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1. a. Title: Regulated deficit irrigation on Malbec and Syrah grape and wine quality 
b. Principal Investigators: Michael Qian, Department of Food Science and Technology, Oregon 
State University, ph: 541-737-9114, Email: Michael.qian@oregonstate.edu 
c. Cooperators: Krista Shellie. USDA-ARS HCRU Corvallis, OR- Parma, ID 29603, U of I Lane,  

Parma Idaho 83660, ph: 208-722-6701 ext. 219, Krista.Shellie@ars.usda.gov;  
James Toomey, University of Idaho Food Technology Center, 1904 Caldwell, ID 83605 
James Barbour, University of Idaho, Parma Research and Extension Center Bradley 

 
2. a. Reporting Period Covered: Year 1 and year 2  

b. ARS Agreement Number (when applicable): NA 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
The concentrations of volatile compounds and precursors in grape berries are highly 

influenced by viticultural practices (1). Among these cultural practices, deficit irrigation, aimed at 
improving water use efficiency and reducing canopy vigor, is an important practice for 
sustainable agriculture, especially in arid and semi-arid areas (2, 3). Imposing a water deficit to 
the vine during berry development is an important vineyard management strategy to alter grape 
and wine quality. Previous studies have shown that water deficit influenced physiological 
parameters of the vine, changed berry composition and improved sensory attribute of wines by 
increasing fruity aroma and decreasing vegetal aromas (4, 5). The objective of this study is to 
determine water stress on grape secondary metabolites and implication to wine quality.  

The grape volatile composition was investigated in 2014 and 2015. In 2014, 35% ET fruit set 
to veraison with 1x frequency resulted in highest trans-β-damascenone concentration in Malbec 
grapes but no significant difference was observed for Syrah grapes. 35% ET fruit set to veraison 
with 1x frequency also resulted in higher vitispirane and TDN in Malbec grapes but not in Syrah. 
In 2015, 35% ET fruit set to veraison with 3x frequency treatment resulted in highest vitispirane 
and TDN content in Syrah grapes. Syrah grape had higher concentration of C6 compounds 
compared to Malbec grapes in both years. But the effect of treatments on grape C6 compounds 
was not reproducible from year to year and was compound dependent.  

In 2015, wine was made from the grapes in this trial. The total monomeric anthocyanin, total 
phenolic content and volatile composition of wine were measured. For both Malbec and Syrah 
wine, 70/35 treatment resulted in highest level of TMA and TPC. The irrigation frequency had 
very limited impact on TMA and TPC in both Malbec and Syrah wines. For the volatile profile, 
the results showed that the concentration of E-3-hexenol was highest with 70/35 and 70/70 
treatments in both Malbec and Syrah wines compared to 35/70 and 35/35 treatments. And 
correlations were found between the wine fermentation volatiles and must YAN level. Further 
study is underway to confirm these observations. 
 
b. Objectives:  
Determine water stress on grape secondary metabolites and implication to wine quality. 
 
c. Methods and Materials:  
 
Viticultural treatment (by Dr. Shellie) 
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The research was and will be conducted over three consecutive growing seasons (2014-2017) 
in established field trials located at the University of Idaho Parma Research and Extension Center 
in Parma, ID (lat: 43´78°N; long: 116´94°W; 750 m asl). The soil (sandy loam, available water-
holding capacity of 0.14 cm/cm soil), climatic conditions (semi-arid, dry steppe with warmest 
monthly average temperature of 32°C), and irrigation water supply (well water with sand media 
filter) at this location are well-suited for conducting deficit irrigation field research. The research 
was conducted in an irrigation trial that was planted in 2007 with the wine grape cultivars Malbec 
and Syrah. The vines in both trials were ungrafted (own-rooted), irrigated by above ground drip, 
and grown with the same training and trellis system (double-trunked, bilateral cordon, spur-
pruned annually to 16 buds/m of cordon, vertical shoot positioned on a two wire trellis with 
moveable wind wires). Vine water demand (ETc) was estimated weekly using the 1982 
Kimberly–Penman equation with alfalfa as a reference crop obtained from a local weather station 
(Agrimet) and a variable crop coefficient (0.3 to 0.7). Vineyard management reflects local 
commercial production practices including weed removal and periodic application of pesticides. 
The ‘Malbec’ and ‘Syrah’ trials were located adjacent to one another and have the same vine by 
row spacing (1.8 x 2.4 m) and experimental design [split-plot with irrigation amount (70 or 35% 
ETc sustained from fruit set to harvest, 35 increased to 70% at veraison, or 70 decreased to 35% 
at veraison) as the main factor and irrigation frequency (3 or 7d) as subplots] (Table 1). Each plot 
contained 18 vines (three rows of six vines per row) with inner and outer rows considered 
borders. Replicate plots of each treatment level were plumbed together with independent flow 
meters and water supply control. Each trial perimeter contained two border vine rows under 
independent irrigation supply and control. 
 
Grape volatile analysis  
Analysis of free volatiles 

The free form of aroma volatiles in the grape berries were measured using headspace-solid 
phase microextraction (HS-SPME) method coupled with GC-MS. A 50/30 µm 
DVB/CAR/PDMS fiber (Supelco Inc., Bellefonte, PA) was used for volatile extraction. 
Approximately 30 g of grape berries were blended with liquid nitrogen, and 1 g berry powder 
was weighed into a 20 mL autosampler vial. Four mL of citrate buffer (0.2 M, pH 3.2, saturated 
with NaCl) and 20 µL of internal standard (50 mg/L 4-octanol) were added with a small 
magnetic stir bar. The vials were tightly capped and equilibrated at 50 °C in a thermostatic bath 
for 15 min and extracted by SPME fiber for 30 min at the same temperature with stirring (500 
rpm). After extraction, the fiber was inserted into the injection port of the GC (250 °C) to desorb 
the analytes. The extraction and injection was conducted by autosampler (Gerstel, Linthicum, 
MD).  
An Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass selective detector 
(Agilent, Santa Clara, CA) was used. Compound separation was achieved with a ZB-WAX 
column (30 m × 0.25 mm i.d., 0.5 µm film thickness, Phenomenex, Torrance, CA). A constant 
helium column flow rate of 1.0 mL/min was used. The chromatographic program was set at 35 
ºC for 4 min, raised to 150 ºC at 20 ºC/min, and then raised to 230 ºC at 4 ºC/min, hold for 10 
min.  MS transfer line and ion source temperatures were 280 and 230 ºC, respectively. Electron 
ionization mass spectrometric data from m/z 35~350 were collected using a scan model with an 
ionization voltage of 70 eV.  
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Analysis of total C13-norisoprenoids 
Although C13-norisoprenoids are present in grape mostly as glycosidically bounded form as 

well, acid hydrolysis were selected to monitor the total C13-norisoprenoids because the enzyme 
was not very effective at hydrolyzing the C13-norisoprenoid precursors (6). Therefore, acid 
hydrolysis was more suitable to predict red grape aroma potential than enzyme hydrolysis (6). 
Extraction of hydrolytically liberated volatile compounds followed the published method with 
some modifications (7). Briefly, one gram of powdered berry and 4 mL of citrate buffer (0.2 M, 
pH 2.5, saturated with NaCl) were added into 20 mL autosampler vial. The vial was tightly 
capped and kept in water bath (99 °C) for 1 hour. After cooling down to room temperature in 
cold water, 20 µL of internal standard (50 mg/L, 4-octanol) was added. The acid hydrolyzed 
samples were analyzed using SPME-GC-MS method described previously.   
 

Wine making  
Fruit was harvested from all plots. After harvest, grapes were transported to the lab in 

Corvallis, OR and stored at -24 °C overnight before being de-stemmed manually. One and half 
kilogram of de-stemmed grapes were crushed by a crusher. YAN of the must was measured as 
sum of primary amino nitrogen and ammonia nitrogen. Primary nitrogen was measured using the 
method described by Dukes and Butzke (1998) (8). The ammonia nitrogen was measured using a 
commercial ammonia kit (R-biopharm, Cat. No. 11112732035). The must from each field 
replicates were fermented in the microscale fermentors (4 L) designed by Sampaio et al. (2007) 
(9). 50 mg/L SO2 was added to each ferments. Ferments were inoculated with Uvaferm 43 Dry 
Wine Yeast (Lalvin Bourgovin) and 0.3g/L Fermaid K were added to each fermentor. 
Fermentations were conducted in a temperature-controlled room at 26.6 °C. During fermentation, 
the punch-down disc was pushed halfway down so that the grapes were fully submerged. °Brix 
was monitored using an Anton-Paar DMA 35N Density Meter (Graz, Austria). When all 
fermentations were complete, each sample was pressed twice using a presser that applied a 
constant pressure of 30 psi for 1 min for each pressing. Resulting wines were placed in a cold 
room at 4 °C to settle. Bottled wine were stored in the cold room at 4 °C before analysis. 

  
Total monomeric anthocyanin analysis in wine 

The spectrophotometric method based upon pH-induced changes in absorbance (10) was used 
to assay total monomeric anthocyanins (TMA). Briefly, for each sample, 0.4 mL of extract were 
placed into two disposable cuvettes, diluted with either 2 mL of standardized sodium acetate 
buffer (pH 4.5) or 2 mL of standardized potassium chloride buffer (pH 1.0) and allowed to 
equilibrate for at least 15 min at room temperature. Optical absorbance was measured at both 520 
nm and 700 nm. Absorbance values were then used to calculate concentration of monomeric 
anthocyanins (expressed as mg/L cyanidin-3-glucoside equivalent). Each sample was assayed in 
duplicates. 

 
Total phenolic content analysis in wine  

Total Phenolic Content (TPC) was determined using the Folin-Ciocalteu colorimetric method 
(Singleton 1988) with lower volumes. Briefly, wine samples were centrifuged (1000 rpm, 5 min) 
and diluted 15 times with DI water, and 200 µL aliquots of this diluted samples were added to 
tubes containing 3 mL of DI water and 200 µL of Folin-Ciocalteau reagent. After vortexing to 
mix, solutions were allowed to react for 10 min before the addition of 600 µL of 20% sodium 
carbonate solution (w/v). The resultant mixture was vortexed and incubated in a 37 °C water bath 
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for 20 min. After incubation, samples were chilled in icy water until reached room temperature. 
Absorbance of samples was measured at 755 nm using a UV-1800 spectrophotometer (Shimadzu, 
Kyoto, Japan). Standard curve was prepared the same day using solutions of gallic acid (40, 80, 
120, 160 and 200 ppm). Assays were performed in triplicates, and values were reported as mg/L 
gallic acid equivalents.  

 
HPLC analysis of anthocyanins 

Samples (20µl) were analyzed using a HP 1090 Liquid Chromatograph with a UV detector, 
signal was recorded at wavelength 520nm. Chromatographic separations were carried out on a 
Prodigy C18 column (100 Å, 5 µm, 250×4.6 mm, Phenomenex). The mobile phase consisted of 
two solvents: solvent A, 5% formic acid in milli-Q water; solvent B, methanol (HPLC grade), 
flow rate 1 mL/min. The following gradient was employed, 0-35 min (10-60% B); 35-40 min 
(60% B); 40-50 min (60-10% B); 51-55 min (10% B).  

 
Quantitative Analysis of Aroma Compounds in wine  

Major volatile Compounds. Two mL of wine was diluted with 8 mL of citrate/saturated salt 
buffer (pH 3.5). The diluted samples were spiked with 20 µL of internal standard (4-octanol, 
109.8 mg/L) and the volatiles in headspace were extracted by a DVB/CAR/PDMS fiber (Supelco, 
Bellefonte, PA). The extraction and injection was conducted by autosampler (Gerstel, Linthicum, 
MD). Samples were first equilibrated at 50 °C in a thermostatic bath for 15 min and then 
extracted by SPME fiber for 30 min at the same temperature with stirring (500 rpm). After 
extraction, the fiber was inserted into the injection port of GC (250 °C) to desorb the analytes. An 
Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass selective detector (Agilent, 
Santa Clara, CA) was used. Compound separation was achieved using a ZB-WAX column (30 m 
× 0.25 mm i.d., 0.5 µm film thickness, Phenomenex, Torrance, CA). The carrier gas was helium 
at flow rate of 1 mL/min and the injection was performed in the splitless mode. Injector and 
detector were held at 250 °C. The column initial temperature was 35 °C, which was held for 4 
min and then raised to 230 °C at 4 °C/min, and held at 230 °C for 10 min. MS transfer line and 
ion source temperature were 280 and 230 °C, respectively. Electron ionization mass spectrometric 
data from m/z 35~350 were collected using a scan mode with an ionization voltage of 70 eV. 
Compound identification was achieved by comparing mass spectral data from the Wiley 275.L 
(G1035) database (Agilent Technologies, Santa Clara, CA). 

C13-norisoprenoid potential. C13-norisoprenoids exist in young wines as both free and 
glycosidically bounded form, which could be slowly liberated during aging. Since acid hydrolysis 
could accelerate this aroma releasing process, it can be used to evaluate the C13-norisoprenoid 
potential of the wine. Briefly, for each sample, 2 mL of wine sample was mixed with 8 mL of 
citrate buffer (0.2 M, pH 2.5) in an autosampler vial. The vial was tightly capped and incubated in 
a water bath kept at 99 ºC for 1 hour. After incubation, the vial was cooled in icy water for 10 
min, and 20 µL of internal standard (4-octanol, 109.8 mg/L) was added. The samples analyzed 
using same SPME-GC-MS procedure described above.  

Highly volatile compounds. Due to the high concentration of acetaldehyde, ethyl acetate, 
isoamyl acetate, propanol, isobutanol and isoamyl alcohol in wine, they cannot be reliably 
quantitated by SPME method described above. So headspace was directly injected and a flame 
ionization detector (FID) was used. Half mL of wine and 0.5 mL of milli-Q water was pipetted 
into a 20-mL auto-sampler vial and tightly capped with Teflon-faced silicone septa. An aliquot 20 
µL of the internal standard (1 mg/L methyl propionate) were added to each vial. The extraction 
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and injection was conducted by an autosampler (Gerstel, Linthicum, MD) that equipped with a 
1.5 mL syringe. The syringe temperature was kept at 70 °C. Before injection, samples were 
incubated at 70 °C for 15 min with 250 rpm agitation. The injection volume was 0.5 mL with 1:10 
split ratio. A DB-WAX (30m × 0.25mm×0.5 µm, Agilent, Palo Alto, CA) column was used and 
the initial oven temperature was 35°C, held for 4 minutes, then 10 °C / min to 150 °C, held for 5 
min. Carrier gas flow was 2 mL/min. Inlet temperature was 200 °C and the FID temperature was 
250 °C. Identifications were made by comparing retention time with authentic pure standards.  

Volatile phenols and lactones. Due to the low concentration and low affinity to the SPME 
fiber, benzene derivatives were difficult to detect by using the SPME method mentioned above, 
so an SBSE-GC-MS method with an ethylene glycol−silicone (EG) coated stir bar (0.5 mm film 
thickness, 10 mm length, Gerstel Inc., Baltimore, MD, USA) was employed for the quantitation 
of benzene-derived compounds such as volatile phenols, vanillin, and methyl anthranilate (11). 20 
Ten mL of wine sample was mixed with 10 mL of saturated NaCl in water. An aliquot of 20 µL 
internal standard was added. EG stir bar was placed into the vial and stirred for 3 hours at room 
temperature at 1000 rpm. After extraction, the EG stir bar was removed from the sample, rinsed 
with milli-Q water, dried with Kimtech wipers (Kimberly-Clark Professional Inc., Roswell, GA), 
and transferred into a thermal desorption unit (TDU) for GC-MS analysis. Analysis of volatile 
compounds were performed on a an Agilent 7890 gas chromatograph coupled with a 5975 mass 
selective detector, and a Gerstel MPS-2 multipurpose TDU autosampler with a CIS-4 cooling 
injection system (Gerstel Inc. Linthicum, MD, USA). The analytes were thermally desorbed at the 
TDU in splitless mode, ramping from 25 to 220 °C at a rate of 100 °C/min, and held at the final 
temperature for 2 min. The CIS-4 was cooled to 35 ºC during the sample injection, and then 
heated at 10 °C/s to 250 °C for 10 min. Solvent vent mode was used during the injection with a 
split vent flow of 50 mL/min. A ZB-wax-plus capillary column (30 m × 0.25 mm i.d., 0.5 µm film 
thickness, Agilent, Wellington, DE) was used for separation. The oven program was set at 35 ºC 
for 4 min, raised to 150 ºC at 20 ºC/min, and then raised to 230 ºC at 4 ºC/min, held for 10 min. A 
constant helium flow of 1.5 mL/min was used. The MS transfer line and ion source temperature 
were 280 °C and 230 °C, respectively. The mass selective detector in full scan mode was used to 
acquire the data. Electron ionization mass spectrometric data from m/z 35 to 300 were collected, 
with an ionization voltage of 70 eV. Identifications were made by comparing mass spectral data 
with the Wiley 275.L database (Agilent Technologies, Santa Clara, CA) and confirmed by 
authentic pure standards.  

 
Calibration curves  

For each method above, internal standard calibration was obtained by the interpolation of 
relative peak areas in the calibration graphs built by the analysis of synthetic wine (3.5 g/L tartaric 
acid, 12% v/v ethanol, pH 3.5) containing known amounts of the analytes. Standard calibration 
curves were obtained through Chemstation software (Agilent Technologies, Santa Clara, CA) and 
were used to calculate the concentrations of volatile compounds in the samples. 

 
Sensory evaluation 

Descriptive analysis (DA) was performed three months after bottling to study te effects of the 
experimental treatments on wine aromas. Wines were evaluated by a panel of six experienced 
panelists (five female and one male). Prior to the start of the DA panel, panelists received training 
in aroma evaluation, ranking and aroma identification over a 3 week period, with at least two hour 
sessions per week. Panelist were presented with standard aroma solutions. DA panel was 
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conducted during three weekly, one-hour sessions over four weeks. Each panelist was given 30 
mL of the sixteen research wines in coded glasses. Panelists were instructed to individually 
generate descriptors for each wine, then asked to reach consensus on descriptive terms. A five 
points of scale was used. A mixture of the experimental wine was used as references during the 
sessions.  

 
Statistical analysis 

Significant difference between treatments (p<0.05) were determined using one-way analysis 
of variance (ANOVA) with post hypothesis of Tukey’s HSD. Discriminant analysis (LDA) was 
performed by SPSS 20.0 (IBM, Armonk, NY) using stepwise method, and data was standardized 
before analysis. ANOVA and data standardization was carried out using SPSS 20.0 (IBM, 
Armonk, NY). 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
The original goals accomplished for the year 1 and year 2. Results are summarized below: 
 
Grape volatile composition 

Grape volatile compositions were determined in year 2014 and 2015. The most abundant free 
volatile compounds in both Malbec and Syrah grape were C6 compounds. The C6 compounds in 
Malbec grape in 2014 was showed in Table 1. The effect of different irrigation regime on grape 
C6 compounds was compound dependent. The total C13-norisoprenoids were also monitored 
(Table 2), and result showed that 35/70 with 1x frequency resulted in highest total C13-
norisoprenoids in Malbec grapes. The C6 compounds in Syrah grape in 2014 was showed in 
Table 3. And total C13-norisoprenoids in Syrah grape in 2014 was showed in Table 4. However, 
the effect of treatments on C6 compounds in Syrah grape was not clear and no difference was 
observed for the C13-norisoprenoids in the Syrah grape in 2014. The major volatile compounds in 
Malbec and Syrah grapes from 2015 were showed in Table 5 and Table 7. And total C13-
norisoprenoids in Malbec and Syrah grape was showed in Table 6 and Table 8 respectively. In 
2015, there were little difference observed between the treatments for both Malbec and Syrah 
grapes, except for 35/35 with 3x frequency treatment showed highest vitispirane and TDN content 
in the Syrah berries. 
 
TSS and YAN of grapes before fermentation 

Table 9 showed the TSS and YAN content in the grape juice before fermentation in 2015. The 
impact of different irrigation strategy on grape TSS and YAN level was dependent on grape 
variety. For Malbec grape, there was no difference between treatments for TSS and YAN. For 
Syrah grape, 70/70 with 1x irrigation frequency resulted in lowest TSS and YAN in the berries, 
while 35/35 with 3x irrigation frequency resulted in highest YAN level in the must. 
 
Total anthocyanins (TMA) and total phenolic content (TPC) 

Wine TMA and TPC from 2015 vintage were presented in Figure 1. Two-way ANOVA was used 
to analyze the effect of irrigation amount and irrigation frequency. Results showed that irrigation 
amount was the major factor that affected wine TMA and TPC. TMA and TPC responded to 
different irrigation amount similarly. For Malbec wine, 35/70 treatment resulted in lower TMA 
and TPC. However, for Syrah wine, 70/70 treatment resulted in the lowest TMA and TPC. For 
both Malbec and Syrah wine, 70/35 treatment resulted in highest level of TMA and TPC. The 
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irrigation frequency had very limited impact on TMA and TPC in both Malbec and Syrah wines. 
Our results indicated that irrigation amount after veraison played an important role in the TMA 
and TPC in the final wines. The anthocyanin profile in wine was analyzed by HPLC-UV. The 
results were showed in Table 10 and Table 11. For Malbec wine, delphindin-3-monoglucoside 
and petunidin-3-monoglucoside were higher in the 70/35 3x treatment and 35/35 3x treatment 
compared to other treatments. For Syrah wine, petunidin-3-monoglucoside was higher in 70/35 
treatment compared to other treatments. 
 
Wine volatile profile 

Table 12 and Table 13 showed the volatile profile of Malbec and Syrah wine respectively. 
Different irrigation regime showed complicated impact on the aroma profile of the corresponding 
wines. In Malbec wine, comparing the mean value, 35/35 treatments resulted in higher linalool, 
ethyl butanoate, ethyl hexanoate, hexyl acetate and 1-hexanol. In Syrah wine, 35/35 treatments 
resulted in higher ethyl butanoate, ethyl acetate and propanol. 
 
Discriminant analysis 

Figure 2 and Figure 3 showed the result of discriminant analysis of the volatile compounds in 
wine from 2015. The analysis was performed to find the major compounds that can differentiate 
the wine from different irrigation regime. For Mabec wine, variables in the analysis were hexyl 
acetate, 1-hexanol, E-2-hexenol and phenethyl acetate. For Syrah wine variables in the analysis 
were isobutyl acetate, ethyl butanoate, E-2-hexenol and linalool. The result indicated that the 
major different associated with irrigation regime in wine was some C6 compounds such as E-2-
hexenol, and some esters. For Syrah, the volatile profile of wine was also associated with some 
terpenes such as linalool. 

 
Ester and alcohol concentration affected by YAN 

The fermentation volatiles such as esters and higher alcohols in wine were likely associated 
with must YAN level. The correlation between must YAN level and major esters and alcohols in 
wine were presented in Figure 4 and Figure 5 for Malbec and Syrah wines, respectively. In both 
Malbec and Syrah wines, ethyl acetate had a positive relationship with YAN, and isoamyl alcohol 
had negative correlation with YAN. In Syrah wine, isoamyl acetate negatively correlated with 
YAN. But in Malbec wines isoamyl acetate was positively correlated to YAN. Ethyl hexanoate 
was negatively correlated with YAN but to a lesser extend. Our results indicated that different 
irrigation regime could alter wine volatile composition by change the grape must nitrogen. 
Further analysis is needed to confirm this hypothesis.  

 
Sensory analysis 

The result of sensory descriptive analysis was showed in Table 14. The results were analyzed by 
ANOVA to determine the differences between the samples. Results showed that the panelist 
cannot distinguish the samples from different irrigation treatments, expect for the Malbec wine 
from 35/35 treatment with 3x frequency had a high sulfurous score. 

 
e. Reasons why goals and objectives were not met (when applicable): NA 
 
f. Charts, graphs and/or diagrams:  
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Table 1 C6 compounds in Malbec grape harvested from 2014 
Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

1-hexanal 678±121 ab 626±53 b 661±55 ab 664±121 ab 659±68 ab 863±161 a 831±173 ab 759±61 ab 

E-2-hexenal 960±196 873±25 935±163 932±198 913±118 1111±224 973±187 944±97 

Z-3-hexenol 131±15 b 286±51 a 284±58 a 344±105 a 145±21 b 305±52 a 139±41 b 269±35 a 

1-hexanol 924±188 ab 1084±340 a 805±219 ab 973±241 ab 588±224 b 722±206 ab 1005±335 ab 681±234 ab 

 
Table 2 Total C13-norisoprenoids in Malbec grape harvested from 2014 

Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

β-damascenone 11.6±0.4 b 12.05±1.0 ab 12.6±0.6 ab 12.4±0.9 ab 12.7±1.0 ab 12.8±0.4 ab 13.6±0.4 a 13.1±0.7 ab 

β-ionone 0.20±0.02 0.21±0.03  0.24±0.07  0.25±0.08 0.23±0.05 0.25±0.07 0.32±0.07 0.27±0.06  

vitispirane 16.3±0.2 b 16.3±0.2 ab 16.41±0.08 ab 16.4±0.3 ab 16.3±0.09 b 16.4±0.2 ab 16.7±0.2 a 16.6±0.4 ab 

TDN 16.27±0.2 b 16.3±0.3 ab 16.33±0.12 ab 16.3±0.1 b 16.3±0.11 b 16.4±0.2 ab 16.9±0.2 a 16.8±0.4 ab 

 
Table 3 C6 compounds in Syrah grape harvested from 2014 

Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

1-hexanal 2065±484 1932±307 1778±267 1945±322 1930±375 1701±250 1737±92 2136±314 

E-2-hexenal 3283±712 2836±139 2803±299 2996±302 3128±427 2918±479 2696±236 3377±295 

Z-3-hexenol 160±50 a 108±9 b 55±4 c 66±20 bc 56±20 c 64±17 bc 54±10 c 69±23 bc 

1-hexanol 321±32 b 455±26 a 166±67 cd 216±68 bc 475±86 a 281±58 bc 63±6 d 182±15 cd 

 
Table 4 Total C13-norisoprenoids in Syrah grape harvested from 2014 

Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

β-damascenone 9.21±0.74 9.77±1.63 9.13±0.26 8.96±0.35 9.45±0.77 9.34±0.93 9.56±0.64 9.42±0.59 

β-ionone nd nd nd nd nd nd nd nd 

vitispirane 17.2±0.2 17.5±1.0 17.2±0.5 17.6±0.4 17.7±0.9 17.6±0.6 17.7±0.8 18.1±0.7 

TDN 16.3±0.2 16.4±0.4 16.3±0.2 16.5±0.1 16.7±0.5 16.4±0.3 16.5±0.3 16.8±0.4 
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Table 5 Free grape volatile compositions in Malbec grape harvested from 2015 
Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

C6 compounds         

1-Hexanol 240±40 ab 589±181 a 218±26 b 341±105 ab 294±210 ab 310±87 ab 300±94 ab 432±158 ab 

Z-2-hexenol 317±261 199±102 85±34 125±25 80.0±19.1 107±20 96.8±14.9 124±38 

E-2-hexenol 47.5±3.6 154±81 64.9±27.7 95.7±19.7 93.9±66.8 80.8±15.4 74.1±13.2 93.5±28.7 

E-3-hexenol 7.18±2.14 15.1±3.25 3.32±2.19 12.6±4.71 9.00±6.32 12.7±4.9 7.16±5.57 19.5±11.64 

Hexanal 1194±110 1225±201 1351±313 1509±293 1269±609 1547±436 1680±29 1742±386 

E-2-hexenal 548±121 493±71 572±204 617±21 576±321 652±130 714±29 751±247 

Terpenoids         

α-terpineol 0.61±0.3 0.83±0.35 0.42±0.29 0.73±0.64 0.44±0.21 0.46±0.32 0.23±0.19 0.61±0.45 

Geraniol 30.4±20.2 bc 54.5±11.1 abc 91.7±39 ab  105.2±26.5 a 35.7±26.5 abc  4.06±1.73 c 14.5±5.3 c 8.10±1.36 c 

Z-linalool oxide 3.00±0.36 2.92±0.51 3.08±0.58 2.84±0.24 3.17±0.65 3.42±0.65 3.36±0.71 3.86±0.7 

E-linalool oxide 0.05±0.02 b 0.18±0.03 a 0.05±0.01 b 0.06±0.01 b 0.08±0.05 b 0.06±0.03 b 0.04±0.006 b 0.04±0.01 b 

Linalool 1.59±0.42 8.03±4.6 8.55±5.57 9.69±0.62 5.70±4.36 4.9±3.84 0.63±0.21 0.37±0.11 

Nerol 0.10±0.001 ab 2.68±0.18 ab 1.9±0.74 ab 4.55±2.75 a 2.18±0.26 ab 1.57±1.09 ab 0.19±0.11 b 0.18±0.08 b 

Miscellaneous         

1-Octanol 0.69±0.53 a 0.13±0.06 0.14±0.06 0.09±0.01 0.1±0.01 0.13±0.06 0.19±0.07 0.12±0.004 

1-Octen-3-ol 12.1±6.29 a 12.6±8.35 b 8.98±7.69 ab 8.77±2.14 b 9.97±3.01 b 15.8±2.58 b 5.09±2.5 ab 5.66±0.09 b 

2-Ethyl-1-
hexanol 

2.22±0.1 2.03±0.48 1.83±0.14 1.92±0.16 1.88±0.21 1.61±0.32 1.75±0.09 1.91±0.20 

Benzeneethanol 19.6±8.81 23.3±7.97 16.6±8.36 12.1±2.88 10±1.75 7.29±4.5 15.4±7.31 3.69±0.68 

Benzyl alcohol 95.9±40.8 115.9±19.2 62.7±29.9 87.2±13.3 61.1±24.3 57.8±32.3 58.6±9.41 79.6±18.3 

Hexanoic acid 156±78 505±6 172±109 406±160 90.1±52.8 225±68 315±164 362±141 

 
Table 6 Total C13-norisoprenoids in Malbec grapes harvested from 2015 

Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

Vitispirane 14.1±2.4 13.5±0.3 14.6±2.5 14.4±2.2 13.8±0.2 13.4±1.0 15.9±0.8 14.1±1.1 

TDN 27.0±4.22 36.0±3.26 30.3±6.93 27.2±1.62 27.2±4.98 26.2±2.74 24.4±7 27.3±2.54 

β-Damascenone 10.37±1.81 8.59±0.71 10.2±1.91 9.97±0.56 9.61±0.93 8.16±2.39 7.08±2.45 5.69±3.83 

β -Ionone 0.13±0.08 0.15±0.09 0.26±0.09 0.17±0.04 0.12±0.06 0.19±0.1 0.09±0.01 0.13±0.08 
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Table 7 Free grape volatile compositions in Syrah grape harvested from 2015 
Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

C6 compounds         

1-Hexanol 724±145 577±83 657±19 910±165 696±110 900±368 900±276 738±183 

Z-2-hexenol 463±8 480±236 638±314 458±88 363±131 384±125 404±118 376±43 

E-2-hexenol 360±206 377±182 500±253 359±62 288±102 295±107 318±95 292±40 

E-3-hexenol 17.9±0.36 18.3±12.2 12.6±4.23 20.7±7.61 18.7±3.6 20.5±4.47 16.7±3.71 16.8±9.22 

Hexanal 2749±989 2284±417 2850±784 2960±1046 3357±786 2372±265 2432±192 2859±374 

E-2-hexenal 892±114 556±131 853±106 651±176 641±94 690±301 718±279 663±166 

Terpenoids         

α-terpineol 0.34±0.02 0.51±0.26 0.43±0.14 0.74±0.68 0.51±0.25 1.24±0.56 0.32±0.26 0.58±0.50 

Geraniol 9.47±2.06 11±1.73 7.55±0.86 6.33±4.2 12.9±4.24 7.76±5.88 7.48±6.17 10.4±6.53 

Z-linalool oxide 1.96±2.78 3.52±3.05 2.78±1.24 4.76±0.59 4.83±1.06 4.82±0.54 2.96±1.68 4.80±0.26 

E-linalool oxide 0.04±0.01 0.06±0.03 0.04±0.003 0.06±0.03 0.04±0.001 0.04±0.001 0.04±0.02 0.05±0.01 

Linalool 0.67±0.32 1.54±0.87 1.27±0.66 1.92±1.77 1.33±0.40 3.02±2.12 0.74±0.52 1.42±0.09 

Nerol 0.11±0.08 0.13±0.01 0.14±0.01 0.2±0.06 0.25±0.15 0.20±0.07 0.13±0.01 0.17±0.03 

C13-
norisoprenoids 

        

Vitispirane 25.0±7.7 ab 22.6±7.1 b 24.4±5.1 ab 21.3±3.7 b 25.8±7.1 ab 31.4±3.3 ab 32.9±5.6 ab 40.5±4.2 a 

TDN 51.0±3 ab 44.2±16.6 b 44.2±11.3 b 42±8.7 b 46±10.3 b 55.8±3.1 ab 58.9±4.7 ab 76.5±11.6 a 

β-Damascenone 6.84±3.51 3.72±1.43 6.76±2.97 5.01±1.95 4.9±3.7 4.5±2.63 7.41±0.82 5.73±0.88 

β -Ionone 0.38±0.42 0.09±0.05 0.09±0.04 0.16±0.07 0.19±0.11 0.07±0.01 0.35±0.23 0.24±0.14 

Miscellaneous         

1-Octanol 0.14±0.06 0.28±0.12 0.15±0.08 0.58±0.47 0.24±0.2 0.32±0.18 0.19±0.12 0.2±0.07 

1-Octen-3-ol 5.26±2.38 6.33±3.63 6.31±3.08 10.71±8.25 9.68±7.87 9.14±4.65 3.59±1.46 8.67±5 

2-Ethyl-1-hexanol 1.94±0.37 1.71±0.15 2.01±0.11 2.05±0.08 2.24±0.39 1.89±0.13 2.01±0.86 2.16±1.00 

Benzeneethanol 19±0.05 42±29.37 20.1±1.42 25.9±18.5 34.1±21.3 34.3±29.2 56.1±37.7 43.2±16.6 

Benzyl alcohol 104±8.0 132±28 72±24 158±48 128±2 114±33 111±47 135±36 

Hexanoic acid 297±79 301±118 487±107 267±87 263±43 280±86 339±140 368±82 

 
Table 8 Total C13-norisoprenoids in Syrah grapes harvested from 2015 

Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

Vitispirane 25.0±7.7 ab 22.6±7.1 b 24.4±5.1 ab 21.3±3.7 b 25.8±7.1 ab 31.4±3.3 ab 32.9±5.6 ab 40.5±4.2 a 

TDN 51.0±3 ab 44.2±16.6 b 44.2±11.3 b 42±8.7 b 46±10.3 b 55.8±3.1 ab 58.9±4.7 ab 76.5±11.6 a 

β-Damascenone 6.84±3.51 3.72±1.43 6.76±2.97 5.01±1.95 4.9±3.7 4.5±2.63 7.41±0.82 5.73±0.88 

β -Ionone 0.38±0.42 0.09±0.05 0.09±0.04 0.16±0.07 0.19±0.11 0.07±0.01 0.35±0.23 0.24±0.14 
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Table 9 TSS and YAN in grape juice before fermentation in 2015 

Treatment TSS (°Brix) YAN (g/L) 
 Malbec Syrah Malbec Syrah 

70/35 1x 22.1±0.6 26.6±1.3 a 232±18 218±36 abc 
70/35 3x 22.4±1.1 27.8±0.6 a 196±28 240±58 abc 
70/70 1x 22.1±0.4 24.1±1.2 b 206±52 201±16 bc 
70/70 3x 22.4±1.2 25.8±0.4 ab 179±32 178±41 c 
35/70 1x 20.9±0.7 26.0±0.9 ab 236±31 230±15 abc 
35/70 3x 21.2±0.5 26.3±0.9 ab 314±62 255±3 abc 
35/35 1x 22.0±0.4 26.7±0.5 a 213±45 302±44 ab 
35/35 3x 23.0±1.2 27.8±0.5 a 199±17 286±9 a 
p-value ns 0.002 ns 0.05 

Mean±SD presented. Different letters represent significantly (Tukey HSD, P<0.05) different 
in means (n=3 independent field samples). ns, difference was not statistically significant. 
 

 

Table 10 Anthocyanins in Malbec Wine 
Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

Delphindin-
3-
monoglucosi
de 113±14 ab 149±47 a 

73.6±37.1 
ab 

77.5±8.23 
ab 

38.8±22.4 
b 

33.5±10.4 
b 

75.7±27.3 
ab 132±45 a 

Petunidin-3-
monoglucosi
de 352±30 ab 416±73.5 a 270±89 ab 278±44 ab 181±60 ab 

157±29.4 
b 334±126 ab 417±138 a 

Peonidin-3-
monoglucosi
de 14.5±1.4 21.9±15.2 15.1±0.6 15.1±1.2 15.9±1.2 14.0±0.9 16.6±2.5 22.4±3.7 
Malvidin-3-
monoglucosi
de 2965±98 3237±214 2865±462 2878±376 2390±345 2294±284 2866±487 3166±507 
 

Table 11 Anthocyanins in Syrah Wine 
Amount 70/35 70/70 35/70 35/35 

Frequency 1× 3× 1× 3× 1× 3× 1× 3× 

Delphindin-3-
monoglucoside 39.2±27.2 61.9±2.64 22.8±10.9 34.7±8.33 42.2±14.8 49.1±14.8 37.8±12.4 51.5±8.77 
Petunidin-3-
monoglucoside 165±54 a 224±33 a 114±30 b 

137±16 
ab 

185±46 
ab 190±5 ab 

162±37 
ab 

195±24 
ab 

Peonidin-3-
monoglucoside 26.1±18.9 39.5±9.0 17.1±7.4 22.1±3.2 31.1±7.7 30.2±11.9 29.6±13.1 29.2±1.9 
Malvidin-3-
monoglucoside 1999±82 2095±540 1433±264 1537±86 1811±248 1782±269 1743±156 1934±279 
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Table 12 Volatile profile of Malbec wine made from different vineyard irrigation treatments in 2015 

 70/35 1x 70/35 3x 70/70 1x 70/70 3x 35/70 1x 35/70 3x 35/35 1x 35/35 3x 

Esters         

ethyl acetate* 28.1±1.7 22.7±7.0 25.4±5.7 21.9±3.1 27.7±3.2 28.1±4.0 29.7±6.7 30.3±4.1 

isoamyl acetate 949±34 652±309 753±208 808±204 735±274 851±128 860±86 737±179 

ethyl isobutyrate 3.44±0.15 3.27±0.15 3.49±0.20 3.73±0.81 3.71±0.18 3.75±0.43 3.89±0.59 3.62±0.15 

isobutyl acetate 15.3±0.6 15.2±0.4 19.2±4.1 14.3±2.2 16.4±0.8 16.1±2.6 16.2±1.2 15.1±2.8 

ethyl butanoate 26.5±0.7 18.9±7.1 23.0±6.3 20.6±2.4 20.8±7.3 27.0±1.3 26.7±4.8 30.9±3.1 

ethyl hexanoate 69.6±2.9 56.3±12.5 66.2±12.8 65.6±14.6 61.0±11.9 64.7±3.1 71.2±5.9 77.9±10.4 

hexyl acetate 3.05±0.37 2.20±1.11 1.93±0.26 2.60±0.65 2.69±1.31 2.18±0.18 3.42±0.31 3.29±0.48 

octyl acetate 0.36±0.01 a 0.31±0.02 b 0.29±0.01 bc 0.32±0.01 ab 0.27±0.03 bc 0.27±0.02 bc 0.28±0.02 bc 0.26±0.02 c 

ethyl octanoate 56.3±1.6 a 47.9±2.8 ab 49.0±3.4 ab 52.3±7.0 ab 42.6±10.0 ab 43.5±2.4 ab 44.2±1.5 ab 41.5±4.7 b 

ethyl decanoate 66.5±11.2 55.9±9.5 57.9±10.6 67.8±9.8 72.8±19.2 72.4±13.5 64.0±11.8 62.4±13.0 

octyl butyrate 0.16±0.01 0.14±0.02 0.14±0.01 0.15±0.01 0.13±0.01 0.11±0.02 0.13±0.02 0.11±0.02 

ethyl phenylacetate 0.32±0.04 0.28±0.07 0.26±0.02 0.38±0.09 0.21±0.09 0.26±0.12 0.27±0.07 0.25±0.07 

phenethyl acetate 15.8±4.4 14.4±4.2 15.1±3.6 21.0±5.0 9.2±4.0 10.0±2.2 10.8±5.3 9.2±4.1 

diethyl succinate 27.6±1.1 28.7±3.7 24.5±3.7 23.8±4.2 24.0±2.4 23.8±1.1 24.0±5.3 27.4±1.9 

Alcohols         

isoamyl alcohol* 223±19 216±23 185±45 253±40 201±31 214±40 217±69 176±15 

isobutyl alcohol* 29.6±2.1 29.8±3.4 27.9±6.1 39.9±8.4 30.3±6.0 31.5±4.3 31.1±12.8 23.5±0.9 

1-propanol* 30.2±3.3 27.8±3.1 24.3±7.8 22.4±5.0 34.3±5.0 31.3±4.6 30.7±10.0 32.0±11.8 

1-hexanol 258±18 ab 280±17 ab 239±56 b 227±34 b 233±18 b 219±45 b 289±6 ab 345±47 a 

E-2-hexen-1-ol 12.9±0.4 a 10.6±0.2 b 9.5±0.2 bc 10.7±0.4 b 8.9±0.6 c 8.8±0.004 c 9.2±1.1 bc 8.8±0.8 c 

1-octen-3-ol 7.97±0.89 6.20±0.91 6.55±1.02 7.39±1.29 5.50±1.70 6.81±0.18 6.11±0.70 5.75±1.17 

2-ethyl-1-hexanol 0.64±0.10 0.66±0.17 0.63±0.06 0.47±0.04 0.76±0.30 0.65±0.12 0.45±0.04 0.53±0.11 

1-nonanol 1.97±0.35 1.67±0.31 1.70±0.10 1.66±0.10 1.34±0.33 1.53±0.10 1.54±0.11 1.84±0.15 

1-octanol 101±4 89±7 90±4 82±4 91±17 90±8 87±10 86±11 

benzyl alcohol 54.0±4.9 53.8±2.5 47.0±7.2 57.9±6.4 46.9±8.5 45.8±5.0 49.8±14.4 41.7±3.9 

phenethyl alcohol 3361±708 3294±718 3127±427 3984±804 2370±514 2608±890 2617±1070 2580±916 

Terpenoids         

linalool 0.84±0.07 0.79±0.02 0.81±0.02 0.78±0.01 0.83±0.06 0.78±0.06 0.85±0.04 0.83±0.04 

α-terpineol 0.19±0.01 a 0.16±0.01 ab 0.13±0.01 b 0.17±0.01 ab 0.16±0.01 ab 0.13±0.03 b 0.17±0.01 ab 0.17±0.01 
ab 

geraniol 1.77±0.32 a 1.37±0.15 ab 1.53±0.13 ab 1.40±0.13 ab 1.37±0.13 ab 1.27±0.11 b 1.24±0.15 b 1.40±0.15 
ab 

C13-norisoprenoids 

β-damascenone 0.36±0.06 a 0.31±0.03 ab 0.30±0.03 ab 0.30±0.04 ab 0.28±0.04 ab 0.29±0.02 ab 0.26±0.01 b 0.29±0.03 
ab 

Aldehydes         

acetaldehyde 13.9±2.8 19.2±15.9 16.8±7.4 11.8±6.0 8.6±1.1 7.3±1.2 10.5±3.7 10.7±1.5 

Acids         

hexanoic acid 73.7±5.2 73.1±9.0 59.1±9.7 68.3±9.8 62.9±15.8 76.0±25.2 75.3±34.8 50.1±14.7 

octanoic acid 174±28 153±5 170±14 167±25 163±45 161±15 146±4 144±26 

decanoic acid 31.7±2.3 27.8±2.9 28.0±1.6 28.3±7.7 26.7±4.9 25.4±5.2 24.1±2.2 20.8±5.6 

Benzene derivatives 

guaiacol 4.54±1.16 6.83±1.34 4.95±1.50 4.86±0.73 4.99±0.85 3.76±0.85 5.91±3.34 6.24±0.53 

p-cresol 1.00±0.09 1.07±0.24 0.93±0.48 1.09±0.19 1.06±0.28 1.06±0.02 0.96±0.16 1.35±0.13 

m-cresol 0.33±0.04 0.61±0.23 0.35±0.02 0.33±0.01 0.33±0.01 0.30±0.03 0.40±0.17 0.40±0.03 

eugenol 1.16±0.18 1.01±0.35 1.11±0.15 0.99±0.02 0.95±0.21 0.89±0.03 0.77±0.24 1.10±0.09 

4-vinylguaiacol 20.4±4.2 24.2±4.2 20.8±3.3 17.5±0.7 16.8±3.5 18.6±4.3 21.6±7.5 28.4±2.8 
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methyl anthranilate 0.23±0.10 0.24±0.14 0.15±0.07 0.19±0.04 0.19±0.04 0.15±0.09 0.19±0.04 0.21±0.001 

ethyl anthranilate 0.48±0.13 0.41±0.18 0.31±0.18 0.25±0.10 0.20±0.04 0.18±0.08 0.32±0.22 0.28±0.14 

4-vinylphenol 576±135 685±57 654±219 496±97 494±128 645±118 663±148 852±106 

vanillin 7.26±4.00 10.8±0.5 10.5±1.0 12.8±2.2 11.2±1.6 7.19±3.70 8.36±3.47 11.8±0.31 

methyl vanillate 22.5±1.0 a 18.9±4.7 ab 23.3±2.4 a 17.8±1.3 ab 16.1±2.8 ab 18.5±0.9 ab 12.8±4.9 b 16.7±1.5 ab 

ethyl vanillate 429±61 ab 474±143 a 371±13 ab 277±18 ab 319±23 ab 235±63 b 238±114 b 419±99 ab 

Mean±SD presented. Different letters represent significantly (Tukey HSD, P<0.05) different in means (n=3 independent field samples). * 
Concentration expressed as mg/L 

 
Table 13 Volatile profile of Syrah wine made from different vineyard irrigation treatments in 2015 

 70/35 1x 70/35 3x 70/70 1x 70/70 3x 35/70 1x 35/70 3x 35/35 1x 35/35 3x 

Esters         

ethyl acetate* 32.4±9.8 33.3±9.3 30.3±10.6 28.5±1.6 37.6±5.1 41.5±3.7 42.2±6.2 40.3±5.1 

isoamyl acetate 1373±481 1805±603 1455±216 1812±344 1463±93 1431±61 1310±400 1719±289 

ethyl isobutyrate 2.79±0.97 3.24±0.93 3.81±1.20 3.66±0.74 2.78±0.34 1.82±0.63 2.14±0.33 2.51±0.12 

isobutyl acetate 15.1±4.1 b 20.1±2.2 ab 23.2±2.5 a 22.2±1.9 a 19.2±1.1 ab 18.5±1.0 ab 19.9±2.2 ab 19.4±0.5 ab 

ethyl butanoate 33.9±7.0 35.8±3.7 33.5±6.6 33.4±1.3 40.9±3.5 39.6±1.7 40.5±2.4 42.9±3.1 

ethyl hexanoate 66.7±16.8 72.3±5.8 75.3±4.9 73.7±3.9 71.7±3.4 65.7±1.3 65.2±3.6 67.2±2.3 

hexyl acetate 5.28±2.35 6.47±1.16 8.37±3.01 7.11±1.71 4.70±0.62 5.37±1.58 6.54±1.21 6.91±1.49 

octyl acetate 0.33±0.02 a 0.31±0.03 ab 0.29±0.06 ab 0.30±0.01 ab 0.28±0.03 ab 0.24±0.01 b 0.24±0.03 b 0.24±0.01 

ethyl octanoate 49.0±10.6 47.5±6.4 51.3±3.8 51.1±1.4 48.5±1.8 39.8±1.7 37.8±0.8 39.6±4.3 

ethyl decanoate 37.0±2.7 b 39.1±6.4 b 64.6±8.6 a 63.1±8.2 a 64.1±7.3 a 34.4±16.3 b 35.8±5.8 b 41.4±4.9 ab 

octyl butyrate 0.14±0.02 a 0.13±0.01 ab 0.13±0.02 
abc 

0.13±0.01 
abc 

0.12±0.02 abcd 0.10±0.01 bcd 0.09±0.01 d 0.09±0.003 cd 

ethyl phenylacetate 0.26±0.18 0.36±0.16 0.40±0.20 0.48±0.15 0.25±0.07 0.16±0.03 0.18±0.05 0.19±0.05 

phenethyl acetate 22.8±7.8 ab 30.8±15.6 ab 27.7±9.4 ab 39.9±12.0 a 17.4±3.3 ab 11.4±0.8 b 14.0±2.7 b 16.0±3.4 b 

diethyl succinate 28.5±2.3 26.9±8.0 30.9±5.9 30.3±1.7 32.2±1.2 32.3±2.5 31.8±2.5 28.3±4.5 

Alcohols         

isoamyl alcohol* 205±61 227±61 252±63 271±1 202±49 178±16 183±26 169±16 

isobutyl alcohol* 26.0±7.0 30.4±8.1 36.7±14.2 36.8±1.4 26.1±4.8 22.4±1.1 24.4±2.0 23.0±2.4 

Propanol* 29.8±6.6 27.9±5.9 26.4±8.4 23.6±1.9 31.9±1.6 37.0±3.0 37.3±6.3 33.8±2.7 

1-hexanol 328±15 b 385±27 ab 484±91 a 383±16 ab 366±27 b 373±48 ab 417±34 ab 369±12 ab 

E-2-hexen-1-ol 10.8±0.9 a 10.1±0.7 ab 10.4±1.4 a 9.5±0.4 abc 9.2±0.7 abcd 8.2±0.2 bcd 7.3±0.5 d 8.0±0.4 cd 

1-octen-3-ol 6.55±2.79 7.06±1.44 8.64±2.30 8.45±0.65 7.63±0.27 5.70±0.57 5.64±0.30 5.40±0.86 

2-ethyl-1-hexanol 1.11±0.33 a 0.52±0.07 b 0.55±0.05 b 0.49±0.06 b 0.55±0.05 b 0.32±0.13 b 0.40±0.16 b 0.41±0.11 b 

1-nonanol 1.08±0.12 1.25±0.14 1.17±0.22 1.30±0.07 1.36±0.01 1.30±0.10 1.33±0.18 1.32±0.22 

1-octanol 57.7±7.0 b 63.6±9.0 ab 84.9±8.3 ab 76.2±5.6 ab 89.0±3.9 a 80.3±16.4 ab 89.6±10.2 a 88.5±15.7 a 

benzyl alcohol 55.3±10.8 56.5±4.3 63.8±9.3 56.6±6.5 72.5±13.6 57.7±6.4 59.1±5.3 62.7±9.1 

phenethyl alcohol 2899±1185 3502±1094 4069±1449 4368±697 2880±596 2025±209 2250±554 2198±559 

Terpenoids         

linalool 0.66±0.05 bc 0.64±0.04 c 0.84±0.08 
abc 

0.88±0.06 ab 0.90±0.11 a 0.96±0.05 a 0.83±0.16 
abc 

0.86±0.04 abc 

α-terpineol 0.19±0.05 0.15±0.01 0.20±0.02 0.21±0.01 0.21±0.03 0.26±0.03 0.24±0.09 0.22±0.01 

geraniol 1.72±0.25 b 1.81±0.19 ab 1.97±0.20 ab 2.08±0.22 ab 2.38±0.09 a 1.90±0.31 ab 2.00±0.32 ab 1.82±0.06 ab 

C13-norisoprenoids 

β-damascenone 0.12±0.04 bc 0.08±0.04 c 0.24±0.07 a 0.14±0.04 
abc 

0.13±0.03 abc 0.21±0.01 ab 0.20±0.06 
abc 

0.22±0.03 ab 

Aldehydes         

acetaldehyde 7.05±0.91 9.58±1.19 7.41±0.53 5.39±2.83 7.26±0.35 7.11±1.07 10.1±3.8 8.93±0.80 

Acids         

hexanoic acid 85.5±7.0 68.6±18.5 64.3±24.0 38.8±14.2 40.7±11.0 59.2±18.3 70.1±22.8 47.2±1.2 

octanoic acid 122±27 bc 101±31 bc 197±33 a 155±14 ab 146±22 abc 115±11 bc 113±11 bc 89±17 c 
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decanoic acid 18.7±4.3 abc 14.4±5.2 abc 25.1±7.2 a 21.8±1.9 ab 18.8±3.1 abc 13.9±3.2 abc 12.7±3.0 bc 8.9±4.2 c 

Benzene derivatives 

guaiacol 13.9±3.2 14.1±2.3 10.7±5.9 15.1±3.2 19.0±1.7 18.8±6.9 17.2±5.2 16.0±2.3 

p-cresol 0.81±0.32 0.68±0.46 0.57±0.29 0.57±0.12 0.69±0.17 0.58±0.21 0.63±0.13 0.66±0.32 

m-cresol 0.45±0.07 0.41±0.04 0.36±0.06 0.46±0.08 0.49±0.03 0.46±0.06 0.46±0.06 0.42±0.03 

eugenol 0.93±0.19 0.94±0.08 0.86±0.17 0.95±0.12 1.00±0.04 0.91±0.08 0.99±0.12 0.87±0.16 

4-vinylguaiacol 8.66±1.77 8.58±1.22 12.1±7.51 7.88±2.62 10.7±1.2 12.9±3.6 13.0±2.7 11.6±0.7 

methyl anthranilate 0.32±0.10 0.25±0.10 0.32±0.15 0.57±0.34 0.31±0.19 0.48±0.14 0.21±0.08 0.35±0.11 

ethyl anthranilate 0.53±0.21 0.56±0.08 0.33±0.02 0.75±0.48 0.43±0.17 0.75±0.28 0.45±0.10 0.32±0.19 

4-vinylphenol 606±348 374±154 404±265 295±63 496±15 561±156 699±178 748±113 

vanillin 11.3±1.8 13.3±4.7 9.9±5.4 18.1±5.8 17.0±3.7 15.8±5.7 16.2±1.4 14.3±3.2 

methyl vanillate 17.4±2.5 16.2±2.6 19.8±1.7 14.7±5.1 17.0±9.0 15.0±5.1 20.5±4.1 14.5±5.4 

ethyl vanillate 951±328 ab 1251±174 ab 795±213 b 1018±90 ab 1512±174 ab 1602±182 a 1691±264 a 1556±170 a 

Mean±SD presented. Different letters represent significantly (Tukey HSD, P<0.05) different in means (n=3 independent field samples). * 
Concentration expressed as mg/L 

Table 14 ANOVA table of sensory descriptive analysis 

 sulfurous fruity floral berry green sour rubber/smoky woody/spicy 

Malbec         

Wine <0.001 0.159 0.311 0.072 0.704 0.836 0.615 0.14 

Panelist <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 

Wine*Panelist 0.073 0.097 0.93 0.276 0.192 0.96 0.612 0.007 

Syrah         

Wine 0.015 0.175 0.175 0.053 0.455 0.194 0.024 0.118 

Panelist <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 

Wine*Panelist 0.178 0.694 0.694 0.361 0.206 0.179 0.3 0.735 
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Figure 1 Total monomeric anthocyanin and total phenolic content in Malbec and Syrah wines 
from different irrigation treatments in 2015. (A) total phenolics in Malbec; (B) total phenolics in 
Syrah; (C) total anthocyanins in Malbec; (D) total anthocyanins in Syrah. Different letters 
represent significantly (Tukey HSD, P<0.05) different in means. 
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Figure 2 Discrimant analysis of Malbec wines. variables in the analysis: hexyl acetate, 1-hexanol, E-
2-hexenol,phenethyl acetate. Group: 1=70/35, 2=70/70, 3=35/70, 4=35/35. score1=-0.885*hexyl 
acetate+0.388*1-hexanol+1.150*E-2-hexenol+0.592*phenethyl acetate; score2=0.421*hexyl 
acetate+0.968*1-hexanol+0.116*E-2-hexenol+0.147*phenethyl acetate. 

 
Figure 3 Discrimiant analysis of Syrah wines. Variables in the analysis: isobutyl acetate, ethyl 
butanoate,E-2-hexenol, linalool. Group: 1=70/35, 2=70/70, 3=35/70, 4=35/35. 
score1=0.732*isobutyl acetate+-0.836*ethyl butanoate+0.819*E-2-hexenol+0.278*linalool; 
score2=0.498*isobutyl acetate+-0.218*ethyl butanoate-0.128*E-2-hexenol+0.915*linalool. 
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Figure 4 Correlation between YAN and some of the major alcohols and esters in the experimental 
Malbec wines. 
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Figure 5 Correlation between YAN and some of the major alcohols and esters in the experimental 
Syrah wines.  
 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry:  

Deficit irrigation is aimed at improving water use efficiency and reducing canopy vigor, is an 
important practice for sustainable agriculture, especially in arid and semi-arid areas. Imposing a 
water deficit to the vine during berry development is an important vineyard management strategy 
to alter grape and wine quality. 
 
b. Other Funding Sources that you have applied to for this project: NA 
 
c. 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 
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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): NA 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
(1) Robinson, A.L., P.K. Boss, P.S. Solomon, R.D. Trengove, H. Heymann, and S.E. Ebeler. 

2013. Origins of Grape and Wine Flavor. Part 1. Chemical Components and Viticultural 
Impacts. American Journal of Enology and Viticulture:ajev. 2013.12070. 

(2) Ojeda, H., C. Andary, E. Kraeva, A. Carbonneau, and A. Deloire. 2002. Influence of pre-and 
postveraison water deficit on synthesis and concentration of skin phenolic compounds during 
berry growth of Vitis vinifera cv. Shiraz. American Journal of Enology and Viticulture 
53:261-267. 

(3) Pellegrino, A., E. Lebon, T. Simonneau, and J. Wery. 2005. Towards a simple indicator of 
water stress in grapevine (Vitis vinifera L.) based on the differential sensitivities of 
vegetative growth components. Australian Journal of Grape and Wine Research 11:306-315. 
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attributes of Cabernet Sauvignon wines made from vines with different water status. 
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different vine water status. Journal of agricultural and food chemistry 57:7459-7463. 

(6) Loscos, N., P. Hernández-Orte, J. Cacho, and V. Ferreira. 2009. Comparison of the 
suitability of different hydrolytic strategies to predict aroma potential of different grape 
varieties. Journal of agricultural and food chemistry 57:2468-2480. 

(7) Ibarz, M.J., V. Ferreira, P. Hernández-Orte, N. Loscos, and J. Cacho. 2006. Optimization and 
evaluation of a procedure for the gas chromatographic–mass spectrometric analysis of the 
aromas generated by fast acid hydrolysis of flavor precursors extracted from grapes. Journal 
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1. a. Title: Developing commercial blueberry cultivars adapted to the Pacific Northwest and 

that may tolerate Blueberry shock virus and testing new selections and cultivars from other 

programs   
b. Principal Investigators: Chad Finn 
c. Cooperators:  Bob Martin 

 
2. a. Reporting Period Covered: 2015-2016 

b. ARS Agreement Number (when applicable):  
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did): Blueberry shock virus 
(BlShV) is a serious problem in blueberry production in the Pacific Northwest (PNW) region of 
North America. Infection occurs during bloom and the virus moves into other parts of the plant in 
an uneven but steady manner and may take several years to become fully systemic in mature 
bushes. In the year after infection, emerging flower and leaf tissues die rapidly at full bloom 
followed by regrowth. Once symptoms have been exhibited in all parts of the plant, the plant 
remains asymptomatic in subsequent years. Infection in young plants of some cultivars can stunt 
the plant for the remainder of its life, however, more typically production is lost for one year. 
While there appears to be no immunity as tested by grafting, it has been recognized that the rate 
of infection varies among genotypes. Plants in the HCRU breeding program and at the NCGR, 
have been tested regularly by ELISA for BlShV, in some cases for nearly 20 years, and 
germplasm that is particularly slow to become infected has been identified. At Oregon State 
University, North Willamette Research and Extension Center (NWREC), ‘Legacy’ , ‘Toro’, 
‘Bluecrop’, ‘Baby Blues’, ‘Darrow’ and all rabbiteye cultivars have tested negative for BlShV for 
over 10 years while growing among many known positive plants. On the other extreme, 
‘Berkeley’, ‘Bluegold’, ‘Brigitta Blue’, ‘Nui’ and ‘Spartan’ tested positive in the year following 
their 1st bloom. At the NCGR, ‘Bladen’, ‘Harding’, ‘Lateblue’, ‘Legacy’, ‘Razz’, US 612, US 
693, US 845 and US 847 all tested negative after 20 years in the field. ‘Toro’ and ‘Bluecrop’, 
which had tested negative after 20+ years at NWREC, were positive at the NCGR, as were many 
rabbiteye cultivars. Crosses will be been made among genotypes that are slow to test positive for 
BlShV to try to develop this trait in cultivars. 
 
b. Objectives:  

· To develop improved blueberry cultivars that are adapted to the Pacific Northwest that have 
outstanding fruit quality, that are machine harvestable, that have unique fruit characteristics, and 
that may extend the current fruiting season or provide growers with better cultivar choices in the 
early and late season with complementary testing of selections at the OSU-NWREC. 

· Begin preliminary investigations to determine whether breeding for Blueberry shock virus 
resistance is possible. 

 
c. Methods and Materials:  
Towards meeting the industry objectives, we have chosen or will choose parents that produce 

offspring that have improved fruit quality, are either earlier or later ripening, are suitable for 
machine harvesting and have sufficient cold hardiness and disease resistance- all objectives 
identified as priorities by the industry. Typically 15-20 parents will be used each year to make 
around 40 crosses. A reciprocal recurrent selection breeding design will be used where the superior 
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selections from one generation will serve as parents for the subsequent generations. Seedlings from 
the crosses, typically 60-80 seedlings per cross, and from crosses previously made towards these 
goals will be germinated and grown for a year in plug trays and small pots in greenhouses and 
canyards at the USDA-ARS, HCRL. In the fall, 3-4,000 seedlings are field planted at the OSU- 
Lewis Brown Farm in Corvallis in a close spaced trial with 2’ between plants within the row and 3’ 
between rows. While each seedling field is different, typically selection begins in year 2 or 3 after 
planting, and continues for two additional years, so seedling fields are in for 4-5 years. During the 
fruiting season, fields are walked 1-2 times per week to identify seedlings exhibiting superior or 
unique characteristics that will be saved as selections. We have usually kept 0.5-1.0% of the 
seedlings as selections. Selections are tested for viruses and cuttings are taken and used for 
propagation in our greenhouses. 

If propagation is successful, the selection is moved to OSU-NWREC and planted either in a 
single, 3-plant plot or in replicated trials (three, 3-plant plots in completely randomized design) 
depending on the selection’s perceived potential. At this point, advanced selections and recent 
releases from other breeding program are added to the group. All plantings at OSU-NWREC are 
evaluated for phenological (e.g. ripening date), reproductive (e.g. yield, fruit size), and vegetative 
(e.g. vigor, disease susceptibility, Blueberry shock virus incidence) traits. Fruit is sent to OSU’s 
Department of Food Science for freezing and/or evaluation of fresh storage characteristics (funded 
separately). Superior, advanced selections are propagated and planted in grower trials where 
machine harvestability can be assessed. 
  Blueberry shock virus (BlShV) is a serious problem in blueberry production in the Pacific 
Northwest and there are no effective management practices to avoid this virus. While studies that 
have looked for resistance in commercial cultivars have found no sources of resistance to BlShV that 
does not mean that there are not genotypes that are slower to become infected with the virus than 
others. BlShV moves slowly into and through some cultivars such as Bluecrop, Elliott and Legacy. 
Fortuitously, one of our selections targeted for grower trial and release, ORUS 10-1, selected in 2000 
has yet to get shock despite being amongst many BlShV infected plants for 12 years. Because ORUS 
10-1 has such outstanding fruit flavor and quality, we have used it extensively in crosses between 
2005 and 2012 and a selection was made out of it in 2011. We have also crosses in the field 
/selections in trial with/from the following parents that are slow to get BlShV: ‘Legacy’ (7 
selections), ‘Aurora’ (11 crosses/11 selections), ‘Bluecrop’ (7 selections), ‘Elliott’ (2 crosses) and 
‘Elliott’ derived ORUS 12 selections (5 crosses/3 selections). Making selections within these crosses 
over the next few years and evaluating and monitoring selections in trial at NWREC where BlShV 
pressure is high will begin to allow us to understand whether breeding for resistant cultivars is a 
viable approach to dealing with this disease. 

 
d. Accomplishments / Progress Report (comparison of results with original goals):  

The Pacific Plant Northwest Disease Handbook (2015), discussion of BlShV identified the cultivars 
Berkeley, Bluegold, Bluetta, Duke, Liberty, Aurora, Pemberton, Reka, and Elliott  as being 
particularly susceptible while ‘Bluecrop’ and ‘Bluejay’ were identified as cultivars where the virus 
was slower to infect and move through a field  (PNW Plant Disease Management Handbook ). In our 
work several very high quality northern highbush cultivars have been identified that appear to impart 
good levels of tolerance over many years including: Baby Blues, Bluecrop, Calypso, Darrow, G 344, 
Legacy, Perpetua, Reka, Toro, Legacy and Bluecrop have repeatedly been identified as either being 
slow or very slow to become BlShV+.   In contrast, some high quality cultivars are rapidly infected 
and should be avoided in breeding including:  ‘Berkeley’, ‘Bluegold’, ‘Bluejay, ‘Brigitta Blue’, 
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‘Nui’, ‘Ozarkblue’ and ‘Spartan’. Our identification of ‘Bluejay’ as particularly susceptible contrasts 
with earlier assessments of this cultivars response to BlShV. 
 Germplasm from the GEMS trial appears to carry some resistance as individuals from this 
germplasm at the USDA-NCGR or in the NWREC trials tended to be BlShV- as does ‘Baby Blues’ 
that is derived from two GEMS parents (US 647, US 645).   

Germplasm collected as V. corymbosum in Maine (CVAC 23-CVAC 43), or V. constablaei  
in North Carolina are often BlShV- after many years in the field or when used as a parent (Perpetua, 
MEDE 633) (Table2).  While this material was collected as V. corymbosum, much of it was 
collected in an area where it would not be surprising if these were V. angustifolium x V. corymbosum 
hybrids.  Is there something special about this species combination or is V. angustifolium imparting 
some sort of tolerance to these clones or as some of the hybrid cultivars such as ‘Ornablue’ and 
‘Northblue’. 

The nature of the rate of field infection by BlShV is unknown.  The V. angustifolium 
(Ashworth, Fundy) and cultivars thought of as southern highbush (San Joaquin, Snowchaser, 
Springhigh), all bloom extremely early.  Is there genetic resistance or does the virus not move/infect 
readily during wet and cool conditions? 
 While not presented, the rabbiteye blueberries (V. virgatum) have yet to test positive in the 
NWREC trial, although some rabbiteye genotypes tested positive at NCGR. They may have genetic 
resistance or their late flowering in the PNW may help them to escape the spread of BlShV since 
their bloom does not overlap that of infected highbush blueberries. 

 
e. Reasons why goals and objectives were not met (when applicable): Goals were met 
f. Charts, graphs and/or diagrams:  
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Table 1. The number of selections and the percent of selections that have been rated slow or very slow 

to be infected  or that have never tested BlShV+ from parental genotypes along with their 

subjective rating for response to BlShV. 
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Genotype 

Female 

parent 

Male 

parent 

Genotype 

classification 

Number of 

selections 

from this 

parent 

Percent of 

selections 

that have 

never 

tested 

positive for 

shock or 

were rated 

as slow to 

be infected 

Percent of 

selections 

that have 

never 

tested 

positive for 

shock  

Legacy Elizabeth US 75 Intermediate 11 100.0 81.8 

MEDE 633 

V. 

corymbosum OP Intermediate 6 100.0 16.7 

US 335 Fla. 4B Bluecrop Intermediate 5 100.0 40.0 

US 645 US 75 G 362 Intermediate 3 100.0 66.7 

G 292 G 120 Elizabeth Intermediate 11 90.9 81.8 

Palmetto US 158 TH 157 Rapid 6 83.3 83.3 

Elliott Burlington US 1 Slow 12 75.0 58.3 

Draper Duke G 751 Rapid 20 70.0 60.0 

Bluecrop GM 37 CU 5 Intermediate 3 66.7 0.0 

NC 4063 Reveille NC 1146 Rapid 3 66.7 66.7 

Reveille NC 1171 

NC SF-12-

L Slow 8 62.5 50.0 

Duke G 100 192-8 Rapid 6 33.3 33.3 

MSU 49 Elliott Darrow Rapid 3 33.3 33.3 

Table 2. Genotypes testing BlShV- at the USDA- ARS, NCGR after flowering in the field for more than 10 

years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 25 

Genotype USDA GRIN Accession 

number 

Tetraploid cultivars  

Ashworth CVAC 3.001 

Bladen CVAC 1016.002 

Bluecrop CVAC 851.001 

Canada Blue x Early Blue CVAC 1055.001 

Fundy CVAC 1518.001 

Harding CVAC 79.001 

Lateblue CVAC 105.002 

Legacy CVAC 1310.001 

Little Giant CVAC 1306.001 

Northblue CVAC 216.001 

Ornablue CVAC 711.001 

Razz CVAC 125.001 

  

USDA selections from GEMS Trials (Scheerens et al., 1999) 

US 612 CVAC 1425.002 

US 693 CVAC 1430.002 

US 845 CVAC 1432.002 

US 847 CVAC 1433.002 

  

Vaccinium corymbosum selections collected as V. constablaei 

NC 79-11-12 CVAC 202.001 

NC 83-21-2 CVAC 605.001 

NC 86-19-01  CVAC 631.001 

NC 86-27-07 CVAC 629.001 

NC 86-28-03  CVAC 648.001 

NC 86-36-04  CVAC 645.001 

  

Vaccinium corymbosum selections from the wild in Maine 

V. corymbosum CVAC 23.001 

V. corymbosum CVAC 25.001 

V. corymbosum CVAC 27.001 

V. corymbosum CVAC 30.001 

V. corymbosum CVAC 33.001 

V. corymbosum CVAC 36.001 

V. corymbosum CVAC 39.001 

V. corymbosum CVAC 40.001 

V. corymbosum CVAC 42.001 

V. corymbosum CVAC 43.001 

 
g. Is this a final report?: Yes 

 
4. a. Potential Significance to Industry:  Germplasm has been identified that will be useful for 

breeding virus resistant cultivars and cultivars, which could be planted commercially, were 
identified that are slow to become infected with Blueberry shock virus. 
b. Other Funding Sources that you have applied to for this project: Oregon and Washington 
Blueberry Commissions 
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c. 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): This project was 
submitted under two different proposals (Project 1 Seedlings to selection for Blueberry shock 
virus resistance; Project 2 Selection and cultivar evaluation) to the Oregon and Washington 
Blueberry Commissions as complementary funding to the NWCSFR funding. This projects 
received full funding from the Oregon Blueberry Commission and partial funding from the 
Washington Blueberry Commission. The WBC funded the project fully in the 1st year of the 
project but despite showing progress and meeting the criteria of the grant they chose to not fund 
the projects fully in the second year (this happened to 2 scientists. The funding we received 
combined from both commissions covered ~60% of the costs of this project. Therefore the 
funding requested is ~40% of the total cost of the project. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 

 
Finn, C.E., T.A. Mackey, J.D. Postman, and R.R. Martin. 2016. Identifying blueberry germplasm 

that is slow to get Blueberry shock virus in the Pacific Northwest United States. Acta Hort. 
(accepted, in press) 
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1. a. Title: Enhanced Tools for Improving Root Rot Resistance in Red Raspberry 
b. Principal Investigators: Pat Moore and Wendy Hoashi-Erhardt (WSU) in collaboration with 
Michael Dossett (BC Blueberry Council) 
c. Cooperators:  

 
2. a. Reporting Period Covered: 2015-2016 

b. ARS Agreement Number (when applicable):  
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did): Phytophthora root rot 
(PRR) caused by Phytophthora rubi is the biggest challenge facing US raspberry growers, whose 
experience indicates that fumigation delays but does not cure the disease (Peerbolt, 2009). 
Management hinges on host resistance (Hall et al., 2009). Breeding strategies focus on using 
resistant parents and selecting symptom-free progeny. However, symptom-based screening is 
slow, and misidentifications are frequent (Graham et al., 2011). Marker-assisted selection is more 
accurate and can occur earlier in the breeding process than selection based on phenotype. To 
develop effective molecular markers, robust phenotyping must first occur to produce reliable data 
for mapping. Previous efforts with symptom-based phenotyping have not yet produced 
transferable genetic markers that predict the resistant phenotype in wider germplasm (Graham et 
al., 2011). Preliminary data indicates that resistance is correlated with low P. rubi levels in field-
grown root tissue (Valenzuela et al., 2011). We started the process of phenotyping two mapping 
populations by quantifying P. rubi in roots and evaluating disease symptoms. Phenotyping will 
continue through the fall of 2017 and be employed to correlate with P. rubi levels in raspberry 
root material, and to develop and test molecular markers linked to PRR resistance, and screen 
other raspberry germplasm for identified markers. The results will contribute to the discussion of 
modes of resistance operating in raspberry, the validity of symptom-based phenotyping in 
breeding, and marker-assisted selection of PRR resistance traits. 
 
b. Objectives: The long term goal of this research is to develop red raspberry cultivars resistant to 
phytophthora root rot (PRR) with excellent horticultural traits for commercial production. 
Supporting objectives are to 1) Utilize a new method for phenotyping mapping populations; 2) 
Correlate common field metrics of PRR resistance with P. rubi levels present in raspberry root 
material; 3) Develop molecular markers linked to PRR resistance metrics; 4) Test molecular 
markers on susceptible and resistant cultivars to determine transferability of markers to wider 
germplasm. 
 
c. Methods and Materials: Prior to the grant, two families (BC 90-19-34×‘Malahat’ and BC 93-
16-43×‘Malahat’) were planted at WSU-P in Spring 2014, in replicated single-plant plots infested 
with P. rubi. In February and March 2015, during the dormant period, two soil cores measuring 
taken with a 1-inch soil corer to 15 cm depth were collected from each plot, about 15 cm laterally 
from the main crown. The soil cores were kept at 4°C for a maximum of 3 days, then washed 
using the method adapted from the Modified Baermann Nematode isolation method, in which the 
soil was suspended in about 1 L of tap water, swirled gently to suspend the roots, and poured into 
a second pitcher. The roots were re-suspended in 1 L of water, then isolated on a #400 sieve. 
Roots were refrigerated at 4°C for a maximum of ten days, then surface-sterilized for 30 seconds 
in 10% bleach, rinsed twice in sterile water, dried on sterile paper towels, and split into two parts. 
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One part was immediately processed for ELISA detection of General Phytophthoras following the 
manufacturer’s instructions (Agdia, Inc.), and the other part was weighed and stored in a 2mL 
tube at -80̊C until DNA extraction. DNA was extracted from samples with strongly positive 
ELISA results using the Qiagen DNA Plant Mini Kit following manufacturer’s instructions 
(100µL final elution volume). Quantitative PCR (qPCR) to detect P. rubi was conducted in 
triplicate using ITS primers DC1 and MP5 (Bonants et al., 1997 and 2004) and SYBR green 
fluorescent dye chemistry on an Applied Biosystems® 7500 Real-Time PCR instrument.  Cycle 
threshold values will be compared to a standard curve of DNA dilutions developed from a pure 
culture of P. rubi to get a relative idea of pathogen quantity.  In summer 2015, each plot was rated 
for overall vigor and PRR symptoms on a scale of 0-5, where 0 was a dead plant and 5 was very 
green and vigorous, with no symptomatic primocanes. Plots were also evaluated for root 
suckering diameter by measuring the circumference of the area with viable primocanes present in 
each plot. Primocane growth was estimated by pruning all canes in January 2016 and weighing 
primocane mass. Each field phenotyping metric, PRR rating, root suckering diameter, cane mass, 
and root mass will be compared with ELISA and qPCR results to find correlations between P. 

rubi infection in roots and visible field symptoms and phenotype. 
 

d. Accomplishments / Progress Report (comparison of results with original goals): During the 
reporting period, progress was made toward the first two objectives, 1) Utilize a new method for 
phenotyping mapping populations; 2) Correlate common field metrics of PRR resistance with P. 

rubi levels present in raspberry root material. These two objectives work together to correctly 
phenotype the two mapping populations (968 genotypes) for root rot resistance, which often 
requires several growing seasons. Reliable phenotypes are crucial for the SNP and SSR detection 
planned in the next two years of the project, so the phenotyping metrics for 2016 and 2017 have 
yet to be collected and analyzed. So far, four field metrics have been analyzed (PRR rating, root 
suckering diameter, cane mass, and root mass), and roots have been analyzed by ELISA and 
qPCR for the presence and relative quantity of P. rubi in sampled roots. There is a strong positive 
correlation between PRR rating and primocane mass (r=0.77) and between PRR rating and 
suckering diameter (r=0.80) (Fig. 1). Diameter and primocane mass were also positively 
correlated at a significant level (r=0.66), but less strongly, and root weight recovered from 
samples was not positively correlated with any parameter in the first year (Fig 1). Primocane mass 
has been shown to be strongly positively correlated with root rot resistance after three years of 
field growth (Moore and Hoashi-Erhardt, 2012), so these genotypes will continue to be monitored 
for two further seasons.  
 
e. Reasons why goals and objectives were not met (when applicable): The roots from each 
genotype were slated to be analyzed by qPCR in the summer of 2015. This was delayed because 
of difficulty troubleshooting a new protocol using the ATP9-nNad9 genes in mitochondrial DNA 
(Bilodeau et al., 2014) that would replace the initially proposed method using Bonant’s ITS 
primers DC1 and MP5 (Bonants et al., 2004). The new protocol ultimately was discontinued in 
favor of the original methodology in the winter of 2015-2016. The tests were subsequently 
performed, but the data is not yet uploaded for analysis. This will be forthcoming in the next two 
months and used to add phenotyping data to each genotype. 
f. Charts, graphs and/or diagrams:  
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Fig 1. Scatter plot correlation matrix and histograms for four phenotyping metrics, PRR Rating 
(RR_rating), Suckering diameter (diameter), Primocane mass (canewt), and Sampled root weight 
(rootwt).  
 
g. Is this a final report?: This is not a final report. Work is planned for the remainder of 2016 and 
2017. 

 
4. a. Potential Significance to Industry:  

b. Other Funding Sources that you have applied to for this project: No other sources have been 
sought to complete this project. 
c. 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 
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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): There are no multiple 
sources. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. No citations have yet been generated as two more years of phenotyping as well as 
marker detection and mapping is still in progress. 
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1. a. Title: Assessment of aphid resistance in black raspberry germplasm and development of 

trait-associated molecular markers for breeding improvement 
b. Principal Investigators: Jill M. Bushakra, Post-doc Research Assoc., Nahla V. Bassil, Research 
Geneticist (USDA ARS National Clonal Germplasm Repository, Corvallis, OR); Michael 
Dossett, Breeder (B.C. Blueberry Council (in partnership with Agriculture and Agri-Food 
Canada); Jana C. Lee, Research Entomologist, Chad E. Finn, Research Geneticist and Plant 
Breeder (USDA ARS Horticultural Crops Research Unit, Corvallis, OR)   
 

2. a. Reporting Period Covered: 2014-2016 
b. ARS Agreement Number (when applicable):  5358-21000-044-00D 

 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
Black raspberry is a minor but lucrative crop with most of the acreage in the U.S. grown in 
Oregon. One of the challenges for black raspberry growers is the rapid decline of plantings 
resulting from aphid-borne virus infection. The North American large raspberry aphid is a vector 
of Black raspberry necrosis virus (BRNV) and other viruses in the Raspberry mosaic virus 

complex, to which all available cultivars are susceptible. BRNV spreads rapidly in the field 
resulting in plantings that decline in as few as two or three growing seasons. Aphid resistance was 
discovered in each of three separate wild black raspberry populations collected from Simcoe, 
Ontario, Canada (ON), Gardiner, Maine, USA (ME), and Bath, Michigan, USA (MI). Three full-
sib black raspberry populations, designated ORUS 4305 (ON), ORUS 4304 (ME), and ORUS 
4812 (MI), were used to study the inheritance of the aphid resistance from the three sources. We 
have successfully mapped the resistance loci for ON (Ag4), ME (Ag5), and MI (R) to different 
locations on Rubus Linkage Group (RLG) 6. Association analysis suggests that sequences from 
black raspberry genome Scaffolds 99, 525 and 684 are important for determining aphid resistance 
in ORUS 4305. We have identified simple sequence repeat (SSR) loci throughout these three 
scaffolds that are associated with resistance and are validating their association and usefulness in 
predicting resistance in populations with mixed sources of resistance.  
 
b. Objectives:  
Develop robust and easy to use molecular markers that can distinguish between the three aphid 
resistance sources with the intention of using the markers to facilitate combining sources of 
resistance into breeding stock.  
 
c. Methods and Materials:  
PLANT MATERIAL: Three full-sib progeny: ORUS 4305 = ORUS 3021-2 x ORUS 4153-1 
(ON) (115 progeny), ORUS 4304 = ORUS 4158-2 (ME) x ORUS 3021-2 (192 progeny), ORUS 
4812 = Munger x ORUS 4310-2 (MI) (62 progeny). 
PRIMER DESIGN: The online program Primer3 was used to design primers flanking simple 
sequence repeat (SSR) loci for capillary electrophoresis and high resolution melting (HRM) for 
S99, S525 and S684. 
SSR GENOTYPING: Amplification performed under “Poor Man’s Touchdown” conditions 
(Schuelke, 2000). PCR products separated on an ABI 3730xl DNA Analyzer and scored using 
GeneMapper 4.1 software. 
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HRM GENOTYPING: Amplification performed using LightScanner mastermix, subjected to 
HRM on the LightScanner Instrument, and analyzed with LightScanner Instrument & Analysis 
Software small amplicon genotyping module. 
GENOTYPING BY SEQUENCING (GBS): The protocol described by Elshire et al. (2011) was 
used to discover single nucleotide polymorphic (SNP) loci in the three half-sib populations.  
GENETIC LINKAGE MAPPING: JoinMap 4.1 (Van Ooijen, 2006) was used to construct linkage 
maps for the three populations. 
ASSOCIATION ANALYSIS: GBS data were filtered so that 80% of single nucleotide 
polymorphic sites were represented in each genotype with minor allele frequencies >5%. General 
Linear Model in TASSEL was used for genotype-aphid resistance association. 
PHENOTYPING: Three adult aphids were placed on each seedling and monitored for 
colonization following the protocol described by Dossett & Finn (2010). Plants were scored as 
resistant if fewer than 5 aphids were found, or susceptible if multiple generations of aphid were 
found feeding on a plant. 
MARKER VALIDATION: Nine populations with more than one source of aphid resistance are 
being used to evaluate transferability of markers over generations. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
 

Goal: To identify the genetic loci responsible for each source of aphid resistance.  
Result: We have used SSR, HRM and SNP markers to genotype the progeny and used this 
information to map the locus for aphid resistance in the three full-sib populations, 4304 (ME), 4305 
(ON), and 4812 (MI). Preliminary results suggest that all three resistance loci segregating in each of 
the three populations are located on the same chromosome and that each represents a unique locus 
(Figure 1). 
  
Goal: To develop markers associated with each source of aphid resistance. 
Result: To date, thirteen SSR loci on Scaffold 99 (S99), S525 and S684 segregate with aphid 
resistance in single-source populations. Preliminary results suggest that all three resistance loci are 
strongly associated with S99. All markers are being evaluated in populations with mixed sources of 
resistance. 
 
Goal: Phenotype populations with mixed sources of aphid resistance to determine if the genes 
involved in resistance are linked or inherited independently. 
Result: To date, 24 populations with mixed sources of resistance have been phenotyped with live 
aphids (Table 1) and six progeny from nine populations genotyped with the 13 SSR loci segregating 
with resistance in the three full-sib populations. Preliminary results suggest that the three loci are 
close together on the chromosome and different from each other. 
 
Goal: Seed from combined sources of resistance with known segregation ratios will be made 
available through the NCGR. 
Result: This is in progress, as progeny have not yet fruited. 
 
Goal: Investigate the mechanism(s) responsible for plant resistance at various stages as the aphid 
accepts the plant. 
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Result: We did not accomplish this goal due to complications in developing a linkage map in the 
ORUS 4812 population which required more time and funding than was expected or provided. 
 

e. Reasons why goals and objectives were not met (when applicable):  
The goal of having seed of populations with mixed sources of resistance has not been met as the 
plants have not yet fruited. This will likely be completed in two additional seasons. 
The goal of investigating the mechanisms behind aphid resistance was not met as complications 
in developing the linkage map for ORUS 4812 necessitated an additional GBS run and exhausted 
our resources. 
 
f. Charts, graphs and/or diagrams:  
Figure: Linkage map of chromosome 6 combining information from the three full-sib populations 
showing the relationship of the three aphid resistance loci (in blue font). 
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Table 1: Crosses made in 2013 to test segregation ratios of resistance sources phenotyped using 
live aphids and the expected and observed segregation ratios of resistant (R) to susceptible (S) 
progeny. The segregation results suggest that in the populations with a single source of resistance 
(ON, ME, or MI), the trait is controlled by a major gene. The populations with mixed sources 
show more variation which may be due to interference from linked alleles causing skewed 
segregation, and/or the need for larger populations sizes to have the statistical power to more 
accurately test segregation ratios with multiple sources. 
 

ORUS 
Cross 
No. 

Female (genotype, source) x Male 
(genotype, source) 

Expected 
Segregation (R:S) 

Observed 
Segregation 
ratios (R:S) 

X2 test results 
p value (bold 

font = 
significance) 

No. of 
progeny 

4808 
Jewel (S) x ORUS 4156-1 (Ag5ag5; 
ME) 

1:1 33:34 0 67 

4809 
Jewel (S) x ORUS 4314-2 (Ag4Ag5; 
ON+ME) 1:0 or 3:1 60:8 0.0117 68 

4810 
Munger (S) x ORUS 4159-2 
(Ag5ag5; ME) 

1:1 23:32 0.1775 55 

4811 
Munger (S) x ORUS 4310-1 (Rr or 
rr; MI) 

1:1 28:43 0.0576 71 

4812 
Munger (S) x ORUS 4310-2 (Rr or 
rr; MI) 

1:1 19:43 0.0023 62 

4813 
Munger (S) x ORUS 4314-2 
(Ag4Ag5; ON+ME) 

1:0 or 3:1 58:14 0.5708 72 

4814 
Munger (S) x ORUS 4409-3 (Ag4R 
or ag4r; ON+MI) 

1:1 or 1:0 or 3:1 56:7 0.0180 63 

4826 
ORUS 4115-1 (S) x ORUS 4156-1 
(Ag5ag5; ME) 1:1 22:44 0.0068 66 

4827 
ORUS 4115-1 (S) x ORUS 4159-2 
(Ag5ag5; ME) 

1:1 31:39 0.3390 70 

4828 
ORUS 4115-2 (S) x ORUS 4314-2 
(Ag4Ag5; ON+ME) 

1:0 or 3:1 all R 0 72 

4830 
ORUS 4115-4 (S) x ORUS 4409-1 
(Ag4R or ag4r; ON+MI) 

1:1 or 1:0 or 3:1 33:35 0 68 

4831 
ORUS 4156-1 (Ag5ag5; ME) x 
ORUS 4310-1 (Rr or rr; MI) 

3:1, with 1:3 from 
both 

44:26 0.0121 70 

4832 
ORUS 4156-1 (Ag5ag5; ME) x 
ORUS 4310-2 (Rr or rr; MI) 

3:1, with 1:3 from 
both 52:20 0.5862 72 

4833 
ORUS 4159-2 (Ag5ag5; ME) x 
ORUS 4310-1 (Rr or rr; MI) 

3:1, with 1:3 from 
both 

56:16 0.5862 72 

4834 
ORUS 4159-2 (Ag5ag5; ME) x 
ORUS 4310-2 (Rr or rr; MI) 

3:1, with 1:3 from 
both 

38:20 0.0656 58 

4835 
ORUS 4409-2 (Ag4R or ag4r; 
ON+MI) x Munger (S) 

1:1 or 1:0 or 3:1 39:32 0.4764 71 

4836 
ORUS 4409-4 (Ag4R or ag4r; 
ON+MI) x Munger (S) 

1:1 or 1:0 or 3:1 32:17 0.0967 49 

4943 
ORUS 3032-3 (S) x ORUS 4159-1 
(Ag5ag5; ME) 

1:1 77:97 0.1295 174 

4945 
ORUS 3217-1 (S) x ORUS 4155-3 
(Ag4ag4; ON) 1:1 20:56 < 0.0001 76 

4952 
ORUS 3896-1 (S) x ORUS 4155-3 
(Ag4ag4; ON) 

1:1 68:154 < 0.0001 222 

4955 ORUS 4155-3 (Ag4ag4; ON) x 1:0 or 3:1 34:15 0.7606 49 
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ORUS 4157-1 (Ag5ag5; ME) 

4956 
ORUS 4157-1 (Ag5ag5; ME) x 
ORUS 3891-1 (S) 

1:1 67:113 0.0006 180 

4957 
ORUS 4157-1 (Ag5ag5; ME) x 
ORUS 4155-3 (Ag4ag4; ON) 

1:0 or 3:1 75:74 <0.0001 149 

 
g. Is this a final report?: YES 

 
4. a. Potential Significance to Industry:  

Aphid-vectored viruses, and BRNV in particular, are one of the main production problems in 
black raspberry in the Pacific Northwest leading to short planting life (Halgren et al., 2007).  
Genetic resistance to aphids is the best tool available to combat spread of these viruses in 
commercial plantings.  At the same time, single-gene resistance is susceptible to break down due 
to the occurrence of resistance-breaking aphid biotypes. The best way to prevent resistance 
breakdown and safeguard the value of these resistance genes is to combine them so that new 
virulent aphid biotypes would have to overcome multiple types of resistance at once rather than 
only one at a time, requiring multiple simultaneous gene mutations instead of a single one.  
Combining resistance is a major goal to ensure that these three sources of resistance, which are 
the only known sources in black raspberry, remain durable for our industry.  In addition to being a 
major step to combat disease problems and short planting life in black raspberry, this should 
provide a boost to efforts to build durable aphid resistance in red raspberry, as these three 
resistance sources are being crossed into that crop specifically for this purpose as well. 

 
b. Other Funding Sources that you have applied to for this project: USDA-NIFA Specialty Crop 
Research Initiative, Project #USDA-ARS CRIS 5358-21000-038-00D, 5358-21000-041-00D, 
5358-21000-037-00D; Oregon Raspberry and Blackberry Commission; North American 
Raspberry and Blackberry Growers Association, Washington Red Raspberry Commission. 
 
c. 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): NCSFR funding was 
requested to specifically research the MI source of resistance. Other funding sources were to 
research the ME and ON sources of resistance. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 

 
Presentations: 
NCSFR Meeting, Portland, OR, December 1, 2015: Assessment of aphid resistance in black 

raspberry germplasm and development of molecular markers for breeding improvement. 
Plant and Animal Genome XXIV Meeting, January 9, 2016: Understanding aphid resistance in black 

raspberry, Rubus occientalis. 
Caneberry Field Days, July 2015-2016: How are we making black raspberry better? 
Oregon Raspberry and Blackberry Commission Meetings, December 2014-2015: Developing the 

genomic infrastructure for black raspberry breeding improvement. 
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8th Rosaceae Genome Conference, Angers, France, June 21-24, 2016: Molecular Characterization of 
Aphid Resistance in Black Raspberry Germplasm 

 
Articles: 
Bushakra, J.M., et al. (2015). A genetic linkage map of black raspberry (Rubus occidentalis) and the 

mapping of Ag4 conferring resistance to the aphid Amphorophora agathonica. Theoretical and 
Applied Genetics 128:1631-1646. 

Bushakra, J.M., C.M. Bradish, C.A. Weber, M. Dossett, G. Fernandez, J. Weiland, M. Peterson, J.C. 
Scheerens, L. Robbins, S. Serçe, C.E. Finn, and N.V. Bassil. 2016. Toward understanding 
genotype × environment interactions in black raspberry (Rubus occidentalis L.). Acta Hort. 
1117:25-30. 

Bradish, C.M., G.E. Fernandez, J.M. Bushakra, P. Perkins-Veazie, M. Dossett, N.V. Bassil, C.E. 
Finn. 2016. Evaluations of sustained vigor and winter hardiness of black raspberry (Rubus 

occidentalis) grown in the Southeastern U.S.  Acta Hort 1133:129-134. 
Bushakra, J.M., N.V. Bassil, J.E. Weiland, C.E. Finn, K.J. Vining, S. Filichkin, M. Dossett, D.W.  

Bryant, and T.C, Mockler. 2016. Comparative RNA-seq for the investigation of tolerance to 
verticillium wilt in black raspberry. Acta Hort. 1133:103-114. 

Perkins-Veazie, P., G. Ma, G.E. Fernandez, C.M. Bradish, J.M. Bushakra, N.V. Bassil, C.A. Weber, 
J.C Scheerens,  L. Robbins, C.E. Finn, and M. Dossett. 2016 Black raspberry fruit composition 
over two years from seedling populations grown at four US geographic locations. Acta Hot. 
1133: 335-338. 

Lightle, D., M. Dossett, T. Ebert, C.E. Finn, R.R. Martin, and J.C. Lee. 2015. Effects of three novel 
resistant black raspberry selections on Amphorophora agathonica feeding behavior and 
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1. a. Title: Development of Bacteria Expressing an inducer of RNAi as a Biologically-Based 

Non-transgenic Insecticide to Control Spotted Wing Drosophila 
 

b. Principal Investigators: Man-Yeon Choi 
c. Cooperators: Jana Lee; Robert Martin 

 
2. a. Reporting Period Covered: 3 

b. ARS Agreement Number (when applicable): N/A 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did): Spotted wing 
Drosophila (SWD), Drosophila suzukii, is an invasive insect pest from Asia and severely damages 
most ripening small fruits. Heavy infestation of SWD has caused instances of more than 30% 
yield loss of berry crop production in the U.S. and increase every year. Recently, the management 
of SWD population has been always ranked a top priority, and it’s particularly more serious in 
berry industries. Currently the primary control methods rely on chemical pesticides despite 
environmental risks. To replace or reduce the use of chemical insecticides, alternative options are 
being developed, but there are still many critical gaps to be implemented against SWD in field.  

RNA interference (RNAi) for insect control represents a new direction for insect pest 
management.  Recently, the application of RNAi technology has progressed rapidly, and shows 
great potential to develop novel pest control alternatives. Use of RNAi for insect pest 
management can be done by genetically engineered (= transgenic) crops or a non-transgenic 
strategy. A non-transgenic approach requires a large amount of synthetic RNAi material 
constructed with dsRNA, and its application is expensive due to RNAi production costs. To solve 
this problem, in this proposal we proposed a feasible application with microbial (= bacteria)-based 
RNAi production. Recently we successfully developed a bacteria-induced dsRNA expression and 
established a large scale RNAi production under a microbial system, that is able to provide a cost-
effective RNAi application. The outcomes can bridge a gap to develop a novel RNAi-based 
insecticide to control SWD in future. 
 
b. Objectives:  

1. Identify target gene(s) for RNAi from SWD, and design dsRNA sequences of this gene(s) and 
Green Fluorescence Protein (GFP) as a control gene. 

2. Insert sequences of RNAi target gene into the vector, and transform into the specialized 
bacteria, then conform the orientation of the sequences. 

3. Express SWD gene(s) and GFP dsRNAs in the bacteria. 
4. Isolate and purify dsRNA from the bacteria, evaluate amount and quality of dsRNA. 
5. Inject dsRNA into adult flies and monitor RNAi impacts on SWD. 
6. Feed dsRNA to larvae and adults, and evaluate RNAi impact. 

 
c. Methods and Materials:  
 
1. Identification of SWD gene, Design dsRNA and Construct Vector 
1-1. DNA cloning of SWD’s gene: A SWD colony will be maintained with an artificial diet at 
22±2 °C 60±5 % humidity under 16L/8D in the laboratory. Female adult heads or whole bodies 
will be collected in an RNase/DNase free tube on dry ice and stored at -80 °C to isolate total 
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RNA. The full sequence of SWD cDNA will be amplified with the total RNA as a template by 
reverse transcriptase (RT)-PCR. The amplified PCR product will be isolated and purified for 
DNA sequencing. 
1-2. Construct vector and recombinant cell: Once the SWD gene is identified, a 150-nucleotide 
DNA fragment as the template DNA to design dsRNA will be amplified by PCR with specific 
primers to ligate into L4440 vector. The plasmid with inserted DNA, L4440-SWD gene, will be 
transformed into competent cells of E. coli strain HT115 (De3), this bacteria strain does not 
produce dsRNA degradation enzyme.  
 
2. Expression and Evaluation of dsRNA in the Bacteria 
2-1. Expression of SWD dsRNA in the bacteria: To express dsRNA, the bacteria contained SWD 
gene will be amplified in LB medium culturing under penicillin and tetracycline. The bacteria can 
be induced to express T7 polymerase by isopropyl β-D-thiogalactoside (IPTG) in the LB medium.   
2-2. Evaluation of dsRNA production and purity: The bacteria-induced dsRNA will be purified 
from the culture. A pure dsRNA obtained from two step digestion procedures with RNase-free 
DNase to digest DNA and RNase A to digest single strand (ss) RNA. Then the dsRNA fragment 
will be extracted by phenol–chloroform following ethanol precipitation with ammonium acetate. 
Purified dsRNA will be resuspended in water and stored at – 20 ºC until use.  
 
3. Bioassay of SWD and GFP RNAi in SWD 
3-1. Injection dsRNA into SWD: SWD RNAi dissolved in water will be injected into pupal or 
adult stages of SWD using a Nanoliter 2010TM injector fitted with custom-pulled borosilicate 
needles. Flies will be anesthetized by CO2, and placed on wet filter paper mounted on a cold 
table. Using soft forceps the anesthetized flies will be held on the surface of the filter paper and 
injected under a stereo-microscope. PI has experience with RNAi micro-injection into small 
insects such as ants. After injection of 30 flies, phenotypic changes will be monitored. Dr. Lee’s 
laboratory has a convenient system to monitor longevity and fecundity of flies, and several 
bioassay options for monitoring flight or activity level. Silencing of RNAi-targeted genes will be 
verified by quantitative (Q) or RT- PCR. At the end of the bioassay we will know RNAi impacts, 
and determine the optimal dsRNA concentration for the significant impacts. Once we evaluate 
impacts, we will decide on the next feeding assays because dsRNA injection directly into insect 
hemocoel is the best for RNAi delivery.   
 3-2. Feeding dsRNA to SWD: For adult feeding assays, various dsRNA concentrations 
determined from the injection experiment will be mixed in a dry bread yeast. The mixed yeast 
with dsRNA will be sprayed on the surface of the artificial diet in a petri-dish to allow adult flies 
to feed in the cage. After feeding, flies will be monitored for phenotypic changes, and verified for 
gene silencing as described above.  
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
As shown in the title our specific goal in this project was to develop a novel bacteria expressing 
RNAi as a biologically-based non-transgenic insecticide for SWD. In the 3rd year we successfully 
established a large scale RNAi production under a microbial system to provide a cost-effective 
RNAi application. The result also provide more practical RNAi approach for non-genetically-
engineered or plant-induced strategy to control insect pests. The outcomes can bridge a gap to 
develop a novel RNAi-based insecticide to control SWD. Will update more results and output at the 
end of this project.  
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e. Reasons why goals and objectives were not met (when applicable): N/A 
   
f. Charts, graphs and/or diagrams: The mechanism of dsRNA production in a specialized bacteria 
which is not allowed to degrade SWD dsRNA produced in the cell.  The specialized microbial 
dsRNA production system below.  

 
 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry:  During the past decade, the application of RNAi techniques 
has progressed rapidly and shown great potential for novel insect pest control alternatives because it 
poses little or no negative impact on the environment. The key advantages of RNAi technology are 
that it has high degree of species-specificity for the target pests and non-toxic for human health; this 
is a unique point compared to other conventional insecticides. RNAi technology enables us to 
develop biologically-based control alternatives for insect pests of importance to the small fruit 
industries. 
 

b. Other Funding Sources that you have applied to for this project: No 
c. 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): 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
 
1. Man-Yeon Choi et al., 2016. Identification and characterization of pyrokinin and CAPA 

peptides, and GPCRs from spotted wing drosophila, Drosophila suzukii (in the preparation).  
2. Nguyen, P., Kim, A.Y., Jung, J.K., Donahue, K.M., Jung, C., Choi, M.Y., Koh, Y.H., 2016. 

The Biochemical Adaptations of Spotted Wing Drosophila (Diptera: Drosophilidae) to Fresh 
Fruits Reduced Fructose Concentrations and Glutathione-S Transferase Activities. Journal of 
economic entomology. 

3. Man-Yeon Choi. 2015. Phenotypic impacts of RNAi on two insect pests - A new approach for 
the pest management. Proceedings, Washington State University Whatcom County Extension.  

The outline of dsRNA production by a 

recombinant L4440 vector in HT115 E. coli. 
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1. a. Title: Diversity of Pseudomonas syringae and diagnosis and management of bacterial 

canker on blueberry 
b. Principal Investigators: Joyce Loper; Virginia Stockwell co-PI 
c. Cooperators:  

 
2. a. Reporting Period Covered: 1 September 2014 to 31 August 2015 

b. ARS Agreement Number (when applicable):  
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
Bacterial canker caused by the bacterial pathogen Pseudomonas syringae is characterized by 

killed buds and stems. The disease can be severe when environmental conditions support growth 
and infection of tissues in the fall and spring. The disease is especially damaging to young 
succulent plants. Copper is sprayed onto plants to control the growth of the pathogen and the 
development of bacterial canker.  P. syringae actually refers to a complex group of pathogens, 
with individual members that have either a wide host range or narrow host range.  Surprisingly, 
little was known about P. syringae causing bacterial canker on blueberry.  It was not known if 
only a single type of P. syringae with a narrow host range caused bacterial canker or if multiple 
types of the pathogen complex caused bacterial canker. P. syringae can use many traits to cause 
plant diseases, such as the production of plant toxins or the ability to nucleate ice formation.  It 
was not known if there were specific traits required to cause disease on blueberry.  Finally, the 
status of copper tolerance of P. syringae causing bacterial canker in the Pacific Northwest was not 
known.  

We sampled tissues with symptoms of bacterial canker from commercial blueberry fields in 
Oregon and Washington.  We tested the isolates of the pathogen for specific traits, determined the 
genetic relationship among the isolates, the capacity to cause disease, and tested isolates for their 
sensitivity to copper and agricultural antibiotics. We found that P. syringae causing bacterial 
canker of blueberry was genetically diverse and that some, but not all, isolates produced plant 
toxins or nucleated ice formation. Isolates were sensitive to the agricultural antibiotics 
streptomycin and oxytetracycline, but resistance to kasugamycin (a newly registered antibiotic 
sold as Kasumin) was common in Washington state. The majority of isolates in Washington and 
Oregon were resistant to copper.  The diversity of the pathogen that causes bacterial canker 
indicates that there are numerous sources of the pathogen and the widespread copper resistance 
complicates disease control.   
 
b. Objectives:  
1. Characterize strains of P. syringae causing disease on blueberry  

2. Optimize a disease assay and use it to assess disease management practices  

3. Survey fields for dieback symptoms to assess the relative importance of Pseudomonas versus other 
pathogens that cause similar symptoms  

 
c. Methods and Materials:  
1. Characterize strains of P. syringae causing disease on blueberry.  In 2013, we sampled tissues 

with symptoms of bacterial canker from 8 commercial blueberry fields and one nursery from the 
Umpqua River Valley, the Willamette Valley, Hood River, and northeastern Oregon. In 2014, we 
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sampled tissues with symptoms of bacterial canker from 10 commercial blueberry fields located 
in Skagit County, Whatcom County, and three areas in eastern Washington.  Diseased tissues 
were crushed, placed in buffer, sonicated, and dilutions spread on ½ strength King’s medium B 
amended with cycloheximide for isolation of P. syringae.  Isolates with morphology similar to 
the pathogen were streaked to purity, tested for two common characteristics of P. syringae 
(production of a light blue fluorescence on iron-limited media and lack of oxidase activity), and 
then stored in 15% glycerol in nutrient broth at -80°C. We stored 131 isolates collected from 
Oregon blueberry fields and 135 isolates of P. syringae collected from blueberry in Washington.  

Isolates were characterized for additional traits in culture-based assays.  The traits of interest 
were production of the plant toxins syringomycin and/or syringopeptin, ice nucleation activity, 
resistance to the agricultural antibiotics streptomycin, oxytetracycline, and kasugamycin 
(Kasumin), and tolerance of copper. 

Of the collection of 266 isolates of P. syringae from the Pacific Northwest, 87 isolates 
were selected for in depth characterization.  The genetic relationship of the 87 isolates was 
assessed with multilocus sequence analysis.  This is a process whereby housekeeping genes, 
such as gyrB, rpoD, and/or cts were amplified with PCR and then sequenced.  Sequences 
were compared to reference sequences available online in the Plant Associated and 
Environmental Microbes Database (www.pamdb.org)(Almeida et al., 2010. Phytopathology 
100:208-215).  In initial studies, all three housekeeping genes were sequenced.  
Subsequently, only cts was sequenced following the methods of Berge et al., (2014) PLoS 
ONE 9(9): e105547.  The cts sequence of our isolates of P. syringae was compared to 
reference sequences of cts provided by Berge et al. Neighbor joining trees were generated 
and isolates were assigned to various phylogroups, which indicates an evolutionary 
relationship of isolates.  We affirmed that cts sequence alone, compared to concatenated 
sequences of gyrB and rpoD, and/or cts, was adequate to assign isolates to phylogroups of P. 

syringae.  
 
Pathogenicity or the capacity to cause was tested with the traditional assay for the 

capacity to induce the hypersensitive response (HR) on tobacco leaves.  In this assay, tobacco 
leaves were pressure infused with a bacterial suspension using a needleless syringe. After 24 
and 48 hours, the infusion area is examined for symptoms of the HR reaction or the 
development of necrosis in response to the presence of pathogenic isolates.  We also 
evaluated a novel assay using cantaloupe seedlings (Diallo et al. 2012. ISME Journal 6: 
1325–1335). In this assay, the cotyledons of 10-day old cantaloupe seedlings are infused with 
the test isolate of P. syringae.  Over a period of five to 14 days, seedlings are examined for 
necrosis at the site of infusion and spreading necrosis within the cotyledon and a possible 
extension in the stem resulting in death of the plant.   

 
2. Optimize a disease assay and use it to assess disease management practices.  Previously, we had 

variable success in generating disease symptoms with blueberry plants inoculated on wounded 
stems, leaves or buds with known pathogenic strains of P. syringae.  We evaluated the sensitivity 
of small plants, tissue culture plantlets, 0.5” plug plants and 1.5” potted plants of cultivars 
‘Powderblue’ and ‘Draper’. These plants could be available year-long for subsequent studies in 
controlled conditions in growth chambers.   

In our first assay, we used isolates of P. syringae representing the major phylogroups 
recovered from commercial fields and pathogenic in earlier studies on blueberry plants and also 
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isolates of pseudomonads that are non-pathogenic as negative controls.  Leaves on the young 
plants were pressure-infiltrated with suspensions of the isolates or water as a negative control.  
The treatments applied to plants of each cultivar and varying in age were adjusted based on the 
number of plants available. 

Half-inch plug plants can be stored at temperatures just below freezing. The ability to 
store dormant plantlets would provide tissues for numerous experiments conducted over time. To 
test the suitability of plantlets for such experiments, we received two flats of plants from Fall 
Creek Nursery, placed them in plastic bags inside boxes and stored them at -2°C. Over time, we 
transferred groups of the plantlets to growth chambers at 22°C to encourage the plantlets to come 
out of dormancy. After leaf tissues expanded, we evaluated the suitability of the tissues for 
pathogenicity assays by pressure-infiltration. The experiment was conducted over a period of six 
months.  

3. Survey fields for dieback symptoms to assess the relative importance of Pseudomonas versus other 

pathogens that cause similar symptoms.  During the bacterial canker surveys, we collected 
additional dead stems.  In the laboratory, we examined the tissues for symptoms and signs of 
fungal pathogens. We attempted to isolate P. syringae from the stem samples by methods 
described above.   

d. Accomplishments / Progress Report (comparison of results with original goals):  
Objective 1. Characterize strains of P. syringae causing disease on blueberry.  

We sampled blueberry fields in Oregon and Washington production areas.  We isolated P. 

syringae from each production region, except eastern Washington (east of the Cascade 
Mountains). P. syringae and bacterial canker was not found on samples collected from 
commercial blueberry fields in eastern Washington.   

We collected 266 verified isolates of P. syringae from blueberry throughout Oregon and in 
western Washington.  Of these isolates, we conducted an in-depth characterization of 87 isolates.  The 
results of the characterization of these 87 isolates are summarized graphically in Figure 1.   
 The P. syringae complex is currently recognized to consist of 13 phylogroups or genetic lineages.  
We used multilocus sequence analysis and also analysis of cts sequence to determine phylogeny of the 
isolates.  In our research, we confirmed that cts sequence alone is adequate to assign strains to 
phylogroups. We found remarkable diversity among pathogen isolates from blueberry.  The strains of 
P. syringae isolated from symptomatic blueberries in Oregon and Washington fell into six of the 
13 phylogroups: PG1, PG2, PG4, PG7, PG10, and PG13. 
 We evaluated the ability of the isolates to cause disease symptoms on tissues of two host 
plants, tobacco leaves and cantaloupe seedling cotyledons; the tobacco assay is generally used for 
assays for pathogenicity of isolates of P. syringae and the cantaloupe assay was recently 
described in the literature.  Most of the isolates from blueberry caused a hypersensitive response 
on tobacco, although isolates from phylogroup 7 generally did not cause the hypersensitive 
reaction on tobacco.  These isolates did cause disease on cantaloupe.  Overall, we found that 
blueberry isolates of P. syringae from all of phylogroups, except for phylogroup 13, caused 
disease on cantaloupe. Blueberry isolates from phylogroup 2 caused the most severe disease 
symptoms on cantaloupe, often killing the seedlings.  We tested representative isolates from each 
phylogroup for pathogenicity on ‘Draper’ blueberry plantlets. Strains from each phylogroup, 
except PG13, caused symptoms on blueberry.  For future studies, the cantaloupe seedling assay is 
recommended for assessing pathogenicity of isolates of P. syringae from blueberry. 

The ability to nucleate ice formation and cause frost damage is considered common among 
isolates of P. syringae on perennial plants. The majority of the isolates of P. syringae from 
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blueberry were ice nucleation active, but no strains in PG7 or PG13 were ice nucleation active.  
So, this trait was not required for P. syringae to cause disease on blueberry.  

The production of plant toxins is considered a virulence factor for isolates of P. syringae.  
Among the isolates of P. syringae from blueberry, the majority of the isolates inhibited growth 
of Bacillus megaterium, which is sensitive to syringopeptin.  Isolates of P. syringae from 
blueberry in phylogroup 2 and 10, also produced syringomycin in the assay using Geotrichum 

candidum as the indicator for the phytotoxin.   
Although antibiotics are not permitted for disease control on blueberry, we tested the isolates 

of P. syringae from blueberry for sensitivity to antibiotics used on tree fruits grown in the Pacific 
Northwest.  Although P. syringae from pear often is resistant to antibiotics, nearly every isolate 
of P. syringae from Washington and Oregon was sensitive to streptomycin and tetracycline.  
Interestingly, 87% of Washington blueberry isolates and 14% of Oregon blueberry isolates of P. 

syringae were resistant to kasugamycin, a newly-registered aminoglycoside antibiotic sold for 
pome fruits as Kasumin. This indicates that P. syringae exhibits intrinsic resistance to 
kasugamycin and this new material would not reliably control bacterial canker.  

Copper is the main bactericide used for control of bacterial canker of blueberry.  We found 
that  
81% of Washington isolates and 60% of Oregon isolates of P. syringae from blueberry were 
resistant to copper.  It was demonstrated previously by Steve Lindow at UC Berkeley that 
isolates of P. syringae resistant to 0.32 mM copper in laboratory studies are not inhibited with 
copper sprays on plants. The widespread resistance to copper likely has compromised the 
efficacy of this material for control of bacterial canker in fields.   

 
Objective 2. Optimize a disease assay and use it to assess disease management practices.  

We evaluated three plant sources for disease assays on blueberry.   

We tested tissue culture plantlets and found that the young leaves were sensitive to pathogenic 
isolates P. syringae.  The leaves were inoculated by pressure infiltration with a bacterial suspension 
or by application of the bacterial suspension to bisected leaves.  At the inoculation site, the 
inoculated leaves exhibited symptoms of disease, such as necrosis.  While tissue culture plants could 
be available year-round, we noted that the tissues were very fragile and easily damaged.   The 
fragility of the plants limits the use of these tissues for routine pathogenicity assays. 

We evaluated use of young ‘Draper’ plants in 1.5” pots for pathogenicity assays.  Symptoms, 
including spreading lesions, were evident within 5 days after pressure-infusion of leaves with an 
isolate of P. syringae from a killed bud on blueberry, but not water. This result indicates that leaves 
on young blueberry plants respond to infection with P. syringae isolated from blueberry bud tissue.  
Pathogenicity of several isolates of P. syringae representing the various phylogroups detected in the 
field were tested on Draper 1.5” plantlets.  Isolates from each phylogroup, except phylogroup 13, 
were pathogenic on blueberry (Table 1).    

Half-inch plug plantlets were tested for sensitivity to P. syringae and storage.  We were unable to 
resuscitated half-inch plug plantlets of ‘Powderblue’ from dormancy after 1 month of storage at -2°C. 
Half-inch ‘Draper’ plantlets stored for up to 4 months at -2°C could be brought out of dormancy and 
used for subsequent disease assays. The blueberry isolates that were pathogenic on 1.5” ‘Draper’ 
plantlets also caused disease on 0.5” plug plantlets. Negative controls (water or non-pathogenic 
bacterial isolates) did not cause disease symptoms on 0.5” ‘Draper’ plug plantlets stored for 4 months 
at -2°C.    Half-inch ‘Draper’ plug plantlets stored for 5 and 6 months at -2°C could be brought out of 
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dormancy and form leaves but they were sensitive to handling and pressure-infiltration of any 
treatment, thus were not useful for disease assays. 

Objective 3. Survey fields for dieback symptoms to assess the relative importance of Pseudomonas 

versus other pathogens that cause similar symptoms.  

 During our surveys, we isolated P. syringae from tissues with typical symptoms of bacterial 
canker, such as killed buds on turgid green stems or on the apical tip of stems. Necrosis often 
extended from the bud into the stem and the area of necrosis varied. We did not isolate P. syringae 
from stems with symptoms of collapse or shriveling. Other diseases observed in fields were mummy 
berry, which was easily distinguished from bacterial canker because symptoms were present on 
emerging shoots and flower clusters.  Fungal diseases and overwintering structures (such as pycnidia) 
were observed on collapsed stems or stems with silvery bark.  In eastern Washington, we collected 
numerous dead stems.  Fungal signs were not present and the stems were not collapsed.  The stems 
did not have typical symptoms of bacterial blight and P. syringae was not recovered from blueberry 
cultivated in commercial fields in eastern Washington.  We attribute the stem death observed in 
eastern Washington to winter damage, not bacterial canker. 
 
e. Reasons why goals and objectives were not met (when applicable): Goals for the research 
period were met. 
 
f. Charts, graphs and/or diagrams:  
 
Table 1. Pathogenicity of representative isolates of Pseudomonas syringae from each phylogroup 
on ‘Draper’ blueberry plantlets.  
 

  Pathogenicity on blueberry 

Phylogroup 

Number of 

strains 

tested 

Limited 

Necrosis 

Spreading 

necrosis 

PG1 6 5 1 

PG2 12 2 10 

PG4 1 - 1 

PG7 5 1 4 

PG10 1 - 1 

PG13 1 (weak) - 
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Figure 1.  Characteristics of isolates of Pseudomonas syringae isolated from blueberry.  Isolates 

of P. syringae from blueberry in the Pacific Northwest belonged to six major phylogroups, which 

were determined through sequence of a housekeeping gene called cts. Each row presents the 

characteristic for a single isolate.  The first column (A) indicates the state of isolation, orange for 

Oregon and purple for Washington. Column B is relative pathogenicity to cantaloupe (white is no 

disese; light green is moderate symptoms; dark green indicates seedling killed). Column C is the 

ability to cause the hypersensitive response on tobacco leaves (white is no reaction; black is 

positive for hypersensitive response). Column D is ice nucleation activity (white is negative; blue 

is positive). Column E is ability to inhibit Geotrichum candidum, an indicator for production of 

the plant toxin called syringomycin (white is negative; brown is positive). Column F is ability to 

inhibit Bacillus megaterium, an indicator for production of the plant toxin called syringopeptin 

(white is negative; brown is positive). Column G indicates resistance to the antibiotic 

kasugamycin (white is sensitive; light red indicates resistance to 50 μg/ml; dark red indicates 

resistance to 100 μg/ml). Column H indicates tolerance to copper (white is sensitive; light blue 

indicates resistance to 0.32 mM; medium blue indicates resistance to 0.64 mM; and dark blue 

indicates resistance to 1.2 mM copper).  
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g. Is this a final report? Yes  
 
4. a. Potential Significance to Industry:  

The research described is the first in-depth characterization of isolates of the Pseudomonas 

syringae complex that cause bacterial canker of blueberry from Washington and Oregon.  We will 
highlight four findings or developments with significance to the industry: 
 

1. We sampled blueberry fields in Oregon and Washington production areas.  We isolated P. 

syringae from each production region, except eastern Washington (east of the Cascade 
Mountains). P. syringae and bacterial canker was not found on samples collected from 
commercial blueberry fields in eastern Washington.   

2. The isolates of P. syringae from Oregon and Washington represented 6 of the 13 diverse 
lineage groups known for the bacterium. The finding that the pathogenic isolates of P. 

syringae from bacterial canker samples from blueberry were genetically diverse indicates 
that there was not a single source of the pathogen causing disease in fields in the Pacific 
Northwest.  Rather, there appear to be multiple sources of the pathogen (in-field inoculum, 
nearby plants, and general environmental sources) in blueberry fields. 

3. We found that a cantaloupe seedling pathogenicity assay provided a rapid and repeatable 
method to identify isolates that were capable of causing disease on blueberry. We also 
developed new pathogenicity assays for blueberry and confirmed that isolates that caused 
disease on cantaloupe also cause disease on blueberry.  

4. Another significant finding is that the majority of isolates from blueberry fields are 
resistant to copper.  We anticipate that the level of control of bacterial canker provided by 
copper may be compromised by widespread resistance. 

 
b. Other Funding Sources that you have applied to for this project: $14,800 from Washington 
Blueberry Commission in 2014 supported collection of diseased tissues from blueberry in the 
state, isolation of P. syringae, and initial characterization.  
 
c. 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): Complimentary funding 
between NCSFR and Washington Blueberry Commission in 2014.  
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
 
Stockwell, V., Shaffer, B.T., Bennett, R., Lee, J., and Loper, J.E. 2015. Characterization of Pseudomonas 

syringae from blueberry fields in Oregon and Washington.  American Phytopathological Society Annual 
Meeting Abstract Book. 
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1. a. Title:  Systematic evaluation of sulfur use for management of grape powdery mildew 
b. Principal Investigators: Walter Mahaffee, USDA-ARS-HCRL, 3420 NW Orchard Avenue, 
Corvallis, Oregon 97330 
c. Cooperators:  

 
2. a. Reporting Period Covered: 2012-2015 

b. ARS Agreement Number (when applicable):  N/A 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
Sulfur continues to be one of the most used fungicides in viticulture for the management of grape 
powdery mildew (GPM, causal agent Erysiphe necator) and one of the only products for use in 
organic production.  However, its extensive use has been associated with increased mite and insect 
problems and is thought to encourage hydrogen sulfide formation during fermentation or aging.  
Efficacy data from other crops and anecdotal evidence from within viticulture indicates that the 
sulfur rates and application methods employed in viticulture may not be optimal (may be excessive).  
Furthermore, current research indicates that early season applications may not be needed, depending 
on the environmental conditions and disease pressure.  Field and laboratory experiments were 
conducted to examine a range of sulfur rates for the management of grape powdery mildew. Growth 
chamber experiments examined the effects of rate (0, 2, 4, 6, and 8 lbs/100 gal sulfur equivalent 
concentrations) and duration (plants and glass slides inoculated 0, 6, 10, 14, and 21 days after sulfur 
application) on disease development at a constant 20˚C; as well as the effect of rate, duration, 
proximity, and temperature (10, 20, and 30˚C) on conidia germination.  Leaf disease severity 
assessments indicated that sulfur rates of greater than 2 lbs/100 gal (i.e.0.8 to 1.6lbs/A) would 
provide sufficient disease protection out to 21 days after application.  Conidia Germination was 
significantly reduced at distances less than 15mm from sulfur residues at all rates, temperatures, and 
durations.  Field trials indicated that all sulfur treatments significantly reduced foliar disease 
development compared to the water control.  Assessment of fruit infection indicated that rates above 
4lbs sulfur/100gal (i.e. 1.6 to 3.2 lbs/A) did not result in improved disease control.  These data 
indicate that sulfur rates can be reduced without compromising disease control. 

 
b. Objectives:  

The goal of this research is to improve the economic sustainability of vineyards by furthering our 
understanding of factors influencing the efficacy of sulfur in controlling grape powdery mildew 
(GPM).  

1) Evaluate the effects of different rates, time intervals, and methods of sulfur application on 
disease development in controlled environments.   

2) Validate results of controlled environment studies in small field plots. 
 
c. Methods and Materials:  

Glass Slide Conidia Germination Assay 
The effects of sulfur rate, proximity to sulfur residue, duration of control, and temperature were 
investigated by assessing E. necator conidial germination rates on glass slides, which acted as leaf 
surrogates.  These experiments were arranged in randomized complete blocks with 3 replications in 
time and 3 subsamples per treatment.  Microscope Slides (Fisherfinest Premium Superfrost Fisher 
Scientific, Pittsburgh, PA) were pre-cleaned with 95% ethanol, labeled, and a piece of 1” wide 
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scotch tape was applied longitudinally flush with the end of the slide.   Microthiol Disperss 
Micronized Wettable Sulfur, 80% sulfur (United Phosphorus, Inc., King of Prussia, PA) was mixed 
at rates of 0, 2, 4, 6, and 8 pounds of active ingredient (sulfur) per 100 gallons water amended with 
0.02% Nu-Film-P (Miller Chemical and Fertilizer Corp., Hanover, PA).  The labeled and taped glass 
slides were treated with the respective sulfur rates treatments using a Preval hand-held sprayer 
(Chicago Aerosol, Coal City, IL) and allowed to air dry.  The dry slides were then moved and 
randomized into Percival E30BC8 growth chambers (Percival Scientific, Inc., Perry, IA) 
programmed at 10˚C, 20˚C or 30˚C and 16h photoperiod and the tape was removed for the duration 
of the temperature treatments.  Glass slides were treated as described 21, 10, and 0 days prior to 
inoculation with E. necator conidia.  The treated glass slides were inoculated with dry E. necator 
conidia from 10 to 14 day old infected Chardonnay grape seedlings in a spore settling tower, 22” by 
22” by 40” high.  Following inoculation, the slides were transferred to a disease development 
chamber programmed at 22˚C and 16h photoperiod for 24h.   
The number of germinated (presence of an appressorium and/or germ tube equal to the width of the 
conidia) and non-germinated conidia were counted along 0.55mm wide transects that ran the 25mm 
width of the glass slides at -5mm, 1mm, 5mm, 10mm, and 15mm from the line of sulfur using the 
Zeiss epiluminescence microscope (Carl Zeiss, Oberkochen, Germany) at 80x magnification.  The -
5mm transect was within the sulfur-treated 5mm from the line of treatment; 1mm was 1mm away 
from the sulfur in the clean taped region of the slide, etc.  This experiment was replicated at 3 
different points in time.   
 
20˚C Controlled Environment Plant Assay  
The effects of sulfur rate and duration of control at a constant 20˚C were investigated in experiments 
arranged in randomized complete blocks with 3 replications in time and 3 subsamples per treatment.   
Chardonnay seedlings grown in a soilless potting media 6 to 8 weeks old with 2 to 4 fully opened 
true leaves were sprayed until run-off with 0, 2, 4, 6, 8 lbs. sulfur per100gal water (Microthiol 
Disperss) using a Preval hand-held sprayer and allowed to air dry.  Three plant subsamples per sulfur 
rate x time treatment were included and the treated plantswere maintained in a Conviron EF7 growth 
chamber (Controlled Environments Ltd., Winnipeg, Manitoba, Canada) programmed at 20˚C 
constant temperature and 16h photoperiod. Following the specified duration of treatment, plants 
were inoculated with dry E. necator conidia from 10 to 14 day old infected Chardonnay grape 
seedlings in the spore settling tower as described previously and transferred to a disease 
development chamber programmed at 22˚C and 16h photoperiod. Glass slides were placed in the 
settling tower with inoculation and the percent germination was determined to ensure sufficient 
disease potential.  Separate E. necator dry inoculations were performed following the specified 
treatment durations.  Plants were assessed 10 to 12 days following E. necator inoculation.  Disease 
severity (% coverage of adaxial leaf surface) was determined for leaves 1 and 2, the top two fully 
expanded leaves on the day of sulfur treatment, and leaves 3 and 4, the two leaves above leaves 1 
and 2 which were still expanding at the time of sulfur treatment.   
 
Field Efficacy Trials 
 Field Efficacy experiments were performed in 2012 and 2015 in our research vineyard at the 
Botany and Plant Pathology Farm in Corvallis, Oregon, using an over-the-row ducted air blast 
sprayer with venturi nozzles.  The vineyard consists of 15 year old vines of Pinot Noir clone 2A on 
420A rootstock planted on 5’ x 6’ spacing trained in bi-lateral Guyot with vertical shoot positioning.  
A randomized complete block design was used with 5 replications of 5 vine plots for each treatment.  
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Sulfur applications were initiated when airborne E. necator inoculum was detected and continued on 
a 14 day interval until veraison.  Microthiol Disperss (80% micronized sulfur) was mixed at rates of 
0, 2, 4, 6, and 8 pounds of active ingredient per 100 gallons of water.  The volume applied at each 
time point varied based on canopy growth.   
 Disease incidence assessments were performed weekly on 10 leaves from the 3 central vines 
in each treatment plot.  Disease severity (percent area infected) assessments were performed at 4 
time points in 2012 and 3 time points in 2015.  In both 2012 and 2015, 10 clusters per treatment plot 
were collected from the 3 central plants just prior to veraison and frozen for later E. necator 
assessment.  In 2012, 10 individual berries per cluster were examined microscopically using a 
disease severity rating system in which 0 = 0%, 1 = <10%, 2 = 10-30%, 3 = 35-55%, 4 = >55%.  In 
2015, 25 individual berries per cluster were examined microscopically for incidence of E. necator 
infection.  In 2012, 16 ripe clusters per plot were collected at harvest and Botrytis bunch rot severity 
was assessed for each cluster.  The clusters were then dispersed into 16-well plant trays, sprayed 
with di-water, incubated in sealed bags at 25˚C for 48h, and a second severity assessment was 
performed.    

 
d. Accomplishments / Progress Report (comparison of results with original goals):  

Glass Slide Conidia Germination Assay Results 
• We investigated the effect of sulfur rate, proximity to sulfur residue, duration of control, and 

temperature using glass slides as leaf surrogates.   
The results from the glass slide conidia germination experiments showed that conidia germination 
was significantly reduced at distances less than 15mm from sulfur residues at all rates, temperatures, 
and durations (Fig. 1) and was slightly inhibited at a distance of 15mm away from all sulfur rate 
residues.  This indicates that proximity to sulfur residues is the main driving factor determining 
whether a viable E.  necator conidia will germinate and potentially infect viable host tissue.  Conidia 
germination within each sulfur rate at each measured location on the slide was not significantly 
impacted by temperature or duration; with the exception of the 2lb/100gal, 30˚C, long duration 
treatment, which had greater germination within and close to (<5mm) the sulfur treated area than all 
of the other temp/duration treatments (Figs. 2a and 2b).  This indicates that low rates of sulfur 
exposed to long durations of high temperatures may volatilize and result in compromised disease 
control; but that higher rates (4lb/100gal and higher) are unaffected by temperature out to 21 days.   
 
20˚C Controlled Environment Plant Assay Results  

• We investigated the effect of sulfur rate and duration on E. necator infection at a constant 
20˚C in planta.  We looked the persistence of sulfur and the resulting E. necator control on 
both fully expanded and actively expanding leaves. 

Leaf disease severity assessments indicated that all sulfur rates completely inhibited E. necator 
infections on leaves that were fully expanded at the time of sulfur treatment, independent of the 
duration between sulfur application and inoculation with E. necator (Fig. 3a).  All sulfur rates  
significantly reduced E. necator infections on leaves that were still expanding at the time of sulfur 
treatment, except at 21 days after sulfur treatment where all rates above 2lb/100gal provided 
significant control (Fig. 3b).  These results indicate that sulfur rates of greater than 2 lbs/100 gal 
(i.e.0.8 to 1.6lbs/A) provided sufficient disease protection out to 21 days after application. 
 
Field Efficacy Results  
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• We investigated the effect of sulfur rate in a field setting over two field seasons, 2012 and 
2015.  We assessed E. necator leaf incidence and severity and fruit severity in both years as 
well as Botrytis bunch rot severity in 2012. 

Leaf and fruit incidence and severity assessments indicate that in both field seasons, all sulfur 
treatments significantly reduced E. necator leaf disease incidence (Figs. 4a and 7a) and severity 
(Figs. 4b and 7b) compared to the water control.  Microscopic assessment of fruit infection indicated 
that rates of 4lbs sulfur/100gal (i.e. 1.6 to 3.2 lbs/A) and above provided significant control of E. 

necator fruit infections compared to the water control (Figs. 5 and 8).  All sulfur treatments reduced 
Botrytis bunch rot severity; however, the differences were not significant (Fig. 6). 

 
e. Reasons why goals and objectives were not met (when applicable):  

It was stated in the initial grant proposal that treated leaves would be collected from the field and 
analyzed for sulfur concentrations.  Preliminary work in which known volumes of known sulfur 
concentrations were deposited onto greenhouse leaves resulted in such wildly variable sulfur 
concentration readings that this work was deemed too variable to produce meaningful results.   
 
Did not investigate the eradicative effect of different sulfur rates.  Since preliminary experiments 
indicated that there were no eradicative effects under the experimental conditions tested.  Field 
observations indicate that the appearance of eradication may be more related to  
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f. Charts, graphs and/or diagrams:  

 

 Figure 1:  E. necator conidia germination at specified 
transects averaged across temperature and duration.   
 

 
Figure 2:  E. necator conidia germination at 1mm (a) 
and 5mm (b) from the sulfur residues at 10, 20, and 
30˚C.   

 
Figure 3:  E. necator disease severity on fully 
expanded leaves (a) and expanding leaves (b) on 
plants treated with the different sulfur rates incubated 
at a constant 20˚C.   
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Figure 4:  E. necator leaf incidence (a) and leaf severity (b) ratings from the 2012 field efficacy trial. 
 

 
Figure 5:  2012 E. necator cluster severity 

Figure 5:  2012 Botrytis bunch rot cluster severity 

 
Figure 7: E. necator leaf incidence (a) and leaf severity (b) ratings from the 2015 field efficacy trial. 
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g. Is this a final report?:  Yes 

 
4. a. Potential Significance to Industry:  

b. Other Funding Sources that you have applied to for this project:  
c. 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): 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 
 

This research was just completed about two months ago and has not been submitted for publication 
yeat.   

 
Figure 8: 2015 E. necator cluster severity.   
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Title: Discrimination between infectious and integrated viral sequences of Rubus yellow net 

virus in raspberry plants and the impact of each on disease development 
 
Alfredo Diaz-Lara1, Nola J. Mosier2, Karen E. Keller2, Robert R. Martin2 

1Department of Botany and Plant Pathology, Oregon State University, Corvallis, OR 97331; 
2USDA-ARS, Horticultural Crops Research Laboratory, Corvallis, OR 97330 
 
Abstract Rubus yellow net virus (RYNV) is a member of the family Caulimoviridae, genus 
Badnavirus. RYNV infects Rubus species causing chlorosis of the tissue along the leaf veins, giving 
an unevenly distributed netted symptom in some cultivars of red and black raspberry. Recently, this 
virus was isolated and characterized from a native R. strigosus plant in Alberta, Canada, exhibiting 
such symptoms. The viral genome contained seven open reading frames (ORF). The isolate from 
Canada (RYNV-Ca) is the only complete sequence of RYNV available in GenBank. We sequenced 
a graft transmissible strain of RYNV from Europe infecting cultivar ‘Baumforth’s Seedling A’ 
(named RYNV-BS). This sequence was then compared with the RYNV-Ca genome and significant 
differences were observed. Genomic analysis identified differences in the arrangement of coding 
regions, promoter elements and presence of motifs. The genomic organization of RYNV-BS 
consisted of six ORFs (five ORFs in the sense-strand and one ORF in antisense-strand). ORFs 1, 2 
and 3 showed a high degree of homology to RYNV-Ca, on the other hand, ORFs 4, 5 and 6 of 
RYNV-BS were quite distinct. Also, the predicted ORF 7 in the RYNV-Ca was absent in the 
RYNV-BS sequence. These differences may account for the lack of aphid transmissibility of RYNV-
BS. An isolate from Wisconsin (RYNV-WI) was closely related to the RYNV-BS.  Inserted 
sequences identified to date are all very similar to RYNV-Ca and can be differentiated from 
transmissible isolates of RYNV tested by using multiple sets of primers in PCR.   
 
Introduction 
     Rubus yellow net virus (RYNV) infects Rubus species and cultivars in North America and 
Europe, it affects all red raspberry cultivars and most blackberry and hybrid berry cultivars [1]. 
Leaves of infected plants on some genotypes develop a netlike chlorosis of the tissue along the 
veins, giving the plant a pale green appearance with some of the leaves being slightly cupped 
downward, but there is no distortion or stunting, while many genotypes of Rubus are infected 
symptomlessly. In North America, RYNV in mixed infections with Black raspberry necrosis virus 

(BRNV) cause raspberry mosaic disease (RMD), a virus disease complex that produce serious 
decline in plant vigor and productivity. The impact on yield in red raspberry is minimal in single 
infections but can be 30-75% in mixed infections with BRNV in the first cropping year with losses 
0-15% in subsequent years. In Europe, RYNV together with BRNV and Raspberry leaf mottle virus 
have been reported to cause RMD.  
     RYNV is a member of the family Caulimoviridae, genus Badnavirus. Badnaviruses primarily 
infect host plants in tropical and sub-tropical regions with a few examples from regions with 
temperate climates. Most badnaviruses are transmitted by mealybug [6], however there are 
exceptions; Rubus yellow net virus is spread by the large raspberry aphid, Amphorophora idaei in 
Europe and A. agathonica in North America, in a semi-persistent manner in both locations. These 
vectors are common in commercial Rubus fields and are able to transmit other viruses involved in 
the RMD complex.  Jones et al suggested that small bacilliform (80-150 nm x 25-30 nm) virus-like 
particles observed in plants with RMD may represent those of RYNV, which resemble the particle 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 56 

morphology of badnaviruses. In 2002, a highly conserved portion of the virus genome was 
sequenced using degenerate badnavirus-specific primers, confirming RYNV as a badnavirus. 
     Recently, RYNV was isolated and characterized from native a R. strigosus plant in the Rocky 
Mountains in Alberta, Canada that exhibited symptoms of RMD. The viral genome consisted of 
7,932 base pairs (bp) and contained seven coding regions, with five of them located on the sense-
strand, including a large polyprotein (ORF 3), which is the main feature of badnaviruses. The 
polyprotein is cleaved by the viral-encoded protease to produce a movement protein, a coat protein, 
and a replicase comprised of a reverse transcriptase and ribonuclease H. All badnaviruses, including 
RYNV, share three ORFs, which have approximately the same size and location within the genome. 
An uncommon characteristic in the genome of the RYNV from Canada (RYNV-Ca) when compared 
to the genomes of other badnaviruses was the presence of four additional ORFs; two small ORFs in 
the sense-strand and two in the antisense-strand. RYNV-Ca is the only complete RYNV sequence in 
GenBank, along with two partial sequences, including an isolate from United Kingdom.  
 With the development of PCR tests for RYNV, there have been several instances where plants 
that indexed negative for RYNV in graft transmission tests were positive for RYNV in PCR assays. 
Plants that had indexed free of known viruses by biological indexing were rejected by plant 
quarantine personnel at importing countries based on positive tests for RYNV in PCR.   
    We describe the sequence of an isolate of RYNV from a plant of ‘Buamforth’s Seedling A’ that 
originated in the UK but was obtained from the National Clonal Germplasm Repository in Corvallis, 
Oregon.  We also, partially sequenced an isolate of RYNV from a wild black raspberry collected in a 
state park in Wisconsin. Additionally, we show that the RYNV sequence that has been identified as 
inserts in the Rubus genome are derived from an isolate very similar to the RYNV-Ca. 
 
Materials and methods 
Plant material 

     RYNV was isolated from a clone of red raspberry cv. ‘Baumforth’s Seedling A’ (PI number RUB 
9020), which is in the National Clonal Germplasm Repository-USDA (Corvallis, Oregon), the plant 
originally came from England in 1997. This Rubus plant expresses symptoms characteristic of 
raspberry mosaic disease.  Rubus occidentalis plants with virus-like symptoms were collected in a 
state park in Wisconsin in August of 2014. 
 

Rolling circle amplification, enzymatic digestion, cloning, primer walking, and resequencing 

     Total DNA was extracted from leaf tissue as described by Lockart, with slight modifications. 
Tissue was homogenized (1 g/ml) in hexadecyltrimethylammonium bromide (CTAB) buffer 
containing 1.4 M NaCl, 20 mM ethylenediamine-tetraacetic acid (EDTA), 2% (wt/vol.) CTAB, 1% 
(vol./vol.) 2-mercaptoethanol and 100 mM Tris-HCl, pH 8.0; followed by treatment with  proteinase 
K (500 µg/ml) at 55 ˚C for 2 h, followed nucleic acid extractions, first with phenol-chloroform-
isoamyl alcohol (25:24:1) and followed with chloroform-isoamyl alcohol (24:1). 
     Oligonucleotides designed from previously determined partial sequence of RYNV (GenBank 
Accession No. AF468454) [4] were employed to assess the DNA extraction by polymerase chain 
reaction (PCR), confirming the presence of RYNV nucleic acids. The RYNV-BS genome was 
amplified using the Illustra TempliPhi 500 Amplification Kit (GE Healthcare, Buckinghamshire, 
UK), following the manufacturer’s instructions. The TempliPhi method utilizes bacteriophage Phi29 
DNA polymerase and random hexamers primers to exponentially amplify single- or double-stranded 
circular DNA templates by rolling circle amplification (RCA). The RCA product then was digested 
with EcoRI (New England Biolabs, Ipswich, MA, USA) and cloned.     Plasmids were sequenced. 
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Both strands were sequenced simultaneously to facilitate the complete sequence of the genome. To 
confirm the sequence and correct any residual errors, the virus genome was fully resequenced to a 
5X coverage.  
 

Genomic analysis of RYNV-BS 

     The nucleotide (nt) and translated amino acids (aa) sequences of RYNV-BS were compared with 
other sequences in GenBank using BLASTn and BLASTx. Finally, RYNV-BS sequence was 
compared with the RYNV-Ca genome using BLAST programs. For ORFs 4, 5 and 6, these were 
aligned and the pairwise scores calculated utilizing ClustalW2. 
     Different approaches were employed to infer the phylogeny of RYNV-BS. Initially, because 
sequence similarity within the RT/RNase H-coding region of Badnavirus spp. is used for species 
demarcation, an evolutionary tree was obtained based on the amino acids sequence alignment of 
RNase H. Three phylograms of sequences relationship were determined using the entire amino acids 
sequence of ORFs 1, 2 and 3; these three coding regions were chosen since they are present in all 
badnaviruses sequenced to date. 
 

Aphid transmission experiment 

     Transmission studies were performed as described by Jones et al with minor modifications. 
Individuals of A. agathonica were obtained from young raspberry plants in several commercial fields 
in Benton County, Ore. Aphids were reared at 23 ˚C and 14 h of light on healthy raspberry cv. 
‘Meeker’ obtained from tissue culture. Later, adult aphids were transferred to detached leaves of 
virus-infected red raspberry cv. ‘Baumforth’s Seedling A’, maintained in a Petri dish with a moist 
paper towel. Also, groups of aphids were transferred to young potted ‘Baumforth’s Seedling A’ 
plants in an aphid proof cage in a greenhouse. Insects were removed from virus sources and frozen (-
80 ˚C) or transferred to healthy ‘Meeker’ plants immediately. Different acquisition access feeding 
periods (AAFP) and transmission access feeding periods (TAFP) were assigned to groups of 5 
aphids for each assay. After completing TAFPs, aphids were frozen as well. All frozen samples were 
analyzed by PCR to determine if insects acquired viral sequences. 
 

Graft transmission experiments 

    Once a PCR test became available for RYNV, it was found that some plants that had indexed 
negative in graft indexing were found positive for RYNV by PCR.  Five of these isolates were 
grafted repeatedly onto R. occidentalis (5 times) and the grafted plants were observed for symptoms 
and tested by PCR for the presence of RYNV to check for the presence of an isolate that was 
symptomless on the indicator plants.   
 
Results 
Virus characterization 

     The viral genome of RYNV-BS consists of 7,836 nts (GenBank accession no. KM078034). 
Unlike the RYNV-Ca genome, the new isolate (RYNV-BS) encodes six proteins rather than seven 
(Fig. 1). The first three ORFs were most closely related to homologs from RYNV-Ca, while the last 
three ORFs 4, 5, and 6 were quite different from the homologs in RYNV-Ca and the RUNV-BS 
lacked ORF 7 completely.  
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Fig. 1 Representation of Rubus yellow net virus strain “Baumforth’s Seedling A” (RYNV-BS) 
genome, showing the genome organization. ORFs 1-5 located on the sense-strand and ORF 6 located 
in the antisense-strand. Intergenic regions in grey color. 
Acquisition and transmission of viral particles by aphids 

     RYNV was not detectable in aphids following the acquisition access feeding times reported in 
previous studies using either detached leaves or young infected plants. However, when acquisition 
access feeding periods were extended to 2 weeks to ensure feeding from plant tissue and the aphids 
immediately frozen after this lapse of time, PCR testing produced an amplicon in all cases.  On the 
other hand, when cohorts of the aphids were transferred to healthy plants for 2, 4, 8, 24 or 48 hours 
and then tested for RYNV the results were erratic, suggesting that the virus was not replicating in the 
aphids. In no case did the aphids transmit RYNV-BS to healthy raspberry plants in these assays. The 
test plants did not develop any symptoms and were consistently negative when tested for RYNV by 
PCR. These data suggests that RYNV-BS is a non-aphid transmissible strain of RYNV, or that the 
population of A. agathonica selected for this study was not capable of transmitting the virus. 
 
Exogenous (virus particles) and Endogenous (viral sequence in Rubus genome) 
   The grafted indicator plants that remained symptomless when grafted with RYNV PCR+ sources 
were negative in PCR assays showing that the virus was not transmitted.  This ruled out the presence 
of an isolate of RYNV that was symptomless in the indicator plants and thus, not be detected in 
bioassays. Additionally, the plants that were negative in graft indexing (G-) and PCR positive 
(PCR+) were subjected to rolling circle amplification (RCA) as another means to detect exogenous 
RYNV.  In all cases tested, G- PCR+ plants did not yield a product in RCA again suggesting the 
absence of virus particles in these plants.  When G- PCR+ plants were crossed with G- PCR- plants 
approximately 50% of the seedings were G- PCR+ suggesting that the RYNV sequences were being 
inherited like a single copy gene.  RYNV is not seed transmitted, so this again suggests 
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incorporation of the RYNV sequences into the host genome.  G- PCR+ plants were subjected to heat 
treatment repeatedly and in no case were the plants freed of RYNV, again suggesting incorporation 
of RYNV into the host genome.  Plants with RYNV that was graft transmissible were freed of 
RYNV by heat treatment.  Finally, the PCR products from G- PCR+ plants had RYNV sequences 
closely related to RYNV-Ca (98% sequence identity), and more distantly related to RYNV-BS (84% 
sequence identity) or RYNV-WI (83% sequence identity).  All G- PCR+ plants had very closely 
related RYNV sequences. 
 Six sets of primers were developed for RYNV sequences and all six sets of primers detected 
RYNV in plants with exogenous RYNV (transmissible) while only one set detected RYNV in plants 
with endogenous RYNV (incorporated).  Thus, with the limited number of isolates sequenced to 
date, the endogenous and exogenous RYNV sequences can be differentiated by PCR. 
 
Discussion 
     The molecular characterization of a virus involved in RMD resulted in a new strain of Rubus 

yellow net virus, which differed significantly from the previously reported RYNV sequence (Table 
1). As previously mentioned, all badnaviruses share ORFs 1–3 with a high degree of similarity.  In 
the case of RYNV, the two sequenced strains exhibit approximately 90% aa sequence identity in the 
three ORFs. At the other extreme, a feature of badnaviruses is their wide range of ORFs, ranging 
from 3 to 7, which suggests great biological diversity. Here, such diversity also is observed within 
species in the Badnavirus genus as the two isolates of RYNV appear to have different genomic 
organizations.  
     A highly conserved portion of the partial RYNV virus genome, previously sequenced in the U.K., 
was aligned with the same conserved region present in RYNV-BS using BLASTn and a near perfect 
homology was obtained (Identities:1695/1709=99%, Gaps:3/1709=<1%), contradictory to the low 
homology of these two regions referring to the RYNV-Ca genome (Identities:1158/1460=79%, 
Gaps:21/1460=1%). This result suggests that RYNV-BS is very close to the isolate that Jones et al 
published in 2002  and supports the suggestion that the RYNV in the ‘Baumforth Seedling A’ used 
in this study was infected prior to it being obtained by the NCGR. At this point the idea of a North 
American lineage of RYNV represented by RYNV-Ca isolate and a European lineage represented by 
the RYNV-BS isolate was considered. R. occidentalis plants collected from a state park in 
Wisconsin shot a hole in the idea that we had isolates representing a North American and European 
lineages of the virus.  Partial sequence of the isolate from Wisconsin (RYNV-WI) showed it to be 
nearly identical to the RYNV-BS.   
 All endogenous sequences identified in this study were very closely related to RYNV-Ca 
suggesting a single incorporation event that has been maintained transmitted to seedlings in breeding 
programs. Endogenous RYNV sequences can be differentiated from exogenous RYNV by PCR 
using two sets of primers, one that will detect all RYNV and one that only detects endogenous 
RYNV.   
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1. a. Title: Fungal Populations in PNW Cranberries as it Relates to Fruit Rot 

b. Principal Investigators: Kim Patten, Washington State University-Long Beach REU, State of 
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Massachusetts, Emeritus, and Adjunct Faculty, Washington State University-Mount Vernon, State 
of Washington; Phone: 774-238-0698; email: fcaruso@umass.edu 
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dbellamy@oceanspray.com; Donald Kloft, Ocean Spray Cranberries, Bandon, OR 97411; Phone: 
541-347-2446; email: dkloft@oceanspray.com; Cranberry growers – Washington (6), Oregon (3)  

 
2. a. Reporting Period Covered: August 2014 – January 2016 

b. ARS Agreement Number: NA 
 
3. Progress Report 

a. Abstract: Cranberry fruit rot is an important disease complex comprised of at least 15 different 
fungal pathogens that can occasionally cause losses of 15-30% at harvest. It has traditionally been 
an issue for cranberry growers in Massachusetts and New Jersey where they must apply 3-6 
fungicide applications on a yearly basis in order to control the disease.  Because weather patterns 
have evolved into a warmer climate during the past decade, and many cranberry beds have been 
renovated and planted with high-producing new hybrid cultivars, and fungicide use patterns have 
changed with newly-registered materials, the fungal population responsible for field and storage 
rot is a constantly changing variable. Growers in Oregon and Washington have encountered 
significantly higher fruit rot levels in the past decade, and fungicide use has increased there as 
well, especially for those growers growing fresh fruit.  

 
Fungal populations in fruit in Washington and Oregon have not been studied since the early 
2000’s, and previous isolations from the fruit were only performed at harvest, thus missing a large 
part of the true fungal population.  Knowing what fungi are responsible for the disease relates 
directly to which fungicides should be applied for optimal control of the disease, particularly 
because new fungicides are now available to growers. This project evaluated the fungi important 
in the infection of PNW cranberries. Healthy and rotted fruit from six cranberry beds in WA (two 
years) and three beds in OR (one year) were sampled (three pre-harvest and three post-harvest) 
and fungal pathogens were cultured on acidified cornmeal agar and identified to genus and specie 
(where necessary).  
 
In WA berries, the primary pathogens were Allantophomopsis, Coleophoma, Colletotrichum and 
Physalospora whereas the secondary pathogens were Cadophora, Cryptosporiopsis and 
Fusicoccum. In OR berries, the primary pathogens were Colletotrichum, Fusicoccum and 
Physalospora whereas the secondary pathogens were Allantophomopsis, Cadophora, 
Coleophoma and Cryptosporiopsis. Although the sample size of beds was small using only one 
cultivar, these results propose the probable fungal population in both areas. These findings will 
help devise the necessary strategies for the best management of fruit rot in processed and fresh 
fruit beds in the PNW. As well as providing key information to growers helping them to 
potentially reduce field and storage rot, it will provide a better understanding of the pathogen 
complex. 
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b. Objectives: (1) Select beds which have had an increased level of fruit rot in recent years; this 
will 
include six beds in WA for both years and three beds in OR in the second year; (2) Sample rotted 
and healthy fruit from these beds at selected times from early berry development until harvest, 
and at monthly times when berries are in storage through December, and culture the fruit for 
fungal pathogens and, (3) Identify fungal pathogens to genus (and species where necessary) and 
evaluate the populations throughout the sampling period and from different beds.      
 
c. Methods and Materials: The six ‘Stevens’ cranberry beds in WA which were sampled in 2013 
were resampled in 2015 and 2016. These beds included three fresh fruit beds from the Grayland 
area and three processed fruit beds from the Long Beach area. Rotted and healthy fruits were 
sampled from the six beds on August 14, September 4 and September 29 in 2014. The third 
sample was a bulk sample to allow for enough fruit for the final field sample and the three post-
harvest samples on October 20, November 12 and November 25. In 2015, field samples were 
taken on August 10, September 2 and September 22 (bulk) and post-harvest samples were taken 
on October 13, November 3 and November 23. The study was expanded to include three 
processed fruit beds in the Bandon, OR area. Sampling for these beds was identical to the dates 
for the WA beds. 100 healthy fruit were sampled from the field in transects across the bed so that 
a good cross-section of the bed was sampled.  Fruit were cut in half through the calyx and stem 
ends, surface-sterilized in 10% Clorox™ + 0.01% Tween 20 for 20 minutes, blotted dry on sterile 
paper towels and plated on acidified cornmeal (5 fruit halves per plate). Plates were incubated at 
25-28o C (room temperature) for three weeks. Fruit for storage rot evaluation will be sampled and 
cultured as those for the field rot evaluation. At this point, fungi were identified to genus and 
species (for Colletotrichum and Phyllosticta) and percent recovery was calculated for each bed 
per sampling time, and for fresh fruit and processed fruit in storage after harvest. Non-sporulating 
fungal isolates were subcultured onto V8 or half-strength PDA in order to induce sporulation for 
identification to genus. Fungal recovery from the different beds was tabulated for each bed. 
Fungicide records were compiled for each bed for each growing season. Particular attention was 
devoted to Phyllosticta, to see whether P. vaccinii or P. elongata/Botryosphaeria was more 
prevalent. In addition, special attention was focused on the newly characterized fungal pathogens 
from 2013, Cryptosporiopsis and Cadophora.  Artificial inoculations showed that both of these 
new fungi infect cranberry fruit.   
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
Objective 1:  
Year 1: Six WA cranberry beds sampled in 2013 (funding from the Cranberry Institute in 2013) 
were sampled in 2014. Beds 1-3 were beds located in the Long Beach area with the fruit 
harvested for processing. Beds 4-6 were beds located in the Grayland area with the harvested for 
fresh fruit. Each of these beds had higher levels of fruit rot in the past several growing seasons. 
Year 2: The same six WA cranberry beds were sampled again in 2015. Three OR cranberry beds 
located in the Bandon area were sampled in 2015. All three beds had fruit harvested for 
processing. Similar to the WA beds, these beds were also planted with the ‘Stevens’ cultivar and 
had histories of higher than average levels of fruit rot. 
Objective 2: 
Year 1 (WA): The six WA beds were sampled in 2014 on August 14, September 4 and September 
29 (three week intervals). On each date berries were sampled from multiple locations on each bed, 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 62 

so that 100 healthy berries could be selected for plating. Rotted berries were present on all 
sampling dates, although in only three beds for the first two sampling dates. Because the beds 
were going to be commercially harvested during the first week of October, a larger bulk sample 
was taken on September 29 so that there would be enough berries for three post-harvest 
evaluations. Field rot incidence for the samples can be seen in Table 1. Rot values were 
significantly higher in the three processed fruit beds, with the highest amount in Bed #1, which 
received fewer fungicides than the other five beds (see fungicide schedules listed at the bottom of 
Table 2).  Beds #4 and 5 had the least field rot. Storage rot incidence for the 4th, 5th and 6th 
samples can be seen in Table 2. Storage rot incidence followed a similar trend as the field rot 
incidence, except that Bed #3 had the lowest storage rot incidence. Beds #4 and #5 had low levels 
of storage rot, but Bed #6 had the highest rot values. In spite of five fungicide applications, Bed 
#2 had very high storage rot numbers. For all samples, the 100 healthy berries were halved 
through the stem and calyx ends, retaining one half and discarding the other half. The saved 
halves were surface sterilized in 10% Clorox™ + Tween 20 for 20 minutes to remove 
contaminant fungi (especially yeasts) and bacteria. The Clorox™ solution was poured off and the 
berry halves were dried on sterile paper towels. Berry halves were plated on acidified cornmeal 
agar (ACMA), 5 berries/plate, 20 plates total. Plates were incubated at room temperature for three 
weeks before fungi were identified. In similar fashion, rotted berries were halved, surface 
sterilized, blotted dry and plated on ACMA. Fifty berry halves were plated where possible, or 
whatever number were present for each sampling. 
 
Year 2 (WA): The six WA beds were sampled in 2015 on August 10, September 2 and September 
22. Sampling was identical to Year 1. Rotted berries were not present for the first sampling date, 
and only present in Beds #1 and #2 on the second sampling date. The larger bulk sample was 
taken on September 22 to supply an adequate number of berries for the three post-harvest 
evaluations. Field rot incidence for the samples can be seen in Table 3. Rot values were 
significantly higher in the three processed fruit beds, but there was significantly less field rot in 
2015. Bed #4 had minimal rot.  Again, storage rot incidence (Table 4) followed a similar pattern, 
with the least amount of rot in Bed #5. There was no relationship between the number of 
fungicide applications and rot incidence. 
 
Year 2 (OR): The three OR beds were sampled on August 10, September 2 and September 22. 
Everything was done in similar fashion to the WA berries. Field rot incidence for the samples can 
be seen in Table 5. Rot values were very low in all three beds, highest in Bed #2 which received 
no fungicides. Storage rot incidence (Table 6) was less than the processed fruit beds in WA, 
highest in Bed #3.  
 
Objective 3 (healthy fruit): 
Washington -Year 1 &2: The results of the fungi identified from healthy WA berries in the six 
beds can be seen in Tables 7-12 for 2014 and Tables 13-18 for 2015. The only fungi listed are 
those that are considered cranberry fruit rot pathogens. The numbers are expressed as percentages 
of the 100 berries plated.  Over both years there were major differences in fungal populations 
between beds and over time.  Those differences were pathogen-specific.  
 
• Allantophomopsis: Two species of this pathogen that causes black rot were cultured. Most of 

the isolations were A. lycopodina, although A. cytisporea was also cultured (especially in the 
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post-harvest samples). The fungus was found in berries from all six beds throughout the 
sampling period. It tended to be cultured at higher levels from the processed fruit beds, 
highest in Beds #1 and #2, although it was found at higher incidence in Bed #3 as well in 
2015. It also tended to be isolated at a higher incidence from the post-harvest samples in both 
years. 

• Coleophoma: This fungus that causes ripe rot is typically cultured at very low levels from 
healthy fruit in MA berries. Unlike several of the fruit rot fungi (Colletotrichum, 

Fusicoccum, Phomopsis, Phyllosticta, Physalospora) that infect flowers and berries and 
become latent pathogens (infection occurs and the fungi may or may not further advance in 
the fruit tissue depending on several factors during the maturation process), Coleophoma 
does not appear to have this latent phase. The fungus was found at very low levels in all beds 
but Bed #1 and #2, where the incidence was higher than one normally finds in healthy 
berries. This fungus was also found more frequently from the processed fruit beds in both 
years. 

 
• Colletotrichum: Two species of this fungus that causes bitter rot can infect cranberries. In the 

east, C. gloeosporioides has traditionally been the more important species (especially in NJ), 
but C. acutatum has become a much more important species recently, and has been the more 
frequent species in WI and the Pacific Northwest. All (100%) of the isolations of this genus 
in this study were C. acutatum. This fungus was cultured from all six beds, but particularly 
from Bed #2 and especially from Bed #4 (both years). It was largely lacking from Beds #3, 
#5 and #6. It was found at higher levels from the pre-harvest samples. 

• Fusicoccum: The fungus that causes end rot was not found in Bed #4 and #5, and hardly ever 
detected in Bed #1. Bed #3 and #6 had a very high incidence of this fungus in 2013, but 
levels were significantly lower in 2014 and 2015. Fungal incidence was similar in the pre-
harvest and post-harvest samples. 

• Phomopsis: The fungus that causes viscid rot was found in every bed at very low levels. It 
was cultured at similar levels throughout the sampling period. Levels were similarly low in 
2013. 

• Phyllosticta: Neither P. vaccinii (cause of early rot) nor P. elongate/Botryosphaeria were 
cultured from any of the six beds during the entire sampling period in both years. This was 
also the case in 2013. 

• Physalospora: This fungus that causes blotch rot was found in all six beds, particularly in 
Beds #2 and #6 in 2014, but at similar levels in all beds in 2015. It was cultured throughout 
the sampling period at similar levels. 

• Cadaphora and Cryptosporiopsis, AKA Yellow spreading fungi: This fungus was one of the 
unknown fungi included among several unrecognizable fungal types. Attention was not paid 
to its incidence until the second sample in 2013 when it was apparent that this particular 
unknown fungus was a significant one. It was a fungus never observed in 29 growing seasons 
in isolations from MA fruit. It was found in all six beds, reached higher levels in the fresh 
fruit beds and was also prevalent in Bed #1. It was cultured throughout the entire sampling 
period. The fungus was subsequently subcultured onto half-strength potato dextrose agar and 
V8 agar, along with Colletotrichum acutatum. It was suspected that this fungus was either a 
different strain of C. acutatum or a possible new species of Colletotrichum found in 
cranberry. When it was grown on these two other media, it produced a plentiful amount of 
spores, but these spores (conidia, asexually-produced spores) were much smaller than typical 
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spores produced by Colletotrichum. Consequently, a molecular analysis was run on all of the 
cultures for identification purposes by Dr. James Polashock, ARS/USDA/Rutgers. He 
determined that the yellow spreading fungus was actually Cryptosporiopsis actinidiae, a 
fungus known to cause fruit rot in kiwifruit in Australia and New Zealand. In addition, one of 
the isolates sent was characterized as Cadophora sp., a largely unknown fungus 
pathologically speaking. Inoculations of cranberry fruit by Dr. Peter Oudemans at Rutgers 
confirmed that both of these new genera of fungi caused fruit rot and can be considered new 
cranberry fruit rot pathogens. Because two genera were found among the isolates sent to Dr. 
Polashock for analysis, the two fungi are listed as ‘yellow spreading’ in all of the tables. 
Further separation will be necessary as to colony morphology of Cadaphora and 
Cryptosporiopsis in subsequent studies. Dr. Siva Sabaratnam, plant pathologist at the British 
Columbia Ministry of Agriculture, has indicated that Cryptosporiopsis has also been cultured 
from cranberry tissues in BC in the past, although the significance of his findings are 
unknown at this point and they have not been published. 

 
Oregon -Year 2: The results of the fungi identified from healthy OR berries in the six beds can be 
seen in Tables 19-24. Data are expressed similarly to the data from WA berries. What follows are 
comments on the individual fungi found in these healthy OR berries for the one year: 
 

• Allantophomopsis: Most isolations were A. lycopodina, although A. cytisporea was present 
(but less incidence than WA berries. Beds #1 and #3 were similar in incidence, with less in 
Bed #2. Similar levels were found pre and post-harvest. 

• Coleophoma: This fungus was virtually absent from the three beds during the entire sampling 
period. 

• Colletotrichum: Bed #2 had the highest level; it was largely absent from Bed #3. Isolations 
were solely C. acutatum, but there were a few detections of C. gloeosporioides. There were 
no differences between pre and post-harvest detections. 

• Fusicoccum: Bed #3 had a very high level of this fungus throughout the sampling period 
(higher than WA   beds, whereas it was virtually absent from Bed #1. It was also present at 
significant levels in Bed #2.  

• Phimosis: There was a significantly higher incidence of this fungus in the three OR beds, 
similar in all three beds and present throughout the entire sampling period.   

• Phyllosticta: Neither species of the pathogen was detected throughout the sampling period.  
• Physalospora: The OR beds had a much higher incidence of this fungus, present in all three 

beds at similar levels, at a higher incidence during the pre-harvest samples.  
• Cadaphora and Cryptosporiopsis , AKA Yellow-spreading fungi: The two genera were 

present in all three beds, highest levels being found in Bed #1. It was detected equally 
throughout the sampling period. 

 
Objective 3 (rotted fruit): 
Washington -Year 1 &2:  The results of the fungi identified from rotted WA berries in the six beds 
can be seen in Tables 25-30 for 2014 fruit and Tables 31-36 for 2015 fruit. The only fungi listed are 
those that are considered cranberry fruit rot pathogens. The numbers are expressed as percentages of 
the 100 berries plated.  
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• Allantophomopsis: The black rot fungus was found in all six beds, at a higher incidence in the 
fresh fruit beds and cultured at higher levels in the post-harvest samples in the first year. Rotted 
berries were few for the fresh fruit beds in the second year, although the fungus was detected in 
all beds. 

• Coleophoma: The ripe rot fungus was found in all six beds, highest in Beds #1 and #2, lowest 
in Beds #3 and #4 in the first year. It was largely absent in Bed #5 in the second year. 

• Colletotrichum: The bitter rot fungus was largely absent from bed #6, but present in the other 
five beds, particularly in the pre-harvest samples. It was only detected in Beds #1 and #2 (pre-
harvest) in the second year. 

• Fusicoccum: The end rot fungus was largely absent from rotted berries in all beds; incidence 
(particularly in Bed #3 and #6) was higher in 2013. During the second year, it was largely 
confined to Bed #3 and #6 at very low levels. 

• Phimosis: The viscid rot fungus was hardly cultured from rotted berries in any of the six beds 
in both years. 

• Phyllosticta: The early rot fungus was not cultured from any of the six beds in either year. 
• Physalospora: The blotch rot fungus was absent in bed #3, and isolated from the remaining 

five beds, particularly from the pre-harvest samples. In the second year, it was absent in Bed #4 
and #6 and present at low levels. 

• Yellow spreading fungi: The fungus was cultured from all beds but #3, but at low levels for the 
most part. In the second year, it was only detected in Beds #3 and #5 at very low levels. 

 
Oregon Year 2: The results of the fungi identified from rotted OR berries in the three beds can be 
seen in Tables 37-42. What follows are comments on the individual fungi found in these rotted OR 
berries for the one year. 
 
• Allantophomopsis: Predominantly A. lycopodina was found in all three beds, especially in Bed 

#1. 
• Coleophoma: The fungus was present in all three beds, but very little was found in Bed #2. 

Levels were significantly less than those found in the WA beds. 
• Colletotrichum: C. acutatum was cultured from all three beds, particularly in Bed #2. 
• Fusicoccum: All three beds had the fungus, although it was largely lacking from Bed #1. 
• Phimosis: The fungus was detected in the three beds at very low levels. 
• Phyllosticta: The pathogen was never cultured from any rotted berries. 
• Physalospora: The fungus was present in all three beds, particularly Bed #2. 
• Yellow-spreading fungi: The fungi were not cultured from the rotted berries except for very 

few from Bed #2. 
    

e. Reasons why goals and objectives were not met: All Objectives were fulfilled. 
 

f. Charts, graphs and/or diagrams: 
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Table 1. Percent field rotted fruit (2014) in Washington beds 

 
 

 
Table 2. Percent storage rotted fruit (2014) in Washington beds 

 

Bed # October 20 November 12 November 25 Total 
1 3.53 67.71 38.13 82.32 
2 5.41 60.04 44.92 77.50 
3 4.48 3.72 5.94 11.25 
4 0.53 8.59 7.17 20.15 
5 0.68 6.69 6.14 14.05 
6 4.09 13.05 17.57 29.86 

 
Fungicides used in each bed: 
1 = NuCop 50DF (5 lb/A) on 7/11; Kocide 4.5L (5.3 pt/A) on 7/29 
2 = Abound (11.95 oz/A) + Indar (9.55 oz/A) on 5/27; Abound (11.95 oz/A) + Indar (9.55 oz/A) on 
6/19; Bravo Weather Stik (5.18 pt/A) on 7/14; Manzate Pro Stik (3.78 lb/A) on 7/27; Nu Cop (4.4 
lb/A) on 9/5 
3 = Bravo Weather Stik (6 pt/A) on 6/23; Bravo Weather Stik (6 pt/A) on 7/7; Manzate (6 lb/A) on 
7/21 
4 = Bravo Weather Stik (4 pt/A) on 5/21; Indar (12 oz/A) + Abound (14 oz/A) on 6/4; Bravo 
Weather Stik (4 pt/A) on 6/21; Indar (12 oz/A) + Abound (14 oz/A) on 7/3; Dithane M-45 (3 qt/A) 
on 7/16 
5 = Indar (12 oz/A) + Abound (12 oz/A) on 6/3; Indar (12 oz/A) + Abound (12 oz/A) on 6/18; Bravo 
Weather Stik (6 pt/A) on 7/3; Manzate (6 lb/A) on 7/15 
6 = NuCop WP (6 lb/A) on 5/12; Bravo Weather Stik (4 pt/A) on 5/22; Manzate Pro Stik (6 lb/A) on 
6/16; Indar (8 oz/A) + Abound (8 oz/A) on 7/8 

Bed # August 14 September 4 September 29 Total 
1 1.67 5.01 7.24 6.03 
2 0.42 2.88 1.56 1.64 
3 1.19 0 0.23 0.33 
4 0 0 0.12 0.08 
5 0 0 0.12 0.09 
6 0 0.55 0.08 0.13 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 67 

Table 3. Percent field rotted fruit (2015) in Washington beds 

 
 

 

Table 4. Percent storage rotted fruit (2015) in Washington beds 

 

Bed # October 13 November 3 November 23  Total 
1 6.36 21.09 18.44 35.00 
2 9.52 28.99 30.23 49.31 
3 3.61 5.48 5.19 12.82 
4 0.39 0.09 0.44 0.88 
5 0.20 0.11 0.17 0.39 
6 0.32 0.07 0.45 0.76 

 
Fungicides used in each bed: 
1 = Abound (15.4 oz) + Indar (12 oz) on 5/25; Abound (15.4 oz) + Indar (12 oz) on 6/5; Manzate 
Pro-Stick (6 lb) on 7/10; Manzate Pro-Stick (6 lb) on 7/22; Kocide DF (4 lb) on 8/13 
2 = Abound (12 oz) + Indar (10 oz) on 5/14; Abound (12 oz) + Indar (10 oz) on 5/29; Abound (12 
oz) + Proline (5 oz) on 6/11; Manzate (4 lb) on 7/9; Manzate (4 lb) on 7/20 
3 = Dithane F45 (2.4 qt) on 6/27 
4 = Bravo WS (5 pt/A) on 5/10; Proline (5 oz/A) + Indar (12 oz/A) on 5/28; Bravo WS (3 pt/A) on 
7/6 
5 = Abound (12 oz/A) + Proline (5 oz/A) on 5/28; Abound (12 oz/A) + Proline (5 oz/A) on 6/19; 
Manzate (6 lb/A) on 7/17 
6 = Kocide 2000 (6 lb) on 5/15; Manzate Pro-Stick (3.19 lb) on 6/6; Indar 2F (8.16 oz) on 6/13; 
Proline 480SC (5 oz) on 6/20 
 
Table 5. Percent field rotted fruit (2015) in Oregon beds 

 
 

 
 

Bed # August 10 September 2 September 22 Total 
1 0.56 1.93 1.23 1.21 
2 0.61 1.29 1.52 1.30 
3 0 0.32 0.70 0.56 
4 0 0 0.08 0.06 
5 0.11 0 0.23 0.17 
6 0 0 0.30 0.17 

Bed # August 10 September 2 September 22 Total 
1 0 0 1.09 0.51 
2 0.22 0.76 1.17 0.77 
3 0.33 0 0.58 0.41 
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Table 6. Percent storage rotted fruit (2015) in Oregon beds 

 

Bed # October 13 November 3 November 23  Total 
1 0.69 0.94 0.95 2.46 
2 0.71 1.35 1.59 3.33 
3 1.89 5.43 9.21 13.96 

 
Fungicides used in each bed: 
1 = NuCop, Abound + Indar, Indar, Roper Rainshield 
2 = None 
3 = NuCop, Bravo, NuCop, Abound 
 
 

Table 7. Sample #1 – Healthy berries (Washington) – August 14, 2014 

 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 48 19 10 2 5 8 
Coleophoma 0 3 2 0 0 0 
Colletotrichum 11 38 3 48 16 8 
Fusicoccum 0 3 2 0 0 6 
Phomopsis 0 5 5 5 2 4 
Physalospora 15 10 2 8 12 2 
Yellow spreading 13 5 7 9 6 26 
Sterile 14 19 53 28 50 42 
 

 

Table 8. Sample #2 – Healthy berries (Washington) – September 4, 2014 
 
  Percent incidence 
  #1 #2 #3 #4 #5 #6 
Allantophomopsis 39 18 1 5 5 4 
Coleophoma 5 3 0 1 3 1 
Colletotrichum 13 30 1 35 1 1 
Fusicoccum 0 0 5 0 0 8 
Phomopsis 3 5 5 1 3 3 
Physalospora 19 30 7 19 12 21 
Yellow spreading 9 7 5 18 16 33 
Sterile 14 10 66 18 56 32 
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Table 9. Sample #3 – Healthy berries (Washington) – September 29, 2014 
   
                           Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 50 36 4 16 6 6 
Coleophoma 20 25 0 5 4 9 
Colletotrichum 2 3 1 22 1 0 
Fusicoccum 0 0 3 0 0 5 
Phomopsis 1 2 4 1 0 0 
Physalospora 18 23 3 9 19 18 
Yellow spreading 7 0 0 15 21 38 
Sterile 16 22 78 32 44 21 
 

 

Table 10. Sample #4 – Healthy berries (Washington) – October 20, 2014 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 53 24 11 8 12 13 
Coleophoma 39 33 2 2 4 3 
Colletotrichum 6 7 0 28 1 1 
Fusicoccum 0 0 4 0 0 5 
Phomopsis 2 5 0 1 0 2 
Physalospora 7 26 1 11 15 19 
Yellow spreading 3 4 6 22 13 27 
Sterile 6 15 71 26 49 28 
 

 

Table 11. Sample #5 – Healthy berries (Washington) – November 12, 2014 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 45 32 2 6 12 4 
Coleophoma 24 18 1 3 0 2 
Colletotrichum 10 4 1 19 0 1 
Fusicoccum 1 0 8 0 0 2 
Phomopsis 3 2 1 1 0 1 
Physalospora 11 26 9 10 6 17 
Yellow spreading 7 1 0 15 8 32 
Sterile 14 22 73 37 67 37 
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Table 12. Sample #6 – Healthy berries (Washington) – December 1, 2014 

 
  Percent incidence 

 
 
 
 

 

 

 

 

 

 

 

Table 13. Sample #1 – Healthy berries (Washington) – August 10, 2015 

 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 16 2 8 1 1 0 
Coleophoma 3 4 1 1 1 1 
Colletotrichum 9 9 2 15 13 12 
Fusicoccum 0 1 1 0 0 0 
Phomopsis 2 2 2 0 0 0 
Physalospora 6 1 0 3 1 5 
Yellow spreading 24 10 3 13 5 19 
Sterile 34 64 61 60 68 54 
 

Table 14. Sample #2 – Healthy berries (Washington) – September 2, 2015 
 
  Percent incidence 
  #1 #2 #3 #4 #5 #6 
Allantophomopsis 23 3 12 1 1 1 
Coleophoma 1 0 0 2 2 0 
Colletotrichum 1 7 1 14 2 1 
Fusicoccum 1 0 13 0 0 0 
Phomopsis 0 2 12 1 1 5 
Physalospora 10 1 2 12 15 7 
Yellow spreading 17 18 4 24 0 10 
Sterile 40 64 41 41 34 63 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 55 24 2 12 9 9 
Coleophoma 8 10 0 0 1 3 
Colletotrichum 16 6 3 19 2 0 
Fusicoccum 0 1 5 0 0 1 
Phomopsis 2 2 0 1 1 1 
Physalospora 14 29 5 5 14 10 
Yellow spreading 14 9 3 16 10 24 
Sterile 4 24 79 41 58 50 
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Table 15. Sample #3 – Healthy berries (Washington) – September 22, 2015 
 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 21 14 20 4 1 0 
Coleophoma 9 21 0 1 3 0 
Colletotrichum 3 8 1 6 0 0 
Fusicoccum 1 0 4 1 0 3 
Phomopsis 1 0 9 1 0 1 
Physalospora 10 4 8 12 19 14 
Yellow spreading 13 4 7 18 12 18 
Sterile 39 45 40 42 45 56 
 

 

Table 16. Sample #4 – Healthy berries (Washington) – October 13, 2015 
 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 16 20 25 2 0 0 
Coleophoma 19 19 0 0 0 0 
Colletotrichum 10 4 1 14 1 4 
Fusicoccum 0 0 2 0 0 0 
Phomopsis 2 0 16 4 2 0 
Physalospora 7 7 4 19 19 11 
Yellow spreading 22 12 7 11 10 16 
Sterile 29 36 35 32 50 52 
 

 

Table 17. Sample #5 – Healthy berries (Washington) – November 3, 2015 
 
  Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 11 18 13 1 0 0 
Coleophoma 10 10 0 0 0 0 
Colletotrichum 4 3 2 14 0 1 
Fusicoccum 0 0 4 0 0 0 
Phomopsis 3 0 5 3 0 1 
Physalospora 10 11 9 11 13 10 
Yellow spreading 21 13 8 19 7 17 
Sterile 37 35 10 31 60 54 
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Table 18. Sample #6 – Healthy berries (Washington) – November 23, 2015 
 
  Percent incidence 

 
 
  
 
 
 
 
 
 
 

 

Table 19. Sample #1 – Healthy berries (Oregon) – August 10, 2015 

 
   Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 5 4 19 
Coleophoma 1 4 0 
Colletotrichum 7 15 0 
Fusicoccum 0 10 42 
Phomopsis 7 5 15 
Phyllosticta elongata 0 0 0 
Physalospora 7 41 11 
Yellow spreading 4 4 1 
Sterile 57 12 15 
 

 

Table 20. Sample #2 – Healthy berries (Oregon) – September 2, 2015 
 
     Percent incidence 
  #1 #2 #3 
Allantophomopsis 11 5 9 
Coleophoma 0 4 0 
Colletotrichum 6 6 1 
Fusicoccum 1 6 25 
Phomopsis 9 3 8 
Phyllosticta elongata 0 0 0 
Physalospora 33 61 22 
Yellow spreading 11 8 2 
Sterile 27 12 35 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 9 10 12 1 0 0 
Coleophoma 7 12 1 1 1 2 
Colletotrichum 6 5 0 11 0 0 
Fusicoccum 0 1 6 0 0 0 
Phomopsis 10 10 25 8 1 3 
Physalospora 4 9 4 10 6 4 
Yellow spreading 20 17 2 30 15 10 
Sterile 40 33 36 9 54 73 
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Table 21. Sample #3 – Healthy berries (Oregon) – September 22, 2015 
 
  Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 15 8 14 
Coleophoma 0 0 0 
Colletotrichum 3 14 1 
Fusicoccum 0 19 36 
Phomopsis 2 8 15 
Phyllosticta elongata 0 0 0 
Physalospora 26 36 33 
Yellow spreading 9 3 2 
Sterile 38 12 13 
 

 

Table 22. Sample #4 – Healthy berries (Oregon) – October 13, 2015 
 
  Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 10 6 9 
Coleophoma 1 0 1 
Colletotrichum 3 11 0 
Fusicoccum 3 11 39 
Phomopsis 7 9 13 
Phyllosticta elongata 0 0 0 
Physalospora 31 39 26 
Yellow spreading 13 8 1 
Sterile 26 18 17 
 

 

Table 23. Sample #5 – Healthy berries (Oregon) – November 3, 2015 
 
  Percent incidence 

 

 

 

 

 

 

 

 

 

 

 

 

Fungus #1 #2 #3 
Allantophomopsis 14 5 8 
Coleophoma 2 1 0 
Colletotrichum 0 15 1 
Fusicoccum 0 14 42 
Phomopsis 16 7 14 
Phyllosticta elongata 0 0 0 
Physalospora 21 17 11 
Yellow spreading 17 12 0 
Sterile 23 15 19 
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Table 24. Sample #6 – Healthy berries (Oregon) – November 23, 2015 
 
      Percent incidence 

 
 
 
 
 
 
 
 
 
 
 

 
 
Table 25. Sample #1 – Rotted berries (Washington) – August 14, 2014 
 
    Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 67 0 0 -- -- -- 
Coleophoma 0 50 0 -- -- -- 
Colletotrichum 78 100 20  -- -- -- 
Fusicoccum 0 50 0 -- -- -- 
Phomopsis 0 0 0 -- -- -- 
Physalospora 0 0 0 -- -- -- 
Yellow spreading 0 0 0 -- -- -- 
Sterile 0 0 20 -- -- -- 
 
1 = 9 berries; 2 = 2 berries; 3 = 5 berries; 4 = 0 berries; 5 = 0 berries; 6 = 0 berries 

 

 

Table 26. Sample #2 – Rotted berries (Washington) – September 4, 2014 
  
     Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 43 11 -- -- -- 25 
Coleophoma 36 28 -- -- -- 0 
Colletotrichum 50 50 -- -- -- 50 
Fusicoccum 4 0 -- -- -- 0 
Phomopsis 0 6 -- -- -- 0 
Physalospora 4 17 -- -- -- 25 
Yellow spreading 0 0 -- -- -- 0 
Sterile 4 0 -- -- -- 0 
 
1 = 28 berries; 2 = 18 berries; 3 = 0 berries; 4 = 0 berries; 5 = 0 berries; 6 = 4 berries 

Fungus #1 #2 #3 
Allantophomopsis 14 4 5 
Coleophoma 5 0 0 
Colletotrichum 0 21 0 
Fusicoccum 1 12 21 
Phomopsis 3 12 18 
Phyllosticta elongata 0 0 0 
Physalospora 17 14 15 
Yellow spreading 19 5 2 
Sterile 38 26 18 
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Table 27. Sample #3 – Rotted berries (Washington) – September 29, 2014 
 
    Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 48 37 0 67 20 25 
Coleophoma 30 46 0 0 20 25 
Colletotrichum 8 14 33 0 20 0 
Fusicoccum 0 0 0 0 0 0 
Phomopsis 0 0 0 0 0 0 
Physalospora 0 6 0 0 0 25 
Yellow spreading 0 0 0 0 0 0 
Sterile 14 17 33 0 40 0 
 
1 = 50 berries; 2 = 35 berries; 3 = 6 berries; 4 = 3 berries; 5 = 5 berries; 6 = 4 berries 
 

Table 28. Sample #4 – Rotted berries (Washington) – October 20, 2014 
 
    Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 66 56 74 88 64 66 
Coleophoma 50 56 0 2 20 24 
Colletotrichum 0 2 0 0 0 0 
Fusicoccum 0 0 0 0 0 0 
Phomopsis 0 0 0 0 0 0 
Physalospora 4 0 0 0 2 4 
Yellow spreading 0 0 0 0 0 0 
Sterile 2 2 24 8 10 10 
 
1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 50 berries; 5 = 50 berries; 6 = 50 berries 
 

 

Table 29. Sample #5 – Rotted berries (Washington) – November 12, 2014 
 
    Percent incidence 

 
 
 
 
 
 
 
 
 
 

1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 50 berries; 5 = 50 berries; 6 = 50 berries 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 50 30 66 80 78 52 
Coleophoma 56 82 8 6 24 38 
Colletotrichum 0 0 0 4 0 0 
Fusicoccum 0 0 4 2 0 8 
Phomopsis 0 0 0 0 0 0 
Physalospora 6 2 6 0 0 0 
Yellow spreading 0 2 0 0 2 0 
Sterile 2 0 18 12 2 4 
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Table 30. Sample #6 – Rotted berries (Washington) – December 1, 2014 

 
 Percent incidence 

 
 
 
 
 
 
 
 
 
 

1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 50 berries; 5 = 50 berries; 6 = 50 berries 
 

 

Table 31. Sample #1 – Rotted berries (Washington) – August 10, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis -- -- -- -- -- -- 
Coleophoma -- -- -- -- -- -- 
Colletotrichum -- -- --  -- -- -- 
Fusicoccum -- -- -- -- -- -- 
Phomopsis -- -- -- -- -- -- 
Physalospora -- -- -- -- -- -- 
Yellow spreading -- -- -- -- -- -- 
Sterile -- -- -- -- -- -- 
 
1 = 0 berries; 2 = 0 berries; 3 = 0 berries; 4 = 0 berries; 5 = 0 berries; 6 = 0 berries 

 

Table 32. Sample #2 – Rotted berries (Washington) – September 2, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 11 25 0 0 0 0 
Coleophoma 44 0 0 0 0 0 
Colletotrichum 22 0 0 0 0 0 
Fusicoccum 0 25 0 0 0 0 
Phomopsis 33 25 0 0 0 0 
Physalospora 33 0 0 0 0 0 
Yellow spreading 0 0 0 0 0 0 
Sterile 0 25 0 0 0 0 
 
1 = 9 berries; 2 = 4 berries; 3 = 0 berries; 4 = 0 berries; 5 = 0 berries; 6 = 0 berries 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 50 30 54 60 60 34 
Coleophoma 44 72 0 8 22 44 
Colletotrichum 6 4 0 10 0 0 
Fusicoccum 0 0 6 0 0 4 
Phomopsis 0 0 0 2 0 2 
Physalospora 2 18 0 6 2 6 
Yellow spreading 6 0 0 4 2 12 
Sterile 6 6 38 14 12 6 
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Table 33. Sample #3 – Rotted berries (Washington) – September 22, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 35 20 50 50 0 20 
Coleophoma 35 52 6 50 0 60 
Colletotrichum 12 20 0 0 0 0 
Fusicoccum 0 0 6 0 0 20 
Phomopsis 6 0 6 0 0 20 
Physalospora 18 8 19 0 20 0 
Yellow spreading 0 0 13 0 60 0 
Sterile 0 12 19 0 0 0 
 
1 = 17 berries; 2 = 25 berries; 3 = 16 berries; 4 = 2 berries; 5 = 5 berries; 6 = 5 berries 
 

Table 34. Sample #4 – Rotted berries (Washington) – October 13, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 70 74 84 22 50 0 
Coleophoma 32 42 2 0 0 0 
Colletotrichum 4 0 0 0 0 0 
Fusicoccum 0 0 2 0 0 0 
Phomopsis 2 0 0 0 0 0 
Physalospora 0 2 0 0 0 0 
Yellow spreading 0 0 0 0 0 0 
Sterile 4 0 10 67 0 0 
 
1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 9 berries; 5 = 4 berries; 6 = 5 berries 
 

 

Table 35. Sample #5 – Rotted berries (Washington) – November 3, 2015 
 
 Percent incidence 

 
 
 
 
 
 
 
 
 
 

1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 2 berries; 5 = 2 berries; 6 = 1 berry 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 48 26 86 0 50 0 
Coleophoma 62 84 8 0 0 100 
Colletotrichum 0 0 0 0 0 0 
Fusicoccum 0 0 4 0 0 0 
Phomopsis 2 0 0 0 0 0 
Physalospora 2 0 4 0 0 0 
Yellow spreading 0 0 0 0 0 0 
Sterile 2 2 4 0 0 0 
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Table 36. Sample #6 – Rotted berries (Washington) – November 23, 2015 

 
 Percent incidence 

 
 
 
 
 
 
 
 
 
 

1 = 50 berries; 2 = 50 berries; 3 = 50 berries; 4 = 9 berries; 5 = 3 berries; 6 = 6 berries 
 
 

Table 37. Sample #1 – Rotted berries (Oregon) – August 10, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 0 0 0 
Coleophoma 0 0 0 
Colletotrichum 0 0 0 
Fusicoccum 0 0 0 
Phomopsis 0 0 0 
Physalospora 0 0 0 
Yellow spreading 0 0 0 
Sterile 0 0 0 
 
1 = 0 berries; 2 = 0 berries; 3 = 0 berries 
 

Table 38. Sample #2 – Rotted berries (Oregon) – September 2, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 0 40 0 
Coleophoma 0 0 0 
Colletotrichum 0 60 0 
Fusicoccum 0 0 0 
Phomopsis 0 0 0 
Physalospora 0 0 0 
Yellow spreading 0 0 0 
Sterile 0 0 0 
 
1 = 0 berries; 2 = 5 berries; 3 = 0 berries 
 

Fungus #1 #2 #3 #4 #5 #6 
Allantophomopsis 32 20 74 33 33 17 
Coleophoma 74 80 4 11 33 0 
Colletotrichum 0 2 0 0 0 0 
Fusicoccum 0 0 4 0 0 17 
Phomopsis 0 0 2 11 0 0 
Physalospora 2 0 0 0 0 0 
Yellow spreading 0 0 0 0 0 0 
Sterile 2 4 10 44 0 67 
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Table 39. Sample #3 – Rotted berries (Oregon) – September 22, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 45 17 11 
Coleophoma 30 26 56 
Colletotrichum 3 43 11 
Fusicoccum 0 9 11 
Phomopsis 0 4 0 
Physalospora 18 22 0 
Yellow spreading 0 0 0 
Sterile 18 4 33 
 
1 = 33 berries; 2 = 23 berries; 3 = 9 berries 
 

 

Table 40. Sample #4 – Rotted berries (Oregon) – October 13, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 90 46 26 
Coleophoma 5 0 19 
Colletotrichum 0 23 0 
Fusicoccum 0 7 30 
Phomopsis 0 7 0 
Physalospora 0 15 4 
Yellow spreading 0 0 0 
Sterile 15 7 11 
 
1 = 20 berries; 2 = 13 berries; 3 = 27 berries 
 

Table 41. Sample #5 – Rotted berries (Oregon) – November 3, 2015 
 
 Percent incidence 
Fungus #1 #2 #3 
Allantophomopsis 65 13 42 
Coleophoma 12 0 24 
Colletotrichum 0 22 0 
Fusicoccum 8 26 24 
Phomopsis 8 0 4 
Physalospora 8 17 16 
Yellow spreading 0 4 0 
Sterile 8 13 6 
 
1 = 26 berries; 2 = 23 berries; 3 = 50 berries 
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Table 42. Sample #6 – Rotted berries (Oregon) – November 23, 2015 
 Percent incidence 

 
 
 
 
 
 
 
 
 
 

1 = 25 berries; 2 = 25 berries; 3 = 50 berries 
 

g. Is this a final report? Yes. 
 
4. a. Potential Significance to Industry: With knowledge of the current fungal pathogens causing 

fruit rot, cranberry growers can most efficiently use the best fungicides and cultural practices to 
manage fruit rot, thus minimizing negative effects on the environment.  More specifically, grower 
can minimize fungicide application and use only the selective fungicides that are effective against 
the specific pathogens of concern.  By targeting our fungicide to specific pathogens, we can 
develop best management practices to reduce fruit rot,  minimize excessive fungicides, prevent 
fungicide resistances, minimize potential pollinator impacts and minimize expenses. 

 
b. Other Funding Sources that you have applied to for this project: The Cranberry Institute, Ocean  
Spray Cranberries, Inc., and the Washington State Cranberry Commission funded the first year 
(2013) of research in the six Washington cranberry beds.  
 
c. 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 or 
redundant:  There were no other sources of funding for this project in 2014 and 2015, other than 
the NCSFR.  The BC Cranberry Commission funded similar research conducted in three 
cranberry beds in British Columbia in 2014 and 2015, but those funds were not used for any the 
OR and WA fruit.   
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
 
Caruso, F. 2015.  Causal agent of fruit rot in Washington Cranberries.  Proceeding of 2015 North 
American Cranberry Researcher and Extension Worker Conference. Bandon OR.  
http://www.oregoncranberrygrowers.com/sites/default/files/caruso_causal_agents_of_fruit_rot_in
_wa_cranberries.pdf 
 
Caruso, F. 2015.  Causal agent of fruit rot in Washington Cranberries.  Abtract/poster presentation 
2015 NCSFR  meeting. 

Fungus #1 #2 #3 
Allantophomopsis 60 0 24 
Coleophoma 16 0 10 
Colletotrichum 0 8 4 
Fusicoccum 12 44 32 
Phomopsis 4 4 4 
Physalospora 0 0 4 
Yellow spreading 0 4 0 
Sterile 12 40 30 
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Title: Host specificity and gene flow of fungicide resistance alleles among Botrytis cinerea 

populations infecting small fruit in the US Pacific Northwest 
 
PIs: Tobin L. Peever and Niklaus Grünwald 
PhD Student: Olga Kozhar 
 
Reporting Period Covered: July 1, 2015 to June 30, 2016 
 
Abstract: The objective of this project is to improve management of Botrytis fruit rot of berries 
through knowledge of the population structure of the pathogen. Despite intensive fungicide 
application programs aimed at control of this disease in the US Pacific Northwest (US-PNW), it is 
estimated that fruit losses and downgrades in fruit quality exceed 25% of the harvestable fruit due to 
incomplete disease control. Additionally, fungicides used for control have lost effectiveness due to 
the development of resistance, further limiting management options. Specific outcomes of this 
project will include a study of host specificity and gene flow among populations of Botrytis cinerea 
infecting raspberry, blueberry and strawberry. Simultaneously, we will characterize resistance 
mutations to several fungicides currently used to Botrytis fruit rot control where molecular 
mechanisms of resistance are known. Integrating these two approaches will allow inferences about 
the host specificity of B. cinerea populations and the extent of pathogen and resistance gene 
movement (migration = gene flow) among populations. Addressing these objectives are critical for 
the design of rational strategies to mitigate the effects of fungicide resistance development and the 
deployment of such strategies in small fruit on a regional basis. 
 
Objectives: The objectives of this project are to answer the following questions: 
 
• Are B. cinerea populations infecting berry crops in the PNW structured by host, geography or 

both? Is sexual reproduction and genetic recombination occurring in B. cinerea populations in 
the PNW? 

• Is there evidence of gene flow of neutral and fungicide resistance alleles among populations of B. 

cinerea infecting different berry crops? 
• Are the same mutations controlling fungicide resistance of B. cinerea on different berry hosts 

and in different geographic locations? 

Methods and Materials: 
 
A total of 12 microsatellite (SSR) markers were used to study the genetic diversity and structure of 
B. cinerea populations infecting berry crops in the PNW. These markers included 8 SSR markers 
that were developed and published previously by Fournier et al., 2002 as well as 4 additional 
markers designed from B05.10 and T4 genomic sequences (Amselem et al., 2011  by the USDA 
Horticultural Crops Research Unit, Corvallis OR. SSR markers were genotyped using a capillary 
DNA sequencer in three multiplex PCR reactions. 
 
Botrytis cinerea was sampled from 43 commercial and wild fields of five berry crops (raspberry, 
blueberry, strawberry, blackberry, currants, wild blackberry) during 2015. Sampling was carried out 
in Skagit, Island, and Whatcom counties of WA as well as the Fraser Valley of British Columbia, 
Canada June to October 2015. Attempts were made to identify fields of the same crop on different 
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spatial scales (i.e., meters apart to miles apart) as well as adjacent fields of different berry crops in 
both Whatcom and Skagit counties. Adjacent fields of different berry crops were identified in order 
to determine host specificity of B. cinerea within the dispersal distance of the pathogen.  
 
During fall 2015, several DNA extraction protocols (phenol/chloroform, CTAB, MOBio PowerSoil 
DNA Isolation Kit, MP Bio Quick DNA Isolation Kit) were tested for their ability to extract high 
quality DNA from fresh mycelium of B. cinerea. Mycelium of B. cinerea was grown on potato 
dextrose agar (PDA) plates overlain with cellophane in order to eliminate liquid culture and 
lyophilization steps used previously. Taking into account DNA yield, purity and  
 
time needed for performing the extractions, the MOBio Power Soil DNA isolation Kit used with a 
tissue disruptor was chosen. Modifications made to the Power Soil DNA Isolation Kit extraction 
method includ: 
 

• Growing mycelium on an agar medium with lower levels of carbon sources such as half-
strength PDA) increased yield of DNA 

• Decreasing the wet weight of mycelium used to 40 micrograms 
• Adding an additional washing step with ice cold 70% ethanol to prevent adherence of 

polysaccharides to spin column substrate 
 
Accomplishments: 
 
A minimum of 20 isolates were obtained from each of the 43 locations and approximately 800 B. 

cinerea isolates were sampled in total. Approximately 75% of these isolates have been genotyped to 
date and analysis will be completed in Fall 2016. A preliminary estimate of genetic diversity of B. 

cinerea populations infecting different berry hosts was obtained by genotyping isolates with the 
microsatellite markers. DNA was extracted from 20 isolates of B. cinerea sampled from each of two 
raspberry and two blueberry fields in Skagit and Whatcom counties. The raspberry and blueberry 
fields were located in a close proximity to each other in each county. Preliminary data analysis 
revealed that all 12 loci were polymorphic in all populations. The number of alleles per locus varied 
from 4 to 22 with 74 private alleles observed (from 1 to 7 per locus). Gene diversity (Hexp) within 
populations varied from 0.446 in the blueberry population from Whatcom County (blueb_W) to 
0.861 in the raspberry population from Island County (Raspb_I) (Table 1). 
Among 79 isolates examined from the four populations, 66 multilocus haplotypes were identified 
(Table 1). Highest genotypic diversity (based on H, G and lambda values) was observed in the 
raspberry population from Island County (Raspb_I), while population blueb_W had the lowest 
genotypic diversity due to repeated sampling of the same MLG among 8 isolates. Population 
blueb_W had the lowest evenness value of evenness due to 8 isolates having the same multilocus 
genotype. No evidence of host-associated MLGs was observed supporting the hypothesis that B. 

cinerea populations infecting berries are not host specific. Only a single MLG was shared between 
the blueberry and raspberry population in Whatcom with all other MLGs unique to each population.  
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Table 1. Genic and genotypic diversity by population 
Population N MLG H      G lambda    E5   Hexp    

blueb_I 20   18  2.86  16.67   0.940  0.955  0.832  
blueb_W 20 12 2.09 5.13 0.805 0.580 0.446 
raspb_I 20 20 3.00 20.00 0.950 1.000 0.861 
raspb_W 19 16 2.80 15.70 0.936 0.953 0.753 
Total 79 66 4.05 42.46 0.976 0.732 0.815 
N – number of isolates, MLG – number of multilocus genotypes observed, H - Shannon-Wiener 
index of genotypic diversity, G - Stoddart and Taylor’s index of genotypic diversity, lambda - 
Simpson’s genotypic diversity index,  E5  - Evenness, Hexp - Nei’s unbiased gene diversity 
(Estimated in PoppR 2.2.0, Kamvar et al. 2014) 
 
A total of 61 private alleles were observed between the blueberry and raspberry populations in Island 
County (23 in Blueb_I and 38 in Raspb_I) and 13 private alleles were observed between the 
blueberry and raspberry populations in Whatcom County (5 in Blueb_W and 8 in Raspb_W). The 
presence of high numbers of private alleles between these paired fields in each location suggests 
limited migration between fields and that B. cinerea populations are local.  
 
Pairwise genetic distances between populations based on estimation of Nei’s genetic distance 
revealed generally greater differentiation between B. cinerea populations sampled from different 
counties regardless of host (Table 2). However, genetic differentiation observed between the 
blueberry population in Island County and raspberry population in Whatcom County was lower 
(0.267) than that observed between adjacent blueberry and raspberry populations in Whatcom 
(0.351). Although these results are preliminary, they suggest that B. cinerea populations infecting 
berry crops may be highly localized with limited movement between berry crops on a small 
geographic scale. These preliminary analyses also do not support the hypothesis that B. cinerea 
populations infecting berries are host-specific.  
 
Table 2. Pairwise genetic differentiation between B. cinerea populations  
blueb_I raspb_I blueb_W raspb_W  

0.000    blueb_I 
0.217 0.000   raspb_I 
0.661 0.878 0.000  blueb_W 
0.267 0.394 0.351 0.000 raspb_W 

 
The Erg27 gene is the molecular target of the fungicide fenhexamid used for gray mold control in 
berries and mutations in this gene confer resistance to fenhexamid (Fillinger et al. 2008, Amiri, 
Peres, 2014; Grabke 2013; Albertini, Leroux, 2004,). To date, approximately 1000 base pairs of 
Erg27 were amplified and sequenced from 40 B. cinerea isolates obtained from the fields mentioned 
above and previously screened for fenhexamid sensitivity in vitro. Amino acid substitutions in 30 
different codons were observed in this gene. Among them, 18 substitutions were previously reported 
with different levels of sensitivity to fenhexamid. Fifteeen of these were associated with a high level 
of insensitivity and 3 were associated with a moderate level of insensitivity (Amiri, Peres, 2014; 
Grabke 2013; Albertini, Leroux, 2004). Thirteen of the isolates examined had an amino acid 
substitution from serine to phenylalanine at the 1st position of codon 412. This mutation was 
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previously demonstrated to confer a high level of resistance to fenhexamid in field-collected B. 

cinerea in Europe (Albertini, Leroux, 2004). 
 
Is this a final report? No 
Potential Significance to Industry: Small fruit or berry crops, including raspberry, blueberry, and 
strawberry are often grown in close proximity to each other in commercial fields. Study of host 
specificity of B. cinerea populations infecting these crops will help us better understand gray mold 
epidemiology including how the pathogen spreads among different hosts. For B. cinerea, 
determining its population structure and migration rates among populations will be critical in 
understanding the movement of the pathogen and establishment of new populations. Combined with 
analysis of the microsatellite marker data, the characterization of fungicide resistance alleles in 
populations from different hosts will help us understand if resistance mechanisms differ between B. 

cinerea populations from different small fruit crops, how resistant alleles move from one field to 
another, and possibly the source of fungicide resistance alleles. This knowledge may provide a 
powerful tool for the study of the evolution of resistance and analysis of resistance dynamics among 
B. cinerea populations with the aim of reducing the number of fungicide applications and improve 
management strategies of Botrytis fruit rot in Pacific Northwest. 
 
Scientific Citations: None 
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1. a. Title:  Elucidate Genetic Diversity of Grapevine Leafroll-associated Virus 3 for Managing 

Grapevine Leafroll Disease in PNW Vineyards 
b. Principal Investigators: Naidu A. Rayapati, Robert R. Martin, Alexander V. Karasev 
c. Cooperators: Growers in WA, OR and ID 

 
2. a. Reporting Period Covered: October 1, 2015 – July 2016 

b. ARS Agreement Number (when applicable/if known):  
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
 
Among the viral diseases, Grapevine leafroll disease is the most economically important viral 
disease affecting sustainability of the grape and wine industry in the Pacific Northwest (PNW) 
Region. Of the several viruses causing leafroll disease, Grapevine leafroll-associated virus 3 
(GLRaV-3) was found to be the most widely prevalent and economically important virus in the 
PNW region. The lack of information about the genetic makeup of GLRaV-3 is a major concern 
for certification and clean plant programs and for implementing effective strategies for the 
management of grapevine leafroll disease across the region.  Therefore, our objective is to analyze 
the spectrum of genetic variability in GLRaV-3 in grower vineyards across the PNW Region. For 
this purpose, we have targeted a portion of the heat shock protein 70 homologue (Hsp70h) gene of 
GLRaV-3 to elucidate genetic diversity of the virus. Total nucleic acids extracted from leaf 
samples collected during the last three to four seasons from wine grape cultivars showing or 
suspected for leafroll disease were subjected to RT-PCR to amplify the Hsp70h. The amplified 
DNA fragments specific to Hsp70h were cloned and nucleotide sequence analyzed using 
bioinformatics techniques. Preliminary analysis of GLRaV-3 sequences obtained from 
Washington vineyards indicated the presence of genetic variants of the virus. We are continuing 
this study with more GLRaV-3 isolates collected from several vineyards in the region for a 
comprehensive knowledge of genetic diversity to advance our understanding of the epidemiology 
of grapevine leafroll disease in grower vineyards, develop a broad-spectrum diagnostic method to 
ensure reliable detection of all genetic variants of the virus in clean plant programs for improving 
the quality of planting materials supplied to grape growers and implement appropriate 
management strategies for reduced spread and economic impact of grapevine leafroll disease. 
  
b. Objectives:  
 
Study genetic variability and population genetics of Grapevine leafroll-associated virus 3 for the 
development of improved diagnostic tools for applications in area-wide clean plant programs and 
to implement effective management strategies for reducing the spread and economic impact of 
grapevine leafroll disease in the Pacific Northwest. 
 
c. Methods and Materials:  
 
In Washington State, three commercial vineyard blocks, each planted with own-rooted Vitis 

vinifera cvs. Cabernet Sauvignon, Syrah and Petit Syrah, were selected for this study during year 
2 of the project. The Cabernet Sauvignon and Syrah blocks were in one location and the Petit 
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Syrah block was in a geographically separate location. Specific approval was obtained from the 
vineyard owners for collecting samples used this study.  
 
Primers specific to HSP70h gene encoded by GLRaV-3 (Fig. 1a) were designed after aligning the 
representative sequences of GLRaV-3 variant groups (GLRaV-3 variant group I: NC_004667; 
group II: EU259806; group III: GQ352633, JQ423939; group VI: JQ655295, JQ655296, 
JX220899, JX220900; group VII: KM0589745) available in GenBank. An approximately 580 
base pair (bp) region of the Hsp70h gene was amplified in RT-PCR (Fig. 1b) using forward 
primer (5’-GGGGDGGRACTTTCGAYGTSTC-3’) corresponding to 11260 - 11281 nt and the 
reverse primer (5’-ATTGGACTRCCYTTYGGGAAAAT-3’) complementary to 11844-11866 nt 
in the genome of GLRaV-3 isolate WA-MR (GU983863; Jarugula et al., 2010. Virol. J. 7:180. 
doi:10.1186/1743-422X-7-180).  The 580bp DNA fragment was cloned into TOPO TA vector, 
plasmid DNA isolated from recombinant clones used for determining nucleotide sequence. The 
sequences generated from this study were edited and aligned with corresponding sequences of 
five variant groups of GLRaV-3 available in GenBank (listed above) using CLUSTAL W with 
default settings from MEGA 6 software package. Neighbor-joining phylogenetic trees were 
constructed with 1000 bootstrap replicates and a ≥70% branch support using MEGA6.  

 
d. Accomplishments / Progress Report (comparison of results with original goals):  
 
The approximately 580 base pair (bp) region of the Hsp70h gene was amplified, cloned and 
sequence determined from a total of 46, 56 and 66 samples collected, respectively, from Cabernet 
Sauvignon, Syrah and Petit Syrah blocks. These samples were collected randomly from the 
symptomatic vines in each vineyard block and used to analyze partial sequence of the HSP70h 
gene. As shown in Fig. 1b, HSP70s-specific DNA band was observed from samples collected 
from symptomatic, but not non-symptomatic, vines, indicating good correlation between 
symptoms and RT-PCR results. In addition, HSP70h gene sequences were amplified from a total 
of 190 samples collected from adjacent old blocks heavily infected with leafroll disease. 
Representative sequences specific to HSP70h of GLRaV-3 isolates from the three wine grape 
cultivars were deposited in GenBank with accession numbers KU696645 to KU696780. The 
results presented in Fig. 2 indicated that sequences belonging to variant group I were found in 
~58%, ~55% and ~85% of the samples analyzed from Cabernet Sauvignon, Syrah and Petit Syrah 
blocks, respectively. Similarly, virus sequences in adjacent old blocks were found belonging to 
group I. Sequences that were not grouped with the reference sequences of GLRaV-3 variant group 
I to VI (Maree et al., 2015, PLoS ONE 10(5): e0126819. doi:10.1371/journal.pone.0126819) were 
shown as not grouped (NG). Mixed infections of group I with other variant groups, such as group 
II, III, VI and NG, were observed in a small number of samples. Group VII was not found in 
samples analyzed from the three vineyard blocks. Altogether, these results indicated that GLRaV-
3 group I isolates are predominant in the three blocks and adjacent old blocks compared to other 
variant groups. These studies will be continued with samples collected during 2016 season from 
different wine grape cultivars across many vineyards. Samples tested positive for GLRaV-3 will 
be used for analyzing genetic diversity of the virus as described above. In addition, next-
generation sequencing will be used to examine the complete genome sequence of a subset of 
GLRaV-3 isolates to gain a comprehensive understanding of genetic diversity across the virus 
genome.  
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e. Reasons why goals and objectives were not met (when applicable):  
 
The project is making acceptable progress and expected to meet the objectives as outlines in the 
project proposal.  

  
f. Charts, graphs and/or diagrams:  
 

 
Fig. 1. (a) Genome map of GLRaV-3 showing the HSP70h region targeted for RT-PCR 
amplification. The genome map and location of open reading frames encoded by the virus are 
described in Jarugula et al., 2010 (Virol. J. 7:180. doi:10.1186/1743-422X-7-180). (b) An agarose 
gel showing an approximately 580 base pair DNA band (shown by arrow on the right) amplified 
from symptomatic (Lane 1-4) but not from non-symptomatic vines (Lane 5-8). Mr = 1 kb plus 
DNA molecular weight markers (shown by arrow on the left) to estimate the size of amplified 
DNA fragment. ‘+’ and ‘–’ represent positive and negative controls, respectively. 
 

 
Fig. 2. Pie diagram showing the proportion of GLRaV-3 variants analyzed from samples collected 
from the three vineyard blocks (cvs. Cabernet Sauvignon, Syrah and Petit Syrah) and adjacent old 
blocks. Variant groups I-VI are as described in Maree et al., 2015 (PLoS ONE 10(5): e0126819. 
doi:10.1371/journal.pone.0126819). NG = variants that did not belong to documented variants 
groups. 
 
g. Is this a final report?:  
 
This report is for year 2 of 3-year project.  

 
4. a. Potential Significance to Industry:  
 
 Due to the lack of curative measures, prevention is the best antidote for controlling virus diseases. 

Clonal propagation of grapevines facilitates the spread of viruses leading to significant negative 
impacts to the grape and wine industry in the Pacific Northwest. Grapevine leafroll-associated 
virus 3 (GLRaV-3) is the most widespread among the many viruses documented in the Pacific 
Northwest vineyards. Because so little is known about GLRaV-3, this study is providing research-
based knowledge about the occurrence of genetic variants of the virus in vineyards. Knowledge 
derived from this study will lead to a better understanding of the epidemiology of leafroll disease 
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for deploying effective disease management strategies and strengthening clean plant programs for 
healthy vineyards.   

 
b. Other Funding Sources that you have applied to for this project:  
 
This project was funded, in part, by the Wine Research Advisory Committee of the Washington 
Wine Commission and the Washington Grape and Wine Research Program.  
 
c. 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): 
 
NCSFR: 50% 
Washington Wine Commission: 50% 
The Department of Plant Pathology, CAHNRS-WSU and Altria - Chateau Ste. Michelle Wine 
Estates supported a portion of the graduate assistantship for Ms. Bhanu Priya Donda. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
 

1. Donda, B.P. 2016. Molecular biology and epidemiology of grapevine leafroll disease. PhD. 
Thesis submitted to Washington State University, Pullman. May 2016. (PhD Thesis). 

2. Naidu, R.A. 2016. Managing viruses in Washington vineyards. WAVE 2016 Washington 
Advancements in Viticulture and Enology. WSU’s Ste. Michelle Wine Estates Wine Science 
Center, Richland, WA. July 14, 2016. (Extension presentation). 
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1. a. Title: Contamination and taint of grapes, wine, and berries by brown marmorated stink 

bug (BMSB) 
 

b. Principal Investigators: Elizabeth Tomasino, Nik Wiman 
c. Cooperators:  

 
2. a. Reporting Period Covered:  

b. ARS Agreement Number (when applicable): August 2014-June2016 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
 
Previous to this research project BMSB taint in wine had been determined, resulting in a green, 
musty aroma to the final wine. In this research we determined that pressing was the key step for 
final BMSB taint concentrations in wine. Specifically red wines, in which pressing occurs after 
fermentation, resulting in a release of BMSB stress compounds that were found to impact final 
wine quality. White wine processing has pressing occurring before fermentation and thus we did 
not find any taint in the final wine. Fermentation appeared to reduce the main BMSB taint 
compounds in wine. This project investigated post fermentation treatments to reduce BMSB taint 
in red wine. Use of fining agents, bentonite, casein, isinglass, egg whites and gelatin were added 
to wine to remove BMSB taint. Oak chips were also added to determine if the use of oak could 
adsorb or mask the BMSB taint compounds. Chemical and sensory tests showed no removal or 
reduction of BMSB taint compounds by fining agents. Oak did not adsorb any of the taint 
compounds but sensory analysis showed that the oak aroma did mask the smell of BMSB taint in 
red wine. The behavior of taint compounds as wine aged was also investigated. The main BMSB 
taint compounds, tridecane and trans-2-decenal, are not typically found in wine. Trans-2-decenal 
is a very unstable compound and is highly reactive. We found trans-2-deenal in final wine after 
bottling, but at 6months this compound had decreased significantly. After 1 year we did not find 
any trnas-2-decenal in wine. Tridecane is much more stable and was found through the 1 year 
aging period tested. The impact of tridecane to final wine quality is unknown.  
 
The post-harvest impact of berry purees were also investigated. The conditions in which berry 
purees are made are perfect for retention of BMSB taint compounds, as the berries and puree are 
typically kept frozen until use. To date raspberry and blackberry purees have been made with 
various amounts of BMSB in the berries. Samples have been stored for chemical measurements. 
To determine the level of BMSB that would significantly impact berry puree quality, consumer 
rejection thresholds were determined for raspberry and blackberry purees. Consumer rejection 
thresholds are the level of taint at which consumers would no longer “prefer” or like the product. 
CRT of trans-2-decenal in blackberry was found to be 10 times greater than in raspberry. This 
suggests that the green, musty smell so BMSB taint flavors are more complimentary to blackberry 
flavor profile than raspberry. The CRT concentration will be related to the chemical 
concentrations of BMSB tainted pureed to estimate control levels in the field for berries used in 
purees. 
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b. Objectives:  
 

Objective 1 - Evaluate procedures for pre- and postharvest removal of BMSB from small fruit. 
 
Objective 2 - Characterize the consumer rejection threshold (CRT) of BMSB taint compounds in 

important wine varietals, fresh berries, and berry purees.  
 
Objective 3 – Identify the post-harvest procedures that are the primary causes of taint, and use these 

data to identify methods to minimize the levels of taint in wine, fresh berries, and berry purees. 
Determine the longevity of taint compounds in harvested fruit and fruit products after different 
storage intervals. 
 
c. Methods and Materials:  
 

Objective 1 – Preharvest BMSB decontamination of grape clusters with pyrethroid insecticide sprays 
will be tested. BMSB are difficult to remove from grape clusters as they wedge themselves into the 
tight gaps between the grapes. Thus, Pinot noir clusters will be the model system for preharvest 
decontamination of small fruits. Bioassays will be performed in the laboratory using a Potter spray 
tower to apply different rates of pyrethroid to grape clusters. Before treatment, 10 BMSB adults 
and nymphs will be allowed to settle into ripe clusters. After treatment, we will quantify BMSB 
displacement from the cluster and mortality. Methods investigated for postharvest BMSB 
decontamination from small fruits will include suction/blower and shakers. 

 
Objective 2 – Sensory testing (addition/omission tests, threshold testing) will be conducted to 

determine CRT levels for taint compounds in wines, fresh berries, and purees that have been 
contaminated by BMSB in the winery or lab. For wines, CRTs will indicate varietals requiring post 
fermentation processing to remove taint, as well as provide guidelines to identify wines that 
contain taint. Taint levels will be monitored at each step of processing to determine which steps are 
the likely sources of taint, i.e., most likely to cause release of defensive volatile compounds from 
BMSB. The ratio of BMSB to berries will provide taint management guidelines for the control of 
BMSB.  

 
Objective 3 – Wines with BMSB contaminated and tainted grapes will go through standard wine 

processing for the chosen varietal to determine impact of the insect to the final wine. Specifically, 
a range for post fermentation processing will be evaluated to determine its impact on BMSB taint 
compounds, including usage of oak, filtering and fining. Chemical analysis and sensory analysis 
will be used to determine which processes impact the concentration of trans-2-decenal in wine and 
if addition of other compounds (such as those associated with oak) may mask or decrease the 
perception of BMSB taint. The chemical composition of the BMSB taint in wine will be measured 
using Gas Chromatography Mass Spectrometer (GCMS) and Multidimensional Gas 
Chromatography (MDGC), standard procedures for measuring aroma compounds in fruit products. 
Methods for these analyses have been developed at OSU. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
Objective 1 – No present results, this work in ongoing for objective 1 
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Objective 2 – Consumer rejection thresholds have been determined for Pinot noir and Merlot 
wines and raspberry and blackberry purees. Table 1 shows CRT determination using Thurstonian 
modeling in Pinot noir wines. For wine, it was found that different consumer groups have 
different CRT. Interestingly there is small portion of the population that does not mind BMSB 
taint in wine. Sensory analysis showed that concentrations of trans-2-decenal in wine at CRT 
concentrations resulted in a sensory change from fruity floral wines to green, musty wines (Figure 
1). Blackberry CRT was found to be 10x greater than CRT of trans-2-decenal in raspberry puree. 
Purees have been produced with different levels of BMSB contamination and are awaiting 
analysis.  
 
Grape clusters contaminated with BMSB were made into wine. It was found that BMSB 
contamination of white wine grapes did not alter final wine quality as the main amount of BMSB 
taint was released after pressing and then the compounds were removed during fermentation, 
likely due to removal with CO2 or transformation due to heat of fermentation. BMSB taint 
compounds were monitored throughout red wine processing (Figure 2). Taint compounds were 
found in final wine, since pressing occurs after fermentation, additional taint released from the 
dead BMSB was introduced to the wine (Figure 3). The impact of different presses (basket and 
bladder) and press fractions was investigated and found to impact the concentrations of tridecane 
and trans-2-decenal in wine (Figure 4).  
 
Objective 3 - Post fermentation treatments were evaluated to determine the efficacy of fining 
agents, oak chips and aging to removal of BMSB taint. Fining agents, egg whites, casein, gelatin, 
isinglass and bentonite did not effect BMSB taint in wine. The use of oak chips appeared to mask 
the aroma of BMSB taint, determined through sensory analysis (Figure 5). BMSB tainted wines 
were also run through reverse osmosis filtration, as RO has been found to be effective removing 
other taints, such as smoke taint. RO did remove some of the taint but it also alters other sensorial 
aspects of the wine (Figure 6). Chemical analysis showed that trans-2-decenal was removed in 
wine after 1 year of aging, most likely being transformed to its corresponding alcohol decanol, 
which has a less offensive aroma.  Since the majority of post fermentation processes were 
unsuccessful re moving BMSB taint in wine it is still re commended to reduce the populations of 
BMSB in grape clusters prior to wine processing. By relating the BSMB taint levels associated 
with different contamination treatments in grape clusters and the CRT for Pinot noir the 
appropriate control level of 3 BMSB/cluster was estimated.  
 
e. Reasons why goals and objectives were not met (when applicable):  
 
Objective 1 – Due to an early harvest in 2015 we missed the windows for collecting grapes. This 
objective will be evaluated in year 3. 
 
Objective 2 – CRT in blueberry puree and processing of blueberry puree contaminated with 
BMSB is ongoing. We were waiting to the blueberry season to use Oregon fruits and missed the 
time period last year for blueberries. We have yet to evaluate the impact of pasteurization and 
high pressure pasteurization on juices. This is due to availability of machine and we are in the 
schedule to evaluate how these 2 processes impact BMSB taint compounds in fruit juices for year 
3. 
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Objective 3 – We have yet to chemically measure the amount of BMSB taint compounds in berry 
purees and juices to date, due to machine difficulties. The Machine used, HS-SPME, MDGC-MS) 
has been down due to maintenance issues since December 2015 and we are about 6months behind 
on analysis. These will be completed prior to the end of the grant. We have been collecting all the 
samples for analysis once the machine is up and running. 
 
f. Charts, graphs and/or diagrams:  
 

Table 1.  Segmentation of consumer panel (n=72) based on preference for trans-2-decenal in Pinot 
noir wine for dʹ values associated with proportion preference for control in consumer rejection 
threshold (CRT) 

  
Trans-2-decenal  
levels (µg/L) 

CRT-Group 1 CRT-Group 2 CRT-Group 3 

  N1 = 20 (28%) N2 = 47 (65%) N3 = 5 (7%) 

  0.05 1.19** 0.42 0.00 

  0.12 1.81*** 0.00 0.36 

  0.31 1.19** 0.00 0.00 

  0.77 0.95* 0.00 0.00 

  1.92 0.95* 0.04 0.00 

  4.80 Inf*** 0.00 0.00 

12.00 1.46** 0.19 0.00 

 

30.00 Inf*** 0.84** 0.00 
*: p < 0.05, **: p < 0.01, ***: p < 0.001 
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Figure 1 – Separation of Pinot noir wines by trans-2-decenal concentration. Wines are positioned 
using the centroids. Circles represent 95% confidence intervals surrounding the wine means. Vectors 
for sensory terms (A=aroma, F= in mouth flavor) are in S and scores for wines are in W.  Significant 
differences for wines are for circles that do not touch in W. 
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Figure 2: BMSB taint concentration during Pinot gris processing, a) Trans-2-decenal and b) 
Tridecane 
 

 
 

Figure 3: BMSB taint concentration during Pinot noir* processing a) Trans-2-decenal and b) 
Tridecane 
 

 
 
 

Figure 4: Comparison between basket and bladder press in terms of tridecane concentration in Pinot 
noir) 
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Figure 5: Canonical Variate Analysis (CVA) of wines: PN3 without trans-2-decenal, PN3 with trans-
2-decenal (23.88µg/L) and fining treatments (Gelatin, Bentonite, Yeast cell wall, Potassium 
caseinate, Egg albumin, French oak) performed on PN3 containing trans-2-decenal (23.88µg/L) 
 
 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 97 

 
 

Figure 6: Canonical Variate Analysis (CVA) of wines that went through reverse osmosis (RO) 
filtration: PN1 (wine made from BMSB free grapes), PN2 (wine made from BMSB containing 
grapes, trans-2-decenal concentration: 1.82µg/L) and wines that did not go through reverse osmosis 
(RO) filtration: PN3 without added trans-2-decenal, PN3 with trans-2-decenal (23.88µg/L)   

 
g. Is this a final report?: No 
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4. a. Potential Significance to Industry:  

b. Other Funding Sources that you have applied to for this project: The wine portion of this 
project has also been funded by USDA-NIFA-SCRI #2011-51181-30937. The only portion that 
had overlap was the wine processing portion of the work. After the completion of this grant we 
are not looking for any additional funding for BMSB taint in wine or berries, unless requested.  
 
c. 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): Please see above.  
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 

 
 

P. Mohekar, T.J. Lapis, N.G. Wiman, J. Lim and E. Tomasino (2016) Brown Marmorated 
Stink Bug Taint in Pinot noir: Detection and Consumer Rejection Thresholds of trans-2-
Decenal and Effect to Wine Quality. American Journal of Enology & Viticulture, (in press) 
 
P. Mohekar, N. Wiman, J. Osborne, and E. Tomasino (2016) Brown Marmorated Stink Bug 
(BMSB): Impact on Wine Quality and Management. 9th International Cool Climate Wine 
Symposium, May 26-28, Brighton, United Kingdom 

P. Mohekar, N. Wiman, J. Osborne, C. Hedstrom, V. Walton and E. Tomasino (2014) 
Postharvest Impact of Brown Marmorated Stink Bug (Halyomorpha halys) in Wine, 65th 
ASEV National Conference,  June 23-27, Austin, TX 

E. Tomasino, (2014) Wine Sensory Impacts of Brown Marmorated Stink Bugs, Umpqua 
Valley Grape Day Seminar, June 3, Roseburg, Oregon 

P. Mohekar, J. Lim, T. Lapis and E. Tomasino (2014) Consumer rejection thresholds of 
trans-2-decenal in Pinot Noir: Linking wine quality to threshold segmentation, IFT Annual 
meeting, June 22-24, New Orleans, LA, (Finalist-Rose Marie Pangborn Sensory Graduate 

Student Paper Oral Competition 

E. Tomasino (2014) Sensory Impacts of Brown Marmorated Stink Bug, OWRI Grape Day, 
April 1, Corvallis, Oregon 

P. Mohekar, N. Wiman, J. Osborne, C. Hedstrom, V. Walton and E. Tomasino (2014) 
Postharvest Impact of Brown Marmorated Stink Bug in Wine, 88th International Orchard Pest 
and Disease Management Conference, January 8-10, Portland Oregon 

P. Mohekar, N. Wiman, J. Osborne, C. Hedstrom, V. Walton, and E. Tomasino, (2014) 
Postharvest Impact of Brown Marmorated Stink Bug in Wine,73rd Annual Pacific Northwest 
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Insect Management Conference, January 6-7, Portland, Oregon (1st
 place student 

presentation competition) 

E. Tomasino, P. Mohekar, T. Lapis, V. Walton and J. Lim (2013) Effect of Brown 
Marmorated Stink Bug on Wine – Impact to Pinot noir Quality and Threshold Determination 
of Taint Compound trans-2-decenal, 15th Australian Wine Industry Technical Conference 
Proceedings, July 13-18, Sydney, Australia, pg 233 

P. Mohekar, T. Lapis, J. Lim and E. Tomasino (2013) Retronasal Detection and Consumer 
Rejection Threshold of “Brown Marmorated Stink Bug taint” in commercial Pinot noir, 64th 
ASEV National Conference, June 24-28, Monterey California.  
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1. a. Title: Sustainable Spotted Wing Drosophila Cultural Management Practices in 

Commercial Blueberry Fields 
 

b. Principal Investigators:  Vaughn Walton 
 
c. Cooperators:  Daniel Dalton, Riki York, TJ Hafner  

 
2. a. Reporting Period Covered:  
2015 Crop season 

b. ARS Agreement Number (when applicable):  
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
 
We conducted both laboratory and field work to determine how temperature will affect 
Drosophila suzukii larvae and adult survival.  The laboratory work was conducted using a heat 
bench to determine the upper threshold temperature of D. suzukii survival.  The field work was 
conducted in a commercial blueberry field.  The field work looked at the impact of canopy 
pruning and location in the blueberry bush on the survival rates of D. suzukii.  In addition, we also 
looked at four-floor treatments o the survival of D. suzukii. 
The laboratory work illustrated that D. suzukii significantly decreases at temperatures above 
38°C.  Treating D. suzukii for short periods at slightly lower periods resulted in significant 
increases in survival rates. The field work illustrated the importance of location in the canopy, D. 

suzukii failed to survive in the base of the canopy compared to the center and upper portion of the 
canopy.  Pruning resulted in numerically lower levels of D. suzukii survival.  Black weed mat 
resulted in numerically lower levels of D. suzukii survival.  We believe that a second season of 
this work will result in a more robust dataset for the field section of the work.   
 
b. Objectives:   
In the laboratory, we needed to determine the larval tolerance of D. suzukii to high temperature 
extremes. 
 
For field studies, the objective of this study was to determine the baseline biological knowledge 
of the temperatures at which D. suzukii larvae can survive. We looked at three pruning regimes 
designed to expose pests to unfavorably high temperatures.  
 
Another management technique is to place black weed fabric directly beneath bushes as a weed 
control and water conservation strategy  
 
c. Methods and Materials: 
1. Laboratory trials 
To support the work examining effect of weed mat and canopy management on SWD larval 
survival, we conducted a laboratory-based survival experiment. We exposed a known number of 
SWD larvae within rearing media to laboratory equipment that provided a precise thermal 
gradient to determine the upper lethal threshold of D. suzukii.  
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Approximately 176 disposable culture tubes (size 16 x 150 mm, Cat. No. 60825-979,VWR 
Scientific, Radnor, PA) were used in each experiment. Yeast-based fly diet was prepared and 
poured into the bottom of each vial filling to approximately 1.5 cm (Dalton et al. 2011). For each 
trial, 16-mm diameter corks were punched from 2-inch insulation board (Item # 45W, Owens 
Corning, Ohio) and used as stoppers to prevent larval escape from the enclosed tubes containing 
the fly diet. The insulation corks were used during and after thermal bench exposure in the initial 
trial. While the insulation corks were used during the period of heat exposure in all repetitions of 
the experiment, perforated Parafilm wax was utilized following thermal bench exposure for 
subsequent trials.  
 
Adult emergence after larval heat exposure 

D. suzukii eggs and larvae were obtained from mated females which came from stock colonies 
that were periodically supplemented with field-collected individuals from commercial fields 
starting in November 2009. The laboratory trials were designed to accommodate four egg-larval 
age groups in order to see whether age played a role in larval survival rates or response to pre-
treatment heat therapy. For each age group of immature flies, a total of thirty-two individual vials 
received eggs from the ovipositing females and twelve vials served as controls (44 vials per day). 
In all, we therefore had 132 vials. Adult flies were placed into the tubes and allowed to oviposit 
for 24 hours, after which flies were individually removed. The vials were enclosed to prevent 
adult escape and allowed ample opportunity for oviposition. The heat treatment experiments 
started on day 5 after the experiment was initiated with the ovipositing females. This method 
resulted in larval ages exposed to the respective heat treatments ranging from 1-4 days old. All 
vials were kept in the laboratory at 22°C until they were moved to a thermal gradient bench.   
 
Eight vials from each day, 4 infested and 4 control, were kept in laboratory conditions at 22°C for 
the duration of the experiment as a standard control.  On the fifth day, the remaining 28 larva-
containing and 7 control vials, were placed in a thermal gradient bench (Bubliy et al 2013). The 
thermal gradient bench was set at temperatures ranging from 29°-49°C (Figure 1).  Seven rows 
(A-G), each with its unique temperature, contained 20 slots per row. Vials containing the four 
ages of larvae were randomized and placed within each of the respective temperatures. Larvae 
were exposed to the thermal gradient for a period of 60 minutes (Bubliy et al. 2013). 
Temperatures within vials containing the media were measured using a thermocouple sensor that 
was placed within the media and measured every minute using a thermocouple data logger 
(Model # UX120-014M, Onset Computer Corporation, Bourne, MA).  Temperatures were 
measured inside 2 vials in each row.  The mean temperature for each row was averaged for the 
experimental period.  The contents of the vials were enclosed by the heat bench on all vertical 
sides, as well as the bottom of each vial for each of the 7 temperatures so that, through 
conduction, the thermal gradient bench heated the contents of the vials to a constant temperature 
(Boher et al. 2012). Each insulation cork was installed so that the bottom of the cork rested level 
with the top of the thermal gradient bench. 
 
Adult emergence after larval heat therapy and exposure   

All methods from the larval heat exposure trials were similarly followed in the heat therapy trials, 
with the exception that only 4-day-old larvae were used. The 4-day-old larvae were exposed to 
36°C within the heat bench for 0, 30, 60, and 90 minutes. After the respective therapeutic 
treatments, the vials containing the larvae were returned to ambient laboratory temperatures 
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(22°C) for 60 minutes.  After a 60-minute cool-down period, the respective vials were then 
returned to the 29-49°C heat exposures for 60 minutes.  
 
In both laboratory experiments, heat-exposed vials containing larvae were then transferred to 
22°C where D. suzukii were reared for 11-21 days. Emerged adults were counted and removed on 
a daily basis during this period.  All stages and controls were randomized in their position for 
each row. Each row had 4 vials from each of the 4 ages including the 4 controls filling all 20 slots 
per row. 
 
2. Field Experiment 
Adult emergence in response to pruning management and placement within bush 

We used a randomized field block design to test pruning management.  There were three 
treatments replicated four times. Three rows containing 36 plants per row were selected as a 
block. Rows were oriented N-S. Each replicate contained three mature bushes of blueberry 
cultivar ‘Bluecrop.’ Environmental and survival data (see below) were collected from the middle 
bush of each replicate.  The three pruning treatments (n=12 replicates/block) were: 
1. Minimal pruning  
2. Standard pruning of <50% of the canopy  
3. Hard pruning of >50% of the canopy  

 
Adult emergence in response to floor cover 

In addition to the effects of pruning on canopy microclimate, we ran a second field experiment to 
investigate the influence of floor cover on canopy microclimate and SWD larval survival. Floor 
cover treatments were established previously on border rows in a research block. This 
experimental design addressed the role of floor sanitation as a control against SWD population 
build-up over the season. Four treatments were included, and each treatment was replicated four 
times: 
1. Bare soil  
2. Black plastic weed mat  
3. White plastic weed mat  
4. Sawdust 

 
Environmental data: 

HOBO data loggers fitted with thermocouples to measure air temperature were placed on the 
exterior, interior, and base of representative blueberry bushes from June to August. 
Thermocouples were secured from first color to harvest within the pulp of intact fruit hanging on 
a branch in the inner and outer parts of the canopy. Thermocouples were rotated to fresh fruit 
weekly during the study. Additional thermocouples allowed measurement of ambient air 
temperature within the blueberry bush in order to represent temperatures to which visiting adult 
SWD would be exposed.   
 
Fruit infestations: 

We artificially infested fruit with SWD larvae at known levels and placed them on the inner 
canopy, outer canopy, and at the base of blueberry bushes within mesh inclusion bags. Inclusion 
bags of infested fruit were held under ideal conditions in the laboratory (16:8 Light:Dark, 
22±1°C, 55±5% R.H.) in order to serve as untreated controls. All bags of infested fruit were 
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equipped with data loggers measuring air temperature and light intensity. Additional data loggers 
measuring humidity were installed in the center of treatment plants. Bags of infested fruit were 
left in the field for one week before being returned to the laboratory. In the laboratory, fruit were 
transferred to 5-oz plastic cups and maintained under favorable photoperiods, temperatures and 
humidity regimes. Emerging SWD adults were counted and removed from the cups as a measure 
of survival. Multiple ANOVA was used to test for the interactive effect of treatment (pruning, 
weed mat) on relative humidity and temperature, and SWD adult emergence. 
 
3.  Statistical analysis: 
Multiple ANOVA was used to test for interactions between pruning and weed mat treatments on 
adult emergence, relative humidity and temperature at three points within the blueberry plant 
canopy (base of plant, interior canopy, exterior canopy). Significant effects (P < 0.05) were tested 
with Tukey’s HSD mean comparisons. All statistics were analyzed using Statistica 7 or the open-
source statistical environment R (R Core Team 2013). 

  
d. Accomplishments / Progress Report (comparison of results with original goals):  
Adult emergence after larval heat exposure 

When looking at overall survival, the number of adult D. suzukii emerging from all the treatments 
showed a clear trend (Table1). The mean number of adults emerging from 29-38°C ranged from 
10-12 individuals per vial. D. suzukii emergence levels at 29-38°C were statistically similar. 
These emergence levels were significantly higher than the number of adults emerging at 
temperatures above 38°C (F 6, 313=56.74, p<0.0005). D. suzukii emerged at limited numbers at 
temperatures above 38°C. The emergence of these individuals are of biological importance.    
       
Row Temperature ± 1°C  Mean Adult Emergence 

    
A 29°  12.06±1.13 a 
B 32°  10.1±0.91 a 
C 35°  10.27±1.05 a 
D 38°  5.19±0.8 a 
E 41°  0.02±0.02 b 
F 45°  0.04±0.03 b 
G 49°  0.13±0.09 b 
        
   
Table 1. Mean adult D. suzukii emergence in relation to temperature exposure.  Means within a 
column followed by different lowercase letters are significantly different. Means were separated 
using Tukey’s HSD (p<0.05).   
 
Adult emergence after larval heat therapy exposure 

Treatment effects. Of the four treatments, no heat therapy (mean adult emergence = 2.94±0.73), 
and 90-minute therapy (mean adult emergence = 2.74±0.7), were statistically similar (F1, 68=0.39, 
p=0.84). The other two treatments, i.e. 30-minute therapy (mean adult emergence = 5.46±0.92) 
and 60-minute therapy (mean adult emergence = 4.69±0.75), were statistically similar (F1, 

68=0.42, p=0.52).  For this reason we decided to treat the statistically similar groups as 
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‘suboptimal’ (0- and 90-minute therapy), and ‘more optimal’ (30- and 60-minute therapy). 
Statistical analysis of suboptimal compared to more optimal groups differed significantly (F1, 

138=8.28, p<0.005), with lower numbers of suboptimally treated flies emerging (mean adult 
emergence = 2.83±0.5) compared to more optimally treated flies (mean adult emergence = 
5.07±0.59).  Statistical differences in emergence levels were also found when comparing different 
temperatures (F6, 126=3.6965, p<0.005, Figure 1). Here, more flies emerged at the biologically 
more viable temperatures of 32 and 38°C. Numerically more flies emerged throughout all 
temperatures for flies receiving more optimal treatments.  At 41-48°C, adult D. suzukii emerged 
only when they received more optimal treatments in the immature stage, with the more optimal 
group showing a trend of higher adult emergence at nearly every temperature. Males had higher 
mean emergence than females when comparing optimal and suboptimal heat therapy exposure. 
 
 

 
 
Figure 1. Emergence of adult Drosophila suzukii and thermal heat therapy treatment. Individuals 
were exposed to no, thirty, sixty, and ninety minute heat therapy treatments at 36°C.  All 
individuals were then moved to 22°C for a sixty minute recovery period, after which they were 
placed for 60 minutes at 29-49°C. 
 
2. Field experiment 
Environmental data: 
The field canopy temperature measurements showed significant differences dependent on the 
location within the canopy. It was clear that location in the canopy was more important than the 
pruning methods, because there were statistically more 10-minute intervals at 35, 39 and 50°C at 
the base of the bush compared to the middle and upper portion of the bush (F 2, 18=9.9641, 
p=0.001, Fig. 2). 
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Figure 2. Effect of canopy location on 10-minute intervals at three heat thresholds. 
 
The different canopy classes did not result in significant differences in temperatures during the 
experimental period (F 2, 18=0.45, p=0.65), but there were numerically more 10-minute intervals at 
heavier pruning levels compared to the other two pruning treatments (13 intervals in thick 
canopies, 12 intervals in medium canopies, and 31 intervals in thin canopies, Fig. 6).   
 
 

 
Figure 3. Number of 10-minute intervals exceeding 50°C over a 1-week period in different 
blueberry canopy classifications. 
 
Fruit infestations: 
When looking SWD survival rates in the different parts of the blueberry bush canopies, 
significantly less D. suzukii survived at the base of the bush in all treatments, compared to the 
middle and upper portion of the bush (F 3, 26=19.97, p=0.001, Table 1). 
When looking at the canopy class, numerically higher numbers of flies survived in bushes with 
dense canopies than lighter canopies (F 3, 26=2.9, p=0.054, Figure 4).  
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Location of bush Number emergent flies 

  

  

Middle 68.9± 9.1 b 
Upper 31.9± 8.6 c 
Base 0 d 
 

Canopy class  
Dense 42.7±14.9 bc 
Standard 29.9± 11.1 c 
Thin 28.2± 9.6 c 
 
 
Laboratory 95±  19.7 a 

 
Table 1. Drosophila suzukii survival based on location in the blueberry bush. 
 
 

 
Figure 4. Drosophila suzukii emergence in different canopy classifications. 
 
Emergence of flies from soil treatments 
Soil treatments did not have a significant effect on the number of intervals above certain 50 C (F 
4, 15=0.59436, p=0.67212, Table 2).  The black weed mat had higher temperatures than that of the 
other treatments, but these temperature levels were not significantly different. 
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Treatment 

Mean intervals above 

50 C 

Bare ground 3±2.3 a 
Black weed mat 17.5±12.1 a 
White weed mat 12.5±11.2 a 
Laboratory 0 a 
Sawdust 14±14 a 
 
Table 2.  Mean intervals above 50°C on four different in-field floor treatments.  
 
  The different soil treatments did not have a significant effect on survival and emergence of D. 

suzukii flies (F 4, 15 =2.0671, p=0.14), but lower levels of flies survived in treatments that received 
black weed mat. 
 

 
 
Figure 5. Mean number of Drosophila suzukii that emerged from ventilated containers. Larvae 
were exposed to the floor treatments for a 1-week period before being returned to the lab. 
 
Discussion 
Laboratory experiment 
These findings provide a clearer understanding of D. suzukii thermal tolerance. This information 
can be used to more optimally manage larval D. suzukii. Late instar larval D. suzukii are believed 
to drop from fruit onto the ground before pupation. For pest control and other management 
reasons, growers use cultural practices including weed mat fabric.  We believe that the interface 
between microclimate and immature pest insect stages can be used to manage D. suzukii. This 
study was conducted in order to determine the levels of D. suzukii larval survival when exposed to 
suboptimally high temperatures as found on black weed fabric. It can be argued that if D. suzukii 
larvae were exposed to increasing temperatures, they may express heat shock proteins. Presence 
of Hsp may increase the survival rates at the high temperatures found on black weed fabric during 
summer conditions.  
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In our trials it was clear that D. suzukii that received no heat therapy experienced a biological 
threshold of larval survival at around 38°C. At temperatures above this level, larval mortality 
increased significantly. A possible explanation for the numerical increase in survival levels at 
49°C could be genetic variability (Chiu et al 2016), as described for many other drosophilids. A 
study by Goto and Kimura (1998) described the benefit of Hsp that are synthesized in response to 
extreme heat or cold. The production of Hsp comes at a significant cost to cell growth and 
fecundity, yet allows for survival under extreme conditions. This interaction may explain how the 
larvae exposed to milder non-preferable conditions were able to survive the exposures in the 
thermal bench. Goto and Kimura (1998) found that the three Drosophila species in their tests 
showed the highest accumulations of Hsp between 29°-36°C with strong declines thereafter. 
Individual insects exposed to such temperatures did not receive exposure to extreme 
environmental conditions. Dillon et al. (2009) suggest that Drosophila species and other flies 
choose when, instead of where, to oviposit for the best developmental time of their brood. Their 
trials suggest most Drosophila species prefer afternoon temperatures at or just after the hottest 
point in the day, allowing for eggs to hatch and begin larval development within 24 hours of 
oviposition. Feder et al. (1996) found that by exposing D. melanogaster larvae to 36°C, prior to 
higher temperature exposures, thermal tolerance was significantly improved. Their study 
replicated conditions that the flies would experience in the wild, lending valuable knowledge on 
how Hsp plays an active role in survival for these species.  
 
Above knowledge and previous studies therefore indicate that exposure to extreme conditions 
may provide a benefit to survival. Our data suggest that D. suzukii larvae can survive at higher 
rates when exposed to suboptimal conditions for short periods, followed by exposure to extremely 
suboptimal conditions. However, this benefit is lost when D. suzukii is exposed for periods of 90 
minutes. Our data also show a difference in benefit between sexes, with male D. suzukii emerging 
at higher rates compared to females.    Condon et al. (2015) found thermal tolerance to be 
sexually dimorphic in a trial with D. melanogaster. They found that males resisted exposure to 
heat longer, while females more quickly recovered from chill coma. They also concluded from 
their study that wing size and thermal tolerance couldn’t be used to determine a relationship to 
explain sexual dimorphism of thermal tolerances. Although they did not find fecundity variation 
in regards to heat tolerance, there was a marginally significant interaction between cold tolerance 
and selective population. They also concluded that flies reared at 25°C were better able to adapt to 
heat and cold extremes versus the flies that were reared at temperatures above or below this level, 
or by varying temperatures. A study conducted on two populations of Drosophila buzzatii, one 
from a lowland of Argentina with higher temperatures and one from a highland with lower 
temperatures, concluded that the flies had numerous traits that were different and were 
explainable by temperature differences. Egg-laying times were different and were aligned with 
the differing daytime temperatures in both locations. After exposing both populations to sublethal 
temperatures, it was found that when both were exposed to 39°C, the highland population 
expressed an increased Hsp70 (Sørensen et al. 2001). This study suggests temperature adaptation 
of a population where one may be better fit to survive temperature extremes than another from the 
same species. This could explain differing egg-laying habits from one population in one region to 
another within the same species. 
 
Activation of Hsp70 gene expression has been associated with improved thermotolerance in other 
organisms beyond Drosophila species and insects. In a trial conducted on chicken eggs and the 
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subsequent hatchlings, it was found that the chicks that were exposed to higher temperatures 
during embryogenesis expressed Hsp70 and were associated with having improved 
thermotolerance, as well as significantly higher body weight than those that were kept at ideal 
temperatures (Al-Zhgoul et al. 2013). In a study involving rats, it was tested if Hsp70 expression 
would differ between exercise-induced or sedentary behaviors with and without increased 
temperatures. The rats that were exercising and sedentary in higher temperatures had higher levels 
of Hsp70 expression. They concluded that exercise alone was not sufficient to activate Hsp70 
expression, supporting the notion that Hsp70 may be activated by increased ambient temperature, 
not just internal temperature from motion (Walters et al. 1998). Even microscopic life forms such 
as protistan parasites, Blastocystis sp., were studied for Hsp70 expression under temperature 
extremes. It was found that the cultures that were exposed to thermal extremes of 41°C, then 
returned to 37°C, had doubled in size and had increased expression of Hsp70, compared to 
controls (Gaythri et al. 2014).   
This work improves our limited understanding of the mechanisms used by D. suzukii to survive in 
suboptimal environmental conditions. A trial in which temperature is slowly increased would be 
beneficial to determine the thermal threshold where mortality increases and developmental 
success declines. Increasing temperature slowly over a time span greater than 60 minutes may 
potentially impact results leading to better management recommendations for controlling SWD 
populations.  
 
Future work should also evaluate SWD for the Hsp mRNA within their genome to determine 
possible success in regulating proteins for increased temperatures. Analysis of SWD DNA may 
hold information on this species’ ability to adapt to varying climatic conditions. 
 
In future trials, having a known number and age of larvae and pupae prior to thermo-tolerance 
testing would result in a true success rate in relation to temperature exposure. The specimens that 
survived to adulthood could be tested for expressed levels of Hsp to determine the success of 
SWD in a changing climate and potential pitfalls to new management strategies involving 
increasing temperatures. Lastly, transferring specimens from a 22°C controlled environment to 
extreme heat temperatures for a brief time period doesn’t occur naturally and therefore does not 
accurately reflect what happens under natural conditions. However, these data do provide baseline 
knowledge that provides an indication of the thermal thresholds of D. suzukii. 
 
The field experiments complement the laboratory trials. We found that the location in the canopy 
is the most important factor for D. suzukii survival.  Pruning did not have a significant effect on 
climate or survival rates of D. suzukii, but clear trends were visible, with less optimal 
temperatures corresponding to lower survival rates.  Weed fabric similarly did not affect 
temperature or survival levels to statistically significant levels, but clear trends were evident.  
 
The second season of fieldwork is currently underway.  We believe that the replication of this 
work will provide a more robust dataset that will allow us to come to final conclusions.    
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1269–1277. 
Wiman, N. G., V. M. Walton, D. T. Dalton, G. Anfora, H. J. Burrack, J. C. Chiu, K. M. Daane, A. 
Grassi, B. Miller, S. Tochen, X. Wang, and C. Ioriatti. 2014. Integrating temperature-dependent 
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life table data into a matrix projection model for Drosophila suzukii population estimation. PLoS 
ONE. 9: e106909. 
 
e. Reasons why goals and objectives were not met (when applicable): None 
  
f. Charts, graphs and/or diagrams: 
  
g. Is this a final report?:  No 

 
5. a. Potential Significance to Industry: 
This information provides biologically and practically important information on how growers 
can manage D. suzukii using cultural control methods.  We determined that limited D. suzukii 
can survive longer than 30 minutes at temperatures above 38°C.  These temperature levels are 
easily reached in summer when bushes are pruned to thinner levels and when growers use black 
weed fabric. 
    

b. Other Funding Sources that you have applied to for this project:  
None 
 
c. 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): 
We did get funding from USDA OREI that pays the salary of a postdoctoral scientist (2016-
2018), her work is however not directly related to this work, but is complementary. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 
None to date directly related to this work, but complementary work include: 
 

Hamby, K. A., Bellamy, D. E., Chiu, J. C., Lee, J. C., Walton, V. M., Wiman, N. G., ... & Biondi, A. 2016. 
Biotic and abiotic factors impacting development, behavior, phenology, and reproductive biology of 
Drosophila suzukii. J Pest Sci, 1-15. 

Tochen S., Vaughn M. Walton and Jana C. Lee.  Impact of floral feeding on adult Drosophila suzukii survival 
and nutrient status.  J Pest Sci DOI: 10.1007/s10340-016-0762-7. 

Wiman N. G., Gianfranco Anfora, Antonio Biondi, Joanna C. Chiu, Kent M. Daane, Daniel T. Dalton, 
Beverly Gerdeman, Angela Gottardello, Kelly A. Hamby, Rufus Isaacs, Alberto Grassi, Claudio Ioriatti, 
Jana C. Lee, Betsey Miller, M. Valerio Rossi Stacconi, Peter W. Shearer, Lynell Tanigoshi, Xingeng 
Wang, and Vaughn M. Walton 2016. Drosophila suzukii population response to the environment and 
management strategies. J Pest Sci DOI: 10.1007/s10340-016-0757-4.  

Shearer P. W., West J., Walton V.M., Brown P., Svetec N., Chiu, J. 2016. Environmental cues enhance winter 
survival of Drosophila suzukii. BMC Ecology, 16:11. DOI: 10.1186/s12898-016-0070-3.   

Wang XG, Stewart TG, Biondi A, Chavez BM, Ingels C, Caprile JA, Grant J, Walton VM, Daane KM 2016. 
Population dynamics and ecology of Drosophila suzukii in Central California. J Pest Sci DOI: 
10.1007/s10340-016-0747-6. 

Asplen M.K., Gianfranco Anfora, Antonio Biondi, Deuk-Soo Choi, Dong Chu, Kent M Daane, Patricia 
Gibert, Andrew P Gutierrez, Kim A Hoelmer, William D Hutchison, Rufus Isaacs, Zhi-Lin Jiang, Zsolt 
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Kárpáti, Masahito T Kimura, Marta Pascual, Christopher R Philips, Christophe Plantamp, Luigi Ponti, 
Gábor Vétek, Heidrun Vogt, Vaughn M Walton, Yi Yu, Lucia Zappalà, Nicolas Desneux 2015. Invasion 
biology of spotted wing Drosophila (Drosophila suzukii): a global perspective and future priorities.  J. 
Pest Sci. 88: 469-494. 

Tochen S, Woltz JM, Dalton DT, Lee JC, Wiman NG, Walton VM 2015. Humidity affects populations of 
Drosophila suzukii (Diptera: Drosophilidae) in blueberry. J. Appl. Entomol.. doi: 10.1111/jen.12247. 

Tochen, S., D. T. Dalton, N. G. Wiman, C. Hamm, P. W. Shearer, and V. M. Walton. 2014.  Temperature-
related development and population parameters for Drosophila suzukii (Diptera: Drosophilidae) on cherry 
and blueberry. Environ. Entomol.  DOI: http://dx.doi.org/10.1603/EN13200. 
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1. a. Title: Raspberry root removal: eliminating pre-plant soilborne pathogen inoculum to 

improve management 
b. Principal Investigators: Inga Zasada 
c. Cooperators: Lisa DeVetter, Tom Walters, Jerry Weiland 

 
2. a. Reporting Period Covered: 2014-2015 

b. ARS Agreement Number (when applicable): 58-5358-4-026 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did): Washington leads the 
nation in the production of red raspberries for processing. Soilborne pathogens, such as 
Phytophthora rubi (causing Phytophthora root rot) and Pratylenchus penetrans (root lesion 
nematode), are a major production constraint for this $61 M industry and are suspected to be a 
primary cause in limiting the lifespan of production fields. Plantings used to remain productive 
for 15-20 years, but now only last 5-8 years before production declines and the field must be 
renovated and replanted. Renovation usually involves removing the canes of the previous crop, 
killing the root system with herbicides, and then fall fumigating with 1,3-dichloropropene (1,3-D) 
+ chloropicrin (e.g., Telone C-35) before replanting the field in the following spring. Large 
amounts of root and crown debris remain in the fields after renovation and this debris is suspected 
to serve as a source of inoculum for the replanted crop. Therefore, we are investigating whether 
removal of this debris contributes to disease control efficacy. An on farm field trial was 
established in 2014 with areas of the field either receiving or not receiving a combination of 
fumigation/no fumigation and root removal/no root removal. Root removal was achieved using a 
Lundeby plant lifter and areas of the field receiving fumigation were treated with Telone C-35. 
Pratylenchus penetrans in roots prior to treatment were determined, in soil prior to planting, and 
in soil and roots monthly following planting. To assess treatment effects on soilborne organisms, 
population densities of Pythium sp. and Fusarium sp. were determined in soil and roots, 
respectively, prior to and after fumigation as well as at planting. Height of young raspberry plants 
were measured mid-summer to determine treatment effects on plant performance. When 
comparing Fusarium and P. penetrans populations in roots in nonfumigated areas that either had 
roots removed or not, a reduction in populations of these organisms was not observed in areas 
where roots were removed compared to areas where roots were not removed. The effect of 
fumigation on soilborne organisms was variable with an early (2 months after fumigation) 
suppression of Pythium, no reduction in Fusarium in large roots, and early suppression (3 months 
after planting) of P. penetrans. So far, root debris removal has not significantly reduced soilborne 
pathogen populations. However, this effect may become more apparent with time. Additionally, 
three methods of root removal were evaluated in grower fields, with the Lundeby plant lifter 
removing the most roots from soil (98%) and a potato harvester being the fastest means to remove 
roots from a field (1.4 km/h).  
b. Objectives: The objective of this research is to evaluate and demonstrate the need for and 
logistics of removal of raspberry roots containing Phytophthora rubi and Pratylenchus penetrans 
inoculum prior to pre-plant treatment of raspberry fields. 
c. Methods and Materials:  
 Experiment 1: Three root removal devices (a Lundeby plant lifter, a beach cleaner, and a potato 
harvester) were compared in 2014 for speed and efficacy at removing root debris from 
commercial fields slated for fumigation and replanting.  



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 115 

     Experiment 2: A field trial was implemented in 2014 with fumigation (with or without Telone 
C-35) as the main plot and root removal as the subplot (with or without root debris removed by a 
Lundeby plant lifter) in a split plot design with six replicate plots for each combination of 
treatments. The field did not have P. rubi, so Fusarium and Pythium spp. were evaluated as 
proxies. Root debris and soil were assessed for Fusarium, Pythium, and P. penetrans before and 
after implementing fumigation and root removal treatments. Populations of P. penetrans on newly 
planted raspberry roots were also evaluated monthly beginning in March 2015. 
d. Accomplishments / Progress Report (comparison of results with original goals):  
 Experiment 1: We demonstrated that the three root removal devices tested were similar in 
ability to remove old roots from a raspberry field. The Lundeby plant lifter and potato harvester 
remove 96 and 98% of root debris, respectively, while the beach comber removed 91% of root 
debris. The potato harvester was able to move the most quickly through the field at a rate of 1.4 
km/h with the Lundeby plant lifter being the slowest at 0.4 km/h 
 Experiment 2: Three months after planting only the main effect of soil fumigation was 
significant with P. penetrans population densities being lower in fumigated soil compared to 
nonfumigated soil. Using Fusarium and Pythium as proxys for P. rubi, we detected no difference in 
infection of large root material (> 5-mm-diameter) by Fusarium remaining in fumigated and 
nonfumigated soil. Finally, population densities of Pythium in soil were reduced a few months 
after fumigation, however, by planting this effect was not observed. 
e. Reasons why goals and objectives were not met (when applicable): NA 
f. Charts, graphs and/or diagrams:  

 

 
Population densities of Pratylenchus penetrans in root material one to four months after planting 
in a field trial evaluating root removal with and without preplant fumigation. 
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Percentage colonization of large root debris (> 5 mm) by Fusarium spp. before (August) and after 
(November) fumigation and at planting (February) in a field trial evaluating root removal with 
and without preplant fumigation.  
 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry: Our study is the first to evaluate the potential to reduce 

population densities of soilborne pathogens and nematodes using root removal. This is a long-
term trial, and while initial indications are that root removal did not add in reducing pathogen and 
nematode population densities, data on plant performance in the different treatments is still to be 
determined. 
b. Other Funding Sources that you have applied to for this project: None 
c. 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): We have another root 
removal project funded by USDA-NIFA-CARE, this money is being used to support another trial 
at a different field location. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. None right now 
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1. a. Title: Practical applications of stomatal conductance for optimizing irrigation and water 

management in grapevine    
b. Principal Investigator: Bhaskar Bondada  
c. Cooperator: Russell Smithyman, Director of Viticulture, Ste. Michelle Wine Estates, Prosser, WA  

 
2. a. Reporting Period Covered: 04-2016 to 03-2017 

b. ARS Agreement Number (when applicable):  
   
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
Stomatal conductance provides a quick assessment of vine water status and hence constitutes an ideal 
parameter for scheduling irrigation.  Accordingly, mid-day leaf water potential (bars) and stomatal 
conductance to water vapor (mmol m−2 s−1) of Cabernet Sauvignon and Chardonnay receiving same 
amount of irrigation are to be measured simultaneously from same leaves.  These data will be used to 
determine if there existed a linear relationship between stomatal conductance and leaf water potential, i.e. a 
decline in stomatal conductance linearly related to increasing (more negative values) leaf water potential.  
If this is the case, then stomatal conductance can be used for practical scheduling of irrigation in different 
cultivars of grapevine.  Since stomatal conductance provides an accurate assessment of vine water status, 
irrigating vines based on stomatal conductance measurements will improve water use efficiency, control 
vigor, and optimize balance between source and sink. 
 
b. Objectives:  

We propose stomatal conductance as a rapid index of plant water status for efficient irrigation and water 
management strategies in grapevines.  The specific objectives of this proposal are to: 

1. Determine stomatal conductance of leaves used for measuring leaf water potential and examine its 
relationship with leaf water potential in different grapevine cultivars (Bondada and Smithyman).  

2. Determine stomatal features of the leaf region used for measuring stomatal conductance and examine 
its relationship with stomatal conductance in different grapevine cultivars (Bondada).   

Apply objectives 1 and 2 to determine threshold values of stomatal conductance beyond which irrigation is 
necessary and evaluate stomatal-conductance-based irrigation on fruit quality (Bondada and Smithyman). 

 
c. Methods and Materials:  

Field-grown cultivars of Vitis vinifera L. differing in leaf morphology and vine physiology will be examined 
to determine the vine water status by measuring stomatal conductance of leaves.  The varieties include 
Chardonnay, Riesling, Grenache, Syrah, and Cabernet Sauvignon grown on their own roots.  The vines will 
be spur pruned on a bilateral cordon system (20 buds per vine) using a vertical shoot positioning for the red 
cultivars and a sprawl for the white cultivars.  The vineyard will have a planting density of 807 vines /acre, 
the vines being spaced 9 feet between and 6 feet along rows.  Irrigation water will be applied with drip 
emitters, two per vine, positioned 30 cm from the vine trunk (out to both sides of the rows) and distributed on 
both sides of the root system.  The water will be supplied according to the crop evapotranspiration (ETc = ET0 

x Kc) calculated from the evaporation of a Class A pan (ET0), corrected with the crop coefficient (Kc).  The 
irrigation treatments will include: full irrigation (100% of ETc), deficit irrigation (DI) (75% of the ETc), DI 
(50% of the ETc), and DI (25% of the ETc).  Water will be supplied twice per week from the beginning of 
berry development (June) until harvest (September).  The experimental design will be randomized block 
design with 4 replications.  Each replicate (row) will have 15 vines.  
Measurement of stomatal conductance: Stomatal conductance will be taken on fully expanded sun-exposed 
leaves using a portable leaf porometer (Decagon Devices Inc., Pullman, WA) between 1200 and 1400 hr 
approximately at ≥ 1000 µmol photons m-2 s-1.  For an accurate measure of vine water status and to maintain 
uniformity in measurements, all measurements will be recorded from the same lamina area of a given leaf 
during same time under similar set of environmental conditions.   
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Measurement of leaf water potential:After measuring stomatal conductance on a leaf, the same leaf will be 
used for determining leaf water potential using pressure chamber (Model 1000; PMS Instrument Co., 
Corvallis, OR, USA) from the beginning of berry development until harvest.  The measurements will be 
carried out in six fully expanded leaves per treatment in five dates from June to August just before the 
irrigation.     
Assessment of yield and berry composition:  Clusters will be counted on each vine and total yield per vine 
will be measured each growing season.  Fruit samples will be collected throughout ripening to determine 
berry weight and fruit composition.  

Microscopy of leaf for examining stomatal traits: After measuring stomatal conductance and leaf water 
potential, the leaves will be harvested and put in a plastic bag for microscopy.  The method adopted by 
Bondada et al., 1994; Bondada and Oosterhuis, 2000 will be used to fix tissues for scanning electron 
microscopy.  Scanning electron micrographs will be used to determine epidermal characteristics and to 
measure size, shape, and density of stomates by using the following formula (Kosmidou-Dimitropolou, et 
al., 1980): D = N / (A / M2), where D is the density (number mm-2), N is the number of stomates in the A 
area (mm2) of the micrograph at M magnification.  All statistical analysis will be performed using SAS 
software.  Means and standard deviations of quantitative data on stomatal conductance, leaf water 
potential, stomatal morphology, yield, and fruit composition will be calculated for all treatments. To test 
differences among treatments, all data will be subjected to analysis of variance, and mean separation will 
be performed by F and t tests.  Since the procedures entailing measurements of leaf water potential, 
stomatal conductance, and the microscopy techniques for measuring stomatal traits have been used with 
great success in previous research, chances of running into pitfalls / limitations are minimal.  In the event 
wherein these measurements displayed a lack of practical implication, it is noteworthy that a significant 
amount of information pertaining to irrigation scheduling based on physiological and morphological 
features will have been generated, which will be useful in fine tuning future approaches for improving 
irrigation strategies. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  

We just hired a graduate student in the Spring 2016 semester. Currently he is collecting data, which will be 
available next season. However, we have some preliminary data on mid-day leaf water potential (bars) and 
stomatal conductance to water vapor (mmol m−2 s−1) of three red (Cabernet Sauvignon, Syrah, and Merlot) 
and three white (Chardonnay, Riesling, and Gewurztraminer) varieties which received same amount of 
irrigation.  Stomatal conductance and leaf water potential measurements were taken simultaneously from 
same leaves.  Stomatal conductance and leaf water potential varied among different varieties, however; there 
appeared to be a linear relationship between stomatal conductance and leaf water potential, i.e. stomatal 
conductance declined with increasing (more negative values) leaf water potential (Fig. 1B).  The preliminary 
study indicated that stomatal conductance can be used for practical scheduling of irrigation in different 
cultivars of grapevine.   

 
e. Reasons why goals and objectives were not met (when applicable):  
We were notified of funding recommendation for this project last year in August. We just hired a graduate 
student in the Spring 2016 semester. Currently he is collecting data, which will be available next season. 
 
f. Charts, graphs and/or diagrams:  
The following are from the preliminary results.  
 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 119 

                                                    Leaf water potential (bars)

0 2 4 6 8 10 12 14 16

S
to

m
a
ta

l 
c
o
n
d
u

ct
a
n
c
e

 (
m

m
o

l m
-2

 s
-1

)

0

50

100

150

200

250

 
 

Fig. 1. (A) Grapevine stomata of Merlot leaf, (B) relationship between stomatal conductance to water 
vapor and leaf water potential.  Measurements were taken from 3 red (Cabernet sauvignon, Merlot and 
Syrah) and 3 white (Chardonnay, Riesling, and Gewurztraminer) varieties.  Each data point represents a 
variety.    
 
g. Is this a final report?: No 
3. a. Potential Significance to Industry:  
This research will serve as a basis for the development of water management technologies and irrigation 
guidelines, which will provide grape growers and wine makers with practical irrigation water 
management information for optimizing water use in different grapevine cultivars.  Eventually, such 
strategies will result in improved water use efficiency, productivity and sustainability leading to 
optimization of fruit quality characteristics and commercial quality of the wine.   

 
b. Other Funding Sources that you have applied to for this project: None.  
 
c. 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): NA 
 
4. Scientific Citations: Provide a list of all scientific citations and papers that have been published as a 

result of the funding you received from NCSFR including peer, extension, and other publications. 
 

Stahl, G., Xie, Z., and Bondada, B.  2016.  Stomatal conductance as an indicator of plant water 
status for scheduling irrigation in grapevines. Washington Association of Wine and Grape 
Growers, Annual Meeting Convention and Trade Show, February 4-6, 2016. 
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1. a. Title: Nitrogen-Enriched Custom Compost for Commercial Blueberry Production 
b. Principal Investigators: David Bryla, Dan Sullivan, and Bernadine Strik 
c. Cooperators: N/A 

 
2. a. Reporting Period Covered: FY2015-16 

b. ARS Agreement Number (when applicable): N/A 
 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
Many growers are realizing that strong markets for organic blueberry fruit, coupled with small 
organic acreage at the moment, provide a tremendous opportunity for organic production in this 
crop. However, growers have many questions about organic production of blueberry and other 
small fruit crops, including the best options for mulch and compost use and its impacts on plant 
production and soil health. Choosing appropriate composts for blueberry is a compromise 
between supplying N and other nutrients and avoiding high pH and salinity. We will investigate 
the potential of a “win-win” system, where cured biofilter materials from animal manure 
composting systems are used as soil amendment/mulch for blueberry. This approach has the 
potential to provide both economic and environmental benefits. Compost piles will be constructed 
with chicken and separated dairy manure solids feedstocks and equipped with a forced-aeration 
system and a biofilter for scrubbing the air blown out of the piles. Biofilters are a low technology 
option for scrubbing ammonia (NH3) gas from air that exits compost piles and capturing it on 
coarse organic debris materials such as wood chips, wood shavings, and sawdust. The addition of 
N to the biofilter improves its suitability as a soil amendment for blueberry, and since the N is 
derived from manure, the materials are still considered suitable for use under organic certification. 
We will compost the N-enriched biofilter materials and use it in greenhouse and field trials to 
evaluate its utility as a soil amendment for blueberry and determine whether compost, on its own 
or modified, can be used as a nutrient and soil enrichment for blueberry production. Our goals are 
to address industry-driven questions so that our findings are of direct benefit to organic and 
conventional growers. While our research findings in the proposed project will not necessarily be 
adaptable to all situations or sites, we are confident that the research and extension outcomes from 
this project would be of benefit to a broad audience of organic and conventional growers utilizing 
composts as part of their production practices. 
 
b. Objectives:  
Develop new tools and technologies for improving the suitability of compost for soil amendment 
to blueberry on other perennial fruit crops. 
 
c. Methods and Materials:  
Compost piles were constructed at the OSU Lewis-Brown Horticulture Research Farm in 
Corvallis, OR. The piles are equipped with a forced-aeration system and a biofilter for scrubbing 
the air blown out of each pile. Compost feedstocks include chicken and separated dairy manure 
solids. Douglas-fir wood chips, wood shavings, and sawdust are used as a substrate for building a 
biofilter. We are monitoring the change in biofilter substrate N species, pH, and conductivity over 
time during the compost processing. The "spent" biofilter materials will be composted at 
mesophilic temperatures in moist piles large enough to facilitate self-heating (2 cu. yd.). We are 
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using the composted N-enriched biofilter materials in greenhouse and field trials to evaluate its 
utility as a soil amendment for blueberry. 

Control treatments for the greenhouse trial are aged Douglas fir sawdust (prior industry 
standard), yard debris compost, and peat suitable for horticultural applications. Experimental soil 
amendment treatments are: Douglas fir chips derived from biofilters having C:N of 200+ (raw), 
50, and 20, and red alder chips and red alder compost (from a local Shitake mushroom production 
facility) with C:N of 20–50. To determine plant response to organic amendments, blueberry 
transplants were transplanted into 4-L pots filled with the amended soil treatments. After 3 
months, the plants will be removed from the pots, divided into roots and shoots, oven-dried and 
weighed, and analyzed for N by combustion analysis and for other nutrients by ICP. We will also 
incubate each organic amendment (biofilter materials, compost, and sawdust) in soil under 
controlled temperature and moisture conditions in the laboratory to determine quantity and timing 
of plant-available N release/immobilization.  

The field trial will be planted next spring. Treatments will be arranged randomly in a 3 x 4 
split-plot design with six replicates (blocks) and will include three compost treatments (N-
enriched compost with biofilter material selected based on the results of the greenhouse trial, 
standard yard debris compost, and a no-compost Douglas fir sawdust control) as main plots and a 
combination of two cultivars (‘Duke’ and ‘Liberty’) and two application methods (mulch and 
incorporated) as subplots.  

We also initiated a new study on biochar. Biochar has been shown to improve soil 
conditions such as cation exchange capacity, porosity, pH, and beneficial microbial activity but 
has received relatively little attention in the horticulture industry. A greenhouse study was 
conducted to determine the potential of using organic biochar as a soil amendment for blueberry. 
The plants were grown in 4-L pots filled with soil only or soil amended with biochar or a 
biochar/bokashi blend. The soil was a sandy clay, and both of the amendments were incorporated 
at rates of 10% and 20% by volume. Half of the plants in each treatment were inoculated with 
Phytopthora cinnamomi, a soil pathogen associated with root rot in blueberry.  
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
 
So far, we found that composts derived from woody plant byproducts such as yard debris or 
deciduous tree leaves from urban street sweepings were much better suited to blueberry edaphic 
requirements (C:N ratio 20, a pH < 5.5, and total K < 5 g·kg-1) than those derived from 
herbaceous materials (mint) or animal byproducts such as chicken or dairy manure solids. In fact, 
those from the latter feedstocks were detrimental to plant growth in blueberry and resulted in 
nutrient imbalances within the plants such as excessive K concentrations in most plant parts and 
deficient Mg concentrations in the leaves. However, those from woody plant materials were low 
in N, and therefore, additional organic fertilizer was needed with the use of these composts. 
Choosing appropriate composts for blueberry is a compromise between supplying N and other 
nutrients and avoiding high pH and high EC. We are continuing the investigation and are 
currently determining whether cured biofilter materials from animal manure composting systems 
can be used as soil amendment/mulch for blueberry. 

In the biochar trial, we found that when ‘Legacy’ blueberry plants were grown with 20% 
biochar or 10% or 20% biochar/bokashi blend, they had 23–36% more shoot length and 25% 
more leaf area than those grown in soil only (Table 1). Plant water use, on the other hand, was 
11–29% greater in soil only than with biochar or biochar/bokashi blend (Fig. 1). Plant growth 
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and water use were reduced by P. cinnamomi in each treatment but were less affected by the 
pathogen when the plants were amended with 10% or 20% biochar. The results suggest that 
biochar may be an effective means of improving plant establishment of northern highbush 
blueberry and could potentially be used to suppress phytopthora root rot. 

 
e. Reasons why goals and objectives were not met (when applicable): N/A 
 
f. Charts, graphs and/or diagrams:  
 
Table 1. Effects of soil amendment with biochar and biochar bokashi on growth of ‘Legacy’ blueberry plants either 

uninoculated or inoculated with Phytophthora cinnamomi.  
 Total shoot length (cm)  Leaf area (dm2) 
Soil treatment Uninoculated Inoculated· Difference  Uninoculated Inoculated Difference 
Control   80   78   1  4.7 4.4 0.3 
10% biochar   89   81   8  5.2 5.0 0.2 
20% biochar   98 102  -5  5.9 5.3 0.6 
10% biochar bokashi 101   78 23  5.9 4.9 1.0 
20% biochar bokashi 108   88 21  5.9 4.5 1.3 
   Average   95   85    5.5 4.8   

 
 

Fig. 1. Effects of soil amendment with biochar and biochar bokashi on water use by ‘Legacy’ blueberry plants either 
uninoculated or inoculated with Phytophthora cinnamomi. 

 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry:  

At the end of this project, we will determine whether compost, on its own or modified, can be 
used as a nutrient and soil enrichment for blueberry production. While the findings will not 
necessarily be adaptable to all situations or sites, we are confident that the outcomes will benefit a 
broad audience of organic and conventional growers utilizing composts as part of their production 
practices. 

 
b. Other Funding Sources that you have applied to for this project: Family Forest Services 
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c. 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): The source help fund the 
biochar portion of the project. 
 

5. Scientific Citations:  
Sales, B., D. Bryla, J. Weiland, K. Trippe, J. Miedema, and M. Delaney. 2016. Effects of biochar on 

plant growth, water use, and phytophthora root rot in northern highbush blueberry. Biochar 2016. 
The Synergy of Science and Industry: Biochar’s Connection to Ecology, Soil, Food and Energy. 
Aug. 22-25, 2016. 
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1. a. Title: Precision Sub-surface Irrigation to Regulate Wine Grape Physiology 
b. Principal Investigators: Pete W. Jacoby 
c. Cooperators: Markus Keller, Troy Peters, Lav Khot, Sindhuja Sankaran, Andrew McElrone 

 
2. a. Reporting Period Covered: 10/1/2015 – 6/30/2016 
    b.ARS Agreement Number (when applicable): 59-5358-4-010 
 
3. Progress Report 

a. Abstract: Fruit from first year of experiment was harvested in early October 2015. Fruit weight 
from commercial surface drip irrigation plots averaged 10 pounds per vine. Fruit weight from 
sub-surface irrigation treatments averaged 9, 7.5, and 7.0 pounds per vine in plots receiving 60, 
30, and 15 percent of the full commercial irrigation rate. Fruit quality was not chemically 
analyzed, but clusters generally had smaller individual berries and a larger number of berries per 
cluster than did clusters in the commercially irrigated plots. Stem water potential measurements 
indicated that vines receiving reduced rates of water via sub-surface irrigation had slightly more 
water stress than vines receiving the commercial rate via surface drip irrigation. The first year of 
this study was conducted under exceptional drought conditions with no rainfall during the 
growing season and temperatures exceeding all previous years on record. Plots were readied for 
the 2016 growing season by installing a series of recording soil moisture probes and access tubes 
for periodic readings of soil moisture by use of electronic capacitance probes. Observation tubes 
(mini-rhizotrons) were installed and a scheduled collection of digital camera images was initiated 
for bi-weekly data collection to measure vine root development in treatments. Remote sensing 
missions were also initiated to compare photographic images with on-plant water stress 
measurements of vines. The 2016 growing season began with higher temperatures in April but 
had cooler and wetter conditions in May and June than did the previous 2015 growing season.  
   
b. Objectives: This project attempts to address three primary questions: 1)   What is the grape 
vine’s    ability to seek and utilize soil moisture released at various depths below the soil surface?; 
2) What is the potential savings in water and associated production costs (water loss to 
evaporation and weeds, fertilizer, excess growth, and fruit quantity) from deep sub-surface 
application?; and 3) Can remote sensing techniques be substituted for hand held instrumentation 
in assessing plant water stress? 
 
c. Methods and Materials: Established grapevines irrigated with standard surface drip irrigation 
are being contrasted with those being watered with reduced amounts of water applied at 1, 2, and 
3 feet below the soil surface under continuous or pulsed application schedules. Plant 
physiological responses are being quantified through measurements of xylem pressure potential, 
photosynthetic rate as determined by infrared gas analyzer, and near infrared and multi-spectral 
analyses of leaf surface temperature from ground and aerial platforms. Sub-treatments also 
include three irrigation rates approximating 60, 30 and 15 percent of the rate being applied 
through surface drip irrigation, applied at continuous and pulsed schedules. All treatments are 
replicated and actual water delivery is quantified with small water meters. Since the research site 
is located in a commercial vineyard, battery powered controllers with latching solenoids are pre-
programmed to schedule selected daily water amounts regardless of the actual irrigation period 
determined by the commercial vineyard irrigation managers and plots are located at the end of 
rows to minimize disruption of operations. Root growth will be monitored by obtaining digital 
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photographs within clear polyvinyl tubes (mini-rhizotrons) every two weeks during the 2016 
growing season. Photographs are analyzed by integrated software to determine root length by size 
class. Soil moisture content is being collected real-time by electrical capacitance probes to 
monitor water use and retention within the top 6 feet of the soil profile. Above-ground plant 
production includes measurements of relative shoot length, berry number and weight, and 
physiological activity (gas exchange and water stress). Sub-surface micro-irrigation is anticipated 
to improve water use efficiency and reduce weeds compared to standard surface drip irrigation. 
d. Accomplishments / Progress Report (comparison of results with original goals): Objective 1) 
Grapevines subjected  to three levels of reduced irrigations amount (60, 30, and 15 percent of the 
commercial rate using surface drip) overwintered well and showed no visible treatment impacts 
during early leaf development through flowering. Grape clusters were not visually different 
initially, but were notably smaller in the lowest subsurface irrigation treatment during the early 
pre-veraison stage of development. All sub-surface treatments showed visual differences in shoot 
growth which will be confirmed by pruning weights taken after the on-set of winter dormancy in 
late 2016.  
Objective 2) First year results gave promise for the use of sub-surface irrigation to sustain grape 
production during water limited years. The level of water needed to meet grower objectives has 
not yet been determined, but companion grants with a collaborator in Oregon will seek to 
determine if grapes grown with less water can increase the quality of grapes needed for producing 
premium red wines that would bring more profit to the grower. A Ph.D. graduate student funded 
through another grant will began a study into the potential savings that could occur from 
reduction of weeds, and a visiting scientist from China will likely began work on economic 
analyses of cost and benefits associated with use of sub-surface irrigation in vineyards. Objective 
3) Remote-sensing images from both ground and aerial platforms is showing promising results 
from preliminary data collected during the 2015 growing season and analyzed over the 2015-2016 
winter months. Missions are being conducted in the Red Mountain vineyard periodically during 
the 2016 growing season to correspond to irrigation schedules and on-plant measurements of 
plant water stress.  
 
e. Reasons why goals and objectives were not met (when applicable): Not applicable. 
 
f. Charts, graphs and/or diagrams:  
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g. Is this a final report?: No. This is a progress report for the first half of the second year of this 

project. 
 
4. a. Potential Significance to Industry: Results of this project could provide options for using sub-

surface irrigation to sustain vineyards in a productive state during periods of less than normal 
water years. It could also lead to methods to better apply deficit irrigation to achieve high quality 
grapes for producing premium wines. Use of remote sensing could provide a valuable method to 
monitor plant water stress on a whole vineyard level for better irrigation scheduling.  
b. Other Funding Sources that you have applied to for this project: A WSDA Specialty Block 
Grant was funded that allows portions of this project to be expanded to other vineyards and 
acquire personnel to assist with this project and other studies that will complement the findings 
and efforts funded by the NCSFR grant. Additional proposals have been submitted to NCSFR and 
to Western SARE that would advance the understanding of how subsurface irrigation could 
contribute to quality of red wine grapes and to understand whether or not own-rooted vines have 
as great a capacity to utilize deep subsurface irrigation as well as vines grafted with rootstocks 
having known ability to grow deeper root systems. 
 
c. 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): No funding has been 
advanced in 2015 from commissions for the project funded by NCSFR which focuses on red wine 
grapes in a vineyard located on Red Mountain. Partial funding has been advanced for a project 
focused on white wine grapes located on Hogue Ranch vineyards near Prosser which is not 
funded by NCSFR. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 

Symposium and Conference Proceedings 
 
Zuniga, C.E., L.R. Khot, P.W. Jacoby, and S. Sankaran. 2016. Remote sensing based water-use efficiency 
evaluation in sub-surface irrigated wine grape vines. Proc. SPIE 9866, Autonomous Air and Ground Sensing 
Systems for Agricultural Optimization and Phenotyping. http://dx.dpi.org/10.1117/12.2228791/. 
 
Jacoby, P.W., R.T Peters, S. Sankaran, and L.R. Khot. 2015. Advancing water use efficiency in vineyards 

with subsurface micro-irrigation. Proceedings: Emerging Technologies for Sustainable Irrigation, Joint 

ASABE/ Irrigation Association Symposium. (full length manuscript with accompanying poster 
presentation). Nov. 10-12, 2015. Long Beach, CA 

 
Extension Publications 
Jacoby, P.W. 2016. Direct root-zone irrigation in vineyards. In: WSU Viticulture and Enology Extension 

News, p. 8, spring ed. http://www.wine.wsu.edu/research-extension. 
Published Abstracts 
Jacoby, P.W., S.H. Sadeghi, J.R. Thompson, Z.B. York, and X.C. Ma. 2016. Influence of direct root-zone 

micro-irrigation on production of Cabernet Sauvignon in the Pacific Northwest. Abstracts, 2016 Nat. 
Conf., Amer. Soc. Enology and Viticulture, June 27-30, Monterey, CA. 
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1. a. Title: Can altering irrigation frequency mitigate yield reduction in deficit-irrigated wine 

grape? 
b. Principal Investigators: Krista Shellie 
c. Cooperators: Michael Qian, Jim Barbour 

2. a. Reporting Period Covered: 2014 and 2015 (years 1 and 2) 
b. ARS Agreement Number (when applicable):  

 
3. Progress Report 

a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
The project was initiated in the 2014 growing season and was repeated during the 2015 growing 
season.  Replicated field plots of Malbec and Syrah grapevines were irrigated to provide 35 or 
70% of their estimated weekly water demand (ETc).  The irrigation amount at fruit set was either 
sustained until fruit maturity (SDI) or altered to the other amount at veraison (RDI).  The 
irrigation amount was calculated weekly and delivered as a single weekly event (1X) or 
apportioned into thirds and delivered as three irrigation events per week (3X). Clusters were 
sampled biweekly from veraison until fruit maturity and used to monitor berry growth and berry 
composition.  Yield per vine and dormant pruning weight were used to calculate water 
productivity and vine balance. Leaf water potential and carbon isotope composition of fruit juice 
at maturity were used to measure vine water status. Grape clusters sampled at fruit maturity in 
2014 and 2015 were provided to Dr. Qian, Oregon State University.   
 
b. Objectives:  
1.  Determine whether increasing irrigation frequency from one to three times per week during 
RDI or SDI increases berry growth without altering desirable changes in berry composition in the 
wine grape cultivars Malbec and Syrah.  
2. Provide grapes to collaborator Dr. Qian, Oregon State University, for analysis of juice and wine 
volatiles. 
 
c. Methods and Materials:  
The research was conducted in two adjacent, experimental vineyards that were planted in 2007 at 
the University of Idaho Parma Research and Extension Center in Parma, ID. The irrigation system 
in each vineyard was equipped to deliver eight different irrigation amounts to replicated plots in a 
randomized block design.  Treatment plots were comprised of three adjacent vine rows with six 
vines per row (18 vines per plot). Data were collected on interior vines located in the center row 
of each plot.     
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
The influence of irrigation event frequency on yield components in year 1 and 2 differed by year, 
irrigation amount and cultivar.  In both years, Malbec vines under sustained deficit at 70% ET had 
a higher ravaz index than vines under regulated deficit at 7035% ET and pruning weight was 
greater under 7035% ET when the water was delivered weekly relative to three times per week.  
In both years, Syrah vines under 70% ET had higher yield and higher pruning weight than vines 
under 35% ET. 
 
e. Reasons why goals and objectives were not met (when applicable): In 2015, vines in all plots 
had extensive cold injury from winter 2014-15. Due to this cold injury, cluster number and yield 
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was significantly lower in 2015 relative to 2014.  The difference in crop load between 2014 and 
2015 confounded irrigation treatment effects, necessitating the need for a third year of treatment 
application. 
 
f. Charts, graphs and/or diagrams:  

SYRAH  2014  2014  2014  2014  2015 2015  2015  2015  

  RAVAZ  clno  YLDKG  PRNWT  RAVAZ clno  Yldkg  PRNWT 

 IRR 0.146  0.213  0.016   0.000   0.162 0.030  0.020  0.006  

 FRE 0.166  0.249  0.273  0.797  0.957 0.799  0.6485  0.809  

 I*R 0.035  0.020  0.021  0.460  0.325 0.364  0.3429  0.875  

35   7.06   47.94   8.33 b 1.21 bc 1.29 11.28 b 1.00 b 0.89 b 

70   5.81   53.56   12.53 a 2.17 a 2.63 29.67 a 3.70 a 1.54 a 

3570   8.86   42.75   7.45 b 0.91 c 1.44 15.58 a 1.50 b 1.16 ab 

7035   6.31   51.25   9.80 b 1.67 ab 2.51 23.03 a 2.64 ab 1.16 ab 

 1 7.53  50.50  9.85  1.48  1.95 20.21  2.28  1.20  

 3 6.49  47.25  9.21  1.51  1.97 19.57  2.14  1.18  

35 1 7.10  47.63  7.47  1.07  1.14 9.81  0.88  0.85  

35 3 7.01  48.25  9.19  1.35  1.43 12.75  1.11  0.93  

70 1 6.05  53.13  12.99  2.14  3.12 33.65  4.26  1.60  

70 3 5.58  54.00  12.06  2.21  2.13 25.69  3.15  1.49  

3570 1 11.40 a 53.00 a 9.39 a 0.88  1.53 16.06  1.50  1.14  

3570 3 6.33 b 32.50 b 5.50 b 0.94  1.34 15.10  1.49  1.19  

7035 1 5.57  48.25  9.53  1.82  2.02 21.31  2.48  1.23  

7035 3 7.04  54.25  10.08  1.53  2.99 24.75  2.81  1.09  

 
MALBEC 2014  2014 2014  2014  2015  2015  2015  2015  

  RAVAZ  CLNO Yldkg  PRNWT  RAVAZ  clno  Yldkg  PRNWT 

 IRR 0.047  0.921 0.133   <.0001   0.002  <.0001  <.0001   0.001  

 FRE 0.709  0.920 0.931  0.137  0.549  0.635  0.6088  0.821  

 I*R 0.352  0.656 0.457  0.2174  0.985  0.474  0.9138  0.068  

35   4.39 a 46.54 4.77   1.12 b 3.06 b 15.00 b 2.59 b 0.89 b 

70   3.63 a 48.83 6.40   1.81 a 4.75 a 29.68 a 5.79 a 1.26 a 

3570   4.71 a 47.32 5.21   1.11 b 3.72 ab 17.48 b 3.50 b 0.96 b 

7035   3.10 b 48.88 5.83   1.94 a 2.52 b 17.78 b 2.96 b 1.20 a 

 1 3.89  48.02 5.57  1.54  3.40  20.38  3.62  1.08  

 3 4.03  47.76 5.53  1.45  3.63  19.59  3.80  1.07  

35 1 4.47  47.75 4.71  1.14  3.04  15.33  2.46  0.82  

35 3 4.32  45.33 4.83  1.11  3.09  14.67  2.71  0.95  

70 1 3.98  50.08 6.91  1.77  4.61  28.10  5.53  1.21  

70 3 3.28  47.58 5.89  1.85  4.89  31.25  6.05  1.31  

3570 1 4.56  48.00 5.40  1.19  3.64  18.21  3.45  0.98  

3570 3 4.86  46.64 5.02  1.04  3.79  16.75  3.55  0.95  

7035 1 2.55  46.25 5.28  2.08 a 2.30  19.85  3.04  1.32 a 

7035 3 3.64  51.50 6.38  1.80 b 2.74  15.71  2.88  1.08 b 
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g. Is this a final report?: No. 
 
4. a. Potential Significance to Industry: Enhanced water productivity for grapevines grown under 

arid conditions. 
 
b. Other Funding Sources that you have applied to for this project: None. 
 
c. 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): 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 

None. 
 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 130 

1. a. Title: Developing nutrient management recommendations for organic blueberry 

production systems 
b. Principal Investigators: Bernadine Strik, Professor, Horticulture, Oregon State University 
c. Cooperators: Amanda Vance, Research Assistant, OSU; Dave Bryla, USDA-ARS, HCRU, 
Corvallis; Dan Sullivan, Assoc. Professor, Crop and Soil Science, OSU 

 
2. a. Reporting Period Covered: 2014-7/2016 

b. ARS Agreement Number (when applicable): na 
 
3. Progress Report 

a. Abstract:  
 

A long-term certified organic blueberry trial was established in Oct. 2006 at OSU’s NWREC 
in Aurora, OR. There are 48 treatments including two planting configurations (flat ground 
and raised beds), four fertilizer treatments (feather meal and fish emulsion, each applied at 
“low” and “high” rates), two cultivars (‘Duke’ and ‘Liberty’) and three mulch treatments 
(sawdust, yard debris compost + sawdust, and weed mat). There are 240 treatment plots. We 
have been collecting yield data from 2008 through 2015 (this reporting year) and have soil 
(Duke only) and tissue nutrient data for all years. Our objectives are to: 1) Determine the 
relationship between soil and plant nutrient level and yield for various production systems; 2) 
Use leaf nutrient concentration data to develop leaf nutrient standards specific to organic 
blueberry production systems; 3) Determine the impact of nutrient management treatments 
on plant nutrient uptake and losses; and 4) Develop recommended soil properties and nutrient 
standards for cultivars grown in organic production systems. Eight years of yield data for 
treatment/plot combinations have been correlated with leaf (all treatments) and soil (Duke 
only) nutrient concentrations. Leaf N has not been correlated with yield in the past, current, 
or following year; leaf N concentration has been below the current sufficiency levels 
(developed for conventional production), despite commercially acceptable yields. Other leaf 
and soil nutrients have been found correlated, positively or negatively, with yield. The proper 
time to sample leaves for plant nutrient status is in the late-July to early-August period when 
nutrients are most stable – sampling time should NOT be adjusted for earlier or later fruiting 
cultivars. Fruit nutrient concentration and percent moisture was affected by cultivar and 
fertilizer source. The work we have done to date in organic production systems along with 
data still to be collected in this study, will provide us with the tools to develop nutrient 
management programs for organic blueberry growers (leaf and soil standards and associated 
fertilizer management recommendations). 

 
b. Objectives:  

1) Determine the relationship between soil and plant nutrient level and yield for various 
production systems.  
2) Use leaf nutrient concentration data to develop leaf nutrient standards specific to organic 
blueberry production systems.  
3) Determine the impact of nutrient management treatments on plant nutrient uptake and 
losses.  
4) Develop recommended soil properties and nutrient standards for cultivars grown in 
organic production systems. 
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c. Methods and Materials: 
 
A long-term trial was established in Oct. 2006 at NWREC in Aurora, OR. The site was certified 
organic in May 2008. There are 48 treatments in the trial arranged in a 2 x 4 x 6 split-split plot 
design with five replicates and includes two planting configurations (flat ground and raised beds) 
as main plots, four fertilizer treatments as subplots (feather meal and fish emulsion, each applied 
initially at “low” and “high” rates of 29 and 57 kg·ha-1 N during the first 2 years of establishment 
and then increased incrementally as the planting matured to 73 and 140 kg·ha-1 N by the seventh 
year, 2013; rates will be maintained for the life of this project), and two cultivars (‘Duke’ and 
‘Liberty’) and three mulch treatments (sawdust, compost + sawdust, and weed mat) as sub-
subplots. Feather meal is being applied at the “low” or “high” rate in March and April of each 
year. Fish emulsion is injected bi-weekly through the drip system at a rate of ≈14 kg·ha-1 N per 
application from early April to late June. Douglas fir sawdust and yard debris compost mulch 
were applied initially at planting and reapplied every 2 years. The yard debris compost was 
produced from woody tree and shrub trimmings collected from urban yard maintenance. On each 
application, beds mulched with sawdust were covered 9-cm deep, while those mulched with 
compost + sawdust were covered with 4 cm of compost followed by 5 cm of sawdust. Black weed 
mat was installed Feb. 2007 and was replaced in Feb. 2011. Weeds have been controlled and 
plants drip irrigated as needed. Yield has been collected from 2008-present by hand-picking.  
 
Leaf tissue samples have been collected annually throughout the study, per standard sampling 
recommendations, and analyzed for nutrient concentration; samples were collected in 3 reps of all 
treatments (144 plots). A subsample of fruit was analyzed for nutrient concentration and percent 
moisture in 2015-16. Soil samples were collected to a depth of 0.3 m each autumn from 2008 – 
present in ‘Duke’ plots only (120 samples/year) and analyzed for extractable nutrients, organic 
matter, NO3- and NH4-N, soil pH and EC.  
 
In 2013-14, we collected data on the effect of leaf sampling time (during the season) on the leaf 
nutrient concentration of six blueberry cultivars (Duke; Liberty; Bluecrop; Legacy; Draper; and 
Aurora) grown in two certified organic production systems with very different yield and soil 
properties: 1) pre-plant amendment (in fall 2006) with yard debris compost and sawdust and then 
mulched with compost + sawdust; and 2) no pre-plant soil amendment and mulched with sawdust 
topped with weedmat. Leaf samples were collected every 2 weeks from late April – early 
October.  
 
In 2015, whole plants of Duke and Liberty were excavated from weed mat, sawdust mulched 
treatments in combination with the high rate of fish and feather meal treatments at early fruit 
growth (May 2015), after fruit harvest (August 2015), and dormant (Dec. 2015). Plants were 
separated into their plant parts, nutrient concentration analyzed and nutrient content (using dry 
weight biomass) calculated.  
 
In addition to using analysis of variance and contrasts to determine the effect of cultivar, mulch 
type and fertilizer source and rate on yield, soil and leaf nutrient levels, soil properties, plant 
growth allocation and nutrient uptake, correlation analysis is being used to determine the 
relationship between yield in the current season with soil and plant tissue levels in the current 
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season, the preceding year, and the following year [this will be done for each of the 7 years we 
have data (including the two years of this project)]. We will determine which nutrients are most 
correlated (positively or negatively) with yield and whether leaf nutrient status is correlated with 
soil nutrient status. 
 
d. Accomplishments / Progress Report:  
 
1) Determine the relationship between soil and plant nutrient level and yield for various 
production systems. 
  
Our results to date are reported here. 
More significant correlations were found between yield and leaf nutrient concentration in ‘Duke’ 
than in ‘Liberty,’ indicating the sensitivity of ‘Duke’ to fertilization practices and growing 
conditions. Some of the strongest relationships found from 2008-2015 in ‘Duke’ were a negative 
correlation between yield and leaf and soil K status (Figure 1) and positive correlations between 
yield and Ca and B status. Interestingly there was little evidence that leaf %N impacted yield in 
either cultivar. Leaf N has been considered deficient (based on current standards) since 2012 for 
both low and high fertilization rates (except the high rate of feather meal in ‘Liberty’ in 2012), yet 
we have achieved commercially acceptable yields. Winter pruning to adjust growth and yield, 
along with fertilizing with appropriate amounts of N in the early- to mid-season seems to allow 
the plant to utilize less N while maintaining good yield. Leaf %N was negatively correlated with 
leaf %Ca, which could be related to excess soil N leaching and the subsequent loss of Ca in soil. 
Another possibility is that leaf %N is higher in leaves on the lateral shoot tips that are being 
sampled whereas Ca is moving to the rapidly growing, vigorous whips which are not 
recommended for sampling.   
 
Negative and positive correlations between yield and leaf %K and %Ca, respectively, were found 
in ‘Duke’ but not in ‘Liberty’. Leaf %K and %Ca were negatively correlated in both cultivars in 
several years. Soil K in plots fertilized with fish emulsion was high and accumulated K may have 
an antagonistic effect on the uptake of Ca (Figure 2), as well as Mg. Leaf K and Mg were also 
negatively correlated, but leaf Mg did not have a strong correlation with yield in either cultivar. 
 
Soil and leaf %P were negatively correlated with yield in ‘Duke’ but the opposite was seen for 
leaf %P and yield in ‘Liberty’ (soil was not sampled in ‘Liberty’). Increased root growth due to 
higher P uptake (and resulting higher leaf P) in ‘Duke’ may have resulted in lower yield due to 
nutrient competition. Higher leaf Mn was also correlated with lower yield, but only in ‘Duke’. 
Past research in this field has shown that ‘Duke’ is more sensitive to changes in pH than ‘Liberty’ 
and yield is reduced when pH is not within the optimum range. When soil pH is lower, leaf Mn 
increases while yield decreases, explaining the negative correlation.  
 
Leaf B had positive correlations with yield in ‘Duke’ but negative correlations in ‘Liberty’. B is 
generally low in Willamette Valley soils and is relatively immobile, requiring regular soil or foliar 
applications to attain good fruit set and berry development. The positive correlation in ‘Duke’ 
shows this relationship, however the negative correlation in ‘Liberty’ suggests that cultivar 
specific sufficiency standards may be required, especially since ‘Liberty’ has generally had lower 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 133 

leaf B over the last 8 years of this study than ‘Duke’ (data not shown) and the range between 
deficiency and toxicity can be quite small. 
 
Leaf Cu was positively correlated with yield in both ‘Duke’ and ‘Liberty’ while there was no 
correlation between soil Cu and yield in ‘Duke’. This may be an important finding as leaf Cu has 
consistently been below current recommended standards, which were developed when the use of 
copper fungicides was a standard practice. The standards may be adjusted downward based on the 
results of our study (objective 3), but further investigation should determine if this is needed. 
  
2) Use leaf nutrient concentration data to develop leaf nutrient standards specific to organic 
blueberry production systems.  
 
A two-year study (2013-2014) that determined differences in tissue nutrient levels across the 
growing season between conventional and organic blueberry fields as well as six cultivars with 
different ripening times was completed. All cultivars should be sampled during the late-July to 
early-August period, despite large differences in fruiting season. Some key differences between 
leaf nutrient concentrations in organic production were found, which suggests that nutrient 
standards for organic blueberry production may need to be revised compared to those published 
for conventional. For example, N and P were consistently lower in the organic system (Table 1) 
even while plants looked healthy and maintained similar yields to conventional plants. This may 
be due to differences in fertilizer uptake and rates of mineralization in the soil. Despite these 
differences, patterns of change in nutrients over the season were similar among cultivars and 
production systems (Figure 3). 
 
3) Determine the impact of nutrient management treatments on plant nutrient uptake and losses.  
 
In 2015, whole plants of Duke and Liberty were excavated from weed mat and sawdust mulched 
treatments in combination with the high rate of fish and feather meal treatments at early fruit 
growth (May 2015), after fruit harvest (August 2015), and during dormancy (Dec. 2015). Plants 
were separated into their plant parts, nutrient concentration analyzed and nutrient content (using 
dry weight biomass) calculated. Data are still being analyzed. 
 
Preliminary results show that fruit grown with high rates of fish fertilizer have higher %K and 
lower %Ca than those grown with feathermeal (Table 2). This could be due to higher levels of Ca 
in feathermeal, or because K is being taken up more readily by plants grown with fish (which also 
has higher K than feathermeal). Higher P in fruit of plants grown with weed mat may be due to 
increased root growth. Moisture content was higher in ‘Duke’ fruit than in ‘Liberty’, but this may 
be because of the hot dry conditions during ‘Liberty’ harvest and the noticeable shrivel on some 
fruit. 
 
4) Develop recommended soil properties and nutrient standards for cultivars grown in organic 
production systems. 
 
Recommendations based on results from the first three objectives will be made at the conclusion 
of the study when a comprehensive analysis can be made.  
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e. Reasons why goals and objectives were not met (when applicable): Not applicable 
 
f. Charts, graphs and/or diagrams:  
Table 1: Effect of year and cultivar on leaf nutrient concentration when grown at a certified organic (North 
Willamette Research and Extension Center, Aurora, Ore.) and a conventional, grower-collaborator (Salem, Ore.) site 
in 2013 and 2014. Leaves were sampled on 30 July in each year. From Strik and Vance (2015) 

Tissue Standards
y

Treatment

Organic site

   Year

     2013 1.73 b
w 0.11 b b 49.0 b

     2014 1.96 a 0.12 a a 54.1 a

   Cultivar

     'Duke' 1.86 0.13 a 0.15 c 0.18 bc 0.51 d 0.56 d 0.124 abc 51.5 bc 24.2 bc 84 c 3.2 c 13.1 a

     'Bluecrop' 1.85 0.11 b 0.19 a 0.21 a 0.58 bc 0.32 bc 0.118 d 51.8 b 22.1 c 158 a 2.8 c 9.4 c

     'Draper' 1.83 0.11 b 0.19 a 0.21 a 0.73 a 0.81 a 0.128 a 51.3 c 30.8 a 115 b 3.7 b 9.9 c

     'Legacy' 1.90 0.11 b 0.17 b 0.19 b 0.63 b 0.66 b 0.125 ab 52.3 a 25.4 b 122 ab 4.8 a 12.1 a

     'Liberty' 1.86 0.11 b 0.16 bc 0.18 c 0.59 bc 0.60 cd 0.121 bcd 51.3 c 22.4 c 130 ab 3.1 c 9.4 c

     'Aurora' 1.79 0.12 a 0.13 d 0.13 d 0.55 cd 0.49 e 0.120 cd 51.3 c 16.6 d 69 c 2.8 c 11.0 b

   Significance
x

     year

     cultivar

     year x cultivar

Conventional site

   Year

     2013 2.00 b 0.13 b 48.7 b 4.5 a

     2014 2.13 a 0.14 a 52.8 a 3.9 b

   Cultivar

     'Duke' 2.03 b 0.131 ab 0.16 c 0.20 c 0.49 a 0.55 b 50.7 abc 55.2 c 147 b 73 b 104 cd 4.7 b 16.1 a 136 b 75 b

     'Bluecrop' 2.03 b 0.118 c 0.26 a 0.26 a 0.50 a 0.61 a 50.6 bc 74.4 a 274 a 115 a 231 a 4.6 b 13.3 b 250 a 107 a

     'Draper' 2.19 a 0.119 c 0.19 b 0.22 b 0.39 c 0.46 c 50.9 ab 67.9 b 108 bc 62 c 225 a 4.0 c 11.2 c 107 b 69 b

     'Legacy' 2.02 b 0.124 bc 0.16 c 0.16 d 0.36 d 0.41 c 51.5 a 33.3 d 61 d 45 d 132 b 5.1 a 15.4 a 45 c 40 c

     'Liberty' 2.08 b 0.127 abc 0.14 c 0.15 d 0.43 b 0.45 c 50.0 c 29.8 de 74 cd 47 d 117 bc 3.2 e 8.8 d 65 c 46 c

     'Aurora' 2.03 b 0.136 a 0.11 d 0.12 e 0.51 a 0.52 b 50.7 abc 25.1 e 64 d 48 d 86 d 3.6 d 11.1 c 57 c 44 c

   Significance
x

     year

     cultivar

     year x cultivar

AlC B Fe Mn Cu ZnN
z P Mg K Ca S

60 to 200 30 to 350 5 to 15 8 to 30 n/a1.76 to 2.0 0.11 to 0.4 0.13 to 0.25 0.41 to 0.7 0.41 to 0.8 0.11 to 0.16 n/a 30 to 80

131 a23.6 141 a 105 3.6 11.10.16 b 0.43 0.60 0.12

2013 2014 2013 2014

b54 b 121 3.2 10.5 580.18 a 0.47 0.62 0.12 23.6

0.42 c 91 96

0.47 b 96 102

0.50 a 94 94

0.52 a 103 90

0.41 cd 103 99

0.39 d 98 86

0.0002<0.0001 ns 0.006 ns ns ns0.0007 0.027 0.009 ns 0.011 ns

ns <0.0001 <0.0001 <0.0001 nsns <0.0001 <0.0001 <0.0001 <0.0001 0.003 <0.0001 <0.0001

nsns ns ns ns ns nsns ns 0.031 ns 0.019 ns

1100.13 0.17 0.45 0.65 b 46.8 121 146 12.2

13.1 640.13 0.18 0.50 0.69 a 48.4 65 153

0.54 d 0.14

2014 2013 20142013 2014 2013 2014 2013

0.64 bc 0.13

0.57 d 0.13

0.69 b 0.14

0.97 a 0.14

0.59 cd 0.14

0.011 ns 0.005 0.0003 0.035 0.022 0.0003

0.0006 0.018 <0.0001 <0.0001 <0.0001 ns 0.021 <0.0001 <0.0001

0.0004 ns 0.002 ns 0.009 ns

<0.0001 <0.0001 0<.0001 <0.0001

ns ns 0.011 0.04 ns ns 0.0004ns ns <0.0001 ns ns ns

Macronutrients (%) Micronutrients (ppm)

 
zN=nitrogen; P=phosphorus; Mg=magnesium; K=potassium; Ca=calcium; S=sulfur; C=carbon; B=boron; Fe=iron; Mn=manganese; Cu=copper; 
Zn=zinc; Al=aluminum. 
yRecommended sufficiency range for blueberry (Hart et al., 2006); no sufficiency levels are available for aluminum (n/a). 
xNon-signficant (“ns”) or actual P value provided when significant by analysis of variance. 
wMeans followed by the same letter within treatment or the interaction are not significantly different (LSMeans) (P > 0.05). 
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Figure 1: Significant correlations (p<0.05, found in 2011, 2012, and 2014) between yield and soil K by mulch 
treatment in ‘Duke’. 

 
Figure 2: Leaf K, Ca, and Mg (%) and soil K (mg/kg) in ‘Duke’ plants fertilized with fish emulsion fertilizer (mean 
of low and high rates). 
 
 
 

;  
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Figure 3: Effect of year and site on the concentration of macronutrients in northern highbush blueberry leaves. Values 
are means of six cultivars grown at each site and amendment–mulch at the organic site. “Organic” = certified, organic 
blueberry site at the North Willamette Research and Extension Center, Aurora, Ore.; “Conventional” = 
conventionally-managed grower collaborator site, Salem, Ore. A = nitrogen; B = phosphorus; C = potassium; D = 
magnesium; E = calcium; F = sulfur. Significance for the interaction of year x site provided when P ≤ 0.05 (*), P ≤ 
0.01 (**), P ≤ 0.001 (***), and P ≤ 0.0001 (****). From Strik and Vance (2015) 
 
Table 2: Nutrient removal from fresh fruit at harvest 

Nutrients removed (lbs/ton of fresh fruit) Nutrients removed (oz/ton of fresh fruit)

N P Mg K Ca S B Fe Mn Cu Zn Al

High Feather 1.65 0.22 0.11 1.68 0.18 0.16 0.04 0.09 0.11 0.01 0.03 0.66

High Fish 1.91 0.22 0.10 1.68 0.13 0.16 0.04 0.09 0.11 0.01 0.03 0.60

Sawdust 1.66 0.21 0.10 1.64 0.17 0.15 0.04 0.09 0.11 0.01 0.03 0.65

WeedMat 1.91 0.22 0.10 1.73 0.14 0.17 0.04 0.09 0.11 0.01 0.03 0.61

Duke 2.04 0.21 0.11 1.57 0.13 0.17 0.04 0.08 0.09 0.01 0.03 0.44

Liberty 1.49 0.23 0.10 1.80 0.19 0.16 0.04 0.10 0.13 0.01 0.02 0.84  
 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry:  
 

The industry currently has a lack of understanding and information on the relationship between 
soil and leaf nutrient levels and yield and how to use soil and leaf tissue testing results to manage 
fertility programs. This project is intended to improve growers’ abilities to manage fertility 
programs in organic blueberry production systems to optimize plant health and yield, and reduce 
risk of negative environmental impact or the adverse economic effects that may be caused by 
fertilizing with an incorrect rate of product or at the wrong time. Significant differences in 
nutritional requirements between cultivars have been found based on our early stages of analysis, 
and growers will be provided with information on recommended leaf and soil standards for 
various cultivars grown in organic production systems. 

 
b. Other Funding Sources that you have applied to for this project:  
 
Washington Blueberry Commission (leaf nutrient sampling in organic AND conventional fields): 
2013-14; 2014-15 
Oregon Blueberry Commission (whole plant nutrient allocation organic blueberry): 2015-16; 
2016-17 
 
c. 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 from the Oregon Blueberry Commission (nutrient allocation in whole plants) and from 
the Washington Blueberry Commission (leaf nutrient sampling) were complimentary to develop a 
bigger picture for nutrient development programs for organic growers 
 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 137 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
 
Strik, B.C. 2015. A review of optimal systems for organic production of blueberry and blackberry for fresh 

and processed markets in the northwestern United States. Scientia Hort. 
(http://www.sciencedirect.com/science/article/pii/S0304423815303186). 

Strik, B.C. and A.J. Vance. 2015. Seasonal variation in leaf nutrient concentration of northern highbush 
blueberry cultivars grown in conventional and organic production systems. HortScience 50:1453-1466. 

Sullivan, D.M., B.C. Strik, and D. Bryla. 2015. Evaluation of alternative mulches for blueberry over five 
production seasons. Acta Hort. 1076:171-178. 
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1. a. Title: Potential Benefits of Humic Acids on Yield and fruit Quality in Highbush Blueberry 
b. Principal Investigators: Luis Valenzuela and David Bryla 
c. Cooperators: Rodney Gomez and Carolyn Scagel 

 
2. a. Reporting Period Covered: FY2015-16 
 
3. Progress Report 
 

a. Abstract:  
Soil fertility is a challenge for many blueberry growers in the region struggling with questions on 
how to maintain and improve productivity throughout the long, 30+ year life of the planting. 
Many blueberry growers in the Pacific Northwest started using humic acids in addition to 
fertilizers in an attempt to increase production in their crop. Humic acids are a group of soil 
organic compounds that are derived from mined leonardite and are used in agriculture as a soil 
conditioner and to increase soil nutrient availability. We recently evaluated humic acids in a new 
planting of blueberry and discovered that a fertilizer program with humic acids produced up to 
75% more plant growth during establishment than conventional fertilizer programs. The objective 
of the current project is to continue this promising work and evaluate the effects of humic acids 
on growth and production in a mature blueberry field. The treatments include two types of 
commercial humic acid blends incorporated into conventional granular fertilizer and drip 
fertigation programs. Each treatment was also applied with and without potassium phosphite for 
root rot control. So far, the effects of the humic acids on growth and production have been limited 
and only include greater soil P and Ca concentrations and lower soil S concentrations. However, 
the treatments were only applied 1 year. The study is on-going and will continue for another 2 
years. The results of the study will help growers and others servicing the needs of the blueberry 
industry in the Pacific Northwest determine if using humic acids is beneficial and an 
economically viable alternative of nutrient management in blueberry. 

 
b. Objectives:  
The objective of the project is to evaluate the effects of humic acids on 1) shoot and root growth, 
2) yield, 3) fruit quality (berry size, firmness, Brix, titratable acidity), 4) leaf nutrient status, 5) 
soil chemical, physical, and biological properties (pH, nutrients, organic matter content, 
infiltration, bulk density, water holding capacity, and soil microbial activity), 6) mycorrhizal 
fungal colonization, and 7) incidence of Phytophthora root rot in a mature planting of highbush 
blueberry. The proposed project is a continuation of a previously funded NCSFR grant in which 
we evaluated fertigation practices for rapid establishment in highbush blueberry. We found that 
application of humic acids resulted in more plant growth than any of the other eleven treatments 
in the study during the first 2 years after planting. The effects of humic acids on root growth were 
particularly profound and resulted in 46% to 75% greater root dry weights than the other 
treatments, including conventional fertigation, granular fertilizers, slow-release fertilizers, and a 
control treatment that lacked humic acids but was fertilized with exactly the same nutrients as the 
humic acid treatment. 
 
c. Methods and Materials:  
The research is being conducted in a mature 0.6-acre field of ‘Bluecrop’ blueberry established in 
Apr. 2006 at the Oregon State University Lewis-Brown Horticulture Research Farm in Corvallis, 
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OR. The plants are grown on raised beds mulched with sawdust and are spaced 2.5 � 10 ft. apart. 
Treatments are arranged in a split-plot design with six replicates. The main plots include a 
combination of two irrigation methods, microsprinklers (to simulate sprinklers) and drip (two 
laterals per row with 0.25-gph pressure-compensating emitters spaced every 18 inches), each with 
and without potassium phosphite product (Resist) for root rot control. The subplots include 1) 
humic acids (22% humic acids + ammonium sulfate fertilizer), 2) humic acids nutrient 
management program (12.5% humic acids + N, P, K, B, and Zn fertilizers), 3) a control for the 
humic acids treatment (ammonium sulfate fertilizer only), and 4) a control for the humic acids 
nutrient management program treatment (N, P, K, B, and Zn fertilizers only). A total of 150 
lbs/acre of N was also applied to each treatment in 2015, using a triple-split application (April, 
May, and June) of granular fertilizer banded on each side of the row in the sprinkler plots and 
weekly fertigation (mid April to late July) with liquid fertilizer through the irrigation system in 
the drip plots. Although the plants were vigorous and showed no symptoms of N deficiency, 
additional N was applied in 2016 to increase leaf N concentration in each treatment. Humic acids 
are applied with a hand sprayer (divided into four equal applications) to the sprinkler plots and by 
fertigation (weekly) to the drip plots. Irrigation is scheduled based on estimates of crop 
evapotranspirtation (ET) obtained from the AgriMet website (http://www.usbr.gov/pn/agrimet/). 

In 2015, shoot growth was assessed by counting the total number of new shoot flushes in 
each plant every month from May to September. To assess root growth, soil cores were collected 
during the two peaks of root growth (late-June and late-August). Two soil cores were collected 
from one plant per plot, one in each side of the bed, and divided into three depths (0-10 cm, 10-20 
cm, and 20-30 cm). Roots are currently being washed from the cores, scanned, and analyzed using 
root imaging software to determine total root length and average root diameter in each sample. 
Ripe fruit was hand-harvested three times and weighed to determine the total marketable yield in 
each treatment plot. A subsample of fruit was counted and weighed to determine average berry 
weight, and then measured for diameter and firmness using a firmness tester. Frozen berry 
samples were analyzed for soluble solids (Brix) using a refractometer and for titratable acidity 
using acid titration method. The ratio of Brix to acidity was calculated to determine the sugar to 
acid ratio in each treatment (a flavor metric). Leaf samples were collected in early-August for 
nutrient analysis, and soil samples were collected in late September for analysis of pH and 
extractable nutrients. Similar measurements are being collected in 2016. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
Humic acids had no effect on shoot growth, yield, or fruit quality during the first year of 
application (Tables 1–3). The results are not surprising, given the maturity of planting and the fact 
that humic acids were only applied just a few months prior to harvest. There was also no 
significant effect of the treatments on leaf nutrient concentrations (Table 4). However, humic 
acids increased soil P and Ca concentrations relative to the control, and decreased soil S 
concentrations (Table 5). Soil Fe concentrations either increased or decreased, depending on the 
humic acid program.   
 
A total of 1152 soil cores have been collected and stored for root analysis. This is a time-
consuming process and will take several more months to complete. 
 
e. Reasons why goals and objectives were not met (when applicable): N/A 
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f. Charts, graphs and/or diagrams:  
 

TABLE 2. Effects of humic acids on yield of ‘Bluecrop’ blueberry following the 
first year after application (2015).  

  
Treatment Total marketable yield (t/ha)z 

Humic acids (22%) 24 a 
Humic acids (22%) + Resist 24 a 
Humic acids (12.5%) + NPKBZn 24 a 
Humic acids (12.5%) + NPKBZn + Resist 20 a 
N fertilizer only 25 a 
N fertilizer only + Resist 22 a 
NPKBZn fertilizers only 25 a 
NPKBZn fertilizers only + Resist 23 a 
zAverage of six replicates. Mean separation in column by Tukey’s multiple range 
test at the 5% level. 
 
TABLE 3. Effects of humic acids on the number of total new shoots produced by ‘Bluecrop’ blueberry 

during the first year of application (2015).  
 New shoots (#/plant)z 

Treatment May June Julyy Aug. Sept. 
Humic acids (22%) 56 a 16 a 9 a 9 a 7 a  
Humic acids (22%) + Resist 61 a 15 a 6 a 6 a 5 a 
Humic acids (12.5%) + NPKBZn 58 a 15 a 5 a 6 a 6 a 
Humic acids (12.5%) + NPKBZn + Resist 67 a 15 a  6 a 7 a 5 a 
N fertilizer only 65 a 17 a 8 a 9 a 6 a 
N fertilizer only + Resist 60 a  15 a 6 a 7 a 6 a 
NPKBZn fertilizers only 64 a 17 a 9 a 9 a 8 a 
NPKBZn fertilizers only + Resist 58 a 15 a 6 a 7 a 8 a 
zAverage of three replicates. Mean separation in column by Tukey’s multiple range test at the 5% level. 
yJuly data were log10 transformed prior to analysis. 
 
 
TABLE 4. Effects of humic acids on fruit quality of ‘Bluecrop’ blueberry 

following the first year after application (2015).  
 
Treatment 

Weight 
(g/berry) 

Firmness 
(g/mm)  

Sugar/acid 
ratio 

Humic acids (22%)  1.8 a 198 a 3.8 a 
Humic acids (22%) + Resist 1.8 a 194 a 3.7 a 
Humic acids (12.5%) + NPKBZn 1.9 a 196 a 3.7 a 
Humic acids (12.5%) + NPKBZn + Resist 1.9 a 195 a 3.6 a 
N fertilizer only 1.7 a 194 a 3.7 a 
N fertilizer only + Resist 1.9 a 199 a 3.7 a 
NPKBZn fertilizers only 1.8 a 202 a 3.7 a 
HANMP control + R 1.8 a 199 a 3.7 a 
zAverage of six replicates. Mean separation in column by Tukey’s multiple 
range test at the 5% level. 
yTotal soluble solids. 
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TABLE 4. Effects of humic acids on leaf nutrient concentrations of ‘Bluecrop’ blueberry following the first year 
application (2015). 

 Leaf macronutrients (%)z  Leaf micronutrients (ppm)z 

Treatmentz N P K Ca Mg S   Fe B Cu Mn Zn 
Humic acids (22%) 1.5 0.09 0.29 0.76 0.32 0.12  147 27 0.3 22 0.3 
Humic acids (22%) + Resist 1.5 0.09 0.30 0.80 0.32 0.12  149 29 0.3 22 0.3 
Humic acids (12.5%) + NPKBZn 1.5 0.09 0.30 0.75 0.31 0.11  131 29 0.3 22 0.3 
Humic acids (12.5%) + NPKBZn + Resist 1.5 0.09 0.31 0.74 0.31 0.12  151 26 0.3 22 0.3 
N fertilizer only 1.5 0.10 0.31 0.72 0.31 0.11  146 27 0.3 22 0.3 
N fertilizer only + Resist 1.5 0.09 0.30 0.72 0.33 0.12  158 32 0.3 22 0.3 
NPKBZn fertilizers only 1.5 0.10 0.33 0.82 0.32 0.12  145 29 0.3 22 0.3 
HANMP control + R 1.5 0.09 0.33 0.82 0.32 0.11   155 28 0.3 22 0.3 
zAverage of six replicates. Mean separation in column by Tukey’s multiple range test at the 5% level; none of the values 
are significantly different. 
 
 
 
TABLE 5. Effects of humic acid treatments on soil cation exchnage capacity (CEC), pH, organic matter (OM), and 

nutrients in planting of ‘Bluecrop’ blueberry following the first year application (2015). 

HA 23 ab 5.5 2.8 4.0 0.8 b 33.25 bc 138.9 1731 c 580 23.3 abc

HA + R 21 cd 5.9 3.0 4.9 1.1 b 29.41 c 146.3 1883 ab 594 21.1 bc

HANMP 21 cd 5.7 3.0 8.7 1.4 b 45.25 a 151.7 1739 c 589 20.3 bc

HANMP+R 20 cd 6.0 2.8 5.5 1.7 b 37.16 b 189.8 1943 a 603 16.5 c

HA control 23 a 5.5 2.8 5.3 1.3 b 33.75 bc 134.3 1730 c 590 29.3 ab

HA control + R 21 bc 5.8 3.3 5.0 1.1 b 29.16 c 141.3 1951 a 618 33.8 a

HANMP control 20 d 5.9 2.8 4.2 1.0 b 36.91 b 143.0 1812 bc 586 19.0 bc

HANMP control + R 21 cd 5.7 2.9 4.9 4.8 a 39.08 ab 153.1 1815 bc 573 18.6 bc

Significance 0.0069 NS NS NS 0.0028 0.0056 NS 0.0295 NS 0.0056

HA 379 a 0.3 4.9 c 36.0 3.2 1060 ab

HA + R 337 cd 0.3 5.6 a 36.0 3.9 1014 cde

HANMP 358 b 0.3 5.0 bc 33.7 6.2 1038 bc

HANMP+R 335 d 0.3 5.3 abc 37.1 4.7 1007 de

HA control 360 b 0.3 5.1 bc 33.0 3.4 1073 a

HA control + R 338 cd 0.3 5.4 ab 37.5 4.7 994 e

HANMP control 354 bc 0.3 5.2 bc 36.5 4.0 1005 de

HANMP control + R 370 ab 0.3 5.2 bc 40.0 4.4 1028 cd

Significance 0.0129 NS 0.0265 NS NS 0.0181

Cu (mg/kg)
Mn 

(mg/kg)
Zn (mg/kg)

Micronutrients2

NH4 

(ppm)
NO3 (ppm)OM (%)pH

Treatment1 Fe (mg/kg)
B 

(mg/kg)
Al (mg/kg)

Macronutrients2

K (mg/kg)
Mg 

(mg/kg)
Ca (mg/kg)

CEC  
(meq/100 g)

S (ppm)P (mg/kg)Treatment1

 
1‘Treatments labels are as follows: HA, humic acids only; HA+R, humic acids and Resist; HANMP, humic acids nutrient management 
program; HANMP+R, humic acids nutrient management program and Resist; HA control, control for humic acids; HA control + R, 
control for humic acids and resist; HANMP control, control for humic acids nutrient management program; HANMP control +R, 
control for humic acids nutrient management program and resist. Resist is a trademark product by Actagro. 
2‘Average of twelve replicates. Mean separation in column by Tukey’s multiple range test at the 5% level. None of the values are 
significantly different. 

 
g. Is this a final report?: No  
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4. a. Potential Significance to Industry: The study was designed to identify potential benefits of 
humic acids on mature blueberry plantings. This results will help blueberry growers in the region 
making decisions on the use of soil supplements and alternative fertilizers.  

 
b. Other Funding Sources that you have applied to for this project: None  
 
c. 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): 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 
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1. a. Title: Small Fruit Breeding for the PNW at Washington State University Puyallup 
b. Principal Investigators:  Patrick P. Moore and Wendy Hoashi-Erhardt 
c. Cooperators: Chad Finn; Robert R. Martin 

 
2. a. Reporting Period Covered: 2015-2016 

b. ARS Agreement Number  
 
3. Progress Report 

a. Abstract  
This project will develop new red raspberry cultivars adapted to the PNW that are machine 
harvestable and suitable for processing.  Important traits like resistance to raspberry bushy dwarf 
virus (RBDV) and tolerance to root rot are also being pursued for new raspberry cultivars.  The 
project will also develop new strawberry cultivars adapted to the PNW and that have higher picking 
efficiency than current industry standards.  Additional aims for new strawberry cultivars are fruit 
firmness and disease resistance.   
 
Raspberry Breeding 
Once raspberry seedlings are selected, they are then planted in small plots with a cooperating grower 
and evaluated for machine harvestability.  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.  Selections possessing several promising 
traits are propagated into quantities suitable for grower trials.  In 2016, a new machine harvesting 
planting was established with 77 WSU selections, the cultivars ‘Cascade Harvest’, ‘Meeker’, 
‘Willamette’ and BC and ORUS raspberry selections. This planting will be machine harvested and 
evaluated in 2018 and 2019.  The 2013 machine harvesting planting is currently being evaluated for 
the second season and the 2014 planting evaluated for the first time in 2016.  Promising selections in 
each planting will be identified and propagated for further testing.  So far in 2016, 28 preliminary 
selections have been made among the raspberry seedlings planted at WSU Puyallup in 2014.  
Additional observations of root rot susceptibility/resistance among advanced selections have led to 
the identification of some selections that are machine harvestable and root rot resistant.   
 
Strawberry Breeding 
Ongoing strawberry breeding work is focusing on parents with large fruit size, firm fruit and high 
productivity.  Thirty selections were made in 2016 among the strawberry seedlings planted in 2015.  
These selections will be propagated for planting in yield plots in 2017.  The selection trials planted 
in 2014 and 2015 were harvested in 2016.  Selections with promise will be propagated and planted in 
a new selection trial for additional evaluation.   
 
b. 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. 
 

c. Methods and Materials:  
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Raspberry Cultivar Development 
Traditional plant breeding methods will be used, with crosses made each year, seedlings planted and 
selections made among the seedlings two 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. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
Raspberry  
In 2016, 77 raspberry crosses were made for cultivar development, with an emphasis on parents that 
are machine harvestable and root rot resistant.  Seedlings from 2014 crosses were planted in the field 
at WSU Puyallup.  Fifty-one preliminary selections have been made among the raspberry seedlings 
planted in 2015.  A new machine harvesting planting to evaluate machine-harvestability of raspberry 
selections was established in 2015 with a cooperating grower with 35 WSU selections, 18 BC 
selections and ‘Cascade Harvest’, ‘Meeker’ and ‘Willamette’ for as standards for comparison. This 
planting will be machine harvested in 2016 and 2017.  The machine harvesting plantings established 
in 2013 and 2014 will be evaluated weekly during the 2016 season.  A replicated planting was 
established at WSU Puyallup of 4 WSU selections and raspberry cultivars, which will be evaluated 
for the first time in 2017. Replicated root rot evaluation plots at WSU Puyallup are planted in each 
year.  These evaluations will provide information on field tolerance to severe levels of root rot.  
Grower trials were established with cooperating growers in 2012 with three WSU selections and in 
2014 with four WSU selections.  Evaluation of these plantings is continuing.  
 
Strawberry 
In 2016, 45 strawberry crosses were made and seedlings from these crosses will be planted in 2017.  
Seedlings from the 2015 crosses were planted in the field at WSU Puyallup.  Thirty strawberry 
selections were made in 2016 among the 4,000 strawberry seedlings planted in 2015.  A planting 
was established in 2016 with WSU selections and standard cultivars for comparison.  The plantings 
established in 2014 and 2015 were harvested in 2016, but data has not be analyzed yet. Selections 
with promise will be propagated and planted in a new selection trial for additional evaluation. 
 
This is an ongoing project  
 
4. a. 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 
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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. 
 
b. 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. 
 
2015-16 Total raspberry and strawberry funding  $189,672 
Northwest Center for Small Fruit Research Plant Improvement Initiative (2015-2016) 17.9%  
Northwest Center for Small Fruit Research – Improving Root Rot Resistance (2015-2016) 18.0% 
WSDA - Strawberry Pre-Breeding for Repeat Flowering (2014-2017) 16.9% 
Washington Red Raspberry Commission (2016-2017) 33.2% 
Washington Strawberry Commission (2016-2017) 10.0% 
Oregon Strawberry Commission (2016-2017) 2.4% 
Oregon Raspberry and Blackberry Commission (2016-2017) 2.4% 
 
5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 

a result of the funding you received from NCSFR including peer, extension, and other 
publications. 

 
Lanning, K.K., P.P. Moore, K.E. Keller, R.R. Martin. 2016. First report of a resistance-breaking 
strain of Raspberry bushy dwarf virus in red raspberry (Rubus idaeus) in North America. Plant 
Disease 100:868. 

 
Moore, P.P. and W.K. Hoashi-Erhardt. 2016. Raspberry Breeding for the Pacific Northwest.  Acta. 
Horticulturae 1133: 45-48. 
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1. a. Title: Evaluation of small fruit germplasm at the North Willamette Research & Extension 

Center, Oregon State University 
 

b. Principal Investigators: Bernadine C. Strik and Chad E. Finn 
c. Cooperators:  

 
2. a. Reporting Period Covered: 8/2015-7/2016 

b. ARS Agreement Number: 58-5358-0-315 
 
3. Progress Report 

a. Abstract:  
 

All aspects of a breeding program are being conducted including parental selection, crossing, 
selection and testing for strawberry, blackberry, raspberry and blueberry. Recently in this 
project, 11 new strawberry cultivars (Independence, Firecracker, Tillamook, Pinnacle, Valley 
Red, Sweet Bliss, Puget Crimson, Puget Summer, Stolo, Sweet Sunrise, and Charm), six 
genetically thornless blackberries (Black Diamond, Black Pearl, Nightfall, Wild Treasure, 
Columbia Giant and Columbia Star), seven trailing blackberries, especially suited to the fresh 
market (Siskiyou, Black Butte, Obsidian, Metolius, Newberry and Onyx), two thorny erect 
primocane fruiting blackberries (Prime-Jan, Prime-Jim), three primocane-fruiting raspberries 
(Chinook, Vintage, Kokanee), six summer-bearing red raspberries (Coho, Lewis, Esquimalt, 
Cascade Bounty, Cascade Harvest, and Saanich), and four blueberries (Baby Blues, Chandler, 
Pink Lemonade, and Perpetua) have been developed and released. ‘Perpetua’ blueberry and 
‘Sweet Sunrise’ and ‘Charm’ strawberries were released in 2012 and are beginning to be 
widely planted. ORUS 3447-2, a very large thornless blackberry was released in 2015 and this 
year, ORUS 2427-4 strawberry and ORUS 3448-2 (‘Columbia Sunrise’) thornless, very early 
ripening blackberry were released; the names of these will be available soon. Several of these 
recently released cultivars have been tremendous successes and have become widely planted 
especially ‘Black Diamond’, ‘Columbia Star’ and ‘Obsidian’ blackberries and ‘Tillamook’ 
strawberry. While the strawberry cultivars will be grown primarily in the PNW, the raspberry, 
blackberry, and blueberry cultivars are grown in many other production regions in North 
America and the world.  Appropriate cultural practices for optimum yield and quality of 
advanced selections and new cultivars have been researched and established. A new trial to 
develop best pruning practices for ‘Baby Blues’ for machine harvest (processed market) was 
established in Oct. 2015. The mean estimated impact of recently released cultivars released 
since 2001 in this program was about $28 million for the PNW including fruit sales and plant 
nursery sales. This annual impact increases to $55 million when including cultivars we co-
developed with other breeding programs and to $72 million when including all cultivars 
released from this cooperative program (including those prior to Finn and Strik). 

 
b. Objectives:  
• To develop small fruit cultivars that meet the needs of the Northwest commercial small fruit 

industry 
• Cooperate with other plant breeders in the Pacific Northwest in testing and developing 

commercially acceptable berry crop cultivars 
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• 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. 

• Evaluate machine harvest efficiency/adaptability of various caneberry and blueberry 
genotypes at NWREC 

• Coordinate planting, harvest, and processor evaluation of advanced selections at grower 
cooperator sites; collect and analyze data and grower evaluation at these sites 

 
Historically this cooperative agreement has focused on raspberry, blackberry, and strawberry 
germplasm with the following specific traits of interest: 
 
� Blackberry: thornless, machine harvestable, fruit quality comparable to ‘Marion’ for 

processing; extended harvest season, excellent flavor, and shipping quality for fresh market. 
� 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 are attractive, have great flavor, and ship well, and plants that are 
productive with good disease and insect resistance. 

� Black raspberry: fruit quality comparable to ‘Munger’, suited to machine harvest, and 
improved planting longevity than ‘Munger’. 

� 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. 

 
c. 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.  
 
Trials to evaluate optimal production systems are often established with specific objectives (e.g. 
‘Baby Blues’ pruning for machine harvest trial).  
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
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In 2015, ~4000 Rubus seedlings were evaluated. We made 63 blackberry crosses, planted about 
2,700 seedlings and made 47 selections (25 trailing, 12 erect/semi-erect, and 10 primocane 
fruiters). In raspberry we made 17 floricane and 10 primocane crosses and selected 35 floricane 
and 19 primocane red raspberry genotypes. In black raspberry made 25 crosses and selected 8 
floricane and 2 primocane fruiting genotypes. 
 
In blackberry, the USDA-ARS/OSU Cooperative breeding program applied for a patent on 
‘Columbia Giant’ in 2015.  ‘Columbia Star’ is the most exciting blackberry for processing we 
have seen since ‘Black Diamond’ as in addition to being high yielding and thornless, it has 
outstanding fruit quality. In 2014-2015 it sold nearly as many plants as the new standard ‘Black 
Diamond’ and many, many more than the old standard ‘Marion’. In addition, several advanced 
selections are being propagated for grower trial including ORUS 3453-2, one of the sweetest 
berries we have seen, and the new release ‘Columbia Sunrise’ (ORUS 3448-2) one of the earliest, 
thornless selections we have seen. Primocane-fruiting blackberries continue to be evaluated for 
suitability for the PNW for late-season fresh market fruit. In red raspberry, ‘Vintage’ received a 
patent and a patent was applied for ‘Kokanee’ (ORUS 4090-1). The co-released ‘Cascade 
Harvest’ is being widely planted for evaluation. Cultivars have been released relatively recently 
six genetically thornless blackberries (Black Diamond, Black Pearl, Nightfall, Wild Treasure, 
Columbia Star, Columbia Giant), seven trailing blackberries, especially suited to the fresh market 
(Siskiyou, Black Butte, Obsidian, Metolius, Newberry and Onyx), two thorny erect primocane 
fruiting blackberries (Prime-Jan, Prime-Jim), three primocane-fruiting raspberries (Chinook, 
Vintage, and Kokanee), seven summer-bearing red raspberries (Coho, Lewis, Esquimalt, Cascade 
Bounty, Cascade Harvest, Cascade Gold, and Saanich),  These have to varying extents impacted 
commercial production with a few of these becoming industry leaders.   
  
In strawberry in 2015, forty-one crosses (30 short day and 11 day-neutral) were attempted and 
~4,000 seedlings from 2014 crosses were planted. In 2015, we made 39 selections and almost all 
were short day. We planted a separate day-neutral seedling field with over 1220 seedlings. These 
were screened for the day-neutrality trait using molecular makers and we are evaluating this trait 
in 2016. In 2008, four 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 2012 for evaluation. ‘Valley Red’, a new processing cultivar, 
was released in 2009 and ‘Sweet Bliss’ and, in collaboration with Washington State University, 
‘Puget Crimson’ was released in 2012. ‘Sweet Sunrise’ and ‘Charm’ received patents with the 
hope that these are the ‘Hood’/’Totem’ replacements. ‘Tillamook’ strawberry is estimated to 
account for nearly 50% 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 2015, approximately 3,300 seedlings were planted late this summer. In 2015, we 
made 53 crosses and 35 selections that were mostly northern highbush. We received a patent for 
‘Perpetua’ and filed one for ‘Baby Blues’. Five selections of highbush and rabbiteye blueberry 
have been identified for grower trial and ORUS 235-3 was planted into trial this past dormant 
season. They are being cleaned up of viruses for propagation. The newer blueberry cultivars from 
Michigan State University (i.e., Draper, Liberty, and Aurora, and ‘Calypso’) are being widely 
planted in the Pacific Northwest in large part due to their initial testing in our trials.  
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In Oct. 2015, a new trial of ‘Baby Blues’ was established with the goals of evaluating various 
pruning methods in a production system designed for machine harvest only. 
 
e. Reasons why goals and objectives were not met: Goals met 
f. Charts, graphs and/or diagrams: Not applicable 
g. Is this a final report?:  This is not a final report 

 
4. a. 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 as outlined in impact.  Production systems have been developed that improve 
economic returns for growers. 

 
b. 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. The North American Raspberry and Blackberry Growers Association has given support to 
our black raspberry efforts. 
 
c. 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): 
 
The commissions in Washington and Oregon provide complementary and not duplicative support. 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including  peer, extension, and other 
publications. 
 
Bassil, N., C. E. Finn, J. R. Clark, C. Peace, and A. Iezzoni. 2016. Development of a multiplexed 

fingerprinting set in blackberry. Acta Hort. 1133:89-96. 
Castro, P., J.M. Bushakra, P. Stewart, C.K. Weebadde, D. Wang, J.F. Hancock, C.E. Finn, J.J. 

Luby, and K.S. Lewers. 2015. Genetic mapping of day-neutrality in cultivated strawberry. 
Mol. Breed. 35:79 (DOI 10.1007/s11032-015-0250-4). 

Dixon, E.K., B.C. Strik, and D.R. Bryla. 2016. Weed management, training, and irrigation 
practices for organic production of trailing blackberry: III. Accumulation and removal of 
aboveground biomass, carbon, and nutrients. HortScience51:51-66. 

Dixon, E.K., B.C. Strik, and D.R. Bryla. 2016. Weed management, training, and irrigation 
practices for organic production of trailing blackberry: II. Soil and aboveground plant nutrient 
concentrations. HortScience 51:36-50. 



Proceedings of the Northwest Center for Small Fruits Research, Volume 23, 2016 Page 150 

Fernandez-Salvador, J., B.C. Strik, Y. Zhao, and C.E. Finn. 2015. Trailing blackberry genotypes 
differ in yield and post-harvest fruit quality during establishment in an organic production 
system. HortScience 50:240-246. 

Finn, C.E., B.C. Strik, T.A. Mackey, K.E. Hummer, and R.R. Martin. 2015. ‘Perpetua’ 
ornamental reflowering blueberry. HortScience 50:1828-1829. 

Hancock, J.F., P.W. Callow, M.M. Mathey, T. Mackey, K. Gündüz, S. Mookerjee, L. Cai1, N. 
Salinas, N.V. Bassil, K.E. Hummer and C.E. Finn. 2015. Phenotypic variability in a panel of 
strawberry cultivars from North America and the European Union. J. Am. Pom. Soc. 69:85-
101. 

Hancock, J.F., S.S. Sooriyapathirana, N.V. Bassil, T. Stegmeir, L. Cai, C.E. Finn, E. Van de Weg 
and C.K. Weebadde. 2016. Public availability of a genotyped, segregating population may 
foster marker assisted breeding (MAB) and quantitative trait loci (QTL) discovery: An 
example using strawberry. Front. Plant Sci. 7:619. doi: 10.3389/fpls.2016.00619. 

Moore, P.P, W. Hoashi-Erhardt, C.E. Finn, R.R. Martin, and M. Dossett. 2015. ‘Cascade Harvest’ 
red raspberry. HortScience 50:624-627. 

Sooriyapathirana, S., S. Mookerjee, C.K. Weebadde, C.E. Finn, K. Lewers, J.M. Bushakra, J.J. 
Luby, P. Stewart, and J.F. Hancock. 2015. Identification of QTL associated with flower and 
runner production in octoploid strawberry (Fragaria ×ananassa). J. Berry Res. 5:107-116. 

Strik, B.C. 2015. Seasonal variation in mineral nutrient content of primocane-fruiting blackberry 
leaves. HortScience 50:540-545. 

Strik, B.C. and A.J. Vance. 2015. Seasonal variation in leaf nutrient concentration of northern 
highbush blueberry cultivars grown in conventional and organic production systems. 
HortScience 50:1453-1466. 

Strik, B.C. Strik, B.C. 2015. A review of optimal systems for organic production of blueberry and 
blackberry for fresh and processed markets in the northwestern United States. Scientia Hort. 
(http://www.sciencedirect.com/science/article/pii/S0304423815303186).  
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1. a. Title:  Quality Evaluation of Berry Selections and Varieties 
b. Principal Investigators:  Brian Yorgey 
c. Cooperators:  Chad Finn, Pat Moore, Michael Dossett 

 
2. a. Reporting Period Covered:  July 1, 2015, through June 30, 2016 

b. ARS Agreement Number (when applicable): 5358-21000-036-23S 
 
3. Progress Report 
a. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  
 
Our part in this group effort to bring new berry varieties to the growers, processors and consumers of 
the Northwest is focused on fruit quality evaluation of standard cultivars and new breeding 
selections.   Berries from the breeding plots at the North Willamette Research and Extension Center 
were picked weekly from late May through early September, 2014, and brought to the OSU Food 
Science Department in Corvallis for processing and evaluation.  Basic chemical data were collected 
on strawberries, blackberries, red raspberries, black raspberries, and blueberries for multiple harvest 
dates throughout this period.  Samples were frozen and displayed to industry representatives and 
researchers during the fall, winter and early spring.  This information will be used with field data to 
select the berries which will be included in further breeding trials. 
 

b. 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. Cover strawberries, blackberries, red raspberries, black raspberries, blueberries, and other 
berries of interest. 
4. Prepare summary of all data in report format for use by breeders and industry members 
 
c. Methods and Materials:  
Berries for this project came mainly from plots at the North Willamette Research and Extension 
Center but also from other research fields in Corvallis or Washington or from grower fields. 
Selections and cultivars were sampled throughout their harvest periods to track variations in fruit 
quality over time.  New selections were processed and analyzed from one to three times.  
Advanced selections were sampled weekly. 
Samples were brought to the Food Science Pilot Plant at the end of the picking day.  Samples 
were washed (when appropriate), sorted, and sampled for chemistry.  Samples for quality 
evaluation were frozen in the Food Science department freezers and stored at  -10 °F. Basic 
chemical data relating to processing quality were determined (°brix, pH, TA).  Samples were 
displayed at the OSC, ORBC, and OBC Research Days, at the NCSFR Research meeting and at 
other appropriate venues.  Taste evaluations were conducted with researchers and industry 
representatives whenever useful data could be obtained to further the selection process. 
 
d. Accomplishments / Progress Report (comparison of results with original goals):  
During the 2015 season the following numbers of samples were processed and analyzed: 
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strawberries – 10 processing cultivars and 12 ORUS processing selections, 4 cultivars and 5 
selections processed into sugared and sliced pack 

blackberries – 6 processing cultivars, 21 ORUS processing selections, 9 fresh market 
cultivars, 17 ORUS fresh market selections, 1 NZ fresh market selection 

red raspberries – 3 processing cultivars, 13 ORUS processing selections, 8 WSU processing 
selections, 1 BC processing selection, 3 primocane/fall fruiting cultivars, 11 ORUS 
primocane/fall fruiting selections, 2 NY primocane/fall fruiting selections 

black raspberries – 1 cultivar, 29 ORUS selections, 1 primocane cultivar, 2 ORUS primocane 
selections 

blueberries – 16 cultivars, 48 ORUS 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 Blueberry Commission annual meeting in Portand 
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 

 
 Chemistry data tables are included below.  For each berry type (strawberries, blackberries, red 
raspberries, black raspberries, blueberries) there are two tables.  The first shows °brix, pH, and TA 
for each cultivar and selection at each harvest date.  The second shows overall values for the 
harvest period which have been calculated based on the amount harvested on each harvest date. 
 
e. Reasons why goals and objectives were not met (when applicable):  
f. Charts, graphs and/or diagrams:  Attached.  NOTE: Excel file has multiple sheets. 
g. Is this a final report?:  for 2015/2016 

 
4. a. Potential Significance to Industry:  

b. Other Funding Sources that you have applied to for this project: Oregon Strawberry 
Commission, Oregon Raspberry and Blackberry Commission, Oregon Blueberry Commission 
c. 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 is 
complementary – without funding from each it would be extremely difficult to carry out the 
research. 
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Table 1: 2015 Strawberry Chemistry - by Harvest Date 

      

Variety/Selection Field Harvest °brix pH 

TA 

(g citric/kg) 

Benton 1 year 6/2 8.86 3.46 8.64 

Charm 1 year 5/26 7.81 3.40 9.31 

   6/2 7.48 3.29 9.36 

 2 year 5/26 7.10 3.29 9.01 

    6/2 7.24 3.35 8.72 

Hood 1 year 6/2 9.41 3.48 7.59 

Puget Crimson 1 year 6/2 8.57 3.36 9.29 

    6/9 9.14 3.48 9.59 

Rubicon 1 year 5/26 9.06 3.22 12.69 

    6/2 8.97 3.27 12.11 

Shuksan 1 year 6/2 8.19 3.33 10.13 

Sweet Sunrise 1 year 5/19 9.29 3.59 6.95 

  5/26 8.19 3.53 6.91 

   6/2 8.84 3.61 6.44 

 2 year 5/19 7.72 3.50 7.04 

  5/26 7.70 3.38 7.46 

    6/2 8.14 3.44 7.22 

Tillamook 1 year 5/19 7.05 3.28 10.12 

    6/2 7.86 3.33 10.33 

Totem 1 year 5/26 8.38 3.39 9.83 

   6/2 8.30 3.40 8.39 

  2 year 6/2 7.67 3.49 8.57 

ORUS 2427-1 1 year 6/2 8.59 3.27 9.32 

   6/9 9.07 3.50 9.36 

 2 year 6/2 8.57 3.41 8.56 

    6/9 8.93 3.38 9.95 

ORUS 2427-4 1 year 6/2 6.98 3.40 7.67 

    6/9 8.10 3.40 8.69 

ORUS 2481-1 2 year 6/2 7.63 3.38 7.54 

ORUS 2486-1 1 year 5/19 8.41 3.38 8.95 

    6/2 8.21 3.33 8.51 

ORUS 2676-1 1 year 6/2 7.46 3.28 9.35 

ORUS 2678-1 1 year 6/9 10.51 3.48 8.71 

 2 year 6/9 10.08 3.44 10.03 

    6/16 9.71 3.61 7.80 

ORUS 2684-1 1 year 6/2 8.15 3.37 9.89 

  6/9 9.28 3.37 11.82 

   6/16 9.87 3.49 10.91 

  2 year 6/16 10.70 3.48 11.02 

ORUS 2780-1 1 year 5/26 7.77 3.26 9.51 

   6/2 7.65 3.23 9.46 

 2 year 5/26 8.45 3.27 10.37 

    6/9 10.19 3.28 12.30 

ORUS 2780-4 2 year 5/26 9.10 3.27 10.24 
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    6/2 8.82 3.25 10.52 

ORUS 2981-1 1 year 6/2 7.27 3.51 7.95 

ORUS 3196-3 2 year 5/19 7.26 3.37 8.30 

  5/26 7.68 3.37 9.24 

    6/2 8.42 3.39 8.32 

ORUS 3413-1 1 year 5/26 7.80 3.45 9.21 
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Table 2: 2015 Strawberry Chemistry - Weighted Means 

     

Variety/Selection Field wt'd °brix Wt'd pH 

Wt'd TA 

(g citric/L) 

Benton 1 yr 8.86 3.46 8.64 

Charm 1 yr 7.52 3.30 9.35 

  2 yr 7.21 3.33 8.78 

Hood 1 yr 9.41 3.48 7.59 

Puget Crimson 1 yr 8.76 3.40 9.39 

Rubicon 1 yr 9.01 3.25 12.39 

Shuksan 1 yr 8.19 3.33 10.13 

Sweet Sunrise 1 yr 8.61 3.57 6.72 

  2 yr 7.85 3.43 7.26 

Tillamook 1 yr 7.86 3.33 10.33 

Totem 1 yr 8.32 3.40 8.76 

  2 yr 7.67 3.49 8.57 

ORUS 2427-1 1 yr 8.82 3.38 9.34 

  2 yr 8.57 3.41 8.56 

ORUS 2427-4 1 yr 7.70 3.40 8.33 

ORUS 2481-1 2 yr 7.63 3.38 7.54 

ORUS 2486-1 1 yr 8.21 3.33 8.51 

ORUS 2676-1 1 yr 7.46 3.28 9.35 

ORUS 2678-1 1 yr 10.51 3.48 8.71 

  2 yr 9.85 3.55 8.62 

ORUS 2684-1 1 yr 9.61 3.43 11.31 

  2 yr 10.70 3.48 11.02 

ORUS 2780-1 1 yr 7.70 3.24 9.48 

  2 yr 9.23 3.27 11.23 

ORUS 2780-4 2 yr 8.85 3.25 10.49 

ORUS 2981-1 1 yr 7.27 3.51 7.95 

ORUS 3196-3 2 yr 7.77 3.37 8.60 

ORUS 3413-1 1 yr 7.80 3.45 9.21 
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Table 3: 2015 Blackberry Chemistry - by Harvest Date 
      

Variety/Selection Field Year Harvest Date °brix pH 

TA 

(g 

citric/kg) 

Black Diamond 2011 6/23/15 13.35 3.24 13.06 

   6/30/15 13.16 3.41 11.21 

 2012 6/16/15 12.85 3.31 12.73 

   6/30/15 12.77 3.43 10.78 

 2013 6/16/15 13.91 3.33 12.15 

  6/23/15 13.00 3.35 11.17 

    6/30/15 13.07 3.43 10.47 

Chester 

Thornless 2011 8/4/2015 14.75 3.32 9.00 

   8/18/2015 14.53 3.35 10.42 

 2012 7/14/15 14.23 3.25 9.97 

   8/4/2015 12.98 3.20 11.33 

 2013 7/14/15 13.44 3.49 10.67 

    7/21/15 12.56 3.25 13.27 

Columbia Giant 2011 6/16/15 11.21 3.01 24.27 

  6/23/15 11.72 3.09 17.95 

  6/30/15 12.84 3.11 16.86 

    7/7/15 14.32 3.34 15.77 

Columbia Star 2013 6/16/15 13.47 3.08 16.23 

  6/23/15 13.01 3.15 13.12 

    6/30/15 15.73 3.28 13.78 

Marion 2011 6/23/15 14.19 2.99 17.63 

   6/30/15 14.21 3.16 15.29 

 2012 6/30/15 14.60 3.38 12.16 

 2013 6/23/15 15.02 3.16 15.56 

    6/30/15 14.59 3.19 13.91 

Metolius demo 6/16/15 11.53 3.55 11.37 

Navaho 2011 7/7/15 15.30 3.33 10.99 

    7/14/15 15.50 3.47 8.55 

Obsidian  demo 6/16/15 10.86 3.29 13.25 

Osage 2012 7/7/15 12.34 3.95 6.51 

    7/14/15 11.73 3.60 8.59 

Prime Ark 

Traveler 2012 8/18/2015 13.99 3.51 7.32 

    (APF 190)   8/25/2015 14.89 3.65 5.93 

Triple Crown 2013 7/14/15 15.66 3.54 7.98 
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    7/21/15 14.73 3.35 11.99 

Von 2013 7/14/15 13.27 3.68 6.32 

ORUS 1793-1 Demo 6/16/15 10.31 3.16 15.59 

ORUS 2707-1 2013 6/16/15 11.48 3.22 12.86 

  6/23/15 11.05 3.26 10.06 

    6/30/15 11.31 3.28 12.36 

ORUS 2785-2 demo 6/16/15 13.41 3.12 24.50 

ORUS 2816-4 2013 7/7/15 15.83 3.45 9.77 

    7/14/15 14.09 3.50 8.49 

ORUS 2855-1 demo 6/16/15 13.72 3.55 11.89 

ORUS 3172-1 2013 6/30/15 13.98 3.03 19.23 

  7/7/15 13.58 3.16 17.49 

    7/14/15 13.59 3.16 15.55 

ORUS 3448-2 2012 6/9/15 -   3.28 11.01 

  6/16/15 15.16 3.53 8.74 

    6/23/15 17.14 3.72 6.09 

ORUS 3453-2 2013 6/23/15 15.37 3.26 12.47 

ORUS 4017-2 2011 6/23/15 18.29 3.20 12.77 

  6/30/15 17.31 3.27 12.08 

    7/7/15 20.90 3.43 12.86 

ORUS 4024-3 2011 6/30/15 14.46 3.20 17.56 

  7/7/15 16.15 3.40 13.75 

    7/14/15 19.30 3.76 9.14 

ORUS 4057-2 2012 6/16/15 10.78 3.15 20.25 

    6/23/15 12.64 3.29 13.70 

ORUS 4057-3 2012 6/16/15 13.96 3.40 14.34 

  6/23/15 12.07 3.29 11.81 

    6/30/15 12.31 3.46 11.03 

ORUS 4060-2 2011 7/14/15 14.53 3.61 9.64 

ORUS 4066-2 2012 7/7/15 16.07 3.44 10.05 

  7/14/15 14.30 3.43 8.37 

    7/21/15 13.55 3.23 11.09 

ORUS 4200-1 2012 7/21/15 15.75 3.28 18.13 

    8/4/2015 14.21 3.09 18.28 

ORUS 4207-2 2012 6/23/15 15.23 3.33 12.16 

  7/7/15 17.87 3.51 11.18 

    7/14/15 16.12 3.43 11.82 

ORUS 4222-1 2012 6/23/15 16.32 3.54 10.41 

    6/30/15 14.50 3.46 11.42 

ORUS 4235-1 2013 6/16/15 14.89 3.55 10.38 
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ORUS 4235-2 2013 6/16/15 14.03 3.08 16.67 

    6/30/15 14.68 3.30 12.21 

ORUS 4239-1 2012 7/28/15 13.47 3.89 6.88 

ORUS 4248-1 2012 7/7/15 13.61 3.59 6.48 

ORUS 4259-1 2012 7/14/15 13.18 3.94 6.74 

ORUS 4266-1 2012 7/7/15 13.06 3.51 9.62 

    7/14/15 13.21 3.44 9.06 

ORUS 4266-2 2012 7/7/15 16.09 4.13 5.08 

    7/14/15 17.46 4.38 3.90 

ORUS 4273-2 2012 7/7/15 12.69 3.72 8.13 

    7/14/15 13.21 3.71 6.90 

ORUS 4278-2 2012 7/14/15 14.59 3.60 7.07 

    8/4/2015 14.23 3.53 7.72 

ORUS 4324-1 2013 6/16/15 13.14 3.15 20.46 

    6/23/15 12.85 2.95 18.39 

ORUS 4325-1 2013 6/23/15 16.60 3.49 8.66 

ORUS 4329-2 2013 6/30/15 13.87 3.16 13.86 

    7/7/15 14.28 3.48 11.30 

ORUS 4344-1 2013 7/14/15 16.31 3.56 10.43 

    7/28/15 14.84 3.39 10.70 

ORUS 4344-2 2013 6/30/15 14.45 3.46 10.61 

  7/7/15 14.97 3.44 12.66 

    7/14/15 14.43 3.51 10.50 

ORUS 4344-3 2013 6/30/15 13.32 3.55 7.73 

    7/7/15 13.97 3.52 8.80 

ORUS 4356-1 2013 6/30/15 12.67 3.47 9.64 

    7/14/15 13.30 3.68 7.79 

ORUS 4358-3 2013 7/7/15 10.73 3.36 10.00 

ORUS 4362-1 2013 6/30/15 16.02 3.43 9.72 

ORUS 4370-1 2013 7/7/15 14.55 3.56 8.88 

    7/14/15 13.68 3.69 7.05 

ORUS 4370-2 2013 7/14/15 15.15 3.90 5.52 

NZ 9607R-4 2011 8/11/2015 14.74 3.05 15.27 

  2013 8/11/2015 12.79 3.18 13.52 
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Table 4: 2015 Blackberry Chemistry - Weighted Means 
     

Variety/Selection Field Year Wt'd °brix Wt'd pH 

Wt'd TA 

(g citric/L) 

Black Diamond 2011 13.23 3.34 11.89 

 2012 12.80 3.37 11.70 

  2013 13.20 3.37 11.13 

Chester Thornless 2011 14.68 3.33 9.44 

 2012 13.35 3.21 10.93 

  2013 12.89 3.33 12.30 

Columbia Giant 2011 12.40 3.12 18.09 

Columbia Star 2013 13.68 3.16 13.95 

Marion 2011 14.20 3.11 15.89 

 2012 14.60 3.38 12.16 

  2013 14.80 3.17 14.73 

Metolius demo 11.53 3.55 11.37 

Navaho 2011 15.43 3.41 9.50 

Obsidian  demo 10.86 3.29 13.25 

Osage 2012 12.15 3.84 7.14 

Prime Ark Traveler 2012 14.37 3.57 6.73 

Triple Crown 2013 15.06 3.41 10.56 

Von 2013 13.27 3.68 6.32 

ORUS 1793-1 Demo 10.31 3.16 15.59 

ORUS 2707-1 2013 11.23 3.27 11.60 

ORUS 2785-2 demo 13.41 3.12 24.50 

ORUS 2816-4 2013 14.77 3.48 8.98 

ORUS 2855-1 demo 13.72 3.55 11.89 

ORUS 3172-1 2013 13.70 3.12 17.44 

ORUS 3448-2 2012 15.99 3.58 7.95 

ORUS 3453-2 2013 15.37 3.26 12.47 

ORUS 4017-2 2011 19.00 3.32 12.56 

ORUS 4024-3 2011 15.46 3.32 15.61 

ORUS 4057-2 2012 11.54 3.21 17.58 

ORUS 4057-3 2012 12.76 3.37 12.47 

ORUS 4060-2 2011 14.53 3.61 9.64 

ORUS 4066-2 2012 15.29 3.42 9.58 

ORUS 4200-1 2012 14.97 3.18 18.21 

ORUS 4207-2 2012 15.99 3.39 11.88 

ORUS 4222-1 2012 15.52 3.50 10.86 

ORUS 4235-1 2013 14.89 3.55 10.38 
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ORUS 4235-2 2013 14.54 3.25 13.20 

ORUS 4239-1 2012 13.47 3.89 6.88 

ORUS 4248-1 2012 13.61 3.59 6.48 

ORUS 4259-1 2012 13.18 3.94 6.74 

ORUS 4266-1 2012 13.13 3.47 9.36 

ORUS 4266-2 2012 16.58 4.21 4.66 

ORUS 4273-2 2012 12.90 3.72 7.64 

ORUS 4278-2 2012 14.39 3.56 7.43 

ORUS 4324-1 2013 12.97 3.04 19.28 

ORUS 4325-1 2013 16.60 3.49 8.66 

ORUS 4329-2 2013 14.10 3.34 12.39 

ORUS 4344-1 2013 15.80 3.50 10.52 

ORUS 4344-2 2013 14.57 3.48 11.06 

ORUS 4344-3 2013 13.62 3.53 8.22 

ORUS 4356-1 2013 13.04 3.59 8.55 

ORUS 4358-3 2013 10.73 3.36 10.00 

ORUS 4362-1 2013 16.02 3.43 9.72 

ORUS 4370-1 2013 13.96 3.65 7.63 

ORUS 4370-2 2013 15.15 3.90 5.52 

NZ 9607R-4 2011 14.74 3.05 15.27 

  2013 12.79 3.18 13.52 
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Table 5: 2015 Red Raspberry Chemistry - by Harvest Date 
      

Variety/Selection Year Harvest Date °brix pH 

TA 

(g citric/L) 

Heritage 2012 8/11/2015 14.88 3.21 22.08 

  8/18/2015 15.61 2.98 23.73 

    8/25/2015 16.15 3.06 22.05 

Lewis 2012 6/23/15 13.69 3.05 18.13 

  6/30/15 13.09 3.18 15.51 

  7/7/15 14.63 3.47 12.72 

    7/21/15 16.56 3.45 13.87 

Meeker 2012 6/16/15 13.09 3.40 13.47 

  6/23/15 14.06 3.25 14.73 

  6/30/15 14.92 3.35 13.87 

   7/7/15 18.11 3.69 11.32 

 2013 6/16/15 14.87 3.35 13.27 

  6/23/15 15.20 3.20 13.21 

    6/30/15 15.25 3.51 12.24 

Squamish 2012 6/9/15 11.59 3.12 18.45 

  6/16/15 11.80 3.29 13.16 

    6/23/15 11.92 3.12 14.54 

Tula Magic 2013 6/23/15 13.63 3.08 -    

ORUS 3702-3 2013 6/16/15 12.81 3.23 16.54 

  6/23/15 13.84 2.97 16.16 

    6/30/15 13.22 3.15 15.29 

ORUS 3722-1 2013 6/16/15 12.46 3.52 10.13 

    6/23/15 12.60 3.54 8.98 

ORUS 4084-2 2012 6/23/15 13.32 3.13 21.99 

ORUS 4283-2 2012 6/16/15 12.62 3.58 11.78 

    6/23/15 13.44 3.45 11.36 

ORUS 4284-1 2012 6/16/15 11.48 3.16 17.20 

  6/23/15 12.21 3.23 18.09 

    6/30/15 12.71 3.34 15.69 

ORUS 4289-1 2012 8/25/2015 16.84 3.38 14.89 

ORUS 4289-3 2012 8/25/2015 15.60 3.39 14.93 

ORUS 4289-4 2012 7/7/15 13.25 3.45 15.37 

    8/18/2015 14.29 3.15 18.04 

ORUS 4291-1 2012 7/21/15 12.28 3.22 18.92 

ORUS 4371-3 2013 6/23/15 15.72 3.59 9.60 

ORUS 4371-4 2013 6/23/15 13.82 2.89 17.96 
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  6/30/15 14.29 3.42 14.16 

    7/7/15 17.25 3.57 11.91 

ORUS 4371-5 2013 6/23/15 14.99 2.95 15.49 

ORUS 4373-1 2013 6/23/15 15.42 3.37 13.67 

  6/30/15 13.83 3.39 12.35 

    7/7/15 15.27 3.71 9.97 

ORUS 4380-1 2013 6/30/15 13.30 3.22 15.07 

ORUS 4380-3 2013 6/23/15 12.65 2.97 21.60 

  6/30/15 11.03 3.03 19.51 

    7/7/15 13.92 3.29 16.71 

ORUS 4465-1 2013 6/23/15 11.86 3.04 19.20 

ORUS 4487-1 2013 8/11/2015 14.51 3.25 16.15 

BC 97-30-20 2013 6/23/15 14.52 2.99 16.62 

WSU 1914 2013 6/23/15 12.96 2.88 24.60 

WSU 1964 2012 6/16/15 14.72 3.22 15.67 

  6/23/15 14.13 3.14 14.40 

    6/30/15 16.49 3.52 12.99 

WSU 1996 2013 7/7/15 16.07 3.14 21.87 

WSU 2010 2013 6/16/15 13.48 3.35 12.38 

    6/23/15 15.00 3.41 11.46 

WSU 2011 2012 6/16/15 14.35 3.09 17.55 

  6/23/15 14.75 3.01 17.93 

    7/7/15 19.13 3.35 14.13 

WSU 2029 2013 7/14/15 11.57 3.27 11.46 

  7/21/15 13.63 3.16 13.34 

    8/4/2015 16.02 3.36 11.84 

WSU 2060 2013 6/16/15 13.76 3.21 -    

WSU 2068 2013 6/23/15 14.52 2.95 14.45 

WSU 2075 2013 6/16/15 13.98 3.07 18.46 
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Table 6: 2015 Red Raspberry Chemistry - Weighted Means 
     

Variety/Selection Year Wt'd °brix Wt'd pH 

Wt'd TA 

(g citric/L) 

Heritage 2012 15.56 3.08 22.64 

Lewis 2012 14.14 3.27 15.04 

Meeker 2012 14.62 3.35 13.91 

  2013 15.17 3.35 12.81 

Squamish 2012 11.84 3.21 14.52 

Tula Magic 2013 13.63 3.08 -    

ORUS 3702-3 2013 13.35 3.10 16.07 

ORUS 3722-1 2013 12.53 3.53 9.54 

ORUS 4084-2 2012 13.32 3.13 21.99 

ORUS 4283-2 2012 13.06 3.51 11.56 

ORUS 4284-1 2012 12.17 3.24 17.29 

ORUS 4289-1 2012 16.84 3.38 14.89 

ORUS 4289-3 2012 15.60 3.39 14.93 

ORUS 4289-4 2012 14.14 3.19 17.63 

ORUS 4291-1 2012 12.28 3.22 18.92 

ORUS 4371-3 2013 15.72 3.59 9.60 

ORUS 4371-4 2013 14.76 3.25 15.11 

ORUS 4371-5 2013 14.99 2.95 15.49 

ORUS 4373-1 2013 14.76 3.48 12.06 

ORUS 4380-1 2013 13.30 3.22 15.07 

ORUS 4380-3 2013 12.13 3.07 19.51 

ORUS 4465-1 2013 11.86 3.04 19.20 

ORUS 4487-1 2013 14.51 3.25 16.15 

BC 97-30-20 2013 14.52 2.99 16.62 

WSU 1914 2013 12.96 2.88 24.60 

WSU 1964 2012 15.00 3.27 14.22 

WSU 1996 2013 16.07 3.14 21.87 

WSU 2010 2013 14.28 3.38 11.90 

WSU 2011 2012 15.63 3.12 16.91 

WSU 2029 2013 13.49 3.26 12.15 

WSU 2060 2013 13.76 3.21 -    

WSU 2068 2013 14.52 2.95 14.45 

WSU 2075 2013 13.98 3.07 18.46 
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Table 7: 2015 Black Raspberry Chemistry - by Harvest Date 
      

Variety/Selection Field Year Harvest Date °brix pH 

TA 

(g 

citric/kg) 

Munger 2011 6/16/15 16.18 3.62 12.29 

   6/23/15 17.40 3.83 11.69 

 2012 6/16/15 15.33 3.65 11.16 

   6/23/15 17.32 3.85 9.58 

 2013 6/16/15 16.89 3.78 10.12 

    6/23/15 19.22 3.94 8.95 

ORUS 3021-1 2011 6/16/15 15.84 3.84 9.20 

    6/23/15 17.35 4.12 7.30 

ORUS 3023-3 2011 6/16/15 16.27 3.94 7.75 

  6/23/15 18.21 4.19 6.23 

    6/30/15 18.03 4.13 7.09 

ORUS 3038-1 2012 6/16/15 14.86 3.64 9.96 

    6/23/15 16.82 3.90 8.52 

ORUS 3219-2 2011 6/16/15 13.08 3.65 14.50 

   6/23/15 14.35 3.69 11.40 

 2012 6/16/15 15.38 3.45 14.81 

    6/23/15 16.18 3.76 10.51 

ORUS 3381-3 2011 7/7/15 20.11 3.73 10.19 

ORUS 3412-1 2012 6/23/15 15.36 3.59 10.93 

  6/30/15 14.67 3.67 10.34 

    7/7/15 16.55 3.81 8.75 

ORUS 3808-2 2011 6/23/15 19.23 3.87 10.00 

ORUS 4063-1 2013 6/16/15 15.82 3.88 8.73 

ORUS 4074-3 2011 6/16/15 17.56 3.42 15.67 

    6/23/15 17.28 3.55 13.25 

ORUS 4155-2 2011 6/23/15 16.12 4.01 9.66 

ORUS 4156-1 2011 6/16/15 17.78 3.68 11.78 

    6/23/15 21.15 3.97 9.60 

ORUS 4158-3 2012 6/16/15 14.40 3.59 12.66 

ORUS 4159-1 2011 6/16/15 14.46 3.58 11.38 

    6/23/15 17.65 3.92 9.76 

ORUS 4159-2 2011 6/16/15 15.01 3.63 11.81 

    6/23/15 18.85 3.93 9.39 

ORUS 4302-1 2013 6/16/15 17.03 3.68 10.54 

    6/23/15 17.29 3.78 8.56 

ORUS 4306-1 2013 6/23/15 16.90 4.08 6.60 
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ORUS 4310-1 2013 6/16/15 17.42 3.81 9.90 

    6/23/15 17.82 3.73 10.03 

ORUS 4310-2 2013 6/16/15 16.91 3.81 8.44 

    6/23/15 17.51 4.11 6.78 

ORUS 4311-1 2013 6/9/15 16.02 3.51 11.92 

  6/16/15 16.75 3.92 8.82 

    6/23/15 18.77 4.10 6.55 

ORUS 4395-1 2013 6/16/15 16.47 3.70 10.88 

ORUS 4396-1 2013 6/16/15 14.92 3.67 11.93 

  6/23/15 16.26 3.88 9.27 

    6/30/15 18.84 3.86 9.30 

ORUS 4398-1 2013 6/23/15 16.47 3.82 7.75 

ORUS 4399-1 2013 6/16/15 14.89 3.97 7.47 

    6/23/15 16.45 4.06 6.41 

ORUS 4401-1 2013 6/16/15 16.50 3.98 9.19 

    6/23/15 18.63 4.17 7.63 

ORUS 4458-2 2011 6/23/15 16.69 3.82 9.79 
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Table 8: 2015 Black Raspberry Chemistry - Weighted Means 
     

Variety/Selection Field Year Wt'd °brix Wt'd pH 

Wt'd TA 

(g citric/kg) 

Munger 2011 16.99 3.76 11.89 

 2012 16.28 3.74 10.41 

  2013 18.33 3.88 9.40 

ORUS 3021-1 2011 16.64 3.98 8.19 

ORUS 3023-3 2011 17.76 4.12 6.75 

ORUS 3038-1 2012 15.94 3.78 9.17 

ORUS 3219-2 2011 13.96 3.67 12.36 

  2012 15.96 3.67 11.71 

ORUS 3381-3 2011 20.11 3.73 10.19 

ORUS 3412-1 2012 15.35 3.67 10.16 

ORUS 3808-2 2011 19.23 3.87 10.00 

ORUS 4063-1 2013 15.82 3.88 8.73 

ORUS 4074-3 2011 17.38 3.50 14.17 

ORUS 4155-2 2011 16.12 4.01 9.66 

ORUS 4156-1 2011 19.22 3.80 10.85 

ORUS 4158-3 2012 14.40 3.59 12.66 

ORUS 4159-1 2011 17.65 3.92 9.76 

ORUS 4159-2 2011 17.44 3.82 10.28 

ORUS 4302-1 2013 17.19 3.74 9.34 

ORUS 4306-1 2013 16.90 4.08 6.60 

ORUS 4310-1 2013 17.64 3.76 9.97 

ORUS 4310-2 2013 17.24 3.98 7.52 

ORUS 4311-1 2013 17.45 3.93 8.33 

ORUS 4395-1 2013 16.47 3.70 10.88 

ORUS 4396-1 2013 16.79 3.83 9.75 

ORUS 4398-1 2013 16.47 3.82 7.75 

ORUS 4399-1 2013 15.83 4.02 6.83 

ORUS 4401-1 2013 17.54 4.07 8.42 

ORUS 4458-2 2011 16.69 3.82 9.79 
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Table 9: 2015 Blueberry Chemistry - by Harvest Date 

Cultivar/Selection 

Field 

Year Harvest Date °brix pH 

TA 

(g citric/kg) 

Baby Blues 2001 7/21/15 20.43 3.55 8.12 

  2009 6/30/15 18.05 3.18 10.63 

Blue Ribbon 2013 6/23/15 14.42 3.39 4.97 

Bluecrop 2009 6/23/15 14.40 3.32 7.52 

    7/14/15 17.84 3.94 3.41 

Calypso 2008 7/21/15 13.54 3.33 5.78 

Cargo 2013 7/7/15 15.65 3.24 9.06 

    7/14/15 14.13 3.11 8.72 

Clockwork 2013 6/16/15 15.41 2.97 12.92 

Duke 2012 6/16/15 14.66 3.52 5.51 

 2013 6/16/15 13.68 3.29 7.81 

    6/23/15 14.49 3.42 5.75 

Elliott 1990 7/14/15 12.87 3.00 10.63 

Legacy 2009 6/30/15 14.77 3.77 3.23 

Liberty 2001 7/14/15 15.87 3.23 8.36 

  OG 7/21/15 16.05 3.29 7.50 

Top Shelf 2013 6/16/15 14.25 3.11 8.44 

    6/23/15 13.64 3.19 6.86 

ORUS 93-4 2009 7/14/15 15.03 3.34 8.75 

ORUS 93-7 2012 6/30/15 14.28 3.11 10.55 

ORUS 104-1 2009 6/30/15 13.79 3.28 7.05 

ORUS 105-1 2009 7/14/15 13.70 3.68 4.43 

ORUS 114-2 2012 7/14/15 14.97 3.17 9.84 

ORUS 115-1 2012 6/23/15 15.14 3.37 6.52 

ORUS 127-1 2012 6/30/15 16.22 3.54 4.85 

ORUS 169-2 2013 6/30/15 16.35 3.17 9.32 

ORUS 170-1 2012 7//7 19.08 3.72 4.72 

ORUS 235-3 2009 6/23/15 14.27 3.28 7.66 

    6/30/15 15.73 3.29 7.96 

ORUS 235-4 2009 6/30/15 18.36 3.99 3.49 

ORUS 236-1 2009 7/14/15 19.25 3.43 4.19 

ORUS 240-3 2012 6/30/15 15.87 3.00 10.74 

  7/7/15 15.95 3.07 9.76 

    7/14/15 15.42 3.09 8.78 

ORUS 264-1 2013 7/14/15 13.03 2.94 12.44 

ORUS 265-2 2013 6/23/15 14.91 3.14 8.87 

ORUS 380-2 2009 7/7/15 20.13 3.71 4.44 
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Table 10: 2015 Blueberry Chemistry - Weighted Means 

     

Variety Field Year °brix pH 

TA 

(g citric/kg) 

Baby Blues 2001 20.43 3.55 8.12 

  2009 18.05 3.18 10.63 

Blue Ribbon 2013 14.42 3.39 4.97 

Bluecrop 2009 15.59 3.53 6.10 

Calypso 2008 13.54 3.33 5.78 

Cargo 2013 15.27 3.21 8.97 

Clockwork 2013 15.41 2.97 12.92 

Duke 2012 14.66 3.52 5.51 

  2013 14.10 3.36 6.73 

Elliott 1990 12.87 3.00 10.63 

Legacy 2009 14.77 3.77 3.23 

Liberty 2001 15.87 3.23 8.36 

  OG 2006 16.05 3.29 7.50 

Top Shelf 2013 13.79 3.17 7.26 

93-4 2009 15.03 3.34 8.75 

93-7 2012 14.28 3.11 10.55 

104-1 2009 13.79 3.28 7.05 

105-1 2009 13.70 3.68 4.43 

114-2 2012 14.97 3.17 9.84 

115-1 2012 15.14 3.37 6.52 

127-1 2012 16.22 3.54 4.85 

169-2 2013 16.35 3.17 9.32 

170-1 2012 19.08 3.72 4.72 

235-3 2009 14.48 3.28 7.71 

235-4 2009 18.36 3.99 3.49 

236-1 2009 19.25 3.43 4.19 

240-3 2012 15.67 3.06 9.55 

264-1 2013 13.03 2.94 12.44 

265-2 2013 14.91 3.14 8.87 

380-2 2009 20.13 3.71 4.44 
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1. a. Title: Evaluation of natural sulfite-producing wine yeast for making organic wine 
  

b. Principal Investigators:  
Alan Bakalinsky Ph. D., Food Science and Technology, Oregon State University 

 
     c. Cooperators:  
 James Osborne, Ph. D., Food Science and Technology, Oregon State University 

 
2. a. Reporting Period Covered 
  Sep 1, 2015-Jul 1, 2016 
 

b. ARS Agreement Number:  
 
3. Progress Report 
 

a. Abstract:  
 
In order to facilitate genetic analysis of the high sulfite production phenotype, a microtiter plate-
based high-throughput assay was developed and validated. Homozygous derivatives of three 
commercial wine strains, P7Y9, P1Y2, and NT112 were crossed to laboratory strain BY4742 in 
order to determine the genetic basis for their high sulfite production phenotype. High sulfite-
producing progeny were repeatedly backcrossed to BY4742 and segregation of auxotrophic 
markers, sulfite production, and H2S formation were followed among the spore progeny. While 
this analysis is on-going for P1Y2 and NT112, the findings for P7Y9 indicate that in this strain, 
high sulfite production is controlled by two genes, one of which is MET10-932 that confers a “no-
H2S” phenotype. That is, all high sulfite-producing segregants were simultaneously unable to 
excrete H2S. Efforts to identify the second required gene are in progress. Genomic DNA from 
P7Y9, P1Y2, and NT112 was isolated and sequenced by Illumina high-throughput sequencing. 
Sequence analysis is in progress. 
 
b. Objectives: 
 

 Experiments performed in yr 1 with 3-4 commercial strains will be performed in larger lots (5-10 
 gallon) with 1-3 of the most promising strains based on the yr 1 results. Both model and actual 
 grape juice will be used. The same parameters will be monitored as a function of temperature and 
a  wider range of nitrogen levels. 

 
c. Methods and Materials:  
 
High-throughput microtiter plate-based assay 

A high-throughput assay for measuring total sulfite was adapted from Duan et al., 2004 (J. Am. 
Soc. Brew. Chem. 62: 35-41). Briefly, yeast were grown in 50 µl cultures in a 96-well microtiter 
plate for 3 days. Bound sulfite was liberated by adding 20 µl of 1N NaOH to each well, mixing, 
and incubating 10 minutes. Total sulfite was then measured by adding 4 µl of 50% H2SO4, 
mixing, and overlaying the plate with an iodine-starch-infused membrane. The iodine-starch 
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membrane was incubated for 4 minutes before visually scoring total sulfite production. Note the 
membrane was not in contact with the liquid  
 
phase but rather with vapor-phase SO2 in the headspace above each well. Iodine-starch 
membranes were made by soaking Whatman filter paper in soluble starch (4%), air drying, and 
then soaking in 1 mM iodine solution for one minute. Membranes were air-dried prior to use. 
 

Genetic analysis of high sulfite production in strain P7Y9 

Strains were evaluated for total sulfite production in YNB +8% glu + his/leu/lys/ura, in 
formulated grape juice, or in 2014 Pinot gris grape juice from the OSU Woodhall Vineyard. All 
strains were grown for 3 days at 16°C. Formulated grape juice was made from Santa Cruz organic 
white grape juice to which 5 g/l yeast extract were added and final sugar concentration was 
adjusted to 20.6°B by addition of equi-molar amounts of glucose and fructose.  Total sulfite 
production was measured using the high-throughput sulfite assay. H2S production was evaluated 
on BiGGY agar. 
 
DNA sequencing 

Yeast genomic DNA was isolated by standard phenol/chloroform extraction and sequenced by 
Illumina high throughput sequencing at the OSU Center for Genomic Research and 
Biocomputing. DNA samples were prepared using Nextera XT library preparation kits and 
multiplexed for sequencing using MiSeq v.3 150 bp single end reads. 
 
d. Accomplishments / Progress Report (comparison of results with original goals): 
  
High-throughput microtiter plate-based assay 
 
A high-throughput assay for measuring total sulfite was developed in order to follow genetic 
segregation of the high sulfite production trait among progeny of wine strain x laboratory strain 
hybrids (Figure 1). The assay was validated by comparison with a sensitive sulfite oxidase-based 
assay for sulfite (Figure 2). The high-throughput procedure allows scoring of the high sulfite 
production trait among hundreds of spore progeny providing the power to determine the number 
of genes involved in the control of high sulfite production. Without the assay, this determination 
would have been far more time-consuming. Figure 3 provides an example using the procedure 
with a number of presumptive high sulfite-producing commercial strains.  
 
Genetic analysis of high sulfite production in strain P7Y9 

 
Genetic analysis of the high sulfite production phenotype in commercial strains P7Y9, P1Y2, and 
NT112 was undertaken. The analysis in P1Y2 and NT112 is in progress. The results for P7Y9 are 
provided herein. In year 1, P7Y9 was identified as a high sulfite-producing strain that produced 
no H2S. We define high sulfite production as ≥40 ppm total sulfite. In order to prepare the strain 
for genetic analysis, it was subjected to two rounds of sporulation in order to make it homozygous 
at all loci except the mating type locus. The homozygous derivative was confirmed to produce 
high levels of sulfite and no H2S. A BiGGY agar-based plate assay was used to determine the H2S 
phenotype (Figure 4). The derivative was transformed with a plasmid carrying a hygromycin B 
(hygr)-resistance gene to facilitate a cross with the kanamycin (kanr)-resistant laboratory strain 
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BY4742 that produced no sulfite but did produce H2S. A heterothallic hygr kanr hybrid was 
selected and sporulated and a high sulfite-, non-H2S-producing MATa spore segregant was 
selected. This segregant was crossed again to BY4742 to generate strain GH11. Segregation 
frequencies for auxotrophic markers brought in by BY4742, the sulfite and H2S phenotypes, and 
mating type were analyzed among spore progeny of GH11. Segregation for leu2, lys2, ura3, MAT, 
H2S production (met10-932) were all consistent with GH11 being a diploid heterozygous for the 
above traits. That is, half the progeny were found to carry mutant alleles of the above genes, and 
half carried wild-type alleles. In the case of the mating type locus, half of the mating progeny 
were MATa and half were MATalpha. Only a quarter of the spore progeny were found to produce 
high sulfite, but none of them produced no H2S. Our interpretation of these latter data is that 2 
genes control the high sulfite production phenotype and one of them is met10-932 that alone 
confers a no-H2S phenotype. Work is in progress to identify the second gene. 
 

DNA sequencing 

 
Yeast genomic DNA was isolated and sequenced by Illumina high throughput sequencing at the 
OSU Center for Genomic Research and Biocomputing. About 9.6, 9.8, and 9.4 million reads of 
sequence data were generated for P1Y2, P7Y9, and NT112, respectively. Read data are currently 
being mapped to the S288c reference genome using bowtie2 software. Variants are being 
identified using SAMtools and bcftools software. Variants of interest, including the SSU1 gene 
that encodes the sulfite efflux pump, will be investigated by visualizing bcf files using IGV 
genome browser software. 
 
e. Reasons why goals and objectives were not met (when applicable): 
 

 Our analysis in year 1 determined that only 3 commercial strains were high sulfite producers. 
Instead of  confirming production in larger volumes of grape juice as originally proposed, we 
chose to determine the  genetic basis for the high sulfite production in order to better 
understand how this trait is controlled and  potentially, to allow transfer of the trait to low sulfite-
producing commercial strains. This relates directly  to our original goal of determining the factors 
that control high sulfite production. 

 
f. Charts, graphs and/or diagrams:  
 
 
 

 

 

 

 

 

 

 

 

 
 Figure 1. High-throughput microtiter plate-based total sulfite assay. 
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Figure 2. Five replicates of sulfite standards assayed by the qualitative high-throughput total 
sulfite assay (central panel) and by the enzymatic sulfite oxidase assay. The extent of bleaching 
correlates with sulfite concentration. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. High-throughput sulfite screen applied to commercial wine yeasts. The sulfite standards 
were validated by enzymatic assay (boxed in yellow). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. H2S assay using BiGGY agar. Brown-red patch indicates a high level of H2S whereas a 
white patch indicates little or no H2S.  
 
g. Is this a final report?: no 
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4. a. Potential Significance to Industry:   
 
 Current organic winemaking regulations in the US disallow sulfite additions, making it difficult to 

produce high quality organic wines. The modest levels of sulfite typically used by winemakers 
protect wines from unwanted microbial spoilage and oxidation. Wines made without adequate 
sulfite, whether added by the winemaker or produced by the yeast, are much more prone to 
spoilage and do not age well. The goal of this project is to determine if commercially-available 
wine yeast strains can reliably produce enough sulfite during fermentation to eliminate the need 
for additions by the winemaker. If so, such strains could be used to produce organic white wines 
such as Pinot gris that do not undergo the malolactic fermentation that is inhibited by high sulfite 
levels, or aging, that typically necessitates sulfite addition. A high quality organic Pinot gris from 
Oregon would likely compete very well in the organic wine market. This study aims to find 
suitable yeast strains for reliable production of such wines. 

 
b. Other Funding Sources that you have applied to for this project: none 
 
A proposal for one year of follow-up work was submitted to the Pacific NWCSFR July 1, 2016. 
The follow-up study proposes to assess the feasibility of introducing the high sulfite-production 
trait into widely-used low sulfite-producing wine yeast strains. 
 
c. 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):  
 
not applicable 
 

5. Scientific Citations: Provide a list of all scientific citations and papers that have been published as 
a result of the funding you received from NCSFR including peer, extension, and other 
publications. 

  
Holzwarth, G., Osborne, J.P., Bakalinsky, A.T. Does production of high levels of sulfite correlate 
with undesirable sulfide formation in commercial wine yeasts? American Society for Enology and 
Viticulture, Portland, OR, Jun 27, 2016. Poster and oral "flash talk", 2016 national conference. 
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Ia. Title: Factors affecting wine spoilage by Pediococcus spp. 

Ib. Principal Investigator: C.G. Edwards. 

Ic. Cooperators: Washington State University (Pullman, WA). 

Ie. Reporting Period Covered: 

July 2015 to July 2016. 

II. Progress Report 

IIa. Abstract (1/3 to 1/2 page in lay person terms describing what you did):  

Recent changes in winemaking such as increased ‘hang times’ of grapes prior to harvest 
contribute to higher pH and the need for additional supplementation of nutrients important for 
yeast growth. However, these factors may also encourage subsequent growth of spoilage bacteria 
such as Pediococcus after fermentation is completed. To examine this issue, a synthetic grape 
juice medium previously developed as part of a NCSFR grant was prepared to have an initial 
nitrogen concentration of 250 mg N/L. Upon completion of fermentation, the wine was adjusted 
with ethanol/water mixtures to yield ethanol concentrations of 10% or 13% v/v. Four species 
previously isolated from Pacific Northwest wines were chosen to evaluate growth in these wines; 
P. parvulus, P. pentosaceus, P. damnosus, or P. inopinatus. Growth was monitored for 35 days 
by plating on MR agar. In general, all species grew in the synthetic wine although the extent 
depending on species as well as alcohol content. Subsequent research will determine impacts of 
must nutrition (i.e., vary initial available nitrogen from 60 to 400 mg N/L) as well as nutrient 
requirements and wine sensory impacts for different species. 

IIb. Objectives:  

Objective 1. Determine the impact of certain pediococci (P. parvulus, P. pentosaceus, and P. 

inopinatus) on wine quality, specifically studying (a) the formation of biogenic amines and (b) 
any changes in sensory characteristics of red wines. 

Objective 2. Evaluate the influence of adding excessive amounts of fermentation nutrients to 
grape musts prior to alcoholic fermentation on subsequent growth of pediococci. 

IIc. Methods and Materials:  

Objective 1: Red wines will be inoculated with various species of pediococci and submitted for 
sensory analysis using either trained taste panels. 

Objective 2: Saccharomyces cerevisiae ICV D254 was obtained as an active dry culture 
(Lallemand Inc., Montréal, Quebec, Canada). This strain of red wine yeast was selected for its 
high compatibility with malolactic fermentation and lactic acid bacteria. Four strains of 
Pediococcus were obtained for this experiment. P. parvulus WS-7C was originally isolated from 
Washington state wine and described by Edwards and Jensen (1992). P. damnosus OW-2 and P. 
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inopinatus OW-8 were originally isolated from Oregon Pinot noir wines as described by 
Strickland et al. (2016) while P. pentosaceus ATCC 33316 was obtained from the American 
Type Culture Collection. Microorganisms were maintained frozen in glycerol and on Wallerstein 
Laboratories (WL) agar for Saccharomyces or apple juice Rogosa medium (MR) agar plates for 
pediococci. 

Starter cultures of yeast and Pediococcus spp. were prepared. S. cerevisiae ICV D254 was grown 
for three days in 100 mL Yeast Peptone Dextrose (YPD) broth. Cells were harvested by 
centrifugation for 15 minutes and washed twice with phosphate buffer. Each of the four strains of 
Pediococcus were grown for one week in 100 mL MR broth (pH 4.5) and incubated at 27°C. 
After 1 week, 1 mL of culture was transferred to 100 mL of MR broth and 5% ethanol. After an 
additional week of incubation at 27°C, cells were harvested by centrifugation for 15 minutes and 
washed twice with phosphate buffer. 

Synthetic grape juice was prepared according to Wang et al. (2003) to have a yeast assimilable 
nitrogen (YAN) content of 250 mg N/L, 10 µg/L biotin, 250 µg/L Ca pantothenate, and 180 g/L 
sugar (glucose/fructose). Once completed, all media were sterile filtered using 0.22 µm EMD 
Millipore Steritop™ Sterile Vacuum Bottle-Top Filters and then transferred to 3 L Celstir 
bioreactors with stainless steel headpieces and an aseptic sampling system. A 10 mL yeast 
inoculum was added to achieve initial populations of 106 CFU/mL. Alcoholic fermentation was 
monitored using an Anton Paar Portable Density Meter: DMA 35 and confirmed dry using 
Clinitest® tablets. 

Following completion of the primary fermentation, the resultant wines were pooled into one 
container. The wine was mixed and sterile filtered using 0.45 µm Nalgene Rapid-Flow™ Sterile 
Disposable Bottle Top Filters. Ethanol content was measured using an ebulliometer before 
inoculation with Pediococcus. Half of the wine was adjusted to a higher ethanol concentration to 
provide a second condition in which to observe growth. Concentration of alpha-amino acids was 
determined using NOPA. The filtered wines were then transferred to 100 mL milk dilution 
bottles for inoculation with Pediococcus strains at initial populations of 104 CFU/mL in 
triplicate. A sterile solution of cellulose powder was also prepared and added at a concentration 
of 1 g/L. 

IId. Accomplishments / Progress Report (comparison of results with original goals):  

Strains varied in their abilities to grow in the wines made from the synthetic grape juice. P. 

damnosus OW-2 achieved the better growth than the other species, reaching populations of more 
than 106 CFU/mL in wines containing either 10% and 13% ethanol. While P. inopinatus reached 
populations of 105 CFU/mL in both the 10% and 13% ethanol wines, viability of this species in 
the 13% ethanol wine decreased quicker. Conversely, populations of P. pentosaceus ATCC 
33316 and P. parvulus WS-7C gradually declined until reaching numbers below the level of 
detection around day 20. Variation among the species of pediococci isolated from wine (WS-7C, 
OW-2, and OW-8) implies that these organisms may have different nutrient requirements and/or 
tolerances to different conditions. 

This experiment examined one initial concentration of nitrogen prior to fermentation (250 mg 
N/L). Under these conditions, the concentration of nitrogen remaining after completion of 
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primary fermentation and prior to the inoculation of Pediococcus was 120 mg N/L. To get a 
more accurate picture of amino acid carry-over, high-performance liquid chromatography 
(HPLC) will be used in future experiments to look at each individual amino acid present. Future 
experiments will also include different treatments testing the extremes in nitrogen concentrations 
ranging from 60 to 400 mg N/L and rely upon high-performance liquid chromatography (HPLC) 
to quantify residual nitrogen-containing compounds. Furthermore, wines will be monitored for 
longer than 30 days given how slow these bacteria appear to be growing. 

IIe. Reasons why goals and objectives were not met (when applicable): 

Goals and objectives of the research are being met and the research is proceeding according to 
schedule by the student (M. Wade). Given the research, the initial focus will be Objective 2 
before working towards Objective 1. 

IIf. Charts, graphs and/or diagrams:  

 

Figure 1. Growth of P. damnosus OW-2 in 10% (■) or 13% (□) v/v ethanol wine fermented 
from synthetic grape juice media. 
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Figure 2. Growth of P. pentosaceus ATCC 33316 in 10% (■) or 13% (□) v/v ethanol wine 
fermented from synthetic grape juice media. 

 

Figure 3. Growth of P. parvulus WS-7C in 10% (■) or 13% (□) v/v ethanol wine fermented 
from synthetic grape juice media. 
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Figure 4. Growth of P. inopinatus OW-8 in 10% (■) or 13% (□) v/v ethanol wine fermented 
from synthetic grape juice media. 

IIg. Is this a final report?: 

No. 

IIIa. Potential Significance to Industry: 

This research will clarify whether excessive nutrient supplementation to grape musts is a 
contributing factor towards spoilage by pediococci during the latter stages of vinification. 

IIIb. Other Funding Sources that you have applied to for this project: 

None. 

IIIc. 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): 
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1. a. Title: Interactions between Brettanomyces bruxellensis and wine lactic acid bacteria: 

Impact on wine hydroxycinnamic acid content and volatile phenol production by 

Brettanomyces. 
 b. Principal Investigators: James P. Osborne, Oregon State University 

c. Cooperators: Michael C. Qian, Oregon State University 
2. a. Reporting Period Covered: 2015-2016 

b. ARS Agreement Number (when applicable):  
3. Progress Report 

a. Abstract  
Brettanomyces bruxellensis is the most important spoilage yeast found in wine as it can survive in 
wine for long periods, requires minimal nutrients for growth, can be very difficult to control, and 
can cause significant wine spoilage due to the production of undesirable flavor and aroma 
compounds. Although sound winemaking practices and rigorous sanitation can help minimize the 
risk of Brettanomyces spoilage of wine, a better understanding of the factors impacting its growth 
and volatile phenol production in wine will help further reduce the risk of spoilage. This study 
investigates the impact of wine LAB on the growth and volatile phenol production of 
Brettanomyces focusing on the impact of wine LAB on the precursor compounds for volatile 
phenols, the hydroxycinnamic acids. A number of commercially available malolactic bacteria 
cultures as well as non-commercial Oenococcus oeni strains (“native” O. oeni) were assessed for 
their ability to degrade tartaric ester bound hydroxycinnamic acids (TEHA). Of the thirteen cultures 
assessed two demonstrated the ability to tartaric bound hydroxycinnamic acids including one of the 
non-commercial strains. This resulted in an increase in the amount of the free hydroxycinnamic 
acids in the wine. Changes in p-coumaric acid at other stages in the winemaking process were also 
examined. Pinot noir wines were produced using a Saccharomyces cerevisiae strain with (OSU-2) 
or without (CSM) phenolic decarboxylase activity (PAD). In conjunction with this, O. oeni strains 
with or without the ability to degrade TEHA were used to conduct MLF either simultaneously or 
sequentially. Use of a yeast strain with PAD activity in combination with an O. oeni strain with 
TEHA activity reduced the total amount of potential 4-EP pre-cursor (free and tartaric acid bound p-
coumaric acid) as bound p-coumaric acid released by O. oeni was subsequently degraded by the 
PAD positive yeast. Additional experiments investigated the inhibition of B. bruxellensis by O. 

oeni. The impact of timing of B. bruxellensis infection relative to the completion of the malolactic 
fermentation (MLF) was explored by inoculating Pinot noir wine with B. bruxellensis 0, 14, 30, 60 
and 90 days after the completion of MLF. MLF was conducted by either O. oeni strain VP41, 
Alpha, or Beta.    
 
b. Objectives: 
1) Determine the ability of wine lactic acid bacteria to degrade tartaric ester bound 
hydroxycinnamic acids  
2) Investigate interactions between Brettanomyces bruxellensis and wine lactic acid bacteria 

focusing on (a) inhibition of B. bruxcellensis growth and volatile phenol production due to 
Oenococcus oeni and (b) stimulation of B. bruxcellensis growth and volatile phenol 
production due to Pediococcus spp. 

  
c. Methods and Materials:  
Screening of the ability of wine LAB to degrade tartaric ester bound hydroxycinnamic acids  
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Pinot noir wine produced in 2014 and 2015 following standard procedures (yeast strain RC212, 
Fermaid K addition, 27°C fermentation temperature) was utilized for screening the ability of wine 
lactic acid bacteria to degrade free and tartaric bound hydroxycinnamic acids. No SO2 additions 
were made to the wine. After settling, wine was pad filtered (2-3 µm) prior to being sterile filtered 
(0.45 µm PES cartridge). Ten mLs of Pinot noir wine was then dispensed into 20 mL sterilized 
test tubes and inoculated with bacteria at approximately 1 x 106 CFU/mL. Treatments were 
performed in triplicate and a non-inoculated control was also prepared. An O. oeni strain, VFO, 
known to be able to degrade tartaric esterified hydroxycinnamic acids was utilized as a positive 
control (Cheschier et al 2015). Commercial wine lactic acid bacteria cultures (coded for reporting 
purposes) were prepared by first streaking for single colonies (MR agar plates) from the original 
freeze dried preparation (after re-suspension in sterile saline buffer). Non-commercial O. oeni 
strains were prepared by picking a single colony from a plate and then streaking for single 
colonies (MR agar plates), Non-commercial O. oeni strains were provided by ETS laboratories 
(Sonoma, CA). These O. oeni strains were classified as non-commercial strains based on variable 
number random repeat (VNTR) analysis performed at ETS labs followed by comparison to 
known commercial O. oeni cultures. After incubation on de Man, Rogosa, and Sharpe (MRS) 
agar plates for 5-7 days at 25°C a single colony was then inoculated into MR broth (pH 4.5) and 
grown at 25°C for seven days. Cells were harvested by centrifugation (4,000 x g for 20 minutes) 
and re-suspended in 0.2 M phosphate buffer (pH 7.0) before inoculation at approximately. After 
two weeks growth a visual cell pellet had formed in all treatments aside from the control and 
wines were assessed for malic acid (enzymatic test kit) every 3-4 days after this point. After the 
completion of MLF (< 30 mg/L malic acid) samples were taken and assessed for 
hydroxycinnamic acid content by HPLC-DAD according to Burns and Osborne (2013).  
 
Changes in p-coumaric acid during winemaking 

Pinot noir grapes were sourced from the OSU vineyard (Woodhall vineyard, Alpine, OR). Grapes 
were destemmed and split into fermentation tanks (40 kg per tank). All treatments received an 
addition of 30 mg/L SO2 and 0.25 g/L Fermaid K (yeast nutrient). Experimental design is shown 
in Figure 1. In brief, one set of three tanks was inoculated with S. cerevisiae strain Enoferm CSM 
(Lallemand, Montreal) while an additional set of three tanks was inoculated with S. cerevisiae 
strain OSU-2. OSU-2 is a S. cerevisiae strain that has PAD activity previously isolated from Pinot 
noir fermentation in Oregon and identified as a non-commercial S. cerevisiae strain (Hall 2012). 
In a third set of tanks a simultaneous fermentation was induced by the inoculation of OSU-2 and 
O. oeni VFO at the same time. Yeast and bacteria were inoculated at approx. 1 x 106 cfu/mL. 
Fermentations were monitored by assessing Brix and malic acid (enzymatic test-kit). At the 
completion of fermentation (< 0.25 g/L reducing sugar, < 50 mg/L malic acid) wines were 
pressed, settled, pad filtered (3-4 um), sterile filtered (0.45 um PES cartridge filter), and dispensed 
into sterilized one gallon carboys. Wines that had undergone a simultaneous fermentation were 
stored at 25°C while the other wines were inoculated for MLF by the addition of either O .oeni 

strain VFO or strain Alpha and held at 25°C until MLF was completed. A set of wines for each 
yeast treatment remained uninoculated to act as a control. After MLF was completed all 
treatments (including the wine produced by simultaneous fermentation) were inoculated with B. 

bruxellensis UCD2049 at approx. 1 x 104 cfu/mL and incubated at 25°C. B. bruxellensis growth 
was determined by plating on YPD plates following appropriate dilution in sterile peptone (1%). 
Hydroxycinnamic acid content was determined by HPLC-DAD according to Burns and Osborne 
(2013).  
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Figure 1. Experimental design 
 
 
 

Timing of Brettanomyces infection relative to completion of malolactic fermentation 
An experiment was conducted to determine the how the timing of Brettanomyces inoculation 
relative to the completion of the MLF impacted Brettanomyces growth. Pinot noir wine was 
produced as outlined above (“Changes in p-coumaric acid during winemaking”) using the yeast S. 

cerevisiae CSM. After settling, pad filtering (3-4 um), and sterile filtration (0.45 um PES 
cartridge filter), wine was dispensed into sterilized one gallon carboys. 100 mLs of sterile filtered 
wine was then aseptically transferred into thirty six sterilized 100 mL milk dilution bottles. 
Twelve bottles were then inoculated with either O. oeni VP41, Beta, or Alpha to induce MLF. An 
additional set of twelve bottles of wine remained uninoculated (control). MLF was conducted at 
25°C and followed by measuring malic acid (enzymatic test kit). All treatments completed MLF 
within 21 days. At the completion of MLF a set of three bottles per O. oeni strain as well as the 
uninoculated control were inoculated with B bruxellensis UCD 2049 at approx. 1 x 104 cfu/mL 
and incubated at 25°C. B. bruxellensis growth was determined by plating on YPD plates 
following appropriate dilution in sterile peptone (1%) while O. oeni populations were monitored 
by plating on MR plates containing 100 mg/L cycloheximide. Samples were also taken weekly 
and assessed for hydroxycinnamic acid content by HPLC-DAD according to Burns and Osborne 
(2013). 14, 30, and 90 days later another set of wines was inoculated with B. bruxellensis UCD 
2049 and yeast and bacterial growth was monitored as previously described. In this manner, the 
effect of inoculating B. bruxellensis 0, 14, 30, and 90 days after the completion of MLF could be 
assessed. 
 
d. Accomplishments 
For both the commercial and non-commercial wine LAB, MLF was completed (< 30 mg/L malic 
acid) within 21 days of inoculation into wine. The control wine (no MLF) contained high 
concentrations of caftaric and coutaric acid and low concentrations of the corresponding free 
acids, caffeic and p-coumaric (Table 1 and 2). Similar free and bound hydroxycinnamic acids 

Pinot noir grapes 
 

S. cerevisiae 

CSM 
 S. cerevisiae 

OSU-2 
S. cerevisiae OSU-2 

+ O. oeni VFO 

VFO Alpha 

Brettanomyces bruxellensis @ 1 x 104 cfu/mL (25°C) 

Control VFO Alpha Control 
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concentrations to the control were also observed in wines where MLF was conducted by the ML 
commercial cultures 201, 202, 203, 301, 302, 304, 401 and 402 (Table 1) as well as the non-
commercial O. oeni strains 0294, 0652, and 0652. However three cultures, VFO, 405 (Table 1), 
and 0238 (Table 2) contained higher concentrations of the free hydroxycinnamic acids caffeic and 
p-coumaric than the control wine. VFO is an O. oeni strain that is known to degrade tartaric 
esterified hydroxycinnamic acids (Cheschier et al 2015) and was used as a positive control in this 
experiment. Wine where strain 405 performed the MLF contained 5.2 mg/L p-coumaric acid and 
1.6 mg/L coutaric acid compared to 0.5 mg/L p-coumaric acid and 7.8 mg/L coutaric acid 
measured in the control wine. Wine where O. oeni strain 0238 performed MLF contained 1.45 
mg/L p-coumaric acid and 1.9 mg/L coutaric acid compared to 0.5 mg/L p-coumaric acid and 4.3 
mg/L coutaric acid measured in the control wine. In addition to the previously identified strain, 
VFO, two more wine LAB cultures have now been identified that can degrade tartaric acid bound 
hydroxycinnamic acid resulting in higher concentrations of the 4-EP precursor compound p-
coumaric acid. Of particular note is that one of the four “native” O. oeni strains had TAHE 
activity. This highlights that risk of relying on “spontaneous” malolactic fermentation as the 
winemaker has little if any control over what wine lactic acid bacteria strain is conducting the 
MLF.  The two major commercial suppliers of malolactic bacteria cultures worldwide now screen 
their cultures for TAHE ability (partially on the findings from this study as well as previous work 
in our laboratory (Schriener et al 2015). 
 
Experiments we conducted to investigate the impact of using a yeast strain with the ability to 
degrade free p-coumaric acid in combination with an O. oeni strain that could degrade tartaric 
acid bound hydroxycinnamic acids. The goal of the study was to see if by using the combination 
of these microorganisms the total pool of 4-EP pre-cursor compounds (free and bound p-coumaric 
acid) could be reduced. Only a small decrease in the amount of free p-coumaric acid was noted in 
wines fermented by the PAD+ yeast S. cerevisiae OSU-2 compared to wines fermented by the 
PAD- yeast S. cerevisiae CSM. This may have been due to the very low concentration of p-
coumaric acid initially present in the grapes must (<0.5 mg/L). No change in bound p-coumaric 
acid was noted during alcoholic fermentation with either yeast strain. However, when a 
simultaneous fermentation was conducted with S. cerevisiae OSU-2 and O. oeni VFO a large 
reduction in bound p-coumaric acid (coutaric acid) was noted (Table 3). This change in 
concentration of coutaric acid was likely due to the action of the TAHE + bacteria O. oeni VFO. 
Interestingly, a large increase in free p-coumaric acid was not measured as would be expected 
(Schriener et al 2015) and because of this the potential pool of 4-EP precursor compounds was 
reduced compared to the other treatment wines (Table 3). Instead what was likely to have 
occurred is that the p-coumaric acid “freed” up by the action of O. oeni was metabolized by the 
PAD+ yeast and converted into 4-ethylvinyl (4-EV). This will be confirmed by measurement of 
4-EV by HPLC-DAD. 
 
 
e. Reasons why goals and objectives were not met (when applicable):  
Because of the timing of when funds were available a graduate student was not hired to work on 
the project until October 1st 2016. Because the majority of year 1 funds were allocated for a 
graduate student stipend a no-cost extension was sought and granted. The results documented in 
this report therefore represent the first 9 months work on the project. 
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f. Charts, graphs and/or diagrams:  
 
Table 1. Concentration (mg/L) of hydroxycinnamic acids in Pinot noir wine at the completion of MLF 
after inoculation with various wine lactic acid bacteria  
 Caftaric acid Coutaric acid Caffeic acid p-coumaric acid Ferulic acid 
Control 37.3 ± 0.5 7.8 ± 0.1 3.6 ± 0.1 0.5 ± 0.1 0.3 ± 0.1 
VFO 1.1 ± 0.1 1.5 ± 0.1 33.8 ± 0.7 5.1 ± 0.2 1.7 ± 0.2 
201 36.3 ± 0.4 7.6 ± 0.1 3.6 ± 0.1 0.5 ± 0.1 0.2 ± 0.1 
202 37.1 ± 0.2 7.8 ± 0.2 3.5 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 
203 36.4 ± 0.4 7.9 ± 0.1 3.7 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 
301 36.3 ± 1.1 7.8 ± 0.1 3.6 ± 0.2 0.4 ± 0.1 0.2 ± 0.1 
302 36.8 ± 0.3 7.8 ± 0.2 3.6 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 
304 36.3 ± 0.3 7.6 ± 0.2 3.9 ± 0.1 0.6 ± 0.1 0.3 ± 0.1 
401 36.6 ± 0.5 7.9 ± 0.1 3.6 ± 0.1 0.5 ± 0.1 0.3 ± 0.1 
402 34.3 ± 0.7 7.7 ± 0.1 4.6 ± 0.3 0.5 ± 0.1 0.3 ± 0.1 
405 1.1 ± 0.1 1.6 ± 0.1 35.8 ± 0.3 5.2 ± 0.2 1.6 ± 0.1 
 
 
Table 2. Concentration (mg/L) of hydroxycinnamic acids in 2015 Pinot noir wine at the completion of 
MLF after inoculation with non-commercial Oenococcus oeni strains  

 
Caftaric 

acid Coutaric acid Caffeic acid 
p-coumaric 

acid Ferulic acid 
Control 21.6 ± 0.9 4.3 ± 0.3 2.9 ± 0.4 0.5 ± 0.1 0.2 ± 0.1 
0294 22.1 ± 0.4 4.1 ± 0.1 3.8 ± 0.8 0.5 ± 0.2 0.1 ± 0.1 
0652 20.7 ± 0.3 3.6 ± 0.1 4.1 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 
0651 21.4 ± 0.4 3.4 ± 0.3 3.1 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 
0238 8.9 ± 1.2 1.9 ± 0.8 13.3 ±2.6 1.45 ± 0.1 0.3 ± 0.1 
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Table 3. Concentration (mg/L) of 4-ethylphenol precursor compounds (coutaric & p-coumaric acid) in 
2015 Pinot noir wine produced by S. cerevisiae OSU-2 or CSM at the beginning and end of malolactic 
fermentation conducted by O. oeni Alpha or VFO. 
 Start of MLF End of MLF 

 
Coutaric 

acid 

p-
coumaric 

acid 

Potential 
4-EP 

precursor 
Coutaric 

acid 

p-
coumaric 

acid 

Potential 
4-EP 

precursor 
OSU-2  
no MLF 1.91 0.38 2.29 1.91 0.35 2.26 

CSM  
no MLF 1.83 0.48 2.31 1.85 0.37 2.22 

OSU-2/VFO 
Simultaneous 

0.56 0.58 1.14 0.54 0.59 1.13 

OSU +  
Alpha 

1.91 0.38 2.29 1.79 0.32 2.11 

OSU +   
VFO 1.79 0.37 2.16 0.12 2.1 2.22 

CSM + 
Alpha 1.71 0.49 2.2 1.69 0.27 1.96 

CSM +   
VFO 1.73 0.48 2.21 0.1 1.62 1.72 

 
 
g. Is this a final report?: No 

 
4. a. Potential Significance to Industry: 

While wineries must continue to use sound winemaking practices to prevent the growth of 
Brettanomyces, results from this study may help reduce the risk of wine spoilage if Brettanomyces 

infection occurs. Firstly, understanding the factors that impact the concentration of precursor 
compounds for the volatile phenols may allow the levels of these compounds to be reduced 
through specific viticultural or winemaking practices. For example, the use of yeast and bacteria 
that can degrade the free and tartaric bound hydroxycinnamic acids may allow the pool of 
available precursors to be reduced such that if Brettanomyces infection occurs the wine spoilage 
potential due to volatile phenol production is limited. Understanding the interactions between 
wine Lactic acid bacteria and Brettanomyces may also allow these interactions to be managed so 
as to reduce the risk of Brettanomyces growth volatile phenol production in wine. For example, if 
O. oeni strains show inhibitory action towards Brettanomyces then use of these strains to conduct 
the malolactic fermentation could be an additional ‘hurdle’ that Brettanomyces must overcome. 
Additional screening of commercial and “native” Oenococcus oeni strains for the ability to 
degrade tartaric acid bound hydroxycinnamic acids will provide additional information on 
bacterial strains that should be avoided for use in the production of barrel-aged red wines where 
the risk of Brettanomyces infection is greatest. Results may also point to additional risks in not 
inoculated for MLF and relying on an unknown naturally present wine lactic acid bacteria to 
conduct the MLF. 

 
b. Other Funding Sources that you have applied to for this project:  
No additional funding sources have been applied to for this project 
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