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Proposed FDA Food Safety Modernization Act
(FSMA) Now Available and Open for Comment
Colleen Burrows, WSU Whatcom County Extension
The FDA has released the new FSMA rules in two
documents. Farmers who do not process product
will need to follow the “Rule for Produce: Standards
for the Growing, Harvesting, Packing, and Holding
of Produce for Human Consumption” and processors
will need to follow the “Preventive Controls for Human Food: Current Good Manufacturing Practice
and Hazard Analysis and Risk-Based Preventive
Controls for Human Food”. Both can be found on
the FDA website http://www.fda.gov/fsma along
with summaries and factsheets about both proposed
rules. Easy to read versions can be found at:
http://goo.gl/9alqt OR click on the images below

The proposed rule for produce covers sections on
covered crops, exemptions to the rule, agricultural
water; biological soil amendments (manure and
compost); health and hygiene; domesticated and
wild animals; and equipment, tools and buildings
and record keeping. All aspects of this rule will
need to be looked at for each operation. Now is a
great time to start working on your Food Safety
Plan.
Comments are being accepted and encouraged by
the FDA in response to the proposed rule. These can
be comments on the rule itself (either agreeing with
what is proposed, or disagreeing with evidence) or
can ask for more clarification on aspects of the rule.
Comments can be made on the FDA website or by
mail. The comment period is open until May 16,
2013. Once the comment period is closed, the FDA
will have one year to publish the final rules. ImpleWhatcom
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mentation of the rule will be phased in over 4 to 6
years depending on the size of the operation.
In order to learn more about the proposed rule,
several events are coming up:
FDA is holding a FSMA Public Meeting Concerning Proposed Rules for Preventive Controls in Human Food and Produce Safety Standards
Portland, Oregon
March 27 and 28, 2013
http://goo.gl/0DRDk
WSU is partnering with Oregon State University to
host educational sessions on the FSMA rule. The
date and location has not yet been confirmed, but a
session is tentatively scheduled for the week of
April 15th in Everett. More details will be made
available on the WSU Whatcom County Extension
website and on the WSU Food Safety Website:
http://foodsafety.wsu.edu/ag/index.html
Other Food Safety Education Opportunities:
WSU Food Safety Program is holding their GAPs
Session II in Bellingham on February 28, 2013
(http://foodsafety.wsu.edu/ag/index.html). Those
that attended GAPs Session I either in 2013 or in
previous years are welcome to attend. The Session
II is designed as a Food Safety Program Development session, as a discussion based format.
The Washington Red Raspberry Commission and
Washington Blueberry Commission are organizing
Food Safety Training Workshops on the following
dates:
March 19 in Prosser
March 20 in Vancouver/Woodland
March 26 in Mt Vernon
March 27 in Lynden
More information will be coming from the WRRC
and WBC.
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Raspberry Yield Decline
The Good, the Bad and the Ugly
Eric Gerbrandt, Pacific Berry Resource Centre, University of the Fraser Valley

Walking through raspberry fields, one often notices
significant differences in vigor and yield between
plants. Individual plants can be characterized as the
“good”, the “bad” and the “ugly” (see Figures 1, 2
and 3). When it comes to marketable yields, these
localized weak spots in a recently established field
amount to massive losses in revenue. Undoubtedly,
the progression of post-establishment yield and vigor
decline in the Pacific Northwest occurs more rapidly
than in decades past. For certain, the early replacement of fields decreases returns on investment, placing a drag on farm profitability. In recent years, researchers north and south of the border responded to
this recognized industry challenge and embarked
upon investigative work to uncover the complex of
physical and biological factors contributing to yield
decline. This work is not merely to characterize and

management factors associated with yield decline,
this study indicated both a biological complex of
pathogenic factors and important soil nutrient variables. In 2012, a more focused in-depth study of
these highlighted variables in fewer fields was conducted to further describe their associations with
yield and vigor decline. The purposes of this study
were to start to unravel the intricate relationships
between environmental variables and plant responses; determine future avenues of research to
confront production challenges; and recommend
best management practices to the industry.
Field Investigations in 2012
Four mature fields (two ‘Meeker’ and two
‘Chemainus’) were surveyed in-depth for important field-based variables in West Abbotsford.
The fields were chosen based on excellent grower

Figures 1-3: The “good”, the “bad” and the “ugly” in a ‘Meeker’ field in West Abbotsford, BC.
understand the forces at play, but to direct future genetic and cultural solutions for the industry. In
2011, a very broad survey of grower practices and
field variables (e.g., soil nutrients and pathogens)
was conducted in 25 fields in the Fraser Valley.
With the aim of highlighting potential field and
Whatcom
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management and the presence of variability in
plant yield and vigor throughout. Twelve locations
within each field were selected to represent this
range of plant response (as in Figures 1-3). Measurement of plant yield and vigor along with plant
pathogen, pest and soil nutrient variables at each of
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these locations was used to associate localized plant
weakness with potential causes. As a survey, this
study was still only designed to find associations
between variables without indicating definite causative relationships. Nonetheless, greater understanding of potentially important factors was achieved.
For each sampling location, plant yield response variables included yield estimate (via yield
component analysis), fruit weight, primocane number and root biomass per soil sample. Pathogen and
pest variables included Raspberry Bushy Dwarf Virus (RBDV), Raspberry Leaf Mottle Virus (RLMV)
and Raspberry Latent Virus (RpLV1); root lesion
nematodes (Pratylenchus penetrans); Phytophthora
rubi, a root rot pathogen; and bacterial and fungal
organisms cultured from sections of floricane crown.
Subsamples of soil were submitted to a commercial
laboratory for chemical nutrient analysis. Associations between all plant response variables and potential contributing factors were determined through
regression statistics.
Several soil nutrient variables were found to
associate with plant responses; between samples, a
very broad range of soil nutrient levels was found.
Often ranging from deficient to excessive, the highest measured sample in a field was often several
times greater than the lowest sample, an unprece-

dented and astonishing level of variability. From
analysis of soil pests and pathogens, no significant
relationships were found for number of nematodes
while the number of positive P. rubi results did
have significant associations with plant responses.
For fungal, bacterial and viral pathogens, detection
ranged from 0-48% of the total samples, but no significant single-variable interactions with plant response were found. A summary of the most important factors with significant associations is presented in Table 1.
Interpretation of Field Associations
This study emphasizes the high degree of
localized variability in soil nutritional status
throughout raspberry fields. For N, a negative association with plant responses should not be interpreted as causative. Since fertilizer is applied at a
constant rate, each plant receives an equal amount
of fertilizer without regard to its relative ability to
use the entire application. This means that not all
of the available nutrients will be taken up by the
roots of weak plants.
Plant responses were significantly associated with
higher levels of total P as well as Mg and Ca concentrations. Since the P levels were all in the excessive range, the observed association between P
and plant response is most likely due to some other

Table 1: Summary of positive and negative effects of soil and pathogen variables on plant response variables.
Factor

Yield
Estimate

Fruit
Weight
-

Primocane
Number

Phosphorus (P)

+

+

Magnesium (Mg)

+

+

Calcium (Ca)

+

Copper (Cu)

+

Nitrogen (N)

Fine Root
Weight

+

Coarse Root
Weight
-

Total Root
Weight

+

+

+

+
+

+

Iron (Fe)

+

+

+
+

Manganese (Mn)

+

+

Zinc (Zn)

+

+

Cation Exchange Capacity (CEC)

+

Base Saturation

+

Calcium Base Saturation

+

Magnesium Base Saturation

+

P. rubi
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-

+

+

+

-

FSMA|Raspberry Yield Decline | Manure Management | Blueberry Root Rot | AgWeatherNet
Weather Update | Upcoming Events

February 15, 2013

underlying relationship. The actual values measured
for Ca and Mg ranged into deficient levels, which
supports the idea that the positive plant responses to
increasing levels of soil Mg and Ca were indicative
of an actual relationship.
The CEC is the soil’s ability to hold onto and
release positively charged ions (i.e., cations), particularly Ca2+, Mg2+ and K+ as well as Na+, H+ and Al2+
and some micronutrients. Ca is usually the most
abundant cation, followed by Mg and K, while the
remaining three are non-nutrient elements. Only the
ions of these nutrients that are bound in exchangeable form in the CEC are available to the plant; therefore, measures of total Ca, Mg and K present in the
soil are not representative of plant available levels;
on the other hand, CEC is representative of plant
available levels. The percentage of the CEC that is
made up of Ca, Mg and K is called the base saturation. In this study, CEC, base saturation and percent
calcium and magnesium base saturation were positively associated with various measures of plant response. A positive association of plant variables
with high percent Mg base saturation is simply due
to a sufficient supply of calcium with an even more
abundant supply of Mg. Likewise, the interpretation
of a positive association of plant variables with a
high percent Ca base saturation can be interpreted as
the result of a sufficient supply of Mg with an even
more abundant localized supply of Ca. These interpretations of percent Ca and Mg base saturation are,
therefore, essentially descriptions of the same observations described for Ca and Mg concentrations
above.
Large ranges for base saturation and CEC
were measured, indicating low uniformity of soil
fertility in general. This is partially explained by a
range in organic matter measurements. More importantly, the soils used in this study were both light
in texture and relatively acidic. The extremes of variation for organic matter, texture and pH combined
to result in the range of base saturation and CEC values; it is variability for these two variables that is the
most likely the underlying variable driving associations of each nutrient with plant responses. Plant
responses to higher relative CEC and base saturation
demonstrate the associations detected for levels of
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Mg and Ca and Mg and Ca percent base saturations. Associations with variables such as P were
detected due to a coincidental association between
P levels and these underlying variables and not between P and the actual plant responses themselves.
This covariation can lead to erroneous interpretation of data when the variable is assumed to be the
cause. Due to the inherent properties of the soil
(base saturation and CEC), nutrients such as P, Mg
and Ca tend to covary. Therefore, the association
with P is likely coincidental with underlying associations with Mg and Ca. An interpretation that is
validated by the light textured nature of these soils,
which results in poor nutrient retention, potentially
resulting in deficiencies.
Positive associations between several micronutrients, Cu, Fe, Mn and Zn were found for
various plant responses. Based on generally adequate levels across all samples, it is possible that
Cu, Zn and Fe merely covaried with the aforementioned underlying variables. Conversely, detection
of deficient levels of Mn point toward a potential
underlying association with plant response. As the
only significant associations from the entire set of
pathogen variables, the negative associations between P. rubi detections and plant responses can be
interpreted as a major influence over localized
plant health throughout fields. Since ‘Meeker’ and
‘Chemainus’ are not root rot resistant, a significant
response to differing degrees of infection is plausible.
Summary and Implications for the Future
In the 2011 study, an apparent biological
complex is at play in raspberry fields that have
been in continuous monoculture for many years.
In 2012, nematodes, viruses, fungal and bacterial
diseases had no single-variable associations with
plant responses; this relationship requires closer
investigation due to the complexity of interaction.
P. rubi did have a significant association with
measures of plant response, indicating that in fields
where infections exist, gradual plant weakening is
progressive. Maintaining overall plant health and
delaying the detrimental effects of yield and vigour
decline starts with field establishment and contin-
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ues throughout the life of the planting. These results
indicate that P. rubi should be the primary target for
increased cultural management to delay yield and
vigour decline. This can be done through use of
crop rotation; applications of pre- and post-plant fumigants; selection of root rot resistant varieties; use
of high raised beds to increase drainage in the root
zone; and establishment of fields with certified disease free bare-root plants or soilless tissue culture
plugs. Investigation into the use of soilless tissue
culture plugs; application of alternative fumigants
via alternative methods; and testing of root rot resistant varieties are prospective avenues of future
research.
Localized heterogeneity for a range of different nutrients is the major story told by this research.
N levels were higher around plants that were too
weak to utilize the entire fertilizer application. Ca
and Mg were positively associated with plant responses due to localized deficiencies in these sandy,
acidic soils that receive an abundance of rainfall.
Phosphorus was found in abundant supply, but varied relative to levels of calcium and magnesium.
Underlying these responses, regions of soil with low
CEC and base saturation were less able to retain
these important cations, resulting in plant detriment.
Investigation into alternative strategies for promoting consistency in CEC and base saturation should
be a priority.
Several micronutrients had positive associations with plant responses, which may be indicative
of actual relationships or covariance with underlying
factors. The effects of these micronutrient levels
should include examination of soil, leaf and fruit
concentrations of micronutrients to determine exact
requirements and understand availability of these
nutrients. From actual measurements of pH, some
fields may be too acidic for optimal growth of raspberries. Low pH makes it even more difficult for
light textured soils to hold onto vital soluble macro
and micronutrients, especially during heavy rainfall.
This study points to precision nutrient management as a means to bring raspberry farming to
the next level of excellence. Unravelling the complex of nutrient effects could be used to direct fertilizer application throughout the field, accounting for
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the incredible variability in soil conditions. Management of soil fertility through increasing CEC
and base saturation is a long-term alternative strategy achieved through increasing organic matter
levels.

Acknowledgements: Tom Baumann and Alicia
Powell (UFV PBRC); Mark Sweeney, Maria Jeffries and Vippen Joshi (BCMA); Dr. Tom Forge,
Carol Koch, Naomi Hashimoto (AAFC); Dr. Bob
Martin (USDA-ARS); and the participating growers.
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New Manure Application Risk Management
Tools for Whatcom County
Dr. Nichole Embertson Nutrient Management Specialist, Whatcom Conservation District

Whatcom County is a very productive agricultural
area and home to, arguably, some of the most beautiful terrain and natural resources in Washington. Unfortunately, the effects of imprudent agricultural
land use practices and/or conversion have resulted in
negative impacts to resources including surface and
ground water. These impacts are largely due to improper utilization of animal manures, which leads to
nutrient and pathogen pollution. To help agriculture
reduce the negative impacts it may have on our local
system, the Whatcom Conservation District has developed new guidance and tools to assist farmers in
making better choices about when and how to apply
manure fertilizers to their farm fields.
Application Risk Management (ARM)
Faced with the challenge of helping the dairy and
livestock industry in Western Washington become
more proactive with resource conservation, the
Whatcom Conservation District applied for an EPA
Puget Sound Watershed Grant in 2010 to develop
and field test a new and innovative manure Application Risk Management (ARM) system. Dubbed
ARM, the project is now in its third year and has
spawned many exciting and fresh ways to look at
environmental interactions and application strategies
related to manure.
The objective of the project was to design a manure
application system that accounts for risk on a temporal (seasonal) and spatial (field level) scale and
addresses surface and ground water resource protection into one tool. The system provides real-time risk
management tools and education and gives farmers
the flexibility needed to adapt to a changing climate,
while also increasing accountability via justification
of application practices.
The ARM project is currently working with local
dairy farms installing equipment in fields and testing
two manure application strategies: 1) the conventional strategy with ridged start and stop application
Whatcom
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dates, and 2) a new strategy in which application is
flexible and based on current weather, field conditions, and crop needs. To compare the two strategies, we have installed monitoring equipment within farm fields around Whatcom County and are
currently measuring soil, manure, forage, soil water, soil moisture, soil temperature, meteorological,
and field condition data. Additionally, we have
teamed up with partners at USGS to take concurrent groundwater measures.

Figures 1a 1b. Installation of field equipment
goes in to test the Application Risk Management
(ARM) system tools and guidance. More information on ARM can be found at:
www.whatcomcd.org/ARM.
All of the data collected is being used to determine
the correlations between various parameters, seasonal patterns in nutrient availability and pollution
risk, as well as any significant differences between
the two treatments. In particular, we are looking at
the movement of nitrogen and phosphorous (two
key nutrients in ag production) within the natural
farming system and the factors that affect the
movement of each.
To date, the data collected has been very informative and is helping us revise the current manure
application strategies and guidance, as well as
identify the factors that have the greatest potential
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for preventing a runoff or leaching event from a
farm field. We have also developed a variety of risk
management products including a field risk assessment process that identifies high and low risk fields
on a farm, a risk assessment worksheet to be filled
out prior to manure application, and a Manure
Spreading Advisory.
Field Risk Assessment
The field risk assessment process uses 15+ different
soil factors and a visual field appraisal to identify the
high and low risk fields on a farm for both runoff
and leaching. It is important to distinguish between
runoff and leaching risk because the soil type, nutrient loss pathways, and high risk time of year are
somewhat different for the two. The field risk analysis also highlights any areas within a field that might
be a conduit to pollution including swales, low
spots, wetlands, streams, etc. The map produced

shows a farmer which fields should be considered
for early and late season application, and which
should be considered only during the productive
dry months. This allows a farmer to better plan manure/fertilizer applications for the year while also
minimizing any pollution potential.
Application Risk Management (ARM) Worksheet
Once a field has been identified and application is
deemed agronomic, a farmer then fills out an ARM
Worksheet prior to every manure application for
each field. The Worksheet takes into account
things such as the precipitation forecast, soil moisture, water table depth, vegetation cover, application method, current field conditions, and protective measures in place (i.e., setbacks, filter strips,
etc.). It then calculates and presents an overall risk

Figure 2: The map shows the individual field level risk rating associated with a farm. The colors represent various levels of risk and help a farmer select which fields to apply to a certain times of the year.
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rating for application on that day. The user receives
feedback and individual risk ratings for each parameter entered into the worksheet. This allows the user
to identify those parameters that may be high risk
and mitigate them. If any one parameter is above the
established “no application” threshold, a termination
message will come up at which time the user should
no longer consider that field for application until
conditions are more favorable. Field testing is being

used to assess and revise the threshold values established for each parameter in the worksheet. Adaptation is an ongoing process and is vital to ensuring that we are producing the best product possible.
Manure Spreading Advisory
The Manure Spreading Advisory (MSA) is another
tool developed through the ARM grant. It is a “first
line of defense” in helping folks avoid a runoff
event associated with manure application. The

Figure 3: The Manure Spreading Advisory (MSA) helps farmers reduce the risk of a runoff event by selecting low risk days for manure application. Access the MSA at: www.whatcomcd.org/manure-spreadingadvisory.
Whatcom
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MSA is a real-time, interactive map that provides a
three day risk rating for a chosen area within Western Washington. The map is updated automatically
every morning using precipitation forecast data from
NOAA (National Atmospheric and Oceanic Administration). The information provided through the map
can help a farmer plan ahead and choose the right
day for manure application. It also helps them avoid
spreading on a day that has a high potential of precipitation induced offsite movement of nutrients,
pathogens, and sediment from field applications.
In addition to the map, the MSA page provides current guidance on weather patterns, no-application
warnings, best application practices, and more. Also
included is the current manure application setback
distance, a guideline that helps farmers prevent
against a runoff event to surface waters.
Manure Application Setback Distances
A manure application setback distance is the distance a farmer must maintain between the edge of
manure application and a critical area such as a wetland, waterbody, swale, or other conduit to surface
waters. This distance is dependent on parameters
such as slope, soil type, precipitation amount, soil
saturation, and vegetation density. The velocity
(speed and direction) that runoff achieves will vary
based on one or more of these factors. Due to that,
the setback distance will change throughout the year
as seasonal factors become a consideration.
The manure setback distances for Whatcom County
were recently revised to account for advances in scientific principles and data and accommodate good
farming practices. Precipitation forecasts and modeled soil saturation is used to predict when the setback should change. This flexibility allows farmers
to farm effectively while also being proactive in preventing potential runoff events to surface waters. Go
to www.whatcomcd.org/manure-application-setback
to see the current setback distance.
Nutrient Management Plans (NMP)
All dairy farms in Washington State are required by
law to have a Dairy Nutrient Management Plan
(NMP). Many other livestock operations also voluntarily have an NMP. NMPs lay out the guidelines
and responsibilities of a land owner to properly store
and utilize nutrients (manure) in a way that protects
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surface and groundwater from pollution events.
The Whatcom Conservation District, in partnership
with other Districts in Western Washington, is in
the process of improving the NMP planning process through adoption of in-field technologies and
a revised, user friendly plan format. General NMP
content and guidance has been moved to an on-line
format to allow for quicker updates, access, and
distribution of information. This will allow producers to access their plan content, as well as all of the
tools developed, through web and mobile devices.
Whatcom Dairy Speaker Series
To empower good practices through education and
support the efforts of the ARM project, the Whatcom Conservation District has partnered with
Washington State University Extension and the
Washington Dairy Federation to produce a monthly
Whatcom Dairy Speaker Series. The Series brings
in a new speaker every month to talk about dairy
and livestock related issues. The Series is free and
open to all producers who want to come. Information on upcoming speakers, as well as videos of
previous talks, can be found at:
www.whatcomcd.org/dairy-speaker-series.

Author Brief Bio
Nichole Embertson is a nutrient management and
air quality specialist with the Whatcom Conservation District and an adjunct in the Crop and Soils
Sciences Department at Washington State University. She conducts research, outreach, and education activities with the dairy and livestock industries in Washington. Nichole’s focus is on development of nutrient management tools to help
farmers reduce their impact to natural resources.
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Managing Blueberry Root Rot Disease
John R. Yeo Ph.D. Student, Oregon State University

Blueberry root rot disease is caused when all three
components of the disease triangle come together
including a susceptible cultivar, Phytophthora cinnamomi, and rootzone saturation. Phytophthora cinnamomi is an oomycete “water mold” microbe that
lives in soil and infects hundreds of plant species
worldwide. Infection disrupts the plant vascular system and inhibits water and nutrient uptake required
for healthy growth. In Northwest blueberry production, Phytophthora has caused failure of new field
establishment, and 30-50% yield reduction in mature
plants.
Diagnosis
Plant vigor is greatly reduced by Phytophthora, and
leaves will turn red prematurely in late summer.
Plants will not be well-anchored in the soil. The color of healthy blueberry roots is light brown to cream
color, while Phytophthora-infected roots are dark
brown to black. Root samples from Western Washington can be sent to the WSU Puyallup plant and
insect diagnostic laboratory to confirm presence of
the Phytophthora pathogen. See http://
www.puyallup.wsu.edu/plantclinic/.
Raspberry root rot is caused by a different pathogen
species (Phytophthora rubi), which does not infect

blueberry. Conversely, the blueberry pathogen
Phytophthora cinnamomi does not infect raspberry.
Pathogen Exclusion
Exclusion of the Phytophthora pathogen is the best
disease prevention strategy. Nursery stock should
be obtained from reputable nurseries. Sterile tissue
culture propagation is helpful in reducing disease
spread. Nursery stock grown on bare soil is more
likely to have Phytophthora than plants grown on
gravel pads. Phytophthora can also be spread
through surface-water irrigation sources, or in areas that flood. Shared equipment also carries risk of
spreading infested soil between locations, and
should be pressure-washed before leaving each
site.

Figure 2: A borrowed bed-shaper that arrived with
possibly contaminated soil. Photo: John Yeo.

Figure 1: Healthy plant (left) compared to root rot
affected plant (right). Photo: Oscar Vargas.
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Irrigation Management & Soil Drainage
Saturated rootzone conditions trigger Phytophthora
to produce swimming spores that seek out and infect roots. Irrigation management is critical to prevent rootzone saturation. Soil moisture sensors are
an integral part of efficient irrigation systems, and
should be monitored to know when to turn off the
water. Drip irrigation tends to have more root rot
problems than sprinkler irrigation. However, drip
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irrigation gives better plant growth response if the
Phytophthora pathogen is not present, as liquid fertilizer through the drip system causes fewer salinity issues than broadcast granular.
Measures to increase rootzone drainage will help
minimize root rot disease. Raised beds are essential
for elevating the rootzone above saturated zones in
soil. Pre-plant sawdust incorporation helps loosen
heavy soils and improve drainage rates. Some growers report good results from ripping the soil on either
side of the raised bed to further enhance drainage.
Tile drainage before planting also expedites drainage
on a whole-site basis.

Chemical control
Chemical options for controlling root rot disease
include mefenoxam and the phosphite / phosphonate / phosphonic acid products. Ridomil Gold SL
(mefenoxam) and Aliette (fosetyl-Al) have labels
for blueberry, and your crop advisor may have labels for less-expensive generics. Chemical controls
must be combined with good cultural practices to
be effective, especially good irrigation management.
Mefenoxam is strip-sprayed on the soil directly
over the rootzone in early spring when soils are
warming but still wet. Mefenoxam has a high risk
of resistance, so spraying more than once per year
is allowed per the label, but not recommended.
Aliette is foliar-applied after the first shoot growth
flush for canopy absorption. Phosphonate products
such as Aliette are systemic in the plant and enhance plant defenses to oomycete pathogens. The
Aliette label allows for up to 5 lb/ac per application, and cumulative 20 lb/ac per year.

Figure 3: Increasing Phytophthora root infection
with more applied irrigation (% of crop evapotranspiration). Duke cultivar grown in the field with
drip irrigation. Adapted from Bryla and Linderman,
2007. Hortscience 42:1463.

SoilGard and Actinovate are registered organic biocontrol products. However both are less effective
than the chemical options.
Resistant cultivars
All highbush blueberry cultivars are susceptible to
Phytophthora, however some cultivars are able to
withstand and outgrow the infection. We evaluated
10 cultivars grown with and without Phytophthora
in saturated pots in the greenhouse to screen for
cultivar resistance. While all cultivars were infected by some degree by the pathogen, Liberty, Legacy, and Aurora were somewhat resistant to Phytophthora, while Duke and Draper are highly susceptible.

Table 1. Relative susceptibility of highbush blueberry cultivars to Phytophthora root rot disease:
Very Susceptible
Bluetta
Draper
Duke
Earliblue
Toro
Whatcom
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Moderately Susceptible
Bluecrop
Bluegold
Star
Elliott

Somewhat Resistant
Aurora
Elliott
Legacy
Liberty
Reka
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Figure 4. Growth of 10 blueberry cultivars infected with Phytophthora cinnamomi, relative to growth of
non-infected controls of the same cultivar. Plants were grown in the greenhouse in saturated conditions.
Gypsum
Very high calcium levels in soil can inhibit infection
of new roots. This is not due to soil structure, but
rather direct calcium toxicity to Phytophthora
spores. Gypsum is a moderately soluble calcium
source that does not increase soil pH, and is used on
red raspberry for preventing infection by Phytophthora rubi and on avocado for P. cinnamomi.
Free-calcium in the soil solution must be >20,000
ppm Ca2+ for zoospore toxicity, which increases soil
EC to ~2.6 mS/cm and is slightly above recommended salinity thresholds for blueberry (2.0 mS/cm) .
Therefore, we only recommend gypsum for replanting on known infested areas. Rates of gypsum vary
depending on soil type and band-application width.
A soil scientist can calculate per-acre rates to satuWhatcom
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rate soil in the band to add calcium equivalent
charge between 75% and 100% of soil CEC. Rates
should be in the range of 1.0 to 5.0 t/ac band applied to beds. Pre-plant gypsum incorporation will
be more effective than surface-applied gypsum.
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Figure 5: Relationship between gypsum addition and Ca2+ levels in soil solution. Solubility of gypsum
limits increase in Ca2+ concentration after enough gypsum is added to fill 100% of soil CEC with Ca2+.
A low CEC soil will require less gypsum than a high CEC soil to reach 20,000 ppm Ca2+.

Figure 6.:Increasing gypsum rates decreased Phytophthora root infection of blueberry cultivar ‘Draper’
blueberry grown in silty clay loam soil in pots in the greenhouse.
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Conclusion
Phytophthora root rot is a very difficult disease to
manage once it is established in a field. A holistic
approach is required, focusing on pathogen exclusion and reducing rootzone saturation. Chemical
control is expensive, and yields never reach levels of
non-infested fields. Good cultural practices are especially critical for organic control, as well as resistant
cultivar selection. Gypsum incorporation is recommended for replanting areas of a field where Phytophthora infestation is confirmed.

Author bio:
John Yeo is a Ph.D. student at Oregon State University. He specializes in soil science and plant
pathology. Previously he worked in viticulture,
organic vegetables, and forestry. He has a B.S. in
Soil Science from California Polytechnic State
University.
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AgWeatherNet
What is it and how can I use the web site more efficiently
Gerrit Hoogenboom Director of AgWeatherNet

Traditionally the US Federal Government has been
responsible for providing weather information to the
citizens of the USA. Most people are familiar with
the local with weather forecasts that are issued by
the National Weather Service (NWS;
www.weather.gov), an agency of the National Oceanic and Atmospheric Administration (NOAA;
www.noaa.gov). A second role of NWS and NOAA
is to provide weather data through local monitoring
stations. The more advanced and automated sites are
normally located at airports of major cities to support the aviation industry, such as those located in
Seattle-Tacoma, Bellingham, Portland, and Spokane.
The NWS also manages a network of Cooperative
Observer Stations. These sites are operated by volunteers who record the maximum and minimum
thermometer and rainfall using traditional devices,
such as a liquid thermometer for temperature and a
dipstick for rainfall. These volunteers are very dedicated and committed, as readings have to be taken at
a fixed time each day, rain or shine and independent
of holidays or weekends. There are many stations
that have records that go back for at least a century.
For Prosser, Washington, for instance, we have
found paper records that go back as far as July,
1925. However, we found similar paper records for
October, 2010. It seems that during the past 85 years
not much progress has been made in recording local
weather data for Prosser and similar locations across
the State of Washington. The NWS is in the process
of modernizing this network, but progress so far has
been slow.
Many of the decisions that are made by growers,
producers, and ranchers are directly or indirectly affected by either past weather conditions, current conditions, or future weather and forecasts. Although
the NWS provides a wealth of weather information,
it does not always address information that is rele-
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Figure 1. Coverage of AgWeatherNet in Washington
vant for agriculture and natural resources management. As a result, many Land-Grant Universities
have developed automated weather station networks to specifically support the local agricultural
and horticultural industries. Examples include the
University of Nebraska, the University of Georgia
and Oklahoma University and Oklahoma State
University, which operate one of the largest networks in the USA (www.mesonet.org). Washington State University (WSU) initiated the Public
Agricultural Weather System (PAWS) in 1988.
This initiative received support from the Washington Tree Fruit Research Commission and many
others associated with local agriculture, especially
in the Yakima Valley and the Colombia Basin.
Over the years the system has gone through many
changes in instrumentation, communication and
sensing technologies as well as management. In
2008, the network was upgraded to a state-of-theart network and the network currently comprises
139 automated stations with potential expansion to
150 automated stations within the next two years.
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Figure 3. Lawrence weather station

Figure 2. Coverage of AgWeatherNet in Whatcom County.
The name of the network was also changed from
PAWS to AgWeatherNet several years ago. The network continues to expand its coverage, with over 20
stations now located in western Washington. A new
weather station is scheduled for installation in Kitsap
County this spring. A detailed coverage map for
both the State of Washington and Whatcom County
is shown in Figure 1 and 2, respectively. Whatcom
County currently has four AgWeatherNet Stations.
The stations in Lynden and Nooksack were installed
in 2002, while the stations Ten Mile and Lawrence
were installed in 2008 (Figure 3, 4, 5, 6).
In addition to AgWeatherNet, there are many other
weather monitoring networks in the Pacific Northwest. These networks are managed by various federal and state agencies as well as private companies.
Installing a weather station is relatively easy, but
maintaining a station that provides reliable and high
quality data is a challenge. AgWeatherNet is in a
position to maintain a network of automated stations
that is well-maintained through direct financial support by WSU. A scheme has been developed for rotation and calibration of each sensor using the calibration facilities that are currently being developed
at the Irrigated Agriculture Research and Extension
Center (IAREC) in Prosser, Washington. A meteorologist has been hired who is responsible for the dai-
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Figure 4. Lynden weather station

Figure 5. Ten Mile weather station

Figure 6. Nooksack weather station
ly quality assessment and quality control procedures. The goal of AgWeatherNet is to provide
high quality data that are of benefit to growers,
producers and others interested in local weather
information.
Easy access to local weather data is as important as
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providing accurate data. AgWeatherNet have moved
from local radio telemetry communications to using
cellular-based data telemetry and the internet for
transmission of data between each weather station
and local computer servers. A data server located at
IAREC in Prosser pulls the data from each station at
15 minutes. After processing the data are pushed to a
web server on the main campus of WSU in Pullman.
Through the web site www.weather.wsu.edu users
can retrieve current weather information, a summary
of yesterday’s weather data and many other customized data reports. A detailed summary for the 2012
weather for Whatcom County is provided in the accompanying report.
One of the strengths of AgWeatherNet is not only
the dissemination of accurate weather data, but the
integration with weather-based tools and decision
aids. Models for several pests and diseases, including potato early and late blight, have been implemented. There are plans to expand this to pests and
diseases for other crops. This information cannot
only be retrieved from the AgWeatherNet web site
(www.weather.wsu.edu) using a regular personal
computer, but also using a handheld device
(www.weather.wsu.edu/mobile). In collaboration
with Troy Peters, the irrigation specialist at WSU, a
simple irrigation tool has been developed for model
devices (weather.wsu.edu/is/) (Figure 7). There is
also an option to set an alert system that sends a text
message to your cell phone based on preset threshold
values for temperature, rainfall and wind speed
(www.weather.wsu.edu/awn.php?favorite=show).
This technology is referred to as push technology
where information is provided to you when you need
it, rather than having to check a web site on a regular
basis.
AgWeatherNet is currently developing a more userfriendly web site that is more intuitive. Tools are under development for calculating growing degreedays, chilling hours and very simple weather summary reports and graphics for 15-minute, hourly,
daily, monthly and annual data.
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Figure 7. Mobile Irrigation Scheduler tool
Communication and information technologies are
rapidly developing. In parallel, scientific research
in the development and advancement of models
and associated decision aids are also rapidly developing. Growers and producers are expected to
make more timely and precise decisions in order to
reduce production costs, while maintaining and
improving product quality. AgWeatherNet is planning to emphasize the development and implementation of a range of models to support the agricul-
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tural industry in Washington. Initially we are planning to develop both simple and more complex phenological models that can predict growth and development over time using local weather data from AgWeatherNet as well as crop and variety specific information. This will require using historical data bases on crop development as well as collecting detailed data where needed to help develop these models. Coupling current weather information, past
weather data, weather forecasts and climate outlooks
with these crop models will allow growers to have a
better indication of the current status of a tree or
crop and to make more informed management decisions. Ultimately the goal of AgWeatherNet is to not
only provide timely and reliable data, but also to
provide tools and decision aids which are relevant
and can be easily accessed and applied. If you have
any questions or suggestions for improvement of the
AgWeatherNet web site, please do not hesitate to
contact us at weather@wsu.edu.

AgWeatherNet built WSU Whatcom County a direct embedded link into our website (screen shot
above). This takes you directly to our County’s
stations and show current data. It can be found by
clicking on the image above or going to:
http://whatcom.wsu.edu/ag/currentdata.html

AgWeatherNet 2012 Climate Summary for Whatcom
Nic Loyd Associate in Research AgWeatherNet

Whatcom County experienced a wide variety of

values across the region. By late summer, extremely dry and warm weather overtook northwest
Washington. Very little rain fell from the end of
July to early October, and temperatures at Lynden
rose to as high as 92 degrees on August 15th. The
weather changed abruptly in mid October, as a series of storm systems dropped significant rainfall
amounts for the remainder of the month. Over 7
inches of rain fell at Lynden in October, making it

weather during the 2012, which included occasional
extreme weather events. The most notable weather
event of the year in Whatcom County was the January arctic blast. The month began with mild conditions, and Lynden reached a balmy high of 57 degrees on January 2nd. However, arctic air began to
pour into the Bellingham area on the 17th, as the low
temperature dropped to 5 degrees at Lynden. The
next day, January 18th, the high
Whatcom County 2012 Average Temperatures (˚F) and Total Rainfall (")
temperature reached only 14 degrees, making January 17/18 by Location
Maximum
Mean
Minimum
Rainfall
far the coldest period of 2012 in
northwest Washington. Along
Lynden
58.4
49.7
41.6
40.97
with the bitter cold temperatures Lawrence
58.5
49.9
41.6
41.38
came strong northeast winds
Nooksack
59.3
50.2
41.8
33.72
which caused frigid wind chill
Ten Mile
58.8
49.4
40.4
42.87
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the wettest month of the year. In fact, nearly 2 and a
half inches of rain fell in the three day period from
October 29 to 31. The wet and stormy weather continued for the rest of 2012, as there were no long dry
spells in northwest Washington after early October.

Lynden Average Annual Temperatures (˚F) and Total Rainfall (")
Year

Maximum

Mean

Minimum

Rainfall

2012

58.4

49.7

41.6

40.97

2011

57.2

48.8

41.2

36.39

2010

59.2

50.8

43.3

30.85

2009

58.1

49.4

41.2

32.97

2008

56.8

48.9

41.4

35.64

2012 Monthly Rainfall
Lynden
8
7

Rainfall (Inches)

6
5
4
3
2
1
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2012 Daily Temperatures
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2012 Monthly Average Temperatures
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Recent Annual Rainfall
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Weather Update
All information here is derived from the four weather WSU AgWeatherNet stations (http://
weather.wsu.edu/awn.php) in Whatcom County. Current weather conditions can be found at: http://
whatcom.wsu.edu/ag/currentdata.html. Station information can be found here.

Growing Degree Days, Whatcom
County
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Upcoming Events
USDA National Agriculture
Census Reminder
Information can be filled out
online

February
Dairy Speaker Series
Thursday February 21
12:00 pm -1:30 pm
Ten Mile Grange
Increasing Crop Diversity and Production
Interested in new crop rotation ideas, maximizing yields, and getting more value from your
crops? Come here WSU Extension Agent Chris
Benedict talk about the benefits of a diverse
crop rotation. He will also talk about the best
varieties and methods of cover cropping to make
harvest easier and reduce costs by increasing
your overall feed production. Crops are a large
part of the dairy business and in current economic times, increasing yields and reducing
imports is key to success.

Free

Western Washington Potato
Workshop
WSU NWREC—Mt. Vernon, WA
February 22, 2013

Cover Image:
Resting Corn Field in the
Shadow of Mt. Baker
Whatcom County, J. Shaw
Web site:
whatcom.wsu.edu/ag

WSU Extension programs and
employment are available to
all without discrimination.
Evidence of noncompliance
may be reported through your
local WSU Extension office.
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Master Beekeeper Course
Extension Office—Everett, WA
February 25—March 23, 2013
WSU Snohomish County Extension and Beez
Neez Apiary Supply are teaming up again to
sponsor the apprentice level course in the Washington State Beekeepers Association’s Master
Beekeeper Program. The five-week course
serves as a thorough introduction to beekeeping
for novice beekeepers as well as a comprehensive refresher course for experienced apiculturists.

$75

Women in Agriculture Conference

February 23, 2013
Washington State’s women farmers have a
unique opportunity to attend a locally based
statewide agriculture conference offering speakers, practical advice, and collaborative discussion on how to improve farm management skills
in addition to networking opportunities with
other women ‘farmtrepreneurs’.

$25

March
Specialty Cut Flower Growers School
WSU NWREC—Mt. Vernon, WA
March 8 & 9, 2013
This two-day workshop will offer classroom and
on-farm instruction to help students begin growing and selling high quality cut flowers. Friday
classroom instruction will be held in the Sakuma
Auditorium and WSU Mount Vernon NWREC.
Saturday instruction will be held at Jello Mold
Farm in Mount Vernon.

$145

Dairy Speaker Series
Thursday March 21
12:00 pm -1:30 pm
Ten Mile Grange
Feed Management: A Whole Farm Perspective
Feed management is the practice of feeding
cows for maximum production, performance,
and reproduction, while reducing the amount of
excess nutrients, particularly nitrogen and phosphorous, excreted in the manure by minimizing
overfeeding of any one nutrient. The reduction
of manure nutrient content can result in the need
for less land to effectively meet ones nutrient
balance. Dr. Joe Harrison will talk to you about
feed management from a whole farm perspective. He will go over how to develop a Feed
Management Plan by looking at cow nutrition,
feed, and crop indicators. In addition, he will
talk about NRCS cost share opportunities for
those interested in receiving funds to help implement the Plan.

Free

Bellewood Acres - Lynden, WA
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