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2:00
p.m.

Orchard Weed Management

 Doug Doohan, Horticulture & Crop Science Dept., Ohio State Univ.

2:30
p.m.

Apple Scab: Fungicide Resistance Update and Current Disease Management

 George Sundin, Plant Pathology Dept., MSU

3:00
p.m.

Codling Moth Management in Apples

 Larry Gut, Entomology Dept., MSU

3:20
p.m.

Review of 2009 USDA GAP Audit Process

 Dawn Drake, Manager, Michigan Processing Apple Growers, Paw
Paw, MI

3:40
p.m.

Apple Cost of Production

 Phil Schwallier, District Horticulture & Marketing Educator, MSU
Extension

 Amy Irish-Brown, Tree Fruit IPM Educator, MSU Extension



Orchard Weed Management

Doug Doohan
Horticulture & Crop Science Dept.

Ohio State Univ.

This presentation will focus on some of the newest developments and problems in orchard weed
control. We will look closely at Ohio research with tank-mixes of Matrix and Karmex or Princep.
These tank-mix applications applied in early spring provide outstanding and long-lasting weed
control. Moreover, they suppress perennials better than any of these products do when used
alone. We will also cover the key factors that growers need to consider when using these
products and the other top herbicides used in the industry; specifically Prowl, Chateau and
Gramoxone. The presentation will conclude with a look at relevant research about the connection
with bark lesions and glyphosate use. This is a concern that every grow needs to be aware of.



APPLE SCAB: FUNGICIDE RESISTANCE UPDATE AND

CURRENT DISEASE MANAGEMENT

George W. Sundin, Department of Plant Pathology, MSU
Kimberley Lesniak, Department of Plant Pathology, MSU

Amy Irish-Brown, MSU Extension Educator
Tyre J. Proffer, Department of Plant Pathology, MSU

Apple scab, caused by the fungus Venturia inaequalis, is an important constraint on apple
production in Michigan. Primary inoculum for apple scab disease develops in the spring in
infected leaves from the previous season. If primary scab infection is not controlled, significant
levels of leaf and fruit infection can be expected. Infection periods for apple scab occur every
year in Michigan orchards. Scab must be actively controlled each year through the extensive
usage of fungicides.

Intensive fungicide usage has led to the development of resistance to some classes of
fungicides such as the sterol inhibitors in Michigan. Resistance to strobilurin (quinone outside-
inhibitor, QoI) fungicides most commonly occur due to a point mutation in the cytochrome b
gene, that results in an amino acid change from glycine to alanine at position 143 in the protein
(G143A). This point mutation confers high-level resistance and occurs in a variety of plant
pathogenic fungi. QoI resistance in V. inaequalis has been documented in France, Chile, and in <
1% of isolates from Quebec.

We were called to orchards in the Fruit Ridge area of Michigan that were experiencing an
apple scab control failure in 2008. The available data and our experience with the growers
pointed to a possibility of fungicide resistance, in particular QoI resistance. A total of 8 orchards
were sampled from the Fruit Ridge in 2008, and an additional 8 other orchards from eastern
Michigan were also sampled. At least 50 leaves with lesions were collected from each orchard. V.
inaequalis spores were scraped from all lesions on a leaf, and 25 monoconidial isolates were
randomly selected. Spores from these isolates were examined for QoI phenotype using a spore
germination assay, and remnants of the fungal colony were used for DNA extractions and a PCR
molecular detection assay. Spores from each monoconidial isolate were plated onto water agar
and onto water agar amended with 0.1 μg ml-1 kresoxim-methyl, a concentration known to inhibit
baseline-sensitive isolates. Salicylhydroxyamic acid (SHAM) at 100 μg ml-1 was added to both
media to deter alternative means of respiration utilized by QoI-resistant isolates in vitro. On the
kresoxim-methyl amended medium, spore germination is indicative of QoI-resistance.
Germination of 100 conidia per isolate was evaluated after 24-48 hr. Each isolate was rated as
resistant if spore germination occurred on both fungicide amended and control media.

A PCR assay was also conducted to detect the G143A mutation in V. inaequalis. We
followed the protocol of Fontaine et al (2009) utilizing primers developed by this group. A
successful PCR reaction is indicative of the presence of the G143A mutation. We also performed
confirmatory sequencing on several of the isolates. Our results indicated that QoI resistance
(based on the PCR detection assay) was widely prevalent in the Fruit Ridge orchards, and



occurred at a high level among the isolates. Results from the eastern Michigan orchards were
more mixed, with a high percentage of resistant isolates detected in two of eight orchards and all
isolates from four of the orchards were sensitive. In addition, the PCR detection assay and the
spore germination assay results were highly correlated. Thus, in 2009, all isolates were examined
using the PCR detection assay.

In 2009, we sampled a total of 80 orchards geographically distributed as follows:
Southwest Michigan (13), Fruit Ridge (19), Oceana county (15), Northern Michigan (12), Eastern
Michigan (5), MSU test orchards (2), Wisconsin (1), Ohio (4), and Ontario, Canada (9). I will
discuss all results obtained from our 2009 resistance screening, focused on the Michigan results.
These results will also be contained on a poster displayed in the GLEXPO poster session, and
individual results will also be mailed to growers whose orchards were sampled.

QoI resistance in V. inaequalis developed quickly in Michigan, with the QoI fungicides
first utilized in 1999. We currently do not have a handle on the possible long-term outlook
(fitness of resistant strains, genetic stability of resistance) to know if this resistance problem will
be lasting. All of these isolates will also be screened for SI resistance to give us a comprehensive
current snapshot of resistance issues in V. inaequalis in Michigan.



2009 Great Lakes Expo
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HistoryHistory
 USDA Food Safety for Domestic Feeding

Programs (i.e. Strawberries, Beef,
Tomatoes/Pepper, Peanut Butter)

 In 2006, USDA mandated that fresh fruits and
vegetables be GAP certified for their domestic
feeding programs but was not enforced.

 Fresh Cut Slice Pilot Program in 2009

 Radar Screen – All Processed Products (no
date yet determined)

2009 USDA GAP Meetings

 8 Educational Meetings

 300 Participants

 Provided Template of Farm Manual and
Worker Health & Hygiene English/Spanish
DVD

 USDA Inspector at Each Meeting

Michigan Department of
Agriculture

 2 certified USDA GAP inspectors as of March
2009

 Trained 15 additional inspectors with
remaining 2008 Specialty Block Grant Funds

 Over 200 Audits Completed

 Like harvested fruit (apples, peaches, plums,
apricots) can be combined in one audit but you
need a trace back plan for each.

What We’ve Learned

 G-10 Toilets cleaned on a scheduled basis…
 What is the scheduled basis (weekly, daily)
 Port o Johns were addressed but if you have a

community bathroom, cleaning schedule should be
included.

 G-13 Blood & Bodily Fluids and Contact with
Produce
 Not only important to address what happens with the

produce but also address what happens to the bin or
picking bucket (Cleaned? Sanitized?)

What We’ve Learned

 1-3, 1-4 Water Usage

 Make sure all wells being used on the farm
are tested.

 1-12, 1-13 Measures are taken to reduce
wild/domestic animals …

 Make sure your policy states what you are
doing (driving through the orchard, metallic
ties; keep an activity log)



 2-4 Field Sanitation Unit Spill/Leak
 If you defer responsibility to your Port o John supplier,

include their response plan in your manual.
 In addition to the contaminated area, what are you doing

about cleaning the unit?
 If you have a community bathroom, include a response plan

in case of an overflow.

 2-5 Harvesting containers that come in contact
with produce are cleaned/sanitized …
 Does include picking buckets.

 2-6 Hand harvesting implements disinfected
 Includes Honeycrisp snippers.

What We’ve Learned

What We’ve Learned

 2-9 Light bulbs/glass on equipment are protected

 Auditors accepted growers using clear tape.

 2-13 Harvesting containers are not used …

 Some bins were not marked at all. (i.e. using a bin in
the field to hold water jugs)

 5-10 Mock recall

 Has to be conducted on an annual basis.

 For every commodity you would like GAP certified.

Changes to the 2010 Audit
Checklist:

 Minor changes to the checklist

 “Doc” column

 D – document showing conformance including
SOP’s as well as a record.

 R – Record is required to show action was taken.
 P – Policy/SOP is documented (what will be done).

 Clarified wording

 Minor Point Changes

Changes to the 2010 Audit Checklist:

 Traceability is Incorporated in General
Questions, Part 1 and Part 2

 Water Tests – One water test annually
versus previous two tests.

 Farm maps – Include id’s for each block.
(1-26)

 Self audit prior to formal audit, signed and
dated. (2-1)



What’s Next in 2010?

 Received $20,000 Specialty Crop Block
Grant for USDA GAP Educational
Classes targeted for asparagus, cherry,
peach, and apple growers.

 2010 Winter Educational Meetings

 Review of Updated USDA GAP Checklist

 Provide Updated Manual

Thank you!


