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Producing Blueberries Organically
Dr. Bernadine Strik, Professor of Horticulture & Berry Research Program Leader, Oregon State

and half in May. Fish emulsion was diluted 1 part
product:10 parts water with the total rate of nitrogen (N) split into 7 applications from mid-April to
early July. Plants were fertigated starting in 2011
(under the mulches). Plants are set at 30” in the
row with 10 ft. between rows. This article summarizes key aspects of what we’ve learned so far.
Is planting on raised beds recommended?

Bernadine Strik in organic blueberry research
trial, 2012. Photo courtesy Oregon State
University.

We have been studying various production systems
in a certified organic field from planting establishment (Oct. 2006) to present at Oregon State University’s North Willamette Research & Extension Center. The long-term goal of this project is to develop
organic production systems that maximize plant
growth, yield, and fruit quality, facilitate weed, water, and nutrient management, and provide economic
benefit to blueberry growers. This one-acre trial was
in its sixth growing season in 2012.
We are comparing production on raised beds to flat
ground, ‘Duke’ and ‘Liberty’, two fertilizer sources
(fish emulsion or feather meal) at a low (25 lb N/
acre from 2007-09 and 50 lb N/a from 2010-12) or a
higher rate (50 lb N/acre from 2007-09 and 100 lb
N/a from 2010-12) and three weed management
treatments: “Sawdust” (3” deep sawdust mulch with
only hand weeding); “compost+sawdust” (1.5” of
yard debris compost topped with 2” sawdust with
organic contact herbicides and hand weeding); and
weed mat (porous landscape fabric). Feather meal
was applied as a granular, split into half in March
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Plants are performing better on raised beds than on
flat ground, even though we have a very good
“blueberry soil” at the research site. Cumulative
yield, over five fruiting seasons (2008-2012) was
18% higher on raised beds (total of 20.2 tons/acre
over the five years) than on flat ground (16.2 tons/
acre). It seems clear from this study that planting
on raised beds improves plant growth and yield.
What’s the best fertilizer source and rate?
To date, there has been no effect of fertilizer source
or rate on cumulative yield of ‘Liberty’ (Figure 1).
However in ‘Duke’, fertilization with feather meal
produced the highest yield and fertilization with
the low rate of fish emulsion led to greater total
yield, over the five fruiting seasons, than with the
high rate of fish.
In all years, except 2010, plants fertilized with fish
emulsion produced firmer fruit than those fertilized
with feather meal. Plants fertilized with the high
rate of N (either feather meal or fish) produced
firmer fruit and fruit with a higher percent soluble
solids (Brix) in all years except 2012 (firmness) or
2010 (Brix). Fertilization with fish emulsion increased Brix compared to feather meal, in all years
except 2008. Fertilizer has had no consistent effect
on berry weight.
Leaf nutrient concentration, especially leaf N (%
N), has been affected by fertilizer source and rate,
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Figure 1. Effect of fertilizer source and rate on cumulative yield (2008-12) of ‘Duke’ and
‘Liberty’ (averaged over mulch type and raised vs. flat ground); 0.5 kg/plant = approx. 1 ton/acre.
but leaf %N has not been correlated
with yield. For example, in ‘Duke’ the high rate of
fish emulsion resulted in the highest leaf %N, but
has led to the lowest yield (in every year). In
‘Liberty’, fertilization with fish emulsion has increased leaf %N compared to feather meal, but there
has been no effect on yield. High rates of fertilization, particularly with fish emulsion, have reduced
soil pH over time – this may offer a risk in the longterm if soil pH drops too low for optimal plant performance. It may be difficult to increase soil pH in
established plantings.
The impact of fertilizer source and rate has varied
with cultivar. On average, ‘Duke’ has responded
best to feather meal, especially because higher rates
of fish have reduced yield. Visually, ‘Duke’ plants
fertilized with either rate of feather meal or the low
rate of fish emulsion are larger than those fertilized
with the high rate of fish emulsion. It’s hard to visually see differences among ‘Liberty’ fertilizer treatments at this stage.
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Our results have shown that establishing blueberry
plants can be “over-fertilized” (the higher rate is
either wasted or reduces yield) in organic systems
(similar to what we’ve shown in conventional systems). Fertilizer source may impact fruit quality,
but more work is needed to see if treatment effects
are consistent and to understand any effects seen.
What mulch type has worked best?
We have controlled weeds, as needed, to make sure
weeds have not competed with the blueberry
plants. There was relatively little weed pressure in
the first growing season, but weed presence has
increased as the planting has aged. Only hand
weeding has been used in the sawdust mulch and
weed mat (around plant crown) treatments. In the
compost+sawdust mulch we have tried to use organically-approved contact herbicides on weeds
when they are still small. In the early years we
used Weed Pharm® (20% vinegar) and more recently Avenger AG® (formerly GreenMatch
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Burndown Herbicide®; citrus oil) as a targeted direct application. The contact herbicides were generally effective when weeds were small and when the
application was followed by one or two days of dry,
hot weather. When the contact herbicides were inweeds. Table 1 shows the labor hours required to

spray herbicide (compost+sawdust only) or hand
remove weeds (all mulches) from 2007-2011 in
hours per hectare (divide by ~ 2.5 to get hours per
acre).

Weed mat has been the best option for weed management, while compost+sawdust mulch has resulted in the most weeds and the highest weed-control
cost so far. The compost we used did not contain
weed seeds. While we expected the sawdust on top
of the compost to minimize weed seed germination, the sawdust eroded off of the compost
in places over time (wind, weed pulling,
etc.); we suspect that weed seeds germinate
quite readily in the nutrient rich compost.
Soil nutrient levels were affected by mulch
type. Soil pH has declined over time in
most treatments and was lowest in the sawdust mulched plots and highest in the weed
mat in 2012; the soil pH is still within acceptable range for blueberries. Mulching
with compost+sawdust increased soil organic matter relative to all other treatments, a desirable trait
for a blueberry compost. In contrast, organic matter
has declined over time under the weed mat. Yard
debris composts are often high in potassium (K);
little is

Figure 2. Effect of mulch type on yield from the second through the sixth fruiting season (averaged
over Duke and Liberty and raised vs. flat ground); 0.5 kg/plant = approx. 1 ton/acre
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known about any possible effects of long-term use of
compost on soil and plant health in blueberry production. In our study, soil K in the compost+sawdust
mulch was almost 60% greater than in the sawdust
or weed mat treatments – a dramatic effect considering we only have a 1½ inch depth layer of compost
(applied in 2006 and in 2011). We still need to determine if the higher soil K under compost mulch may
have detrimental effects on uptake of other nutrients
(e.g. Ca and Mg).
Plants mulched with compost+sawdust or with weed
mat produced greater yield than those mulched with
sawdust in many years (Figure 2). We found that
plants grown with weed mat had less root growth
and larger canopies than the other mulch treatments
after two growing seasons (we have not dug up
plants since). These plants, mulched with weed mat,
have also required additional irrigation to maintain
the same soil water content as those mulched with
sawdust or compost+sawdust, especially when
grown on raised beds. The long-term effect of weed
mat on root growth or sustainability needs more
study.
What have been the net returns?

compost addition every 2 years) – this information
is available in an OSU Extension publication:
Blueberry Economics: The Costs of Establishing
and Producing Organic Blueberries in the
Willamette Valley (Julian, Strik, Pond, Yang), July
2011. You can download this for free at: http://
arec.oregonstate.edu/oaeb/
Our plans are to continue our organic research
study until the planting is mature and to work toward answering questions that our results have
raised.
Thank you!
I’d like to thank my collaborators on this study
(David Bryla, USDA-ARS, HCRU; Dan Sullivan,
OSU), my Research Assistants, the students who
have worked on this project and our advisory board
members. We appreciate the support of the organizations that have provided funding for this project:
The Oregon Blueberry Commission, the Washington Blueberry Commission, the Northwest Center
for Small Fruits Research, and the NIFA-OREI
program, and industry contributors.

Yield for ‘Duke’ in the best treatment (raised bed,
weed mat, high feather) has been: 0.5, 3.8, 2.7, 5.9,
and 6.7 tons/acre from year 2 through 6, respectively. In contrast, ‘Liberty’ in this same treatment combination has averaged: 1.0, 3.7, 4.1, 3.9, and 7.3
tons/acre from year 2 through 6.
We have kept track of costs and have calculated the
economic impacts of these production systems on
planting establishment. The highest yielding treatment combinations improved cumulative net returns
as much as $7,825/acre over 3 years over the poorest
performing treatments. Our work on determining the
cost differences among treatments continues.
In the meantime, we have estimated the cost of production for a well-managed, newly established, 20acre organic blueberry planting in the Willamette
Valley (fish emulsion fertigated, weed mat mulch,

Whatcom Ag Monthly

Bernadine Strik is a professor of berry crops at Oregon
State University where she conducts extension educational programs for the commercial berry crop industries (blueberries, blackberries, raspberries, strawberries, cranberries, hardy kiwifruit, and minor berries). In
addition, she is the Berry Crops Research Leader at the
North Willamette Research and Extension Center
(OSU) in Aurora. Her research interests focus on whole
plant physiology, improving yield and quality, machine
harvest efficiency, alternative production practices,
plant nutrition, cold hardiness, and organic production
systems.
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Grafting Vegetables in Northwest Washington
Dr. Carol Miles, Washington State University, Mt. Vernon Research and Extension Center

This article was the result of an interview conducted by
Colleen Burrows of Carol Miles.

For the past several years, Carol Miles, WSU Vegetable Horticulture specialist, and her team in Mt.
Vernon have been working on grafting tomato, eggplant, and watermelon for improved production.
Vegetable grafting is done in many areas of the
world and in various production systems, with benefits due to grafting differing between these systems.
Some grafting is done in areas with high soil-borne
disease pressure where rootstocks are resistant to

Healing Chamber for Grafted Vegetable Plants
Photo: Carol Miles

verticillium wilt and fusarium wilt. Tolerance to
environmental stress, such as high soil salinity or
temperature extremes, is another reason growers are
grafting vegetables. Grafted vegetables have also
been found to be more effective at taking up nutrients in smaller areas, such as those grown in greenhouse bags or container production. There is much
anecdotal evidence of increased yields of grafted
vegetable plants, but little or no research showing
such trends.
In trials done in Mt. Vernon, soil-borne disease pres-
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sure was not found to be an issue for tomatoes
grown in open ground, but was an issue for eggplant and watermelon where grafting improved resistance to these diseases. No differences in yield
were found in the open field trials that were performed on any plant type in Mt. Vernon.
Growers looking at grafting vegetables for production on the farm need to look at the reasons for
grafting. Rootstocks should be selected for specific outcomes: for example, rootstocks varieties that
will tolerate high salinity will be different from
those resistant to Verticillium wilt. Since grafting
vegetables requires an extra cost (either in-house
production or purchasing grafted plants), growers
should understand the benefit to be achieved and
how grafted plants might improve production.
The Mt. Vernon team evaluated grafted tomatoes
against non-grafted tomatoes in an open field
growing situation and found no difference in yield.
Grafting tomatoes is fairly
straightforward
with general
high levels of
success in our
climate. Dr.
Miles advises
growers wanting to look for
yield increases
in tomatoes
grown in high
tunnels to graft
6 tomato
plants, grow
them next to 6
Grafted tomato plant
non-grafted
plants
Photo: Carol Miles
of the same

Organic Blueberry Production • Grafting Vegetables • BRR in Potatoes • Weather Update

January 16, 2013

variety, and evaluate them for differences in yield
and vigor.
An increased market for grafted vegetable plants,
especially tomatoes, is being developed by nurseries
serving home gardeners. Gardeners may benefit
from plants better suited to growing in containers or
high salinity environments. They also may be attracted to the novelty of growing more than one variety on a single plant. Nurseries are currently charging up to $15 per plant of these grafted plants. Carol
also notes that the temperate and high humidity climate of Northwest Washington increases success of
producing grafted vegetables.
Grafting vegetables is
a growing trend worldwide, and increasing
variety of rootstocks is
predicted to be available in the upcoming
years.

GRAFTING WATERMELON AND
TOMATO
HANDS-ON WORKSHOP
February 12, 2013

Led by
Dr. Carol A. Miles,
Vegetable Extension Specialist,
and
Patti Kreider, Program Assistant,
Department of Horticulture, WSU
Learn

how to use the splice-graft technique
to graft tomato and watermelon successfully.
Demonstrations will also show how to do
multiple grafts on a single tomato plant.
Participants will use common rootstocks for
each crop and will graft 6 plants of each crop
which they can take home ($48 value).

All materials will be provided.
Cost: $50 per person ($55 after 1/31/13)
Please Choose One Session:
For more information,
including extension
factsheets and presen- Grafted watermelon plant in the
field
tations, see the WSU
Mt. Vernon Vegetable
Horticulture website on Grafting Vegetables:
http://vegetables.wsu.edu/graftingVegetables.html

http://breeze.wsu.edu/healingchamber/
Hear Carol discussing grafting on the The Ruminant
Podcast: http://theruminant.ca/2013/01/11/2385/
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February 12, 2013
Morning: 9am - 12pm
Afternoon: 1pm - 4pm
Register at :
http://www.brownpapertickets.com/
event/312749
Carol Miles is an Associate
Professor at Washington State
University and is the Vegetable
Specialist located at the WSU
Mount Vernon Northwestern
Washington Research and Extension Center. She specializes
in vegetable crop production
and has a strong interest in alternative crops and organic
Dr. Carol Miles
production. Carol has her
Ph.D. in vegetable crops from Cornell University.
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RECOGNIZING AND MANAGING BACTERIAL RING ROT
Dr. Phillip Nolte, University of Idaho, Seed Potato Specialist
This paper was Presented at the Idaho Potato Conference on January 19, 2005.

Bacterial ring rot of potato (BRR) is caused by the
bacterium Clavibacter michiganensis subsp
sepedonicus. The disease was first reported in the
U.S. in the 1930’s and has been managed pretty
well, especially for the last ten or fifteen years, with
rigid seed potato certification regulations. While
BRR has not been a particular problem in Idaho seed
or commercial potatoes since the adoption of a state
seed law in the mid 1990’s, this disease has been
reported from several U.S. production areas recently.
BRR
SYMPTOMS
Foliar symptoms: The bacterium is a vascular
pathogen, so one
of the primary
foliar symptoms is
Photo: D.A. Johnson
a wilt. The wilt
will often involve only one stem of an infected plant
and the affected stems may recover, at least initially.
As the wilt gets worse, an upward rolling and marginal necrosis of the leaves will appear. In some varieties, like Russet Burbank, the internodes in the
upper part of the plant do not elongate properly and
a sort of “dwarf rosette” symptom may appear. Another foliar symptom is the production of bacterial
slime or “ooze” in the vascular tissues that can be
forced out of a stem that is cut and squeezed.
Tuber symptoms: Infected tubers often have external cracking and a vascular symptom that ranges
from minor yellow discoloration to complete destruction of the vascular ring. Often the same type of
bacterial ooze found in infected stems can be expressed from the infected tubers as well. Infected
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tubers may also
have no visible
symptoms at all,
something referred to as a
“latent infection.” The frequent occurrence of these
latent infections
is one of the
reasons that the
disease can be
spread so easily
– no one is
aware that it is
present.

Symptoms of bacterial ring rot on
potato tuber showing brown
discoloration in the vascular tissue,
and oozing masses of bacteria from
parts of the vascular ring. Photo courtesy of D.A. Johnson.

Disease spread:
Within an infected seed lot, the disease moves primarily during the process of cutting seed tubers. As
outlined in the previous section, the bacterium lives
in
the

Photo: Gary D. Kleinschmidt, U.C. Davis

vascular tissues of foliage and tubers so the process
of cutting infected tubers will serve to contaminate
the cutting machine at the same time that it exposes
the vascular tissues of healthy tubers to BRR invasion. Disease spread can be pretty extensive during
cutting and an increase in disease from a minor
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equipment have been shown to be the source of infection for some outbreaks of the disease. Fortunately, the bacterium doesn’t survive in soil from one
season to the next, but volunteer potatoes could harbor the disease.
Probably the major reason that BRR shows up unexpectedly is, as outlined above, the frequent occurrence of latent infections, which could allow the disease to go unnoticed, even if standard seed production and inspection procedures are followed. Another concern is that not all seed certification agencies
have the same inspection requirements, particularly
when it comes to shipping point inspections and
winter test requirements. At the very least, a shipping point inspection should be performed, but there
are other, more rigorous steps growers can take to
protect themselves.
WHAT TO DO IF YOU GET BRR
Field recommendations: Harvest fields with known
BRR infections last. This practice allows time for
infected tubers to rot away or to be readily recognizable during handling and storage loading. Cull
out suspected BRR tubers.
Storage recommendations: Long term storage of
infected potatoes is not without risks. BRR-infected
tubers will often go down with bacterial soft rot infection. Manage the ventilation as you would for a
soft rot infection. Low storage temperatures, if feasible, will slow the rotting process and allow for longer storage.
General farm recommendations: Get rid of all potatoes on the farm. Make sure to clean up all potato
debris as well as wash and disinfect all surfaces in
the storage facility. Clean and disinfect all farming
equipment such as harvesters, windrowers, cutters,
conveyors and other handling equipment. Don’t forget the truck beds! Start with new, clean seed potatoes the following season.

BRR is a “zero tolerance” disease. This means that
a single positive plant in the field or tuber in the
cellar means the immediate rejection of the seed lot
the sample came from. In Idaho, and many other
states, it also means that every seed lot on the farm
becomes ineligible for recertification and the affected grower must move out all seed of all seed
lots, clean up and disinfect all equipment and
buildings and, finally, obtain all new seed for the
following year. These hardships, along with the
loss of reputation associated with BRR, can be
devastating for seed growers.
Protection: In order to effectively protect your
farm from this serious pest, we recommend that
growers who are importing seed into Idaho and are
concerned about possible BRR contamination
should request both a physical inspection (shipping
point inspection) with samples taken from each
truck load and laboratory testing of at-risk seed lots
to minimize the chances of bringing BRR onto
their farm.
The shipping point inspection is absolutely vital.
Check to make sure that this inspection is being
carried out on seed potatoes that you buy. In most
U.S. states there is a third party inspection by Federal / State Fresh Fruit and Vegetable Inspection
Service on a sample taken from each truck load
shipped. Certification agencies outside of the U.S.
may not require this inspection. During this inspection potatoes are cut and visually examined for
symptoms of bacterial ring rot (and other diseases)
and any suspect tubers are tested by the state’s certification agency. However, BRR can very readily
be present but symptomless (also known as
“latent”) so we are suggesting that a laboratory test
such as ELISA or immunofluorescence (IFAS) be
performed on at-risk or suspected seed lots. Of the
two tests, IFAS is generally considered to be more
sensitive than ELISA.

Seed producer concerns: BRR may be the most
difficult of the seed-borne diseases to deal with for
seed producers. One reason for this difficulty is that
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To perform these laboratory tests, 400 tubers are
randomly collected from the storage. The laboratory
removes a cone of tissue from the stem attachment
point of each tuber. This area is where the vascular
tissue bundle is found, and where the bacteria, if present, will be concentrated. The tissue plugs are then
combined and tested by IFAS or by ELISA. The
IFAS test causes the bacteria to appear bright green
under fluorescent light and it is a very sensitive and
specific test. ELISA is also a good and effective test
for bacterial ring rot. Generally these tests can be
performed for less than $200.00 making the procedure very cost-effective.

Symptoms of bacterial ring rot on
potato showing leaf rolling and
necrosis.
Photo: D.A. Johnson

The future: At the current time, we aren’t sure
whether BRR is on the increase in the U.S. or not.
Certainly there have been a number of changes in
the seed potato industry over the last ten or twelve
years. It may be that a periodic re-evaluation of how
we manage this disease as an industry
is a good idea.
Disease cycle of bacterial ring rot on potato. Diagram courtesy of D.A. Johnson.

Symptoms of bacterial ring rot on
potato showing leaf chlorosis and
necrosis. Photo courtesy of D.A.
Johnson.

Symptoms of bacterial ring rot on potato
tuber showing external cracking and
swelling. Photo courtesy of D.A. Johnson.
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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.
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Upcoming Events
January
USDA National Agriculture Census
Reminder Information can be filled
out online

Chris Benedict
Editor
WSU Whatcom County
Extension
(360) 676-6736, ext. 21

Value-Added Workshops/
Roundtables
Mt. Vernon, WA
Tuesday January 15, 2013

Colleen Burrows
Assistant Editor
WSU Whatcom County
Extension
(360) 676-6736, ext. 22

Farmers, chefs, food processors (both existing
and new), and passionate 'foodies' take this opportunity to learn how to develop a value-added
product from concept to market.
$80

Jessica Shaw
Assistant Editor
WSU Whatcom County
Extension
(360) 676-6736

Whatcom Dairy Speaker Series
Ten Mile Grange Hall Lynden, WA
Thursday January 17, 12:00-1:30
Revisiting the link between land and cattle in the
current economy: Making milk from sunlight,
CO2, water, and cow manure
Free lunch provided

Vincent Alvarez
Designer
WSU Whatcom County
Extension
(360) 676-6736

NW WA Sustainable Ag
Conference
Lynden, WA
Wednesday January 23, 2013
This daylong event will feature seminars on
topics relevant to sustainable and organic producers.
$70

Cover Image:
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Pacific Ag Show/Hort. Shortcourse
Abbottsford, BC
January 24-26, 2013

Web site:
whatcom.wsu.edu/ag

$100

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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The Pacific Agriculture Show will showcase the latest and most innovative equipment
and technology for the agriculture industry.

Country Living Expo & Cattleman’s
Winter School
Stanwood
Saturday January 26, 2013
At the Country Living Expo and Cattlemen’s
Winterschool, you can attend classes on a multitude of topics, network with other small farmers,
enjoy a prime rib lunch and visit with local agricultural businesses offering you service.

$65

The North American Berry Conference
January 27-30
Portland OR
The North American Berry Conference is a joint
conference of the North American Raspberry &
Blackberry Association (NARBA) and
the North American Strawberry Growers Association (NASGA).

February
Farmland Changing Hands Workshop
Saturday February 2, 2013 8:30-3:00
pm
Sequim, WA
Hear from farmers about land agreements and
leases. Learn about innovative farmland transfer and funding options, legalities of leasing and
working with a land trust. Have underutilized
farmland? Looking for farmland? Meet other
landowners and land seekers.
$10 and Online for Free

Agricultural Entrepreneurship and
Business Planning Course
Tuesday Evenings, 6-9 pm
Feb 5– March 26
WSU Extension Bellingham, WA
In this 8-class series, participants will learn how
to take care of a business covering topics of
developing an innovative marketing concept and
strategy, evaluating financial plans, and legal
and tax implications of decisions that may be
made.
$200 per farm family

Grafting Watermelon and Tomato:
Hand-Ons Workshop
Tuesday February 12 2013
9-12 OR 1-4
WSU R&E Center Mt Vernon, WA
Learn how to use the splice-graft technique to
graft tomato and watermelon successfully. Demonstrations will also show how to do

multiple grafts on a single tomato plant.
Participants will use common rootstocks
for each crop and will graft 6 plants of each
crop which they can take home ($48 value).
$50.
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