Food Science Pilot Plant as soon as possible on the picking day.
Samples will be washed, sorted, and sampled for chemistry. Samples for quality evaluation will be
frozen in the Food Science department freezers and stored at -10 °F. Basic chemical data relating to
processing quality will be determined, e.g. °brix, TA, pH. Samples will be displayed at the OSC and
ORBC Research Days, at the NCSFR Research meeting and at other appropriate venues. Taste
evaluations will be conducted with researchers and industry representatives when useful data can be
obtained to further the selection process.
Accomplishments / Progress Report (comparison of results with original goals):
During the 2011/12 season the following numbers of samples were processed and analyzed:
strawberries – 13 cultivars, 35 ORUS selections, 2 WSU selections, 11 samples sugared and sliced
red raspberries – 7 cultivars, 5 ORUS selections, 3 BC selections, 12 WSU selections
blackberries – 4 cultivars, 50 ORUS selections, 4 AR selections
blueberries – 6 cultivars, 21 ORUS selections, 3 AR selections, 9 ARS selections, 21 MSU selections
Many of these cultivars and selections were sampled and processed on multiple harvest dates.
Processed fruit was displayed for evaluation on nine occasions during the past year:
Research evaluation of all samples for breeders, researchers, and industry at OSU during December (2
days)
• Northwest Food Processors Association annual meeting in Portland, OR
• Oregon Strawberry Commission annual meeting at the OSU North Willamette Research and
Extension Center
• Oregon Raspberry and Blackberry Commission annual meeting in Woodburn
• Oregon Raspberry and Blackberry Commission spring workshop
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•
•
•

OSU Strawberry Field Day at the OSU North Willamette Research and Extension Center
OSU Caneberry Field Day at the OSU North Willamette Research and Extension Center
OSU Blueberry Field Day at the OSU North Willamette Research and Extension Center

Data tables are included below.
Charts, Graphs and/or Diagrams:
Attached.
Other Funding Sources that you have applied to for this project:
Oregon Strawberry Commission, Oregon Raspberry and Blackberry Commission
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WINE TECHNICAL WORKING GROUP

Detection and Quality Impact of Zygosaccharomyces in Wines
C.G. Edwards, WSU
Cooperators: C.F. Rossand & J. Zuehlke (Ph.D. graduate student)

Objectives:
1. Evaluate methods of detection for Zygosaccharomyces, focusing on comparing various
microbiological media.
2. Investigate use of non-spoilage strains of Zygosaccharomyces to metabolize residual sugars
from high alcohol wines without changes in composition or quality.
3. Evaluate methods of limiting growth of Zygosaccharomyces populations in wine.
Methods and Materials:
Two strains of Zygosaccharomycesbailii, ZB2 and ZB6, were isolated and identified from a winery
without a history of spoilage issues. Zygosaccharomycesbailii W3 andSaccharomycescerevisiae EC1118
were received from Lallemand (Montréal, Quebec, Canada).
A commercially-prepared 2009 Cabernet Sauvignon wine (pH 3.92, alcohol 13.4% v/v) was used for
experiments with Zygosaccharomyces. Initially filtered through 1 µm nominal pads, total SO2 was then
removed by addition of equivalent molar hydrogen peroxide and the pH was adjusted to 3.7 using 500
g/l tartaric acid solution. After sterile-filtration through 0.45 µm, fructose (0.5 g/l), glucose (0.5 g/l),
yeast extract (0.1 g/l), and powdered 20 µm cellulose (0.1 g/l) were aseptically added. Wine (100 ml)
was transferred to sterile milk dilution bottles prior to inoculation with starter cultures previously grown
in a diluted wine medium.
Wineswere adjusted to contain 20, 40, or 60 g/l fructose and 13%, 15%, or 17% v/v ethanol and
inoculated with Z. bailii strains ZB2, ZB6, or W3, or S. cerevisiae EC1118 at populations between 106
and 107 cfu/ml. Changes to the concentrations of fructose were determined by enzymatic
assay.Culturability was determined throughout the project by plating samples using an Autoplate 4000
spiral plater (Spiral Biotech, Bethesda, MD) on Wallenstein Laboratory (Difco, Detroit, MI) medium
incubated at 27°C. All treatments were conducted in triplicate.
In another experiment, wines were incubated at 22°, 18°, 15°, or 10°C prior to inoculation with Z. bailii
ZB2 or ZB6 at 105 cfu ml-1.After incubation for 13 days, enough potassium metabisulfitewas added to
yield total SO2concentrations of 0, 60, 100, or180 mg/l.Molecular SO2 was calculated from free SO2
measured by aeration-oxidation (Buechsenstein and Ough 1978).Culturability was determined as above
and all treatments were conducted in triplicate.
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Finally, additional wines were incubated at 18°C and inoculated with Z. bailii ZB2 or ZB6 at 102 or 105
cfu/ml. After incubation for 13 days, Velcorin® dissolved in 95% ethanol was added to yield 200 mg/l.
Culturability was determined as above and all treatments were conducted in triplicate.
Accomplishments/Progress Report (comparison of results with original goals):
Objective 1:Media formulations were altered (e.g., lowering water activity, use of various media with
different selective agents added, etc.) used to recover Zygosaccharomyces from wines. However,
compositional changes to various media have yet to yield a better medium to recover
Zygosaccharomyces.
Objective 2:Wines with 13%, 15%, or 17% ethanol and 20, 40, or 60 g/L fructose were inoculated with
high populations of Saccharomyces or one of three strains of Zygosaccharomyces (>107 cfu/ml) as
illustrated in Figure 1. Throughout incubation, culturability remained high, ≈106 cfu/ml before a decline
by EC1118 and W3 in wines containing 17% ethanol. Although none of the strains entered logarithmic
growth, fructose was metabolized in many of the wines, although not always to dryness (Figure 2). For
example, none of the strains were able to completely metabolize fructose in wines containing >40 g/L
sugar and >15% ethanol. Z. bailii W3 and S. cerevisiae EC1118 utilized 60 g/L fructose but only in the
13% ethanol wine. Interestingly, the rate of fructose metabolism by W3 was greater than EC1118 in
low ethanol (13%) and high residual sugar (60 g/l) conditions. In fact, dryness was achieved 50 days
faster.Beyond this, major differences between the ability of Saccharomyces to metabolize residual
fructose and three strains of Zygosaccharomyces were not observed.
Objective 3:To determine methods of control, two strains of Zygosaccharomyces were inoculated into a
wine which was (a) incubated at different temperatures and (b) contained different amounts of SO2.
Concentrations of molecular SO2 in these wines at the time of inoculation are shown in Table 1.
Overall, culturability was maintained equally regardless of initial SO2 concentration. Although
culturability declined over 100 days at each temperature, the rate of decline was faster with warmer
incubation. In fact, at 22°C no culturability was detected after 50 days while populations at 10°C
remained > 104 after 100 days.Of interest is that Scorpion analysis conducted at day 110 indicated
that viable cells of Zygosaccharomyces remained in all wines, with populations similar to concentration
at inoculation. Furthermore, wines without any culturable cells contained a high population of viable
cells. WhetherZygosaccharomyces can enter the so-called “viable-but-not-culturable” physiological
state as other wine microbes upon exposure to SO2 (e.g., Brettanomyces) remains unknown. However,
it is also possible that the yeast undergoes autolysis at a far slower rate than previously known so that
detectable DNA remains in the wine. Experiments are under way to determine the fate of
Zygosaccharomyces in wine after SO2 addition.
Besides SO2 and temperature, the impact of Velcorin®on Zygosaccharomyces was studied. Treatment
of a wine with 200 mg/l resulted in rapid decline of culturability no matter the initial population of cells
(5 x 102 or 5 x 104 cfu/ml). While the yeast appears to be sensitive to Velcorin® even at high
populations, it is not known whether Velcorin® can also induce a VBNC state similar to that suspected
for SO2 addition.
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Charts, Graphs and/or Diagrams:

Figure 1. Culturability in red wine with initial ethanol concentration of 13% (A: 20 g/l, B: 40 g/l, C: 60
g/l initial fructose); 15% (D: 20 g/l, E: 40 g/l, F: 60 g/l initial fructose); or 17% (G: 20 g/l, H: 40 g/l, I:
60 g/l initial fructose) and inoculated with Z. bailii ZB2 (), Z. bailii ZB6 (), Z. bailii W3 (), or S.
cerevisiae EC1118 ().
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Figure 2. Changes in residual fructose concentrations determined by enzymatic assay in red wine with
initial ethanol concentration of 13% (A: 20 g/l, B: 40 g/l, C: 60 g/l initial fructose); 15% (D: 20 g/l, E:
40 g/l, F: 60 g/l initial fructose); or 17% (G: 20 g/l, H: 40 g/l, I: 60 g/l initial fructose) and inoculated
with Z. bailii ZB2 (), Z. bailii ZB6 (), Z. bailii W3 (), or S. cerevisiae EC1118 ().
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Figure 3: Culturability of Z. bailii ZB2 in red wine maintained at 22° (A), 18° (B), 15° (C), or 10°C (D)
as measured by plating on nonselective medium. Addition of 0 (), 60 (), 100 (), or 180 () mg l1
sulfur dioxide occurred on day 14. Separated points on day 110 were determined by Scorpion® PRC.
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Figure 4: Culturability of Z. bailii ZB6 in red wine maintained at 22° (A), 18°B), 15° (C), or 10°C (D) as
measured by plating on nonselective medium. Addition of 0 (), 60 (), 100 (), or 180 () mg l-1
sulfur dioxide occurred on day 14. Separated points on day 110 were determined by Scorpion® PRC.
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Figure 5: Culturability of Z. bailii ZB2 (A, B), Z. bailii ZB6 (C, D) in Cabernet Sauvignon wines stored at
20°C. Untreated (A, C) or treatment (B, D) with 200 mg/l Velcorin® occurred on day 14 to yeast
populations 500 cfu/ml () or 50,000 cfu/ml (). Culturability of untreated populations 500 cfu/ml ()
or 50,000 cfu/ml () was measured concurrently.

Table 1. Initial concentration of molecular SO2 (mg/l) in red wines inoculated with Z. bailii ZB2 or ZB6
following total SO2 addition of 0, 60, 100, or 180 mg/l.

Total SO2
0 mg/l
60
100
180
nd: not detected

22°C
nd
0.02
0.06
0.32

Strain
Z. bailii ZB2
18°C
15°C
nd
nd
0.02
0.04
0.06
0.60
0.48
0.58

10°C
nd
0.04
0.20
0.93

22°C
nd
0.02
0.08
0.60

Z. bailii ZB6
18°C
15°C
nd
nd
0.04
0.04
0.08
0.06
0.60
0.58

10°C
nd
0.06
0.22
1.01
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Potential Significance to Industry:
Problems associated with Zygosaccharomyces in Washington state wineries have now been observed.
While infections have traditionally been traced to the addition of contaminated grape juice
concentrates, several wineries have recently determined the presence of these yeasts even though
concentrates were never used. As these wineries have not observed spoilage issues attributed to
Zygosaccharomces, the impact of these yeasts on wine quality is not fully understood. It is now
suspected that the yeast may, in fact, enter a VBNC state and be present in wineries even though
spoilage was not necessarily obvious. However, evidence for this is currently lacking.
Sluggish or stuck alcoholic fermentation are serious problems faced by winemakers in the Pacific
Northwest. While some of causes for slow fermentations have been addressed in previous research
funded by the NWCSFR, the exact cause(s) of a particular occurrence cannot always be identified.
Furthermore, limited options are available to winemakers to solve these problems, especially if alcohol
concentrations are greater than about 15% v/v. An alternative solution to this problem could be use of
selected strains of Zygosaccharomyces, a yeast known to be fructophilic yet tolerant to high
concentrations of ethanol.
Other Funding Sources that you have applied to for this project:
A project building upon the current research was submitted to the Idaho Wine Commission in 2011 but
not funded.
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Impact of Pediococcus spp. on the Quality of Washington and Oregon Red
Wines
James Osborne, OSU & C.G Edwards, WSU

Objectives:
1. Isolate and identify Pediococcus spp. from Oregon state wines.
2. Determine the impact of Pediococcus spp. from Oregon and WashingtonState wines on wine
quality, specifically studying (a) the formation of biogenic amines and (b) any changes in
sensory characteristics of red wines.
3. Evaluate the effect of SO2 on pediococci, focusing on concentrations required for cell death and
determine whether these strains can enter a “viable-but-not-culturable” state through exposure
to sulfites.
Methods and Materials:
Wineswere collected from Oregon and Washington wineries and streaked on Modified Rogasa media
(MR) containing 100 mg/L cycloheximide. Plates were incubated in an anaerobic chamber for 10 days
at 25°C then colonies from these plates were streaked for single colonies. Colonies were examined
microscopically and isolates that were cocci and formed tetrads were tentatively identified as
pediococci. Further isolation and identification of Pediococcus spp. was performed as described by
Edwards and Jensen (1992) and isolates were sent to ETS laboratories (St. Helena, CA) for
identification by Scorpion™ analysis. In 2010 these Pediococcus isolates were inoculated into a Pinot
noir wine produced at the OSU research winery. Wine was produced using standard practices and
grapes were sourced from the OSU vineyard (Woodhall vineyard, Alpine, OR). Alcoholic fermentation
was induced through the addition of Saccharomyces cerevisiae RC212 and wines were pressed when
dry. After settling and racking wine was pad filtered (3-4 um), pH adjusted to 3.75 (addition of NaOH),
sterile filtered (0.45 um cartridge filter), and dispensed into sterilized one gallon carboys. Pediococcus
isolates were grown in MRS broth for seven days before being harvested by centrifugation, washed
with sterile phosphate buffer and inoculated into the wine at approximately1 x 105 cfu/mL. An
uninoculated control wine was also prepared and all wines were kept at 25°C. Growth was monitored
twice weekly by plating on MR agar and samples were taken and frozen at -80°C for later analysis.
After all isolates had demonstrated significant growth (entered stationary phase) an addition of 30
mg/L SO2 was made before the wines were settled (4°C for seven days), sterile filtered, and bottled.
Samples were taken at this point and stored at -80°C until needed for analysis.
Wines were analyzed for a number of different compounds and parameters. Malic acid, D-lactic acid,
glycerol, and acetaldehyde, were analyzed by enzymatic assay (R-Biopharm, Darmstadt, Germany).
Diacetyl was measured by GC-MS while biogenic amines were analyzed by ETS laboratories. Total
tannins were measured using the Harberston-Adams assay (Adams and Harberston, 1999) and
quantified as catechin equivalents. Wines were analyzed for total color @ 520 nm and color due to
polymeric pigment as outlined by Boulton et al. (1999) while monomeric anthocyanin and
hydroxycinnamic acid concentrations were determined by reverse phase HPLC-DAD based on Cortell et
al. (2007). Preliminary sensory analysis was performed using a winemaker panel consisting of 15
experienced winemakers. More formal sensory evaluation was conducted by a trained sensory panel in
2012. Twelve panelists were recruited from the Oregon State University Food Science and Technology
Department, from the Corvallis, OR, community, and local wineries. The panel contained six men and
six women and all were experienced with wine sensory evaluation or trained panel sensory analysis.
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Eight training sessions were conducted where panelists tasted several Pinot noir wines of similar age to
the experimental wines as well as the actual experimental wines and created a list of descriptors
describing the wine aroma and flavor. A sixteen point intensity scale was utilized and intensity
standards were created to aid panelists in the rating of intensities. At the beginning of each training
and evaluation session, panelists were encouraged to re-familiarize themselves with a warm-up wine as
well as the standards.
Based on preliminary sensory evaluation of the wines by the investigators,six wines that had been
inoculated with different Pediococcus isolates were chosen for evaluation by the panel as well as the
control wine (no inoculation of Pediococcus). Wines were kept at 13°C until being assessed by the
sensory panel twelve months post-bottling. All wines were allowed to equilibrate to room temperature
and poured 30 minutes before evaluation. 30 mL samples were served in 240 mL INOVA tulip glasses
(St. George Crystal Ltd., Jeannette, PA, USA) and covered with a plastic lid. Glasses were coded and
evaluated in a completely randomized order with panelists tasting each wine treatment three times.
Panelists rated the samples based on the list of descriptors and rated each descriptor using a sixteenpoint intensity scale. Panelists were allowed five minutes to evaluate each wine and were given a
mandatory one-minute break between samples. Evaluation of the wines took place over three separate
one hour sessions.
Accomplishments / Progress Report:
Isolation and identification of Pediococcus isolates is ongoing. To date, pediococci have been isolated
from eight different Oregon wines. Seven isolates have been identified as P. parvulus, one was
identified as P. damnosus, while one was identified as P. inopinatus(Table 1).Strains of Pediococcus
showed a wide array of SO2 tolerances. OW6 showed the lowest tolerance growing well in media
containing 0.1 mg/L molecular SO2 (Figure 6). WS9, OW1, OW2, OW7, and OW8 showed moderate
tolerance to SO2 growing well at 0.2 mg/L molecular SO2(Figures 1, 2, 3, 7, and 8). OW4 and OW5
showed the highest level of SO2 tolerance growing well at concentrations of 0.4 mg/L molecular SO2
(Figures 4 & 5).
Isolates (including P. parvulus WS-9 previously isolated from a Washington State wine (Edwards and
Jensen 1992)) were inoculated into Pinot noir wine. All pediococci grew well and most reached
populations of > 1 x 107 cfu/mL while OW-4, OW-6, and OW-8 reached populations above 4 x 106
cfu/mL. Some isolates grew quicker than others such asP. parvulus OW-7 whichhad a shorter lag phase
than P. parvulus WW-1 and maintained a higher viable population for longer. The growth of the other
Pediococcus isolates was very similar.
Pediococci isolates demonstrated varying abilities to degrade malic acid. OW-2 and OW-7 completely
degraded the malic acid while less than 0.5 g/L malic acid remained in wine inoculated with OW-1
(Figure 9). The other isolates degraded varying amounts of malic acid although more than 1 g/L
remained in all of these wines. The Biogenic amine content of all the treatment wines was very low
(Table 2). No strain produced total concentrations of biogenic amines greater than 7 mg/L.P.
inopinatus (OW8) produced the highest amount of histidine while all other isolates produced
undetectable amounts of this biogenic amine. All wines, including the uninoculated control, contained
small amounts of putrescine (Table 2) while no wines contained detectable tyramine.D-lactic acid
concentrations in the wines were also low (Figure 10.) and compared to the control only wine
inoculated with OW-7 contained an elevated concentration.Large differences in the diacetyl content of
the wines were noted however. The control wine contained approximately 3 mg/L of diacetyl while
wines inoculated with OW-1 and OW-8 contained over 15 mg/L (Figure 11). Theseconcentrations are
well above the sensory threshold of diacetyl in red wine.In contrast, very low levels of diacetyl were
measured in wines inoculated with OW-7 (0.33 mg/L), WS-9 (1.83 mg/L) and WW-1 (3.01 mg/L).
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Glycerol content of the wines was assessed as degradation of glycerol by pediococci can lead to
acrolein production. However, no significant differences were observed between the control wine and
any of the wines inoculated with Pediococcus. Color and polymeric content of the wines differed with
some wines demonstrating a large decrease in color and polymeric pigment content compared to the
control (Figure 5). In particular, wines inoculated with OW-7 showed a 15 % drop in color @ 520 nm
(Figure 12A) and a 30 % decrease in polymeric pigment content (Figure 12B) compared to the control
wine. The differences in polymeric pigment formation may be partially due to the degradationof
acetaldehyde by some of the Pediococcus isolates (Figure 12C). For example, wines inoculated with
OW-7 contained less than 3 mg/L acetaldehyde while the control contained over 10 mg/L. However,
the loss of acetaldehyde does not account for the decrease in polymeric pigment in all cases as OW-6
did not degrade acetaldehyde and yet showed an 18% decrease in polymeric content compared to the
control.
The ability of the two pediococci isolates, WS-9 and OW-2, to produce volatile phenols and their impact
on Brettanomyces was assessed in a model media containing p-coumaric acid. During growth P.
parvulus WS-9 and P. damnosus OW-2 degraded p-coumaric acid to below 0.5 mg/L (Figure 13B & C)
resulting in the production of 4-vinyl phenol (4-VP). B. bruxellensis grew well in the acidic grape juice
broth containing p-coumaric acid as well as in acidic grape juice broth in which P. parvulus WS-9, and
P. damnosus OW-2 had previously grown in. In media in which P. parvulus WS-9, and P. damnosus
OW-2 had previously grown B. bruxellensis degraded all of the 4-VP 3 days after inoculation (Figure
13B & C). This coincided with 4-EP production where maximum 4-EP production occurred 3 days after
inoculation (Figure 13B & C). In media in which no bacteria had previously grown, B. bruxellensis
degraded p-coumaric acid and maximum 4-EP production occurred 5 days after inoculation (Figure
13A). These results show that Pediococcus can degrade p-coumaric acid to 4-VP which can
subsequently be degraded to 4-EP by B. bruxellensis. Production of 4-EP by B. bruxellensis was
accelerated by 2 days in this model system if 4-VP was present rather than p-coumaric acid.
Preliminary sensory evaluation of the wines was carried out using an experienced winemaker panel.
Wines inoculated with OW-1, OW-2, OW-7, OW-8, and the uninoculated control, were assessed for
color, aroma, in-mouth flavor, and mouthfeel. Descriptors used by the panelists are shown in Table 3
and demonstrate the sensory differences between the wines. Some wines were described as having a
muted aroma compared to the control while others had intense aromas described as “buttery”, “lactic”,
“wonder-bread”, “plastic”, “musty”, or “rotten”.In mouth flavor and mouthfeel differences between the
wines were also noted. Following this it was decided to proceed with more formal sensory evaluation of
the wines. A trained panel was used to assess the wines using a sixteen point intensity scale and
evaluating the wines usingthirteen aroma descriptors, four retronasal aroma/tactile (flavor) descriptors,
and three taste/mouthfeel descriptors. Results of the ANOVA indicated panelists were a significant
source of variation for all the attributes (Table 4) while there were significant (p<0.05) differences
between wines for floral aroma, overall fruit aroma, red fruit aroma, buttery aroma, sour, and
astringency (Table 4). No significant differences were found between wines for the other aroma,
flavor, and taste/mouthfeel attributes assessed. A significant treatment x panelist interaction was found
for overall aroma and spicy flavor indicating that these terms were not being used consistently by all
panelists (Table 4).
When mean wine sensory descriptor intensities were compared significant differences between wines
inoculated with different pediococci were found (Table 5). Compared to the control wine, a number of
wines inoculated with Pediococcus isolates had higher floral intensity with OW7 having a mean
intensity value of 4.5 compared to the 2.9 for the control. A similar trend was seen for overall fruit
aroma with OW1, OW2, and OW5 having higher intensity values than the control while OW8 had the
lowest. Some of the differences in overall fruit aroma were reflected in red fruit and dark fruit aroma
intensities with OW8 having the lowest red fruit intensity while OW1 and OW5 had the highest red fruit
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aroma intensities. OW6 and OW7 wines had significantly lower buttery aroma intensities than the other
wines although the intensity values were all very low. In addition to differences in aroma some wines
differed in the taste and mouthfeel descriptors, sour and astringency. For sour, the control had the
highest intensity value while OW5 and OW8 had significantly lower sour intensity values (Table 5). For
astringency, OW8 wines had significantly lower intensity values than OW7 while the other wines were
statistically the same.
Principle component analysis (PCA) was used to reduce the number of variables and to illustrate the
relationships between the wine aroma descriptors and wines inoculated with different pediococci
isolates. For aroma (Figure 14A & B) PC1 accounted for 36.4% of the variation and was characterized
by herbaceous, reduced, spicy, and earthy aromas against dark fruit, jammy, and overall fruit aromas.
PC2 accounted for 29.4% of the variation and was characterized by aged and buttery aromas against
floral aromas. PC3 accounts for 15.9% of the variation and was characterized by plastic aromas. For
flavor, taste, and mouthfeel (Figure 15A & B) PC1 accounted for 53.2% of the variation and was
characterized by overall fruit and spicy flavor against aged flavor. PC2 accounted for 28.5% of the
variation and was characterized by sour taste while PC3 only accounted for 9.7% of the variation.
The control wine was characterized by herbaceous, earthy, and reduced aromas as well as sour taste
and aged aroma. OW1 and OW5 showed similar trends to each other being characterized by fruit
aroma and flavor descriptors while OW7 trended more towards spicy aromas and higher astringency
while OW2 was the only treatment characterized by plastic aroma. In general OW8 was characterized
as having low intensities for all flavor, taste, and mouthfeel attributes although it was more associated
with buttery aroma.
Reasons Why Goals and Objectives Were Not Met:
A graduate student was initially recruited to begin research supported by this project in January
2010.Due to unforeseen circumstances, the student electedto decline the assistantship in December
2009. Fortunately, recruitment of a replacement student was successful and he began work on the
project September 2010. To date the investigators have made substantial progress towards completion
of objectives 1, 2 and 3. Because of the delay in securing a graduate student a no-cost extension was
sought for year 3 funding of this project.
Charts, Graphs and/or Diagrams:

Table 1.Pediococcus isolated from Washington and Oregon red wines
Isolate
WW1
WS-9
OW1
OW2
OW3
OW4
OW5
OW6
OW7
OW8

Region
Walla Walla, WA
Columbia Valley, WA
Willamette Valley, OR
Willamette Valley, OR
Willamette Valley, OR
Willamette Valley, OR
Willamette Valley, OR
Willamette Valley, OR
Willamette Valley, OR
Columbia Gorge, OR

Wine
Syrah
Cabernet sauvignon
Pinot noir
Pinot noir
Pinot noir
Pinot noir
Pinot noir
Pinot noir
Pinot noir
Pinot noir

ID
P. parvulus
P. parvulus
P. parvulus
P. damnosus
P. parvulus
P. parvulus
P. parvulus
P. parvulus
P. parvulus
P. inopinatus
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Figure 1Growth of Pediococcusparvalus WS9 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲) 0.2,
(●) 0.4 mg/L molecular SO2

Figure 2Growth of Pediococcusparvalus OW1 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2
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Figure3 Growth of Pediococcusdamnosus OW2 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2

Figure4 Growth of Pediococcusparvalus OW4 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2
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Figure5 Growth of Pediococcusparvalus OW5 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2

Figure6 Growth of Pediococcusparvalus OW6 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2
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Figure7 Growth of Pediococcusparvalus OW7 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2

Figure8 Growth of Pediococcusinopinatus OW8 in Hood media (pH 3.5) containing (♦) 0, (■) 0.1, (▲)
0.2, (●) 0.4 mg/L molecular SO2
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Figure 9. Malic acid content of Pinot noir wine inoculated with various Pediococcus isolates.

Table 2. Biogenic amine content (mg/L) of Pinot noir wines inoculated with various isolates of
Pediococcus.
Treatment
Histamine
Tyramine
Putrescine
Cadaverine
Control
<1
<1
3
2
WW1
<1
<1
2.3
1
WS-9
<1
<1
2
<1
OW1
<1
<1
3
1
OW2
<1
<1
2.3
1
OW4
<1
<1
2.3
1
OW5
<1
<1
2
<1
OW6
<1
<1
2
<1
OW7
<1
<1
2
<1
OW8
3.8
<1
2
1
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Figure 10. D-lactic acid content of Pinot noir wines inoculated with various isolates of Pediococcus.

Figure 11. Diacetyl content of Pinot noir wines inoculated with various isolates of Pediococcus.
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A

B

C

Figure 12. Color (A), polymeric pigment (B), and acetaldehyde (C), content of Pinot noir wine
inoculated with various isolates of Pediococcus.
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Figure 13.Concentration of (♦) p-coumaric acid, (■) 4-VP, and (▲) 4-EPduring growth of B. bruxellensis
in acidic grape juice broth (A) or in acidic grape juice brothpreviously inoculated with P. parvulus WS-9
(B) or P. damnosus OW-2 (C).
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Table 3. Sensory descriptors generated by a winemaker panel for wines inoculated with various
Pediococcus isolates.
Aroma descriptors
Flavor and mouthfeel descriptors
OW1
saran wrap, rubber shoe, sour
dark fruit, decent tannins, lower acidity
(P. parvalus)
cherries, muted fruit, pine resin,
(compared to control), diminished
musty, wonder-bread, popcorn,
flavors, greasy flavor, flat spot midplastic, rubber
palate
OW2
less color, muted fruit, musty,
flat, short, thin, sand-paper tannins,
(P. damnosus) clove, wet paper, plastic
simple, linear, sharp, "heat", bitter
OW7
(P. parvalus)
OW8
(P. inopinatus)

muted aroma, kettle corn, cheesy,
tomato, dark berry, old lady
perfume
vinegar, lactic, diacetyl, wonderbread, rotten coffee, bad soy sauce,
most intense of the wines

straw, dirty, stale, not as flat, pasty,
bitter, very short finish, vomit, rancid,
salty
sour cream, yogurt, candy corn, butter,
least acidic, lactic, loss of fruit, gritty
tannins

Table 4. Analysis of variance F-ratio of descriptor ratings for Pinot noir wines inoculated with
different Pediococcusisolates.
Descriptors

Treatment

Panelist

Rep (Panelist)

Panelist x
Treatment

Overall Aroma
Floral Aroma
Overall Fruit Aroma
Red Fruit Aroma
Dark Fruit Aroma
Jammy Aroma
Spicy Aroma
Earthy Aroma
Herbaceous Aroma
Aged Aroma
Reduced Aroma
Buttery Aroma
Plastic Aroma
Overall Flavor
Fruit Flavor
Spicy Flavor
Aged Flavor
Sour
Bitter
Astringent
Degrees of Freedom

0.96
2.86*
2.67*
3.01**
1.52
1.37
1.62
1.56
1.31
0.86
1.43
2.26*
1.41
0.33
1.00
1.40
1.33
2.87*
1.37
2.89*
6

15.30***
10.32***
22.45***
13.26***
14.96***
7.87***
7.45***
8.15***
4.18***
11.76***
6.50***
9.32***
13.95***
18.45***
25.77***
17.39***
18.50***
15.99***
12.28***
19.62***
12

2.02**
1.15
1.11
1.27
1.79**
1.23
1.32
1.80*
1.62
2.06**
2.17**
2.19**
1.24
2.50**
1.38
2.68***
2.24**
2.83***
1.76*
2.42**
21

1.43*
1.29
1.24
1.15
1.56
0.86
1.22
1.28
1.23
1.01
1.24
1.19
1.35
0.95
0.87
1.56**
0.93
1.07
0.92
0.88
72

*p < 0.05 level; **p < 0.01 level;*** p < 0.001.
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Table 5. Mean wine sensory descriptor intensities for wines inoculated with Pediococcus isolates.
Descriptors
Overall Aroma
Floral Aroma
Overall Fruit Aroma
Red Fruit Aroma
Dark Fruit Aroma
Jammy Aroma
Spicy Aroma
Earthy Aroma
Herbaceous Aroma
Aged Aroma
Reduced Aroma
Buttery Aroma
Plastic Aroma
Overall Flavor
Fruit Flavor
Spicy Flavor
Aged Flavor
Sour
Bitter
Astringent

CON
8.1a
2.9c
5.8b
4.1ab
3.9bc
2.8a
3.9a
2.6a
1.7a
3.0a
1.4a
1.2ab
0.7b
6.5a
5.1a
3.7a
2.8a
5.3a
3.6a
4.6ab

OW1
7.9a
3.9abc
6.6a
5.0a
4.6a
3.2a
3.6a
1.9b
1.1a
2.9a
0.7a
1.1ab
1.0ab
6.6a
5.4a
4.1a
2.4a
4.7ab
4.4a
4.7ab

OW2
7.9a
4.0ab
6.5a
5.0a
4.2abc
2.8a
3.9a
2.3ab
1.6a
3.2a
1.3a
1.0ab
1.6a
6.5a
5.3a
4.1a
2.2a
4.4ab
4.1a
4.2ab

OW5
7.9a
3.5abc
6.5a
4.3ab
4.6ab
3.2a
3.8a
2.4ab
2.0a
2.8a
0.5a
1.2ab
0.8ab
6.5a
5.7a
4.0a
2.4a
4.3b
4.3a
4.5ab

OW6
7.7a
3.3bc
6.1ab
4.7ab
4.1abc
2.8a
3.3a
1.8b
1.2a
2.9a
1.1a
0.9b
0.9ab
6.5a
5.2a
3.9a
2.2a
4.5ab
4.1a
4.4ab

OW7
8.0a
4.5a
6.0ab
4.7ab
3.7c
2.2a
4.1a
2.0ab
1.6a
2.5a
1.3a
0.6b
0.9ab
6.5a
5.3a
4.2a
2.3a
4.9ab
4.3a
5.0a

OW8
7.7a
3.2bc
5.5b
3.7b
4.0abc
2.6a
3.6a
2.2ab
1.7a
3.3a
1.2a
1.9a
1.2ab
6.4a
4.9a
3.9a
2.6a
4.2b
3.9a
4.1b

a-c

Mean values with different superscript letters within a row are significantly different at p < 0.05 level, Tukey’s HSD,
n = 3. CON, Control.
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Figure 14. Principle Component Analysis of mean sensory aroma data for wines inoculated with
different pedioccoci isolates.
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Figure 15. Principle Component Analysis for mean sensory data for flavor, taste, and mouthfeel
descriptors of wines inoculated with different pedioccoci isolates.

Potential Significance to Industry:
Isolating and identifying Pediococcus spp. present in Oregon as well as Washington wines and
determining their impact on wine quality will provide winemakers with additional information regarding
the specific impact these bacteria can have on wine. Although generally thought of as a spoilage
organism a number of studies have reported ambiguity regarding the effect of pediococci on wine
quality and whether their growth is detrimental to wine quality. In addition, the conditions under
spoilage compounds are produced and the abilities of different strains and species to cause spoilage
are still poorly understood. Furthermore, spoilage caused by pediococci is often not defined at a
species or strain level with the assumption that growth of any pediococci strain or species would result
in similar wine spoilage. Results from the present study demonstrate that this is not the case. In
particular, there was large variability in the production of certain spoilage products by pediococci
isolates of different species as well as isolates of the same species. Changes in thesensory properties of
the wines were not caused by the production of biogenic amines but rather the production of a number
of other spoilage products. Furthermore, results from this study suggest that growth of Pediococcus
may be beneficial to the production of 4-ethy phenol by the spoilage yeast Brettanomyces and is
another reason to prevent growth of these bacteria in wine. This research may also allow winemakers
to make processing decisions to better control these organisms such as quantities of SO2 needed to
curtail bacterial growth. In addition, it is important to determine whether or not these microorganisms
can exist as “viable-but-not-culturable so as to develop accurate microbial detection methods.
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2014 – 2015
RESEARCH PRIORITIES

Page 140 of 158

NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Grape (Table) Viticulture Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Evaluation of varieties to increase berry and cluster quality.

B)

Study canopy design to maximize berry quality and yield at harvest and after storage.

C)

Study of impact of varieties and canopy design on fruit set and yield components.

D)

Nutritional management for different varieties and canopies.

E)

Variety and canopy effects on water management.

2A)

Photosynthesis and carbon positioning under different canopy systems and varieties.

B)

Disease resistance in different vine architectural systems.

C)

Density of canopy affecting insect populations.

D)

Comparison of flavor components in different regions.

E)

Studying culture of galls in table grapes.

3A)

Develop web tools for sustainable site development.

B)

Evaluation of rootstock on cultivar vigor.

C)

Rootstock effect on canopy volume and nutrition.

D)

Effect of nematodes on vine growth.

E)

Effect of rootstock on scion, berry quality and yield.

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be
limited to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to,
“Diseases” and “Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be
accepted. Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research
priorities shall not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be
accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Grape (Wine & Juice) Viticulture Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Water management to optimize grape and wine flavors.

B)

Incidence, impact, vectors and management of grape vine viruses.

C)

Nutrient management for optimizing plant health and wine quality.

D)

Biology and management of fungal pathogens: Powdery mildew, Botrytis, Sulfur management and its
impact on wine quality

E)

Grapevine physiological disorders that affect yield and quality: short shoot syndrome (SSS), berry
shrivel

2A)

Biology and management of pests: brown marmorated stink bug (BMSB), light brown apple moth
(LBAM) mites, leafhoppers, nematodes.

B)

Development and evaluation of alternative/ stainable production systems.

C)

Grapevine hormonal response to cultural practices.

D)

Development of physiological or biological indices (biomarkers) that can be used to gauge the effects of
viticultural practices on fruit ripening and determine when peak ripening occurs.

E)

Yield modeling and estimation.

3A)

Optimizing cluster architecture.

B)

Climate change as it pertains to grape production.

C)

Evaluation of scions and Rootstocks for the PNW.

D)

Development of web based research data accumulation tool in order to provide variety and site
suitability for grape and wine production in the PNW.

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Wine Processing Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Methods of measuring grape and wine phenolics and their precursors to impact wine color and flavor.
Identification of aroma and flavor compounds and their individual and combined impact on wine
quality.

B)

Yeast nutrient status of PNW wines.

C)

Preventing sulfide and other reduction compounds.

D)

Interaction of native and inoculated yeast and bacteria – managing native and inoculated
fermentations.

E)

Incidence and control of Brettanomyces, Pediococcus and Lactobacillus

2A)

Managing stuck and sluggish fermentations.

B)

Incidence of biogenic amines in PNW wines.

C)

Effect of Botrytis and laccase on wine quality

D)

Methods of organic wine production.

E)

Environmental Taint (i.e. smoke, feed lot)

3A)

Utilization of value added products.

B)

Alternate methods of heat stability

C)

Pre-fermentation fruit handling.

D)

Supporting research on the impact of viticultural practices on grape and wine quality.

E)

Processing technology e.g. high pressure filtration, alternate methods for wine sterilization.

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Blueberry Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Plant breeding/varietal evaluation

B)

Management of Botrytis

C)

Biology and management of Spotted Wing Drosophila

D)

Organic production systems

E)

Research of mechanical harvesters of fresh market fruits

2A)

Biology and management of pseudomonas

B)

Vertebrate management

C)

Fertility management

D)

Management/irrigation/chemigation, cooling, fertigation, water delivery, frost protection

E)

Food safety

3A)

Biology and management of arthropod pests including garden symphylan, root weevil, gall midge,
winter moth, wireworms

B)

Biology and management of diseases (especially root rot, and mummy berry) and virus complex

C)

Methods to reduce cost of labor (i.e., mechanical harvester, pruner, weed mat, etc.)

D)

Improve or extend fresh market, controlled atmosphere packaging, physical covers or chemicals, postharvest handling and cultural inputs

E)

Pollination

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Cranberry Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

New herbicides for control of priority perennial weeds.

B)

Soil borne pest control (cranberry girdler and root weevil)

C)

Alternatives to organophosphates for cranberry insect control which are effective with
chemigation

D)

Production systems for new planting and renovations, including new varieties and nutrient
management

E)

Irrigation system to optimize frost protection and pesticide applications

2A)

Pollination and fruit set

B)

Sanding systems and alternatives for new and established plantings

C)

Systems for fresh fruit production and quality

D)

Vertebrate pest management

E)

Evaluate wireless frost alert and soil moisture units for use on cranberry farms

3A)

Market expansion through nutraceuticals/health or sustainable practices

B)

Tipworm

C)

Yellow vine and other causes of dieback

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be
limited to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to,
“Diseases” and “Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be
accepted. Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research
priorities shall not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be
accepted.

Page 145 of 158

NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Strawberry Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Alternate production systems for economic efficiency, increased yield and cultivar management,
including reducing harvest costs.

B)

Accelerate the introduction and commercialization of promising selections (grower trials)

C)

Develop cultivars with processed and fresh market potential, including earlier and later ripening

D)

Weed control

E)

Biology and management of botrytis

2A)

Biology and management of Spotted Wing Drosophila

B)

Biology and management of root weevil

C)

Nutritional and nutraceutical benefits

D)

Soil Fumigation

E)

Irrigation management

3A)

Mite management

B)

Post harvest management of fruit

C)

Vertebrate pest management

D)

Food safety/sanitation/security

E)

Value added products

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Blackberry Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Management and biology of Spotted Wing Drosophila.

B)

Evaluate new insecticides/management strategies.

C)

Breed cultivars that are thornless, high-yielding, winter hardy, machine harvestable, disease
resistant, and have superior fruit quality.

D)

Control/management of most challenging perennial weeds including Canada Thistles.

E)

Development of micronutrient sufficiency-management programs.

2A)

Biology and control of Botrytis.

B)

Development of organic production systems.

C)

Improving the viability of fresh market production.

D)

Cold hardiness.

E)

Primocane management.

3A)

Biology and management of emerging pests.

B)

Interactions of soil borne pathogens.

C)

Improving labor efficiency (lowering costs and/or increasing outputs).

D)

Water management.

E)

Virus Management.

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
Red/Black Raspberry Research Priorities
for 2014-2015 funding
Revised November 2012
1A)

Develop cultivars that are summer-bearing, high-yielding, winter hardy, machine-harvestable, disease
resistant, virus resistant and have superior fresh and processed fruit quality.

B)

Understanding soil ecology and soil-borne pathogens and their effects on plant health and crop yield.

C)

Fruit rot, including pre-harvest, post-harvest and for shelf-life.

D)

Soil fumigation techniques and alternatives to control soil pathogens, nematodes, and weeds.

E)

Evaluation of the life cycle and management options of the Spotted Wing Drosophila.

2A)

Harvest contaminants and problems stemming from the loss of longstanding insecticides.

B)

Weed management.

C)

Nutrient/Irrigation management.

D)

Viruses/crumbly fruit.

E)

Mite management.

3A)

Vertebrate pest management.

B)

Product and Production Certification Systems - food safety & security, standards, traceability.

C)

Season extension: improve viability of fresh marketing.

D)

Labor saving cultural practices including mechanical pruning and tying techniques.

E)

Foliar & Cane Diseases – i.e. spur blight, yellow rust, cane blight, etc.

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented single
commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall each be limited
to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not limited to, “Diseases” and
“Pests”) within individual line items will not be accepted. Generic language for problems (e.g., “Diseases”) will not be accepted.
Unacceptable priorities, as noted above, will be removed from the list by the administrative office. The third tier research priorities shall
not be limited by list length and “packing” of multiple subjects and/or problems within individual line items will be accepted.
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NORTHWEST CENTER FOR SMALL FRUITS RESEARCH
New Specialty Crops Research Priorities
for 2014-2015 funding
Revised November 2012
I. Lonicera, Bilberry, Schisandra chinensis Baill, Gooseberry, Currants, Hardy Kiwifruit,
Lingonberry, Huckleberry, Chokeberry (Aronia melanocarpa), Elderberry, Sea Buckthorn Berry
(Hippophae), Buffalo Berry (Shepherdia), Gogi Berry

1A)

Pesticide tracking, registration and re-registration issues for new up-and-coming crops

B)

Cultivar Development: Germplasm collection, improvement, evaluation, and introduction

C)

Develop and/or improve a production system (how do we grow these crops?)

D)

New product development/marketing: including nutraceuticals

E)

Nutrition of new crops (fertilization)

2A)

Foliar diseases in Ribes

B)

Fresh market storage

C)

Quality of new fruit crops

D)

Pollination/fruit set

E)

Frost Protection of Hardy Kiwifruit

3A)

Investigation of mycorrhizal associations in Huckleberry

B)

Currant fruit fly (also called gooseberry maggot)

C)

Phytophthora in Hardy Kiwifruit

Priority Setting Policy (April 2010)
The Northwest Center for Small Fruits Research will accept three tiers of research priorities for each recognized and represented
single commodity (e.g. blueberries) or commodity group (e.g. specialty crops). The first and second tier research priorities shall
each be limited to five specific issues and/or problems in a bulleted format. “Packing” of multiple problems (including, but not
limited to, “Diseases” and “Pests”) within individual line items will not be accepted. Generic language for problems (e.g.,
“Diseases”) will not be accepted. Unacceptable priorities, as noted above, will be removed from the list by the administrative office.
The third tier research priorities shall not be limited by list length and “packing” of multiple subjects and/or problems within
individual line items will be accepted.
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