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Executive Summary 
1. Project title: Stop the rot: Combating onion bacterial diseases with pathogenomics tools and 
enhanced management strategies 
2. Project type: Standard Research & Extension Proposal (SREP) 
3. Legislatively mandated focus area(s):  
Focus area Percentage addressed in this proposal 
Plant Breeding and Genetics 0 
Pest Management 85 
Plant Production and Production Efficiency 15 
Technology 0 
Food Safety 0 

 

4. Program staff:  
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Director 
(PD) 

Lindsey 
du Toit 

Prof. & Extension 
Plant Pathologist 

Washington State 
Univ. (WSU) 

Mount Vernon, 
WA 

Co-PD Bhabesh 
Dutta 

Assoc. Prof. & 
Extension Vegetable 
Specialist 

Univ. of Georgia 
(UGA) 

Tifton, GA 

Co-Project 
Investiga-
tor (Co-PI) 

Brenna 
Aegerter 

Farm Advisor Univ. of California 
Coop. Ext. (UCCE) 

Stockton, CA 

Co-PI Christine 
Hoepting 

Senior Ext. Assoc. Cornell Coop. Ext. Albion, NY 

Co-PI Brian 
Kvitko 

Assist. Prof. UGA Athens, GA 

Co-PI Mark 
Uchanski 

Assoc. Prof. 
Specialty Crops  

Colorado State Univ. 
(CSU) 

Fort Collins, CO 

Collabora-
tor 

Michael 
Bartolo 

Extension Specialist CSU Rocky Ford, CO 

Collabora-
tor 

Gregory 
Colson 

Assoc. Prof. 
Agric./Appl. 
Economics 

UGA Athens, GA 

Collabora-
tor 

Teresa 
Coutinho 

Prof. of Phytobac-
teriology 

Univ. of Pretoria Pretoria, South 
Africa 

Collabora-
tor 

Christo-
pher 
Cramer 

Prof. of Horticulture New Mexico State 
Univ. (NMSU) 

Las Cruces, NM 

Collabora-
tor 

Dan Drost Prof. of Horticulture Utah State Univ. 
(USU) 

Logan, UT 

Collabora-
tor 

Beth 
Gugino 

Assoc. Prof. 
Vegetable Pathology 

Pennsylvania State 
Univ. (PSU) 

University Park, 
PA 
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Collabora-
tor 

Mary 
Hausbeck 

Prof. & Extension 
Specialist 

Michigan State Univ. 
(MSU) 

East Lansing, MI 

Collabora-
tor 

Ananth 
Kalyana-
maran 

Assoc. Prof. 
Electrical 
Engineering 

WSU Pullman, WA 

Collabora-
tor 

Gabriel 
LaHue 

Clinical Assist. Prof. 
Soil Science 

WSU Mount Vernon, 
WA 

Collabora-
tor 

Subas 
Malla 

Assist. Prof. 
Vegetable Breeding 

Texas A&M Univ. Uvalde, TX 

Collabora-
tor 

Claudia 
Nischwitz 

Assoc. Prof. & Ext. 
Plant Pathologist 

USU Logan, UT 

Collabora-
tor 

Alex 
Putman 

Assist. Coop. Ext. 
Specialist & Assist. 
Plant Pathologist 

Univ. of California 
Riverside (UCR) 

Riverside, CA 

Collabora-
tor 

Kirti 
Rajago-
palan 

Assist. Research Prof. WSU Pullman, WA 

Collabora-
tor 

Stuart 
Reitz 

Prof. of Entomology OSU Ontario, OR 

Collabora-
tor 

Jaspreet 
Sidhu 

Farm Advisor UCCE Bakers-field, CA 

Collabora-
tor 

Timothy 
Waters 

Area Ext. Educator WSU Pasco, WA 

Collabora-
tor 

Robert 
Wilson 

Farm Advisor UCCE Tulelake, CA 

Collabora-
tor 

James 
Woodhall 

Assist. Prof. Plant 
Pathology 

Univ. of Idaho (UI) Parma, ID 
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5. Critical stakeholder needs and long term goals: 
The ability of growers to manage bacterial diseases of onion is limited compared to many fungal 
diseases because of unique epidemiological and management aspects of the bacterial pathogens, 
which cause >$60 million/year in damages to the U.S. onion industry (Fig. 1, page 37). Losses 
can be particularly severe for stored onions as bacterial bulb rots typically develop after harvest, 
with losses ranging from 5-100% in individual fields. The goal of this project is to support long-
term profitability and sustainability of onion production in the U.S. using a stakeholder-
informed, systems approach (Fig. 2, page 38) by: undertaking a national survey of onion 
bacterial diseases (page 19); developing a National Onion Bacterial Strain Collection (NOBSC, 
page 21); using this resource for genotypic characterization of the pathogens (page 22) to design 
rapid, accurate, and robust methods for detecting and identifying onion bacterial pathogens 
across the U.S. (pages 22-23); developing methods of screening onion germplasm for resistance 
to these bacteria (pages 23-24); integrating the diagnostic and detection tools into comprehensive 
integrated disease management research trials (pages 24-27); generating predictive bacterial 
disease models across diverse regions of onion production in the U.S. (page 27); and 
implementing a broad, SAP-informed dissemination plan to deliver results to constituents. 

 
6. Outreach plan summary:  
Results generated by this project will be updated at least twice a year on the Alliumnet website 
(http://www.alliumnet.com/PortalforAlliumnet.html) and websites of regional and state onion 
associations and specialists (e.g., Pacific Northwest Vegetable Extension Group: 
http://mtvernon.wsu.edu/path_team/vegpath_team.htm); presented annually at the National 
Allium Research Conference (NARC), National Onion Association (NOA) meetings, and W-
3008 multi-state project meetings (2018-2022 multi-state project on onion diseases and pests); 
and shared at regional onion field days and stakeholder meetings in each of the 12 participating 
states. Results will be published in lay-press articles relevant to stakeholders (e.g., Onion World), 
presented annually at relevant scientific conferences, and published in peer-reviewed scientific 
journals (see Outreach plan on page 30. Feedback on project outcomes and recommendations 
for refining the project will be sought at least twice annually from the 12-member Stakeholder 
Advisory Panel (SAP), i.e., once a year at a meeting in-person (NOA, NARC, or W-3008) and 
once a year by videoconference, using an iterative process to maximize translation of outcomes 
into adoptable, effective management practices with positive stakeholder impacts (Fig. 2). 

 
7. Potential benefits:  
Economic benefits: The NOBSC, molecular diagnostic tools, phenotypic tools to screen onion 
germplasm for resistance to bacterial pathogens, and bacterial disease management strategies 
resulting from this project will reduce losses to bacterial diseases in onion crops across the U.S. 
production chain, and maximize productivity and profitability. Environmental benefits: 
Optimized production practices will minimize losses to bacterial diseases and increase efficient 
use of land, water, fuel, pesticides and other resources for onion production. Social benefits: 
Onion growers, researchers, extension specialists, postdoctorates, graduate students and private 
industry professionals across the U.S. will work together to combat a common issue, strengthen 
the onion industry across all scales of production, and increase stability of U.S. onion production,  
benefitting rural communities where this crop is an important component of the economy.  

http://www.alliumnet.com/PortalforAlliumnet.html
http://mtvernon.wsu.edu/path_team/vegpath_team.htm
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8. Logic Model: Stop the rot: Combating onion bacterial diseases with pathogenomic tools and enhanced management strategies 
 

Situation: Bacterial diseases of onion occur across the U.S. and are some of the most difficult diseases of onion to manage because of 
a lack of effective, rapid detection methods, poor understanding of the genetic basis of pathogenicity and epidemiology of the complex 
of bacterial pathogens of onion, and the need for commercially viable onion cultivars that are resistant to bacterial pathogens. 

INPUTS OUTPUTS OUTCOMES 
 Activities Participation Short (knowledge) Medium (actions) Long (conditions) 
• University 
personnel with 
complementary 
skills in Allium 
research & 
extension  
• In-kind, regional 
resources from 
onion industry 
• Established 
network with 
regional & 
national onion 
industries, incl. 
the National 
Onion 
Association 
(NOA) 
• Stakeholder 
Advisory Panel, 
seed companies 

• Survey onion crops 
yearly for pathogens  
• Sequence genomes 
of Pantoea spp. 
• Develop rapid 
diagnostic tools & 
phenotypic screens 
for host resistance  
• Test IPM practices 
in 8 onion regions 
• Develop predictive 
models 
• Share results: field 
days, Alliumnet; 
Nat. Allium Res. 
Conf., NOA, & W-
3008; journal & 
extension articles 
• Train students & 
postdocs  

• Onion growers 
& packers 
• Regional onion 
associations 
• NOA 
• Onion seed 
companies 
• Private & public 
onion breeders, 
pathologists, 
horticulturists, 
entomologists 
• Economists 
• Computer 
scientists & data 
modelers 
• Crop consultants 

• Awareness of 
regional bacterial 
pathogens of onion 
• Standardized assays 
for bacterial isolations 
& virulence screening 
• Identification of 
bacterial virulence 
factors on onion 
• Onion phenotypic 
resistance screening 
methods developed 
• Access to national 
collection of onion 
bacterial pathogens 
• Awareness of 
effective & 
economical IPM 
practices for onion 
bacterial diseases 

• Increased use of 
new, rapid 
diagnostic tools for 
bacterial diseases 
• Adoption of 
phenotypic 
resistance screening 
tools by onion 
breeding programs 
• Adoption of more 
effective IPM 
practices for 
bacterial pathogens 
in onion bulb & 
seed crops 
• Increased 
understanding of 
economic & social 
factors affecting 
adoption of IPM 
practices 

• New onion 
cultivars with 
resistance to 
important bacterial 
pathogens  
• Reduced losses to 
bacterial diseases 
during production, 
storage & transport 
• More sustainable 
onion production 
• Increased 
economic stability 
in rural U.S., where 
onion crops are a 
critical commodity 

Assumptions: Pathogenomic tools enable identification of 
virulence factors associated with bacterial pathogens of onion, 
which enable development of effective methods to screen for 
host resistance and economical management practices. 

External Factors: Need for a greater understanding of the 
fundamental biology and genetics of regional bacterial species that 
cause diseases in onion crops; local and regional weather 
conditions and disease pressure affect the success of field trials. 
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Introduction 
1. Critical need: 
Worldwide, onions (Allium cepa) constitute a major nutritional, culinary, and even medicinal 
crop, with 58 million tons of bulbs harvested annually from 7.4 million acres (Brewster 2006; 
Griffiths et al. 2002). In the U.S., onion bulbs were grown on ~140,000 acres in 2017 (Fig. 1) at 
an estimated farm-gate value of $925 million [USDA National Agricultural Statistics Service 
(NASS) 2016]. Per capita onion consumption in the U.S. increased 70% over the last 20 years, 
from 12 to 20 lb/person [National Onion Association (NOA) 2018]. Bacterial pathogens of onion 
cause >$60 million/year in damages to the U.S. onion industry. The ability of growers to manage 
these diseases is limited compared to many fungal diseases because of unique epidemiological 
and management aspects of the bacteria. Losses can be particularly injurious for stored onions as 
bacterial bulb rots primarily develop after bulbs are harvested and placed in storage, i.e., all 
production costs have been incurred, with losses ranging from 5 to 100% for individual fields. 
 
2. U.S. onion production: 
Dry bulb, storage (summer) onions account for >60% of the crop value and are grown on almost 
70% of the acreage, primarily in California, Colorado, Idaho, Michigan, New York, Oregon, 
Utah, Washington, and Wisconsin (USDA NASS 2017) (Fig. 1). Harvested bulbs are placed in 
storage for durations ranging from 1 to 8 months, enabling producers and packers to sell bulbs 
when market prices are highest (Brewster 2006). Non-storage and other (spring) onions account 
for almost 40% of the U.S. onion crop value and are produced on 30% of the acreage, primarily 
in shorter day-length, southern states like Arizona, California, Georgia (Vidalia sweet onions), 
Nevada, New Mexico, and Texas, as well as Washington State (Walla Walla sweet onions) (Fig. 
1). Furthermore, ≤60% of the U.S. supply and ≤40% of the world supply of onion seed is 
produced in the semi-arid western states of Washington, Oregon, and California at a value 
of >$100 million annually (Pelter 2001; Rackham 2002; Schreiber and Ritchie 1995).  
 
3. Bacterial pathogens of onion: 
The American Phytopathological Society lists >10 bacterial diseases of onion caused by at least 
16 bacterial genera and species (Schwartz et al. 2015). These pathogens cause diverse onion 
foliar diseases and bulb rots that result in losses in all regions of onion production in the U.S. 
because highly effective management strategies are not available (Coutinho et al. 2009; Schwartz 
and Mohan 2008; Schwartz et al. 2012). In the western U.S. alone, the annual impact of bacterial 
diseases on stored onions is estimated at >$16 million (SAP letters; Ceponis et al. 1986; Cother 
and Dowling 1986; Schwartz and Mohan 2008). Onion grower and packer losses from bacterial 
rots, and research and extension efforts to address these losses, have featured increasingly in the 
last 5-10 years at meetings of the National Onion Association (NOA) and National Allium 
Research Conference (NARC) (e.g., https://alliumnet.com/meetings/narc/past-meetings/2016/). 

The spectrum of bacterial pathogens that cause losses differs among regions of onion 
production in the U.S. (Schwartz and Mohan 2008) (Fig. 1). Burkholderia cepacia, which causes 
sour skin, is prevalent in the Midwest, northeast, and southeast but has not been documented in 
the semi-arid Pacific Northwest. In contrast, Burkholderia gladioli pv. alliicola causes slippery 
skin and is one of the most prevalent onion pathogens in western states. Onion growers in most 
areas battle Enterobacter cloacae and related species that cause Enterobacter bulb decay, but 

https://alliumnet.com/meetings/narc/past-meetings/2016/
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these tend to be less virulent than Burkholderia spp. (Schroeder et al. 2010a). Xanthomonas 
axonopodis pv. allii, in contrast, occurs primarily in the Rocky Mountain and southeast, causing 
a leaf blight but not a bulb rot. Pantoea ananatis causes center rot and is prevalent in the 
northeast, southeast, Midwest, and Rocky Mountain states but has not been detected in the 
Pacific Northwest. Notably, P. agglomerans causes bacterial stalk and leaf necrosis and bulb 
rots in all onion production regions of the U.S. and is increasing in prevalence (e.g., Hu 2019). 

The bulbs of storage onion cultivars can be stored as long as 6-8 months under optimal 
conditions, enabling growers and packers to delay selling bulbs until market prices are high 
(Brewster 2006). However, the longer bulbs are stored, the greater the risk of deterioration from 
bulb sprouting (following a period of vernalization in storage of this biennial species) and/or 
bulb rots caused by any of a diversity of fungi and bacteria (Schwartz and Mohan 2008). 
Sprouting in storage is managed largely by treating onion crops with maleic hydrazide, a 
sprouting inhibitor, before harvest (Brewster 1987, 2006). Fungal bulb rots are caused primarily 
by Botrytis aclada, B. allii, and Aspergillus niger; and rarely by Penicillium spp. (Schwartz and 
Mohan 2008). These fungi can cause significant losses but producers have access to effective 
management practices. Cultural practices (avoiding injury and excessive fertilization), applying 
fungicides ~2-4 weeks before harvest, and appropriate post-harvest curing and storage conditions 
are highly effective at reducing losses to fungal bulb rots in storage (Schwartz and Mohan 2008). 
Locally systemic fungicides translocate into the necks of plants and limit development of fungal 
bulb rots as the necks senesce (du Toit et al. 2004). For example, Schwartz et al. (2002) reduced 
the incidence of neck rot in storage caused by Botrytis spp. from 35% for control plots to <2% 
for bulbs harvested from plots sprayed with the fungicide boscalid. 
 
4. Difficulties managing onion bacterial diseases: 
Bacterial onion bulb rots are more difficult to manage than fungal bulb rots when weather 
conditions favor bacterial pathogens. A primary reason is the lack of highly effective, systemic 
bactericides. Coppers (e.g., copper hydroxide) are the most effective bactericides available to 
onion producers for bacterial diseases but have limited efficacy at best (Schwartz and Mohan 
2008). The bactericides are purely protectant, i.e., they cannot cure existing infections, are not 
absorbed into plant tissues, and must be applied prior to colonization of plants by bacteria to 
prevent disease outbreaks. However, bacteria initially colonize onion plants asymptomatically. 
Symptoms only develop after bacteria reach populations as large as 105 CFU/g leaf tissue (Gent 
and Schwartz 2005a; Gent et al. 2004, 2005b, 2005c; Kawamoto and Lorbeer 1972, 1974; Picard 
et al. 2008; Roumagnac et al. 2004a, 2004b), at which point the pathogen can no longer be 
managed with copper. Also, growers do not know when to apply copper preventatively, given 
the difficulty of knowing when latent infections have established. This is exacerbated by the 
potential for bacteria to develop resistance to copper (Nischwitz et al. 2007). In 2016 and 2017 
field trials in Washington, applications of copper hydroxide did not control bulb rots caused by 
P. agglomerans and B. gladioli, even when applied prior to inoculation (du Toit and Waters 
2017). In contrast, decreasing the amount and frequency of overhead irrigation after bulb 
initiation reduced bulb rot incidence 4-fold without yield reduction. This highlights the potential 
to utilize cultural practices for modifying microclimate to manage bacterial diseases. 

Bacteriophages and plant activators have been evaluated for control of onion bacterial 
diseases (e.g., Lang et al. 2007) but have not been adopted by growers because of inadequate 
efficacy, cost, and/or risk of phytotoxicity. Acibenzolar-S-methyl induces a systemic acquired 
resistance response (SAR) in plants but costs >$100/oz and is applied at 1 oz/acre with repeat 



Project Narrative 

8 
 

applications recommended at 2- to 3-week intervals. This is not viable economically for growers. 
Furthermore, applications can be phytotoxic. Gent and Schwartz (2005b) demonstrated a major 
yield reduction following 10 applications of Actigard at weekly intervals for control of 
Xanthomonas leaf blight of onion in Colorado. Recently, novel bactericides such as nano-
magnesium oxide were demonstrated to provide some control of bacterial speck of tomato (Liao 
et al. 2019). The USDA Inter-Regional 4 (IR-4) program is funding research in 2019-20 in 
Washington and Pennsylvania to evaluate such products against onion bacterial diseases. 

Some bacterial pathogens of onion can be seedborne, e.g. P. ananatis, Pantoea allii, and 
Pseudomonas syringae pathovars (Goszczynska et al. 2006; Moloto et al. 2017; Robene et al. 
2015; Robene-Soustrade et al. 2010; Walcott et al. 2002). Many are ubiquitous in soil, persist in 
water and manures, and colonize other plant species (including some weeds) asymptomatically 
or symptomatically, which can serve as inoculum reservoirs (Gent et al. 2005b, 2005c; Gitaitis et 
al. 1998 & 2002). These bacteria are splash-dispersed by rain or irrigation, and moved in infested 
water and soil (Gitaitis et al. 2004; Schwartz et al. 2003; Teviotdale et al. 1989). In rain-fed areas 
(southeast, northwest, and Midwest), more severe losses occur during wet seasons. In semi-arid 
western states, losses are worse during hot seasons that necessitate increased irrigation, 
especially as many of these pathogens are thermophilic (du Toit et al. 2016; Hauben et al. 1998; 
Holt et al. 1994; Schwartz and Mohan 2008). If climate change predictions hold, onion growers 
in some regions can expect increases in losses to bacterial diseases (du Toit et al. 2016). 

Onion plants can be colonized by bacteria at any stage of growth (Stumpf et al. 2017) but 
infections are more common later when the dense canopy creates a favorable microclimate for 
colonization. Foliar infections can lead to bulb infections (Carr et al. 2013; Fallquist et al. 2007), 
and mature onion plants have a full ‘neck’ into which bacteria are deposited readily by splashing 
rain, irrigation water, or windblown infested soil (Pederson and Leser 1992; Schwartz and 
Mohan 2008). In addition, some thrips species vector onion bacterial pathogens, e.g., P. ananatis 
and P. agglomerans (Brady et al. 2011; Dutta et al. 2014, 2016; Gitaitis et al. 2003; Grode et al. 
2017, 2019; Wells et al. 2002). Being thigmatic, thrips aggregate in onion necks, increasing the 
risk of bacterial colonization of the necks, and subsequent bulb infection. 

Cultural practices aimed at limiting bacterial bulb rots include avoiding excessively dense 
plantings, managing irrigation to avoid excessively wet necks, avoiding excessive fertilization 
and not applying nitrogen after bulb initiation to avoid ‘bull necks’, avoiding cutting tops when 
necks are green, ceasing irrigation early enough and undercutting bulbs to promote rapid field 
curing so that latent foliar or neck infections by bacteria have limited opportunity to become 
active and move into the bulbs, effective field curing, and optimal post-harvest curing (Gitaitis et 
al. 2004; Hoepting 2011a, 2011b, 2012; Hoepting and Beer 2012, 2013; Hoepting et al. 2011; 
Hoyle 1947, 1948; Schroeder and du Toit 2010; Schroeder et al. 2012 Teviotdale et al. 1989; 
Vahling-Armstrong et al. 2016; Vaughan et al. 1964; Wright 1993; Wright and Grant 1997; 
Wright and Triggs 2004, 2005; Wright et al. 1993, 2001). Diverse trials in various regions have 
evaluated individual aspects of production to manage onion bacterial diseases, but specific 
management options relevant to growers varies among regions based on production constraints 
and resources. Very importantly, complex interactions among the diverse factors influencing 
bacterial diseases have not been elucidated to the extent needed for growers. This contrasts with 
studies of complex factors affecting other high-value specialty crops such as potato (e.g., Dean et 
al. 1981, 1982; Dean 1999). A goal of this project is to enable growers to understand those 
factors influencing onion bacterial diseases that they can control vs. factors they cannot control, 
and how to optimize factors they can manipulate to manage these diseases more effectively 
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without yield loss (Dean 1999; Dean et al. 1981). In semi-arid western states, where irrigation is 
essential for production, growers have some choices on irrigation practices (e.g., drip vs. 
overhead, frequency, timing, etc.) that are less favorable for bacterial diseases. In contrast, 
growers in regions with primarily rainfed production have to focus on alternative options to 
manage canopy moisture. As stated by Dean (1999) regarding potato production, “it is not 
enough to just do something, you must do the right thing at the right time to get the right effect”. 
 
5. Detection and diagnosis: 
Rapid, accurate, and robust methods of detecting and identifying onion bacterial pathogens are 
needed to implement pertinent management strategies (Bull and Koike 2015). However, plants 
initially are colonized latently, i.e., they can be asymptomatic for extended periods, preventing 
detection by scouting. Most bulb rots develop in storage, when physiological aging of bulbs 
triggers latent infections to become active. Some infections are only detected after bulbs are 
shipped to markets, i.e., all production, storage, and shipping expenses have been incurred 
(Ceponis et al. 1986). In the past 5 years, several large-scale U.S. onion growers/packers have 
installed extremely expensive bulb sorting lines that can detect internal defects and decay using 
specialized cameras, to enable removal of those bulbs before storage or shipping. However, this 
does not prevent bulb infections, latent bulb infections are not detected, and smaller- to medium-
scale growers cannot afford this technology. Members of the SAP expressed an urgent need for a 
means to predict, preferably by harvest, the risk of bulbs developing storage rots so they can 
make informed decisions whether to store bulbs for distribution later for a higher price or ship 
bulbs to markets immediately to avoid losses in storage. There currently is no way to test bulbs at 
harvest to detect latent infections. One approach is to assess statistically if microclimatic data 
and production practices can be used to predict the risks of bacterial rots. 

Confounding accurate diagnoses is the fact that multiple bacterial species can be isolated 
from a single plant or bulb, as many as 6 species, even from asymptomatic onions. Some bacteria 
do not cause onion diseases, some are opportunists that only cause disease when tissue is injured, 
and some are highly virulent (Cother and Dowling 1986). Recent developments in molecular 
methods have revealed complex microbial communities in onion bulbs (Yurgel et al. 2018), 
highlighting the need to understand microbial interactions in these communities, particularly in 
relation to bulb rots. This is key to: i) assessing whether an understanding of the microbial 
communities in onion plants or bulbs can be used to inform management decisions for bacterial 
pathogens, ii) differentiating pathogenic vs. non-pathogenic and opportunistic bacteria in/on 
onion plants and bulbs, and iii) tracking emergence of new pathogens (e.g., Stumpf et al. 2018). 

Not all strains of a bacterial species can cause a disease of onion, e.g., some strains of P. 
agglomerans and P. ananatis are not pathogens while others are highly virulent (Edens et al. 
2006; Stice et al. 2018). Furthermore, multiple species and strains can be isolated from the same 
infected tissue. The lack of straightforward approaches to distinguish virulent vs. non-virulent 
strains of these species has prevented development of highly robust molecular detection methods 
that are key to informing disease management strategies in a real-time manner. Field-validated 
assays capable of detecting potential pathogenic bacterial species and differentiating pathogenic 
from non-pathogenic strains are not available. Recent research by Asselin et al. (2018), and 
preliminary work by co-PIs Dutta and Kvitko (Stice et al. 2018), identified a putative secondary 
metabolite gene cluster as well as sulfur phytoanticipin tolerance genes associated with onion 
pathogenic strains of P. ananatis. We hypothesize that these virulence loci are common features 
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of strains of the Pantoea species complex that are pathogenic to onion and could be used to 
design rapid molecular diagnostic tools to differentiate pathogenic strains from saprophytic 
strains. Molecular assays (mostly PCR assays) developed to date are relatively time-consuming 
as the bacteria must first be isolated into pure culture, most assays detect one or a few pathogens, 
and none currently distinguishes non-pathogenic from pathogenic strains of the same species, 
particularly Pantoea spp. (Asselin et al. 2016). Identifying virulence factors of onion bacterial 
pathogens, e.g., using whole genome sequencing and comparative genomics, will enable robust 
diagnostic tools to be developed as has been done for human and other plant pathogens (Bull and 
Koike 2015; Clementino et al. 2001; Delétoile et al. 2009; Gent et al. 2005a; Humann et al. 
2011a, 2011b; Hwang et al. 2005; Kim et al.2012; Lindgren et al. 1988; Paauw et al. 2008; Stice 
et al. 2018; Stumpf et al. 2018; Tambong 2015; Tambong et al. 2014). 
 
6. Lack of resistance to onion bacterial diseases: 
No commercial onion cultivars appear to be resistant to bacterial pathogens (Schroeder et al. 
2010a, 2010b; Wright and Grant 1998). Some growers stated that red and sweet cultivars tend to 
incur worse losses than yellow storage types but losses have been documented for all types and 
cultivars. Injecting bulbs separately with three bacterial pathogens at harvest (Schroeder et al. 
2010a, 2010b) revealed differences in bulb rot severity among cultivars and pathogens, but the 
invasive method of injection may have precluded some aspects of resistance. Our limited 
understanding of mechanisms of resistance in onion germplasm to bacterial pathogens highlights 
the need to develop effective phenotypic screening methods that can be adopted by breeding 
programs to develop cultivars with greater resistance to these recalcitrant pathogens. 
 
7. Objectives: 
The long-term goal is to support profitability and sustainability of onion production in the U.S. 
using a coordinated, national survey of bacterial pathogens affecting onion crops combined with 
a stakeholder-focused, systems approach to investigating how production practices, inoculum 
sources, and environmental conditions can be managed to develop effective, practical, 
economically-viable, and environmentally-sound strategies to limit losses to bacterial diseases 
(Fig. 2). The project has two primary objectives linked iteratively in a systems approach: 

A: Utilize comparative genomics to identify virulence factors and develop practical 
diagnostic tools, as well as phenotypic resistance screening methods for bacterial 
pathogens of onion (60% of the effort for this project).  

B: Examine how key production practices, environmental factors, and inoculum sources 
that impact bacterial disease outbreaks can be managed to develop practical solutions 
that are viable environmentally and economically (40% of the project effort). 

  



Project Narrative 

11 
 

Rationale and Significance 
Bacterial diseases of onion represent a significant risk to the long-term productivity and 
sustainability of onion growers and packers in all U.S. regions of production. Losses can be 
particularly severe for stored onions as latent infections are not detected at harvest and develop 
into bulb rots in storage. The cost of sorting symptomatic bulbs can result in rejection of entire 
fields if the incidence of rot exceeds 30%. There are effective tools to manage other factors that 
can cause storage losses (e.g., sprouting and fungal bulb rots), in contrast to bacterial rots. This 
project takes a systems approach encompassing the pathogen, host, environment, economics, and 
stakeholder priorities to address the need to manage onion bacterial diseases far more effectively. 

Objective A addresses the SCRI focus area of “efforts to identify and address threats from 
pests and diseases” by clarifying for stakeholders nationwide, using standardized protocols, the 
diversity of onion bacterial pathogens causing losses in each of three growing seasons. Recent 
investigations revealed complex microbial communities in onion bulbs (Yurgel et al. 2018), 
highlighting the need for robust and rapid methods to identify and differentiate onion bacterial 
pathogens, and understand the impacts of these microflora on bacterial diseases. The National 
Onion Bacterial Strain Collection resulting from this project will provide an invaluable resource 
for this and future projects on genetic studies of pathogens and associated bacteria in/on onions, 
e.g., whole genome sequencing to find virulence factors in order to develop robust molecular 
tools to detect and differentiate pathogenic vs. non-pathogenic bacteria. This will facilitate 
development of effective phenotypic methods of screening onion germplasm for reactions to 
diverse bacterial pathogens, alone and in combinations, which will facilitate future efforts to 
breed for resistance (breeding is beyond the scope of this project) (Fig. 2, Table 1). 

Objective B addresses the SCRI focus area efforts to identify and address threats from 
pests and diseases” as well as “efforts to improve production efficiency, handling and 
processing, productivity, and profitability”. This coordinated, multi-state objective will 
determine how regional onion production practices, environmental conditions, and inoculum 
sources can be managed using practical, economically-viable, and environmentally-sound 
strategies to limit losses to bacterial rots in fields, storage, and shipping (Fig. 2). The multi- and 
trans-disciplinary research and extension team will address bacterial pathogens (using 
comparative genomics to identify virulence factors and develop diagnostic tools), the onion host 
(developing phenotypic resistance screening methods), and the environment (evaluating 
production practices, environmental conditions, and inoculum sources with modeling to predict 
risks of bacterial diseases) that constitute the disease triangle. We will integrate: 1) stakeholder 
reviews twice a year with the 12-member SAP and other stakeholders who support the project 
(see Stakeholder Relevance Statement), 2) annual economic assessment of research results and 
impacts with economist Colson and the SAP, and 3) extension and outreach in 12 states 
represented by the team over 4 years of the project. The goal is sustainable onion production. 

This project differs from previous efforts to address onion bacterial diseases by: i) using 
standardized methods to survey onion crops over 3 seasons in 12 states; ii) engaging the SAP 
and other stakeholders iteratively in 12 states twice annually to review results and refine research 
plans to develop adoptable, economically-viable management practices; and iii) integrating 
computer science and statistical disease modeling to examine complex interactions of production 
practices and environmental factors to predict risks of bacterial diseases. The latter will inform 
storage and shipping decisions. The trans-disciplinary project integrates expertise in plant 
pathology, horticulture, soil science, entomology, economics, computer science, and modeling 
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with stakeholder and extension expertise across the U.S. The data mining and modeling work is 
unique. Computer scientist Kalyanamaran and biophysical modeler Rajagopalan will work with 
growers in the Columbia Basin (WA) to examine records for >20,000 acres of onion crops over 
the past 5-10 years. They will assess crop microclimate data, production practices, and 
interactions among these to model and predict risks of bacterial bulb rots. Onion stakeholders in 
other regions will contribute to the database for modeling bacterial disease risks in those regions. 
This addresses a key priority of the SAP, understanding the risk of bulbs rots to make informed 
decisions about whether, and for how long, to store bulbs before they are shipped to markets. 

 
Approach 

1. Activities proposed, key personnel roles 
Activities are focused on two integrated primary objectives (Fig. 2) detailed in the timeline in 
Table 1. For individual responsibilities see Tables 2.1-2.2 on pages 33-34: 
Objective A focuses on onion bacterial disease characterization (60% of effort). The four 
activities entail: A1) national onion bacterial disease surveys and development of a National 
Onion Bacterial Strain Collection (NOBSC), A2) onion bacterial pathogenomics, A3) 
development of onion bacterial pathogen detection tools, and A4) development of onion 
phenotyping (screening) protocols for reactions to bacterial pathogens. 
Objective B focuses on onion bacterial disease management (40% of effort) by examining 
production practices, environmental factors, and inoculum sources that impact disease outbreaks 
in order to develop effective, practical management programs that are environmentally- and 
economically-viable. This will entail six areas of investigation: B1) irrigation management, B2) 
fertility management, B3) pesticide programs, B4) cultural management, B5) post-harvest 
management, and B6) bacterial disease modeling. 

 
Key personnel and roles (Fig. 1 on page 37, Table 1 on page 20) 

PD du Toit (WSU plant pathologist) will coordinate the overall project with a Project 
Manager (WSU), extension and outreach components with co-PI Hoepting (Cornell Extension 
Specialist), and economics components with Collaborator Colson (UGA economist); and 
manage the Columbia Basin Regional Lab (Objective A1). du Toit and Collaborator Waters 
(WSU Extension Educator) will complete onion surveys in the Columbia Basin over 3 seasons 
(A1), including a directed survey in Season 3 with diagnostic tools developed in this project 
(A3), phenotypic screening field trials in Seasons 2 and 3 (A4), and greenhouse and field 
management trials (B1-B5) for which Collaborator LaHue (WSU soil scientist) will assist with 
irrigation and fertility trials (B1-B2); assist Collaborators Rajagopalan (WSU computer 
scientist) and Kalyanamaran (WSU data modeler) with data collation for disease modeling 
(B6); and oversee Extension and outreach to stakeholders in the Columbia Basin. 

Co-PI Dutta (UGA phytobacteriologist) will conduct annual crop surveys in GA, 
including directed surveys in Seasons 2-3, and manage the Southeast Regional Lab to process 
samples from GA (A1); with Co-PI Kvitko (UGA phytobacteriologist), organize a team 
workshop at UGA in Year 1 to train all members on standardized survey methods, sample 
collection and processing, and pathogenicity testing of bacterial strains; with Kvitko, manage 
the NOBSC (A1) and develop lab, greenhouse, and field phenotypic screening methods (A4); 
complete disease management field trials in GA in Seasons 1-3 (B1-B5); with Co-PI Hoepting, 
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manage Alliumnet.com to facilitate outreach, Extension, and stakeholder feedback; and oversee 
Extension and outreach with onion stakeholders in the southeast for all 4 years. 

Co-PI Kvitko, will coordinate assembly and curation of the NOBSC with Dutta using 
isolates from 12 state surveys and 7 Regional Labs over 3 seasons (A1); with Collaborator 
Coutinho (University of Pretoria phytobacteriologist) complete onion microbial community 
analyses (A2) to examine microbial complexes in plants and bulbs, and pathogenomic analyses 
of pathogenic and non-pathogenic strains to identify virulence-associated genes (A2); with 
Dutta, Coutinho, and Collaborator Woodhall (UI plant pathologist), identify DNA targets 
specific to virulent bacterial strains and develop and validate molecular diagnostic assays (A3). 

Co-PI Hoepting will oversee Extension and outreach of the whole project including 
working with Dutta on Alliumnet.com for sharing results, stakeholder feedback, assessing 
knowledge gaps, and developing publications/materials; complete annual onion crop surveys in 
Season 1 and a directed survey in Season 3 in NY (A1), and send samples to collaborator 
Gugino (PSU plant pathologist) for processing (A1); complete a phenotypic screening field 
trial in Season 3 (A4); use stakeholder feedback to develop management field trials in NY in 
Seasons 1-3 (B1-B5); and oversee all Extension and outreach in NY in all 4 years. 

Co-PI Aegerter (UC ANR plant pathologist) will do annual surveys in central CA, 
coordinate surveys with Collaborators Putman (UCR plant pathologist) and Sidhu (UC ANR 
Kern Co.) in southern CA, and surveys with Collaborator Wilson (UC ANR Tulelake) in 
northern CA; Sidhu will do a phenotypic field trial in Season 3 (A4) and management trials (B3) 
in seasons 2-3; Wilson will do irrigation trials (B1) in Seasons 2-3; all 4 CA members will do 
Extension and outreach for 4 years. 

Gugino will complete surveys in PA in 3 seasons and manage the Northeast Regional Lab 
for samples from PA and NY (A1); complete management trials in PA in 3 Seasons (B1-B5); 
and oversee Extension and outreach in PA. 

Collaborator Hausbeck (MSU plant pathologist) will complete annual crop surveys in 
MI (A1); manage the Midwest Regional Lab for samples collected in MI over 3 seasons (A1); 
and oversee Extension and outreach with stakeholders in the Midwest. 

Co-PI Uchanski and Collaborator Bartolo (CSU horticulturists) will complete surveys 
in CO for 3 seasons and a directed survey in Season 3 (A1); complete a phenotypic screening 
trial in Season 3 (A4); and oversee Extension and outreach in the Rockies. 

Collaborators Nischwitz (USU plant pathologist) and Drost (USU horticulturist) will 
complete surveys in UT for 3 seasons and manage the Rockies Regional Lab for UT and CO 
samples (A1); complete management trials (B1-B5); and oversee Extension and outreach in UT. 

Woodhall will complete surveys in the Treasure Valley of ID in Seasons 1-3, and a 
directed survey in Seasons 2-3 (A1); manage the Treasure Valley Regional Lab for ID and 
eastern OR samples (A1); assist Dutta, Kvitko, and Coutinho develop and validate molecular 
detection tools (A2-A3); and contribute to Extension and outreach in ID over the 4 years. 

Collaborator Reitz (OSU entomologist) will complete onion surveys in OR for 3 
seasons, send samples to the Treasure Valley Regional Lab (A1); complete management field 
trials in Seasons 1-3 (B1-B5); and oversee Extension and outreach in OR and ID. 

Collaborator Malla (TAMU onion breeder) will complete onion crop surveys in TX in 
Seasons 1-3 and a directed survey in Season 3 (A1); manage the Southwest Regional Lab to 
process samples from CA, NM, and TX (A1); complete an onion phenotypic screening trial in 
Season 3 (A4); and manage all Extension and outreach in TX. 
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Collaborator Cramer (NMSU onion breeder) will complete onion surveys in NM in 
Seasons 1-3 (A1), and contribute to Extension and outreach in NM for all 4 years. 

Colson will survey SAP members and other onion growers and packers to assess 
economic impacts of bacterial diseases across the U.S. (Year 1); survey stakeholders annually for 
feedback on results generated by the project, and help refine plans for each subsequent season 
(Years 2-3); and survey stakeholders (Year 4) for overall project assessment, economic review, 
and impact evaluation. 

 
2. Methods 

 
Objective A: Comparative genomics, virulence factors, practical diagnostics, and 
phenotypic resistance screening methods for bacterial pathogens of onion. 
 
A1. Survey onion bulb crops for bacterial pathogens. Based on a fall 2019–fall 2023 project, 
onion crop surveys will be completed in each of three field seasons: Dec.-Jul. in southern states, 
and Mar.-Oct. in northern states + Oct.-Jan. for postharvest bulb surveys (Table 1, page 20). 
Season 1: In each of 12 states, at least 5 onion crops will be surveyed twice (6-8 weeks before 
harvest and 3-4 weeks before harvest), and bulbs surveyed in storage after ~2-3 months for fields 
planted with storage cultivars. Fields will be selected randomly or based on stakeholder reports 
of bacterial diseases. The focus on symptomatic plants will determine what pathogens cause 
bacterial diseases across the 7 regions. The number of plants or bulbs sampled will depend on 
prevalence of symptoms and will include ≥10 samples per field per sampling period. Information 
will be collected on cultivar, growth stage, disease incidence, irrigation/rainfall, and crop 
production practices. Samples will be sent to the seven Regional Bacterial Diagnostic Labs for 
processing within 48 h of sampling. The labs represent primary production regions (Fig. 1):  

i. Southeast Regional Lab managed by Dutta (UGA) and serving GA 
ii. Northeast Regional Lab managed by Gugino (PSU) and serving PA + NY 

iii. Midwest Regional Lab managed by Hausbeck (MSU) and serving MI 
iv. Rockies Regional Lab managed by Nischwitz (USU) serving CO + UT 
v. Treasure Valley Regional Lab managed by Woodhall (UI) for eastern OR + ID 

vi. Columbia Basin Regional Lab managed by du Toit (WSU) for WA + northcentral OR 
vii. Southwest Regional Lab managed by Malla (TAMU) for CA + TX + NM 
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Table 1. Timeline for proposed research and extension activities to address onion bacterial diseases in the U.S. 

Objective 

Year 1 (2019-2020) Year 2 (2020-2021) Year 3 (2021-2022) Year 4 (2022-2023) 
Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

 ------- Field season 1 -------- ----- Field season 2 ----- ------ Field season 3 ------  

A1. Onion field 
& storage 
surveys 

 GA, CA+NM+TX  GA, CA+NM+TX  GA, CA+NM+TX  
 NY+PA, MI, CO+UT, ID+OR, 

OR+WA 

NY+PA, MI, CO+UT, ID+OR, 
OR+WA; + directed surveys in CA, 

GA, ID 

NY+PA, MI, CO+UT, ID+OR, 
OR+WA; directed surveys in CA 

GA, NY, CO, ID, WA, TX 

Publish survey 
results (2-3 

journal articles) 

A1. National 
onion bacterial 
strain collection 

 7 Regional Labs isolate, clean, PCR assay, & 
sequence bacteria; pathogenicity tests; ship 

isolates to GA 

7 Regional Labs isolate, clean, PCR 
assay, sequence bacteria, pathog. 

tests; ship isolates to GA 

7 Regional Labs isolate, clean, 
PCR assay, sequence bacteria, 

pathog. tests; ship isolates to GA 

Isolates 
available 
publicly 

UGA receive bacterial 
strains from collections 

UGA lab develop national collection of curated onion bacterial strains representing 7 regions of production over 3 
seasons, and a subset tested for pathogenicity on onion 

 

A2 & A3. 
Pathogenomics, 
diagnostic tools 

 Whole genome sequencing of P. ananatis & P. 
agglomerans strains 

Identify onion virulence factors, 
design molecular diagnostic tools; 

bacterial community analyses 

Validate (field test) molecular 
diagnostic tools; onion bacterial 

community analyses 

Write publica-
tions (3-4) 

A4. Onion 
phenotypic 
screening 

Lab, GH phenotypic 
screening methods tested 

in GA 
 Lab & GH phenotypic 

screening in GA 

Write lab/GH phenotypic 
screening journal article, 

extension article 
 

Write 
phenotypic 
screening 

publications 
(3-4)  Field phenotypic screening in WA Field phenotypic screening:  

GA, TX, WA 
Field phenotypic screening:  

CA, GA, NY, CO, ID, WA, TX 

B1-B5. Core 
management 
practices 

 

Regional lab, GH, & field trials on 
production practices: irrigation, 

fertility, pesticides, cultural practices, 
postharvest treatments 

Regional lab, GH, & field trials 
modified based on 1st season results 

& SAP feedback, economic 
assessment, & modeling 

Regional lab, GH, & field trials 
modified, SAP feedback from 

Season 2, economic assessment, 
& modeling; write journal articles 

Journal publications (5-8), 
integrate economics, 
develop management 

strategies (SAP guidance) 

B6. Disease 
modeling 

Collect 
microclimate & 

disease data 

Analyze microclimate & 
disease data, model disease 
risk for Pacific Northwest 

Share results, collect crop 
microclimate & disease 

data from multiple regions 

Analyze data for risk 
prediction & modeling in 

different regions 

Write model/risk prediction journal papers 
(3-4) 

Economic 
assessments 

Survey growers 
& packers  

Economic evaluation of 
season 1 trials, incl. 

Stakeholder Advisory Panel  
(SAP) input 

 
Economic evaluation of 
season 2 trials, including 

SAP input 
 

Economic 
survey of season 

3, SAP input, 
adoption survey 

Economic 
impact 

evaluation; 
publications (3) 

Extension & 
outreach 

Alliumnet 
website; journal 

& extension 
review articles 
on management 

Onion field days 
& grower 

meetings in each 
state, stake-

holder feedback 

Field, lab & GH 
results reported, 

Alliumnet; 
extension 

bulletins drafted 

Onion field 
days, grower 

meetings in each 
state with stake-

holders 

Field, lab & GH 
results reported, 

Alliumnet; 
bulletins on 2 
years of trials 

Onion field 
days, grower 
meetings in 

each state with 
stakeholders 

Field, lab & GH 
results, 

Alliumnet; 
bulletins on 3 
years of trials  

Extension 
publications, 

meetings, 
Alliumnet, 

videos 

Travel or 
videoconference
meetings 

Team workshop 
in GA 

Team & SAP 
videoconference 

NOA, W3008, or 
NARC mtg with SAP 

Team & SAP 
videoconference 

NOA, W3008, or 
NARC mtg with SAP 

Team & SAP 
videoconference 

NOA, W3008, or 
NARC mtg with SAP  

PD to Washington DC (date TBD)  PD to Washington DC (date TBD)  
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Onion Bacterial Disease Workshop: In spring 2020, the team will attend a workshop at the UGA 
Athens campus, organized by Dutta and Kvitko. We will use the workshop to define details of 
the survey and trials in Season 1 (Year 1), with hands-on training on standardized protocols for 
collecting and shipping samples, USDA APHIS Plant Protection & Quarantine permits, 
information to collect with samples, bacterial isolations (media, surface-sterilization protocols, 
biochemical tests, isolate storage), DNA extraction, 16S rRNA PCR assay, and DNA sequencing 
(the commercial lab Eurofins will be used for all isolates) for genus identification, and 
preliminary pathogenicity testing. Dutta and Kvitko will provide control strains of key bacterial 
pathogens to the Regional Labs. Each lab will enter information, strain characteristics, DNA 
sequences, etc. in a Filemaker Cloud Database managed by Kvitko and Dutta with a password-
protected database (see Data Management Plan). Using standardized protocols for all states and 
Regional Labs is key for comparing pathogenic and non-pathogenic bacteria in onion crops 
across the U.S. Representative strains will be shipped to Dutta for: 1) developing the NOBSC 
with strains from across the U.S. over 3 years, and 2) genetic investigations (Obj. A2 and A3). 
The NOBSC will be a valuable, standardized, public resource. Each Regional Lab will store 
bacterial strains from their region as a duplicate repository (hub-and-spoke system). 
Season 2: The survey will be repeated in all 12 states. In addition, a directed survey will be 
completed two crops in each of ID, southern CA, and GA to monitor development of bacteria 
from asymptomatic plants to development of symptoms, by testing molecular diagnostic tools 
developed for Obj. A3. 
Season 3: The survey will be repeated in all 12 states, with directed surveys in GA, NY, CO, 
ID, WA, and TX using molecular diagnostic tools (Obj. A3) that will have been optimized as 
needed based on results of Season 2 surveys. 
National Onion Bacterial Strain Collection (NOBSC): We will select from the many strains in 
each Regional Lab after 16S rDNA sequencing and pathogenicity testing, with emphasis on the 
genera Pantoea, Burkholderia, Enterobacter, Xanthomonas, and Pseudomonas. We budgeted to 
curate ~1,000 strains over 4 years. Strains will be shipped to the UGA Athens campus on 
nutrient agar (NA) stab cultures, re-streaked, characteristics checked, and stored in 15% glycerol 
at -80oC. Nutrient broth cultures will be used to isolate genomic DNA and for differential 
virulence phenotyping. Strains will be tested using a red onion scale assay (Stice et al. 2018) as a 
high throughput screening for bulb colonization phenotype, with results photographed. Isolates 
will be compared with a standardized panel of onion bacterial pathogens. Strains will be 
identified to species using MLSA schemes (e.g., Gehring et al. 2014; Spilker et al. 2009; Stumpf 
et al. 2018), and tested for ability to cause symptoms on onion leaves using a 5-day leaf blade 
inoculation protocol with the cv. Century (Shyntum et al. 2015). Metadata and results will be 
added to the NOBSC database and made available publicly on Alliumnet. 
 
A2. Pathogenomic analyses, virulence factors, and bacterial community analyses. 
Pathogenomic analyses: Given the many bacterial pathogens of onion and a limited budget for 
the national scale of this proposal, the pathogenomic analyses and detection of virulence factors 
will be focused on the Pantoea species complex affecting onion as a model system, particularly 
P. agglomerans and P. ananatis. This project will build on work by Dutta, Kvitko, and 
Coutinho, with the Pantoea spp. serving as a model for future projects on other bacterial genera 
and species. Based on robust preliminary data, we hypothesize that virulence factors identified in 
pathogenic strains of P. ananatis are likely to be present in pathogenic strains of P. agglomerans, 
verification of which will enable development of diagnostic tools to differentiate pathogenic vs. 
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non-pathogenic strains of P. agglomerans, which occurs in all U.S. onion production regions. 
We will select 100 strains of Pantoea (similar number of pathogenic and non-pathogenic strains) 
from the NOBSC for pathogenomic analyses, representing all seven regions of production. 
Strains will be analyzed by Kvitko, Dutta, and Coutinho as described for P. ananatis by Stice et 
al. (2018). Genomic DNA will be extracted and sequenced by MicrobesNG via Illumina shotgun 
for ~30X genomic coverage. Shotgun de novo genome assemblies will be annotated using 
Prokka, and the Pantoea pangenome analyzed using ROARY and PGAP pipelines. P. ananatis 
and P. agglomerans pangenomes will be analyzed individually and combined. Pangenomes will 
be considered to have sufficient depth when 90% of predicted genes are represented in shotgun 
assemblies based on rarefaction curve analysis. 
Identification of virulence-correlated genes: Candidate gene loci associated with strains of P. 
ananatis and P. agglomerans that are pathogenic on onion will be identified by correlating 
virulence phenotypes with gene presence/absence from the pangenome pipeline, as described by 
Stice et al. (2018). We will assess the presence/absence and nucleotide variations in Pantoea 
populations of the virulence-associated secondary metabolite cluster and phytoanticipin tolerance 
genes recently identified in P. ananatis. Annotated genes will be considered associated with 
virulence if genes with >98% similarity thresholds are detected on >90% of pathogenic isolates 
and absent from >95% of non-pathogenic isolates. The top 30 virulence-associated loci of each 
Pantoea species will be characterized using mutation analysis via two-step allelic exchange and 
genetic complementation with infection protocols to identify loci contributing to virulence. The 
loci will be tested to design robust, molecular diagnostic assays for pathogenic strains (Obj. A3). 
Bacterial community analyses: It is important to understand interactions of onion bacterial 
pathogens within the complex of microbial communities associated with onion bulbs because of 
the potential influence of these communities on disease development. Total DNA extracts of 
bulb samples from 3 Regional Labs will be selected to examine bacterial communities. DNA 
extracts of ≤200 bulbs will be sent to the UGA Genomic Facility for 16S rRNA sequencing using 
Illumina MiSeq, to a depth of 105 reads/community for bacterial community analyses in Years 3-
4 (Thompson et al. 2017; Yergel et al. 2018). Illumina reads will be processed using QIIME and 
binned into operational taxonomic units (OTUs) at 97 and 99% similarity thresholds, 
incorporating sequences of onion bacterial pathogens and other bacteria from the Ribosome 
Database Project (Cole et al. 2014). A Microbiome Helper standard operating procedure will be 
used to analyze data (Comeau et al. 2017). DNA extracts at Regional Labs will provide resources 
for microbial analyses beyond this project. 
 
A3. Molecular diagnostic tools for pathogenic strains of P. agglomerans and P. ananatis. 
Recently identified loci of P. ananatis associated with onion virulence (Asselin et al. 2018; Stice 
et al. 2018) were named the HiVir loci and Onion Virulence Regions (OVR) A-D. These will be 
targets for developing rapid diagnostic markers. The same approach will be used by Dutta, 
Kvitko, Coutinho, and Woodhall to identify DNA targets in P. ananatis and P. agglomerans 
strains for developing robust and sensitive Taqman PCR and LAMP assays, i.e., virulence-
associated DNA regions of each species for designing primers and probes. The primer/probe sets 
will be evaluated with additional strains from the NOBSC. The most sensitive and specific 
(optimized) assays will be subjected to validation according to internationally recognized 
parameters (EPPO 2014; Roenhorst et al. 2018) using additional strains at UGA and UI-Parma to 
ensure assays are robust enough for use at all Regional Labs. Diagnostic tools developed in Year 
1 will be tested in directed surveys in Seasons 2 and 3 (Tables 1 & 2.1) to monitor P. 
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agglomerans and P. ananatis in crops and bulbs. The tools will enable detailed epidemiological 
assessment of inoculum sources and development of bacteria on onion plants and other species, 
including weeds. This will be the foundation to extend the approach to other genera and species 
of onion bacterial pathogens, which is beyond the timeframe and resources of this project. 
 
A4. Development of phenotypic resistance screening methods for onion bacterial diseases. 
The hypothesis is that robust phenotypic resistance screening methods that reflect natural 
methods of colonization of onion plants by bacterial pathogens will be effective for breeders to 
screen for resistant germplasm. Diverse germplasm of onion and other Allium spp. from the 
USDA National Plant Germplasm System (NPGS) will be subjected to three levels of phenotypic 
screening with virulent bacterial strains from the NOBSC: lab, greenhouse, and field. 
Lab and greenhouse phenotypic screening trials in Years 1 and 2: Lab and greenhouse onion 
phenotyping protocols will be evaluated by Dutta at UGA to screen commercial short-, medium-, 
and long-day cultivars (10 each) as well as diverse Allium germplasm from the USDA NPGS 
(~15 entries). In Year 1, highly virulent onion strains of each of P. ananatis, P. agglomerans, 
and B. gladioli pv. alliicola will be inoculated onto detached fleshy scales of bulbs as described 
by Stumpf et al. (2018) for comparison as model onion bacterial pathogens. Two greenhouse 
phenotypic screening methods will be evaluated: i) a foliar cut-tip method (Dutta et al. 2014; 
Stumpf et al. 2017), and ii) atomizing bacterial suspensions onto non-wounded leaves (Dutta et 
al. 2018), using the same germplasm and bacterial strains as the lab screening to evaluate 
consistency between methods. The screening will be repeated in Year 2 (UGA) to assess 
repeatability, and modified as needed (e.g., more diverse germplasm and different inoculation 
rates) based on feedback from breeders and other stakeholders on the SAP. 
Field phenotypic screening trials: In Season 1, du Toit and Waters will plant a field trial with 
replicated (n = 4) plots of ~50 commercial onion cultivars suited to the Columbia Basin of WA. 
Plots will be inoculated with P. agglomerans and B. gladioli pv. alliicola, which are prevalent in 
that region, as described by du Toit and Waters (2017). Plots will be sprinkler-irrigated for a 
favorable microclimate, and ~106 CFU/ml of both pathogens applied to plants with a backpack 
sprayer at the onset of tops falling (<5%). Inoculation will occur in the evening after overhead 
irrigation to favor bacterial colonization. To avoid confounding differences in maturity among 
cultivars with susceptibility to these bacteria, cultivars will be divided into 4-5 categories based 
on maturity, and inoculum applied to cultivars in each category at <5% ‘tops down’. Half of each 
plot will not be inoculated as a control treatment. Inoculation will be repeated after 2 weeks. 
Bulbs will be harvested, stored in a commercial facility, and incidence of bacterial rot evaluated 
after 3 months. Field screening trials will be completed in GA, TX, and WA in Season 2 with 
pathogens predominant in each state, based on the surveys. Cultivars planted will reflect those 
suitable to each region as well as germplasm with diverse phenotypic reactions from Season 1 
trials. Field phenotypic screening trials will be completed in seven states in Season 3 (CA, GA, 
NY, CO, ID, WA, and TX) to assess consistency in results among regions, seasons, and 
pathogens using standardized protocols, and consistency among screening methods. 
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Objective B: Onion bacterial disease management. 
Lab, greenhouse, and field trials will be completed in nine states on five core aspects of onion 
production that studies have demonstrated to have some influence on bacterial diseases, but 
which remain to be translated into integrated, practical management tools for regions across the 
U.S. - irrigation, fertility, pesticide programs, cultural practices, and postharvest practices. 
Specific aspects investigated in each region will be prioritized based on regional practices and 
constraints, and stakeholder priorities. Detailed records on onion production practices, crop 
microclimate, and bacterial diseases will be provided by growers in the Columbia Basin and 
other regions to assess whether the risks of these diseases can be modeled statistically to predict 
if a grower should sell bulbs at harvest to avoid bacterial rots or store bulbs with minimal risk of 
bacterial rots. Results from Season 1 will be shared at the team and SAP meetings to refine 
research plans for Season 2. This will be repeated after Season 2 to plan for Season 3 in an 
iterative approach guided by stakeholders to ensure translation of results into practical tools (Fig. 
2). The potential for adoption of recommendations based on results will be assessed annually by 
the SAP and stakeholders with economist Colson. When appropriate, inoculated plots (du Toit 
and Waters 2017) and non-inoculated plots will be included in trials using local bacterial strains 
to ensure adequate disease pressure for differentiating treatment effects. Grower-cooperator trials 
typically rely on natural infection, with sampling to determine the cause of any bacterial diseases 
observed. Asymptomatic colonization and symptomatic development of pathogens on plants will 
be monitored with isolations onto agar media, molecular diagnostic tools (Objective A3, Seasons 
2 and 3), and visual ratings (including bulbs stored for relevant trials). The methods have been 
utilized by members of this team and/or published. Protocols will be standardized at the UGA 
workshop for Season 1, and at subsequent biennial meetings as deemed relevant by the SAP, to 
facilitate comparison of results among states, regions, and seasons. 
 
B1. Irrigation practices. The overall hypothesis is that irrigation practices can be managed to 
reduce the severity of onion bacterial diseases. Criteria for managing irrigation to maximize 
onion bulb yield and size are well established (e.g., Encisco et al. 2009; Shock et al. 2000). Less 
is known about how frequency and duration of irrigation, and timing of final irrigation relative to 
crop maturity influence these diseases in diverse U.S. production regions. Irrigation trials will be 
established in each of Seasons 1-3 in WA, CA, GA, OR, NY, and PA. In one trial per season, 
plots will be irrigated over the final 6 weeks of the season with twice the frequency at half the 
amount of water per irrigation compared to plots irrigated half as frequently with longer 
irrigations, for the same total amount of water applied per plot. This will test the hypothesis that 
more frequent wetting of onion necks/bulbs in the latter part of the season increases the risk of 
bacterial infections. Results from Season 1 will be used to modify treatments in Season 2, and 
likewise for Season 3, to optimize irrigation timing for maximizing bulb yield and quality while 
suppressing bacterial diseases in regions across the U.S. A second trial each season will evaluate 
the hypothesis that timing the tapering and ceasing of irrigation in onion crops influences the risk 
of bacterial bulb rots, i.e., irrigating excessively close to harvest increases the risk of bulb rots. 
Overhead irrigation during field-curing (simulating adverse weather) can increase the incidence 
of bacterial soft rots (Wright 1993; Wright et al. 1993; Wright and Triggs 2005), but whether this 
relationship holds true for irrigation prior to full maturity is unclear. A standard irrigation 
practice (timing, amount, and type of irrigation) for each region will serve as the control 
treatment, with additional treatments of tapering and ceasing irrigation a week earlier vs. a week 
later than typical for that region. The SAP and regional stakeholders will advise on relevant 
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variations of treatments for each region in which irrigation trials are completed, with solid matrix 
sensors used to measure soil-water potential and intact cores collected to measure soil hydraulic 
characteristics. Plants will be monitored weekly for symptoms, 50 bulbs per plot will be 
evaluated for bacterial rots at harvest, and another 50 bulbs/plot stored to evaluate bacterial rots 
after 3 months in storage. Bacteria associated with bulb rots will be identified with methods and 
tools detailed in Obj. A3. Results in each region and season will be used to inform the bacterial 
disease modeling component (Obj. B6) and to identify practices associated with increased risk of 
bulb rots. For regions where surface water is used for irrigation, water sources used for irrigation 
will be tested for bacterial inoculum. Weeds in and around trials will be tested for onion bacterial 
pathogens in Seasons 2 and 3 using diagnostic tools developed as part of Obj. A3. In CO, green- 
house studies will be completed in Years 1-2 to evaluate impacts of elevated soil temperature 
and frequency of irrigation on development of bacterial diseases because growers typically 
increase irrigation amount and frequency during hotter seasons, which also are associated with 
more severe losses to bacterial rots. On-farm demonstrations in Season 3 will compare growers’ 
standard irrigation practices with recommendations based on results of these trials. 
 
B2. Fertility practices. Excessive fertilization and application of fertilizer after bulb initiation, 
particularly nitrogen (N), will delay plant maturation and keep onion necks green and succulent, 
which increases the risk of bacterial infection and bulb rots. Some producers are reluctant to 
reduce N rates out of concern for yield trade-off. Trials will be established in WA, GA, OR, PA, 
and NY to evaluate development of bacterial pathogens when onion plants are fertilized at 
regional recommended N application rates vs. rates 30-50% greater and 30-50% less, with 
guidance on specific rates by local stakeholders and the SAP. This will test the hypothesis of 
higher N application rates increasing the risk of bacterial diseases, and help determine optimum 
N application rates in each region over multiple seasons to maximize yield without increasing 
losses to bacterial diseases. A second fertility trial each season will test the hypothesis that 
application of N after bulb initiation increases the risk of bacterial diseases. The same total 
amount of N will be applied in each treatment, but the timing of the final N application will be 2 
weeks prior, at, or 2 weeks after bulb initiation. Interestingly, there is evidence of an interaction 
between water management and N fertilization rate and timing: higher N rates or later N 
applications increased bacterial bulb rot incidence when supplementary water was applied during 
field curing (Wright 1993). To understand whether the impact on bacterial bulb rots in relation to 
N rate and timing is affected by water management prior to maturity, subplots with different N 
rates and application timings will be established in the two irrigation trials described in Obj. B1. 
Trials will also be completed in WA, OR, and GA to assess whether plants with greater sulfur 
(S) concentration (more pungent) are more resistant to bacterial infection, by comparing 
growers’ regional rate of S application with plots treated with 140% the rate. In each trial, foliar 
nutrient analyses will be completed monthly at initiation of treatments until 50% tops down to 
assess whether foliar nutrient status is an indicator of susceptibility to bacterial pathogens at 
specific growth stages. This will be integrated into bacterial disease risk modeling (Obj. B6). 
 
B3. Pesticide programs. Although foliar copper and disinfectant applications are used widely in 
commercial onion crops to try and manage bacterial diseases, there is limited data demonstrating 
efficacy of coppers, biological products, sanitizers (e.g., chlorine and peroxide products such as 
Oxidate), and systemic induced resistance products on the diverse bacterial pathogens of onion 
across the U.S. Also, products such as nano magnesium oxide (Liao et al. 2019) need to be 
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evaluated against onion bacterial diseases. Based on feedback from the SAP for developing this 
proposal, growers are inundated with promotional materials on ‘promising’ pesticides, often with 
no or little independent data to clarify efficacy of the products. This is particularly true for 
organic and biological products. Likewise, there is limited data on the effects of application 
timing of these products on efficacy against bacterial diseases, despite the labels typically 
recommending application at 7- to 14-day intervals. In Season 1, field trials in WA, CA, CO, 
GA, OR, NY, PA, UT, and TX states will evaluate the efficacy of 12-15 treatments (different 
coppers, disinfectants, biologicals, SARs, and nano magnesium oxide) compared to regional 
growers’ standard pesticide programs for bacterial diseases using a similar number of 
applications (within label restrictions) at the maximum labeled rate of application for each 
product. The most promising treatments from Season 1 will be tested in Season 2 with different 
numbers and timings of application to optimize treatments for each site, with stakeholder 
feedback. Herbicides commonly used in onion production (e.g., Goal, Chateau, and Buctril) are 
hypothesized to increase the risk of bacterial infections because herbicides reduce the waxy 
cuticle on onion leaves that normally impedes foliar colonization by bacteria. A trial will be 
completed in Seasons 2 and 3 in CA, CO, GA, NY, OR, PA, and WA to compare efficacy of the 
best-performing product(s) from Season 1 applied to plants that have been treated or not treated 
with herbicides. Lastly, since thrips can be vectors of some bacterial pathogens, e.g., P. ananatis 
and P. agglomerans, and injury from thrips feeding predisposes plants to bacterial infection, 
trials will be completed in CO, GA, NY, TX, and WA to evaluate the hypothesis that 
management of thrips reduces losses to bacterial pathogens in onion crops. The three most 
effective bactericide treatments identified in Season 1 will be applied to plots with or without a 
thrips insecticide program typical for that region, as described by Grode et al. (2019). Thrips 
counts will be done weekly and bacterial diseases rated as described for the irrigation trials. 
 
B4. Cultural practices. Some practices used to prepare onion bulbs for harvest damage the 
leaf/neck tissue, e.g., rolling onion tops, and topping (cutting). The hypothesis is that these 
practices predispose onion plants to bacterial infection, particularly if necks are still moist at the 
time these are carried out. Field trials will be set up in GA, OR, PA, and WA during Seasons 1-3 
to evaluate the effects of undercutting or not undercutting bulbs, rolling or not rolling tops, and 
topping necks at different stages of field curing (growers standard timing vs. 1 week prior and 1 
week later) on development of bacterial bulb rots. In CO, greenhouse studies in Years 1-2 will 
evaluate the impacts of elevated soil temperature, light intensity, and mulch treatments (living 
cover crops and application of organic materials) on development of bacterial pathogens on 
onion. Results will be used iteratively to design trials for the next season based on feedback from 
the SAP and regional stakeholders (Fig. 2). 
 
B5. Postharvest practices. Pre- and post-harvest curing of onion bulbs is used widely to ensure 
bulbs necks have dried thoroughly for storage. Postharvest heat-curing of bulbs >30oC can be 
effective for reducing losses to some fungal diseases (e.g., neck rot caused by Botrytis spp.), but 
promotes development of thermophilic bacterial pathogens (Schroeder and du Toit 2010; 
Schroeder et al. 2012). Onion producers on the SAP indicated it is not uncommon for desiccants 
or sanitizers (e.g., ozone, peroxides, and oxidizers) to be injected into storage facilities in the 
belief that these treatments keep the outer surface of bulbs dry, thereby limiting development of 
bulb rots. However, most researchers on the team believe such treatments have limited to no 
efficacy against bulb rots, if the bulbs were dried effectively prior to storage, because the dry 
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outer wrapper scales prevent spread of bulb rot pathogens between bulbs (in contrast to potato 
tubers in storage). Given this contrast in grower practice vs. researcher recommendations, the 
SAP requested we assess the degree to which post-harvest practices used by growers/packers 
should be modified or dropped. Therefore, 4-5 conventional and organic disinfectants currently 
used in commercial onion storage facilities will be tested in storage trials in CO, NY, OR, and 
WA using lab and commercial onion storage facilities compared with no post-harvest product. 
Bulbs harvested from field trials for Obj. B1-B4, preferably inoculated trials, will be placed in 
storage and treated or not treated with each of the disinfectants or sanitizers at the maximum 
recommended label rate. Bulbs will be evaluated for bacterial rots after 3 months in storage. 
Postharvest trials will be repeated each storage season with specific treatments and the protocol 
modified based on results of the prior season and SAP and regional stakeholder feedback. 
 
B6. Bacterial disease prediction modeling. Data modeler Rajagopalan, computer scientist 
Kalyanaraman, and a postdoctoral research associate, will examine extensive records on onion 
production practices, crop microclimate, and bulb rots provided by onion growers and packers, 
with the goal of bacterial disease prediction. Modeling will be done in two steps: i) data will be 
‘mined’ for key environment- and management-related drivers of bacterial diseases of onion, 
from which hypotheses will be developed to test in research trials (as done with potato crops by 
Dean 1981; Dean et al. 1981, 1982, 1990); ii) predictive models for bacterial diseases of onion 
will be developed and evaluated by growers for quantifying the risks of bacterial diseases. This 
information is expected to inform stakeholder decisions on whether to sell bulbs immediately 
after harvest or store the bulbs, and how long bulbs can be stored (tradeoff between increased 
market price and increased risk of rot). Data assessment will be done in Years 1-2, and disease 
models developed and revised in Years 3-4 based on trial results and stakeholder feedback. Data 
on onion crop microclimate, and production/management practices (e.g., irrigation and 
fertilization records) as well as bacterial disease incidence data for onion crops and bulbs in 
storage will be obtained from farms in the Columbia Basin (>20,000 acres), Treasure Valley 
(~23,000 acres), and other regions from which producers are willing to share data. Dr. Bill Dean 
on the SAP used this approach to develop effective potato models for storage that are now used 
widely across the Columbia Basin. We anticipate growers representing at least 50% of onion 
acres in the Columbia Basin will share data in an anonymous format. SAP members were very 
enthusiastic about this aspect of the project when developing this proposal. Most crops in the 
Columbia Basin are center pivot- or drip-irrigated and >100 acres. We will: (a) utilize emerging 
algorithmic and software techniques from algebraic topology and interactive visual analytics 
(Lum et al. 2013; Kamruzzaman et al. 2017, 2018) to identify key drivers and interactions of 
bacterial diseases, and develop testable hypotheses for research; and (b) use the results to 
develop empirical predictive models for bacterial diseases of onion. This approach is more adept 
at identifying patterns and complex relationships among environmental factors than traditional 
statistical approaches such as principal component analysis (PCA), multidimensional scaling 
(MDS), or cluster analysis (Lum et al. 2013; Singh et al. 2007). Topological methods are also 
robust with background noise and allow for coordinate-free, visual exploration of high 
dimensional data. We will use HYPPO-X open source software developed by the Kalyanaraman 
lab (https://xperthut.github.io/HYPPO-X/). Preliminary results after testing HYPPO-X on 
maize/corn systems demonstrated the potential for data-driven hypothesis extraction 
(Kamruzzaman et al. 2017, 2018). The predictive model will be an empirical (statistical) model 

https://xperthut.github.io/HYPPO-X/
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of the risk of bulb rots. This tool can be extended to additional regions of onion production in the 
U.S. based on stakeholder willingness to share relevant data. 
 
 
B7. Economic assessments. Onion growers and packers across the U.S., including SAP 
members, will be surveyed in Year 1 to assess perceived economic impacts of bacterial diseases 
on onion production, including current practices used to manage these diseases, information they 
are seeking, and research needs. SAP members will be surveyed annually at the end of each of 
Seasons 1-3, after reviewing results of the field surveys and research trials shared during the in-
person, winter team meeting, on Alliumnet, at regional meetings/field days, and during the mid-
year team videoconference. Team members and SAP members also will review annual survey 
results from economist Colson. Stakeholder feedback will be invaluable for planning the next 
season’s trials. In Year 4, onion packers and shippers will be surveyed again to gauge adoption 
of recommendations resulting from this project, and changes in impacts of bacterial diseases 
resulting from knowledge generated and practices adopted or changed. Colson will develop the 
surveys with the SAP. He will rely on very well-established networks of the team members and 
SAP members to distribute electronic Qualtrics surveys and hardcopy surveys to regional onion 
growers and packers across the U.S. Survey data will be analyzed using standard statistical and 
econometric techniques to produce group summary measures that preserve individual grower and 
packer anonymity. Economic analyses will be integrated into various trials described for Obj. B 
based on inputs (expenses) and outputs (marketable yield). Input costs and cost data obtained 
from the survey, SAP members, and USDA and regional Extension materials will be synthesized 
into a cost-benefit framework to provide estimates of the efficacy of disease management 
strategies developed from the project. This will be communicated to the team and stakeholders, 
and incorporated into Extension and outreach activities to guide onion production across the U.S. 
 

3. Expected outcomes 
We expect the following deliverables from this project will be shared with onion stakeholders, 
researchers, and others across the U.S as detailed in the Outreach Plan below (page 30): 
• Standardized isolation methods and virulence tests for onion bacterial pathogens 
• A curated collection of thousands of onion bacterial isolates from across the U.S., housed at 

the University of Georgia, reflecting regional/seasonal variation in bacterial pathogens 
• Publicly available, whole genome sequences of representative onion bacterial pathogens 

from major onion production regions of the U.S. 
• Identified genetic determinants of virulence in bacteria causing onion diseases 
• Optimized molecular diagnostic assays for important onion bacterial pathogens (e.g., to test 

onion plants/bulbs, potential inoculum sources such as seed, asymptomatic weeds, and 
irrigation water) that are superior to traditional isolation and sequencing methods and that 
distinguish virulent from avirulent strains of the same species on onion 

• Optimized phenotyping methods to screen onion germplasm for resistance to bacterial 
diseases, ready for adoption by public and private onion breeders 

• Optimized, economically viable management strategies relevant to different regions of onion 
production in the U.S. 
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• Increased knowledge of onion bacterial disease risk factors and models for predicting the risk 
of bacterial bulb rots that growers and packers can use to make informed decisions about 
shipping bulbs immediately, or storing for specific durations prior to shipping 

• Increased understanding of the economic impacts of bacterial diseases of onion, including 
economic and environmental impacts of recommended management practices 

• Extension and outreach materials, including resources on the Alliumnet website, National 
Onion Association website, and regional onion-related websites; journal, Extension, and 
popular media publications (e.g., stakeholder-relevant articles in Onion World); social media, 
field days, and regional meetings to build understanding of onion bacterial diseases, 
particularly best management practices for diverse regions across the U.S. 

• Education and training of graduate students and postdoctorates in plant pathology, 
bacteriology, pathogenomics, soil science, field research, economic analyses, disease 
modeling, and Extension 

The national, systems approach, particularly the iterative stakeholder engagement from 
development to routine evaluation of the project, encompassing both characterization and 
management of onion bacterial pathogens, differentiates this project from previous disparate 
efforts on onion bacterial diseases. This unifying feature will be critical to the project having a 
positive impact on long-term profitability and sustainability of onion production across the U.S. 
 

4. Analysis 
Qualitative and quantitative data analyses will be completed for all trials using methods 
standardized for participants across the U.S. At each in-person winter meeting, details will be 
finalized for relevant data analyses for the next year’s trials (particularly standardization of 
methods at the workshop at UGA in Year 1). Dutta, Kvitko, Coutinho, and Woodhall have 
experience analyzing, publishing, and utilizing the types of molecular data to be generated. 
Results of quantitative lab, greenhouse, and field trials will be analyzed using standard methods 
such as analyses of variance, regression (simple and multiple, linear and non-linear), covariate 
analyses, principal component analyses, etc. that have been published by many on the team 
(References Cited). Results will be shared twice annually with the whole team (Data 
Management Plan) and SAP. Feedback will be requested from the SAP twice annually, 
following presentations at an annual, in-person, winter meeting (combined with NOA, NARC, or 
W-3008 meetings to facilitate broader stakeholder participation), and a mid-year video-
conference. SAP feedback will be critical to refining methods and ensuring efforts translate to 
practical knowledge and management tools (Fig. 2). Economist Colson has experience with 
‘soft’ survey data and economic analyses planned, including a survey in the final year to gauge 
overall impacts of the project. Regional and national Extension activities will facilitate further 
stakeholder assessment, including reviews of practical Extension publications and resources 
posted on Alliumnet. Onion breeders and pathologists on the team and the SAP will review 
phenotypic resistance screening trial results annually and provide feedback to optimize the 
methods for ultimate adoption by onion breeding programs (beyond the scope of this project). 
 

5. Utilization of outputs 
The project addresses two foundational aspects of onion bacterial diseases, characterization and 
management, with outputs utilized as follows: 1) rapid, robust detection assays for the diversity 
of bacterial pathogens in different regions of the U.S., including latent infections, will provide 
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crucial, publicly available tools for developing, evaluating, and implementing mitigation 
strategies regionally; 2) comparative genomics will identify virulence factors to develop these 
practical diagnostic tools for onion bacterial pathogens; 3) effective phenotypic resistance 
screening methods developed with guidance from breeders and plant pathologists will be 
available for use in breeding programs to speed breeding bacterial disease resistant onion 
cultivars; and 4) economic assessment of the impacts of bacterial diseases on onion production 
across the U.S. will clarify knowledge gaps and opportunities to enhance profitability. Outputs 
from the management activities in Obj. B will be utilized as follows: 1) epidemiological studies 
will clarify how production practices, environmental factors, and inoculum sources interact to 
impact bacterial diseases; 2) combined with Obj. A outputs, this will identify enhanced, 
comprehensive management strategies for growers and packers to reduce bacterial rots; 3) this, 
in turn, will limit economic losses from bacterial diseases as a result of adoption of data-driven 
recommendations by producers and packers, informed by predictive bacterial disease models; 
and 4) improve onion production efficiency and productivity as a result of economic and 
stakeholder assessments, use of molecular diagnostic tools, and adoption of enhanced management 
strategies by growers (see Outreach plan below). 
 

6. Outreach plan 
Regions of onion production in the U.S. represented by the members of this project and the 12-
person SAP have a history of strong Extension programming and grower-oriented research (e.g., 
W-1008, W-2008, and W-3008 onion multi-state project activities since 2008). Extension and 
outreach activities will be executed in all 12 states participating in the project, including 
workshops, presentations at regional grower meetings, field days with tours of trials and 
demonstrations, Extension articles, Facebook posts and Twitter feeds, and national Alliumnet 
and regional websites. Alliumnet will be the hub for updates on project activities and resources 
posted twice annually (http://www.alliumnet.com/PortalforAlliumnet.html). In Year 1, we will 
prepare a comprehensive literature review translated into an educational media series (Extension 
bulletins/fact sheets on bacterial diseases of onions, including identification, biology, and best 
management practices) and a journal review article (Feature Article in Plant Disease, the most 
widely-read applied plant pathology journal). As information is generated, materials will be 
added to the Extension document series and developed into PowerPoint slides for use by team 
members, as well as short “How to” videos. Stakeholder-oriented articles will be published in 
Onion World (Columbia Publishing). Team meetings with the SAP will occur twice annually, 
once in-person and once by videoconference, to share progress and direct the project. This will 
ensure results are relevant for adoption by the onion industry. Results will be integrated into 
onion scouting programs and pest advisories (e.g., Onion Research Scouting Program in NY, 
WSU Onion Alerts in the Columbia Basin, etc.), Extension newsletters, and regional websites 
(e.g., PNW Vegetable Extension Group, http://mtvernon.wsu.edu/path_team/vegpath_team.htm). 
We expect to reach at least two-thirds of onion farms nationally. Most of the team and SAP are 
long-standing members of the W-1008, W-2008 and W-3008 onion multi-state projects since 
2008. Hoepting, Gugino, and Dutta are the past-chair, chair, and secretary, respectively, of the 
W-3008 (Waters and du Toit are also past chairs). The group has a record of a strong national 
cohort of growers, researchers, Extension professionals and industry representatives interacting 
at least annually. PD, co-PIs, and collaborators will have quarterly conference calls over the 
duration of the project. Given the large size and national scope of this team, a Project Manager 

http://www.alliumnet.com/PortalforAlliumnet.html
http://mtvernon.wsu.edu/path_team/vegpath_team.htm
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will coordinate the project and collation of reports. Hoepting will coordinate stakeholder 
outreach. Project impacts will be assessed annually with a survey led by Colson. A 
comprehensive survey in Year 4 will focus on cumulative impacts of the project on stakeholders. 
 

7. Potential pitfalls  
The prevalence of bacterial diseases varies among seasons, regions, farms, and even crops on the 
same farm. Conditions/practices may not be highly conducive to specific bacterial diseases in all 
seasons or regions, or may be favorable for other diseases (fungal and/or viral) and pests. This 
should not prevent isolation of bacterial pathogens, which can be present on onion plants 
asymptomatically and symptomatically, but separating the effects of treatments on bacterial 
diseases vs. other diseases, pests, and abiotic problems could confound results in some 
locations/seasons. Typical onion cropping practices will be used to minimize this risk. The 
NOBSC can be supplemented with bacterial strains from team members who have been working 
with these diseases for many years. Lab and greenhouse phenotypic screening methods for onion 
germplasm may not translate to reactions of germplasm under field conditions, particularly 
methods that entail wounding that may overcome some mechanisms of resistance. Therefore, 
field phenotypic resistance screening methods will be initiated in Season 1, without artificial 
wounding, and expanded to additional states in Seasons 2 and 3. Where possible, field screening 
trials will include non-inoculated and inoculated plots of each entry (using pathogens prevalent 
in each region). This will differentiate reactions to bacteria present naturally in fields vs. those 
inoculated, and differentiate potentially confounding effects such as maturity of plants at the time 
of inoculation. Onion breeders will guide interpretation of these trials, and recommend 
modifications to ensure relevancy to their breeding programs. For Objective B, inoculations 
(when permitted) will ensure adequate disease pressure for measuring treatment impacts. When 
possible, inoculated and non-inoculated plots will be used to distinguish potential confounding 
effects of inoculation methods vs. treatments. 
 

8. Limitations to proposed procedures 
If the 90% pangenome threshold is not met for P. ananatis and/or P. agglomerans in the 
pathogenomics work (Obj. A2), we will sequence 50 additional strains. The focus on Pantoea for 
this work could be a limitation given that species of at least four other genera are pathogens of 
onion. However, PCR assays have been published for most of these other pathogens (e.g., 
Asselin et al. 2016), which will be used in directed surveys with new diagnostic tools developed. 
If published assays prove inadequate for geographically diverse isolates, pathogenomic analyses 
will be initiated for those other genera/species. Results from the surveys will help prioritize 
pathogens on which to focus. For bacterial disease modeling (Obj. B6), there may be major 
differences in type, quality, and specifics of environmental and production data from farms and 
packers across the U.S. Data will need to be standardized to facilitate analyses/modeling, and 
some data may not be suitable. Data in Year 1 could be supplemented over the project duration. 
 

9. Potential hazards 
We do not anticipate unusual hazards associated with the research and Extension activities in this 
proposal. Team members have experience and relevant technical qualifications and training 
required by their institutions for the activities described (see the Biographical Sketch of each 
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member). This includes certification of laboratories for handling chemicals and equipment (e.g., 
Biological Safety Level 2 certification), and working with DNA (recombinant DNA and other 
pathogenomic methods to be done by Dutta and Kvitko at UGA, Coutinho at UP, and Woodhall 
at UI). Team members all have current chemical hygiene plans, laboratory safety plans, and 
Standard Operating Procedures relevant to the project and required by their institutions. The 
Regional Bacterial Labs have or will apply for, prior to Season 1, a USDA APHIS PPQ 526 
permit for receiving samples and bacterial strains from states in their region. All members 
engaged in greenhouse and field trials that entail pesticide use have appropriate State Department 
of Agriculture pesticide application licenses for research and demonstration trials. Team 
members all have required institutional certification for potential hazards such as Heat Stress 
Training, First Aid certification, operating tractors and other farm/lab equipment, Sexual 
Harassment training, and Ethics in Research certification. 
 

10. Timeline, metrics, expectations, progress evaluation 
 
Timeline and expectations: The timeline for Obj. A1-A4 and B1-B6, travel, economic 
assessments, and Extension activities, are detailed in Table 1 (page 20). Commitments of 
individual team members are described in timelines in Tables 2.1 for Obj. A (page 33) and 2.2 
for Obj. B, Economic and Extension activities, and meetings (page 34). Expectations are 
detailed in the Approach (pages 18-19), and particularly in the Methods (pages 19-28).  
 
Progress evaluation: The team is structured so that the PD and Co-PIs are accountable for 
activities in their regions of onion production: Uchanski in the Rockies; Hoepting in the 
northeast; Dutta and Kvitko in the southeast; du Toit in the Columbia Basin and Treasure Valley; 
and Aegerter in the southwest (TX, NM, CA). Each will work with collaborators in their region 
to monitor activities, and provide a monthly regional report to the PM. Co-PIs, PD, and PM will 
meet quarterly by conference call to review monthly regional reports and address issues that 
necessitate modifications. The team, including graduate students and postdoctorates, and the 
SAP will meet twice a year: 1) a 1-day, in-person meeting each winter (at UGA in Year 1, and 
each winter thereafter with a NOA, NARC, or W-3008 annual meeting) to present results, 
receive SAP feedback, plan the next year’s activities, and address Extension activities; 2) a mid-
year videoconference arranged by WSU to review progress, make modifications as suggested by 
the SAP, and evaluate the annual survey results. The PM will schedule activities, collate reports, 
oversee budgets with each collaborating institution, and assist Hoepting/Dutta with planning 
Extension activities and dissemination of results. SAP members and Co-PIs will work with the 
team to set expectations annually for accomplishments. Budgets will be allocated to team 
members annually. Members who do not fulfil commitments will be asked to develop a plan to 
address the setback. If necessary, their budget may be adjusted accordingly. 
Short-term metrics: Progress demonstrated in monthly, quarterly, and annual reports; SAP 
feedback on activities; number of strains curated in the NOBSC; effectiveness of standardized 
pathogen protocols used; development of robust phenotypic screening methods; identification of 
virulence-associated genetic loci for developing molecular diagnostic tools; effectiveness of risk 
models for predicting the risk of bacterial diseases; degree of change in stakeholder 
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understanding of bacterial diseases (based on surveys); numbers of reports, Extension materials, 
and journal articles published and shared with stakeholders.  
Medium-term metrics: Degree of change in understanding of diverse onion bacterial pathogens 
across the U.S.; extent of adoption of integrated management practices (based on surveys); 
number and robustness of molecular diagnostic tools developed for identifying onion bacterial 
pathogens; adoption of phenotypic screening methods by onion breeders; number of graduate 
students/postdoctorates trained in onion production, pathology, genomics, soil science and 
Extension.  
Long-term metrics: Number of onion cultivars developed with greater resistance to bacterial 
diseases than currently available; extent of reduction in losses to bacterial diseases across the 
U.S.; greater profitability and sustainability of onion production across the U.S. 
The project complements existing projects of many team members, e.g., onion thrips work by 
Waters and Reitz, and that of B. Nault at Cornell University overlap with part of Obj. B3. This 
project builds on their expertise (e.g., trials based on Lang et al. 2017). We will communicate 
regularly to avoid redundancy and ensure the work complements activities of these and other 
onion programs, including sharing results at meetings and events of common interest.  
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Table 2.1. Timeline identifying key personnel contributions by task for Objective A over the four years of this project. 

  
  

  
  

Year 1 (2019-2020) Year 2 (2020-2021) Year 3 (2021-2022) Year 4 (2022-2023) 
Oct-
Dec 

Jan-
Mar 

Apr-
Jun Jul-Sep Oct-

Dec 
Jan-
Mar 

Apr-
Jun 

Jul- 
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

 Field Season 1 Field Season 2 Field Season 3  
Tasks by objective Task leader(s) Involvement of key personnel by time-period 
A1. Onion field & storage surveys, national onion bacterial strain collection (NOBSC) 

General survey, sample 
collection 

Southern states   

Aegerter, Putman, 
Sidhu, Wilson (CA); 
Dutta (GA); Cramer 
(NM); Malla (TX)  

  

Aegerter, Putman, 
Sidhu, Wilson (CA); 
Dutta (GA); Cramer 
(NM); Malla (TX) 

  

Aegerter, Putman, 
Sidhu, Wilson (CA); 
Dutta (GA); Cramer 
(NM); Malla (TX) 

  

Central and 
Northern states   

Hoepting (NY), Gugino (PA), 
Hausbeck (MI), Uchanski & 

Bartolo (CO), Nischwitz & Drost 
(UT), Reitz & Feibert (OR), 

Woodhall (ID),  
du Toit & Waters (WA) 

Hoepting (NY), Gugino (PA), 
Hausbeck (MI), Uchanski & 

Bartolo (CO), Nischwitz & Drost 
(UT), Reitz & Feibert (OR), 

Woodhall (ID),  
du Toit & Waters (WA) 

Hoepting (NY), Gugino (PA), 
Hausbeck (MI), Uchanski & 
Bartolo (CO), Nischwitz & 
Drost (UT), Reitz & Feibert 

(OR), Woodhall (ID),  
du Toit & Waters (WA) 

  

Directed survey, 
sample collection 

Southern states   Dutta (GA)   Dutta (GA)   

Central and 
Northern states   Woodhall (ID); Aegerter, 

Putman, Sidhu, Wilson (CA) 

Hoepting (NY), Uchanski & 
Bartolo (CO), Woodhall (ID), du 

Toit & Waters (WA) 
  

Sample processing 7 Regional labs   du Toit, Dutta, Gugino, Hausbeck, Malla, Nischwitz, Woodhall   
NOBSC strain curation 
and testing UGA   Dutta & Kvitko   

A2. Pathogenomic analyses 
Whole-genome 
sequencing UGA 

  Dutta, Kvitko, Coutinho   

Virulence-correlated 
gene identification   Dutta, Kvitko, Coutinho   

Bacterial community 
analyses  UGA   Dutta, Kvitko, Coutinho   

A3. Diagnostic tool development 
Assay design UI; UGA   Dutta, Kvitko, Woodhall Dutta, Kvitko, Woodhall Dutta, Kvitko, Woodhall, Coutinho 
Assay validation UI; UGA   Dutta, Kvitko, Woodhall. Coutinho   
A4. Phenotypic resistance screening 
Lab and greenhouse  UGA Dutta Dutta   

Field screening 

Southeast   Dutta   Dutta   Dutta; Malla   

Other states   du Toit & Waters (WA) 
du Toit & Waters (WA), Dutta 

(GA), Malla (TX), 
Sidhu/Wilson/Aegerter (CA) 

du Toit & Waters, Dutta, 
Hoepting, Malla, Woodhall, 

Uchanski, Sidhu/Wilson 
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Table 2.2. Timeline identifying key personnel and timelines by task for Objective B, economic assessments, Extension and outreach.  

  
  

  
  

Year 1 (2018-2019) Year 2 (2019-2020) Year 3 (2020-2021) Year 4 (2021-2022) 
Oct-
Dec 

Jan-
Mar Apr-Jun Jul-Sep Oct-

Dec 
Jan-
Mar 

Apr-
Jun Jul-Sep Oct-

Dec 
Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

Oct-
Dec 

Jan-
Mar 

Apr-
Jun 

Jul-
Sep 

 Field Season 1 Field Season 2 Field Season 3  
Tasks by objective Task leader(s) Involvement of key personnel by time-period 
B1-5. Core management practices 

Replicated field trials 
targeting regionally 
relevant management 
factors 

Southeast   Dutta   Dutta   Dutta   

Central and 
Northern states   

du Toit/Waters/LaHue, 
Gugino, Hoepting, Nischwitz, 

Reitz/Feibert, 
Uchanski/Bartolo, 

Wilson/Sidhu/Aegerter 

du Toit/Waters/LaHue, 
Gugino, Hoepting, Nischwitz, 

Reitz/Feibert, 
Uchanski/Bartolo, 

Wilson/Sidhu/Aegerter 

du Toit/Waters/LaHue, 
Gugino, Hoepting, Nischwitz, 

Reitz/Feibert, 
Uchanski/Bartolo, 

Wilson/Sidhu/Aegerter 

  

B6. Disease prediction modeling 
On-farm data curation 
& analysis WSU Kalyanaraman, du Toit, Waters   

Hypothesis extraction 
& model development WSU   Rajagopalan & 

Kalyanaraman   

Model validation and 
updating WSU   Rajagopalan & Kalyanaraman   

Economic and social assessments 
Economic impact 
surveys UGA Colson   

Economic viability 
analyses UGA   Colson   Colson   Colson   

Adoption survey UGA   Colson  
Extension and Outreach 
Alliumnet updates UGA + Cornell Dutta & Hoepting 
Extension publications All participants All 12 states 
Field days, grower 
meetings, websites All participants All 12 states 

Journal publications All participants All 12 states 
Travel & meetings 

Team meetings, SAP All participants All (UGA) All + SAP 
(videoconference) 

All + SAP 
(in person) 

All + SAP 
(videoconf.) 

All + SAP 
(in person) 

All + SAP 
(videoconf.) 

All + SAP 
(in person) 

All + SAP 
(videoconf.) 

Conference calls PD, PM, Co-PIs X X X X X X X X X X X X X X X X 
SCRI PD meetings PD du Toit (date TBD)  du Toit (date TBD)  
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12. Stakeholder Advisory Panel Plan 
The “2012 Pest Management Strategic Plan for Dry Bulb Storage Onions in the United States” 
(Schwartz et al. 2012) was written by 46 stakeholders, researchers, and Extension personnel 
across the U.S., as a revision of the “2004 PMSP for Dry Bulb Storage Onions in Western 
States” and the “2005 PMSP for the Michigan Onion Industry” to represent input from and 
strategy of the U.S. Onion Industry for the period 2013–2022 (DeFrancesco 2004). The 2012 
onion PMSP identified the following needs that will be addressed by this project: 

• Investigate the biology, ecology and epidemiology of bacterial and fungal pathogens to improve 
management strategies, including the use of agronomic practices;  

• Identify the sources of infection and appropriate crop management techniques for bacterial soft 
rot and other bacterial diseases;  

• Develop improved facilities and disease management strategies for harvesting and storing 
onions;  

• Promote more interstate exchange of information, expertise, and personnel at the industry, 
university, and state agency levels;  

• Continue Integrated Pest Management (IPM) education and on-farm demonstration plots;  
• Demonstration and education regarding the impact of storage conditions and postharvest 

handling practices (temperature, relative humidity, airflow, and sanitation) on diseases.  
Approximately 40 onion stakeholders, researchers, and Extension personnel attended the 
National Allium Research Conference (NARC) in Savannah, GA in December 2016 and the 
annual meeting of the W-2008 onion multistate project immediately thereafter, where we 
discussed preparing this proposal to address these needs. Six conference calls during the summer 
and fall of 2017 identified key objectives and approaches. Letters of support from 12 
stakeholders from CA, CO, GA, MI, NY, OR, and WA who helped develop this proposal and 
prioritize the objectives, and who agreed to serve on the Stakeholder Advisory Panel (SAP), 
were submitted with the Stakeholder Relevancy Statement (SRS) in fall 2017. SAP members 
represented onion farms, regional onion associations, and major vegetable seed companies 
(including onion breeders and plant pathologists). Letters from eight additional onion 
stakeholders and associations were submitted with the SRS in fall 2017: National Onion 
Association (NOA), CA Garlic & Onion Research Advisory Board, CO Fruit & Vegetable 
Growers’ Association, Columbia Basin Onion Research Committee, GA Fruit & Vegetable 
Growers’ Association, MI Onion Committee, NY Onion Research & Development Program, 
Oswego Co. (NY) Vegetable Growers’ Improvement Assoc., and onion breeders and 
pathologists from major seed companies. 

Stakeholder Advisory Panel members 
1. Kerrick Bauman, L&L Ag Production LLC, WA 
2. Dr. Bill Bean, Agronomic Consulting, Past-President, Columbia Basin Onion Res. Comm., 

OR 
3. Robert Ehn, CEO/Technical Director, CA Garlic & Onion Research Advisory Board, CA 
4. Joseph DiSalvo, DiSalvo Farms, Inc., NY 
5. Charles Hall, Executive Director, Georgia Fruit & Vegetable Growers’ Association, GA 
6. Dr. Russell Hamlin, Director of Agronomy, Generation Farms, GA 
7. Dr. Rick Jones, Onion Breeding Lead, Monsanto 
8. Richard Minkus, Minkus Family Farms, Inc., NY 
9. Dr. Peter Rogers, Senior Scientist Phytopathology, Bayer Vegetable Seeds, OR 
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10. Robert Sakata, Sakata Farms, Inc.; President, CO Fruit & Vegetable Growers’ Assoc., CO 
11. Maxwell Torrey, Big O Farms, Inc., NY 
12. Val Vail-Shirey, Executive Director, Michigan Onion Committee, MI 

Additional stakeholders 
1. California Garlic & Onion Research Advisory Board, letter from the CEO/Technical 

Manager, Robert C. Ehn 
2. Colorado Fruit & Vegetable Growers’ Association, letter from the President, Robert T. 

Sakata 
3. National Onion Association, letter from the Executive Vice President, Wayne Mininger 
4. New York Onion Research & Development Program, letter from Interim Chair, Joe DiSalvo, 

Jr. 
5. Oswego County Vegetable Growers’ Improvement Association, NY, letter signed by 16 

members, received from the President, David Sorbello, and Vice President, Corey Jacobsen 
6. Mark Nail, onion grower near Marshall, MI 
7. Eric Schreur, Schreur Farms, Hudsonville, MI 
8. Aries Haygood, General Manager, M & T Farms, Lyons, GA 
When we were notified by the SCRI Program Manager that the 2018 full proposal was not 
funded but was ranked highly recommended for funding, we started planning to revise the 
proposal based on the review panel recommendations. The PD and co-PIs met by conference call 
every two months to discuss the proposal. In fall 2018, the whole team and the SAP members 
had a conference call to finalize planning and submission of the SRS by December 2018. Slight 
changes were made to the SRS as Val Vail-Shirey stepped off the SAP. That position has been 
filled by Greg Bird who became Executive Director of the Michigan Onion Committee in 2019. 
Greg requested to serve on the SAP. An additional 18 onion stakeholders provided letters of 
support for the SRS submitted in Dec. 2018. 

For each of the three field seasons and the entire four-year duration of this project, results of the 
surveys, NOBSC development, pathogenomic studies, development of molecular diagnostic 
tools, phenotypic resistance screening, management trials, and disease modeling will be shared at 
the in-person team meeting with SAP members each winter to review results and refine research 
planned for the next season. In addition, results will be shared quarterly with the SAP and other 
stakeholders via the Alliumnet website, and a videoconference held annually mid-season 
between the in-person meetings to review progress and modify protocols or other plans as 
stakeholders and the team deem appropriate. This iterative, systems approach will be guided 
integrally by stakeholders, particularly the SAP members (Fig. 2). When results of the project 
are shared at regional onion field days and other stakeholder meetings, an assessment sheet will 
be distributed to those attending for feedback on the information received. Economist Colson 
will work with the SAP to distribute and collate results of the survey of growers and packers 
each year to assess current knowledge of and practices used by stakeholders for these diseases, as 
well as their research priorities and knowledge gaps to be addressed by this project. Stakeholders 
will guide Extension and outreach recommendations resulting from this research. The final 
national survey of stakeholders in the fourth year will be used to assess the degree of adoption of 
recommendations resulting from this project, and the short-, medium-, and potential long-term 
impacts of the project. 
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Fig. 1. Seven primary regions of onion production in the U.S., including acres (A) of production 
(USDA NASS 2016; National Onion Association; onion stakeholders), predominant type of 
onion production, and current knowledge of onion bacterial pathogens that appear to be prevalent 
in each region (Bc = Burkholderia cepacia, Bg = Burkholderia gladioli pv. alliicola, Ec = 
Enterobacter cloacae and related species, Pag = Pantoea agglomerans, Pan = Pantoea ananatis, 
Pv = Pseudomonas viridiflava, Xaa = Xanthomonas axonopodis pv. allii). Acronyms of 
institutions involved in this project are shown in each state: CSU = Colorado State University, 
Cornell = Cornell University, MSU = Michigan State University, NMSU = New Mexico State 
University, OSU = Oregon State University, PSU = The Pennsylvania State University, TAM = 
Texas A&M University, UGA = University of Georgia, UI = University of Idaho, USU = Utah 
State University, UCR = University of California (UC) Agriculture & Natural Resources and 
UC-Riverside, WSU = Washington State University. 
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Fig. 2. An iterative, systems approach to understanding and managing bacterial diseases of onion 
in the U.S. This approach considers all components in relation to the overall goal of onion 
production. Long-term, highly effective solutions will be achieved by enhancing our 
understanding of bacterial pathogens of onions in the diverse regions of production across the 
USA (Objective A), and using that knowledge in an iterative manner to develop management 
programs that engage the complex interactions of the crops, pathogens, grower production and 
storage practices, economic assessments, and stakeholder priorities, expertise, and feedback 
(Objective B). 
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13. Data Management Plan 
We plan to maximize community benefit of our proposed research by providing ready access to 
project outputs, including: i) genetic annotations, ii) bacterial isolates, iii) software, iv) research 
publications, and v) Extension and Outreach materials.  

Roles and Responsibilities 
PD du Toit will be responsible for the overall management and dissemination of data that results 
from this SCRI project. She will oversee the project’s Data Management Working Group 
(DMWG) that includes the PD, all Co-PIs, and Key Personnel Kirti Rajagopalan and Gregory 
Colson. Prior to project initiation, the DMWG will review their standardized protocols for data 
collection, entry, curation and sharing; and for central archiving and distribution. Co-PI Kvitko 
will oversee management of genetic data collected under Obj. A, with assistance from Co-PI 
Dutta. PD du Toit will assemble and manage data generated in resistance screening of onion 
germplasm under Obj. A and in field trials under Obj. B. Key Personnel Rajagopalan will 
oversee data management relating to data-driven hypothesis extraction and modeling, also under 
Obj. B. Key personnel Gregory Colson will be responsible for management of economic and 
social data relating to all project objectives. Co-PI Hoepting will lead the adaptation and sharing 
of data through Extension. Lastly, the University of Georgia (UGA) will house and maintain the 
Alliumnet website (alliumnet.com) during this project, the cost of which is included in the 
project budget. Alliumnet is a public information resource targeted at academic researchers and 
industry partners working with all aspects of onion production and distribution. We will create a 
‘Stop the Rot’ project section on the website, which will be active throughout and after the 
project life span. In addition to hosting publications, Extension and Outreach material, and open 
source software tools developed within the project, this section will include contact information 
for further requests from key personnel. 
Expected Data Type 
Bacterial disease characterization (Obj. A1-3) will generate whole-genome shotgun sequencing 
read assemblies and 16S community analyses in digital format. Sample collection data, isolate 
characteristics and phenotypic data will be collected using a standardized rubric of terms, and 
transferred among project participants using Excel. Digital images of colony morphotype and 
phenotypes generated will be kept in PDF format for ease of distribution through free reader 
software. In Obj. A4, screening for bacterial disease resistance in onion germplasm will generate 
‘disease ratings’ that will be stored in CSV format (Excel), which is community-recognized and 
machine-readable. Similarly, work under Obj. B1-5 will generate disease ratings and covariate 
data in CSV format. Hypothesis extraction and modeling work in Obj. B6 will utilize 
microclimate and crop management records from farms and survey responses as inputs and will 
generate computational/statistical models. These data will be in ASCII or Excel formats, both 
community-recognized and machine-readable. Grower, packer and stakeholder surveys will use 
Qualtrics survey software to collect non-sensitive social and economic data relating to all project 
objectives. Qualtrics data are exportable to PDF. Additional crop production data (fertility and 
irrigation records, cultivars, pesticide applications, etc.) will be sought from the team and public 
USDA databases/reports. These will be maintained in CSV format. 
Data Storage, Security, and Preservation 
Under Obj. A1-3, isolate data from regional labs and the national curated collection will be 
collected and maintained using a Filemaker Cloud database hosted by Amazon Web Services (30 
GB Elastic Block Storage) with encryption and local Filemaker licensure for each of the regional 
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labs. Funds are included in the budget for ten Filemaker Cloud licenses at $1,428/year. Co-PIs 
Kvitko and Dutta will serve as the database administrators. Colony morphotype and phenotype 
images will be retained in the database as JPEG files. 16S and MLSA sequence data will be 
retained in the database in .abi format. Database editing permissions can be set by administrators 
to the level of individual data field. Data integrity will be maintained through continuous (20 
min) cloud backups. In addition, local backup copies of isolate databases will be pulled monthly 
and retained locally at UGA for one year each. Whole-genome shotgun sequencing read 
assemblies and 16S community analyses will be archived using a Research Institutional File 
Storage Server maintained by UGA EITS as .seq, .FASTA, and .gff annotation files along with 
all analysis scripts and file meta-data. Funds are included in the budget for 1 TB of server space 
for the project at $120/year. Large data files will be locally archived for at least five years after 
the end of the project duration or until transferred to an appropriate public database (i.e., NCBI 
SRA). Data from resistance screening (Obj. A4) and field management trials (Obj. B1-5) will 
require little space (<1 GB per dataset) and will initially be stored on secure servers of 
collaborating institutions, each of which meet data protection requirements of federal granting 
agencies. Data will be standardized and shared among collaborating institutions. Data from 
hypothesis extraction and modeling (Obj. B.6) are each anticipated to require <5 GB storage and 
will be hosted on Washington State University (WSU) servers. Both WSU and UGA servers, the 
cornerstones of this project’s Data Management Plan, have state-of-the-art technology with 
excellent protection measures including locally redundant storage with geographically distant 
backups and snapshots, access control lists for security, and ability to limit access to file shares 
by protocol and IP address. In the case of survey data, separation between identifying data and 
responses will be maintained as is standard in approval from the Institutional Review Board. 
 
Data sharing, protection and public access 
At the end of the project, the national curated isolate collection database created under Obj. A 
will be migrated to a searchable web platform and hosted by Alliumnet with open public access. 
Draft genome assemblies will be submitted to NCBI Genbank under an umbrella sequencing 
project and 16S community analysis reads will be submitted to the NCBI short read archive. 
Isolates from the National Onion Bacterial Collection will be archived in perpetuity as frozen 
glycerol stocks in the lab of Co-PI Kvitko in Nuaire -80°C freezer with an Ecolog-net monitoring 
system that remotely alerts lab members in case of equipment failure. Bacterial isolates collected 
and created during this project will be made available for distribution on a cost recovery basis by 
the PI and Co-PIs upon request in accordance with institutional material transfer agreements and 
USDA permitting requirements for movement of plant pests. Software developed under Obj. B.6 
will be released to the public domain using an open-source license such as the GNU General 
Public License version 3 (GPL-3.0). Software will be released as soon as possible after testing 
and peer review, with the aim of providing access to the broader community even as the project 
is in progress. Software publication through bitbucket.org or github.com will render it accessible 
to web search engines. Any public sharing of survey data and data from producers collected as 
part of the ‘Stop the Rot’ project will be in a form that maintains confidentiality of all survey 
respondents and de-identifies information on participating farms. Data associated with peer-
reviewed publications will be released in repositories associated with specific journals. Data 
repositories such as Figshare will be used to publish any remaining raw datasets once peer-
reviewed publications are complete. 
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Response to Industry Relevance Review 
We are grateful for the Industry Panel’s careful and insightful review of our SRS. The reviewers 
noted several strengths of our proposed work in the Synthesis Comments, including that: a) the 
project is truly a national initiative to address a critically important production issue in all areas 
where onions are grown in the U.S.; b) the project presents sound industry support and research 
expertise to address a long-identified problem for the industry, with a team that has broad 
experience with onion diseases across all onion growing regions, and a Stakeholder Advisory 
Panel (SAP) representing a broad section of company plant breeders, growers, and associations 
that have been involved since the onset of planning the 2018 SRS; c) an extensive network of 
researchers and stakeholders has been developed using the meetings of the NARC (National 
Allium Research Conference), National Onion Association (NOA), and W-3008 onion multistate 
project along with the Alliumnet website to ensure information developed as a result of this 
project is shared with a wide range of stakeholders, along with regional meetings in each of the 
12 participating states to ensure outreach and feedback from local constituents; and d) the 
proposal is supported by an impressive number of support letters from stakeholders. Although 
the majority of the Panel’s comments were positive, reviewers identified several areas where 
additional information could enhance the proposed work. Below, we outline briefly our plans to 
address each of these, and direct the reader to greater detail in the Narrative. 
1. Detail on which organizations will be involved in guiding investigators and ensuring cultural 
guidelines/developed solutions will be delivered to constituencies was sketchy. RESPONSE: 
SAP members (12) were involved in developing the 2018 proposal, and revising the proposal for 
this re-submission. As noted by an SRS reviewer, the SAP represents most onion growing areas 
in the U.S., and will meet with the team twice a year to review progress, provide feedback, revise 
plans as needed, and assess economic impacts of the work. Other onion stakeholders also will be 
informed at least annually by the team at NARC, NOA, and W-3008 meetings that are attended 
by stakeholders. Also, as noted by some reviewers, regional onion meetings and related events in 
all 12 major production states in the U.S. will ensure feedback from local constituents for 
developing, evaluating, and refining regionally relevant management programs. Stakeholders 
will be engaged iteratively in reviewing and revising plans over the duration of the project (Fig. 
2B, page 38). This is clarified in the Stakeholder Advisory Panel Plan (pages 35-36). 
2. Concern that the funding may be insufficient to cover the breadth and depth of the stated 
outcomes. RESPONSE: This concern was noted by several reviewers of the 2018 proposal. 
Therefore, we increased the funding request in the SRS to $4.5 million (from $3.5 million in 
2018). With the subsequent, unanticipated requirement to provide 100% matching funding, and 
the inability to use unrecovered indirect costs towards that cost-share, we had to adjust the total 
funding request to $4.289 million with $4.289 million cost-share, and have scaled back and 
clarified components of Objective B accordingly. The SRS reviewers noted the importance of the 
project helping identify the effects of cultural practices (including irrigation methods) on 
bacterial disease development, and developing tools to address bacterial diseases that will be 
available to stakeholders for field use, to ensure the research and extension approaches result in 
outcomes stakeholders are seeking. Therefore, we retained the same overall objectives as the 
2018 proposal, but adjusted and clarified the scope of work for Objective B to reflect the budget 
and cost-share. Refer to the Methods (pages 24-28) for Objective B.  
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Detailed Response to 2018 Proposal Review 
The review panel comments to the original proposal submitted in March 2018 are noted below in 
italics font. Our responses to the comments and recommendations are in regular font. 
Proposal Number: 2018-03412  Project Director: du Toit 
Proposal Title: Stop the rot: Combating onion bacterial diseases with pathogenomic tools and 
enhanced management strategies 
The proposal was placed in the ‘High Priority’ category and ranked 39 out of 101 proposals. 
========================================================= 
Overall Positive Aspects of the Proposal: 
Controlling onion center rot is a top search priority for the onion industry. The team contains 
researchers from 12 major onion producing states. Stakeholder advisory panel is excellent. 
Diversity of pathogen survey is well designed. Standardized pathogenicity test should be stated. 
We are pleased the reviewers recognize the importance of the proposed work, and the breadth 
and depth of expertise of the team members as well as the engaged Stakeholder Advisory Panel 
(SAP) members. Standardizing methods used in the surveys, including pathogenicity tests to 
assess which bacterial isolates are onion pathogens, is a core principle of the project. This is why 
the whole team involved in the survey and pathogenicity testing of isolates will attend a hands-
on lab workshop at the Univ. of Georgia the first winter of the project to ensure everyone uses 
the same robust, standardized methods, including the survey protocol, isolation methods, DNA 
amplification and sequencing, and pathogenicity testing. See Table 1 (page 20), the Onion 
Bacterial Disease Workshop (page 21), and related aspects of the Methods (pages 19-22). 
Overall Negative Aspects of the Proposal: 
1. The panel felt objective B is too general, perhaps it needs more description, in particular the 
irrigation and pesticide experiments. 
An important part of planning this re-submission in consultation with the SAP was clarifying key 
production practices and concerns of growers to identify hypotheses and treatments to be 
detailed in order to address producers’ primary interests. Therefore, we have detailed specific 
treatments in each of Objectives B1-B6 (pages 24-28). For example, the irrigation practices to be 
evaluated (pages 24-25) are focused on how frequency of irrigation, and timing of the tapering 
and ceasing of irrigation at the end of the season influence bacterial diseases and bulb infection. 
Monitoring irrigation water as a potential source of inoculum will also be tested in regions where 
surface water is used for irrigation. Likewise, the sections on fertility, pesticide, cultural, and 
postharvest practices (B2 to B6) have been elaborated to address specific hypotheses and 
treatments while retaining flexibility to address differences in regional production constraints, 
and stakeholder interests (pages 25-28). 
2. No information was provided what the PIs will do if bacterial isolates from diseased plants 
contains multiple isolates.  How might this confound analysis? 
We fully expect recovery of multiple bacterial isolates from a majority of plant and bulb samples 
in the onion survey. We explain in the Introduction (see Detection and diagnosis on pages 15-
16) that this is one of three reasons it can be so difficult to diagnose accurately the causal agent 
of a bacterial disease in an onion crop, i.e., diagnosis is confounded by latent infections, the 
presence of complex microbial communities (even in healthy onion plants or bulbs), and the 
potential presence of both pathogenic and non-pathogenic bacteria in the same plant or bulb 
(sometimes even of the same bacterial species). This is why we are proposing a U.S.-wide survey 
of onion crops with isolations from both symptomatic (for three growing seasons) and 
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asymptomatic plants and bulbs (starting in season 2), with characterization of the complexity of 
bacterial isolates obtained from the samples, both pathogenic and non-pathogenic. Pathogenicity 
testing of these isolates using a standardized protocol is a central component of the survey to 
differentiate pathogenic vs. non-pathogenic bacteria. This, in turn, is the foundation for 
developing robust, sensitive, molecular diagnostic tools that detect and differentiate pathogenic 
bacteria from non-pathogenic bacteria associated with onion. The confounding issue bacterial 
complexes have presented to onion producers is part of the justification for the proposed work.   
Synthesis Comments: 
Overall, the panel agrees that the proposal is well-written and documented the need and the 
impact of the disease. 
Individual reviews: 
Review 1: Overall goals: To support long-term profitability and sustainability of onion 
production in the US using a stakeholder informed systems approach by undertaking a national 
survey of onion bacterial diseases developing a NOBSC. 

Objectives: a) Utilize comparative genomics to identify virulence factors and develop 
practical diagnostic tools, as well as phenotypic resistance screening methods for bacterial 
pathogens of onions. b) Examine how key production practices, environmental factors, and 
inoculum sources that impact bacterial disease outbreaks can be managed to develop effective, 
practical solutions that are viable environmentally and economically. 

Methods: a) The proposed methods are divided in 4 parts that will have the contribution of 
all key personal from southern, central and northern states. This includes onion field and storage 
survey and the NOBSC collecting samples and testing NOBSC strains. A pathogenomic analyses 
will be done in UGA sequencing whole genome and virulence correlated gene identification and 
bacterial community analyses. The development of the diagnostic tool (design and validation) 
and phenotypic resistance screening performed in various states in lab greenhouse and field. B) 
This objective constitutes 10% of the effort and includes 2 task Core management practices 
replicating field trails with relevant managements factors and Disease prediction modeling in 
charge of WSU including on farm data curation and analysis, model development and 
validation. The economic and extension component is described in all participants within each 
institution and participation of all collaborators with an economic impact viability and adoption 
survey, Web-based update and extension publications and activities. 

Positive: The project addresses top priorities of the onion industry and are backed up by 
research from great key personal from different states. 22 Co-PI and collaborators and 12 onion 
stakeholders that are involved in the planning. Proposal stated that the project differs from 
previous efforts to address onion bacterial diseases by using standard methods: 

1. For objective A they will standardized protocols of the diversity of bacterial pathogens 
causing losses over 3 seasons. (Dec-July south) (March-Oct in north) Oct-July (post-harvest-
bulb survey). 

2. Engaging stakeholders interactive in all regions 
3. Integrate computer science and statistical disease modeling to examine complex 

interaction of production practices. 
-Objective B determine how regional onion production practices, crop environmental 

condition and bacterial pathogen inoculum sources can be managed using practical 
economically viable and environmentally sound strategies to limit losses form bacterial rots 
during production storage and shipping. 

-The application includes a detailed outreach plan. 
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 Negative: Very generalized objective B (although this only constitutes a 10% effort). 
In the 2018 proposal, Objectives A and B actually comprised 60 and 40%, respectively, of the 
overall effort for the project, not 90 and 10%. Given that several reviewers interpreted Objective 
B to only be 10% of the effort, this is stated much more clearly in the revised proposal (see 
Approach, Activities Proposed, pages 17-18). As explained above on page 2 in response to the 
first overall negative aspect of the proposal, the revised proposal elaborates on specific 
hypotheses and details of key trials for each of Objectives B1-B6 (see Methods on pages 24-27). 
Review 2: 

Onion is a very important specialty crop in the US, with farm gate of close to $1B 
annually. Bacterial bulb rots are harder to deal with than fungal bulb rots (because of a paucity 
of effective bacteriocides and the lack of innate genetic resistance), and bacterial diseases of 
onion in general result in a loss of ~$60M/year. There are two main objectives of this project: 
(1) Use comparative genomics to identify virulence factors and develop diagnostic tools and 
phenotypic screening methods for bacterial pathogens of onion, and (2) examine how production 
practices, environment, and inoculum source can be managed to develop practical solutions for 
onion bacterial diseases. Onion bulbs in all 12 states that are part of this study will be surveyed 
for bacterial pathogens. Selected strains will be archived at U Ga as part of a proposed National 
Onion Bacterial Strain Collection (NOBSC).  

The PIs did not address how the possibility of isolating multiple bacterial strains from 
symptomatic onions in the field could confound their analysis of which strains or combinations 
of strains can cause disease.  This is an important wrinkle that needs to be addressed.  
Please refer to the clarification above on page 2 in response to this critique, which is listed as the 
second overall negative aspect identified by reviewers. We have explained this in detail in the 
Introduction (pages 15-16) regarding the difficulty of diagnosing onion bacterial diseases, which 
is one of the central tenets for this proposed work. Pathogenicity testing of all isolates obtained 
off plants and bulbs will be completed using a standardized protocol to differentiate the 
pathogenic from the non-pathogenic isolates.  

One hundred strains of two species of Pantoea will be used for pathogenomic analysis, 
where “pangenomes” of each will be analyzed to find genes that correlate with virulence. Genes 
identified will be used to develop diagnostic tools that use TaqMan PCR. These diagnostic PCR 
tools will be tested against the larger set of NOBSC strains. The bacterial community analyses 
seem peripheral to the main thrust of the work and could probably be left out of the project.   
In the Introduction, we cite studies that demonstrate the complex microflora present in onion 
bulbs/plants, including multiple bacterial genera and species, a majority of which are not 
pathogenic to onion. Some of the difficulties diagnosing onion bacterial diseases accurately 
include differentiating pathogenic from non-pathogenic isolates (sometimes of the same species), 
and understanding how the pathogens interact with other members of these complex microbial 
communities. Gaining a greater understanding of these microbial communities is an important 
step towards understanding the potential for managing the pathogens in the complex, and how 
other microbes might suppress or exacerbate pathogenic bacteria. Therefore, we believe the 
bacterial community analyses are an important part of this project. Although more in-depth 
community analyses of all possible microbes associated with onion is limited based on the 
budget and broader scope of the whole project, this project presents an invaluable opportunity to 
investigate bacterial community analyses (see page 22) using some of the samples from the 
surveys, as members of our team have experience with such analyses (e.g., phytobacteriologist 
Coutinho). We clarified the significance of the bacterial community analyses in the proposal. 
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Consistency among disease screenings done by different investigators is important in a 
project like this so that data obtained by many people can be compared. Several of the PIs will 
be examining (and, presumably, standardizing) lab, greenhouse, and field screening methods for 
bacterial pathogens in onion.  A clearer statement of the implied standardization goal would 
have been helpful. 
See a description of the Onion Bacterial Disease Workshop on page 21 for clarification on how 
and why we will be standardizing the methods used for the survey, bacterial isolations, DNA 
sequencing, pathogenicity testing, and the phenotypic screening based on results for the first year 
of that aspect of the project. Standardization of protocols is a core tenet of this proposal for 
ensuring validated comparisons of results among labs, regions, and seasons. 

Five cultural practices will be more fully investigated to determine how they might be used 
in a coordinated fashion for disease control: irrigation practices (frequency, timing, and 
duration), fertility practices (nitrogen levels applied), pesticides, cultural practices (mulching, 
bulb density, and others), and postharvest practices. The irrigation and pesticide experiments 
are not well-developed in the narrative, instead defaulting essentially to “will be informed by 
what happens in a given geographical area.”  While that may be true, it leaves some important 
details lacking. 
We concur that the 2018 proposal lacked adequate detail for Objective B. The hypotheses, 
rationale, and relationship to prior research on the topic have been clarified for the irrigation, 
fertility, pesticide, cultural, and postharvest experiments (Objectives B1-B6), along with details 
of treatments to be evaluated. This is clarified above on page 2 in response to the first overall 
negative aspect of the proposal identified by the review panel. 

The team of PIs has the experience in order to successfully complete a project like this, 
with expertise in plant pathology and vegetable crops, from several different institutions, 
backstopped by 14 collaborators and 12 stakeholders who will make up the Stakeholder 
Advisory Panel.  There are many supportive letters from seed companies, growers, the National 
Onion Association, and others. 
Review 3: 

Title: Stop the rot: Combating onion bacterial diseases with pathogenomics tools and 
enhanced management strategies  

PD: Dr. Lindsey du Toit, Professor and Extension Plant Pathologist, Department of Plant 
Pathology, Washington State University (WSU); WSU Northwestern Washington Research & 
Extension Center, 16650 State Route 536, Mount Vernon, WA 98273 

Project type: Standard Research and Extension Project- 4 years 
SCRI focus areas:  1) Efforts to identify and address threats from pests and diseases. 

90%; 2) Efforts to improve production efficiency, handling and processing, productivity, and 
profitability (including specialty crop policy and marketing). 10% 

Goal. To develop practical, economically-sound strategies for pathogen detection and 
management that improve profitability and sustainability of onion production (immediate goal). 
Long-term goal. To support profitability and sustainability of onion production in the U.S. using 
a coordinated, national survey of bacterial pathogens affecting onion crops combined with a 
stakeholder-focused, systems approach to investigating how production practices, environmental 
conditions, and inoculum sources can be managed to develop effective, practical, economically-
viable, and environmentally-sound strategies to limit losses to bacterial diseases. 
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Objectives. 1) To utilize comparative genomics to identify virulence factors and develop 
practical diagnostic tools, as well as phenotypic resistance screening methods for bacterial 
pathogens of onion. 2) To examine how key production practices, environmental factors, and 
inoculum sources that impact bacterial disease outbreaks can be managed to develop effective, 
practical solutions that are viable environmentally and economically. 

Positive aspects of proposal. A well written proposal with involvement of 20 scientists from 
across the U.S. from diverse disciplines knowledgeable broadly of onion diseases. The scientific 
discipline involved are plant pathology, horticulture, soil science, entomology, resistance 
screening, economics, computer science, and modeling. A 12-person, nation-wide onion 
Stakeholder Advisory Panel are also in place. Pitfalls identified and solutions proposed. 

Negative aspects of proposal. No specific hypothesis for each of the proposed experiments 
have been included.  
Thank you for bringing this to our attention. Hypotheses have been added to the experiments as 
detailed now in the Methods section, particularly for Objective B experiments (pages 24-28). 

Studies of bacterial genomics is essential in developing tools to distinguish between 
pathogenic and non-pathogenic bacteria; however, a single scientist is responsible to do this 
aspect. Genomic work is focused on only one of the bacterial genera despite involvement of 10 to 
15 bacteria. 
Dr. Coutinho, phytobacteriologist at the University of Pretoria, South Africa, joined the project 
to strengthen the phytobacteriology genomics expertise for the team. Her expertise is on plant 
pathogenic bacterial interactions with plants, including center rot of onion (Pantoea ananatis) 
and other bacterial pathogens of this host, notably P. agglomerans and the pseudomonads. 
Understanding how these bacteria cause plant disease symptoms led to her program completing 
the first genome sequence of a plant pathogen in Africa. Comparative and functional genomics in 
Coutinho’s lab illustrated how P. ananatis is able to survive in unusual niches in the environment 
as well as in insect and human hosts, and infect plants. Coutinho has trained 22 MS students (12 
on P. ananatis) and 12 PhD students (6 on P. ananatis/P. agglomerans) in phytobacteriology. 
The phytobacteriology expertise on our team is much stronger this round, with Kvitko, Coutinho, 
Woodhall, and Dutta serving as the primary leads on genomics and diagnostics aspects of the 
project.  
We also have clarified on page 22 that, given the many bacterial pathogens of onion vs. the 
limited budget for the national scope of this proposal, including management studies that are a 
priority of the SAP, the pathogenomic analyses and detection of virulence factors will focus on 
the Pantoea species complex affecting onion as a model system, particularly P. agglomerans 
and P. ananatis. This project will build on work by Dutta, Kvitko, and Coutinho on Pantoea 
spp., and will serve as a model for future projects on other bacterial genera and species, which is 
beyond the timeframe and resources of this project. Based on robust preliminary data, we 
hypothesized that virulence factors identified in pathogenic strains of P. ananatis are likely to be 
present in pathogenic strains of P. agglomerans, which will be assessed in this study and 
verification of which will facilitate development of diagnostic tools to differentiate pathogenic 
vs. non-pathogenic strains of P. agglomerans, which occur in all U.S. onion production regions.  
Responses to stakeholder relevancy comments. The proposers have considered the comments 
and responded accordingly. 
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