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CranberryVirus Update

By Patty McManus
UW-Extension Fruit Crops Specialist & Plant Pathologist

M y lab at UW-Madison is investigating they affect cranberry. In fact, we have given up
two virus diseases of cranberry: tobacco on predicting which virus is present based on
streak virus (TSV) and blueberry shock virus ~ symptoms (see photos). You will find in our
(BIShV). Here | provide a quick overview of presentations and writing about these viruses
what we have learned so far and provide infor- that we often borrow information about one
mation for getting vines tested. For more de-  virus to develop hypotheses about the other. |
tails on our findings in 2012 and 2013, see pre- apologize if this gets confusing; do not hesitate
vious issues of Cranberry Crop Management  to contact me if you want clarification.
(especially August and September 2013) and

the 2014 Cranberry School Proceedings. Also,

we will provide an up- ;
date on September 8 at
1:30 p.m. in the Wood
County courthouse

auditorium.

In 2012 and
2013 we found that
berry scarring was as-
sociated with presence [y
of TSV. In 2013, during
the course of a survey
to determine how
widespread TSV was in
Wisconsin, we encoun-
tered scarred berries
that tested negative for
TSV, despite having
symptoms typical of
TSV. Upon further
testing, we identified a
different virus, BIShV.
Coincidently, TSV and
BIShV are in the same
virus family, which
means that there may
be similarities in how

Continued on p. 2

h

Symptoms caused by TSV and BIShV are very similar, and include pucker-
ing and deep crevices, irregular scorch marks, and superficial ring spots and

swirl patterns. (More pictures on page 2.)
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Cranberry Virus Update (Continued from p. 1)
By Patty McManus
UW:-Extension Fruit Crops Specialist & Plant Pathologist

Continued from p. 1

My graduate student, Lindsay Wells, initiat-
ed research on TSV in 2013 and made the interest-
ing observation that uprights seem to recover from
TSV the year after symptoms are observed. That is,
uprights with scarred berries in 2012 produced nor-
mal fruit in 2013. However, “recovered” plants
continued to test positive for TSV and their pollen
tested positive as well. This recovery phenomenon
has been observed in blueberry bushes infected with
BIShV. We do not know, yet, if cranberry plants
infected with BIShV also recover the year after in-
fection, but this year we found that BIShV is carried
on cranberry pollen. In other crops, pollen-borne
viruses are generally believed to be spread by in-
sects. In the case of BIShV, honeybees can spread
the virus, and infective pollen survives in hives for
up to a week. In the case of TSV, thrips appear to
have a role, but it's not clear whether they spread
the virus among crops, provide a wound for TSV to

enter plants, or both.

We are attempting to transmit TSV and
BIShV by various methods to healthy plants in a
greenhouse. Some plants were pollinated with

infected pollen, some were wounded and then
smeared with infected pollen, and others were
wounded and smeared with sap from infected
plants. So far, we have not been able to reproduce
the scarring symptoms that are associated with TSV
and BIShV in the field. However, in the case of
BIShV on blueberry, symptoms actually show up the
year after infection. We are continuing these exper-
iments, but if TSV and BIShV in fact have multi-year
disease cycles, then getting answers will also take

multiple years.

In the absence of fast answers on how the
viruses spread, | have recommended that to the ex-
tent possible, growers limit traffic in and out of beds
during bloom to prevent the spread of potentially in-

fected pollen. Unfortunately, this has been interpreted
by some as meaning that crop scouts are spreading
viruses. Let me be clear: TSV and BIShV are
showing up in beds not visited by crops scouts.
Insects are the prime suspects for spreading
TSV and BIShV in cranberry beds. Viruses are
another pest to be added to the long list of insects,
diseases, and weeds that cranberry growers deal with
every year. In-the-bed inspections by crop con-
sultants are absolutely necessary in crop man-
agement. But if there are tasks that can wait until
after bloom (e.g., wiping weeds), then wait. The risk
of spread

by carrying Continued on p. 9 at Cranberry Virus Update
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Publication for Cranberry Tissue Testing provided courtesy of

Suzanne Arendt, RedForest Crop Consulting, LLC

EM 8610 » August 1995
75¢

Cranberry Tissue Testing

for producing beds in North America

1. Davenport, C. DeMoranville, J. Hart, K. Patten, L. Peterson, T. Planer, A. Poole, T. Roper, and 1. Smith

Why use
tissue testing?
Cranberry plants require proper

amounts of certain chemical
elements from air, water, and soil to
ensure adequate vegetative growth
and fruit production. When levels
of these nutrients in the plant are
low, growth and yield may be
affected.

Severely reduced nutrient supply
can lead to visible nutrient defi-
ciency symptoms. Routine collec-
tion and analysis of tissue samples
can detect low nutrient concentra-
tion before visible symptoms or
yield reduction occurs.

Mineral nutrients such as
nitrogen (N), phosphorus (P),
and potassium (K) are added
through fertilizers to supple-
ment the supply from the soil.
By analyzing dried plant
tissues for their nutrient content
(tissue testing), you can evalu-
ate the adequacy of mineral
nutrients. This information will
help you decide if fertilizer 1s
needed, and if so, how much
and what kind to use.

Tissue testing can be used for
any of the following;

» Predicting fertilizer needs of
annual crops

« Diagnosing problems
» Evaluating a fertilizer program
for perennial crops

Tissue testing can be used to
momtor and adjust fertilizer use
during early growth stages of
annual crops such as potatoes, sugar
beets, or lettuce. By using a tissue
test, growers can anticipate fertil-
1zer needs for these annual crops.

In contrast, using tissue test
results to anticipate current season
fertilizer needs does not work well
for perennial crops like cranberries.
In part, this is due to the minimal
short-term effect of fertilizer on
yield in perenmal crops. Therefore,
tissue testing 1n producing cranber-
ries is best used for end-of-season
evaluation of a fertilizer

program for the next year.
Of course, over-use of
fertilizer, particularly of
nitrogen, can have
negative short-term
effects. These include

6§OREGON STATE UNIVERSITY EXTENSION SERVICE

stimulation of excessive vine
arowth and fruit rot

If problems such as poor growth
or discoloration of vines appear
during the growing season, you can
use a comparative tissue test to
check for possible nutrient deficien-
cies. You can collect samples to
diagnose deficiencies at any time
during the season. However, when
outside the August-September time
period (see “When to sample” on
page 2), you also must collect a
companion sample from an unaf-
fected area for comparison.

Before using tissue testing to
predict or evaluate fertilizer needs,
you need the following informa-
tion, which is provided in this
publication:

« Sampling time (stage of develop-
ment)

+ Plant part to sample

« Normal or sufficient concentra-
tion range for each nutrient so
you can interpret results

Joan Davenport, manager, agricultural
research, Ocean Spray Cranberries, Ine.; Carolyn
DeMoranville, cranberry plant nutritionist,
University of Massachusetts Cranberry
Experiment Station; John Hart, Extension soil
seientist, Oregon State University; Kim Patten,
associate horticulturist, Washington State
University; Lloyd Peterson, professor of
horticulture emeritus, University of Wisconsin-
Madison; Tod Planer, Extension agent,
University of Wisconsin; Arthur Poole, Extension
agent, Coos County, Oregon State University;
Tervl Roper, associate professor of horticulture,
University of Wisconsin-Madison, Jonathan
Smith, operations research, Northland
Cranbernes. (Authors listed m alphabetical
order.)
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When to sample

Tissue samples should be col-
lected when nutrient concentration
is stable. Samples collected just a
few days apart during periods of
rapid change in nutrient concentra-
tion can give quite different results.

The change in nitrogen (N) and
potassium (K) concentration in new
shoots of Massachusetts “Early
Black™ cranberries during the 1988
growing season is illustrated in
Figure 1. Tissue concentration
changes rapidly early in the grow-
ing season. Compare the late
August—early September sample
results to samples collected
between May 25 and June 24,

Tissue levels of both elements
changed during the season but
reached a constant level between
August 23 and September 17.
Samples collected between those
dates should produce consistent
analytical results.

Cranberry tissue research in
Oregon produced similar results
(Chaplin and Martin, 1979). See
“For more information” on page 3.

Figure | also illustrates the
danger in collecting late September
samples. Nitrogen concentrations
decrease as plants enter dormancy,
so these samples may not give an
accurate picture of the situation in a
bed.

Collect cranberry tissue test
samples during the stable period—
late August to early September.
Sampling cranberry tissue at any
other time is not recommended
except for samples collected for
comparative lissue testing,
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Figure I.—Nitrogen and potassium percent in new shoot tips of “Early Black™
cranberries in Massachusetts, 1988 (DeMeranville, 1992)

Part of cranberry

to sample

A cranberry tissue sample should
include current season growth from
both fruit-bearing and non-fruiting
uprights. To sustain uniform yields
from year-to-year. fields should
have a mixture of both types of
uprights.

Figure 2 illustrates the tissue to
collect. Clip just above the berries
on fruit-bearing uprights. Clip
above the bud break location on
non-fruiting uprights to collect only
current season tissue.

Collect 20 tips each from 10
locations representative of the bed.
The total sample will consist of 200
upright tips per bed or 1 to 1'/2 cups
of plant material.

Do not wash the sample or
separate the leaves and stems.

Frequency
of sampling

Sampling cranberry tissue from
all fields annually 1s 1deal for
gathering nutrient status informa-
tion. However, you may feel annual
sampling is not necessary or
financially feasible. Regardless of
whether or not you sample every

vear, develop a plan for regular
sampling,

Begin with fields that are not
prowing or vielding as desired.
Annual sampling from these fields
will be necessary until the problem
is determined or corrected.

Divide the remainder of your
acreage into two or three groups.
Sample from a group of fields each
year. In this way, you will sample
one-half or one-third of the acreage
each year.

Sample

this

portion

of cranberry
plant.

Figure 2.—Obtain tissue sample from
area shown.

Cranberry Tissue Testing Bulletin continues on p. 7
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Update from the Fruit Crop Entomology Laboratory
Christelle Guéedot, Erin McMahan and Aidee Guzman
Department of Entomology, UW Madison and UW-Extension

Host plant resistance

he 2014 field season in the Guédot lab began

with the second year of MS student Erin
McMahan field study comparing population densities
of the three most important moth pests in Wiscon-
sin cranberry, blackheaded fireworm (BHFW),
sparganothis fruitworm (SFW), and cranberry fruit-
worm (CFW), in different cranberry cultivars grown
in Wisconsin. We trapped for these pests in beds of
Stevens, Ben Lear, HyRed, GH1, and Mullica Queen
at marshes in central Wisconsin to determine
whether different varieties supported different pop-
ulations of pests. The same study was carried out in
the summer of 2013, and yielded no significant dif-
ferences between pest populations in different varie-
ties. However, problems with the commercial pher-
omone lures occurred last year and we decided to
repeat the study this summer. Luckily, this second
year went much more smoothly and the lures were
effective at trapping insects! We also collected dam-
aged berries in the study beds to determine whether
differences among varieties in the numbers of ber-
ries damaged by these pests occur. The study has
now been completed, and results are currently being

analyzed.

Based on our trap counts, the 2014’s peak
flight for BHFW occurred at roughly the same time

of year as the 2013’s peak flight, and average trap
counts at peak flight were similar. SGFW also had
similar peak flight timing in 2014 and in 2013 and av-
erage trap counts were very close. CFW peak flight
was about a week earlier and average trap counts at
peak flight were somewhat higher in 2014 than in

2013.

A laboratory experiment is also currently un-
derway to determine whether the cranberry variety
that SGFW feed on affects their development rate. In
the experiment, SGFW larvae are fed a strict diet of
one of nine cranberry varieties and aspects of their
development are measured. We are hoping to have

results soon. Continued on p. 6

Pheromone trap with lure
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Update from the Fruit Crop Entomology Laboratory

Continued from p. 5

Cranberry pollination

The second project on cranberry in the Guédot
Laboratory during this summer is conducted by B.S.
students Aidee Guzman and Tressa Franzmeier, who
are looking at the impact of honeybee hive place-
ment on cranberry pollination.

Currently, 70% of cranberry growers rely on
honeybees for pollination services. Although, cran-
berry is able to produce fruit without pollination,
fruit set, berry size, as well as ripening is maximized

by successful pollination. We are investigating wheth-
: T SR——

Observers collecting pollen foragers returning to the hive

er hive placement on the marsh might have an im-
pact on the foraging efficiency of honeybees in cran-
berry. We are assessing whether cranberry contribu-
tion to the pollen collected by honeybee foragers
varies with hive placement on the marsh between (1)
the center of the marsh, (2) the edge of the marsh
near a reservoir, or (3) the edge of the marsh near
natural habitat. We hypothesize that bees from hives
surrounded by cranberry beds (center) or at the
edge near a reservoir have less opportunity to forage
on resources off-farm in comparison to hives located
near natural habitat.

This summer, we collected over 500 pollen for-
agers, bees coming back to the hive with full pollen
baskets (see picture), at three locations (center of
the marsh, near a reservoir, and near natural habi-
tat) at 5 cranberry marshes in central Wisconsin. In

the upcoming months, we will be processing our sam-
ples. We will be determining the percentage of cran-
berry versus non-cranberry pollen grains brought
back to the hive by looking at pollen morphology and
we will identify which other plants honeybees are for-
aging on while cranberry is in bloom.

We also surveyed the abundance and density of
non-cranberry plants flowering at each marsh. Cran-
berry
marshes are
quite di-
verse, with
46 species
of plants
sampled in
our survey
(Shannon
index for
diversity
H=3.0).

Honeybee with full pollen baskets (yellow
Most com- bundle)

monly

found on the marsh, were: annual knawel black medic;
broadleaf plantain, common cinquefoil, mouseear
chickweed, pepperweed, rough cinquefoil, sheep sor-
rel, white campion, white clover, and yellow wood-
sorrel.

e This study
T ispart of a

$ larger pro-
= jectin col-
laboration
= S e TErk with Juan
R - Zalapa,
’7 = e Shawn Stef-
Honeybees foraging on milkweed fan, and Jo-
hanne Brunet, assessing the fidelity of honeybees to
cranberry. Understanding the best placement of hives
on the cranberry marsh could provide a simple practi-
cal approach to improving cranberry pollination effi-
ciency by honeybees.

Thanks to all participating growers, Jayne Sojka,
and field day volunteers from the Guédot, Zalapa, and
Steffan labs for their assistance and enthusiasm!

.
g
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Interpreting
laboratory results

Compare the results from a
laboratory analysis to the values in
Table 1 on page 4 to determine if
sufficient nutrients were supplied
by the soil and your fertilizer
program.,

Lower than normal tissue
nutrient concentrations are common
with vine overgrowth. In this case,
low tissue nutrient concentration is
caused by the nutnient content of
the tissue being diluted by the
intensive growth,

This situation should correct
itself when growth retums to
normal. Therefore, do not apply
extra fertilizer to correct low lissue
concentrations in a situation of vine
overgrowth.

Review the vine growth and crop
load from current and last season.
Choose the combination of tissue
analyses and crop growth listed
below that corresponds to your
situation. Follow the instructions
given for the appropriate category.
* Low tissue analyses and

abundant vine growth. If vine

growth is luxurious, don’t apply
additional fertilizer,

* Low tissue analyses and weak
vine growth. If vines are weak,
discolored, or stunted, apply
fertilizer at rates recommended
by vour local Extension Service.

+ Normal tissue analyses and
vine growth. If your tissuc
analyses are within the normal
range, continue with vour current
fertilizer program.

+ Above normal tissue analyses
and weak vine growth, If the
vines are weak. discolored, or

stunted, and the tissue analyses
are above normal, look for stress
from pests, dranage, drought,
frost, or other factors limiting
growth.

* Above normal tissue analyses
and vine growth, If your tissue
analyses are above normal and
vine growth is adequate or above
normal, reduce the amount of
fertilizer you have been apply-

ing.

Other

considerations

Tissue analysis results outside
the normal range cannot always be

attributed to your fertilizer program.

Insufficient mineral nutrient
concentration can be caused by
saturated or dry soils: high
temperatures;, frost; shade; weed,
insect, or discase pressure; or
herbicide injury.

Several fungicides contain plant
nutrients. Because tissue samples
are not washed before analysis,
high copper (Cu). manganese { Mn),
or zinc (Zn) may be the result of
fungicide residue. High boron (B}
and Zn also may oceur if liguid
fertilizer was used,

High levels of manganese are
common in cranberry tissue. If
Mn-containing fungicides have not
been used and the tissue concentra-
tion of Mn exceeds 300 ppm. soil
drainage may be inadequate.

In this case. check the drainage
conditions of vour bed. If the soil is
poorly drained during the growing
season or if there are numerous wet
spots or poorly drained areas,
consider improving the soil drain-
age with ditching and perforated
flexible drain pipe (or lines).

For more

information

Chaplin, M.H., and L.W. Martin.
1979, Seasonal changes in leaf element
content of cranberry, Vaccinium
Macrocarpon. Ail. Communieations in
Soi1l Science and Plant Analysis,
Volume 10(6):895-902,

Davenport, JR, and J. Provost
1994, Cranberry tissue nutrient levels
as impacted by three levels of nitrogen
ferulizer and the relationship to fruit
yield and quality. Journal of Plant
Mutrition, Volume 17{10):1625-1634,

DeMoranville, C.J. 1995, Fertilizer
Management. In Cranberry 1995 Chart
Book: Management Guide for Massa-
chuserts, MM, Averill, ed. The
Cranberry Experiment Station,
Massachusetts Agnicultural Experiment
Station, and Massachusetis Cooperative
Extension, East Warecham, MA.

DeMoranville, C.J. 1992, Cranberry
nutrients, phenology, and N-P-K
Sfertilization. Doctoral Disseriation,
Department of Plant and Soil Science,
University of Massachusetts, Amherst,
MA.

DeMoranville, C.J., and K H.
Deubert. 1986. Seasonal patterns of
nitrogen, phosphorus, potassium,
calcium, and magnesium in the leaves
of the Massachusetts cranberry.
Communications in Soil Science and
Plant Analysis, Volume 17:869-884.

Poole, A, J. Han, T. Righetti, and
B Sk 1994 South Ceastal Oregon
Cranberries, FG 75. Oregon State
University, Corvallis, OR.

Eamsdell, D.C., and F L., Caruso,
eds. 1995. Compendium of Blueberry
and Cranberry Diseases. American
Phytopathological Society Press,
3t Paul, MN.

Roper, TR.. and 5.M. Coombs.
1992, Nutrient status of Wisconsin
cranberries. Cranberries: The National
Cranberry Magazine, Volume 15(2):
11-15.
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How to collect cranberry tissue samples

Sample collection

* Collect tissue samples between August 15 and September 15.

« Do not collect samples from weak, weedy, or diseased areas unless the entire bed has a problem.
* Do not mix variehes in a sample.

»  Collect tissue randomly across the bed

» Chp current season growth from above the berries on fruit-bearing uprights or from approximately the upper 2
inches of growth on non-fnutful uprights.

* Do not collect berries, growth below berries, or growth below the point of bud break.

»  Collect 20 upright pieces each from 10 locations representative of the bed.

* The total sample will consist of 200 upright pieces per bed or 1 to 1% cups of plant material.
»  One composite sample per bed is adequate 1f field condition and yield are uniform.

*  Multiple samples may be needed if feld size 1s more than 10 acres.

Sample handling

* Do not wash or rinse the sample

»  Allow the sample to air dry at room temperature before mailing to the laboratory. This should take a few days,
depending on temperature and humidity

+ Put samples in paper bags or paper envelopes for mailing. Vented plastic bags such as Ziploc™ brand vegetable
bags also may be used.

« Label each bag with the bed number or another identification code
* Do not put samples in unvented plastic bags as the samples may mold in transit.
»  Avoid mailing after midweek as the samples may sit in the post office or laboratary over the weekend

Laboratory analyses

Request determination of: (W) nitrogen (B boron (5] sulfur (if available at no additional cost)  (Ca) calcium
(Mn) manganese (K) potassium  (Cu) copper  (Mg) magnesium  (F) phosphorus (Zn) zinc

_—_—_
Table 1.—Cranberry tissue nutrient content guidelines for producing beds,

Nutrient Normal
concentration’

Mustrations by Meredith Albright, freelance

Percent scientific illustrator, Bellingham, MA.
hlm?gcn ™) 0=l .iU Extension Service, Oregon State University,
Phosphorus (P) 0.10-0.20 Corvallis. Lyla Houghim, interim director. This
Potassium (K 0.40-0.75 publication was produced and digtributed in
Caleium (Ca) 0.30-0.80 furtherance of the Acts of Congress of May &

, - N5 and Junc 30, 1914, Extension wark is a
Ft*lngnesu.im (Mg) 0.15 ﬂ';:' cooperative program of Oregon State Univer-
Sulfur (5) 0.08-0.25 sy, the L5, Department of Agriculture, and
COregon counties, Oregon State University
f{Pm Extension Service offers educationzl programs,
Boron (B) 15-60 activitics, and materials—witheur regard fo
Iron (Fe)* =20 race, color. religion. navional erigin, sex, sexual
Y Mn)? =10 ovtentarion, age, marital sats, disability, and
z_ﬂng?:ﬁc (hee) 15-30 disabled veteran or Vietnan-era veteran
inc (Zn) E staarus—as required by Tidle W1 of the Civil
Copper (Cu) 4-10 Rights Act of 1964, Title I of the Education
Amendments of 1972, and Section 504 of the
"Nommal levels are based on samples taken between August 15 and Seplember 15, Rchabilitation Actof 1973, Cregon State

*Cranberry researchers have not found a normal range for Fe and Mn. H."};‘:E‘:’:’,; E:;E“j_m“ SRR
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s Update

(Continued from p. 2)

infected sap on feet or tools is probably very small. But
because “very small” is not the same as “zero”, | am sug-
gesting to UW workers that they spray their shoes with
95% ethanol when moving from one bed to another. | am
concerned that this practice may be raising suspicion
among growers, but in fact, it is just our attempt to exer-

cise the utmost caution.

One way that people are likely to spread TSV and
BIShV is if they establish a new bed with cuttings from an
infected bed. This is a good reason to submit samples
(even random samples of healthy cuttings) for virus test-
ing. Another reason to test vines is to determine if symp-
toms are actually associated with a virus. For example, |
got excited earlier this summer when | noticed that vines
testing positive for BIShV in 2013 had all sorts of problems
in 2014: aborted terminals, side shooting, and umbrella
bloom. However, when | actually tested a larger sample of
vines with these abnormalities, some were positive for
BIShV and some were negative. Thus, it’s likely that some-

thing else was responsible for the unusual growth.

If you do wish to have vines sampled for viruses, |
recommend the commercial lab Agdia (agdia.com or 800-
622-4342). You can request that they test for TSV, BIShV,
both TSV and BIShV, or run the blueberry/cranberry pan-
el, which includes TSV, BIShV, eight other viruses, and the
sometimes-root-rotter, Phytophthora. The cost is generally
greater for the panel than individual viruses, but the web
site suggests calling for details on prices. In our experi-
ence, scarred berries test positive for TSV or BIShV great-
er than 99% of the time, whereas leaves are hit or miss.
Therefore, if you have suspicious fruit, | suggest you ask
Agdia to test fruit. If your fruit appear healthy but you
want to test for viruses, | suggest testing some fruit and
some leaves. Remember, recovered plants look healthy
but their leaves and fruit test positive for virus, and these

plants are capable of introducing virus into new sites.

Join us September 8, 1:30 p.m. in the
Wood County courthouse auditorium for more
information and to ask questions.

O o% o
0.0 0.0 0.0

Our Sponsors

This newsletter is produced UW-Extension and is
sponsored by a grant from the Wisconsin Cran-
berry Board, Inc. with further support from in-
dustry partners; Clement Pappas & Co., Cott
Corporation, Decas Cranberry Products, Inc. ,
Mariani Packing Company, and Ocean Spray
Cranberries, Inc. Six to ten issues are pro-
duced during the growing season and are availa-
ble to anyone in the cranberry industry upon re-
guest either by US mail or by e-mail. If you
would like to be added to our distribution, please
contact

Matt Lippert at Wood Co. UWEX
400 Market St.
PO Box 8095
Wisconsin Rapids, WI 54495
715-421-8440

matthew.lippert@ces.uwex.edu

References to products in this publication are for your convenience and are not an endorsement of one product over similar products. You are responsible for
using pesticides according to the manufacturer's current label directions. Follow directions exactly to protect the environment and people from pesticide expo-

sure. Failure to do so violates the law.
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Address Correction

IT you have any address corrections,
additions, or deletions, please let us know.
IT you prefer to receive the

CCMN newsletter by e-mail, please

call 715-421-8440 or e-mail:

mspencer@co.wood.wi.us

paper copy list.)
Thank you!

(We will also remove your name from the

An EEO/Affirmative Action employer, University of Wisconsin-Extension provides equal opportunities in employment and

programming, including Title IX and ADA requirements.

UW-Extension Cranberry Specialists

Jed Colquhoun

UW-Extension Fruit Crops Weed Scientist
1575 Linden Drive

Madison, WI 53706

(608) 890-0980
jed.colguhoun@ces.uwex.edu

Patty McManus

UW-Extension Fruit Crops Specialist & Plant Pathologist
319B Russell Labs; 1630 Linden Drive

Madison, WI 53706

(608) 265-2047

patty.mcmanus@-ces.uwex.edu

Christelle Guédot

Fruit Crops Entomologist/Pollination Ecologist
Department of Entomology

546 Russell Laboratories

1630 Linden Drive

Madison, WI 53706

(608) 262-0899

guedot@wisc.edu

Matthew Lippert, Agricultural Agent
Wood County Courthouse

400 Market Street; P. O. Box 8095
Wisconsin Rapids, WI 54495-8095
(715) 421-8440
matthew.lippert@ces.uwex.edu

Shawn Steffan, Research Entomologist
USDA-ARS

UW-Madison, Dept of Entomology
1630 Linden Drive

Madison, WI 53706-1598

(608) 262-3227

steffan2@wisc.edu

Juan E. Zalapa, Research Geneticist
299 Horticulture, 1575 Linden Drive
USDA-ARS Vegetable Crops Research
Madison, WI 53706

608-890-3997

jezalapa @wisc.edu



