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Blackleaf in Washington Concord Grapes
By Michelle Moyer, WSU-IAREC

Figure 1- The name “Blackleaf” comes from the blackening of the leaf surface that appears 
in the late summer. Photo by Michelle Moyer. 

The summer of 2014 was exceptionally 
hot and sunny. Given these conditions, 
it is no wonder reports of Concord 
Blackleaf have been rolling in faster 
than a lower valley dust storm (Fig. 1). 
In some cases, blackleaf has not been 
limited to juice grapes, there have also 
been reports of it on some wine grapes 
in select locations. 

In order to understand how to potentially 
manage or prevent blackleaf, we have 
to understand what it is and what it is 
not. It is not a nutritional deficiency. 
All of those old recommendations for 
apply potassium fertilizer to alleviate 
symptoms? Throw them out. It is not a 
result of mite feeding. Mites will cause 
a more browning and bronzing of 
leaves; and they can be controlled with 
a miticide. Spraying a miticide will not 
alleviate blackleaf. It is not a disease; 
not powdery mildew, not Grapevine 
leafroll. 

It is a physiological disorder which 
results in the degradation of 
chloroplasts (the structures that 
conduct photosynthesis), and death of 
epidermal cells (the outer “skin” of a 
grape leaf). This degradation and death 
is caused by exposure to excessive UVB 
sunlight. Specifically, in blackleaf, the  
damage is a result of exposure to UVB 
when the leaves are not fully mature 
and therefore lack the waxy cuticle and 
build-up of sunscreen compounds that 
would naturally protect the tissue from 
damage.  

In Washington, most of the damage that 
is seen in Concord vineyards as “black 
leaves” in September, was actually 
from damage that was initiated in late 
June and early July. This is why blackleaf 
tends to be a bigger problem during 

years with reduced cloud coverage 
during those months. The damage 
takes time to fully manifest itself and 
display the “black leaf” symptoms. It 
is akin to the delayed muscle pain felt 
when starting a new sport or exercise 
regime. 

Why do some Concord blocks display 
severe symptoms of blackleaf when 
adjacent blocks have very little? 
Drought stress has been implicated 
in exacerbating blackleaf in Concord. 
Drought stress reduces vine 
transpiration, which in turn, can result 
in superheating of leaf tissue exposed 
to the sun. This high heat exposure 
can further damage chloroplasts and 
cells, accelerating the damage to the 
leaf tissue. As such, vineyards that 
experienced water stress do risk having 
more severe blackleaf symptoms. 

Water stress only enhances symptom 
development in vineyards that have 
already suffered from blackleaf 
damage, it does not cause it. 

There are no current commercially-
acceptable techniques for preventing 
blackleaf in Concord vineyards. 
However, in years with few cloudless 
days and warm temperatures, the 
severity of blackleaf may be reduced 
with appropriate management of vine 
water stress. 

For more information on blackleaf and 
potential ways to reduce symptoms, 
please see WSU Extension Publication 
EB0745, Blackleaf in Grapes (Olmstead 
et al. 2005).

WSU V&E FRANCE TOUR 2015
APRIL 19 - MAY 2, 2015

The WSU V & E Program is offering another continuing education winery tour for wine professionals. 
In 2015 we will go to the wine regions of Southern France – Lanquedoc and the Rhone River Valley, 
starting in Toulouse and ending in Lyons.

For more information, including pricing and additional details, contact Theresa Beaver: tbeaver@
wsu.edu



7

Record Heat in 2014
By Nic Loyd and Gerrit Hoogenboom, AgWeatherNet, WSU-IAREC

If you thought that 2014 has been hot, 
you are right. Sizzling temperatures 
have dominated the weather for much 
of the season. Following the warmest 
spring season since 1994, the summer 
of 2014 at Prosser, WA is on pace to 
be the hottest since AgWeatherNet re-
cords began a quarter of a century ago.  

One hallmark of the 2014 growing 
season has been the consistent above-
normal temperatures in central and 
eastern Washington. August was the 
sixth consecutive month of warmer 
than normal temperatures. Rather than 
a few episodes of extreme heat, this 
year provided a notable abundance of 
warmer-than-normal days and nights. 
This pattern was particularly evident in 
July, which was the warmest month on 
record at Prosser and many other cli-
mate sites around central Washington.  
The mean high temperature in July, 
93.2˚F, surpassed the previous record 
of 92.1˚F, set in 2013. It was nearly 5 
degrees above normal. The 2014 Accu-
mulated Growing Degree Day (April 1 
to September 1) value at Tri-Cities was 
2962 units, which is 395 units above 
the recent average (Table 1). 

The Tri-Cities recorded +100˚F temper-
atures on 10 days during July, which in-
cluded one day (July 16) at 109˚F. The 
heat has not been limited to the day-
time. Wahluke Slope observed several 
sultry nights, including a low of 84˚F 
on July 13, along with low tempera-
tures above 70˚F on a majority of July 
mornings (18 total). Still, the abnormal 
warmth was not relegated exclusively 

to July. May was also a noteworthy 
month in which Prosser experienced 
the warmest mean May high since 
1993. More recently, the Tri-Cities re-
corded 5, +100˚F days during the early 
part of August alone. The month of 
August and the summer season (June 
to August) were Prosser’s warmest on 
record. In fact, the last time any season 
was so warm relative to normal was the 
winter of 2002/2003. 

Unfortunately, the blistering weather 
was not without consequences, as our 
state suffered through its largest wild-
fire on record. It is hard to remember 
that the spring season began with 
most of central Washington experienc-
ing sub-30˚F high temperatures during 
a rare, late winter arctic intrusion on 
March 2. The cool blast was followed 
by an active and wet period during 
which Montesano received nearly 8 
inches of rainfall in one week (March 2 
to 8). Other highlights of the period in-

clude 0.41 inches of rain at Walla Walla 
on June 18, and a 50 mph wind gust at 
FishHook on July 23. 

Overall, the Tri-Cities had accumulated 
a net water deficit (precipitation minus 
evapotranspiration) of about 48 inches 
from March 1 through the end of Au-
gust. Meanwhile, Prosser’s mean tem-
perature was about 2.8˚F above normal 
for the May to July period, including 
3.4˚F warmer than normal during the 
day. For better or worse, with the pros-
pect of a developing El Niño, unusually 
warm conditions may be with us for 
some time to come.  

Further details about Washington’s 
weather and climate are available at 
AgWeatherNet: weather.wsu.edu.  

Send questions or suggestions to Nic 
Loyd, nicholas.loyd@wsu.edu, or Gerrit 
Hoogenboom, gerrit.hoogenboom@
wsu.edu.

Table 1- Seasonal heat accumulation in selected eastern WA locations from 1 April 
until 1 September. 

ACCUMULATED GROWING DEGREE DAYS (SEPT. 1)

LOCATION 
(STATION) 2014 Recent Average Difference

Prosser 
(WSU HQ) 2465 2111 +354

Tri-Cities
(WSU TC) 2962 2567 +395

Walla Walla
(Walla Walla) 2576 2244 +332

Benton City
(Benton City) 2843 2451 +392
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Bud Development and Fruit Formation in Grapevines
By Hemant Gohil, Technology Transfer Specialist, WSU-IAREC

In grapevines, the current season’s 
crop begins to form in the spring 
of the previous year. This article is 
a brief review of the stages of bud 
development that encompasses fruit 
formation over two years, and how 
cultural practices and environmental 
factors enhance or detract from fruit 
formation, and thus, influence yield 
potential in the vineyard. 

Fruit formation. Grapevine buds 
develop at the base of leaf petioles on 
the shoot during the growing season. 
These buds are actually comprised of 
a primary, a secondary and a tertiary 
bud (Fig. 1). A small shoot develops 
inside the primary bud, typically 
containing 10 to 12 leaf primordia 
and one to three inflorescence 
(cluster) primordia (organs in their 
earlier stage of development) [1]. 
Small shoots also develop inside the 
secondary and tertiary bud, and the 
secondary bud has fewer inflorescence 
primorida. The tertiary bud is almost 
entirely vegetative. These differences in 
inflorescence primodria development 
influences the following year’s vine 
fruitfulness. During year 1, the primary 
bud inside of the compound bud will 
typically not develop into a shoot as 
long as the main shoot is green and 
actively growing [2]. As the main 
shoot matures, the compound bud 
development is complete (Fig. 2). The 
compound bud then acclimates to cold 
hardiness. 

In the spring of year 2 just before 
the bud starts to swell, when soil 
and ambient air temperatures 
begins to warm, the differentiation 

(development) of flowers on the 
inflorescence primordium begins. As 
the bud breaks, the primary bud is the 
one that typically develops into a shoot 
(Fig. 2). However, if the primary bud is 
damaged, the secondary or tertiary bud 
may break. After bud break, but before 
the shoot begins rapid expansion, 
the inflorescence primordia begin the 
process of developing branches and 
flower initials. This process is what will 
determine the number of potential 
flowers per cluster [2]. The subsequent 
development of individual flower 
organs takes place over five weeks 
during and after bud break.  

Factors influencing fruitfulness. During 
year 1 of the bud development, there 
are several factors that can affect the 
number of inflorescence primordia [2]. 
Depending on the region and variety, 
temperatures between 75 to 90 ºF for 
three weeks in early summer of year 1 
(typically around bloom of the clusters 
on the mother shoot), promotes the 
formation of inflorescence primordia 

in the developing bud; temperatures 
less than 75ºF favors the development 
of tendril primordia. Temperatures 
greater than >95ºF may result in no 
inflorescence or tendril primordia [3]. 
A dense canopy during this time means 
poor light penetration which may result 
in fewer inflorescence primordia as well 
as reduced carbohydrate assimilates for 
the developing buds [4, 5]. Total leaf 
area impacts how much photosynthesic 
products are synthesized and 
transferred to developing bud; disease 
and pest infection or hail damage 
can reduce the leaf area, resulting 
in reduced bud fruitfulness. Severe 
water deficit during bud development 
is detrimental, however moderate 
water stress may maximizes cluster 
differentiation and potential fruitfulness 
by improving canopy microclimate and 
thus light exposure to the developing 
bud [1,2,6]. Appropriate application of 
nitrogen at during bloom in year 1 can 
increase the number of  inflorescence 
primordia in developing buds, however 
over-fertilizing can result in dense 
canopy, lowering bud fruitfulness due 
to lack of sunlight and heat exposure 
of developing buds [2, 4]. In regions 
with cooler springs and summers, buds 
that develop later in the season, during 
periods of increased sun-exposure and 
warmer temperatures, tend to have 
higher fruitfulness than those basal 
buds that developed during cooler, 
cloudier conditions. 

In year 2, higher temperature (>95ºF) 
during and after the bud break 
negatively affects the number of 

Figure 1- Cross section of dormant com-
pound bud composed of viable primary (P), 
secondary (S) and tertiary (T) bud. Photo by 
Lynn Mills. 

Figure 1- Bud development during: (left) the first year from green developing shoot; (center) turning in to a mature bud on the brown cane; 
and (right) bud break during the spring of second year.

continued on page 9
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Bud Development, con’t.
continued from page 8

flowers per inflorescence; however 
higher temperatures and warmer soil 
during spring accelerates shoot growth 
as well as flower development as the 
rate of nutrient mobilization increase 
[2]. Too dry soil before and during 
the bud break could cause cluster 
inflorescence abortion in the early 
stage of development. Other factors 
responsible for limiting the nutrient 
reserve and its mobilization and thus 
reduced flower formation are a dense 
canopy, poor nutrition management, a 
dry soil profile during the spring, and 
reduced leaf area due to insect or pest 
damage as described above.

Pruning strategies. In climates where 
winter freezes are common, growers 
should assess bud viability prior to 
pruning. WSU publication Assessing and 
Managing Cold Damage in Washington 
Vineyards [7] discusses how to dissect 
a bud to determine whether it is alive 
or dead, and how to adjust pruning 
strategies based on crop potential. 
Additionally, in cool-climate regions, 
cane pruning may be preferred over 
spur pruning. Due to the influence of 
temperature on cluster and/or tendril 
formation in buds, cane pruning may 

be necessary in cooler climates to 
retain buds that developed later in 
the growing season during warmer 
conditions (i.e., buds that are distal 
from the cane base). Cane pruning 
may also be necessary when growing 
varieties with known low “basal bud 
fruitfulness”. In regions with warm 
springs and summers, the retention of 
later-formed buds that is achieved with 
cane pruning is not necessary, and spur 
pruning is acceptable. This is because 
environmental conditions favoring 
inflorescence primordia formation were 
achieved earlier in the growing season, 
during a time when basal buds were 
developing on the growing shoots.  

Conclusion. Many factors influence the 
formation of inflorescence primordia 
in buds, ultimately influencing vine 
fruitfulness. From canopy management 
to water and nutrient management, 
viticultural practices can enhance 
or detract from this fruit formation.  
Understanding how your practices may 
influence fruit formation will allow you 
to manipulate these factors to achieve 
your yield goals. 
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Grape Leaffolders
By Michelle Moyer, WSU-IAREC

Figure 1- (Top) Typical leaffolder symptoms, 
and (Bottom) leaffolder frass inside of rolled 
leaf tissue. Photo by Ryan McAdams, SMWE. 

The grape leaffolder (Desmia funeralis) 
is an isolated grape pest in Washington 
vineyards. The adult is a small, black 
moth with white spots. The larvae of 
this moth are what cause the namesake 
damage in the vineyard. 

The insect overwinters as a pupa, and 
when adult moths emerge in the spring, 
they lay eggs on the grape leaf surface 
(upper and lower). The hatching larvae 
feed on leaf tissue, and then roll tissue 
(Fig. 1) in order to create an enclosure 
in which to pupate. In warmer 
climates such as California, there are 
up to 3 generations of leaffolders as 
season. The number of generations in 
Washington is unknown, but is likely 
around 1-2 generations, depending on 
weather conditions. 

This feeding on and rolling of grape 
tissue can reduce vine vigor; however, 
it rarely causes substantial problems if 

done during the late summer / early 
fall well after bloom. The UC-Davis IPM 
Program reports that most wine grape 
vineyards can handle up to 20% leaf-
rolling at fruit set, and more later in 
the season. Management intervention 
is rarely recommended in wine grapes 
unless the leaf-folding is wide-spread, 
severe, and early in the growing season. 

Due to the low incidence of leaffolder 
in Washington, monitor past-affected 
vineyard blocks for potential outbreaks.
Spray at the first signs of folding in 
blocks where outbreaks have been 
severe in the past. 

If leaffolder damage is widespread and 
problematic in your vineyard, products 
such as spinosad (e.g., Entrust) and 
spinotram (e.g., Delegate WG) are 
labeled for grape leaffolder control. 
Please consult the label for rates and 
other application information. 

http://cru.cahe.wsu.edu/CEPublications/EM042E/EM042E.pdf
http://cru.cahe.wsu.edu/CEPublications/EM042E/EM042E.pdf
http://cru.cahe.wsu.edu/CEPublications/EM042E/EM042E.pdf
http://www.ipm.ucdavis.edu/PMG/r302300211.html
http://www.ipm.ucdavis.edu/PMG/r302300211.html
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Winery Bench Trials
By Richard Larsen, Research Winemaker, and Jim Harbertson, WSU-IAREC 

Proper use of fining agents in winemak-
ing can be tricky. Not using enough 
fining agent can result in wasted ad-
ditions without achieving your fining 
goals. Too much fining agent can strip 
the wine of desired properties. Deter-
mining what is just right in terms of 
fining additions can be done with a 
simple bench trial.

Setting up a wine fining agent bench 
trial is not as daunting as it may appear. 
It is convenient to use 100 mL gradu-
ated cylinders for bench trials because 
of the simplicity of metric calculations 
that can be done in factors of 10.  
Once the final concentration of the fin-
ing agent has been selected from the 
bench trial results, it is then simple to 
convert the required amount back into 
the English system if desired. 

Fining for bitterness removal. Polyvinyl-
pyrrolidone, or PVPP, can be used to 
treat a white wine to reduce phenolic 
bitterness and oxidative browning. The 
typical additions range from 4 to 10 
lbs per 1000 gal, which is equivalent 
to 476 to 1195 mg/L. In this case, we 
will use one control wine and evaluate 
four different treatment concentrations 
of PVPP. The stock solution of PVPP will 
be 100 g/L (or 10 g/100 mL; 100,000 
mg/L or 100,000 ppm). Add 10 g of 
PVPP to 90 mL of water in a beaker, 
and stir for an hour or more to allow 
the PVPP to fully expand. Add addi-
tional water if necessary to bring the 
total volume to 100 mL. PVPP is not 
soluble in water but the particles will 
swell. Fill five, 100-mL graduated cylin-
ders with 90 mL of wine. While keeping 
the PVPP solution well mixed, add the 
volumes of solution indicated in Table 
1 to these different wine samples using 
a micropipette. Add additional wine to 
each sample to bring the final volume 
to 100 mL. Seal the cylinders and mix 
well by inverting several times over a 

30-minute period. Allow the PVPP to 
settle out and then perform sensory 
analysis on the treatments. Select the 
treatment that resulted in your desired 
bitterness reduction. 

Fining for sulfur compound removal. If 
you have a stinky wine that you suspect 
may be caused by sulfur compounds, 
the use of copper sulfate may be re-
quired. Copper at high levels is toxic 
and the quantity of copper that can be 
added to wine cannot exceed 6 ppm 
(mg/L) and the residual level of copper 
in the finished wine cannot exceed 0.5 
ppm (27 CFR Chapter I, Subchapter 
A, Subpart L, Section 24.246, Alcohol 
and Tobacco Tax and Trade Bureau). 
To avoid exceeding the 0.5 ppm limit, 
add no more than that amount in a 
bench trial, or to the wines in the win-
ery. In order to accurately determine 
copper levels using copper sulfate, 
the elemental copper needs to first be 
calculated from the chemical formula 
CuSO4•5H2O. In this case, there is 
250 mg copper in 1 g of copper sul-
fate. Hence, 1 g of CuSO4•5H2O in 1 
L of water would consist of 250 ppm 
copper. For convenience, our stock so-
lution will contain 1 g of copper sul-
fate dissolved in 250 mL of water for a 
concentration of 1000 ppm. In order 
to bring the concentration down to 
workable levels, a 1:10 dilution is made 
using a 100 mL cylinder. That is, 10 mL 
of the 1000 ppm solution is added to 
90 mL of water to make a final concen-
tration of 100 ppm. Using the above 
formula, the amount of stock solution 
is calculated for each treatment (see 
Table 2). Allow the copper sulfate to 
stand 3 to 4 hours or overnight before 
conducting sensory analysis.

Fining for wine clarity. There are many 
products on the market that promise 
the ability to clarify wine. Since there 
are so many potential products to try, 

we are presenting a generic example 
where the package label indicates an 
addition of 15 oz. per 100 gallons. 
However, check the  maximum limit of 
the agent in wine allowed by law prior 
to adding (Section 24.246; http://ttb.
gov/wine). For this example we will 
state that the website indicates that the 
maximum allowable rate is 25 oz. per 
100 gal. Convert the recommended 
and maximum rates into metric values: 
15 oz. x 28.35 g/oz. = 425.3 g. Then 
convert 100 gallons to liters: 100 gal x 
3.8 L/gal = 380 L. Hence, the recom-
mended rate would be 425.3 g / 380 L 
= 1.12 g/L. Following the same proce-
dure, the calculated maximum rate is 
1.87 g/L. Choosing four different rates 
divided equally from a selected mini-
mum of 0.75 g/L to the maximum of 
1.87 g/L, we will add 30 g to 250 mL 
water final volume to make a stock so-
lution of 120 g/L (see Table 3). Keep 
in mind that at this concentration, the 
agent may not all go into solution due 
to solubility, so a less concentrated solu-
tion may be necessary. After the agent 

continued on page 11

Fining Agents:
 Selection Considerations

• Which agent(s) do what you 
would like done? 

• What are the legally-defined 
must or wine addition limits? 

• Is the agent soluble in juice or 
wine, or will agitation be neces-
sary?

• What is the temperature you 
plan on using for the fining 
trial? It should be the same 
temperature as the final wine 
as many chemical reactions in 
juice and wine are dependent 
on temperature.

NOT RECEIVING WSU V&E EXTENSION EMAILS?
Go to our website:  http://irrigatedag.wsu.edu/subscribe-to-email-lists/ 

This service allows you to customize the information you receive. Choose from topic areas, including: 
Tree Fruit  (apple, cherry, stone fruit, nursery, automation/mechanization), Grapes  (juice, wine, table, win-
ery), Other Small Fruit (blueberry, raspberry), Vegetables (potato, onion, sweet corn, peas, carrots, other veg-
etables), Cereals/Row Crops (wheat/small grains, corn [grain and silage], dry edible beans, alternative crops), 
Forages (alfalfa, timothy, other grasses/legumes, mint), Livestock (cattle, swine, sheep, goats, pasture man-
agement), Ag Systems (high residue farming, soil quality/health, organic ag, direct marketing, small farms), 
Water and Irrigation (center pivot irrigation, drip irrigation, surface irrigation, water availability/rights).

http://www.law.cornell.edu/cfr/text/27/24.246
http://www.law.cornell.edu/cfr/text/27/24.246
http://www.ttb.gov/wine/
http://www.ttb.gov/wine/
http://irrigatedag.wsu.edu/subscribe
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Fining Agents: Stock Solutions
Because of the minute quantities of fining agents used in bench trials, concen-
trated stock solutions are often prepared. To make a dilution, the following for-
mula is used: 

V1C1 = V2C2

V1 = Volume of the stock solution.     C1 = Concentration of the stock solution .
V2 = Volume of diluted solution .       C2 = Concentration of the diluted solution.

To make things easy, below equation has been solved to determine how much 
stock solution of a fining agent is needed for wine additions:

Stock Solution (Fining Agent) = (Final Wine Volume) X (Final Fining Agent Conc.)
     (Stock Solution Conc.) 

Winery Bench Trials, con’t.
continued from page 10

is fully dissolved, the amounts shown 
in the table are added to the 100 mL 
cylinders. Following the manufacturer 
recommendations, the treated wines 
are evaluated after the prescribed treat-
ment times have passed.

Conclusion. Following the bench trial 
examples shown here, any available 
fining agent can be set up in a simi-
lar fashion. It is important to note that 
a given fining agent may not always 
completely resolve the issues being 
confronted in the wines. For example, 
after treatment with copper sulfate, 
the wine may be free of hydrogen sul-
fide but may still contain some sulfur-
derived off-odor attributes, indicating 
that there are likely other, more com-
plex sulfur compounds in the wine such 
as disulfides that cannot be resolved 
by fining with copper sulfate. In many 
cases, more than one fining agent may 
be required to treat a wine, so some 
trial and error with these agents should 
be expected in order to achieve the 
desired results. For example, there are 
commercially available fining agents 
such as yeast hulls that may be useful 
for removing some sulfur compounds 
but as mentioned earlier, there is little 
published evidence as to their efficacy. 

In addition, while fining agents may be 
successful for removing a specific un-
desired compound(s) from the wine, it 
is possible that they may remove some 
of the positive attributes in the wine. 
Hence, it is always prudent to use the 
lowest concentration of fining agent 
that is possible to achieve the end goal 
for the wine. Alternatively, if too many 
of the desired attributes are being 
stripped from the wine, a different fin-
ing agent should be considered.

After fining agents have been added to 
a wine, many of them, such as PVPP, 
will require filtering prior to bottling. 
This requirement not only results in 
some loss of wine, but it may addition-
ally strip wine of some its desirable sen-
sory traits, so this will also need to be 
considered in the fining process.

Table 1- Fining treatment using 100 g/L PVPP stock solution in water.

PVPP 
Treatment

Stock Solution to 
add to 100 mL 
wine sample

Final grams or 
ounces to add to 

1 gal wine

Final grams or 
ounces to add to 

100 gal wine

Control 0.0 mL 0 g / 0 oz. 0 g / 0 oz.

200 mg/L 0.2 mL 0.76 g / 0.0268 oz. 76.0 g / 2.68 oz.

400 mg/L 0.4 mL 1.52 g / 0.0536 oz. 152.0 g / 5.36 oz.

600 mg/L 0.6 mL 2.28 g / 0.0804 oz. 228.0 g / 8.04 oz.

800 mg/L 0.8 mL 3.04 g / 0.1072 oz. 304.0 g / 10.72 oz.

Table 2- Fining treatment using 100 parts copper per million (ppm) stock solution 
made from copper sulfate.

Copper 
Sulfate

Treatment

100 ppm solution 
to add to 100 mL 

wine sample

Amount of 100 
ppm solution to 

add to 1 gal wine

Amount of 100 
ppm solution to 
add to 100 gal 

wine

Control 0.0 mL     0.0 mL    0 mL

0.2 ppm 0.2 mL   7.6 mL 760 mL

0.3 ppm 0.3 mL 11.4 mL 1140 mL

0.4 ppm 0.4 mL 15.2 mL 1520 mL

0.5 ppm 0.5 mL 19.0 mL 1900 mL

Table 3- Fining treatment using a 120 g/L stock solution of clarifying fining agent in 
water.

Clarifying 
Treatment

120 g/L solution 
to add to 100 mL 

wine sample

Final grams or 
ounces to add to 

1 gal wine

Final grams or 
ounces to add to 

100 gal wine

Control 0.00 mL 0 g / 0 oz. 0 g / 0 oz.

0.75 g/L 0.63 mL 2.85 g / 0.10 oz. 285 g / 10.0 oz.

1.12 g/L 0.93 mL 4.26 g / 0.15 oz. 426 g / 15.0 oz.

1.50 g/L 1.25 mL 5.70 g / 0.20 oz. 570 g / 20.0 oz.

1.87 g/L 1.56 mL 7.11 g / 0.25 oz. 711 g / 25.0 oz.
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Sensory Thresholds in Brettanomyces-faulted Wine
By Charles Diako, Graduate Student, and Carolyn Ross, WSU-Pullman

continued on page 13

When the wild yeast Brett-
anomyces grows in wine, it 
produces several compounds 
that can alter the sensory 
properties of a wine. At low 
levels, some winemakers feel 
that these compounds exert a 
positive effect on wine.  How-
ever, at high concentrations, 
these Brettanomyces-related 
compounds generally exert a 
negative effect. 

While several of these Brett-
anomyces-related compounds 
have received research at-
tention to determine aroma 
thresholds, 4-ethyl catechol 
(4-EC) has received less at-
tention. Interestingly, meta-
bolic precursors to 4-EC (caf-
feic acid) are in much higher 
amounts compared to the 
precursors for other Brettano-
myces-related compounds in 
Washington wines [1].  

As such, our lab set out to determined 
the sensory impact of 4-EC (ethyl cat-
echol) in red wine and the ability of 
the e-tongue to distinguish samples 
containing different concentrations of 
4-EC. In this exploration of 4-EC, both 
detection thresholds and consumer 
panels were used. Detection threshold 
values indicate the concentration need-
ed for a difference to be detected in a 
wine (DT = detection threshold), and 
consumer panels evaluate the prefer-
ence or liking of a particular sample by 

consumers. This value was expressed 
as the consumer rejection threshold 
(CRT).  

Different concentrations of 4-EC (493, 
714, 1035 and 1500 μg/L) were added 
to a Washington Merlot wine. Using 
sensory evaluation panels, both the 
consumer detection threshold (DT) 
and the consumer rejection threshold 
(CRT) of 4-EC were determined. 

Detection threshold for ortho-nasal ol-
faction (smell) was determined using 
the forced-choice ascending concen-

tration series tri-
angle test, where 
a panelist indi-
cated the sample 
that he/she iden-
tified as different 
from the other 
two. 

Consumer pref-
erence for the 
4-EC in wine 
samples was de-
termined using a 
four paired com-
parison tests, 
one for each 
concentration of 
4-EC. Each pair 
consisted of a 
control sample 

(base wine with no added 4-EC) and 
a sample of the base wine containing 
4-EC.  Consumers were required to 
taste both samples and indicate which 
sample of the pair was preferred. The 
proportion of consumers preferring 
the control sample was plotted against 
4-EC concentration.  

Each of the wines samples (n=5 sam-
ples) containing the 4-EC, along with 
a base wine were analyzed using the 
e-tongue. Taste attributes of wine 
samples (sourness, sweetness, umami, 
metallic, bitterness and spiciness) were 
analyzed using the Astree II electronic 
tongue unit (Alpha MOS) equipped 
with a liquid auto sampler. The e-
tongue data were analyzed and com-
pared with the results from the sensory 
evaluation.  

The threshold value of 4-EC in the 
Washington Merlot was determined to 
be 823 µg/L using the untrained, but 
experienced, red wine consumers (Fig. 
1). This threshold compares to a previ-
ously reported value of 774 μg 4-EC/L, 
in  Cabernet Sauvignon [2]. A lower 
value of 442 μg 4-EC/L was reported 
in Pinotage [3]. The literature values 
reflect the significant impact of wine 
matrix on the threshold and detection 
of 4-EC.  

Figure 1- Percentage of consumers correctly identifying the wine with 
added 4-EC.  The solid line represents chance responding while the 
dashed line indicates the 5% significance criterion using the binomial 
distribution for triangle tests (n=36) reached at 823 ug/L.   

Figure 2- Electronic tongue discrimination of 4-EC solutions.  The 4-EC concentrations examined were 
493, 714, 1035 and 1500 μg/L.  The sensors are indicated by: UMS (umami), GPS (metallic), BRS (bit-
ter), SWS (sweet), SPS (spicy), SRS (sour) and STS (salty).  
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Wine Microbiology Lab Update
By Charlie Edwards, WSU-Pullman

Sensory Thresholds, con’t.
continued from page 12

There was no difference in consumer 
preference between the control wine 
(no 4-EC) and the wine containing the 
highest concentration of 4-EC (1500 
µg/L). The lack of significant results 
in preference may be due to the low 
number of consumers used in the 
study, differences among consum-
ers in sensitivity to 4-EC or differences 
among consumers in their acceptance 
of 4-EC in wine. 

If consumers were able to detect the 
4-EC, differences in preference may 
also be due to the change in the sen-
sory properties of the wine with this 
increased 4-EC concentration. In Pino-
tage, as 4-EC concentration increased 
up to 1193 μg/L, the wines were in-
creasingly described with savory de-
scriptors and less with berry-like de-
scriptors [3]. We did not examine the 
specific changes in the wines; however, 
a similar phenomenon may be occur-
ring in the Merlot. With added 4-EC, 

the wines changed in their sensory pro-
files, with these changes affecting con-
sumers differently depending on their 
preferences.  

Results showed that the electronic 
tongue was able to discriminate (DI = 
82%) among the wine samples with 
4-EC (Fig. 2). The lowest concentration 
distinguished by the e-tongue was 493 
μg/L, which was lower than the senso-
ry threshold determined in this study. 
High concentrations of 4-EC were as-
sociated with low response of the e-
tongue to the different attributes.  The 
reference sample was defined as being 
higher in the attributes assessed by 
the e-tongue, including sweetness and 
sourness. 

Considering the electronic tongue and 
sensory findings, the results suggest 
that for the detection of 4-EC in Merlot 
wine, the e-tongue may be more sensi-
tive than many consumers. This find-
ing is of great interest as it shows the 

e-tongue as a promising method for 
the detection of sub-threshold concen-
trations of compounds contributing to 
faulted wines, perhaps leading to early 
detection of these flaws. 
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The Wine Microbiology laboratory in 
Pullman continues to focus on two 
primary issues: (a) wine spoilage by 
Brettanomyces; and (b) the potential 
use of certain species of non-
Saccharomyces yeasts to alter wine 
quality.

Metabolism of phenolic compounds by 
Brettanomyces. Studies related to the 
ability of Brettanomyces to metabolize 
phenolic compounds in wine grapes 
demonstrated that Brettanomyces are 
not able to metabolize tartaric acid 
esters of phenolic acids present in 
red wines. In addition, these studies 
also showed that the presence of 
Brettanomyces does not always mean 
that the contamination will result in 
the production of 4-ethylphenol/4-
ethylguaiacol, or the characteristic 
barnyard / medicinal aroma. Finally, 
the studies also demonstrated that the 
specific strain of Brettanomyces, not the 
wine substrate, influenced the growth 
and metabolism of this spoilage yeast.   

Impact of ethanol and storage 
temperature on Brettanomyces 
growth. The different strains of 

Brettanomyces studied all grew well in 
wines containing 12% to 14% ethanol 
when wine temperature was greater 
than 59°F. The ability of these strains 
to survive decreased when wines were 
stored at 53.6°F, or when the wines 
contained 16% ethanol. However, 
at 15% ethanol, the growth of the 
different strains varied. For example, 
strain “I1a” could grow more rapidly 
at this ethanol concentration when 
temperatures were at 64.4°F and 
69.8°F, when compared to strain “F3”. 

Non-Saccharomyces yeasts and 
wine quality. Currently, research is 
underway using non-Saccharomyces 
yeasts isolated from Washington 
grapes (i.e., C. californica, C. oleophila, 
Mt. pulcherrima, My. caribbica, My. 
guillermondii, or W. anomalus) in wine 
production. Using a Chardonnay grape 
must, the growth and metabolism 
of these different yeasts are being 
evaluated. The yeasts reached 
populations in excess of 107 cfu per 
mL but did not completely metabolize 
glucose or fructose like Saccharomyces. 
Additional studies that are combining 
both non-Saccharomyces inoculations, 

followed by Saccharomyces inoculations 
23 days later are underway in an 
effort to understand how these dual 
inoculations improve sugar metabolism 
in the musts, and wine aroma and 
mouthfeel. 
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CALENDAR OF EVENTS

DATE DESCRIPTION
6 November 2014 Grape Fieldman’s Breakfast, Cafe Villa, Prosser, WA

13-14 November 2014 Washington State Grape Society Annual Meeting
http://www.grapesociety.org/

4 December 2014 Grape Fieldman’s Breakfast, Cafe Villa, Prosser, WA

8 January 2015 Grape Fieldman’s Breakfast, Cafe Villa, Prosser, WA

11-13 February 2015 Washington Association of Wine Grape Growers Annual Meeting
http://wawgg.org/

5 March 2015 Grape Fieldman’s Breakfast, Cafe Villa, Prosser, WA

2 April 2015 Grape Fieldman’s Breakfast, Cafe Villa, Prosser, WA

Check the website for changes and updates to the Calendar of Events.
http://cahnrs.wsu.edu/events/category/grapes-wine/month/

The next issue of VEEN will be in mid-September and is accepting events between 
15 April 2015 and 15 September 2015

Let Michelle (michelle.moyer@wsu.edu) know of your events by 1 April 2015

Building References: Vit. Extension Publications
More information, as well as links to 
additional resources, can be found at 
the WSU Viticulture and Enology Re-
search and Extension website: http://
wine.wsu.edu/research-extension/ .

FIELD GUIDE FOR INTEGRATED 
PEST MANAGEMENT - POCKET 
VERSION (SPANISH/ENGLISH) 
(PNW654)

This bilingual IPM field guide is an essen-
tial resource for producing high-quality 
wine and juice grapes in Washington, 
Oregon, and Idaho. The companion to 
PNW644 provides the same effective 
color photos, but the detailed descrip-
tions are in both Spanish and English 
on water- and tear-resistant paper in a 
pocket-size wire-bound format for opti-
mal on-the-ground use. Additional ma-
terials, such as improved insect lifecycle 
schematics and measurement tools, 
are also included.

Links on ordering or downloading this 
guide will be made available at: http://
wine.wsu.edu/research-extension/
plant-health/ .

PEST MANAGEMENT STRATEGIC 
PLAN FOR WASHINGTON WINE 
GRAPES

This publication, funded by the West-
ern IPM Center, describes the current, 
and future, needs in extension, re-
search, and regulations as they relate 
to pest management in Washington 
wine grapes.

Reviewing both current industry prac-
tices for IPM, and addressing poten-
tial IPM gaps, this document will help 
provide the framework for industry re-
search endeavors relating to pest man-
agement over the next 10 years. 

Complete with efficacy tables and a 
vineyard IPM activity timeline, this 
document should prove useful to 
both government agencies and grow-
ers who are interested in different IPM 
strategies in the state. Copies will be 
available this fall at the National Infor-
mation System for the Regional IPM 
Centers: http://www.ipmcenters.org/
pmsp/index.cfm

New to Viticulture?

check out:
eViticulture.org

eViticulture.org is an Extension 
clearing house for all things viti-
culture. Populated with resourc-
es and references produced by 
university Extension specialists 
across the country, this resource 
provides quick factsheets on 
the basics of viticulture produc-
tion, with links to more in-depth 
publications written in practical 
terms. 

This online resource is perfect 
for students, those just get-
ting started, and as a refresher 
for those who have been in the 
industry. After harvest, grab a 
glass of wine and check it out!
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