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Pickling Cucumber 
 
Where: Grand Gallery (main level) Room E & F 
MI Recertification credits: 2 (1B, COMM CORE, PRIV CORE) 
CCA Credits: PM(2.0) 
Moderator: Bernard Zandstra, Horticulture Dept., MSU 
 
9:00 am Pickle Production and Weed Control in the Far Eastern USA   

� Mark VanGessel, Plant Science Dept., Univ. of Delaware 

9:30 am Advances in Downy Mildew and Phytophthora Control   
� Mary Hausbeck, Plant, Soil and Microbial Sciences Dept., MSU 

10:00 am The Multi-State, Multi-Discipline USDA-SCRI Grant: Addressing disease problems in 
cucumber with classic and modern molecular technologies  

� Yiqun Weng, USDA - ARS, Madison, WI 

10:30 am Key Food Safety Manual Components for Green Shippers   
� Phil Tocco, Agriculture & Natural Resources Educator, Jackson Co. MSU 

Extension 

11:00 am Session Ends 

 
Following the Pickling Cucumber session, members of the Midwest Pickle Association are invited to 
attend a special reporting and business session and working lunch. 

 
  



Pickling Cucumber Weed Control on the Delmarva Peninsula 
 

Mark VanGessel 
University of Delaware 

Georgetown, DE 
mjv@udel.edu 
302-856-7303 

 
Weed control in cucumbers is important in order to obtain maximum yield and reduce weed seeds 
from returning to the soil seed bank.  On the Delmarva Peninsula, cucumbers for commercial 
processing are all direct-seeded, bare-ground production.  A high seeding rate produces dense 
plantings which provide a competitive stand and reduce weed seed germination after the canopy 
closes.  After planting, 90% of cucumber fields are cultivated.  Seeding for pickling cucumbers 
begins between mid-April and early May in the mid-Atlantic, with successive plantings 
continuing through early August.  The growing season of about 180 days allows double cropping 
of pickling cucumbers or multiple cropping of pickling cucumbers with other vegetables.  About 
20% of Maryland and Delaware pickling cucumbers are “double-cropped”.  All pickling 
cucumbers on the Delmarva are machine harvested which requires good to excellent weed control 
for optimum harvesting. 
 
Primary weeds in cucumbers include annual grasses, common ragweed, pigweed species, 
lambsquarters, jimsonweed, morningglory species, common purslane, and common cocklebur.  
Secondary pests are yellow nutsedge, johnsongrass, bermudagrass, eastern black nightshade, and 
velvetleaf.  Most species are adequately controlled with labeled herbicides except for eastern 
black nightshade and morningglory species.  Pigweed biotypes that are resistant to ALS-
inhibiting herbicides (Group 2) are become more common in Delaware.  In addition, infestations 
of Palmer amaranth have been reported throughout the region.  Palmer amarnath is a very 
competitive summer annual species that is capable of causing significant issues for vegetable 
producers.  While none of the Palmer amaranth in Delaware have been reported resistant to ALS-
inhibiting herbicides, Sandea is not as effective on Palmer amaranth as other pigweed species. 
 
 
Labeled Herbicides for Pickling cucumbers: 
Soil-applied herbicides:  
Prefar (bensulide) can be applied pre-plant incorporated or preemergence. Prefar will control 
some annual grasses (barnyardgrass, large crabgrass, fall panicum, giant foxtail, and johnsongrass 
seedlings) but only suppression of certain broadleaves, such as common lambsquarters, common 
purslane, and pigweed species. Risk of crop injury is less with Prefar than with Curbit, and so it is 
mostly used with the early planted fields. Prefar is used on less than 5% of the acreage. 
 
Sandea (halosulfuron) can be applied preemergence.  Sandea provides fair to good control of 
common ragweed, common lambsquarters, pigweed, cocklebur, jimsonweed, smartweed, 
galinsoga, and yellow nutsedge. Yellow nutsedge control is better when applied as a 
postemergence herbicide. Sandea does not control grass species. It is used on 50-75% of the 
acreage. 
 



Curbit (ethalfluralin) can be applied preemergence only. Curbit controls a number of annual 
grasses but only a few broadleaf weeds (pigweed and carpetweed). Curbit is often applied in 
combination with another herbicide (Command and/or Sandea). Curbit provides better weed 
control than Prefar, yet it has a slightly higher risk of crop injury. Curbit is seldom used with 
early planted pickling cucumbers due to this reason.  Lower rates reduce the risk of crop injury; 
higher rates cause damage on sandy soils, especially in cold weather. Used on 90-100% acreage. 
 
Command (clomazone) can only be used as a preemergence application. (Previously there was 
crop injury concern with another formulation of Command). Used predominately for annual 
grass, velvetleaf, jimsonweed, purslane, and common lambsquarters control.  Command alone or 
as Strategy is used on 90-100% of the acreage.  Strategy is a pre-packaged mixture of clomazone 
and ethalfluralin. 
 
Postemergence herbicides: 
Sandea (halosulfuron) provides good to excellent control of common ragweed, pigweed, 
cocklebur, smartweed, galinsoga, and yellow nutsedge. Yellow nutsedge control is better when 
applied as a postemergence herbicide. Common lambsquarters and jimsonweed control is much 
better when Sandea is applied preemergence. Sandea does not control grass species.  Carry over 
can be an issue. Sandea is used on 50% of the acreage. 
 
Poast (sethoxydim) - 1 to 1.5 pints/A - Used exclusively for grass control. Poast will control 
annual grasses and certain perennial grasses. Use with crop oil concentrate.  Grass control will be 
best when the plants are treated while actively growing. Poast is used on 25% of the acreage.   
 
Select or Select Max (clethodim) - 6 to 8 oz/A or 12 to 16 oz/A - Used exclusively for grass 
control. Select and Select Max will control annual grasses and certain perennial grasses, although 
not as effective on goosegrass as Poast. Select requires crop oil concentrate, while Select Max is 
labeled for use with non-ionic surfactant. Grass control will be best when the plants are treated 
while actively growing. Used on 10% acreage. 
 
Herbicide Carryover Concerns 
As grain prices have risen in the past few years, crops such as pickling cucumbers are being 
planted in fields that maybe less suited for pickle production.  In particular, fields with heavy 
weed seed banks and fields that were planted to field crops the previous year.  Higher seed banks 
often mean higher weed densities and more weed problems.  Planting pickles after field crops 
also raises the concern of herbicide carryover.  Following pesticide labels to ensure cucumber 
safety following field crops is important.  Common corn herbicides used in Delaware that are of 
particular concern are atrazine, mesotrione (Callisto and Lumax), Resolve, Harness, Balance, and 
Laudis.  Common soybean herbicides to be aware of include chlorimuron (Canopy, Classic, 
Envive, Synchrony STS, Valor XLT), Pursuit, Raptor, and Reflex. 



Advances in Downy Mildew and Phytophthora Control 
 

Dr. Mary K. Hausbeck (517-355-4534) 
Michigan State University, Department of Plant, Soil & Microbial Sciences, East Lansing, MI 

 
Downy Mildew.  Michigan cucumber and pickle growers have battled downy mildew, incited by 

the water mold, Pseudoperonospora cubensis, since 2005.  Downy mildew is well-known for causing 
catastrophic losses in a brief period of time.  Unprotected foliage can become completely infected and 
appear to be frosted within 10 days of initial infection.  This downy mildew pathogen is resistant to 
commonly used fungicides including Ridomil Gold-based products and the strobilurin fungicides (i.e. 
Cabrio, Quadris, and Flint).  Results from our research have identified a limited number of fungicides that 
are effective, but must be applied every 5-7 days to control downy 
mildew on cucumbers when weather favors disease (Table 1). 

 
 Downy Mildew Spore Trapping 2012.  The downy mildew 
pathogen does not overwinter in Michigan or nearby states.  It 
reproduces via tiny, microscopic spores that act as seeds of the pathogen.  
The spores travel on air currents from areas where it can overwinter (i.e., 
southern areas of the U.S. or protected cucumber production 
greenhouses) into Michigan each growing season.  To help growers 
determine the level of downy mildew threat, a monitoring system has 
been in place since 2006.  In 2012, spore traps were placed at two sites 
(right), and continuously sampled the air and collected spores into the trap. These spores were imbedded 
on a film that was removed and taken to the laboratory.  A compound microscope was used to identify 
any downy mildew spores that were present on the tapes.  The spore traps helped to alert us to any influx 
of spores into those production regions (below), but were not the only tool used to time fungicide sprays.  
Since we did not have a trap in each field in a county, it is possible that we could have missed an isolated 
spore mass coming into a particular region.  Spores at each site were detected before the first case of 
downy mildew was confirmed. 
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Fig. 1.  Comparison of fungicide programs for the control of downy mildew on pickle that feature, 
A, old favorites, B, Previcur Flex, C, Zampro, D, mancozeb versus Bravo, and E, Experimental.   

Rates: BWS=Bravo Weather Stik 2 pt, Experimental, Gavel 2 lb, MZ=Manzate 3 lb, Presidio 0.25 pt, 
Previcur Flex 1.2 pt, Ranman 0.17 pt, Reason 0.34 pt, Tanos 0.5 lb. 
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Fungicide Research 2012.  Plots were planted at the Southwest Research and Extension Center 
located in Benton Harbor, MI on 27 Jul into double rows spaced 12 in. apart.  ‘Eureka’ seeds were spaced 
2.8 in. apart (69 M/A).  The middle of each double row was spaced 5.5 ft from the next double row.  
Treatments were arranged in a randomized complete block design with four replicates across 17 double 
rows 100 ft in length.  Each replicate was 20 ft long with a 5-ft buffer zone between replicates. 
Treatments were sprayed with a CO2 backpack sprayer and a broadcast boom equipped with three 
XR8003 (50 GPA) flat-fan nozzles.  Treatments were diluted in water for a total solution of 0.79 gal 
before applications. Applications were made on 9 Aug (when plants had one true leaf) and reapplied on 
14, 20, 27, and 31 Aug; and 6 and 12 Sep. Plots were evaluated for downy mildew on 6, 14, and 20 Sep 
by determining the incidence of infected leaves per plot (%), disease severity based on leaf area infected 
(%)(data not shown), and defoliation (%)(data not shown).  Data were analyzed using Sigma Stat version 
3.1 (Systat Software Inc.) and treatments were compared using the Fisher LSD multiple comparison test.  
Yield data were collected but are not shown. 

On 20 Sep, all untreated leaves had symptoms and a majority of the leaf area was covered by 
lesions. All programs significantly limited disease in the early part of the season but the untreated control 
plants and some of the less effective treatments became severely diseased on 20 Sep (Fig. 1, previous 
page).  

Table 1 lists fungicides and application intervals that are recommended for control of downy 
mildew on cucumber in Michigan. 
 
Table 1.  Fungicide recommendations for downy mildew on cucumber. 

APPLIED BEFORE DISEASE 
(7-day intervals) 

 APPLIED AFTER DISEASE 
(5-day intervals) 

� *Presidio 4FL (2 day PHI)  � *Presidio 4FL (2 day PHI) 

� *Previcur Flex 6SC (2 day PHI)  � *Previcur Flex 6SC (2 day PHI) 

� *Ranman 3.6SC (0 day PHI)  � *Ranman 3.6SC (0 day PHI) 

� Gavel 75WG (5 day PHI)  � Gavel 75WG (5 day PHI) 

� Tanos 50WG (3 day PHI)  � Tanos 50WG (3 day PHI) 

� Zampro 4.4C (0 day PHI)  � Zampro 4.4C (0 day PHI) 

Alternate products and mix each with either:  
 � Dithane (mancozeb) 3 lb or  
 � Bravo (chlorothalonil) 1.5 pt 

 Alternate products and mix each with either:  
 � Dithane (mancozeb) 3 lb or  
 � Bravo (chlorothalonil) 1.5 pt 

*Fungicides that are especially effective under heavy disease pressure. 
 
 

Phytophthora Crown, Root, and Fruit Rot.  Michigan has over 79,000 acres of vegetables that 
are vulnerable to root, crown, and fruit rot caused by the soilborne fungus, Phytophthora capsici.  
Phytophthora capsici has two mating types that allow the production of long term survival spores 
(oospores) and exchange of genetic material that increases the likelihood of fungicide resistance 
developing.  The oospores can survive in soil up to ten years without a susceptible crop, and both mating 
types needed for oospore production have been found in every sampled field in Michigan.  Phytophthora 
is favored by rain and warm temperatures that occur during the Michigan growing season and has recently 
been found in irrigations ponds and other surface water sources.  The most effective control measure that 
growers have available is to avoid planting in infested soil and limit the spread of the pathogen to clean 
fields.  Crop rotation is difficult as infested acreage is increasing across the major growing areas of the 
state.  Properly constructed raised beds can be helpful as they keep vulnerable plants from saturated soil 
conditions but can only be used in hand-harvested or fresh market production.   



Phytophthora on cucumbers appears as water-soaked lesions on fruits and a “powdered sugar” 
layer of spores on fruits and stems.  General management strategies are summarized in Table 2. 
 
Table 2. Management strategies for Phytophthora on cucumber. 
� Plant into well-drained, tiled fields. 
� Use raised beds and drip irrigation if possible. 
� Avoid using surface water for irrigation. 
� Irrigate sparingly from a well. 
� Rotate crops. 
� Scout fields regularly for Phytophthora. 
� Remove diseases plants and adjacent healthy plants. 
� Apply fungicides when cucumber fruits are 1", 3" and 5" in length. 
� Powerwash equipment after it has been in infested fields. 
� Do not dump diseases culls in production fields. 
 

Foliar applications of preventive fungicides can be effective if proper coverage and timing of 
applications can be achieved.  Table 3 lists preferred fungicides for control of Phytophthora on cucumber.  
A combined approach of all available control techniques is more effective than using just one control 
measure.   
 
Table 3. Fungicides for Phytophthora control on cucumber. 
Product A.I. Comment 
Forum 4.18SC dimethomorph use in a fungicide tank mix 
*Gavel 75DF mancozeb/zoxamide relatively long PHI 
*Presidio 4SC fluopicolide use in a fungicide tank mix 
Revus 2.08SC mandipropamid include surfactant 
Zampro 4.4SC ametoctradin/dimethomorph  
*Indicates products that are especially effective when disease pressure is significant. 
 
 
 
 
 
 

Acknowledgments.  This material is based upon work supported by MSU GREEEN GR12-020; 
the Agricultural Research Fund, Pickle Packers International, Inc.; the Pickle and Pepper Research 
Committee for MSU, Pickle Packers International, Inc.; and the Fresh Vegetable Growers of 
Ontario/Farm Innovation Program. 
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Yiqun Weng, Michael J Havey 
(USDA-ARS, University of Wisconsin, Madison) 

Rebecca Grumet, Robert Day, Steven Miller, Bernard Zandstra  
(Michigan State University) 

Todd Wehner 
(North Carolina State University) 

Translational Genomics in Cucumber  
- Tool Development and Application for  

Recessive Disease Resistances 

USDA-NIFA-SCRI Project 
USDA-NIFA 

Specialty Crop Research Initiative 

� Focus on horticultural crops 
� $230 million over five years (2008 Farm Bill) 
� Competitive basis 
� 1:1 non-federal match fund 
� Extension/outreach components 
� Trans-disciplinary 
� Stakeholder priorities/participation 
 - plant genomics, genetics and breeding 
 - precision agriculture 
 - production efficiency 
 - product quality 

Source: Jim McFerson 

The Largest Federally Funded Project 
for Cucumber Improvement Research 

�NIFA award: $1.34 million for four years (2012-2015) 

�1:1 non-federal match from pickling industry 

�Multi-state, multi-institution (Michigan, Wisconsin, 

North Carolina, USDA-ARS) 

� Five specific objectives (Oct 2011 – Sept 2015) to 

address critical issues in cucumber production with 

emphasis on developing resistant lines to downy mildew 

and ZYMV and understand the mechanisms of resistance 

�  USDA-ARS/University of Wisconsin 

� Yiqun Weng 
� Michael J. Havey   
� Michigan State University 
� Rebecca Grumet 
� Robert B. Day 
� Steve Miller 
� Bernard Zandstra 
� North Carolina State University 
� Todd C. Wehner 

A Joint Effort of US 
Public Research Community 

A Project Exemplifying  
Public-Private Partnership Research 

Match fund providers: 

� Brian Bursiek (Pickle Packers International, Inc.) 
� Nischit Shetty (Seminis Seeds, Inc.) 
� Tommy Shingleton (Shingleton Farms, Inc., NC) 
� John Swanson (Swanson Pickle Co., MI) 
� Gary Taurick (Harris Moran Seed Co.) 
� Alyson Thornton (Harris Moran Seed Co.) 
� Jos Suelmann (Nunhems Netherlands) 

Project advisory panel members: 

Strong Support from and  
Active Involvement of Stakeholders 
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� Stagnant yields for years 
� Heightened international competition 
� Increased production costs 
� Increased disease, pest, and environmental pressure 

Challenges in US Cucumber Production: 

US Processing Cucumber Yield
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Background of Research (Rationale) 
Cucumber Research Priorities 

Diseases 
 
1. Downy mildew (DM) 
2. Phytophthora fruit rot 
3. Angular leaf spot (ALS) 
4. Cucumber mosaic virus (CMV) 
5. Root knot nematode (RKN) 
 
Insect pests 
 
1. Cucumber beetles 
2. Aphids 
3. Pickleworm 
 
 
 

Environmental stresses 
 
1. Herbicide damage 
2. Drought stress 
3. Cold germination 
4. Heat tolerance 
5. Saline tolerance 
 
Additional issues 
 
1. Higher fruit yield 
2. Improve pre-harvest fruit quality 
3. Broaden cucumber genetic diversity 
4. Use of molecular marker-assisted selection 
5. Improve post-harvest fruit quality 
 

2009 public-sector cucumber research priority survey* 

* Data complied from 21 respondents (7 – public researchers, 6 - private researchers, 8 – industry) 

Resistance to the new downy mildew strain 
– top priority in pickling cucumber production 

Aug 8, 2009 Hancock field, WI 

map source: ncsu.edu 

New Opportunities & Research Tools for 
Accelerating Traditional Cucumber Breeding   

Three cucumber draft genomes have been released 

Tens of thousands molecular markers are publicly 

available  

~ 4 millions cucumber ESTs have been generated 

Many horticulturally important genes are being 

tagged/cloned 

 

DNA 
sequences 

Field 
Breeding 

Bridging the Chasm 

Marker-trait 
association 

Routine use 
 of MAB 

Applied 
Genomics 

Tools 

Objective 1 
Development of Applied genomics Tools 

1. Development and use of SNP array (USDA-ARS) 

� SNP discovery 
� Re-sequencing 6-10 cucumber lines 
� Bioinformatic analysis 

�SNP assay  
� High throughput genotyping 
� QTL mapping of downy mildew resistance 

Image source: Illumina.com 
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2. Develop an integrated genetic-physical map 
    (USDA-ARS) 

� Provide a roadmap for marker-assisted selection in   
cucumber breeding

� Provide a guidance for gene cloning 
3. Develop a research tool to test gene functions  
    in cucumber (MSU) 

� VIGS – virus-induced gene silencing 
�  A valuable tool for test/verification of gene functions 

Objective 1 
Development of Applied genomics Tools 

 Objective 2 
Use of Applied Genomics Tools for 

Recessively Inherited Disease Resistances 

� Fine mapping of downy mildew (DM) resistance 

gene/QTL (NCSU/USDA-ARS) 

� Cloning of the ZYMV resistance gene (also 

resistant to other potyviruses (USDA-ARS/MSU) 

  PI 197088  

Resistance sources: 

� Downy mildew: PI 197088, PI 330628 

� ZYMV/potyviruses: TMG-1 

ZYMV screening 

Field evaluation of DM resistance (NCSU) 

� dm-1: moderately resistant (Gy14, Poinsett 76) 
� dm-3, dm-4 (?): highly resistant (PI 197088, PI 330628) 

Molecular mapping of DM resistances  
(USDA-ARS/NCSU) 

Growth chamber screening PI 197088 Field performance of PI 197088 

� Mapping populations:  
� PI 197088/PI 330628 x Coolgreen F2:3;  
� Gy14 x 9930 F7 RILs (for dm-1) 

� Molecular markers 
� SSRs and SNPs 

� Phenotyping:  
� Use F3 families, F7 RILs,  
� Multi-year, multi-location field/greenhouse trials 

TMG1 

ST8 

129-bp indel 

Resistant Susceptible 

Map-based cloning of zym gene  
(USDA-ARS/MSU)

TMG-1 x Straight 8 F7 RILs 

Fine mapping,  
Identification of candidate gene 

Function validation with VIGS/transformation Multi-year, multi-location 
ZYMV screening 

ZYMV symptoms 

 Objective 3 Understanding Molecular Interactions 
between Cucumber & Downy Mildew Pathogen (MSU) 

� Genotyping of DM isolates (old and new) 
� Establish a single cell blueprint of cucumber-DM 

interactions 
� Functional analysis of differentially expressed genes 

in cucumber-DM interactions 
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Objective 4. 
Evaluate Economic Benefits of Disease Resistance  

on Commercial Cucumber Production (MSU) 

 
 

� Develop Baseline of Economic Impact of DM on Industry 
 

� Develop Value Chain Model of Pickling Cucumber Industry 
� Develop metrics of technology adoption proprietary research w/ 

industry input  
� Estimate supply/demand elasticities along the value chain using 

advanced econometric approaches 
� Inform the Allocation of Economic Impacts Across Value Chain 

� Industry application of gnome data and rate of innovation 
� Rate of Grower and Producer Adoption 
� Quantify and Estimate the Distribution of Economic Impacts vis-

vis growers, producers, and consumers 

Objective 5 Outreach to Enhance 
Communication with Cucumber Community 

and the General Public 

Quality  

� Interactions with Advisory Panel members and other 

stakeholders 

� Collaborative research with seed companies 

� Prompt release of deliverables  

� Outreach to the scientific community 

� Training next generation researchers at all levels 

Expected Outcome (1) 
  
 

1. An integrated, high-resolution genetic-physical map of 
cultivated cucumber 

2. A SNP array platform for high throughput genotyping 
3. A  cucumber VIGS system for gene function assay 
4. Candidate gene(s) for the zym resistance locus conferring 

multiple potyvirus resistance. 
5. A fine map for major QTL of resistance against new downy 

mildew strain in cucumber 
6. Development of elite inbred lines combining high 

resistance with superior horticultural traits 

Expected Outcome (2) 
  
 

7. Quantified economic benefits of disease-resistant 
cucumbers 

8. A better understanding of molecular mechanisms of the 
cucumber-DM interactions 

9. A publicly accessible website hosting all data and plant 
materials generated from this project 

10.Well Informed stakeholders on concepts and applications 
of plant genomics and its use in cucumber improvement 

11.Train next generation researchers in the fields of 
cucumber applied genomics, breeding and plant-
pathogen interactions. 

Acknowledgements 

Thank you!  



Food Safety in Pickles: 
(Critical Control) Points to Ponder 

 
Phil Tocco 

Michigan State University Extension – Jackson County 
1715 Lansing Ave. 
Jackson MI 49203 
tocco@msu.edu 

 
The Food Safety Modernization act and the subsequent attention given to fresh produce food 

safety, has brought to light many areas where fresh produce safety can be improved.   Pickles, however, 
are fundamentally different.  Understanding these differences and implementing appropriate 
documentation at critical points in the process flow of pickling cucumbers can ensure safety and enhance 
product acceptability in the marketplace. 
 This talk will outline the process flow for pickling cucumbers from harvest to brining, then look 
at key commonalities across the process flow.  In addition a boilerplate food safety manual for the 
pickling industry will be offered to give guidance on where to direct energies of grower/shippers.  
 

Pickling Cucumber Process Flow 

Harvest 

Transport 
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Cooling 

Transport 

Brining 


