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2012 National Allium Research Conference 

Program at a Glance 

 

Tuesday, December 11, 2012 – NARC Meetings (Location) 

3:00 pm Onions and Garlic Subcommittee, Root and Bulb Vegetable Crop 
Germplasm Committee (Guadalupe) 

4:00 pm Specialty Crops Research Initiative Grant Project Presentation 
(Guadalupe) 

5:00 pm – 7:00 pm NARC Reception (San Augustin/ Tularosa) 
   No Host Cocktails and Complimentary Hors d’oeuvres 
   Dinner on your own 
 

Wednesday, December 12, 2012 – NARC Meetings 

6:30 am – 8:30 am Continental Breakfast (Avenida) 
7:00 am – 5:00 pm Conference Registration (Avenida) 
7:30 am – 12:00 pm Poster Setup (San Rafael) 
 

Morning Session 

8:30 am  Welcome (San Augustin/ Tularosa) 
8:40 am  Presentation Session 1 (San Augustin/ Tularosa) 
10:00 am  BREAK (San Rafael) 
10:30 am  Presentation Session 2 (San Augustin/ Tularosa) 
12:00 pm  Lunch (Guadalupe/Soledad) 
 

Afternoon Session 

1:30 pm  Presentation Session 3 (San Augustin/ Tularosa) 
3:00 pm  BREAK (San Rafael) 
3:30 pm  Presentation Session 4 (San Augustin/ Tularosa) 
6:00 pm  No Host Cocktails 
6:30 pm – 8:30 pm NARC Dinner (NMSU Golf Course Banquet Room) 

 

Thursday, December 13, 2012 – NARC Meetings 

6:30 am – 8:00 am Continental Breakfast (Avenida) 
7:00 am – 10:00 am Conference Registration (Avenida) 
 

Morning Session 

8:00 am  Presentation Session 5 (San Augustin/ Tularosa) 
10:00 am  BREAK (San Rafael) 
10:30 am  Presentation Session 6 (San Augustin/ Tularosa) 
12:00 pm  Lunch and Business Meeting (Guadalupe/ Soledad) 
 

Afternoon Session 

1:30 pm  Presentation Session 7 (San Augustin/ Tularosa) 
3:00 pm  BREAK (San Rafael) 
3:30 pm  Presentation Session 8 (San Augustin/ Tularosa) 
5:30 pm  Conference Adjourns 
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Friday, December 14, 2012 – Post conference Meetings (open to all)  

 
6:30 am – 8:30 am Continental Breakfast (San Rafael) 
8:30 am – 12:00 pm W-2008 Committee: IYSV and Thrips (Shannon Pike – Chair)  

(San Rafael) 
12:00 pm – 1:30 pm Lunch (Guadalupe/ Soledad) 
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2012 National Allium Research Conference 

Conference Program 

Hotel Encanto 

Las Cruces, NM 

 

Tuesday, December 11, 2012 – NARC Meetings (Guadalupe) 

 

3:00 pm Onions and Garlic Subcommittee, Root and Bulb Vegetable Crop Germplasm 
Committee 

 
4:00 pm O-01 Charlie Li, Howard Schwartz, Krishna Mohan, Kimberly Morgan, Joseph 

Molnar, Ron Gitaitis, William Tollner, Gary Hawkins, Chi Thai, Robert Shewfelt, 
& Dan MacLean, Holistic approach to advance onion postharvest handling 

efficiency and sustainability: an update 
 
5:00 pm  NARC Reception (San Augustin/ Tularosa)     
  No Host Cocktails and Complimentary Hors d’oeuvres 
 
  Dinner on your own 
 
 

Wednesday, December 12, 2012 – NARC Meetings 

 

6:30 am – 8:30 am Continental Breakfast (Avenida) 
 
7:30 am – 5:00 pm Conference Registration (Avenida) 
 
7:30 am – 12:00 pm Poster Setup (San Rafael) 
 
Morning Session Moderator: Rick Watson, Nunhems USA (San Augustin/ Tularosa) 
 
8:30 am Welcome, Lowell Catlett, Dean, College of Agricultural, Consumer, and 

Environmental Sciences 
 
8:40 am O-02 Chadelle Robinson, Onions in New Mexico – the state of the state 
 
9:00 am O-03 Mark Uchanski and Chris Cramer, History of onions in New Mexico 
 
9:30 am O-04 Carrie H. Wohleb, Timothy D. Waters, Lindsey J. du Toit, & Brenda K. 

Schroeder, The WSU Onion cultivar trial: A valuable resource for Pacific 

Northwest onion producers 
 
10:00 am BREAK (San Rafael)  
 
10:30 am O-05 Erik Feibert, Clinton C. Shock, Lamont Saunders, & Bob Simerly, An 

overview of onion production from transplants and sets 
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11:00 am O-06 Clinton C. Shock, Erik Feibert, Lamont Saunders, Plant population options 

for marketing long-day onions 
 
11:30 am O-07 Merritt J. Taylor, Charles L. Webber III, & James W. Shrefler, Economics 

of supplemental weed control applications on spring-transplanted onions 
 
12:00 pm Lunch (Guadalupe/ Soledad) 
 
Afternoon Session Moderator: Shannon Pike, Enza Zaden USA (San Augustin/ Tularosa) 
 
1:30 pm O-08 Tim Waters and Doug Walsh, Thrips IPM on dry bulb onions in 

Washington State 
 
2:00 pm O-09 William Buhrig, Mike Thornton, Jim Barbour, Jerry Neufeld, & Ronda 

Hirnyck, Thrips control in drip irrigated onions 
 
2:30 pm O-10 Stuart Reitz, Clinton C. Shock, Erik Feibert, Eric Jemmett, & Lamont 

Saunders, Insecticide rotations for control of thrips in onion 
 
3:00 pm BREAK (San Rafael) 
 
3:30 pm O-11 Jianhua Mo, Andrew Watson, Greg Baker, Kevin Powis, & Tony Napier, 

Management of onion thrips in bulb onions in Australia 
 
4:00 pm O-12 Howard F. Schwartz, Brenda K. Schroeder, James VanKirk, G. Keith 

Douce, & George Jibilian, Update on the onion ipmPIPE network – Progress and 

plans 
 
6:00 pm  No Host Cocktails - NMSU Golf Clubhouse 
 
6:30 pm – 8:30 pm NARC Dinner – NMSU Golf Clubhouse 
 

Thursday, December 13, 2012 – NARC Meetings 

 
6:30 am – 8:00 am Continental Breakfast (Avenida) 
 
7:30 am – 10:00 am Conference Registration (Avenida) 
 
Morning Session Moderator: Dan Drost, Utah State Univ. (San Augustin/ Tularosa) 
 
8:00 am O-13 Rob Wilson, Don Kirby, Kevin Nicholson, & Darrin Culp, Maggot control 

in processing onions 
 
8:30 am O-14 Mary Ruth McDonald and Alan Taylor, Insecticide seed treatments and in-

furrow applications control onion and seed corn maggots 
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9:00 am O-15 Allison E. Ferry and R.M. Davis, Combining sclerotia germination 

stimulants and fungicides for white rot control 
 
9:30 am O-16 Mary K. Hausbeck and Lina M. Rodriguez-Salamanca, Anthracnose incited 

by Colletotrichum coccodes is a new disease on onions 
 
10:00 am BREAK (San Rafael) 
 
10:30 am O-17 Dipak Poudyal, Lindsey du Toit, Tim Paulitz, Jordan Eggers, Lyndon 

Porter, & Phil Hamm, Onion stunting caused by Rhizoctonia: Management and 

economic importance in the Columbia Basin of Oregon and Washington. 
 
11:00 am O-18 Steven V. Beer, Jo Ann E. Asselin, Jean M. Bonasera, Ali M. Zaid, & 

Christine A. Hoepting, Bacterial diseases of onion in New York 
 
11:30 am O-19 Christopher S. Cramer, Rejah Muhyi, Mohsen Moghadam-Mohseni, Neel 

Kamal, Narinder Singh, Eight years of screening for Iris yellow spot resistance 
 
12:00 pm Lunch and Business Meeting (Guadalupe/ Soledad) 
 
Afternoon Session Moderator: Bill Randle, North Carolina A&T Univ. (San Augustin/ 

Tularosa) 
 
1:30 pm O-20 Michael J. Havey and Steve Damon, Genetic variation for epicuticular 

waxes in onion: a thrips-avoidance mechanism 
 
2:00 pm O-21 Michael J. Havey, Christopher S. Cramer, Howard F. Schwartz, Agnes 

Chan, & Christopher Town, USDA-SCRI funded project - Ensuring US onion 

sustainability: Breeding and genomics to control thrips and Iris yellow spot virus 
 
3:00 pm BREAK (San Rafael) 
 
3:30 pm O-22 Brenda K. Schroeder, Cheryl M. Vahling-Armstrong, Anne J. Knerr, Frank 

Dugan, & Lindsey J. du Toit, DNA macroarray for detection and differentiation 

of onion bulb rot pathogens 
 
4:00 pm O-23 Michael J. Havey, An international plan to sequence the nuclear genome of 

onion 
 
4:30 pm O-24 Quentin Schultz, Developing genome-wide SNP markers for genetic 

analysis of onion 
 
5:00 pm Howard Schwartz, Future direction of onion research programs in the US 
 
5:30 pm Conference Adjourns 
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Friday, December 14, 2012 – Postconference Meetings (open to all) 

 
6:30 am – 8:30 am Continental Breakfast (San Rafael) 
 
8:30 am – 12:00 pm W-2008 Committee: IYSV and Thrips, Shannon Pike – Chair (San Rafael) 
 
12:00 pm – 1:30 pm Lunch (Guadalupe/ Soledad) 



 

  National Allium Research Conference, 2012 

17

POSTER SESSION (Dec. 12-13) 

 

Poster No.     Title        

 
P-01 Thomas Turini, Evaluation of thrips control programs and thrips population dynamics in 

central California 

 
P-02 Stephanie Szostek and Howard Schwartz, Onion thrips (Thrips tabaci) infected with Iris 

yellow spot virus survive Colorado winters 

 
P-03 Hanu Pappu and Sudeep Bag, Global status of Iris yellow spot virus incidence in onion 
 
P-04 Hanu Pappu, Sudeep Bag, & Silvia Rondon, Seasonal dynamics of Iris yellow spot virus 

transmitters among Thrips tabaci populations from onion fields 
 
P-05 Hanu Pappu, Romana Iftikhar, & Vikas Koundal, Analysis of Iris yellow spot virus N 

gene sequences from the USA, 2003-2011 
 
P-06 Hanu Pappu, Diwaker Tripathi, Ralf Dietzgen, & Michael Goodin, In vivo interaction 

studies of Iris yellow spot virus proteins using Bimolecular Fluorescence (BiFC) technique 
 
P-07 Christopher S. Cramer, Mohsen Mohseni-Moghadam, Rebecca Creamer, & Robert L. 
Steiner, Screening winter-sown onion entries for Iris yellow spot disease susceptibility 
 
P-08 Christopher S. Cramer and Ashish Saxena, Selection progress for Fusarium basal rot 

resistance of onions using a seedling screening procedure 
 
P-09 Mark E. Uchanski and Christopher S. Cramer, Pest monitoring in New Mexico 

commercial onion fields 

 
P-10 Merritt Taylor, Jim Shrefler, & Tony Goodson, Soil type evaluation for high tunnel onion 

transplant production 

 
P-11 William Buhrig and Mike Thornton, Effectiveness of fumigant products for control of 

pink root and root lesion nematode in onions 

 
P-12 Narinder Singh and Christopher S. Cramer, Selection progress for tolerance to Iris yellow 

spot virus in onions 

 
P-13 Simon Anstis, B. Hall, & T. Wicks, Evaluating fungicides for the management of onion 

stunt caused by Rhizoctonia solani AG8 
 
P-14 Mary Ruth McDonald and Laura Riches, Evaluation of foliar insecticides for the control 

of onion thrips, 2011 and 2012 
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P-15 Mary Ruth McDonald, Michael Teckle Tesfaendrias, Marion Paibomasai & Michael 
Celetti, Fungicide treatments for the management of stemphylium leaf blight in onions 

 
P-16 Daniel Drost, Does alternative crop management practices impact thrips, IYSV and onion 

productivity? 

 
P-17 Mark E. Uchanski and Antonio Rios, Killed cover crop residues for onion moisture 

management in the desert southwest 

 

P-18 Neel Kamal and Christopher S. Cramer, Selection progress for thrips and Iris yellow spot 

virus resistance in onion germplasm after one selection cycle 

 
P-19 Willis M. Fedio, Ken J. Yoshitomi, Ruben Zapata, Karen C. Jinneman, Paul Browning, & 
Stephen D. Weagant, Detection and isolation of E. coli O157:H7 in artificially contaminated 

onions by real-time PCR and cultural methods 

 



  27 

ORAL PRESENTATION ABSTRACTS 

 
Wednesday, December 12, 2012    Presenting authors are in bold print 
 
8:40- 9:00 am  

Onions in New Mexico – ‘The state of the state’ 
 
Chadelle Robinson

1
 

 
1Carzalia Valley Produce 
 
The market place is ever changing and is always in motion. Consumer preferences along with 
dietary trends, disposable incomes and environmental pressures while in production are always 
in flex. New Mexico producers and brokers juggle these factors and still manage to market a 
significant sized crop. To understand where the New Mexico onion producer is going you have 
to understand the elements they have overcome over the last 25 years. We will glance into the 
past discussing the challenges New Mexico producers have overcome and identify several key 
factors influencing the marketing of today’s crop. 
 
9:00 – 9:30 am 

The history of onions in New Mexico 
 

Mark E. Uchanski
1
, Chris S. Cramer

1
  

 
1New Mexico State University, Plant and Environmental Sciences                                                                               
 
Although wild relatives of onion grow in New Mexico and were likely consumed by indigenous 
peoples in pre-Columbian times, there is no evidence that onions were cultivated before the 
arrival of Christopher Columbus. Cultivated onions arrived in this region of the modern day 
United States in 1598 when Juan de Oñate pushed north from Spanish settlements in present day 
Mexico into the state of New Mexico and established the first permanent settlement of San 
Gabriel (north of present day Santa Fe). Poet Gaspar Pérez de Villagrá lists onions and other 
vegetables from the Old World growing there in his epic 1610 poem La historia de la Nueva 
México. It is likely that onions were cultivated for food and seed in other Spanish missions and 
establishments throughout the region from that point in history forward. New Mexico was still a 
territory when modern day New Mexico State University (NMSU) was established in the 
southern part of the state in 1888. Situated along the Spanish Camino Real (the Royal Highway 
from modern day Mexico City, Mexico to Santa Fe, USA) Las Cruces, New Mexico is home to 
NMSU and was established in 1849. In 1890, a naturalized citizen of the United States from 
Mexico began coursework at the New Mexico College of Agriculture and Mechanic Arts 
(modern day NMSU): his name was Fabián García. García would go on to earn his M.S.A. in 
1906, and was given the title of Professor of Horticulture at the NM Agricultural Experiment 
Station (AES); by 1913 he was the Director. García was a prolific writer, authoring nearly a  
hundred bulletins and other publications about horticulture in New Mexico. Later, in 1926 he 
was instrumental in importing Grano onion seed from Spain for evaluation in New Mexico 
environmental conditions. He selected the most successful lines, conducted marketing studies, 
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and experimented with fertility, irrigation, and seeding/transplanting techniques. In 1910 García 
wrote “This (onion) is a crop which started on a very small scale, but from present prospects 
looks as though it might become a big commercial crop.” and separately, “No section of the U.S. 
is at present growing any of these onions and it is believed that this industry ought to be 
developed as soon as possible before other sections of the country take up the growing of the 
Spanish onion.” From García’s foundation, NMSU established a successful onion breeding 
program which continues to this day. 
 
9:30 – 10:00 am 

The WSU onion cultivar trial: A valuable resource for pacific northwest onion 

producers 

Carrie H. Wohleb
1, Timothy D. Waters1, Lindsey J. du Toit2, Brenda K. Schroeder2 

1Washington State University, Extension 
2Washington State University, Plant Pathology 
 
Every year since 1984, Washington State University (WSU) personnel have conducted an onion 
(Allium cepa) cultivar trial and storage evaluation in the Columbia Basin of central Washington 
to provide stakeholders with information on the suitability of onion cultivars for production in 
this semi-arid, long daylength region. The trial is a collaborative effort of university research and 
extension faculty, local onion growers, and onion seed company representatives. Each year, 
onion seed companies submit seeds of 45-55 onion cultivars and experimental lines for inclusion 
in the trial. Seeds are planted in March-April in replicated plots in a grower’s commercial onion 
crop. The trial is established on a different farm each year to enable evaluation of cultivars under 
a diversity of production systems typical of the region. A field day in August provides 
stakeholders with an opportunity to view the cultivars, and learn about onion research in progress 
by WSU and USDA faculty. Bulbs are harvested from each plot in September, and the size 
profile and yield are recorded. The bulbs are then cured and stored in a commercial storage 
facility until February, when 50 bulbs from each replicate plot are evaluated for storage quality 
and rots. Results from the field trial and storage evaluations are made available publicly and in 
reports sent to about 400 stakeholders each year. The trial has also been utilized to study cultivar 
responses to important diseases and pests in the Columbia Basin. An outbreak of Iris yellow spot 
virus (IYSV) in the trial in 2004 enabled the cultivars to be rated for reactions to this pathogen, 
and provided information on the susceptibility and yield responses of 46 cultivars to Iris yellow 
spot. The following year, 49 cultivars in the trial were evaluated for yield responses to thrips 
injury. More recently, the trial has been used to screen cultivars for resistance to three bacterial 
storage rot pathogens. Onion cultivars in the 2007, 2008, and 2009 trials were evaluated for 
resistance to Enterobacter cloacae, which causes Enterobacter bulb decay. In the 2009, 2010,  
and 2011 trials, bulbs of each cultivar were inoculated with two additional pathogens, 
Burkholderia cepacia, causal agent of sour skin, and Burkholderia gladioli pv. alliicola, causal 
agent of slippery skin. Information about responses of onion cultivars to diseases and pests can 
help growers select more resistant cultivars for production, and may be of assistance in programs 
breeding onion cultivars for resistance to these pathogens and pests. 
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10:30 – 11:00 am 

An overview of onion production from transplants and sets 
 
Erik Feibert

1, Clinton C. Shock1, Lamont Saunders1, Bob Simerly2 
 
1Oregon State University, Malheur Experiment Station 
2McCain Foods  
 
Increased interest in earlier onion harvests in the Treasure Valley of eastern Oregon and south 
western Idaho has led to interest in onion production from transplants and sets. Research in 2010 
and 2011 evaluated bulb production of varieties grown from transplants. Transplants were grown 
in Arizona for 2010 and locally in a greenhouse for 2011. Research in 2009 and 2010 evaluated 
bulb production of varieties grown from sets of four diameters. Sets were grown locally the 
previous year, stored over the winter, and planted in March each year. Onions from each plot 
were evaluated on three harvest dates, one week apart, starting in mid to late July. In the field, 
bolting and maturity were evaluated. After harvest the bulbs were graded and evaluated for 
single centers. At each harvest date, bulbs of each variety were stored for 2 weeks in a covered 
shed at ambient temperature. After 2 weeks, the bulbs were evaluated for decomposition and 
sprouting.  
 
For the onions grown from transplants, bulb yield increased over time between the three 
harvests. Bolting varied by variety, but was lower than 10% for all varieties both years. All 
varieties had more than 80% single centered bulbs on all 3 harvest dates in 2010. In 2011, 3 of 
the 7 transplanted varieties had more than 80% single centered bulbs on all 3 harvest dates. Bulb 
decomposition and sprouting after 2 weeks of storage varied by variety, but decreased with 
successive harvest dates.  
 
For the onions grown from sets in 2009, marketable yield increased with increasing set size for 
most varieties. In 2010, marketable yield was highest for sets 1.3 to 2.5 cm in diameter for most 
varieties. Bolting increased with increasing set diameter in 2009 and 2010. Bolting was higher 
for the early and intermediate varieties than for the long day varieties. Averaged over varieties 
and years, bolting was 10% or higher for bulbs produced from sets larger than 1.9 cm both years. 
All long day varieties had more than 80% single centered bulbs in 2010 and 2011. Bulb 
decomposition and sprouting after 2 weeks of storage varied by variety, but was not related to 
harvest timing. All of the short day and intermediate varieties had more than 20% of bulbs that 
were either decomposed or sprouted after 2 weeks of storage. Some of the long day varieties had 
less than 10% of bulbs that were either decomposed or sprouted. 
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11:00 – 11:30 am 

Plant population options for marketing long-day onions 
 
Clinton C. Shock

1, Erik Feibert1, Lamont Saunders1 
 

1Oregon State University, Malheur Experiment Station 
 
Changing market opportunities for smaller size onion bulbs and the availability of new onion 
varieties create interest in bulb yield and size in response to plant population. Plant population 
studies in the Treasure Valley of eastern Oregon and southwestern Idaho were conducted to aid 
growers in making planting rate decisions. Four onion varieties were evaluated at four plant 
populations under “conventional” drip irrigation, “intense bed” drip irrigation, and furrow 
irrigation. Conventional drip irrigation had four onion double rows and two drip tapes on a 2.2 m 
bed. Intense bed drip irrigation had six onion double rows and three drip tapes on a 2.2 m bed. 
Furrow irrigation had four onion double rows and two furrows on a 2.2 m bed. Four onion 
variety split plots were planted in each irrigation main plot. Each variety split plot was thinned to 
four plant population split-split plots (296,000, 395,000, 494,000, and 593,000 plants per 
hectare). 
 
Irrigation system was not a statistically significant factor in the response of bulb size to plant 
population in 2011. Averaged over irrigation systems and varieties, marketable yield increased 
with increasing plant population over the full range of populations tested. Averaged over 
irrigation systems and varieties, yield of bulbs larger than 10 cm in diameter decreased and yield 
of bulbs smaller than 7.6 cm in diameter increased with increasing plant population. Yield of 
bulbs 7.6 to 10 cm in diameter increased or decreased with plant population according to the 
variety. Optimal population varied with growers’ marketing opportunities, with lower 
populations best for onion rings and populations with 400,000 plants or more per hectare for a 
mix of medium and jumbo onions. 
 
11:30 – 12:00 pm 

Economics of supplemental weed control applications on spring-transplanted 

onions 
 
Merritt J.Taylor

1, Charles L. Webber III2, James W. Shrefler3 

1Oklahoma State University, Agricultural Economics 
2USDA/ARS, Agronomy 
3Oklahoma State University, Extension Horticulture 

Field research conducted to determine the relative benefits among alternative herbicides for weed 
control in onions (Allium cepa L.) measured weed control efficacy, impact of herbicides on crop 
injury, and the resulting weed competition on crop yields and marketable bulb size. Weed 
competition produced disproportionate reductions in total onion yields and size of marketable 
bulbs. There were 21 treatments [12 synthetic herbicide treatments, five CGM applications, a 
full-season weed-free (hand-weeded) treatment, a full-season weedy-check, a partial-season 
weed-free (weed-free for the first half of the growing season by hand weeding, then the weeds 
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were allowed to grow), and a weedy-check without onions]. Although the synthetic herbicides 
and CGM provided crop safety, and to some extent early weed control, reductions in crop yields 
and marketable bulb sizes as a result of weed competition demonstrated the need to include 
supplemental weed control with post-emergence herbicides or other weed control methods to 
produce optimum onion yields and sizes for market. Budgets of expected yields and prices 
provided dollar values of losses of income due to weed competition in cases where weed control 
was less than total control providing estimates of the return on increased weed control 
applications. Within all 21 treatments, ten treatments provided a positive net return. Of this 
group, all but one of the weed-free treatments was included as having a positive net return, even 
though they had considerable hand weeding expenditures. This highlights the economic 
importance of weed pressures on onion yields, sizes and profitability. Eleven of the treatments 
had a negative net return. All of the CGM treatments had negative net returns due to the 
excessive cost of the CGM. Assuming that an acceptable return on the investment costs and risk 
factors of production is at the 15% level, data developed indicated that a complete or at least high 
level of weed control is justified for the farmer to have a high yielding harvest with large bulb 
sizes. The budget indicated that weed control expenditures which included both chemical control 
and hand weeding only comprised five percent of the total cost of production. If a field is 
expected to produce a high-yielding crop and the farmer observes an increase in weed pressure at 
an early stage of production, then the farmer should feel confident that the return on the 
expenditure for weed free control above the planned expenditure can be justified up to $3,706 
increased cost per hectare. 

1:30 – 2:00 pm 

Thrips management for dry bulb onions 
 
Tim Waters

1, Doug Walsh2 
 
1Washington State University, Extension 
2Washington State University, Entomology 
 
Onion thrips (Thrips tabaci) are the key pest of dry bulb onions in Washington State. Our project 
goals were to: determine which registered and new chemistries effectively control thrips, 
evaluate season long control regimes, and to document the effectiveness of chemigation 
application of insecticides for thrips control. During 2011 and 2012 onions (var. Tamara) were 
established at the WSU Pasco Research Farm and grown using standard grower practices. Plots 
(7.5 feet wide and 30 feet long) were established in a random complete block design with four 
replications. Efficacy was evaluated by counting the number immature and adult thrips per plant 
on 10 individual plants per plot in the field. All data for each sample date was analyzed by 
ANOVA and treatments compared to non-treated controls in pairwise t-tests. The most effective 
insecticides for controlling thrips were Lannate (methomyl) and Radiant (spinetoram). The 
insecticides Agri-Mek (abamectin), Benevia (cyantraniliprole), Torac (tolfenpyrad), and 
Movento (spirotetremat) provided adequate control of thrips. Most of the season long control 
regimes were more effective than the untreated check. The chemigation method of insecticide 
application was effective for Radiant and Lannate. 
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2:00 – 2:30 pm 

Thrips control in drip irrigated onions 

William Buhrig1, Mike Thornton1, Jim Barbour1, Jerry Neufeld2, Ronda Hirnyck2 

1University of Idaho, Parma Research and Extension Center 
2University of Idaho, Cooperative Extension 
 
Thrips are one of the most damaging and difficult to control insect pests of onions. Onion 
producers have relied on foliar application of insecticides to control thrips for many years. The 
wide scale adoption of drip irrigation in the Treasure Valley region of western Idaho and eastern 
Oregon opens up other possibilities for thrips control. A field trial to compare efficacy of drip 
and foliar applied insecticide programs was conducted at the Parma Research and Extension 
Center in 2011 and 2012. There were few differences among treatments in adult thrips 
populations. In contrast, many of the treatments reduced nymph populations compared to the 
non-treated check. The treatments with the lowest average seasonal thrips populations all 
included the standard foliar insecticide applications, or Movento applied through drip followed 
by foliar applications of Radiant and Lannate. Programs that relied solely on drip applications of 
Vydate, Lannate, or a combination of those two products did not effectively control thrips. 
Treatments that exhibited relatively good thrips control also tended to have the lowest incidence 
of Iris Yellow Spot Virus (IYSV). The exceptions were the Lannate and Vydate/Lannate 
combination drip treatments, which exhibited lower IYSV incidence than would be expected 
based on thrips populations. The combined impact of thrips feeding injury and IYSV reduced 
total bulb yield and bulb size in the non-treated check compared to most foliar and drip 
application treatments. The Admire and Movento drip treatments tended to improve total bulb 
yield compared to the standard foliar insecticide treatment. 
 
2:30 – 3:00 pm 

Insecticide rotations for control of thrips in onion 

Stuart Reitz
1, Clinton C. Shock2, Erik Feibert2, Eric Jemmett3, Lamont Saunders2 

1Oregon State University, Malheur County Extension 
2Oregon State University, Malheur Experiment Station  
3Jemmett Consulting 

Onion thrips and the virus that these thrips transmit are major production factors in the Treasure 
Valley. There are 20,000 acres of onion produced within a 50-mile radius of Ontario, Oregon. 
The high concentration of onions makes for unique production challenges, especially thrips 
control and iris yellow spot virus transmission. Thrips asexual reproduction along with their 
short generation time (3–4 weeks) can lead to rapid development of resistance to insecticides. 
Rotation of insecticides is important to delay thrips development of resistance to insecticides. 
The 2012 trial tested 15 insecticide application sequences that were combinations of 7 
insecticides. Insecticides had different modes of action. The applications were made weekly 
starting on May 30 for a total of 8 applications for each sequence. Performance of the sequences 
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was based on weekly thrips counts, iris yellow spot virus symptom severity, and onion yield and 
grade. 

Thrips populations reached an average of one thrips per plant about May 21 and peaked in late 
June to early July. For the season and at the peak thrips counts, all insecticide sequences had 
lower average number of thrips per plant than the untreated check treatment. Sequences that 
started with 2 applications of Movento were among those that had the lowest average number of 
thrips per plant for the season and at the peak. The two sequences that did not include Movento 
were among those that had the highest average number of thrips per plant for the season and at 
the peak. The severity of iris yellow spot virus symptoms in 2012 was low, with no significant 
differences between treatments. 
 
3:30 – 4:00 pm 

Management of onion thrips in bulb onions in Australia 

Jianhua Mo
1, Andrew Watson1, Greg Baker2, Kevin Powis2, Tony Napier3 

1NSW Department of Primary Industries, Australia 
2South Australian Research and Development Institute 
3NSW Department of Primary Industries, Australia 

Onion thrips (Thrips tabaci) is the most damaging insect pest of onion (Allium cepa) in 
Australia. Until recently, onion thrips control in onion crops in Australia had relied exclusively 
on a few organophosphate insecticides with less than satisfactory results. To develop effective 
management strategies, we investigated the seasonal patterns of onion thrips in onion crops and 
alternative chemical and biological control options. Seasonal patterns of onion thrips populations 
in onions were characterised by a lengthy low-density, non-detection phase followed by a rapid 
increasing phase before the populations crash just before harvest. Modelling results suggest that 
such a pattern is likely the result of a gradual population build-up of the thrips within onion crops 
following small invasions from surrounding vegetations early in the onion season. Two new 
chemical options, λ-cyhalothrin and spirotetramat, were registered as a result of the study. λ-
cyhalothrin was highly effective against both adult and larval onion thrips in New South Wales, 
Queensland, and parts of Tasmania. However, onion thrips populations in southeast South 
Australia and parts of Tasmania had already developed high level of resistance against the 
insecticide at the time of its registration. Spirotetramat was highly effective against larval onion 
thrips in all states. A commercially available predatory mite, Neoseiulus cucumeris, showed 
excellent control of onion thrips in stored red onions, reducing thrips contamination in bulbs by 
over 80% at a cost-effective application rate. Another commercially available predatory mite, 
Hypoaspis aculeifer, showed some suppressive effect of onion thrips in field onions, particularly 
when combined with soil amendments such as compost and straw. The level of control achieved 
was broadly equivalent to that provided by a six-spray insecticide program normally used by 
onion growers. Based on these findings, an IPM strategy centered on crop hygiene, judicial use 
and rotations of insecticides, and predatory mite releases was developed. Currently we are 
surveying the distribution of Iris Yellow Spot Virus in Australia and investigating management 
strategies against the virus and improved non-chemical control options against the vector onion 
thrips. 
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4:00 – 4:30 pm 

Update on the onion ipmPIPE network – progress and plans 

Howard F. Schwartz
1, Brenda K. Schroeder2, James VanKirk3, G. Keith Douce4, George 

Jibilian5 

1Colorado State University, Bioagricultural Sciences & Pest Management 
2Washington State University, Plant Pathology 
3Southern Region IPM Center, North Carolina State University 
4University of Georgia, Center for Invasive Species & Ecosystem Health 
5Multigrain International LLC,  

The Onion ipmPIPE Project was initiated last year with support provided by the USDA-NIFA 
Specialty Crop Research Initiative (2010-01193) and matching funds from U. S. onion 
stakeholders. Its goal is to incorporate existing pest management programs and pest risk 
assessment models into an internet platform for national implementation and validation. It is also 
expanding innovative diagnostic tools available for priority diseases caused by various pathogens 
and their disease complexes, including: Iris yellow spot virus (IYSV); Thrips (emphasis on onion 
thrips) – as a vector and pest; and foliar and storage fungal and bacterial diseases. The Onion 
ipmPIPE currently consists of a network of annual sentinel plots and production surveys in 7 
states. The Project Web site includes a series of menus, maps, reports, illustrations, and 
management links for topics that include: Allium Crops, Diseases, Insect Pests, Forecasts and 
Market Pricing Tools. It emphasizes IPM strategies including selection of disease resistant 
varieties, planting clean seed, suitable crop rotation, scouting and confirmation of economic 
threats from disease organisms and insect pests, and timely application of pesticides as needed. 
Please visit Onion ipmPIPE at http://apps.planalytics.com/aginsights/pipehome.jsp + 
http://onion.coop/. Feel free to contact National Coordinators Howard Schwartz, 
howard.schwartz@colostate.edu, and Jim Van Kirk, jim@sripmc.org, if you need more 
information or would like to participate during 2013. 
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Thursday, December 13, 2012 
 
8:00 – 8:30 am 

Maggot control in processing onions 

Rob Wilson
1, Don Kirby1, Kevin Nicholson1, Darrin Culp1 

1University of California, UC ANR Intermountain Research and Extension Center 
 
Maggots including the onion maggot, Delia antiqua, and the seed corn maggot, Delia platura, 
are problem pests of onion. Maggots feed on the developing epicotyls and roots of young onion 
plants. One maggot can kill up to 10 onion seedlings, and onion stand density can decline more 
than 50% in fields with a high maggot population. A control study was conducted at the 
Intermountain Research and Extension Center in Tulelake, CA in 2011 and 2012 with funding 
support from the California Garlic and Onion Research Board. Study objectives were to compare 
insecticides and insecticide application methods (in-furrow at planting versus seed treatment) to 
the current in-furrow standard (chlorpyrifos). Alfalfa, the preceding crop at the study site, was 
rototilled shortly before planting onions. The abundant decaying organic matter after alfalfa 
stand removal created optimal conditions to attract maggot flies. Seed corn maggot and onion 
maggot flies were captured on site. Insecticide efficacy was evaluated by measuring onion stand 
density and onion yield. Insecticide seed treatments containing spinosad and clothianidin had the 
highest onion stand density in 2011 and 2012. Chlorpyrifos applied in-furrow had higher onion 
stand density compared to the untreated control both years. Applying neonicotinoid and spinosyn 
insecticides as a seed treatment was far more effective than applying them in-furrow at planting. 
In fact, in-furrow applications of spinosad and imidacloprid had similar or lower onion stand 
density compared to untreated control in 2011 and 2012. Oxamyl applied in-furrow had similar 
onion stand density compared to the untreated control in 2012. 
 
8:30 – 9:00 am 

Insecticide seed treatments and in-furrow applications control onion and seed 

corn maggots 

Mary Ruth McDonald
1, Alan Taylor2 

1University of Guelph, Plant Agriculture 
2Cornell University, Dept. of Horticulture 

The onion maggot, Delia antigua (Meigen) is a major insect pest of onions. Damage can reduce 
plant stands by 70 – 100%. The seed corn maggot, Delia platura (Meigen), also attacks onion 
seedlings. Seed corn maggots damage young seedlings and rarely damage older plants. Later 
generations of the onion maggot will attack developing onions, causing further yield loss. 
Drench or granular applications of insecticide, such as chlopyrifos (Lorsban), at the time of 
seeding have been used for decades to reduce insect damage. Insecticide seed treatments can be 
an effective, economical, and environmentally-friendly method of protecting onions from these 
insect pests. However, growers may also want alternatives to seed treatments. Seven insecticide 
seed treatments and furrow-applied insecticides (Capture (biflenthrin) and Force (tefluthrin) were 
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compared to a furrow granular application of Lorsban (chlorpyrifos). The insecticide Movento 
(spirotetramat) was applied when the second generation emerged. Trials were conducted using 
onion cv. Pulsar grown on organic soil near Bradford, Ontario, Canada. Onion maggots are the 
main pest in this area, but seed corn maggots also occur. The ratio of onion maggot flies to seed 
corn maggot flies was approximately 3 to 1 during the 2012 season. Onion and seed corn maggot 
damage was assessed during the first and second generations of onion fly activity and at harvest. 
Damage caused by the first generation of onion maggots (24%) was lower than in 2011, but 
results were similar for onion seed treatments in both years. All seed treatments, Entrust 
(spinosad) plus Cruiser (thiamethoxam), Sepresto (clothianidin and imidacloprid), Avicta 
(abamectin), Trigard (cyromazine) were effective and reduced insect damage by 67 to 80% over 
the entire season. Lorsban was not effective, possibly because of resistance in the onion maggot 
population at this site. Application of Movento appeared to reduce damage from second and third 
generation onion maggots. Force and Capture reduced damage from the first generation of 
maggots and Capture was effective throughout the season. Several insecticides are effective as 
seed treatments for onion maggot control. Capture may be a suitable replacement for Lorsban. 
When Movento is applied for control of onion thrips, there may be some reduction of mid-to-late 
season onion maggot damage. 

9:00 – 9:30 am 

Combining sclerotia germination stimulants and fungicides for white rot 

control 

A.E. Ferry
1, R.M. Davis1 

1University of California, Davis, Plant Pathology 
 
White rot, caused by the soil fungal pathogen Sclerotium cepivorum, is a devastating disease of 
Allium crops worldwide. The fungus spreads and overwinters as sclerotia, which germinate in 
response to Allium root exudates. Current available controls are sclerotia germination stimulants 
and fungicides. Sclerotia germination stimulants, such as diallyl disulfide (DADS) are chemical 
mimics of Allium root exudates. While DADS is very effective in reducing initial inoculum, 
some sclerotia survive treatment, and very few sclerotia can cause significant disease. Therefore, 
this method is most effective when combined with other treatments. In this study, we examined 
the effect of combinations of DADS and fungicides on disease suppression. The fungicides 
included tebuconazole, fludioxonil, fluopyram, penthiopiyrad and picoxystrobin. Field studies 
were conducted in a field with naturally high disease pressure. Sclerotia levels were measured 
over the course of the season and disease incidence was measured at harvest. The use of DADS 
significantly reduced initial inoculum and reduced disease by 35%. None of the fungicides 
significantly decreased disease when applied alone. However, when combined with DADS, all of 
the fungicides in the study significantly reduced disease when compared to a DADS application 
alone. This study confirms the added disease control obtained from combining a fungicide 
application with a sclerotia germination stimulant, possibly indicating increased fungicide 
efficacy under low disease pressure. 
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9:30 – 10:00 am 

Anthracnose incited by Colletotrichum coccodes is a new disease on onions 

Lina M. Rodriguez-Salamanca1, Mary K. Hausbeck1 

1Michigan State University, Plant, Soil and Microbial Sciences 
 
In 2010, leaf and neck anthracnose incited by the fungus Colletotrichum coccodes was detected 
in many onion fields in several counties in Michigan. Previously, this pathogen had not been 
detected on onions in Michigan or elsewhere in the United States. Onions infected by this 
pathogen were also detected in Michigan fields during 2011 and 2012. Lesions on leaves 
appeared as oval, slightly sunken and with a characteristic bleached appearance. The centers of 
the lesions were pale salmon to dark brown, changing color as the pathogen structures developed 
on the host tissue. Often, the tissue in the center of the lesions was thin. Lesions were also 
observed on onion necks. A trial was conducted at the Southwest Michigan Research and 
Extension Center (Benton Harbor, MI) to investigate fungicides that control onion leaf and neck 
anthracnose. The first fungicide application occurred when ‘Infinity’ onions were six weeks old. 
Seven-week-old onion plots were inoculated with C. coccodes. Fungicide applications were 
continued on a seven-day interval after inoculation for the duration of the experiment. Onion leaf 
and neck anthracnose symptoms were observed 14 days after inoculation. Number of lesion per 
plant (10 plants) and number of symptomatic plants were counted weekly for seven weeks. At 
the conclusion of the trial, onions were harvested; yields were assessed and the onions graded. 
Significant differences were observed among the treatments in the number of diseased plants and 
lesions per plant. Significant differences in yield were also observed among treatments. Quadris 
showed the largest total and marketable size onion yields and was especially effective in limiting 
the number of lesions and infected plants compared to the untreated control. In additional field 
studies, onion cultivars were assessed for their susceptibility to anthracnose following 
inoculation. Significant differences among onion varieties were noted. Cultivars Redwing, 
Milestone, and Polo had more anthracnose lesions compared with other cultivars. Cultivars 
Stanley, Highlander, and Prince had more infected plants per plot in contrast to Vespucci, 
Milestone, or Hendrix that showed the least number of infected plants. Highlander, Milestone, 
Candy and Vespucci had a highest number of infected leaves per plant compared with the other 
cultivars. 
 
10:30 – 11:00 pm 

Onion stunting caused by Rhizoctonia: Management and economic 

importance in the Columbia Basin of Oregon and Washington. 

Dipak Poudyal
1, Lindsey du Toit1, Tim Paulitz2, Jordan Eggers3, Phil Hamm3 

1Washington State University, Department of Plant Pathology 
2USDA ARS, Root Disease & Biological Control Research Unit 
3Oregon State University Hermiston AREC, Dept. of Botany & Plant Pathology 
 
Rhizoctonia spp. can cause patches of stunted plants in onion bulb crops planted in sandy soils of 
the semi-arid Columbia Basin of central Oregon and Washington following cereal cover crops. 
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Cover crops are killed with herbicides when onion seed is planted in spring, to protect onion 
seedlings from wind- and sand-blasting. However, Rhizoctonia spp. colonize dead cereal roots 
and crowns, and then infect onion seedlings, leading to stunted patches (0.5 to >10 m in 
diameter). Fungicide trials were completed in center-pivot irrigated onion fields in 2011 and 
2012. Each plot was 12 beds wide x the field diameter. In 2011, a pre-plant, broadcast, 
incorporated application of Quadris (azoxystrobin) at 0.69 and 1.39 l/ha (9.5 and 19 fl oz/acre, 
respectively) resulted in 51 and 56% reduction in number of patches, 60 and 68% reduction in 
cumulative area of stunting, and 19 and 23% reduction in severity of stunting, respectively, 
compared to control plots. In 2012, when Quadris (1.39 l/ha) and Fontelis (penthiopyrad at 1.75 
l/ha = 24 fl oz/acre) were applied in the same manner, only Quadris significantly reduced the 
number of patches (by 24%), cumulative patched area (33%), and disease severity (18%). 
Similarly, Quadris alone or Quadris + Rhizoburst (10-34-0 + 0-0-19 + humic acid) led to 
comparable results in another grower-cooperator trial in 2012. In a separate growers’ field in 
2012, GlyStar Plus (glyphosate) was sprayed at 3.5 l/ha (48 oz/acre) on the winter wheat cover 
crop 3, 17, or 27 days before onion seeding. Applying herbicide 17 or 27 days prior to seeding 
reduced the number of patches by 46 or 54%, cumulative patched area by 43 or 50%, and 
severity of stunting by 13 or 19% , respectively, compared to spraying herbicide 3 days prior to 
onion seeding. Stunting reduced the size of onions bulbs, with a greater effect the more severe 
the stunting. Reduction in total marketable yield in three growers’ fields (cvs. Mercury, Cometa, 
and Tamara) ranged from 25-49% in patches with a severity rating of 1 (most plants stunted by 
<33%), from 48-58% in patches with a severity of 2 (plants stunted 33 to 66%), and from 61-
79% in patches with a severity of 3 (stunted >66%). Research is in progress to understand the 
biology of Rhizoctonia spp. in onion production and evaluate the use of fungicides, fumigants, 
and potential tolerance of onion cultivars to the pathogen for management of stunting caused by 
Rhizoctonia. 
 
11:00 – 11:30 am 

Bacterial diseases of onion in New York 

Steven V. Beer
1, Jo Ann E. Asselin1, Jean M. Bonasera1, Ali M. Zaid1, Christine A. Hoepting2 

1Cornell University, Department of Plant Pathology and Plant-Microbe Biology 
2Cornell Cooperative Extension, Vegetable Program 

Onions are the third most valuable vegetable crop grown in New York State. The state accounts 
for 97% of the production in the Northeast United States. Most New York onions are grown 
from seed in muck-land soils in Western and Central New York and in the Hudson Valley. 
Growers consider that bacterial problems have increased in importance in recent years in New 
York where losses range from a few percent to as much as 50% of their crop.  
 
We undertook to determine just what bacteria are responsible for losses in New York and to 
discover the sources of inoculum of these bacteria. We analyzed planting materials, growing 
onions and onions graded out because of suspected bacterial decay. Many hundreds of bacteria 
were isolated from the samples using a new semi-selective medium. To identify the isolated 
bacteria, we developed several new techniques based on microbiological and molecular 
biological properties. We utilized snippets of particular genes of the bacteria, in comparison with 
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gene sequences generally available in GenBank that include those of human pathogens and 
environmental bacteria that are closely related to onion pathogens. 
 
Based largely on our newly developed methods, two bacterial pathogens of onion not previously 
known to infect onions in New York were documented.  Thus, Pantoea ananatis and 
Enterobacter cloacae joined Burkholderia cepacia as responsible for most decay losses to 
onions. In addition, we identified Rahnella species as a possible newly recognized pathogen of 
onions. 
 
The three previously known bacterial pathogens were identified as present in soil samples 
collected close to onion planting time, indicating that they can overwinter in muck-land soil.  
Preliminary analyses of water that had percolated through muck-land soil revealed the presence 
of some onion pathogenic bacteria. These findings suggest that reductions in the populations of 
the pathogens in soil and drainage water (sometimes used to irrigate or spray onions) may be 
worthwhile to reduce losses from bacterial pathogens. Thus, we are testing possible means that 
eventually might be adopted by growers to reduce populations in soil of Enterobacter cloacae, 
Burkholderia cepacia and Pantoea ananatis.   
 
In addition, we are evaluating the effects of different levels of applied nitrogen and plant 
spacing, varietal susceptibility and sprays of resistance-inducing materials for their effects on the 
incidence and severity of bacterial decays of onions. 
 
11:30 – 12:00 pm 

Eight years of screening for Iris yellow spot resistance 

Chris Cramer
1, Rejah Muhyi1, Mohsen Moghadam-Mohseni1, Neel Kamal1, Narinder Singh1 

1New Mexico State University, Plant and Environmental Sciences 
 
Symptoms of Iris yellow spot were first observed by the NMSU onion breeding program in 
2000. Over the last eight years, we have screened numerous onion cultivars, plant introduction 
accessions, experimental breeding lines, and other Allium species for susceptibility to Iris yellow 
spot virus using a field screening method. Over the years, the screening method has changed to 
ensure a more reliable and effective screening for susceptibility to Iris yellow spot (IYS). During 
evaluation for IYS susceptibility, plant stress, either through high thrips load, high temperatures, 
and/or reduced irrigation and/or fertilization, is necessary for uniform disease symptom 
expression throughout the evaluation. Throughout all evaluations, no onion germplasm has been 
identified that does not express IYS symptoms when challenged with the virus and plant stress. 
Germplasm has been identified that expresses fewer IYS symptoms. Some germplasm expresses 
lower ELISA optical density values suggesting lower levels of IYSV within the plant. A strong, 
positive correlation has been observed between disease symptom expression and optical density 
values. Some onion germplasm exhibits higher levels of plant vigor that make them more 
tolerant of plant stress and in turn express fewer IYS symptoms. In addition, onion germplasm 
differs in the number of onion thrips per plant with some of the difference attributable to foliage 
characteristics. Relative plant maturity influences symptom expression as plants near maturity 
they express more severe disease symptoms. Comparisons among diverse germplasm must 



 

  National Allium Research Conference, 2012 

32

consider relative plant maturity when evaluating symptom expression among entries. The 
development of a resistant cultivar likely will result from the accumulation of multiple 
mechanisms, such as, increased plant vigor, reduced virus replication, and reduced thrips number 
per plant. 
 
1:30 – 2:00 pm 

Genetic variation for epicuticular waxes in onion: a thrips-avoidance 

mechanism 

Steve Damon1, Michael J. Havey2 

1University of Wisconsin, Department of Horticulture 
2USDA and University of Wisconsin, Department of Horticulture 

Thrips are one of the main insect pests of onion, causing damage to leaves and stored bulbs as 
well as transmitting serious diseases such as Iris yellow spot virus and bacterial bulb rots. 
Reduced quantity and possibly altered chemistry of epicuticular waxes contribute to thrips 
tolerance in onion. Natural variation exists for epicuticular waxes in onion and plants can be 
classified as waxy, semi-glossy, and glossy indicating reduced amounts of epicuticular waxes. 
The goals of this research are to measure chemical differences in wax phenotypes using gas 
chromatography/mass spectrometry (GC-MS), and to determine the genetic bases of these 
differences. Independent sources of glossy, semi-glossy, and waxy onions from the USDA 
germplasm collection and breeding program were evaluated. Leaf samples were dipped in 
chloroform in order to dissolve the waxes and the chloroform solutions are then concentrated, 
derivatized, and analyzed using GC-MS. Variation in the quantities of several long-chain organic 
molecules was significantly associated with visual phenotypes with the most conspicuous 
difference being for hentriacontanone-16. A segregating family has been produced by crossing 
waxy by semi-glossy parents and is being used for chemical and genetic characterization of the 
epicuticular wax differences. 

2:00 – 2:30 pm 

USDA-SCRI funded project “Ensuring US onion sustainability: Breeding and 

genomics to control thrips and Iris yellow spot virus” 

Michael J. Havey
1, Christopher S. Cramer2, Hanu Pappu3, Howard D. Schwartz4, Agnes Chan4 

and Christopher Town5 

1USDA-ARS and University of Wisconsin, Department of Horticulture 
2New Mexico State University, Dept. of Plant and Environmental Sciences 
3Washington State University, Dept. of Plant Pathology 
4Colorado State University, Dept. of Bioagr. Sciences & Pest Management 
5The J. Craig Venter Institute 

This five-year project was initiated in the fall of 2008 and has three main goals: evaluate onion 
germplasms for reduced damage by thrips and/or Iris yellow spot virus (IYSV); elucidate the 
diversity among IYSV isolates and develop efficient inoculation protocols; and produce a 
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detailed molecular map of onion for eventual tagging of pest resistances. Diverse sources of 
onion germplasms have been evaluated in field trials over six environments (at least three each in 
New Mexico and Colorado) using natural pressures by thrips and/or IYSV. Vigorous, well-
adapted germplasms tended to perform better and selections were made from USDA plant 
introductions 172702, 172703, 239633, 258956, 264320, 343049, 546140, 546188, and 546192. 
The full length N-gene of IYSV was cloned and sequenced and diversity analyses revealed 
evidence for genetic divergence and evolution in the IYSV N-gene sequences between 2003 and 
2011. Although mechanical transmission of IYSV was achieved, frequencies at approximately 
20% are too low to be used in large-scale screenings of onion germplasms. Transcriptome 
sequencing of onion was undertaken to identify single nucleotide polymorphisms (SNPs) for 
genetic mapping and yielded over 1 billion bases of expressed sequence. Over 1,200 SNPs 
between two parental lines (OH1 and 5225) were randomly chosen for mapping using gynogenic 
haploids extracted from hybrids from a cross of OH1 by 5225. Linkage groups from 
approximately 500 segregating SNPs were assigned to chromosomes using previously developed 
families. 

3:30 – 4:00 pm 

DNA macroarray for detection and differentiation of onion bulb rot 

pathogens 

Cheryl M. Vahling-Armstrong1, Anne J. Knerr1, Frank Dugan2, Lindsey J. du Toit3, Brenda K. 
Schroeder

1 

1Washington State University, Pullman, WA 99164, Department of Plant Pathology 
2Washington State University, Pullman, WA 99164, USDA-ARS 
3Washington State University Mount Vernon NWREC, Mount Vernon, WA 98273-4768, 
Department of Plant Pathology 
 
Effective management of onion (Allium cepa) bulb rots in storage is important for sustainability 
of the storage onion industry. Twenty seven bacteria and fungi have been reported to cause rot in 
onion bulbs, yet the ability to diagnose rapidly and accurately the causal agents of specific onion 
bulb rots remains limited. To help overcome this constraint, a DNA macroarray is being 
developed for identifying and differentiating among the 27 fungal and bacterial pathogens known 
to cause onion bulb rots. Oligonucleotide probes which enable detection of specific onion bulb 
pathogens have been designed to small, unique regions of DNA within a conserved DNA region 
for each of the bacterial and fungal kingdoms. The internal transcribed spacer (ITS) region of the 
rDNA in combination with the L45-500 region was targeted for the fungal pathogens, and the 
23S rDNA was used for the bacterial pathogens. This design enables amplification of only the 
regions of interest from bacteria or fungi using universal primers, even in the presence of DNA 
from onion tissue. Sensitivity of the universal primer pairs for these DNA regions was 
established through PCR analysis of each set of primers in the presence of a range of 
concentrations of DNA of the target fungi or bacteria. Each oligonucleotide probe is being tested 
rigorously for specificity using DNA isolated from 96 different fungal/bacterial isolates, 
including target and non-target species. To date, probes for at least eight filamentous fungi, one 
yeast, and nine bacteria appear to be promising. Upon completion, this macroarray is expected to 
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provide a pivotal diagnostic tool for detection and management of onion bulb rots in A. cepa and, 
potentially, other Allium spp. 
 
4:00 – 4:30 pm 

An international plan to sequence the nuclear genome of onion 

Michael J. Havey
1 

1USDA-ARS and University of Wisconsin, Department of Horticulture 

As large-scale DNA sequencing technologies become more efficient and less costly, the genomic 
DNAs of more and more plants are being sequenced, assembled, and annotated. These complete 
sequences are extremely valuable for the identification of specific genes associated with 
important phenotypes. This presentation will propose an efficient strategy for an international 
effort to sequence the onion nuclear DNA and provide the sequences and annotations on a freely 
accessible website. Deep transcriptome sequencing is already underway. Reduced representation 
approaches can be used to select against repetitive DNAs and enrich for more unique regions of 
the onion genome. These genomic reads can be aligned against expressed sequences of the 
transcriptome to identify promoter and intronic regions. The international community should 
select and focus on one doubled haploid line as the common reference material for collaborative 
sequencing efforts. A publically accessible website should provide unrestricted access to the 
sequence and annotations. These resources will enable translational genomics of onion by 
providing researchers world-wide tools to more efficiently select for important traits in onion 
improvement. 

4:30 – 5:00 pm 

Developing genome-wide SNP markers for genetic analysis of onion 
 
Venkatramana Pegadaraju1, Quentin Schultz1     
 
1BioDiagnostics, Inc. 
 
Onion is an economically important vegetable crop cultivated worldwide. Onion varieties exhibit 
differential photoperiodic responses and unique characteristics for specific environments and end 
uses. Currently no quick, reliable, and cost effective method exists for variety verification and 
genetic purity evaluation of onion seed lots. Mislabeling the variety of a seed lot can result in 
significant economic losses for the onion grower and seed provider. 
   
Current day onion breeding programs rely primarily on traditional plant breeding processes to 
develop new cultivars and hybrids for crop uniformity, vigor, resistance to range of biotic and 
abiotic stresses, and desired output traits. A wide range of molecular markers such as RADP, 
RFLP, AFLP and SSRs have been proposed for use as tools to facilitate onion breeding efforts. 
Given the large and complex nature of the onion genome these marker types may suffer technical 
limitations and are not cost effective. SNP markers offer an attractive alternative for usage in 
onion molecular breeding programs because they are co-dominant, abundant, and the cost per 
data point can be extremely low compared to other marker types.  
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We will discuss the process of SNP discovery in onions using whole genome sequencing 
approach and how this may benefit the onion plant breeder and seed producer. 
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POSTER PRESENTATION ABSTRACTS 

 
P-01 

Evaluation of thrips control programs and thrips population dynamics in 

central California 

 
Thomas Turini1 

1University of California, Cooperative Extension  

Onions are grown on approximately 25,000 acres per year in Fresno County, which is in the San 
Joaquin Valley. Thrips population densities increase from February to June and can frequently 
cause visible leaf damage. Furthermore, Iris yellow spot virus, which is transmitted by the thrips 
species, Thrips tabaci, is present in this production area. Commercially, several insecticide 
applications are made to control thrips but there is no recent research on this topic in this 
production area. To address this, field trails were conducted on direct seeded processing onions 
planted at the University of California West Side Research and Extension Center on 4 Feb 2011. 
The objectives were to assess insecticide efficacy and impact of insecticide programs on thrips 
population densities, as well as document the thrips species present throughout the season. A 4-
replication randomized complete block design was used for both the insecticide efficacy and the 
programs trials. In the efficacy trial, a CO2-powered backpack sprayer was used for applications 
and plots were 15.24 m x 1 bed, which included a single half-treated buffer row on each side. In 
the programs trial, plots were 22.86 m x 4 beds, applications were made with an FMC tractor-
mounted spray rig, samples were taken from the center two beds and a 4 m-long single bed was 
dug from each plot and weighed to determine yield. In both trials, three plants per plot were cut 
at the soil line and put into 1 gallon plastic bags and rinsed with water that was poured into a 
0.104 mm mesh screen. Thrips collected in the screen were poured into a 100 ml vial and 98% 
denatured ethanol was added. Thrips were counted through a dissecting scope at 25 x. Ten adult 
thrips per sample were examined under compound scope at 100 x and identified to species. 
Insecticides that consistently provided control of thrips in these studies included Lannate, 
dimethoate, Radiant and Movento when applied 4 times from 13 May to 17 Jun. Although 
insecticide programs reduced thrips population densities, bulb yields were similar among all 
programs tested. More than 98% of the thrips identified were either T. tabaci or, Frankliniella 

occidentalis. Eleven percent of thrips sampled on 11 May were T. tabaci, but 75% of the thrips 
sampled on 27 June were T. tabaci. 

P-02 

Onion thrips (Thrips tabaci) infected with Iris yellow spot virus survive 

Colorado winters 

Stephanie Szostek1, Howard Schwartz1 

1Colorado State University, Bioagricultural Sciences and Pest Management 
 
Iris yellow spot virus (IYSV) continues to be a problem in Colorado onion production. While 
several weed species have been described as alternate hosts for IYSV and likely act as green 
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bridges for IYSV survival, the potential of the insect vector, Thrips tabaci, to overwinter and act 
as a source of inoculum has been little explored. Live thrips (adults and larvae) were collected 
during the 2010-2011 and 2011-2012 winters from onion cull piles, onions left standing in the 
field, and the weeds Malva neglecta (common mallow), Lactuca serriola (prickly lettuce), 
Tragopogon dubious (western salsify), Taraxacum officinale (dandelion), and Descurainia 

sophia (flixweed), despite temperatures that fell below -17°C. IYSV was detected by RT-PCR in 
thrips collected from these sources. The plants either remained green through the winter or were 
among the earliest to sprout in the spring and were able to sustain a small population of IYSV 
infected onion thrips through the winter until IYSV host plants resumed growth. These results 
indicate that IYSV infected onion thrips do survive the winter and are a likely source of 
inoculum for the next growing season. Onion cull piles were constructed in October 2011, and 
temperature and thrips activity were monitored in subsequent months during fall and winter. 
Temperature changes in the cull piles were more gradual and less dramatic than those of the 
outside air. The internal temperature of cull piles is conducive to thrips survival, however, very 
few live thrips were found after the onset of onion decay within the cull piles. Thrips activity was 
monitored by sticky traps around the cull piles and thrips were active until early December 2011 
when the average outside temperature fell below 0°C, and activity resumed when the average 
outside temperature returned to above 0°C in March. Thrips monitoring of onion cull piles and 
selected weeds will resume after the 2012 onion harvest and continue through the winter and into 
spring 2013 to further determine when thrips resume activity and warrant scouting and pest 
management responses in nearby fields of new crop onions. 
 
P-03 

Global status of Iris yellow spot virus incidence in Onion 

Hanu Pappu1, Sudeep Bag1 

1Washington State University, Plant Pathology 
 
Iris yellow spot virus (IYSV; family Bunyaviridae, genus Tospovirus) was first described in the 
1990s from iris and later found to infect bulb and seed onion crops in Brazil, Israel and the US. 
The virus has relatively limited host range compared to other tospoviruses and is primarily 
transmitted by Thrips tabaci and with a lesser efficiency by Franklienella fusca. In the US, the 
virus was largely confined to a relatively small geographical area referred to as Treasure Valley 
(southwestern Idaho and southeastern Oregon) till 2000. However, due to factors unknown, the 
virus had spread rapidly to neighboring states and other parts of the country since 2000 and 
began to cause serious losses to both seed and bulb crops. Total crop losses were reported in the 
Columbia Basin of Washington State. New reports of IYSV began to emerge from all continents 
except Antarctica. The virus infects primarily Alliums such as onion, garlic, and leek along with 
some ornamentals plants. In Africa, IYSV was reported first in Egypt (2005) and subsequently 
reported from other African nations as Tunisia (2005), Reunion Island (2006), South Africa 
(2007), Mauritius (2010), and Kenya and Uganda in 2011. Among the Americas, it was first 
reported from Brazil (1991), and then from USA (1993), Chile (2005), Guatemala and Peru 
(2006), Canada (2008), Uruguay (2010) and most recently from Mexico (2011). Among 
Eurasian countries, it was first reported from Israel (1998), and subsequently from the 
Netherlands (1998), Japan (1999), Slovenia (2001), Iran and Spain (2005), India (2006), France, 
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Germany, Italy, Serbia, UK (2008), Greece and Sri Lanka (2009), and Austria (2011). From 
Oceania it was reported from both Australia (2003) and New Zealand (2009). International trade 
of Alliums combined with the availability of ELISA- and PCR-based diagnostic techniques 
might have resulted in increased number of reports of IYSV incidence from various parts of the 
world. The potential economic impact of IYSV on Alliums in these regions remains to be seen. 
 
P-04 

Seasonal dynamics of Iris yellow spot virus transmitters among Thrips tabaci 

populations from onion fields 

Sudeep Bag1, Silvia Rondon2, Hanu Pappu3 

1Washington State University, Plant Pathology 
2Oregon State University, Crop Science 
3Washington State University, Plant Pathology 

Onion thrips, Thrips tabaci Lindeman (Thysanoptera: Thripidae), is a global pest in commercial 
onion (Allium cepa L.). Thrips tabaci can cause yield loss of >50%. Moreover, it is a vector of 
Iris yellow spot virus (IYSV, family Bunyaviridae, genus Tospovirus), a serious viral pathogen 
affecting both bulb and seed onion crops in the U.S. and many parts of the world. IYSV infection 
can lead to total crop loss. The role of T. tabaci in IYSV epidemiology is not completely 
understood. As part of an ongoing project to develop an IPM strategy for IYSV, the seasonal 
dynamics of T. tabaci that could serve as potential transmitters of IYSV was undertaken. Live 
adult T. tabaci were collected from two onion fields, one adjacent to an overwintering onion 
field and one far away from any onion field. Thrips were tested individually for the presence of 
IYSV by direct antigen coated–enzyme linked immunosorbent assay using antiserum specific to 
the non structural protein (NSs) of IYSV to differentiate between the transmitters from on-
transmitters. Significantly more thrips populations were found in the middle of July and 
correlated with the highest percentage of potential transmitters during the same week during 
2008 and 2009 seasons. The ELISA test facilitated rapid testing of a large number of field-
collected thrips to determine the proportion of thrips that are potential virus transmitters. This 
information could help refine thrips management practices as part of an overall IPM strategy for 
reducing the impact of IYSV. 

P-05 

Analysis of Iris yellow spot virus N gene sequences from the USA, 2003-2011 

Romana Iftikhar1, Vikas Koundal1, Hanu Pappu1 

1Washington State University, Plant Pathology 
 
Iris yellow spot virus (IYSV; family Bunyaviridae, genus Tospovirus) is becoming an 
increasingly important constraint to the production of bulb and seed onions (Allium cepa L.) in 
many onion-growing regions of the world. To better understand the population structure and 
variability over time, IYSV isolates were collected during summer 2011 from Colorado, Idaho, 
New Mexico, New York and Washington. The full length N-gene was cloned and sequenced. 
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The N-gene sequences of these five isolates had 99.6-100% identity with one another. Sequences 
from the 2011 isolates were aligned with those reported prior to 2011 from various parts of the 
US. In a phylogenetic tree consisting of all the N-gene sequences reported between 2003-2011 
from the US, the 2011 Idaho isolate grouped with the previously reported California isolate fro 
2005, while the remaining 2011 isolates grouped with one another forming one cluster. 
Phylogenetic analyses also showed clustering of all the five 2011 isolates with those reported 
between 2003-2006, while isolates from 2008 and 2010 grouped with one another in a separate 
clade. In silico analysis detected recombination in one of the 2011 isolates out of the 27 
sequences reported between 2003 to 2011, suggesting evidence of some genetic divergence and 
evolution in the IYSV N-gene sequences over this time period. 
 
P-06 

In vivo interaction studies of Iris yellow spot virus proteins using Bimolecular 

Fluorescence (BiFC) technique 

Diwaker Tripathi1, Ralf Dietzgen2, Michael Goodin3, Hanu Pappu1 

1Washington State University, Plant Pathology 
2University of Queensland, Queensland Agricultural Biotechnology Centre 
3University of Kentucky, Plant Pathology 
 
Studies on in vivo self-interaction of viral proteins provide important information on virus 
replication in plants. The ability of viral nucleoprotein to form multimers has been suggested a 
common feature in plant viruses and a prerequisite for virus self-assembly. Iris yellow spot virus 
(IYSV, Tospovirus, Bunyaviridae) is an economically important viral pathogen of onion. As part 
of an ongoing project to better understand the IYSV-host interactions, the objective was to study 
the self-interaction of IYSV nucleoprotein (N) and its interaction with IYSV non-structural 
proteins (NSm and NSs) in the host plant Nicotiana benthamiana. IYSV genes were cloned into 
binary pSITE-BiFC vectors using the Gateway cloning technology. The expression clones were 
agroinfiltrated into marker N. benthamiana plants expressing auto fluorescent proteins (AFPs) in 
their nuclei. Expression of fusion proteins was confirmed by Western blotting using anti-GFP 
antibodies. Confocal microscopy was performed to visualize the fluorescence of the expressed 
fusion proteins containing two complementary halves of AFPs. Preliminary results suggest the 
self-interaction of IYSV N protein and its interaction with IYSV NSm. Findings of this research 
will facilitate a better understanding of structure and function of IYSV proteins in infected host 
plants. 
 
P-07 

Screening winter-sown onion entries for Iris yellow spot disease susceptibility 

Christopher S. Cramer1, Mohsen Mohseni-Moghadam1, Rebecca Creamer2, Robert L. Steiner3 

1New Mexico State University, Plant and Environmental Sciences 
2New Mexico State University, Entomology, Plant Pathology, and Weed Science 
3New Mexico State University, Economics and International Business 
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Iris yellow spot (IYS), a foliar disease of onions and related alliums, is found worldwide and is 
difficult to control. As the disease is vectored by onion thrips that are difficult to control and also 
exacerbated by hot, dry climactic conditions, host plant tolerance and/or resistance to the disease 
presents an opportunity to reduce the effects of the disease. Numerous onion germplasm lines 
have been screened for resistance to the disease but a line that is resistant has not been found. As 
a result, no onion cultivar is resistant currently to the disease. The objectives of this research 
were to evaluate 22 new onion germplasm lines for IYS symptoms and to improve current 
screening methods. Twenty plants from each plot were rated weekly for IYS symptoms during 
two cropping seasons. Visual rating was done using a scale of 1 to 9, with 1 representing no 
symptomatic tissue and 9 representing more than 50% tissue damage. At each rating date, plant 
samples were collected from rated plants and then assayed for Iris yellow spot virus (IYSV), the 
causal organism of IYS, by Enzyme Linked Immunosorbent Assay (ELISA) and Reverse 
Transcription Polymerase Chain Reaction. Two plant sampling methods were used to determine 
their effect on mean disease severity and correlate severity with ELISA absorbance values. 
Plants of ‘Cometa’ and NMSU 05-35-1 exhibited a delay in symptom expression and lower 
IYSV levels relative to plants of other entries. Different plant sampling methods within the plot 
over time did not influence disease rating values. There was a strong, positive correlation 
between rating and absorbance values. 

P-08 

Selection progress for Fusarium basal rot resistance of onions using a seedling 

screening procedure 

Ashish Saxena1, Christopher S. Cramer2 

1Dow AgroSciences, Central Corn Breeding 
2NMSU, Plant and Environmental Sciences 

Fusarium basal rot (FBR) causes pre and postharvest losses of onions. It has been difficult to 
develop resistant cultivars. Plants of ‘Nikita’, ‘NuMex Chaco’, ‘NuMex Crispy’, and ‘NuMex 
Sweetpak’ were screened using a seedling screening procedure to select FBR-resistant 
individuals. Silica sand was infested with Fusarium oxysporum f. sp. cepae mycelium and spores 
at 1.3 x 108 spores•L-1 in a plastic tray. Seeds were sown in infested silica sand and placed in a 
growth chamber for two weeks at 22oC followed by two weeks of 28oC under high humidity 
conditions. Survived seedlings were transplanted to a soilless growing medium for bulb 
production. Bulbs were allowed to flower and crosses were made between bulbs from each 
cultivar in the spring and summer of 2004. Seeds of the original cultivars and their selected 
populations were sown for two consecutive years in randomized complete block design with four 
replications. Severity of FBR was rated on a scale of 1 (no diseased tissue) to 9 (> 70% diseased 
tissue) by transversely cutting basal plates of twenty bulbs per plot at harvest and after four 
weeks of storage. Selected populations were compared with their respective original cultivars for 
FBR incidence and severity. None of the selected population exhibited less disease symptoms 
than their respective original cultivars in this first selection cycle. Another selection cycle might 
result in more progress for FBR resistance in these selected populations. 
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P-09 

Pest monitoring in New Mexico commercial onion fields 

Mark E. Uchanski1, Christopher S. Cramer1 

1New Mexico State University, Plant and Environmental Sciences 
 
New Mexico is a participant in the national Onion ipmPIPE (Integrated Pest Management Pest 
Information Platform for Extension and Education) project that is made up of a network of 40 
sentinel plots in commercial onion fields in seven onion-producing states. Pest monitoring will 
span three seasons (2011-2013) and four spring-sown, direct-seeded, non-storage, commercial 
onion sentinel plots in southern New Mexico per season. Sentinel plots in 2011 and 2012 ranged 
in size from 3.6 to 8.5 hectares, were either flood or sub-surface drip irrigated, and represented 
four cultivars. Plots were direct seeded in January/February, conventionally managed during the 
growing season, and harvested in late July. The 2011 growing season was defined by record-low 
temperatures in early February (-21.2 degrees C), then hot and dry conditions for the remainder 
of the year. The 2012 growing season was near ideal for onion production. Sentinel plots were 
monitored for pests starting in May and, due to irrigation and pesticide applications, 
approximately every two weeks thereafter until harvest. The primary pests and diseases of 
concern were Iris yellow spot virus (IYSV), thrips (Thrips tabaci and Frankliniella occidentalis), 
and pink root (Phoma terrestris). At each scouting session, crop growth stage and severity and 
incidence of each pest identified was recorded. In each field, ten randomly selected monitoring 
locations were selected and ten individual plants were examined at each location for a total of 
100 plants per field per sampling date. If a pest or disease was identified, then a severity rating 
(1-5) was assigned. If thrips were present, then the numbers of adult and juvenile thrips were 
counted per plant. In general, the sentinel plots showed low pest and disease incidence in both 
seasons. Thrips were the dominant pest observed in all sentinel plots, but were managed by 
participating growers through routine insecticide applications and severity ratings remained low 
(1). In general, thrips populations increased over the course of the growing season with 
variability between scouting sessions and between fields. Thrips incidence was high (80%) early 
in scouting, but decreased near harvest. Irrigation type did not appear to impact thrips population 
densities. IYSV was not observed in either year. Pink root was observed with low incidence in 
two sentinel plots in 2011, but not in 2012. Other minor pests were also observed (e.g. leaf 
miner) in sentinel plots and additional transect plots. In the fields observed, pest problems did 
not appear to negatively impact yields. 
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P-10 

Soil type evaluation for high tunnel onion transplant production 

Jim Shrefler1, Merritt Taylor2, Tony Goodson3 

1Oklahoma State University, Cooperative Extension 
2Oklahoma State University, Agricultural Economics 
3Oklahoma State University, Wes Watkins Agricultural Research Center 

Previous work showed that high quality onion transplants with minimal tendency to bolt can be 
produced in high tunnels during winter months in southeast Oklahoma. However, one challenge 
to this transplant production method is the achievement of uniform seedling emergence and stand 
establishment. Trials were conducted from fall 2010 to summer 2012 to compare growing media 
options for effects on seedling establishment and overall onion growth and yield. Four 
replications of 3 sets of plots measuring approximately 1 m X 1 m were established in Oct 2010 
in a single bed of a high tunnel. Each set of 3 plots include one each of a fine sandy loam soil 
(common local soil type), a mixture of 33% potting soil (Sun Grow Redi-earth Plug and Seedling 
Mix) and 66% v/v washed sand or a mixture of 50% potting soil and 50% sand. All growing 
media treatments used a 15 cm deep layer placed over existing sandy loam soil. The same plots 
were used for two growing seasons. Transplants were grown by seeding onions into the beds. 
Seeding density was approximately 20 per cm of row with rows spaced 13 cm apart. Two onion 
cultivars were used such that one half of a bed was planted to 3 rows of Candy and the other half 
to Yellow Granex. Onions were seeded on 3 and 2 Nov of 2010 and 2011, respectively. In 2011 
Yellow Granex was seeded a second time on 1 Dec due to poor overall germination. On 9 and 14 
March of 2011 and 2012, respectively, onions were removed from the high tunnel beds by 
loosening soil with a soil turning fork and collecting the plants by hand. Plants were placed in 
paper bags and planted in an open field within 2 days. Field rows were spaced 0.9 m with 15 cm 
between plants. Incidence of bolting and bulb yield was determined. In general, onion seedling 
establishment was more rapid and more uniform in the potting mix-sand mixtures than in the 
sandy loam soil. No important differences in onion growth and yield were found following 
transplanting. 

P-11 

Effectiveness of fumigant products for control of pink root and root lesion 

nematode in onions 

William Buhrig1, Mike Thornton1 

1University of Idaho, Parma R and E Center 
 
To be economically competitive, growers in Idaho have to produce high yields of jumbo and 
colossal-sized onions. Soil borne diseases and nematodes are common pests that can reduce both 
onion yield and bulb size. Most fields used to raise onions are fumigated at some point in the 
crop rotation, with metam sodium and chloropicrin being the most commonly used products. 
Field trials were conducted at the Parma Research and Extension Center in 2011 and 2012 to 
evaluate the effectiveness of fumigants containing various ratios of chloropicrin and 
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dicloropropene in controlling pink root and root lesion nematodes. The fumigation treatments 
were shank injected into the soil in the fall at bedding. Four onion cultivars (Granero, Vaquero, 
Salsa and Flamenco) reported to have a range of tolerance to pink root were planted the 
following spring. The Telone C-17 treatment tended to have the lowest root lesion nematode 
populations in the post-fumigation sample, but it was not significantly lower than the non-treated 
control. All fumigant treatments had lower pink root ratings compared to the non-treated control, 
with the Trichlor treatment having a lower rating compared to other fumigants. There was a close 
relationship between chloropicrin application rate and pink root rating. Fumigation treatments 
had no influence on total yield, but did affect bulb size. The Telone C-17 treatment had a 
significantly lower percentage of jumbo onions compared to the other treatments, including the 
non-treated control. The reduction in bulb size following fumigation with Telone C-17 was 
associated with reduced plant growth. These results provide a reliable set of data for growers to 
use when making fumigation decisions. 
 
P-12 

Selection progress for tolerance to Iris yellow spot virus in onions 
 
Narinder Singh1, Christopher S. Cramer1 
 

1New Mexico State University, Plant and Environmental Sciences 

 

Worldwide, onion thrips and Iris yellow spot virus (IYSV) are two pest problems of onion that 
can have a devastating effect on yield and quality and are difficult to control. Currently, no onion 
cultivar is resistant to the damaging effects of these two pest problems. Our breeding program 
has been screening onion germplasm for susceptibility to both pests in the hopes of developing 
resistant germplasm. In the summer of 2009, plants, that exhibited fewer Iris yellow spot (IYS) 
disease symptoms, were selected and self-pollinated. The resulting seed and some additional 
germplasm were evaluated during the summer of 2011 in hopes of developing an onion cultivar 
that was more resistant to IYSV. Germplasm was evaluated using a field design that placed 
IYSV-infected bulbs around the field and disease spreader rows of autumn-sown plants 
throughout the field so that the disease was distributed through the field and each test plot was 
challenged by thrips and IYSV. Leaf color and degree of leaf waxiness was rated for each plot as 
leaf characteristics can influence thrips feeding preference. Since IYSV is spread by onion thrips, 
the number of onions thrips per plant were counted from ten plants per plot at three separate 
intervals 3 weeks apart. Ten plants per plot were rated for IYS disease symptom severity using of 
a scale of 0 to 4, where 0 means no symptoms and 4 means more than 50% of the leaf tissue is 
necrotic. Beginning at 12 weeks after transplanting, plants were rated for IYS severity every 2 
weeks for a total of four ratings. In addition to rating, leaf samples were collected from 10 plants 
in each plot to confirm the presence of IYSV through ELISA. NMSU 07-54-1, NMSU 10-583-1, 
and NMSU 10-597-1 possessed more thrips per plant than other entries at the initial thrips count; 
however, they had the fewest number of thrips by the last count. Of the entries tested, NMSU 07-
54-1, NMSU 10-583-1, NMSU 10-597-1, and NMSU 10-607-1 exhibited less severe IYS 
symptoms than other entries by the last rating date. Three of these entries are breeding lines that 
were selected for improved IYS resistance thus suggesting that progress can be made towards a 
resistant cultivar. 
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P-13 

Evaluating fungicides for the management of onion stunt caused by 

Rhizoctonia solani AG8 

 
S. Anstis1, B. Hall1, T. Wicks1 
 
1South Australian Research & Development Institute  
 
Onion bulb production in South Australia is predominantly found within the mallee; an area 
consisting of shallow calcareous soils, low lying sand dunes with predominantly winter rainfall 
and extended warm dry summers. Onion production in the mallee is typically rotated with 
cereals that exhibit symptoms of ‘bare-patch’ caused by Rhizoctonia solani AG8. In onion 
plantings R. solani AG8 has been found to cause onion stunt that results in the formation of 
patches of stunted onions ranging in size from a few individual plants to tens of square metres. 
Onion stunt is considered the most important soilborne disease for onion production in the area 
and yield loss estimates of 20% have been reported in serious cases.  Fungicides were assessed in 
greenhouse pot experiments and field trials for their ability to control onion stunt. In greenhouse 
trials the effect of fungicide soil drenches applied one day after sowing was assessed in pots 
inoculated with R. solani AG8. Almost complete control of stunting was recorded with rates of 1 
to 2.50 mL/L boscalid (500 g/Kg), 0.5 to 1 ml/L difenoconazole (184.5 g/L) plus metalaxyl (15.5 
g/L) and at rates 0.25 to 2.5 ml/L for the fungicides penthiopyrad (500 g/L), penflufen (240g/L) 
and fludioxonil (100 g/L). No effect was observed with 0.5 to 2.5 ml/L triademinol (375 g/L), 
0.25 to 2.5 ml/L azoxystrobin (200 g/L) plus difenoconazole (125 g/L), or 0.25 to 2.5 ml/L 
flutriafol (500 g/L). Field trials currently in progress are examining the effect of soil surface and 
seed fungicide applications on the growth and yield of onion. Initial results from a current seed 
treatment trial shows that the seed application of either fludioxonil (100 g/L) at 20 mL/100 kg or 
penflufen (240 g/L) at 42 mL/100 kg improved plant establishment and seedling height whereas 
applications of ipconazole plus metalaxyl (25 g/L and 20 g/L, respectively) at 4 L/100kg 
improved emergence but had no effect on seedling height compared to seed with no fungicide 
treatment. These results indicate that seed and soil application of certain fungicides may form 
part of a strategy to increase onion growth in the presence of R. solani AG8 and reduce losses to 
onion stunt. 
 
P-14 

Evaluation of foliar insecticides for the control of onion thrips, 2011 and 2012 

Mary Ruth McDonald1, Laura Riches1 

1University of Guelph, Plant Agriculture 

Onion thrips (Thrips tabaci L.) is the most important foliar pest of onions in Ontario, Canada and 
in many regions of North America. Field trials were established in the Holland Marsh area in 
2011 and 2012 to evaluate several insecticides for control of thrips. On 11 May 2011 and 7 May 
2012, onions, were seeded into organic soil, pH ≈ 6.6, organic matter ≈ 60%. Onions, cv. Tahoe 
were used in 2011 and cv. LaSalle, in 2012. Thrips were counted weekly to determine when 
threshold of one thrips per leaf was reached. The first application of insecticides was on 19 July, 
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2011 and 20 July, 2012. Five thrips counts and four (2012) or five (2011) treatment applications 
were made on a weekly basis. Spray applications were made using a tractor-mounted sprayer 
fitted with AI TeeJet® Air Induction Even Flat spray tips (AI9503 EVS) at 120 psi, delivering 
500 L water/ha. Products used in treatments were: insecticides Concept (imidacloprid plus 
deltamethrin), Radiant (spinetoram), Movento (spirotetramat), Agri-Mek (abamectin), Dibrom 
(naled), surfactant Sylgard. An experimental product, Gowan 10021, was evaluated in 2012. 
Thrips pressure was high throughout late July and August in both years. At the mid August 
assessment, the untreated check had 170 and 108 thrips per plant in 2011 and 2012, respectively. 
The highest yields were associated with effective control of thrips. Onions treated with two 
applications of Movento followed by one application of Radiant had 5 and 6 thrips per plant in 
2011 and 2012, respectively. Several insecticides are effective for control of onion thrips. 
Applying two treatments of Movento followed by other insecticides effectively controls thrips 
and should reduce the development of insecticide resistance in the thrips population. 
 
P-15 

Fungicide treatments for the management of stemphylium leaf blight in 

onions 

Michael Teckle Tesfaendrias1, Mary Ruth McDonald1 

1University of Guelph, Plant Agriculture 

Stemphylium leaf blight of onion (Allium cepa L.), caused by Stemphylium vesicarium (Wallr.), 
has been observed in the Holland/Bradford Marsh, Ontario since 2008. In 2010 yield losses were 
associated with this disease. In 2012, a field trial was conducted in the Holland/Bradford Marsh 
region of Ontario to determine the efficacy of several fungicides on stemphylium leaf blight 
incidence and severity. A randomized complete block design with four replicates per treatment 
was used. Treatments were: Pristine (pyraclostrobin 25.2%, boscalid 12.8%), Bravo 500 
(chlorothalonil 50%), Manzate 750F (mancozeb 75%), Switch 62.5WG (cyprodinil 37.5%, 
fluodioxinil 25.0%), Fontelis 20SC (penthiopyrad 20%), Inspire (difenoconzole 23.2%), Luna 
Tranquility (fluopyram 11.3%, pyrimethanil 33.8%) and Quadris Top (azoxystrobin 18.2%, 
difenoconazole 11.4%). An untreated control was also included. Treatments were applied using a 
CO2 backpack sprayer. Plots were assessed weekly and rated for stemphylium leaf blight using a 
scale 0-9, where 9 = >85% foliar area diseased per plot. The rating was used to calculate the area 
under the disease progress curve (AUDPC). After the final fungicide application, ten plants from 
each replicate were pulled and assessed for percent of foliage infected. All of the fungicides 
reduced disease compared to the untreated control. There were significant differences among the 
treatments in the AUDPC. Area under the disease progress curve was lower in Quadris Top, 
Fontelis and Luna Tranquility treated plots than the other treatments. The most effective 
fungicides in reducing stemphylium leaf blight symptoms were Quadris Top, Luna Tranquility 
and Inspire which reduced disease symptoms by 62, 60 and 47% respectively. 
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P-16 

Does alternative crop management practices impact thrips, IYSV and onion 

productivity? 

Daniel Drost1
 

1Utah State University, Plants, Soils and Climate 

Iris yellow spot virus (IYSV) and onion thrips threaten sustainable profitable onion production in 
Utah and the Western US. Cultural practices have been shown to reduce thrips pressure without 
reducing onion productivity. In Utah, more growers are now altering their crop rotations in an 
attempt to reduce thrips and IYSV pressure. In a new study (2011-2016), we are assessing the 
impact of specific crop rotations and nitrogen nutrition levels on onion growth and yield, thrips 
pressure and IYSV incidence. In a planned six year study, the performance of onions grown after 
corn, wheat or alfalfa is being studied. In the first year, onions were seeded after corn or wheat. 
There was no difference in stand establishment, onion plant growth or onion bulb maturity when 
grown after either of these rotational crops. There were fewer thrips on onions when grown after 
corn than when grown after wheat and when grown at low nitrogen levels. Overall IYSV 
pressure was low in 2012 and no detectable differences was noted between onions grown in 
either rotation sequence. Onion bulb yield have been collected but not yet analyzed. While these 
findings are preliminary, they support other work related to rotation and nitrogen nutrition in 
onion. 
 
P-17 

Killed cover crop residues for onion moisture management in the desert 

southwest 

 
Mark E. Uchanski1, Antonio Rios1 
 

1New Mexico State University, Plant and Environmental Sciences 
 
Alternative cultural practices are one way in which the arid southwest is adjusting to its limited 
water resources. The use of killed winter cover crops as a pre-plant practice in irrigated 
agricultural systems may be one way to improve soil moisture management for summer cash 
crops. Four annual cover crop species were evaluated for their ability to maintain soil moisture 
content in a furrow irrigated onion field in southern New Mexico: oats (Avena sativa ‘Monida’), 
annual ryegrass (Lolium multiflorum ‘Gulf’), cereal rye (Secale cereale) and wheat (Triticum 

aestivum ‘Promontory’). Cover crops were established in October, killed with an herbicide in 
January, and soil moisture was evaluated into the spring and summer months. Wheat straw was 
used as a fifth cover treatment in addition to a bare soil control. Determination of the soil 
moisture content was conducted with a Diviner 2000 via Frequency Domain Reflectometry 
(FDR). Analysis focused on the 10 cm depth from planting until mid-May, then the 20 cm depth 
until harvest. Annual rye was incompletely killed and soil moisture was negatively affected as a 
result. With the exception of the 10 cm depth in 2010, the soil cover treatments offered soil 
moisture retention benefits in this onion production system. The cereal rye and oats treatments 
were the top performers for soil moisture retention. Straw was often intermediate, and annual rye 



 

  National Allium Research Conference, 2012 

47

was the lowest in most scenarios. In both years, re-growth of the cover crops complicated crop 
management and affected soil moisture content. In 2010, re-growth of the cover crops was 
combined with intense weed pressure from yellow nutsedge. Despite some challenges, the killed 
cover crop treatments maintained higher season-long soil moisture content in most scenarios, 
presumably due to slowed evaporative losses, indicating the potential of cover crops for furrow 
irrigated soil moisture management. A completely killed cover crop residue can provide soil 
moisture retention benefits, but must be managed carefully if they are integrated into a vegetable 
production system. 
 
P-18 

Selection progress for thrips and Iris yellow spot virus resistance in onion 

germplasm after one selection cycle 
 
Neel Kamal1, Christopher S. Cramer2 
 
1Monsanto Vegetable Seeds 
2New Mexico State University, Plant and Environmental Sciences 
 
Onion thrips and Iris yellow spot virus (IYSV) are major threats with adverse qualitative and 
quantitative effects to onion bulb and seed production throughout the world. The high cost of 
pesticide sprays and an increase in thrips resistance to various insecticides are limiting grower’s 
option for successful control of onion thrips and IYSV. Since cultivars, that are resistant to thrips 
and IYSV, are lacking, the goal of this study was to determine the progress for resistance after 
selection has occurred. In the summer of 2009, plants with fewer Iris yellow spot (IYS) disease 
symptoms were selected and self-pollinated in the following year. In 2011, plants from the 
original and selected germplasm were evaluated. IYSV-infected bulbs were placed in October 
2010 on the first and last bed of the study along with at the front and back borders to obtain 
maximum exposure of the test plots to thrips and IYSV. In addition, after every two rows of the 
test plots, IYSV-susceptible cultivar NuMex Dulce was sown in the autumn of 2010 to act as 
disease spreader rows. Data were collected on leaf color and wax ratings for each plot at 16 
weeks after planting. In addition, starting at 13 weeks after sowing, numbers of onions thrips per 
plant were counted from ten plants per plot at three separate intervals 4 weeks apart and plants 
were rated for IYS severity for a total of four ratings. Leaf samples were collected from 10 plants 
from each plot to confirm the presence of IYSV through ELISA. NMSU 10-814 (4.3 thrips per 
plant) and NMSU 10-781 (5.1 thrips per plant) had the fewest number of thrips at week 13 and at 
week 21 count, respectively. Both, NMSU 10-814 and NMSU 10-781 came from the selected 
material of NMSU 07-54-1 and NMSU 07-32-1, respectively. One of the susceptible checks, 
‘Vaquero’ had the highest thrips count (25.6 thrips per plant) by the third count at week 21 after 
sowing. No contrasting differences were observed for IYS disease severity and disease incidence 
at the earlier ratings. At the last severity rating, NMSU 10-813 and NMSU 10-814 showed less 
severe symptoms of IYS along with lower disease incidence, while 10-783 and NMSU 07-56-2 
expressed more severe disease symptoms. Overall, progress for enhanced resistance for thrips 
and IYSV was observed in some of the improved populations after a single selection cycle. 
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P-19 

Detection and isolation of E. coli O157:H7 in artificially contaminated onions 

by real-time PCR and cultural methods 
 
Willis M. Fedio1, Ken J. Yoshitomi 2, Ruben Zapata1, Karen C. Jinneman2, Paul Browning1, and 
Stephen D. Weagant3  
 

1New Mexico State University, Food Safety Laboratory 
2Food and Drug Administration, Seafood Products Research Center  
3Weagent Consulting 
 
During a foodborne disease outbreak caused by Escherichia coli O157:H7, illnesses were 
epidemiologically linked to the consumption of a combination food containing chopped onions.  
High levels of naturally occurring microflora are often associated with fresh produce and can 
hinder the detection and isolation of low numbers of E. coli O157:H7 by conventional plating 
methods. Conversely, onions are well known to contain antibacterial compounds which can 
further complicate this process. Varied approaches to recover E. coli O157:H7 from raw chopped 
onions were evaluated.   
 
The Modified Buffered Peptone water (mBPWp) enrichment method was used for the 
enrichment of E. coli O157:H7 in artificially contaminated chopped onion. Six different sources 
of yellow and white onions were inoculated with low (0.1 cfu/g) and high (1 cfu/g) levels of E. 

coli O157:H7 ATCC 35150. Portions (25g) were enriched in mBPWp or mBPWp supplemented 
with 0.5% K2SO3. Selective agents were added to the enrichment media after 5 hours incubation 
at 37ºC then incubated at 42ºC to further enhance selectivity. After a total of 24h enrichment, 
portions of the enrichment broths were screened with real-time PCR to detect stx1, stx2, and a 
unique E. coli O157:H7 specific uidA single nucleotide polymorphism. Portions of enrichments 
were also cultured using Levine’s EMB, Tellurite-Cefixime Sorbitol MacConkey (TCSMAC), 
and a chromogenic agar (R&F) for E. coli O157:H7.   
 
Both mBPWp or mBPWp supplemented with 0.5% K2SO3 were equally effective for detecting 
and recovering E. coli O157:H7 from artificially contaminated onions by real-time PCR and 
culturally. Variation in performance of the selective agars was noted. TCSMAC and R&F O157 
chromogenic agars performed very well, while Levine’s EMB showed lower selectivity and the 
recovery of E. coli was more difficult due to the presence of interfering background organisms 
on the plates.   
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MANUSCRIPTS 

 

Economics of Supplemental Weed Control Applications on Spring-Transplanted Onions 
 
Merritt J. Taylor, Charles L. Webber III, James W. Shrefler 

 
ABSTRACT.  Field research conducted to determine the relative benefits among alternative 
herbicides for weed control in onions (Allium cepa L.) measured weed control efficacy, impact 
of herbicides on crop injury, and the resulting weed competition on crop yields and marketable 
bulb size.  Weed competition produced disproportionate reductions in total onion yields and size 
of marketable bulbs.  There were 21 treatments [12 synthetic herbicide treatments, 5  corn gluten 
meal (CGM) applications, a full-season weed-free (hand-weeded) treatment, a full-season 
weedy-check, a partial-season weed-free (weed-free for the first half of the growing season by 
hand weeding, then the weeds were allowed to grow), and a weedy-check without onions].  
Although the synthetic herbicides and CGM provided crop safety, and to some extent early weed 
control, reductions in crop yields and marketable bulb sizes as a result of weed competition 
demonstrated the need to include supplemental weed control with post-emergence herbicides or 
other weed control methods to produce optimum onion yields and sizes for market.  Budgets of 
actual yields and prices provided dollar values of losses of income due to weed competition in 
cases where weed control was less than total control. This was used to provide estimates of the 
return on increased weed control applications.  Within all 21 treatments, 10 treatments provided 
a positive net return.  Of this group, all but one of the weed-free treatments was included as 
having a positive net return, even though they had considerable hand weeding expenditures. This 
highlights the economic importance of weed pressures on onion yields, sizes and profitability.  
Eleven of the treatments had a negative net return.  All of the CGM treatments had negative net 
returns due to the excessive cost of the CGM.  Assuming that an acceptable return on the 
investment costs and risk factors of production is at the 15% level, data developed indicated that 
a complete or at least high level of weed control is justified for the farmer to have a high yielding 
harvest with large bulb sizes.  The budget indicated that weed control expenditures which 
included both chemical control and hand weeding only comprised five percent of the total cost of 
production.  If a field is expected to produce a high-yielding crop and the farmer observes an 
increase in weed pressure at an early stage of production, then the farmer should feel confident 
that the return on the expenditure for weed free control above the planned expenditure can be 
justified up to $3,898 increased cost per hectare. 
 
KEYWORDS.  Onion (Allium cepa), corn gluten meal, crop injury, weed competition, yield, 
market price, profit potential, supplemental expenditures.   
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INTRODUCTION 
Sweet onion (Allium cepa L.) is an alternative crop for Oklahoma, and many parts of the 

United States (McCraw, 1990; Shrefler, 2004).  McCraw (1990) and Shrefler (2001, 2002, 2004) 
screened for suitable onion cultivars for Oklahoma production for fall direct-seeded and spring-
transplanted onions.  Shrefler et al. (2004) has demonstrated the feasibility of producing onion 
transplants for spring production by fall direct-seeding in hoop-houses.  The lack of weed control 
in onions can result in the total loss of marketable bulbs (Wicks et al., 1973). Onions do not 
compete well with weeds due to their slow growth rate (Wicks et al., 1973; Umeda and 
Strickland, 1998; Bell and Boutwell, 2001), short height (Singh et al., 1992), non-branching 
plant structure (Singh et al., 1992), low leaf area (Dunan et al., 1996; Bell and Boutwell, 2001), 
and shallow root system (Singh et al., 1992). 

The usefulness of mechanical weed control through cultivation is limited to controlling 
weeds between rows but less effective for controlling weeds between plants within rows. 
Chemical weed control is an alternative to hoeing or hand removal of weeds from within the crop 
row.  Potential chemical weed control options include conventional synthetic herbicides, such as 
pendimethalin and oxyfluorfen, but can also include alternative organic herbicides such as corn 
gluten meal (CGM) (Webber and Shrefler, 2006). 

Corn gluten meal is a material that can be used as a pre-emergent or pre-plant-incorporated 
herbicide in organic production systems.  It has been determined that CGM can have a 
significant negative impact on direct-seeded vegetables.  McDade and Christians (2000) 
determined that 1,000, 2,000, 3,000, and 4,000 kg•ha-1 CGM rates reduced average seedling 
survival for 8 vegetables by 48, 65, 73, and 83%, respectively.  ‘Daybreak’ sweet corn (Zea mays 
L.) was the least susceptible to CGM, requiring at least 3,000 kg•ha-1 of CGM to produce a 
significant seedling reduction of 26% compared to the control.  CGM applications of 1,000 
kg•ha-1 reduced seedling survival by 35% for ‘Ruby Queen’ beet (Beta vulgaris L.), 41% for 
‘Red Baron’ radish (Raphanus sativus L.), 59% for ‘Maestro’ pea (Pisum sativum L.), 67% for 
‘Comanche’ onion (Allium cepa L.), 68% for ‘Black Seeded Simpson’ lettuce (Lactuca sativa 
L.), 71% for ‘Provider’ bean (Phaseolus vulgaris L.), and 73% for ‘Scarlet Nantes’ carrot 
(Daucus carota L. subsp. sativus) compared to the control which received no CGM. 

As a result of reductions in direct-seeded vegetable seedling survival for even the lowest 
CGM application rate, 1,000 kg•ha-1, McDade and Christians (2000) advised against using 
incorporated CGM for direct seeded vegetables.  Although the phytotoxicity of CGM may be 
detrimental to direct-seeded vegetables, including onions, it may be feasible to use CGM for 
weed control in transplanted onions.  Field research was conducted in southeast Oklahoma 
(Lane, OK) to determine the crop safety and onion yield response to selected pre-emergent 
synthetic herbicides, and CGM for use in spring-transplanted onion production. 
 

MATERIAL AND METHODS 

There were 21 weed control treatments with 4 replications applied to spring-transplanted 
onions in 2002 and 2003.  Onion seeds, cv. Hybrid Yellow Granex PRR, were planted into 
Speedling® trays (Speedling, Inc., Sun City, Fla.) on 11 Dec. 2001 and 2002 and grown in the 
greenhouse until just prior to transplanting, when they were hardened off for 1 week outside and 
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prepared for transplanting to the field.  Prior to transplanting, the Bernow fine-loamy, siliceous, 
thermic Glossic Paleudalf soil was plowed to incorporate a winter wheat cover crop.  Fertilizer, 
62:123:247 of N-P-K, was applied at the recommended rate (Motes and Roberts, 1994) in 
response to soil tests and incorporated prior to preparing raised beds (1.4 m wide).  The beds 
were on 1.8 m centers and oriented in an east-west direction with a 1.5 m alley between the 3.0 
m long plots. 

On 14 March 2002 and 26 March 2003, onion seedlings were transplanted in two rows on 
raised beds with 91 cm between rows.  In 2002, onion transplants were thinned in all plots to 
uniform stands of 1 plant/15.2 cm within rows (20 plants/3 m) with a total of 40 plants/3 m plot 
(71,758 plants•ha-1).  In 2003, due to transplanting conditions, the onions were transplanted and 
thinned to a uniform 1 plant/20.3 cm (15 plants/3 m) with a total of 30 plants/3 m plot (53,818 
plants•ha-1). 
 Herbicide applications included both synthetic [Prowl ® 3.3 EC, American Cyanamid 
Company, N.J., (pendimethalin) and Goal ® 2XL, Dow AgroSciences LLC, Indianapolis, Ind. 
(oxyfluorfen)] and organic (CGM) herbicides.  There were a total of 21 treatments [12 synthetic 
herbicide treatments, 5 CGM applications, a full-season weed-free (hand-weeded) treatment, a 
full-season weedy-check, a partial-season weed-free (weed-free for the first half of the growing 
season by handweeding, then the weeds were allowed to grow), and a weedy-check without 
onions].  Within 24 hrs of transplanting, the synthetic herbicides (pendimethalin and 
oxyfluorfen) were applied at 187 L•ha-1, 276 kPa, with a CO2 backpack sprayer equipped with 
XR8002VS (Spraying Systems Co., Wheaton, Ill.) nozzles on 51-cm spacing.  Synthetic 
herbicides were applied at three rates. The herbicide treatments included pendimethalin 
applications at 0.5 kg•ha-1 ai, 1.0 kg•ha-1 ai and 1.5 kg•ha-1 ai, oxyfluorfen at 0.1, 0.2, and 0.3 
kg•ha-1 ai, and tank-mixed at these three levels.  In addition, the highest rate of each herbicide 
treatment, pendimethalin at 1.5 kg•ha-1 ai, oxyfluorfen at 0.3 kg•ha-1 ai, and the tank mix of 
pendimethalin at 1.5 kg•ha-1 ai with oxyfluorfen at 0.3 kg•ha-1 ai were applied and kept weed-
free by handweeding. 

CGM was applied by hand, spreading the dry powdered material (Alliance Milling Company, 
Denton, Texas) at 4 rates (1,000, 2,000, 3,000, and 4,000 kg•ha-1). A weed-free (hand-weeded) 
treatment was also combined with the highest CGM rate (4,000 kg•ha-1).  The other weed control 
treatments included a full-season weedy-check (weeds allowed to grow), a full-season weed-free 
(WF) hand-weeded treatment, a partial-season weed-free (weed-free for the first half of the 
season, 46 days after planting [DAP]), and an onion-free weedy-check (no onions and no weed 
control).  The onion-free treatment was included to determine the effect of onion competition on 
weed growth. 

Visual crop injury (phytotoxicity) ratings were collected 3, 5, 10, 20, and 30 DAP using a 
scale of 0 (no injury) to 100 (plant death).  Onions were harvested on 17 June 2002 (95 DAP) 
and 17 June 2003 (83 DAP), sorted by size, counted, and weighed.  The onion grades included 
small (<5.1 cm), medium (5.1 to 8.3 cm), large (8.3 to 10.2 cm), and colossal (>10.2 cm) for 
marketable size.  Onion grades were based on the U.S. standards for grades of Bermuda-Granex-
Grano type onions (USDA, AMS, 1997).  Culls were comprised of split and damaged or diseased 
bulbs. 

Rainfall during the growing season, from transplanting to harvest, for 2002 was 538 mm (163 
mm during the first week alone) compared to 198 mm for 2003.  In 2003, an additional 64 mm of 
supplemental water was added through sprinkler irrigation to provide a seasonal total of 262 mm. 
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RESULTS AND DISCUSSION 
Crop injury.  No injury was observed on the onion leaves or the visual portion of the bulbs as 

a result of any of the weed control treatments for either year (data not shown).  These results are 
consistent with research with onion transplants by Westra et al. (1990) using a higher rate of 
oxyfluorfen (0.34 kg•ha-1 ai) and Singh et al. (1992) using pendimethalin at 1.0 and 1.5 kg•ha-1 
ai, oxyfluorfen at 0.10 and 0.15 kg•ha-1 ai, and tank mixes of pendimethalin with either 0.75 or 
1.0 kg•ha-1 ai with oxyfuorfen 0.1 kg•ha-1 ai. 

Others have reported herbicide injury to onions with applications of CGM (McDade and 
Christians, 2000), pendimethalin (Umeda et al, 1998), and oxyfluorfen (Sieczka et al., 1982), 
although in these cases phytotoxicity was present on direct-seeded onions rather than transplants.  
Research has shown that pendimethalin and oxyfluorfen can be safely applied to direct-seeded 
onions (Cudney and Orloff, 1988; Umeda et al., 1998), but greater care is required with the 
application rates, application timing, and the irrigation methods when pendimethalin is used for 
direct-seeded onions (Umeda et al., 1998). 

Bulb number production.  There were no significant year-by-treatment interactions for either 
bulb production across the 4 size categories, or total marketable onions (Webber et al., 2007b).  
Total marketable onion bulb production was significantly less in 2003 (44,985 bulbs•ha-1) than in 
2002 (69,561 bulbs•ha-1).  This difference was consistent with a corresponding difference in bulb 
production for small and medium bulbs.  Much of the 35% lower total bulb number is likely 
attributable to the 25% lower initial planting population in 2003 (53,818 plants•ha-1) compared to 
2002 (71,758 plants•ha-1).  In 2002, average bulb population across weed control treatments was 
reduced by 3.1%, compared to the initial planting population.  In 2003, the final bulb production 
averaged across weed control treatments decreased 16.4% compared to the initial plant 
population. 

Weed control treatments influenced numbers of onions in each size category and the total 
number of marketable onions (Webber et al., 2007b).  The full-season, weed-free treatment 
produced significantly greater total numbers of bulbs than most weed control treatments. Among 
the synthetic herbicide treatments not receiving handweeding, pendimethalin (0.5 kg•ha-1 ai), the 
pendimethalin (0.5 kg•ha-1 ai) plus oxyfluorfen (0.1 kg•ha-1 ai) tank mix, and pendimethalin (1.0 
kg•ha-1 ai) plus oxyfluorfen (0.2 kg•ha-1) tank mix, also produced total marketable bulb 
production equivalent to the full-season weed-free treatment.  All of the CGM treatments, except 
the one that was hand-weeded, had reduced bulb production compared to the full-season weed-
free treatment.  The 2,000 kg•ha-1 CGM treatment (52,249 bulbs•ha-1) produced significantly 
fewer bulbs than the weedy check (57,406 bulbs•ha-1). 

The synthetic and organic herbicide treatments, which received full-season handweeding 
were not significantly different than the full-season, weed-free treatment (Webber et al., 2007b).  
The lack of significant differences between the highest herbicide rates that were hand-weeded 
and the full-season weed-free treatment is a further indication that herbicide rate did not have a 
detrimental impact on total bulb production.  Weed competition during either the entire season 
(full-season weedy-check) or allowing the weeds to grow during the second of half of the season 
(partial-season weed-free) resulted in a reduction in total marketable production compared to the 
full-season, weed-free treatment. 

The weed control treatments produced trends across the different bulb categories, colossal 
through small (Webber et al., 2007b) In general, even when there were no significant differences 
among treatments for total bulb production, there were differences when comparing bulb 
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production at the various bulb sizes.  Although all of the season-long, weed-free treatments, and 
many of the synthetic herbicide treatments produced colossal onions, none of the CGM 
treatments without handweeding produced any colossal onions.  All treatments produced large 
onions; but, as with the colossal onions, weed-free treatments in most cases produced a 
significantly greater number of large onions than did their corresponding herbicide treatments. 

Different trends were found when comparing weed control treatments for effects on medium 
and small bulb production.  When comparing differences in weed control treatments for medium 
bulb production, the weed-free treatments were no longer greater than their respective herbicide 
treatments.  Differences in small bulb production were even greater, often resulting in 
significantly greater numbers of small bulbs in the weedy herbicide treatments than in their 
respective weed-free treatments.  Differences in weed competition across the weed control 
treatments resulted in shifts in bulb distribution across the four size categories, resulting in 
decreases in numbers of colossal and large bulbs, and increases in small bulb production. 

Bulb weight.  There were significant year-by-treatment interactions for large and total onion 
yields (kg•ha-1) and these data are presented by years, while the colossal, medium, and small 
onion yields are presented averaged across weed control treatments and years (Webber et al., 
2007b). 

Total marketable onion yields, as with total bulb production, appeared to be lower in 2003 
than in 2002.  The total marketable yield for the full-season, weed-free, treatment in 2003 (9,905 
kg•ha-1) was 33% less than the 2002 yields (14,753 kg ai•ha-1).  This difference in total 
marketable yield is very similar to the decrease in total onion bulb production between years 
(35%), which is likely attributable to a 25% lower planting rate in 2003.  In addition, rainfall 
(198 mm) and the irrigation (64 mm) for 2003 was 51.3% lower, compared to rainfall in 2002 
(538 mm).  The medium and small onion yields were also significantly less in 2003 compared 
2002. 

Large and total marketable yields (kg•ha-1) responded differently in 2002 compared to 2003, 
with consistently greater yields for weed-free treatments in 2002 compared to their 
corresponding herbicide treatments.  Total yields for plants treated with pendimethalin were an 
exception; in 2002, the weed-free pendimethalin treatment was not significantly different from 
either of the 0.5 or 1.0 kg•ha-1 ai pendimethalin rates.  In contrast, the pendimethalin weed-free 
and oxyfluorfen weed-free treatments in 2003 had at least two corresponding herbicide 
treatments that were not significantly different for either large or total marketable yields. 

In 2002, the herbicide treatments containing either pendimethalin at 0.5 or 1.0 kg•ha-1 or 
pendimethalin in combination with oxyfluorfen at all rates produced plants that were the highest 
yielding compared to treatments receiving only oxyfluorfen (0.1, 0.2, and 0.3 kg•ha-1) or CGM 
(1,000, 2,000, and 3,000 kg•ha-1) as they affected total yields (Webber et al., 2007b).  These 
yields were still significantly less than the full-season weed-free treatment. In 2003, the two 
highest pendimethalin rates (1.0 and 1.5 kg•ha-1 ai) were the only herbicide treatments, other 
than treatments containing herbicides and handweeding (pendimethalin 1.5 kg•ha-1 + WF or 
pendimethalin 1.5 kg•ha-1 oxyfluorfen 0.3 kg•ha-1+ WF) that did not result in significantly lower 
total onion yields than the full-season weed-free treatment. 

Colossal, medium, and small onion yields averaged across years responded in a manner 
similar to onion bulb production.  As weed competition increased across weed control treatments 
(Webber et al., 2007), onion yields decreased across the different sizes from colossal and large to 
medium and small onion yields.  When comparing the weedy-check treatment to the full-season 
weed-free treatment, yields for colossal, large, and medium bulbs were greater while the small 
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bulb yields were less. The partial-season weed-free treatment followed the same general trend as 
the weedy-check, but with greater yields for medium size onions. 

The absence of visual phytotoxic symptoms or any reductions in bulb production and yield 
due to either the synthetic or CGM herbicide applications indicate that these chemicals are not 
injurious to spring-transplanted onions at the rates used.  Weed control treatments influenced 
numbers of onions in each size category, and the total number of marketable onions.  All CGM 
treatments, except the hand-weeded CGM, had reduced bulb production compared to the full-
season weed-free treatment.  Weed competition had a detrimental impact on total numbers of 
marketable onions.  In general, even when there were no significant differences among 
treatments for total bulb production, there were differences among bulb sizes.  Increased weed 
competition caused a shift in bulb distribution across the four bulb categories, resulting in a 
decreased number of colossal and large bulbs, and an increase in small bulbs.   

Although the synthetic herbicides and CGM provided crop safety, and to some extent early 
weed control (Webber et al., 2007a), reductions in crop yields resulting from weed competition 
demonstrate the need to have supplemental weed control with postemergence herbicides or other 
weed control methods in order to produce optimum onion yields and bulb sizes (Webber et al., 
2007b).   

The weed control effect of corn gluten meal at harvest was negligible (less than .3 percent) at 
all treatment levels for both 2002 and 2003.  Oxyflourfen (Goal 2XL) had a slightly greater weed 
control of less than 2 percent for all treatment levels for both years at harvest time.  
Pendimethalin (Prowl 3.3 EC) had less than 2 percent weed control at the lowest treatment level.  
At the next two treatment levels (1kg/ha, 1.5 kg/ha) the weed control rose to 9.1 percent and 11.4 
percent, respectively.  When the two synthetic weed control chemicals were combined the 
effective weed control increased to almost 15 percent.  This level of weed control was inadequate 
to prevent reduction in total yields and in reduction of sizes of onion bulbs.    

 

ECONOMIC EVALUATION of SUPPLEMENTAL WEED CONTROL 
Previous studies conducted to control weeds in onions have all come to the same conclusion, 

that there is a direct correlation with level of weed control to onion yields and size of bulbs.  
Umeda and MacNeil, (2000) stated that, “delayed and reduced control of knotweed could have 
contributed to the decreased onion yield in the herbicide treated onions compared to the hand 
weeded check.   Dunan et al. (1999)., developed a model to predict potential yields of onions as a 
function of weed pressure using daily mean air temperature and photosynthetically active 
radiation (PAR).  They stated that onion yield, value of production per hectare, and the benefit of 
weed control were predictive in their model.  To calculate the benefit of weed control two 
situations were modeled simultaneously: one without weed control and the other with user-
selected weed control tactic.  Final production values and costs were compared to predict the 
economic feasibility of weed control.   

This paper is based on a similar weed control philosophy whereby corn gluten meal (CGM), 
an organic weed control material was tested for effective weed control in onions and compared 
to two synthetic weed control chemicals (Goal and Prowl).  As noted in the conclusions section 
above, weed intensity was directly correlated with yields and size of bulbs.   

The economic evaluation of these data was an attempt to determine if the field results 
provided sufficient information to consider increasing expenditures in weed control to obtain 
close to 100 percent weed free conditions.   Crop budgets of the actual material costs and labor 
expended in the experiments were developed to determine cost of production.  These values were 
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combined with the actual yields of the various sizes of onion bulbs multiplied times the market 
prices at the time of harvest  for each of the marketable sizes of dry onions (super colossal, 
colossal, jumbo/large, and medium).  The resulting values were utilized to determine expected 
revenue minus costs of production which was the expected net revenue per hectare. Data were 
presented in Table 1and color coded by herbicide treatment type to provide the opportunity to 
visually observe trends among such a large number of observations. In 2002, within all 21 
treatments, ten treatments provided a positive net return. Of this group, all but one of the weed 
free-treatments was included as having a positive net return, even though they had considerable 
hand weeding expenditures. This highlights the economic importance of weed pressures on 
onion yields, sizes and profitability.  Eleven of the treatments had a negative net return. All of 
the CGM treatments had negative net returns due to the excessive cost of the CGM.   

When the economic data were sorted by the various sizes of onions (Table 1.) details 
indicated that the weed-free plots produced the largest sized onions.  In fact, in 2002 only the 
weed-free plots produced super colossal or colossal sizes. In 2002 the prices of colossal and 
super colossal were 28 percent and 67 percent higher than jumbo prices, respectively. In 2003 
the prices of colossal and super colossal were 19 percent and 69 percent higher than jumbo 
prices, respectively. Based on the price premium paid for larger sized onions, which are directly 
related to lack of weed competition, it would appear that there is an opportunity for increased 
expenditures on weed control and for tests to be made on more effective synthetic weed control 
chemicals if the cost per acre is less than hand weeding.   

Cost of Production Budgets for onions were obtained from several states plus Canada and 
Australia and compiled in Table 2. To provide the reader with an overview of ranges of 
expenditures and yields from various parts of the globe. The budgets provided data regarding the 
ranges of expected production costs, yields and expected market prices. The most comprehensive 
budget was that from Utah State University in that it included detailed information on expected 
yields of the various marketable sizes of onions. This budget was adapted to form Table 3. 
Conservative Crop Enterprise Budget for Onions in Southern USA - 2011. This cost of 
production budget provided a clear example of the potential reserve for an increased expenditure 
for weed control.   

Assuming that a return on the cost of production investment and the risk factors of 
production are acceptable at the 15% level, data from the tests indicated that a complete or at 
least high level of weed control is justified for the farmer to have a high yielding harvest with 
large bulb sizes. The budget indicated that weed control expenditures which included both 
chemical control and hand weeding only comprised five percent of the total cost of production.  
Thus, if a field that has expectations of a high yielding crop is observed to have an increase in 
weed pressure at an early stage of production, then the farmer should feel confident that the 
return on the expenditure for weed free control above the planned expenditure can be justified up 
to $3,898 increased cost per hectare.   

Future research should include use of higher rates of the chemicals used or other chemicals 
need to be included in future tests to obtain higher levels of weed control up to total weed 
control. The conclusions in this paper are based on historical and projected uses of inputs to 
production observed in several locations of the United States, Canada and Australia. These 
values provided the basis for a conservative estimate of expected yields and inputs to production.  
Net revenues were based on average prices for onions. The most important issue that eventually 
needs to be addressed is whether or not an efficacious herbicide is economical to be used by a 
farmer.  To avoid drawing unwarranted conclusions for any estimated values, the reader must 
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closely examine the assumptions used. If they are not appropriate for the situation at hand, 
adjustments should be made to costs, expected yields, prices, and returns.  
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Abstract 

Onion thrips are the key direct insect pest of dry bulb onions. We have evaluated 
candidate chemistries and sequences of currently registered products for their ability to suppress 
thrips populations in dry bulb onions in Washington State. Additionally, we have evaluated 
currently registered products when applied via chemigation and investigated the impact of in 
season nitrogen applications on thrips populations. All of the sequences of applications 
significantly reduced thrips numbers, and increased potential profitability. The most effective 
insecticides for controlling thrips were Lannate™ (methomyl), and Radiant™ (spinetoram). The 
insecticides Agri-Mek™ (abamectin), tolfenpyrad, cyazypyr and Movento™ (spirotetremat) 
provided adequate control of thrips. Lannate, Radiant, and Movento all decrease thrips 
populations when applied via chemigation as well. Different in season nitrogen applications 
regimes did affect thrips population trends.  
 

Introduction  

Thrips infestations are a perennial, persistent and ubiquitous problem throughout Western 
US dry bulb onion fields. Some very basic research is needed to ascertain which thrips species 
are economically damaging and developing resistance to current pest management technologies. 
Thrips’ mobility and biology can impact control strategies, and impact insecticide performance 
in controlling thrips.  

 
When we initiated this thrips control program in 2001 most onion fields in Washington State 
were treated with multiple insecticides for thrips control. Lambda-cyhalothrin was the 
predominant insecticide used for thrips suppression. Lamda –cyhalothrin has been ineffective 
since 2003. Insecticides registered since 2001 are all substantially more expensive than to apply 
then previously used chemistries. Our research has also documented that thrips are surviving for 
several months in storage and are continuing to infest over 15% of the onions in storage even 
after the onions received a substantial insecticide load in the production field. These residual 
thrips infestations reduce onion shelf life and increase the incidence of neck rots. We have also 
documented that in pairwise comparisons (treated for thrips vs. no treatment) among 39 onion 
cultivars that application of no insecticide treatment of thrips results in a 15 to 35% (depending 
on cultivar) decrease in bulb size at harvest among cultivars. Bulbs are graded by size and 
economic returns to growers decrease as bulb size decreases. Onion thrips have also been 
identified as the vector for Iris yellow spot virus. Our continuing thrips research program 
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evaluates insecticide efficacy, water carrier rates, and has identified and quantified thrips species 
and abundance in Washington State onion fields.  
 

Materials and Methods 

In the experiments detailed below field plots of onion (var. ‘Sabroso’ Nunhems, Parma, ID) were 
established at the WSU Research Farm in Pasco, WA and grown using drip irrigation and 
standard grower practices for agronomic and pest management inputs excluding thrips 
treatments. On April 1, 2012, an onion plot 120 feet wide and 350 feet long was established with 
two double rows of onions planted on each 44 inch wide bed. Double rows are 2 ½ inches apart 
with 3 inches in row spacing. Lorsban™ 15G (chlorpyriphos) was applied at planting and 
incorporated over the double row at the rate of 3.7 oz./1,000 row feet. Plots were established in a 
random complete block design with four replications. In each instance, plots were 7.5 feet wide 
and 30 feet long. Applications (except where specified) were made with a CO2 pressurized back 
pack sprayer applying 30 gallons of water carrier per acre at 35 psi. Efficacy was evaluated four 
or five days after applications by counting the number immature and adult thrips per plant on 10 
individual plants per plot in the field.  All data for each sample date were analyzed by ANOVA 
and treatments means were compared to thrips population means from non-treated control plots 
in pairwise t-tests. At the end of the growing season onion yield and size were evaluated for 
comparison among treatments.  

 

Results/Discussion   

Sequences of insecticides were evaluated for efficacy against thrips. Applications were made 
weekly starting on 8 June 2012. The aim of this research was to provide producers possible 
insecticide management regimes to use on their farms. Figure 1 shows the average thrips count 
per treatment. All treatment sequences averaged significantly (p<0.05) fewer thrips per plot than 
the untreated check. The weekly count data (data not shown) followed the same trend. The total 
yield for the sequential applications are also illustrated in Figure 1. Yields and overall thrips 
pressure were low this year, and there were no statistically significant differences in terms of 
overall yield and bulb size. There were some numerical trends, where all treatment regimes 
increased yield.  Figure 2 shows the various sequences evaluated in the trial. The total cost of 
each treatment sequence is listed in addition to the net potential increase in revenue calculated 
from the plot yield in Figure 2 using the market price of $240 per ton. All treatment sequences 
resulted in increase profitability in this study (results not statistically different from one another).  

 

Figures 3 & 4 depict data from trials evaluating weekly applications of insecticides to control 
thrips in onions. The data in Fig. 3 indicates that Entrust was the most effective compound 
evaluated in that trial. In Figure 4, the AgriMek, Torac, Torac + Lannate, and Lannate all 
provided significantly better control than the untreated check, but not different form one another. 
 
Figure 5 depicts chemigation treatments. In Figure 5, the Lannate, Radiant, and Movento all 
provided control of thrips that was significantly better than the untreated check. This is the 
second year that this trend has occurred, making it seem likely that these compounds will 
perform well when applied via chemigation.  
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Figure 1. Thrips per plant and yield (tons/A) versus sequential chemical treatments. Treatments with the same letters 
are not statistically different from one another (P=0.05 Student-Newman-Keuls test) 

 

 
Figure 2. Application sequences by treatment week with cost per acre and net increase in potential revenue due to 
increased yield documented in Figure 2.  
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Figure 3. Thrips per plant versus chemical treatments. Weekly  applications were made of each product. Treatments 
with the same letters are not statistically different from one another (P=0.05 Student-Newman-Keuls test)  
 
 

 
Figure 4. Thrips per plant versus chemical treatments. Weekly  applications were made of each product. Treatments 
with the same letters are not statistically different from one another (P=0.05 Student-Newman-Keuls test)  
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.  

Figure 5. Thrips per plant versus chemical treatments. Weekly  applications were made of each product applied with 
0.1 inches of irrigation water. Treatments with the same letters are not statistically different from one another 
(P=0.05 Student-Newman-Keuls test).   
 

Conclusions 

Using insecticides that are effective at controlling thrips increases yield and size class of dry bulb 
onions. Radiant and Lannate were found to be the most effective products while Movento, 
cyazypyr, tolfenpyrad and AgriMek provided good suppression of onion thrips. All of the 
sequential applications tested provided excellent season long control of thrips and if adopted by 
commercial growers could increase economic returns. Weekly applications are not always 
needed as shown on the sequences where applications were skipped either early during the 
season or at the middle of the season. It is important for producers to consider the mode of action 
of the different chemistries when integrating them into their control programs. Chemigation 
proved to be an effective way to apply Lannate, Radiant, and Movento.  
 
Funding for this project was provided by: the Washington State Commission on Pesticide 
Registration; Pacific Northwest Vegetable Association , Agraquest, Syngenta, Nichino, Gowan 
Co., Dow Agrosciences, and DuPont. Technical assistance and in kind support was provided by: 
Greg Jackson, Two Rivers, Bob Middlestat, Clearwater Supply.  
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Onion Stunting Caused by Rhizoctonia: Management and Economic Importance in the 

Columbia Basin of Oregon and Washington 

Dipak Poudyal and Lindsey du Toit, Washington State University; Tim Paulitz and Lyndon 
Porter, USDA ARS; and Jordan Eggers and Phil Hamm, Oregon State University. 

 

Abstract: 

Rhizoctonia spp. can cause patches of stunted plants in onion bulb crops planted in sandy soils of 
the semi-arid Columbia Basin of central Oregon and Washington following cereal cover crops.  
Cover crops are killed with herbicides when onion seed is planted in spring, to protect onion 
seedlings from wind- and sand-blasting.  However, Rhizoctonia spp. colonize dead cereal roots 
and crowns, and then infect onion seedlings, leading to stunted patches (0.5 to >10 m in 
diameter).  Fungicide trials were completed in center-pivot irrigated onion fields in 2011 and 
2012. Each plot was 12 beds wide x the field diameter.  In 2011, a pre-plant, broadcast, 
incorporated application of Quadris (azoxystrobin) at 0.69 and 1.39 l/ha (9.5 and 19 fl oz/acre, 
respectively) resulted in 51 and 56% reduction in number of patches, 60 and 68% reduction in 
cumulative area of stunting, and 19 and 23% reduction in severity of stunting, respectively, 
compared to control plots.  In 2012, when Quadris (1.39 l/ha) and Fontelis (penthiopyrad at 1.75 
l/ha = 24 fl oz/acre) were applied in the same manner, only Quadris significantly reduced the 
number of patches (by 24%), cumulative patched area (33%), and disease severity (18%).  
Similarly, Quadris alone or Quadris + Rhizoburst (10-34-0 + 0-0-19 + humic acid) led to 
comparable results in another grower-cooperator trial in 2012.  In a separate growers’ field in 
2012, GlyStar Plus (glyphosate) was sprayed at 3.5 l/ha (48 oz/acre) on the winter wheat cover 
crop 3, 17, or 27 days before onion seeding. Applying herbicide 17 or 27 days prior to seeding 
reduced the number of patches by 46 or 54%, cumulative patched area by 43 or 50%, and 
severity of stunting by 13 or 19% , respectively, compared to spraying herbicide 3 days prior to 
onion seeding.  Stunting reduced the size of onions bulbs, with a greater effect the more severe 
the stunting.  Reduction in total marketable yield in three growers’ fields (cvs. Mercury, Cometa, 
and Tamara) ranged from 25-49% in patches with a severity rating of 1 (most plants stunted by 
<33%), from 48-58% in patches with a severity of 2 (plants stunted 33 to 66%), and from 61-
79% in patches with a severity of 3 (stunted >66%).  Research is in progress to understand the 
biology of Rhizoctonia spp. in onion production and evaluate the use of fungicides, fumigants, 
and potential tolerance of onion cultivars to the pathogen for management of stunting caused by 
Rhizoctonia. 
 

Introduction: 
Cereals such as winter wheat are used as cover crops to protect onion seedlings from wind- and 
sand-blasting on the very sandy soils typical of the semi-arid Columbia Basin of central 
Washington and Oregon. Herbicide is applied to kill the cover crop, usually in the spring prior to 
onion seeding. Herbicide application is necessary to prevent the cover crop from competing with 
the onion crop. The incorporated cereal stubble is readily colonized by Rhizoctonia spp., 
resulting in rapid buildup of soilborne levels of the fungi, which then infect onion seedlings, 
resulting in stunted onion plants. Severely stunted patches of plants can develop in onion bulb 
crops (Fig. 1). Patches occur primarily when planting soon after incorporating a cover crop. 
Patches can range from 2 feet to >30 feet in diameter (Fig. 2). Stunted onion plants have sparse, 
short roots with a ‘spear-tipping’ effect (Fig. 3A). Roots may be lightly discolored with more 
branching than normal. 
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Fig. 3. Spear-tipping of onion roots (A); dark mycelium of Rhizoctonia 

on roots (B) and hypocotyl (C, magnified) of stunted onion seedlings. 

A B C 

Fig. 1. Aerial, infra-red photo of an 
onion bulb crop with numerous 

patches of severely stunted plants. 

Fig. 2. A patch of stunted plants in an onion bulb crop. 
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Symptoms have been associated with Rhizoctonia, particularly R. solani isolates of AG 8 and 
AG 4. Affected roots may have dark fungal visible microscopically (Fig. 3B and 3C). Symptoms 
can resemble injury from nematodes and Pythium spp. Dark Rhizoctonia mycelium occurs on the 
surface of roots so care should be taken not to wash roots prior to examination when for 
diagnosis. Surface-sterilizing the roots also can prevent the fungus from being detected. 
Research is in progress to assess fungicide seed treatments, broadcast fungicide applications to 
the soil, soil fumigation, timing cover crop incorporation prior to planting onion and pea crops, 
tillage, seed priming, screening cultivars for potential tolerance or resistance, soil testing 
methods to predict the risk of patching, and other practices for reducing losses to this disease. 
This presentation summarizes results of large-scale, grower-cooperator field trials in 2011 to 
2012 to evaluate potential management practices for stunting in onion bulb crops in the 
Columbia Basin. 
 

Materials and Methods: 

Fungicide trials. Pre-plant, banded spray application of fungicides was evaluated on sandy soils 
in commercial onion bulb crops grown in rotation with winter cereal cover crops in the Columbia 
Basin in 2011 and 2012, to manage onion stunting caused by Rhizoctonia spp. Standard 
agronomic practices for the region were used, and each field was irrigated by center pivot. Each 
experiment was set up as a randomized complete block design with six replications/treatment, 
unless stated otherwise. In 2011, the efficacy of each of two rates of Quadris (azoxystrobin) 
application at 0.69 and 1.39 liters/ha (9.5 and 19 fl oz/acre) was compared with non-treated 
control plots in a field near Paterson, WA. The fungicide was applied in a 15 cm wide band over 
the bed, and incorporated 10 cm deep with a rototiller one day prior to planting onion seed of the 
cultivar Mercury. In 2012, two trials were completed. In one of the 2012 trials, Quadris was 
applied at 1.39 liters/ha and Fontelis (penthiopyrad) at 1.75 liters/ha (24 fl oz/acre) in the same 
manner as in the 2011 trial, and compared with non-treated control plots in a field near Paterson, 
WA. Each plot was 12 beds wide (each bed 110 cm wide and planted with two double-rows of 
seed of the onion cv. Mercury) and the length of the entire field (approximately 1 km long). In 
the second 2012 trial, a pre-plant, application of Quadris (0.88 liters/ha), Quadris (0.88 liters/ha) 
+ Rhizoburst (92.97 liters/ha, 10-34-0 + 0-0-19 + humic acid), and ReZist (92.97 liters/ha, Cu 
1.75%, Mn 1.75%, and Zn 1.75%, with polyamines and natural plant extracts) were compared 
with non-treated control plots in a field near Boardman, OR with four replicate plots/treatment. 
Each treatment was sprayed on the top of the bed and incorporated 15 cm deep with a rototiller 
one day prior to onion seeding. In this trial, the number of beds/plot ranged from 8 to 12, each 
bed was 100 cm wide with two double-rows of onion seed of the cv. Tamara, and each plot was 
the length of the radius of the field (approximately 0.5 km). For each experiment, the number of 
patches of stunted onion plants, area of stunted patches, and severity of stunting in the patches 
were rated. In 2011, ratings were taken at the five true-leaf stage; and in 2012, ratings were done 
at the five and seven true-leaf stages. Severity of onion stunting was rated on a 1-3 scale, where: 
1 = a majority of the plants were stunted by <33%, 2 = most plants were 33 to 66% stunted, and 
3 = most plants were >66% stunted compared to adjacent healthy plants. Plot size was 
standardized in the 2012 trials because of variation in plot sizes. Analyses of variance were 
computed for each experiment using Proc GLM in SAS (Version 9.2; SAS Institute, Cary, NC), 
and treatment means compared using Fisher’s protected least significant difference (LSD).  
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Cover crop ‘green bridge’ trial. The effect of preplant herbicide application interval on 
development of stunting in onion crops was evaluated in a grower-cooperator onion bulb crop 
near Paterson, WA. The winter wheat cv. Madsen was planted in strips as a cover crop on 10 
October 2011. Spring 2012 treatments consisted of preplant applications of GlyStar Plus 
(glyphosate) to the cover crop at a rate of 3.5 liters/ha (48 oz/acre) at three different intervals 
prior to planting an onion bulb crop. GlyStar Plus was sprayed on the cover crop 3, 17, and 27 
days before onion seeding on 20 April 2012. The experiment was set up as a randomized 
complete block design with each treatment replicated six times. Each plot was 12 beds wide 
(each bed 55 cm wide with two double-rows of onion plants). Plot length was the diameter of the 
50 ha, center-pivot irrigated field. Recommended agronomic practices were done by the grower-
cooperator. Onion stunting was rated at the 5 and 7 true-leaf growth stages (18 June and 3 July, 
respectively) for the eight center beds/plot to avoid effects of herbicide drift between adjacent 
plots. The number of patches in each plot was counted, and the length and width of each patch 
was measured as an estimate of patch size. Severity of onion stunting in each patch was rated on 
a 1-3 scale as described for the fungicide trials. Results were standardized to accommodate 
variation in plot size across the center-pivot field. Analyses of variance were calculated using 
Proc GLM in SAS, and treatment means compared using Fisher’s protected LSD. 
 

Yield loss assessment. Field surveys were carried out to assess the effects of onion stunting 
caused by Rhizoctonia spp. on the yield of three onion cultivars in grower-cooperator, center-
pivot irrigated fields: the red cv. Mercury was planted in four rows per 110 cm wide bed on 13 
March in a field near Paterson, WA; the yellow cv. Tamara was seeded in two double-rows per 
100 cm wide bed on 16 March in a field near Boardman, OR; and the white cv. Cometa was 
planted in two double-rows per 85 cm wide bed on 8 April in a field near Pasco, WA.  Each field 
was maintained by a different grower-cooperator. Patches of onion plants with different severity 
of stunting were selected in each field at the five to seven true-leaf growth stages. The severity of 
stunting was rated on a 1 to 3 scale as described above. Five patches were selected per field for 
each of the three severity levels. Each patch was >1.5 m long and at least two beds wide.  
Manual harvest of the bulbs was done on 21, 1, and 27 August for Cometa, Mercury, and 
Tamara, respectively, by harvesting bulbs from 1.5 m of each of two double rows per patch.  
Bulbs also were harvested from an equivalent area of healthy plants adjacent to each patch.  
Bulbs from each patch and adjacent healthy area were bagged separately and graded by size: 
colossal (>10.0 cm diameter), jumbo (7.5 to 10.0 cm), medium (5.5-7.5 cm), prepack (<5.5 cm), 
and culled (non-marketable). The total number of bulbs in each size category was counted, and 
the total bulb weight per size measured. All bulb sizes, except culled bulbs, were considered 
marketable. The number and weight of bulbs in each size category was calculated as a 
percentage of bulbs harvested in a plot. The reduction in number and weight of bulbs of each size 
was then computed as a percentage of the number and weight of bulbs of each size harvested 
from healthy plants. The relationship between severity of onion stunting and percentage 
reduction in yield for each cultivar was calculated using correlation and regression analyses in 
SigmaPlot Version 12. 
 

Results: 
Fungicide trials. In the 2011 trial, plots treated with either rate of Quadris had a significant 
reduction in the number of patches of stunted plants, patched area, average severity of stunting, 
and severity index compared to the non-treated control plots (Table 1). Plots treated with 
Quadris at 0.69 and 1.39 liters/ha had 51 and 56% fewer patches, 60 and 68% smaller cumulative 
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patched area, 19 and 23% less severe stunting, and 76 and 81% reduced disease severity index, 
respectively. There was no significant difference in disease ratings between the two rates of 
Quadris application (Table 1). 
 

In the 2012 trial near Paterson, WA, plots treated with Quadris had significantly fewer stunted 
patches (24% less), less stunted area (33%), less severe stunting (18%), and a reduced stunting 
index (44%) compared to non-treated control plots at the five true-leaf stage of growth on 5 June 
(Table 2). In contrast, plots treated with Fontelis did not exhibit a significant reduction in 
incidence or severity ratings compared to control plots. Similarly, at the second rating (19 June), 
similar reductions in the number of patches and patch area were observed in plots treated with 
Quadris, whereas Fontelis was ineffective at reducing onion stunting (Table 2).   
 
In the 2012 trial near Boardman, OR, Quadris applied alone or in combination with Rhizoburst 
was effective at reducing the number of stunted patches, cumulative patch area, severity of 
stunted patches, and stunting index on 23 May and 6 June (Table 3). There was no significant 
difference in onion stunting parameters measured in plots treated with Quadris alone or Quadris 
+ Rhizoburst. On 23 May, plots treated with Quadris had 52% fewer patches, 82% less patched 
area, 40% less severe stunting, and 84% reduced disease severity index compared to the control 
plots. Plots treated with ReZist did not differ significantly from the non-treated control plots in 
the first and second disease ratings (Table 3).  

 

Cover crop ‘green bridge’ trial. At the five true-leaf growth stage on 18 June, the plots in 
which the winter wheat cover crop was sprayed with herbicide 3 days prior to onion seeding had 
more patches, greater cumulative patched area, more severe stunting, and a greater severity index 
than plots in which herbicide was applied 17 or 27 days prior to onion seeding (Table 4). 
Application of the herbicide 17 and 27 days before onion planting reduced the number of stunted 
patches by 32 and 55%, respectively; cumulative patched area and percentage of cumulative 
patched area by 46 and 54%, respectively; severity of stunting by 11 and 15%, respectively; and 
patch severity index by 53 and 59%, respectively, in comparison to plots in which the herbicide 
application occurred 3 days prior to planting. Overall, there was no significant difference in 
patch parameters between the 17 and 27 day herbicide treatments, except the number of 
patches/acre which was significantly less in plots sprayed with herbicide 27 vs. 17 days prior to 
onion seeding. By the 7 true-leaf stage of onion growth on 3 July, the number of stunted patches 
was reduced by 22 and 70% in plots sprayed 17 and 27 days before planting onion seed, 
respectively, compared to plots sprayed 3 days prior to planting; however, the number of patches 
did not differ significantly between plots treated with herbicide 3 vs. 17 days prior to planting 
(Table 4). Similarly, the cumulative area of patches in the onion crop was reduced 31 and 70% 
in plots sprayed with herbicide 17 and 27 days prior to planting, respectively, compared to 3 days 
prior to planting; and the percentage of plot area with stunted patches was reduced 31 and 70%, 
respectively, although only the 27 day herbicide treatment caused a significant reduction. 
Average severity of stunting and the stunting severity index were decreased significantly by 
applying herbicide to the cover crop either 17 or 27 days prior to planting onion seed: the former 
by 19 and 20%, respectively, and the latter by 40 and 74%, respectively, compared to applying 
herbicide 3 days prior to onion seeding.  
 
Yield loss assessment. The number of bulbs harvested within stunted patches did not differ 
significantly from the number of bulbs harvested from adjacent, healthy plants in each of the 
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three fields evaluated, i.e., stunting caused by Rhizoctonia did not affect plant stand. However, 
bulb size was affected significantly by onion stunting, with a greater impact on bulb size the 
more severe the stunting (Table 5). Colossal bulbs were present only in healthy areas sampled 
from the Mercury (1% of the bulbs and 2% of total bulb weight) and Tamara (2% of the bulbs 
and 6% of total bulb weight) fields, but not in healthy areas of the Cometa field, nor any of the 
stunted patches for any cultivar (Table 5). In non-stunted areas of the Mercury and Tamara 
fields, a majority of the bulbs were jumbo (65% of the bulbs and 77% of total bulb weight for 
Mercury, and 85% of the bulbs and 89% of total bulb weight for Tamara), followed by medium 
bulbs, with few or no prepack and culled bulbs. In healthy areas of the Cometa field, bulb size 
was smaller overall than the Mercury and Tamara fields (32 and 54% of the Cometa bulbs were 
jumbo and medium, respectively, contributing 50 and 46% of total bulb weight, respectively). 
For all three cultivars, the distribution of bulb number and weight among the size categories for 
bulbs harvested in the stunted patches shifted to a greater number and weight of smaller bulbs the 
more severe the stunting (Table 5). Total weight of Mercury bulbs was reduced by 49, 54, and 
77% in patches with severity ratings of 1, 2, and 3, respectively, compared to adjacent, healthy 
plants. Similarly, the reduction in total marketable bulbs (colossal + jumbo + medium + prepack) 
was 49, 54, and 79% in patches with mean severity ratings of 1, 2, and 3, respectively. 
Correlation analyses revealed significant associations between severity of stunting in the 
Mercury field and percent reduction in jumbo bulbs (r = 0.61, P = 0.012 for number of bulbs, 
and r = 0.60, P = 0.014 for weight of bulbs), total bulbs (r = 0.63, P = 0.009 for number of bulbs, 
and r = 0.70, P = 0.003 for weight of bulbs), and total marketable bulbs (r = 0.64, P = 0.007 for 
number of bulbs, and r = 0.69, P = 0.003 for total weight). Stunting resulted in similar reductions 
in bulb yield for Tamara and Cometa. The total weight of Tamara bulbs harvested from patches 
with a severity of 1 was 25% less than in healthy areas of the field, and patches with a stunting 
severity of 2 and 3 produced 58 and 61% less total bulb weight, respectively. For Cometa, 
stunting reduced the total number of bulbs and number of marketable bulbs, as well as total 
weight of bulbs and weight of marketable bulbs. Patches in the Cometa field with severity ratings 
of 1, 2, and 3 had a reduction in total bulb weight of 34, 47, and 66%, respectively; and a 
reduction in marketable bulb weight of 35, 48, and 68%, respectively. Significant regression 
equations calculated for total bulb weight and marketable bulb weight for Mercury, Tamara, and 
Cometa enabled estimation of the potential yield loss associated with each severity of stunting 
for each of the three cultivars evaluated (Table 6). 
 

Discussion: 

Based on these large-scale, grower-cooperator field experiments, a pre-plant, broadcast 
incorporated application of Quadris can effectively reduce onion stunting caused by Rhizoctonia 

spp. The fungicide treatment significantly reduced the number of stunted patches, area of stunted 
patches, and severity of stunting in multiple growers’ fields in the Columbia Basin over two 
seasons. The cover crop green bridge trial revealed an inverse relationship between the timing of 
herbicide application to the cereal cover crop and the incidence and severity of onion stunting. A 
minimum duration of 2 to 4 weeks is recommended between applying herbicide to the cereal 
cover crop and planting onion bulb crops in sandy fields of the Columbia Basin of central 
Oregon and Washington in order to minimize stunting of onion crops caused by Rhizoctonia spp. 
Yield loss assessment revealed that onion stunting caused by Rhizoctonia spp. reduced bulb 
yields significantly for all three cultivars evaluated. The greater the severity of stunting, the 
greater the decrease in total and marketable bulb weight as a result of smaller size bulbs. The 
reduction in number of total and marketable bulbs varied among the three cultivars, although 
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cultivars were confounded with field sites and specific agronomic practices at each farm. 
Determining the impact of stunting severity on bulb yield and size, and translating the 
quantitative relationship to stunting measured in growers’ field trials should enable assessment of 
whether management practices being evaluated as part of this project are economically feasible 
(e.g., fungicide applications). Additional research is in progress on these and other potential 
management aspects of onion stunting, as well as determining the species and anastomosis 
groups (AGs) of Rhizoctonia isolates associated with stunting in various crop rotations in the 
Columbia Basin, and screening for potential tolerance or resistance in onion cultivars and 
breeding lines. 

 

 

Table 1. 2011 Onion field trial evaluating Quadris for management of stunting caused by 

Rhizoctonia. 
 

Treatment 
Number of 

patches 

Cumulative patch 
area/plot (ft2) 

Severity of stunting 
(0 - 3 scale) 

Patch index 
(area x severity) 

Non-treated          35 a*
            949 a             1.9 a            1,990 a 

Quadris 0.69 liters/ha          17 b            382 b             1.5 b               487 b 

Quadris 1.39 liters/ha.          15 b            303 b             1.5 b               379 b 

LSD 6            199             0.3               651 
* Within each column, numbers followed by the same letter are not significantly different based 

on Fisher’s protected LSD at P = 0.05. 

 
 

Table 2. 2012 Onion field trial evaluating Quadris and Fontelis for management of stunting 

caused by Rhizoctonia. 
 

Treatment 
No. of 

patches/acre 

Cumulative 
patch area 
(ft2/acre) 

Stunted 
patch area 
(% of plot) 

Severity of 
stunting 

(0 - 3 
scale) 

Patch index 
(area x 

severity) 

5 June 2012 

Non-treated control      73 a*     1,023 a       2.3 a       1.7 a       1,864 a 
Fontelis 1.75 liters/ha      62 a        904 ab       2.1 ab       1.6 ab       1,542 a 
Quadris 1.39 liters/ha      55 b  

    (P = 0.078) 
       688 b       1.6 b       1.4 b       1,039 b 

LSD      20        266       0.6       0.2          458 
19 June 2012 

Non-treated control       41 ab        538 a       1.2 a       1.7 a          988 a 
Fontelis 1.75 liters/ha      48 a        525 a       1.2 a       1.6 a          887 a 
Quadris 1.39 liters/ha      30 b        370 b       0.9 b       1.6 a          630 a 
LSD      13        154       0.4       0.4          413 
* Within each column and for each rating date, numbers followed by the same letter are not 

significantly different based on Fisher’s protected LSD at P = 0.05 or at the probability level 
shown. 
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Table 3. 2012 Onion field trial evaluating Quadris, Rhizoburst, and Rezist for management 

of stunting caused by Rhizoctonia spp. 
 

Treatment 

No. of 
patches/ 

acre 

Cumulative 
patch area 
(ft2/acre) 

Stunted 
patch area 
(% of plot) 

Severity of 
stunting 

(0 - 3 scale) 

Patch index 
(area x 

severity) 

23 May 2012 

Non-treated control      64 a*      1,244 a       2.9 a        2.0 a   2,566 a 
Quadris 0.88 liters/ha      31 b         222 b       0.7 b        1.2 b      398 b 
Quadris 0.88 liters/ha + 
Rhizoburst 92.97 liters/ha      22 b         292 b       0.5 b        1.3 b      366 b 
Rezist rate 92.97 liters/ha      76 a      1,282 a       2.9 a        2.0 a   2,937 a 
LSD      16         338       0.7        0.3      815 

6 June 2012 

Non-treated control      90 a      1,654 a       3.8 a        2.0 a    3,655 a 
Quadris 0.88 liters/ha      24 b         199 b       0.5 b        1.2 b       251 b 
Quadris 0.88 liters/ha + 
Rhizoburst 92.97 liters/ha      17 b         155 b       0.4 b        1.3 b       217 b 
Rezist rate 92.97 liters/ha      96 a       1,858 a       4.3 a        2.0 a    3,957 a 
LSD       18         746       1.7        0.3    1,784 

*  For each table and each date that disease was evaluated, numbers within a column followed by 
the same letter are not significantly different based on Fisher’s protected least significant 
difference (LSD) at P = 0.05 or at the probability level indicated in superscript parentheses. 

 

 

Table 4. 2012 Onion field trial evaluating the effects of the interval between application of a 

herbicide to a winter cereal cover crop and planting of an onion bulb crop. 

Herbicide 
application (days 
prior to planting 
onion seed) 

No. of 
patches/acre 

Cumulative 
patch area 
(ft2/acre) 

Stunted patch 
area 

(% of plot) 

Average 
stunting 
severity 
(1 - 3) 

 
Severity 

index/acre* 

18 June 2012 

3      56 a**      935 a       2.15 a        1.58 a    1,661 a 
17      38 b      504 b       1.16 b        1.41 b       775 b 
27      25 c      429 b       0.99 b        1.34 b       686 b 
LSD       10      141       0.32        0.08       316 

3 July 2012 

3       23 a      545 a       1.26 a        1.59 a       886 a 
17       18 a      377 a       0.87 a        1.29 b       529 b 
27         7 b      164 b       0.38 b        1.27 b       227 b 
LSD         8      200       0.46        0.21       307 
* Severity index = (severity rating) x (area of patch), summed for all patches in a plot. 
** Numbers in a column with the same letter are not significantly different based on Fisher’s 

protected least significant difference (LSD) at P = 0.05. 
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Table 5. Effect of severity of stunting caused by Rhizoctonia on the incidence and weight of bulbs in each size category 

measured as a percentage of the number and total weight of bulbs of each size harvested from healthy areas of a field for each 

of three onion cultivars. 
 

Cultivar 
Onion stunting severity 
(0-3) 

Number of onion bulbs in each size category 
(% of bulbs harvested)z  

Total onion bulb weight by size category 
(% of bulbs harvested)y 

Colossal Jumbo Medium Prepack Culled 
 

Colossal Jumbo Medium Prepack Culled 

Cometa 0    0 x 32 54 12 2  0 50 46  4 0 

 1 0 10 59 25 6  0 23 66 10 1 

 2  0  3 56 30 11  0 8 74 15 3 

 3  0 1 35 36 28  0 5 62 27 6 

Mercury 0  1 65 31  3 0  2 77 20  1 0 

 1  0 26 46 18 10  0 47 45  6 2 

 2  0 9 61 24 6  0 20 68 11 1 

Tamara 0. 2 85 11  2 0  6 89  5  0 0 

 1  0 55 43  2 0  0 69 29  2 0 

 2 0 20 62 17 1  0 37 55  7 1 

 3  0 3 64 32 1  0 8 77 14 1 
z Number of bulbs in each size category calculated as a percentage of all bulbs harvested (total = 100% for all size categories).  
y Weight of onion bulbs in a particular size category calculated as a percentage of the weight of onion bulbs harvested. 
x Each data point is the mean for five replicate patches for that severity rating. 
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Table 6. Regression equations for the reduction in number or total weight of onion bulbs in 

stunted patches calculated as a percentage of bulbs harvested from non-stunted plants for 

each of three onion cultivars. 
 

Cultivar Regression equation P-value R2 (%)z 

Cometa 
………. 

Total bulb number = -16.2 + 12.7Xy 0.0284 32 

 Total bulb weight = 16.1 + 16.4X 0.0034 50 
 Marketable bulb number = -20.3 + 20.8X 0.0013 56 
 Marketable bulb weight = 16.2 + 17.1X 0.0020 54 
Mercury 
……… 

Total bulb number = -16.9 + 11X 0.0089 40 

 Total bulb weight = 27.7 + 15.1X 0.0027 49 
 Marketable bulb number = -17.8 + 17.5X 0.0071 41 
 Marketable bulb weight = 27.8 + 15.5X 0.0029 48 
Tamara 
……….. 

Total bulb number = -9.1 - 0.54X 0.9460 0 

 Total bulb weight = 12.8 + 17.1X 0.0021 53 
 Marketable bulb number = -11.6 + 0.44X 0.9570 0 

 Marketable bulb weight = 12.4 + 17.3X 0.0020 53 
z R2 = Coefficient of determination for the regression equation that best fit the data.  
y X = Mean severity of stunting of a majority of the onion plants in a patch, rated on a scale of 1 

to 3, compared to adjacent, healthy plants (refer to the scale description in the main text). 
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Update on the Onion ipmPIPE Network – Progress and Plans  
 

Howard F. Schwartz, Colorado State University, Howard.Schwartz@ColoState.edu; Brenda K. 
Schroeder, Washington State University,bschroeder@wsu.edu; James VanKirk, Southern Region 
IPM Center, jim@sripmc.org; G. Keith Douce & J. LaForest, Center for Invasive Species & 
Ecosystem Health,  kdouce@uga.edu; George Jibilian, Multigrain International, LLC, 
george@multigrain.com; Jed Lafferty, Planalytics, Inc., jlafferty@planalytics.com; and George 
W. Norton, Virginia Tech, gnorton@vt.edu. 

 
Abstract: The Onion ipmPIPE Project was initiated in late 2010 with support provided by the 
USDA-NIFA Specialty Crop Research Initiative (2010-01193) and matching funds from U. S. 
onion stakeholders.  Its goal is to incorporate existing pest management programs and pest risk 
assessment models into an internet platform for national implementation and validation.  It is 
also expanding innovative diagnostic tools available for priority diseases caused by various 
pathogens and their disease complexes, including: Iris yellow spot virus (IYSV); Thrips 
(emphasis on onion thrips) – as a vector and pest; and foliar and storage fungal and bacterial 
diseases. The Onion ipmPIPE currently consists of a network of annual sentinel plots and 
production surveys in 7 states. The Project Web site includes a series of menus, maps, reports, 
illustrations, and management links for topics that include: Allium Crops, Diseases, Insect Pests, 
Forecasts and Market Pricing Tools. It emphasizes IPM strategies including selection of disease 
resistant varieties, planting clean seed, suitable crop rotation, scouting and confirmation of 
economic threats from disease organisms and insect pests, and timely application of pesticides as 
needed. Please visit Onion ipmPIPE at http://apps.planalytics.com/aginsights/pipehome.jsp + 
http://onion.coop/. Feel free to contact National Coordinators Howard Schwartz, 
howard.schwartz@colostate.edu, and Jim Van Kirk, jim@sripmc.org, if you need more 
information or would like to participate during 2013. 
 
Overview of ONION ipmPIPE: The Onion ipmPIPE (PIPE = Pest Information Platform for 
Extension and Education @ www.ipmpipe.org) consists of a network of 40 sentinel plots in 7 
states, with interest expressed in future cooperation in other states, provinces, and districts of the 
United States, Canada, and Mexico, respectively. Funding is provided through USDA-NIFA-
SCRI Project 2010-01193 and other sources, including onion check-off and promotion programs, 
agricultural experiment stations, and extension projects.  The Onion ipmPIPE Web site (hosted 
by Planalytics with support from Bugwood and Multigrain) includes a series of menus, maps, 
reports, illustrations, and management links for topics that include:  
 Allium Crops 

o Onion emphasis (green, transplanted, seeded, stored, processed) 
o Other alliums such as garlic and chives benefit from this research and outreach 

 
 Diseases and Insect Pests 

o Iris yellow spot virus (IYSV) 
o Thrips (emphasis on onion thrips) – as a vector of IYSV and a pest 
o Other insects such as onion maggot 
o Foliar and storage fungal diseases including Botrytis, Purple Blotch, Downy Mildew, 

Blue Mold, Black Mold 
o Foliar and storage bacterial diseases including Xanthomonas Leaf Blight, Sour Skin, 

Slippery Skin, Pantoea, Soft Rots 
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 ipmPIPE Sentinel Plot component launched in 2011, will continue in 2012 and 2013 

o diagnostic support provided by Regional & NPDN Labs (thrips, fungal, bacterial, 
viral) using conventional diagnostics (e.g., visual, keys, media, PCR, ELISA) 

o Beta-testing of DNA-based Macroarray (for detection of more than 30 pests and  
pathogens, including food-borne pathogens) will be conducted during 2013-2014 with 
supervision by B. Schroeder’s lab at WSU 

 
 Image Gallery and Wiki – e.g., Onion (in cooperation with the Bugwood Network) 

o Representative images of priority onion diseases and pests are available. 
 
 Other Allium Resources 

o State specialists provide commentary on disease and pest reports. 
o Links are available to resources such as onion growth stages and management 

recommendations for priority diseases and pests. 
o An Onion Pricing Tool will be available at Onion.coop (Multigrain Intl.) 
o A weather summary and forecast resource available from Planalytics 
o Set of 8 Diagnostic Cards (Growth Stages, Storm Damage, Bacterial Diseases, Foliar 

Fungal Diseases, Insect Pests, Soil-Borne Diseases, Storage Fungal Diseases, Virus 
Diseases) printed in English and distributed during 2011 with financial contributions 
from onion seed companies (Nunhems, Monsanto, Crookham).  Nunhems has also 
translated the 8 cards into Spanish, Portuguese; with plans to translate into French, 
Russian, Arabic. 

 
 Smart-phone APP 

o Under development (CSU subcontract with GISit, LLC) for use via a web-interface 
application that is geo-referenced to collect, store and transfer data to the project web 
site with access to project resources on smart-phone platforms (Android, I-Phone, 
Blackberry). Release expected by early 2013. 

 
IMPACTS of ONION ipmPIPE: During its first year, the Onion ipmPIPE project has evolved 
in its scope and interactivity with state, regional, and national stakeholders and organizations 
involved with the production, pest management (emphasis upon IPM strategies including 
selection of disease resistant varieties, planting clean seed, suitable crop rotation, scouting and 
confirmation of economic threats from disease organisms and insect pests, and timely application 
of pesticides as needed), and marketing of allium crops such as onion and garlic.  Examples of 
impacts made by this project and its team of participants include the following: 
 The allium industry representing the following onion and garlic crops (2000-2009 records 

from USDA-ERS) has been impacted by the Onion ipmPIPE grant of $375,000 + PI 
resources of $500,000/year) with a conservative return of 5% ($52 million or an annual 
Return on Investment of 50 to 1) by reducing losses from diseases and pests affecting: 

o Onion - 170,000 Acres @ $860 million value ($43 million return) 
o Garlic – 30,000 Acres @ $172 million value ($9 million return) 
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 Additional savings include reduced application of pesticides (e.g., fungicides, insecticides) 
when insect and disease pressures were below economic or injury thresholds; data 
unavailable on specific amounts of pesticides applied or not during this reporting period. 

 

 A series of 8 field cards covering onion growth stages, diseases (biotic and abiotic), and 
insects (pests and vectors) has been printed and delivered to more than 8,000 stakeholders 
throughout North American allium-growing regions; in addition these cards are available 
online as pdfs.  This series has enhanced the accuracy and efficiency of communications and 
record-keeping by project personnel and stakeholders. 

 

 Field sampling and diagnostic protocols were developed for project use with priority pests 
and diseases; resulting in more uniform, timely and accurate identification and enumeration 
of pests and diseases affecting allium crops. 

 

 Project participants in 7 states provided an average of 500 reports annually during 2011 and 
2012 on the occurrence of 20 priority insect pests and plant diseases, and enhanced the 
timeliness and effectiveness of IPM strategies implemented by the growers and industry 
locally and regionally in response to these reports. 

 

 Image resources (e.g., interlinked web or wiki format hosted by Bugwood) have been 
developed for 20 priority diseases and pests of alliums with high quality images provided by 
project participants and stakeholders; web pages were accessed more than 5,000 times 
annually.  Additional links have been made to other educational resources including 
extension fact sheets, narrated videos on diseases, pest management guidelines. 

 
 Spot monitoring of onion prices provides a transparent view of market trends for access by 

stakeholders in all production states and international areas. 
 
 Access to weather summaries and forecasts provide an invaluable tool for stakeholders to 

monitor weather conditions that impact production, pest management and harvest decisions 
related to their allium crops.  

 
The Web address for Onion ipmPIPE is http://apps.planalytics.com/aginsights/pipehome.jsp 
National Coordinators for the project are Jim VanKirk, jim@sripmc.org, (919) 740-7594, and 
Howard Schwartz, howard.schwartz@colostate.edu, (970) 491-6987. 
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Screening winter-sown onion entries for Iris yellow spot disease susceptibility 

 

Christopher S. Cramer and Mohsen Mohseni-Moghadam 

Dept. of Plant and Environmental Sciences, Box 30003, MSC 3Q, New Mexico State University, 

Las Cruces, NM 88003-8003. 

 

Rebecca Creamer 

Dept. of Entomology, Plant Pathology, and Weed Science, Box 30003, MSC 3BE, New Mexico 

State University, Las Cruces, NM 88003-8003. 

 

Robert L. Steiner 

Dept. of Economics and International Business, Box 30001, MSC 3CQ, New Mexico State 

University, Las Cruces, NM 88003-8001. 

 

Abstract: Iris yellow spot (IYS), a foliar disease of onions and related alliums, is found 

worldwide and is difficult to control. As the disease is vectored by onion thrips, that are 

difficult to control, and also exacerbated by hot, dry climactic conditions, host plant 

tolerance and/or resistance to the disease presents an opportunity to reduce the effects of 

the disease. Numerous onion germplasm lines have been screened for resistance to the 

disease but a line that is resistant has not been found. As a result, no onion cultivar is 

resistant currently to the disease. The objectives of this research were to evaluate 22 new 

onion germplasm lines for IYS symptoms and to improve current screening methods. 

Twenty plants from each plot were rated weekly for IYS symptoms during two cropping 

seasons. Visual rating was done using a scale of 1 to 9, with 1 representing no symptomatic 

tissue and 9 representing more than 50% tissue damage. At each rating date, plant samples 

were collected from rated plants and then assayed for Iris yellow spot virus (IYSV), the 

causal organism of IYS, by Enzyme Linked Immunosorbent Assay (ELISA) and Reverse 

Transcription Polymerase Chain Reaction. Two plant sampling methods were used to 

determine their effect on mean disease severity and correlate severity with ELISA 

absorbance values. Plants of ‘Cometa’ and NMSU 05-35-1 exhibited a delay in symptom 

expression and lower IYSV levels relative to plants of other entries. Different plant 

sampling methods within the plot over time did not influence disease rating values. There 

was a strong, positive correlation between rating and absorbance values. 

 

Iris yellow spot virus (IYSV) has been confirmed in most of the onion producing states in the 
United States (Creamer et al., 2004; Crowe and Pappu, 2005; du Toit et al., 2004a; Hall et al., 
1993; Hoepting et al., 2007; Miller et al., 2006; Mullis et al., 2004; Pappu and Matheron, 2008; 
Poole et al., 2007; Schwartz et al., 2002), as well as in many other onion producing countries 
around the world (Córdoba-Sellés et al., 2005; Cortes et al., 1998; Mullis et al., 2006; Murai, 
2004; Pozzer et al., 1999; Ravi et al., 2006; Rosales et al., 2005; Shahraeen and Ghotbi, 2003). 
IYSV causes irregular or diamond-shaped straw-colored lesions that develop on leaves and 
seedstalks (du Toit et al., 2004a; Gent et al., 2004; Schwartz et al., 2002). If symptoms become 
severe, bulb size is reduced and the yield of larger bulb classes is reduced (Gent et al., 2004). 
IYSV is transmitted by onion thrips (Thrips tabaci L.) (Kritzman et al., 2001; Nagata et al., 
1999) that acquire the virus during their larval stage and transmit the virus for their entire life. 
Disease control requires an integrated approach including control of the vector, cultural 
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practices, and genetic resistance/tolerance. The primary means of onion thrips control is with 

insecticides, which lose their efficacy when temperatures rise above 30°C. In addition, thrips 
resistance to several insecticides has been detected in several different onion production areas 
(MacIntyre Allen et al., 2005; Martin et al., 2003; Shelton et al., 2003). A promising and 
sustainable means for long-term Iris yellow spot (IYS) disease reduction is the development of 
cultivars that have an increased tolerance to the disease. 

Onion germplasm differs in its disease susceptibility and to date no disease-resistant 
material has been identified even though a large amount of germplasm has been screened. Forty-
eight onion plant introduction accessions were screened for foliage characteristics and IYS 
symptom severity (Cramer, 2011a). Several accessions exhibited light green, semi-glossy foliage 
and reduced IYS symptom expression. Cramer (2011b) screened 32 commercial cultivars and 
NMSU experimental lines for foliar characteristics and IYS symptom expression. Several entries 
expressed less severe IYS symptoms and possessed light green, semi-glossy leaves. Mohseni-
Moghadam et al. (2011) screened 13 entries for IYS susceptibility and found that plants of 
NMSU 05-33-1 exhibited a delay in symptom expression and lower IYSV levels relative to 
plants of other entries. However, plants still exhibited disease symptoms. Diaz-Montano et al. 
(2010) observed that onion entries differed in their IYSV resistance depending upon the year 
tested.  Multani et al. (2009) identified several entries, NMSU 03-52-1, NMSU 04-41, NMSU 
04-44-1, and ‘NuMex Jose Fernandez’ that expressed fewer IYS symptoms than other entries. 
Shock et al. (2008) found that ‘Joaquin’, ‘Charismatic’, and ‘Affirmed’ expressed some of the 
lowest IYSV ratings over a two-year period. Schwartz et al. (2005) reported significant 
differences for IYSV incidence among onion cultivars in two years. du Toit et al. (2004b) 
observed significant differences for IYSV susceptibility and incidence among 46 cultivars. These 
last three studies relied on native onion thrips populations and localized sources of IYSV for 
disease development rather than a controlled screening that introduced both thrips and IYSV.  
Creamer et al. (2004) reported differences in the IYSV incidence of three onion cultivars in 
growth chamber tests. A completely resistant entry was not observed in any of these studies, and 
disease symptom expression generally varied from year to year. In addition, an effective and 
highly efficient means of mechanical inoculation of the virus for disease development does not 
exist such that germplasm evaluation for disease resistance relies on field screening. The 
objectives of this study were to screen onion germplasm for IYS susceptibility through symptom 
expression, to determine the correlation between severity ratings and a measure of virus titer in 
the plant, and to improve the efficiency of screening through the effect of plant sampling 
methods within plot on mean plot disease ratings. 

 

Materials and Methods 

Plant materials. Fourteen commercial cultivars and eight New Mexico State University 
(NMSU) experimental lines were screened for IYS disease symptom severity and incidence 
under field conditions during the 2007 and 2008 growing seasons (Tables 1 and 2). This 
germplasm was selected because it had not been screened previously under controlled 
conditions. Most of the commercial cultivars are being grown currently in the western U.S. The 
experimental lines from NMSU onion breeding program were selected because they possess 
desired horticultural characteristics and may be released soon as new cultivars. Seeds of each 
entry were sown directly into the field on 14 Feb. 2007 and 15 Feb. 2008. Seedlings were 
thinned on 25 Apr. 2007 and 17 Apr. 2008 to 10 cm between two adjacent plants within the row. 
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Field design and source of inoculum. Field experiments were conducted at the 
Leyendecker Plant Science Research Center, 2.5 km south of Las Cruces, N.M.  A randomized 
complete block (RCB) design with four replications for each entry was used. Plots were 0.5 m in 
width and 6.1 m in length with 0.6 m alleys between two adjacent plots on the same planting 
bed. Within the plot, two rows spaced 25 cm apart were sown on the planting bed. 

To ensure that all plants in the test plots had an equal chance to become infected with 
IYSV, a source of inoculum was brought to the field and the field layout was designed to 
encourage natural IYSV spread throughout the field by onion thrips. This field layout for IYS 
disease spread has been described previously (Mohseni-Moghadam et al., 2011). Briefly, IYSV 
was brought to the field via infected bulbs, spread by onion thrips to plants in spreader rows, and 
moved to plants in test plots once the plants were of sufficient size. A similar field layout has 
been used previously to spread IYSV throughout a test field (Multani et al., 2009). While this 
evaluation method may result in higher IYS severity than observed in commercial bulb 
production, it reduces the yearly and within field variation in disease incidence and severity 
attributed to evaluations in commercial bulb production and research station fields that rely on 
natural IYSV inoculum for disease development (du Toit et al., 2004b; Schwartz et al., 2005; 
Shock et al., 2008). 

Field management. The field was managed using standard cultural practices 
recommended for onion production in southern New Mexico (Corgan et al., 2000, Walker et al., 
2009). Weeds were managed either manually or chemically [Prowl H2O (pendimethalin) (BASF 
Corporation, Research Triangle Park, NC)] at different stages during the cropping season. The 
field was furrow irrigated as needed throughout the season. Uran-32 (32:0:0:5) Helena Chemical 
Co., Collierville, TN) was applied at a rate of 9.35 l•ha-1 at every third irrigation. Onion thrips 
were not controlled by any cultural or chemical means.  All plants in the plot were harvested 
when at least 80% of the tops had lodged or when all plants had died due to severe necrotic IYS 
symptoms. 

Disease ratings. To measure disease symptom severity and incidence, onion plants were 
rated for symptoms on a scale of 1 to 9 where 1 indicated no IYSV lesions, 5 indicated 
approximately 25% leaf tissue damage due to the coalescence of IYSV lesions and 9 indicated 
that more than 50% of leaf tissue was damaged (Mohseni-Moghadam et al., 2011; Multani et al., 
2009). Starting on 7 June 2007 and 12 June 2008, plants were rated on a weekly basis for IYS 
symptoms until plants were harvested. In each plot, two plant selection methods were used to 
rate for symptom severity. To start, each plant in the plot was numbered in ascending order 
starting with the first plant in the first plant row and ending with the last plant in the last row. For 
each plot, a ‘random’ number generator (SAS 9.0, SAS Institute Inc. Cary, NC) was used to 
generate ten random numbers, that would represent the plants to be rated in the plot for that 
particular week. In the first method, the same ten plants (‘fixed’) were rated each week for 
disease symptoms. For the second method, a new and different group of ten plants (‘random’) 
was rated each week. Both sampling methods were used to measure average disease severity and 
incidence. The ‘fixed’ plant sampling method permitted the measurement of disease progression 
over time and the correlation between symptom severity ratings and Enzyme Linked 
Immunosorbent Assay (ELISA) absorbance values on a per plant basis. We were interested also 
in determining any difference in average symptom severity and incidence between the two 
sampling methods.  

Sample collection. Plant samples were collected on 14 and 28 June, and 12 July 2007; 
and 19 June, and 3 and 17 July 2008. Samples consisted of 10-15 g of leaf tissue per plant 
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collected from tips of the outer 2-3 leaves. The ten plants from the ‘fixed’ plant sampling group 
were used for sample collection from each plot. Leaves, that were still actively growing and 
displaying IYS-like necrotic lesions, were selected as samples. The leaf tissue collected from 
each plant was kept separate. In addition, samples were collected arbitrarily from plants 
displaying IYS symptoms in the spreader rows to confirm IYSV presence in these plants that 
served as an inoculum source for the study. Samples were collected in plastic bags, placed in an 
ice chest, and finally stored at -4°C until testing. Samples were analyzed to confirm the presence 
of IYSV by ELISA (Copeland, 1998) and Reverse Transcription Polymerase Chain Reaction 
(RT-PCR) (Cortês et al., 1998). 

Enzyme Linked Immunosorbent Assay (ELISA). The assay was performed according to 
Copeland (1998) with some minor adjustments (Mohseni-Moghadam et al., 2011).  Each sample 
was divided into two equal sections, one for ELISA and one for RT-PCR. An equal amount of 
tissue from one section, about 1 g, was placed in a 2 ml Eppendorf tube. Tubes were frozen in 
liquid nitrogen, then samples were ground using a small pestle, and 1 ml of coating buffer (1.59 
g•L-1 of sodium carbonate, 2.93 g•L-1 of sodium bicarbonate and 0.2 g•L-1 of sodium azide and a 
pH of 9.6) was added to each tube. Tubes were centrifuged for 6 min. at 13,500 rpm in an 
Eppendorf Centrifuge 5415C (Eppendorf North America, Westbury, NY) to separate the plant 
debris from the supernatant. Supernatant (100 µl/well) was transferred to each of the two wells in 
high-binding polysterene plates (eBioscience, San Diego, CA) for each sample. The plates were 
incubated for 2 h at 37°C. IYSV was detected by using a 1:100 dilution of rabbit IgG antibody 
against IYSV (Agdia, Elkhart, IN). A 1:2000 dilution of goat anti-rabbit IgG antibodies (Agdia, 
Elkhart, IN) conjugated to an alkaline phosphatase enzyme was used as a secondary antibody. 
Alkaline phosphate substrate (0.6 mg•mL-1 phosphatase substrate of substrate buffer containing 
97 ml•L-1 of diethanolamine and 0.2 g•L-1 of sodium azide at pH 9.8) was added to each well. 
Plates were incubated for 45 min. to 1 h at room temperature in the dark. The appearance of a 
yellow color in the plate wells indicated a positive reaction for IYSV. Absorbance values of 
plates were measured using an ELISA Plate Reader operating at 405 nm (Biotron Diagnostics, 
Inc., Hemet, CA) to obtain the relative absorbance values. Leaf samples showing severe IYSV 
symptoms were used for the positive control. Leaf tissue collected from green bunching onion 
(purchased at the local grocery store) was used as the presumed negative or healthy control. 
Samples with ELISA absorbance values, that were greater than the healthy control value plus 
four times the standard deviation of the presumed healthy control, were considered positive for 
IYSV (Multani et al., 2009; Mohseni-Moghadam et al., 2011). 

RT-PCR analysis. Samples, that tested positive for IYSV through ELISA, were further 
analyzed using RT-PCR, as described previously (Mohseni-Moghadam et al., 2011). Samples 
taken from presumed healthy plants and green onion leaves (obtained from a local grocery store) 
were also used as a negative control. Primers, specific to the nucleocapsid (N) gene coded by the 
small (S)-RNA of IYSV (Evans et al., 2009), were used: 
(F) 5’ TCAGAAATCGAGAAACTT3’ 
(R) 3’ CACCAATGTCTTCAACAATCTT3’ 
These primers amplify a 751 bp fragment of the N gene. Total RNA was extracted from 1 g of 
leaf tissue using a QIAGEN RNAeasy Plant Mini Kit (QIAGEN Inc, Valencia, CA). RT-PCR 
was performed using a QIAGEN OneStep RT-PCR Kit (QIAGEN Inc, Valencia, CA) in 0.2 ml 
PCR tubes (USA Scientific, Ocala, FL). A GeneAmp PCR System 9700 (Applied Biosystems, 
Foster City, CA) was used to complete the one-step RT-PCR reaction. Reverse transcription was 
performed at 50ºC for 30 min. followed by amplification step with initial incubation at 95ºC for 



 

  National Allium Research Conference, 2012 

84

15 min. and 30 cycles at 94ºC for 1 min., 45-60ºC for 45 sec., 72ºC for 1 min., with a final 
incubation at 72ºC for 30 min. Products of PCR amplification were resolved on a 1% agarose gel 
and analyzed under UV illumination after staining with 10 mg•ml-1 ethidium bromide. 

Statistical analysis. Proc GLM (the General Linear Models procedure) in SAS was used 
to determine if there were differences among entries within years, sample methods, and their 
interactions for disease severity and incidence percentage. When testing the entry main effect, 
entry by block interaction mean square was used as the error term. Entries were grouped based 
upon their relative maturity in order to make appropriate comparisons among entries. Those 
entries, that were still actively growing and had not matured by the last rating date, were grouped 
together as late-maturing entries while all other entries were grouped together as early-maturing 
entries. The mean disease rating for each entry was calculated using the Proc Means procedure in 
SAS. Mean differences among entries on a particular date were determined with Fisher’s Least 
Significant Difference (LSD) test at a probability level of 0.05. Differences of mean among 
entries between the two sample methods, ‘fixed’ and ‘random’, on a particular date were also 
tested. Proc GLM was used to determine if there were differences between the absorbance values 
of the entries in different years and the year by entry interaction. Means for the absorbance 
values were calculated, using Proc Means, for each entry by combining the four replications. To 
test for differences of mean absorbance value among entries on a particular date, Fisher’s LSD 
mean separation test at a probability level of 0.05 was performed. Since leaf tissue samples were 
taken from the ‘fixed’ plants, it became possible to correlate the IYS disease rating with the 
absorbance value of each plant.  Proc Corr (a correlation procedure in SAS) was used to correlate 
IYS disease severity ratings with the correspondent absorbance values from ELISA in all entries. 

 

Results and Discussion 

For both groups of entries, IYS disease severity and incidence was greater at the same 
time throughout the season in 2007 than in 2008 (Table 1). Even though plants were rated for 
disease in 2008 five days later in terms of number of days post sowing, disease occurrence and 
development were delayed in 2008 as compared to 2007. During mid May and early June, mean 
daily air temperatures were higher in 2007 than in 2008 (New Mexico Climate Center, 2011). 
These higher temperatures could have increased thrips reproduction and development rate, 
increased virus replication, increased plant stress, and likely increased disease symptom 
expression. At the second sampling date, the mean absorbance value, an indirect measure of 
virus titer, was greater in 2007 than in 2008 for both groups of entries. Other differences between 
years, such as field plot fertility, irrigation, and/or rainfall amounts may have contributed to the 
disease differences between years. 

Since there were yearly differences in disease severity and incidence, results for entries 
were presented for each year. For the early-maturing entry group, disease symptoms were mild at 
the first rating of both years (Table 1). In 2007, there were no differences among entries; while in 
2008, plants of ‘Aurora’ and ‘Sequoia’ expressed slightly more severe disease symptoms than 
plants of other entries. The same differences between years were present for disease incidence. 
At the first rating date, there were no differences among entries in 2007, while in 2008, ‘Aurora’ 
and ‘Sequoia’ exhibited greater disease incidences than other entries (Table 1). At the second 
rating, plants of ‘Aurora’ and ‘Sequoia’ expressed more severe disease symptoms than plants of 
other entries in 2007 while there were no differences in symptom severity among entries in 2008 
(Table 1). In 2007, the disease incidence for ‘Aurora’ and ‘Sequoia’ was similar to that of all 
other entries except NMSU 05-35-1, NMSU 06-29, and NMSU 06-68-1 (Table 1). As with 
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disease severity in 2008, there were no differences in disease incidence among entries. At the 
second rating, plants were also sampled for ELISA. In both years, there were no differences 
among entries for absorbance values (Table 1). Absorbance values were generally low 
suggesting a low level of virus in plant tissues. Based upon absorbance value, only ‘Aurora’ and 
‘Sequoia’ tested in 2008 would be considered positive for IYSV (Table 1).  

For the remainder of rating dates in both years, differences in disease severity existed 
among entries as the severity increased up to the last rating date. At the third rating date in 2007, 
plants of ‘Aspen’, ‘Aurora’, and ‘Sequoia’ exhibited more severe disease symptoms than plants 
of seven other entries (Table 1). However, there were no differences in disease incidence among 
entries at this time (Table 1). In 2008, plants of only ‘Aurora’ exhibited greater disease severity 
than plants of other entries. ‘Aurora’ also exhibited a greater disease incidence than that of most 
other entries except NMSU 06-45-1 and ‘Sequoia’ (Table 1). At the fourth rating date in 2007, 
plants of ‘Aspen’ and Sequoia’ expressed more IYS symptoms than plants of all other entries 
except ‘Aurora’ (Table 1). In 2008, plants of ‘Aspen’, ‘Aurora’, and ‘Sequoia’ also exhibited 
more symptoms than plants of most other entries. Plants of NMSU 05-35-1 (when tested in 
2007) and of NMSU 05-35-1 and 05-52-1 (when tested in 2008) exhibited fewer disease 
symptoms than plants of most other entries. At the fourth rating date in both years, there was no 
difference in disease incidence among entries. Disease incidence after this date was not 
calculated as the incidence was at or close to 100% for all entries. For both years, there were 
differences in the absorbance values among entries at the fourth sampling date (Table 1). In 
2007, plants of ‘Aspen’, ‘Aurora’ and ‘Sequoia’ exhibited higher absorbance values than plants 
of most other entries. In 2008, only plants of ‘Aspen’ and ‘Aurora’ expressed higher absorbance 
values than plants of most other entries. In 2007, plants of NMSU 05-35-1 exhibited a lower 
absorbance value than plants of most other entries (Table 1). This difference was not observed in 
2008 as the absorbance value of NMSU 05-35-1 was similar to the value for other entries. In 
2007, all entries sampled on the fourth date would be considered positive for IYSV based upon 
their absorbance values while five entries in 2008 would not be considered positive (Table 1). 
The presence of IYSV in plant samples was confirmed in both years by RT-PCR, with the 
presence of an amplified 751 bp fragment indicative of viral presence (Fig. 1). 

At the fifth rating date in 2007 (5 Jul.), plants of ‘Aspen’ and ‘Sequoia’ exhibited a 
higher disease severity than plants of other entries (Table 1). At the same rating date in 2008, 
plants of ‘Aurora’ and ‘Sequoia’ expressed higher disease severity than plants of other entries. 
Plants of NMSU 05-35-1 exhibited less severe disease symptoms in 2007 than plants of other 
entries. This difference was not observed in 2008 as disease severity was reduced for all entries 
as compared to 2007. At the last rating date in 2007, plants of ‘Aspen’ expressed the greatest 
disease severity while the plants of NMSU 06-68-1 and ‘Sequoia’ had matured and had been 
harvested before the rating date (Table 1). In 2008, plants of ‘Aspen’, ‘Aurora’, and ‘Sequoia’ 
exhibited more severe disease symptoms than plants of all other entries when rated at the last 
date.  In both years, plants of NMSU 05-35-1 exhibited less severe disease symptoms than plants 
of most other entries when they were rated on the last date (Table 1). At the last rating date in 
2008, plants of NMSU 06-43 also exhibited less severe disease symptoms. 

As with the earlier maturing entries, disease severity of later maturing entries was low 
initially in both years (Table 2). For both years, entries were similar in their disease severity and 
incidence at the first and second rating dates (Table 2). At the first sampling date, entries were 
similar also for their absorbance values when they were tested in both years (Table 3). Based 
upon the absorbance values measured, plants of these entries would not be considered positive 
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for IYSV. At the third rating date, plants of ‘Cometa’ exhibited a lower disease severity than 
most entries when tested in both years (Table 2). In addition, ‘Cometa’ exhibited a lower disease 
incidence than all other entries in 2007. At the fourth rating date in 2007, there were no 
differences among entries for disease severity whereas in 2008, plants of ‘Oro Blanco’ and 
‘Sterling’ exhibited a greater severity than plants of other entries (Table 2). By this rating date, 
there were no differences in disease incidence among entries in either year. After the fourth 
rating date, disease incidence reached 100% for all entries in both years. Entries were similar 
also in their absorbance values at the second sampling date in 2007 (Table 3). At the second 
sampling date in 2008, plants of ‘Sterling’ exhibited a higher absorbance value than plants of 
other entries. In 2007, all entries would be considered positive for IYSV while only two entries 
would be considered positive at the second rating date in 2008 based upon their absorbance 
values. 

At the fifth rating date in 2007, plants of ‘Oro Blanco’ and ‘Ovation’ exhibited greater 
IYS disease severity than plants of other entries while plants of ‘Cometa’ exhibited lesser disease 
severity than plants of other entries (Table 2). In 2008, plants of ‘Sterling’ exhibited greater 
disease severity than plants of all other entries except ‘Golden Spike’. At the sixth rating date in 
both years, plants of ‘Cometa’ exhibited less severe symptoms than plants of most other entries 
(Table 2). In 2007, plants of ‘Oro Blanco’ and ‘Ovation’ exhibited greater IYS disease severity 
than plants of all other entries. This difference was not observed in 2008. The greater disease 
severity of ‘Oro Blanco’ and ‘Ovation’ at the sixth rating in 2007 correlated with absorbance 
values that were higher than absorbance values of other entries (Table 3). As with disease 
severity, this difference in absorbance values was not observed in 2008. Conversely, plants of 
‘Cometa’ and ‘Granero’ exhibited lower absorbance values in 2008 than plants of all other 
entries. Even though the absorbance values were lower, all entries would be considered positive 
for IYSV based upon their absorbance values.  

At the last rating date in 2007, plants of ‘Oro Blanco’ exhibited more severe symptoms 
than all other entries while plants of ‘Cometa’ exhibited less severe symptoms than plants of 
most other entries except for ‘Riviera’ (Table 2). In 2008, less variation in mean severity was 
observed among entries. Plants of ‘Ovation’ exhibited more severe symptoms than plants of 
‘Cometa’, ‘Golden Spike’, ‘Sterling’, and ‘Vaquero’. Plants of ‘Golden Spike’ exhibited less 
severe symptoms than plants of most other entries except for ‘Cometa’ and ‘Sterling’. In 2008, 
plants of ‘Cometa’ exhibited a similar symptom expression as plants of ‘Golden Spike’, 
‘Sterling’, and ‘Vaquero’. 

For all entries sampled in each year and at each date, a strong, positive correlation was 
observed between disease severity rating and absorbance value (Table 4). This correlation tended 
to become stronger as the season progressed and as virus titer increased within the plant. These 
results would suggest that the expression of disease symptoms and their severity is a function of 
virus levels within the plant. A strong, positive correlation between disease severity and 
absorbance values has been observed previously when the plants that are rated for severity are 
also the same plants that are sampled for ELISA (Mohseni-Moghadam et al., 2011). When plants 
that are rated and sampled are not the same, the correlation between severity and absorbance 
values tends to be weak (Multani et al., 2009). Even though, the correlation between disease 
ratings and absorbance values is strong and positive, there is some variation in symptom 
expression that is not accounted for by virus titer. It is possible that plant vigor or lack thereof 
may contribute to the degree of symptom expression. 
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As was observed with previous work (Mohseni-Moghadam et al., 2011), the method 
selected for choosing plants for disease ratings did not influence plot means for disease severity 
and incidence (Tables 1 and 2). For both years and most rating dates, means for disease severity 
and incidence were similar whether a fixed set of ten plants (fixed) were rated each week or a 
new random set of plants (random) were rated each week. Only on a few (7/40) occasions were 
there differences in means for these two plant selection methods. The fixed plants were selected 
so that disease progression could be observed over time on these plants and a correlation 
between disease severity rating and absorbance values could be determined for these plants. If 
disease progression and correlation with absorbance values are not the objectives of research 
screening germplasm for IYS symptom severity or incidence, then a random selection of plants 
at each rating date would be less time consuming and would yield similar plot means as the fixed 
method of plant selection.  

Of the entries tested, NMSU 05-35-1 and ‘Cometa’ showed the most promise for 
developing an IYSV-tolerant onion cultivar. NMSU 05-35-1 is an open-pollinated breeding line 
in the NMSU onion breeding program. It possesses a similar genetic background as NMSU 05-
33-1 that has been previously described as performing well with respect to symptom expression 
(Mohseni-Moghadam et al., 2011). ‘Cometa’ is a commercial F1 hybrid cultivar from Nunhems, 
USA (Parma, ID).  

In a year with a high degree of disease pressure (2007), plants of both entries, NMSU 05-
35-1 and ‘Cometa’ developed IYS symptoms at a slower rate and expressed less severe 
symptoms than plants of other entries. Some of the reduced symptom expression could be 
attributed to lower amounts of virus in plants of both entries. At several sample dates, both 
entries expressed lower absorbance values than numerous other entries. A lower absorbance 
value was also observed for a related breeding line, NMSU 05-33-1, that was described 
previously (Mohseni-Moghadam et al., 2011). In addition, plant vigor of both entries may be 
reducing symptom expression. With respect to IYS, symptom expression is partially a function 
of the degree of plant stress, since asymptomatic plants have been confirmed to be positive for 
IYSV (Diaz-Montano, 2010; Gent et al., 2004). Those plants that have greater plant vigor are 
often more tolerant of plant stresses, and thus, may express few disease symptoms. Normal waxy 
onions possess copious amounts of epicuticular waxes that build up on leaf surfaces and allow 
thrips to adhere to the plant and incite damage.  Glossy foliage accumulates only sparse amounts 
of epicuticular waxes, appears lighter green in color, slows the growth of thrips populations, and 
experiences less damage from thrips feeding (Cramer, 2011a, 2011b; Jones et al., 1934, 
Molenaar, 1984). Some heirloom cultivars of onion (such as ‘Colorado #6’ or ‘Odorless Green 
Leaf’) are “semi-glossy”, meaning that the plants accumulate lower amounts of epicuticular 
waxes than wild-type plants. Both NMSU 05-35-1 and ‘Cometa’ possess light green foliage that 
is semi-glossy in its appearance. These foliar characteristics may be delaying thrips feeding and 
in turn resulting in a delay in virus accumulation in the plant and symptom expression on the 
outside of the plant. Both thrips number per plant and foliage characteristics were not measured 
for the entries in this study. As it appears that absolute resistance to IYSV and the absence of 
IYS symptoms are not currently possible, IYS resistance and/or tolerance may be achieved 
through reduced thrips feeding, a delay in virus replication and symptom expression, increased 
plant vigor, and/or reduced plant stress. 

‘Aspen’, ‘Aurora’, ‘Oro Blanco’, ‘Ovation’, and ‘Sequoia’ were commercial cultivars 
that were highly susceptible to IYS. These cultivars should not be grown in onion production 
areas that have a history of IYS disease outbreaks. These cultivars would be useful as IYS-
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susceptible checks for future IYS disease screenings. They would confirm if sufficient thrips and 
IYSV are present to cause disease. 

The entries in this study were grouped based upon their relative maturity and those 
entries that matured together were compared for IYS symptoms. At the same rating date, entries 
with the highest and lowest severity ratings in the early maturing group generally had higher 
ratings than the highest and lowest rated entries in the later maturing group (Tables 1 and 2). 
Plants in both maturity groups are developmentally different as those in the early maturing group 
are closer to maturity.  As mentioned earlier, the expression of disease symptoms is a function of 
virus titer and plant stress. As a plant nears maturity, it may be less able to tolerate plant stress 
than a plant that is still actively growing as would be the case in a later maturing plant. As a plant 
nears maturity, leaf tissues begin to senesce as water and carbohydrates are translocated to basal 
portions of fleshy leaves and the mature bulb prepares for dormancy. As leaf tissues senesce, 
there is less need to prevent symptom expression and to preserve leaf tissue. Because of 
developmental differences, it is important to compare plants that are at a similar physiological 
developmental stage for disease symptoms. If all entries in this study were compared together as 
one group for IYS symptoms, entries in the later maturing group would appear to be more 
resistant to IYS symptoms due to fewer symptoms. For example, plants of ‘Oro Blanco’ and 
‘Ovation’, that were considered susceptible to IYS at the latest rating date of the later maturing 
group, might be considered similar to plants of entries that expressed fewer symptoms from early 
maturing group at their latest rating date, if all entries were grouped and compared together. This 
assumption would be a mistake resulting from their current developmental stage relative to the 
other entries rather than a mechanism of resistance or tolerance to IYS. 
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Table 1. Average Iris yellow spot (IYS) disease rating and incidence and Enzyme-Linked Immunosorbent Assay (ELISA) absorbance 
values for early-maturing entries collected at different times during the 2007 and 2008 cropping seasons at the Leyendecker Plant 
Science Research Center in Las Cruces, NM. 
  
 Rating and/or sampling dates (number of days post sowing)z 

  Disease severity ratingy   Disease incidence (%)y   Absorbance valuesx  
   2007    
 7 Jun 14 Jun 21 Jun 28 Jun 5 Jul 12 Jul 7 Jun 14 Jun 21 Jun 28 Jun 14 Jun 28 Jun 
Entryw (113) (120) (127) (134) (141) (148) (113) (120) (127) (134) (120) (134) 
  
Aquila 1.7 2.0 2.7 4.4 4.9 5.1 51.3 70.0 85.0 98.8 0.037 (1.46) 0.159 (7.46)  
Aspen 1.7 2.2 4.1 6.1 7.0 8.2 51.3 70.0 95.0 98.8 0.044 (1.74) 0.297 (13.96) 
Aurora 1.7 2.7 3.9 5.4 5.8 6.6 55.0 73.8 91.3 98.8 0.059 (2.33) 0.228 (10.72) 
NMSU 05-35-11.5 1.8 2.5 3.2 3.8 4.4 50.0 52.5 86.3 97.5 0.040 (1.59) 0.092 (4.34) 
NMSU 05-52-11.4 2.0 3.0 4.5 4.8 5.5 38.8 68.8 92.5 97.5 0.038 (1.51) 0.209 (9.81) 
NMSU 05-57-21.4 2.0 3.0 4.4 4.9 4.8 37.5 66.3 90.0 100.0 0.046 (1.85) 0.136 (6.39) 
NMSU 06-29 1.7 1.6 3.6 4.4 5.6 6.3 61.3 53.8 93.8 96.3 0.035 (1.41) 0.174 (8.18) 
NMSU 06-33 1.5 2.2 3.3 5.0 5.1 6.3 42.5 78.8 91.3 100.0 0.035 (1.41) 0.201 (9.47) 
NMSU 06-43 1.5 2.0 2.9 4.1 4.9 5.7 41.3 76.3 90.0 98.8 0.038 (1.50) 0.166 (7.78) 
NMSU 06-45-11.7 2.0 2.9 4.8 5.1 5.6 47.5 72.5 96.3 100.0 0.039 (1.55) 0.157 (7.37) 
NMSU 06-68-11.5 1.7 2.5 4.6 4.9 - 42.5 57.5 90.0 98.8 0.037 (1.48) 0.174 (8.19) 
Sequoia 1.8 2.7 3.9 5.7 6.7 - 57.5 77.5 90.0 100.0 0.061 (2.42) 0.269 (12.64) 
LSD (5%) NS 0.4*** 0.8*** 0.8*** 0.9*** 2.3* NS 12.5** NS NS NS  0.074*** 

Positive controlv           0.062 (2.44) 0.065 (3.10) 
Healthy controlu           0.018  0.016 
Blankt 0.000 0.000 
 
   2008    
 12 Jun 19 Jun 26 Jun 3 Jul 10 Jul 17 Jul 12 Jun 19 Jun 26 Jun 3 Jul 19 Jun 3 Jul 
Entry (118) (125) (132) (139) (146) (153) (118) (125) (132) (139) (125) (139) 
  
Aquila 1.1 1.7 1.8 2.4 2.6 5.5 10.0 31.3 52.5 77.5 0.043 (1.88) 0.048 (2.12)  
Aspen 1.2 1.5 2.1 3.8 3.7 7.0 12.5 37.5 52.5 86.3 0.036 (1.58) 0.126 (5.61)  
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Aurora 1.5 2.2 3.6 4.9 4.3 7.8 36.3 60.0 83.8 96.3 0.077 (3.41) 0.206 (9.17)  
NMSU 05-35-11.0 1.4 1.9 2.3 2.5 4.4 3.8 25.0 60.0 71.3 0.032 (1.40) 0.057 (2.53)  
NMSU 05-52-11.1 1.5 1.6 2.1 2.5 4.7 11.3 28.8 45.0 72.5 0.038 (1.69) 0.055 (2.45)  
NMSU 05-57-21.1 1.5 2.1 2.8 3.0 5.9 12.5 37.5 62.5 82.5 0.030 (1.31) 0.083 (3.69)  
NMSU 06-29 1.1 1.7 2.1 2.6 2.8 5.6 11.3 38.8 55.0 77.5 0.041 (1.82) 0.074 (3.31)  
NMSU 06-33 1.2 1.6 2.2 2.6 2.9 6.4 15.0 33.8 53.8 77.5 0.047 (2.06) 0.065 (2.90)  
NMSU 06-43 1.2 1.3 1.9 2.2 2.7 4.5 15.0 25.0 57.5 77.5 0.035 (1.53) 0.056 (2.48)  
NMSU 06-45-11.1 1.5 2.2 2.7 3.1 6.3 13.8 28.8 63.8 77.5 0.034 (1.49) 0.084 (3.71)  
NMSU 06-68-11.2 1.9 2.0 2.9 3.1 5.6 16.3 37.5 48.8 73.8 0.046 (2.03) 0.080 (3.57)  
Sequoia 1.4 2.3 2.6 3.2 4.0 7.7 31.3 51.3 75.0 92.5 0.070 (3.07) 0.088 (3.92)  
LSD (5%) 0.2*** NS 0.6*** 0.7*** 0.8*** 1.0*** 11.6*** NS 20.4* NS NS 0.052***  
Positive controlv 0.060 (2.63) 0.099 (4.40) 
Healthy controlu 0.019  0.017  
Blankt 0.000  0.000  
 
Plant Rating Method  2007    
Fixed Mean 1.6 2.2 3.2 4.7 5.4 6.0 49.2 73.5 90.4 98.3 
Random Mean 1.6 2.0 3.1 4.7 5.2 5.9 46.9 62.7 91.5 99.2 
 NS ** NS NS NS NS NS ** NS NS 
Plant Rating Method  2008    
Fixed Mean 1.2 1.7 2.2 2.9 2.9 5.9 16.3 37.7 61.0 82.5 
Random Mean 1.2 1.6 2.1 2.8 2.8 6.0 15.2 34.8 57.3 77.9 
 NS NS NS NS NS NS NS NS NS NS 

 
Year 
2007 Mean 1.6 2.1 3.2 4.7 5.3 6.1 48.1 68.1 90.9 98.8 0.042  0.188 

2008 Mean 1.2 1.7 2.2 2.9 3.1 6.0 15.7 36.3 59.1 80.1 0.044  0.085 

 *** *** *** *** *** ** *** *** *** *** NS  *** 

  
zSeeds of entries were sown directly into the field on 14 Feb. 2007 and 15 Feb. 2008.  
yEach cell shows the disease severity rating or disease incidence of a entry on a particular date averaged over four replications. Ten 
fixed and ten randomly-selected plants from each plot were rated for IYS symptoms based on a scale of 1 (no disease symptom) to 9 
(50% or more of the leaf tissue showing symptoms). 
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xEach cell shows the mean ELISA absorbance value for an entry obtained by averaging the absorbance values from two wells of 
four different tissue samples taken from ‘fixed’ plants over four replicated plots of that entry. Values in parentheses are the amount 
that the entry absorbance value is greater than the healthy control plus four standard deviations. 
w‘Aspen’ is from Monsanto Vegetable Seeds, Inc. (Oxnard, CA); ‘Aquila’, ‘Aurora’, and ‘Sequoia’ are from Nunhems USA 
(Parma, ID); while the remaining entries are from the NMSU onion breeding program (Las Cruces, NM). 
vTissue samples, from the previous year’s infected onion plants, that were rated very high for IYS severity, were used as a positive 
control.  
uGreen onion leaves obtained from a local grocery store were used as a healthy control. 
tCoating buffer was used as a blank. 
NS, *, **, ***Nonsignificant F-test at P = 0.05, significant F-test at P = 0.05, P = 0.01, and P = 0.001, respectively. 
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Table 2. Average Iris yellow spot (IYS) disease rating and incidence for late-maturing entries collected at different times during the 
2007 and 2008 cropping seasons at the Leyendecker Plant Science Research Center in Las Cruces, NM. 
  
 Rating dates (number of days post sowing)z 

  Disease severity ratingy   Disease incidence (%)y  
   2007    
 7 Jun 14 Jun 21 Jun 28 Jun 5 Jul 12 Jul 19 Jul 7 Jun 14 Jun 21 Jun 28 Jun  
Entryx (113) (120) (127) (134) (141) (148) (155) (113) (120) (127) (134)  
  
Cometa 1.6 2.2 2.3 4.1 3.7 3.9 4.2 48.8 51.3 70.0 100.0  
Golden Spike 1.8 2.1 3.3 4.5 5.0 5.0 5.2 58.8 68.8 96.3 100.0  
Granero 1.5 2.2 3.2 4.7 5.0 5.0 5.2 35.0 70.0 92.5 98.8  
Oro Blanco 1.7 2.1 3.7 5.1 5.6 6.9 8.1 51.3 68.8 92.5 100.0  
Ovation 1.6 2.1 2.9 4.6 5.5 6.0 6.0 50.0 73.8 87.5 96.3  
Ranchero 1.5 2.1 3.2 4.5 4.3 4.6 5.3 41.3 68.8 91.3 97.5  
Renegade 1.5 2.1 2.9 4.3 4.7 5.0 5.6 41.3 62.5 86.3 100.0  
Riviera 1.5 2.0 2.7 4.5 4.4 4.9 4.5 41.3 67.5 86.3 98.8  
Sterling 1.5 1.8 3.4 4.4 4.4 4.6 5.1 42.5 72.5 96.3 100.0  
Vaquero 1.6 1.7 2.7 4.8 4.5 4.9 5.8 45.0 73.8 80.0 98.8  
LSD (5%) NS NS 0.6** NS 0.5*** 0.9*** 1.0** NS NS 15.4* NS  

 
   2008    
 12 Jun 19 Jun 26 Jun 3 Jul 10 Jul 17 Jul 24 Jul 12 Jun 19 Jun 26 Jun 3 Jul 
Entryx (118) (125) (132) (139) (146) (153) (160) (118) (125) (132) (139)  
  
Cometa 1.1 1.6 1.6 2.4 2.6 4.1 5.5 6.3 35.0 45.0 81.3  
Golden Spike 1.2 1.7 2.2 2.8 3.3 4.9 5.1 17.5 40.0 71.3 86.3  
Granero 1.2 1.6 2.0 2.4 2.7 4.6 6.7 15.0 37.5 62.5 85.0  
Oro Blanca 1.2 1.8 2.6 3.5 3.1 5.9 6.7 16.3 36.3 75.0 91.3  
Ovation 1.3 2.0 2.2 2.9 3.0 5.3 7.2 20.0 53.8 62.5 87.5  
Ranchero 1.2 1.8 2.2 2.9 2.7 5.6 6.4 13.8 45.0 65.0 86.3  
Renegade 1.2 1.7 2.5 2.9 2.9 5.6 6.7 20.0 41.3 71.3 87.5  
Riviera 1.2 1.6 2.1 2.7 3.0 5.3 6.9 11.3 27.5 63.8 76.3  
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Sterling 1.2 1.7 2.6 3.6 3.8 5.2 5.9 17.5 41.3 78.8 90.0  
Vaquero 1.3 1.7 2.4 2.9 3.2 5.3 6.2 25.0 42.5 67.5 88.8 
LSD (5%) NS NS 0.5* 0.6** 0.6* 0.9* 0.9** NS NS NS NS  
 
Plant Rating Method  2007    
Fixed Mean 1.6 2.1 3.1 4.4 4.8 5.2 5.4 47.0 73.0 89.0 98.8 
Random Mean 1.6 1.9 3.0 4.7 4.6 5.0 5.3 44.0 62.5 86.8 99.3   
 NS * NS ** NS NS NS NS *** NS NS 
Plant Rating Method  2008    
Fixed Mean 1.2 1.7 2.3 2.9 3.1 5.3 6.5 19.8 42.5 70.5 87.0 
Random Mean 1.1 1.7 2.2 2.9 3.0 5.1 6.2 12.8 37.5 62.0 85.0 
 * NS NS NS NS NS NS NS NS * NS 

 
Year  
2007 Mean 1.6 2.0 3.0 4.5 4.7 5.1 5.3 45.6 67.8 87.9 99.0 
2008 Mean 1.2 1.7 2.3 2.9 3.0 5.2 6.3 16.3 40.0 66.3 86.0 
 *** *** *** *** *** NS *** *** *** *** *** 

  
zSeeds of entries were sown directly into the field on 14 Feb. 2007 and 15 Feb. 2008.  
yEach cell shows the disease severity rating or disease incidence of an entry on a particular date averaged over four replications. Ten 
fixed and ten randomly-selected plants from each plot were rated for IYS symptoms based on a scale of 1 (no disease symptom) to 9 
(50% or more of the leaf tissue showing symptoms). 
x‘Golden Spike’, ‘Riviera’, and ‘Sterling’ are from Monsanto Vegetable Seeds, Inc. (Oxnard, CA); ‘Cometa’, ‘Granero’, 
‘Ranchero’, ‘Renegade’, and ‘Vaquero’ are from Nunhems USA (Parma, ID); ‘Oro Blanco’ and ‘Ovation’ are from Sakata Seed 
America, Inc. (Morgan Hill, CA). 
NS, *, **, ***Nonsignificant F-test at P = 0.05, significant F-test at P = 0.05, P = 0.01, and P = 0.001, respectively. 
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Table 3. Enzyme-Linked Immunosorbent Assay (ELISA) absorbance values for late-
maturing entries samples at three times in the 2007 and 2008 cropping seasons at the 
Leyendecker Plant Science Research Center in Las Cruces, NM. 
  
 Sampling dates (number of days post sowing) 

  Absorbance valuesz  
  2007  
 14 June 28 June 12 July   
Entryy (120) (134) (148)   
  
Cometa 0.034 (1.39) 0.131 (4.80) 0.133 (6.32) 
Golden Spike 0.053 (2.17) 0.172 (6.28) 0.203 (9.68) 
Granero 0.040 (1.64) 0.177 (6.50) 0.222 (10.57) 
Oro Blanca 0.046 (1.87) 0.203 (7.42) 0.351 (16.70) 
Ovation 0.036 (1.46) 0.175 (6.40) 0.301 (14.35) 
Ranchero 0.048 (1.93) 0.157 (5.75) 0.182 (8.67) 
Renegade 0.035 (1.43) 0.169 (6.18) 0.193 (9.21) 
Riviera 0.035 (1.44) 0.140 (5.12) 0.212 (10.07) 
Sterling 0.046 (1.87) 0.176 (6.45) 0.183 (8.70) 
Vaquero 0.041 (1.68) 0.157 (5.75) 0.191 (9.07) 
LSD (5%) 

NS NS
 0.081

***
  

Positive controlx0.064 (2.58) 0.091 (3.33) 0.084 (4.20) 
Healthy controlw0.016  0.020  0.016 
Blankv 0.000  0.000  0.000 
  2008  
 19 June 3 July 17 July  
Entry (125) (139) (153)  
  
Cometa 0.037 (1.54) 0.050 (1.61) 0.131 (5.72) 
Golden Spike 0.037 (1.55) 0.068 (2.18) 0.244 (10.65) 
Granero 0.033 (1.41) 0.049 (1.57) 0.168 (7.32) 
Oro Blanca 0.056 (2.37) 0.097 (3.13) 0.286 (12.44) 
Ovation 0.048 (2.04) 0.075 (2.42) 0.272 (11.87) 
Ranchero 0.037 (1.54) 0.076 (2.45) 0.287 (12.51) 
Renegade 0.038 (1.62) 0.091 (2.93) 0.261 (11.39) 
Riviera 0.044 (1.87) 0.086 (2.77) 0.251 (10.93) 
Sterling 0.052 (2.18) 0.150 (4.83) 0.283 (12.33) 
Vaquero 0.040 (1.67) 0.069 (2.22) 0.277 (12.07) 
LSD (5%) NS 0.050* 0.026*  
Positive controlx0.068 (2.85) 0.070 (2.24) 0.096 (4.18) 
Healthy controlw0.017  0.021   0.015 
Blank

v
 0.000  0.000   0.000 

 
Year 
2007 Mean 0.042   0.166  0.219 
2008 Mean 0.042   0.081   0.246 
 NS *** NS 

  
z
Each cell shows the mean ELISA absorbance value for an entry obtained by averaging 

the absorbance values from two wells of four different tissue samples taken from ‘fixed’ 
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plants over four replicated plots of that entry. Values in parentheses are the amount that 
the entry absorbance value is greater than the healthy control plus four standard 
deviations. 
y
‘Golden Spike’, ‘Riviera’, and ‘Sterling’ are from Monsanto Vegetable Seeds, Inc. 

(Oxnard, CA); ‘Cometa’, ‘Granero’, ‘Ranchero’, ‘Renegade’, and ‘Vaquero’ are from 
Nunhems USA (Parma, ID); ‘Oro Blanco’ and ‘Ovation’ are from Sakata Seed America, 
Inc. (Morgan Hill, CA). 
xTissue samples, from the previous year’s infected onion plants, that were rated very high 
for Iris yellow spot severity, were used as a positive control.  
wGreen onion leaves obtained from a local grocery store were used as a healthy control. 
v
Coating buffer was used as a blank. 

NS, *, ***Nonsignificant F-test at P = 0.05, significant F-test at P = 0.05, and P = 0.001, 
respectively. 
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Table 4. Pearson correlation coefficients between Iris yellow spot disease severity ratings and 
Enzyme-Linked Immunosorbent Assay absorbance values for entries sown in the winter of 
the 2007 and 2008 cropping seasons at the Leyendecker Plant Science Research Center in 
Las Cruces, NM. 
  
 Sampling dates (number of days post sowing)z 

 14 Jun 2007 28 Jun 2007 12 Jul 2007 19 Jun 2008 3 Jul 2008 17 Jul 2008 
Entryy (120) (134) (148) (125) (139) (153) 
  
Cometa 0.64*** 0.93*** 0.95*** 0.83*** 0.87*** 0.98*** 
Golden Spike0.80

***
 0.95

***
 0.97

*** 
0.72

***
 0.89

***
 0.94

*
 

Granero 0.71*** 0.91*** 0.92*** 0.75*** 0.80*** 0.96*** 
Oro Blanco 0.74*** 0.94*** 0.98*** 0.88*** 0.94*** 0.98*** 
Ovation 0.75

***
 0.96

***
 0.97

*** 
0.84

***
 0.89

***
 0.99

***
 

Ranchero 0.81*** 0.94*** 0.96*** 0.77*** 0.90*** 0.95*** 
Renegade 0.66*** 0.92*** 0.91* 0.75*** 0.91*** 0.98*** 
Riviera 0.63*** 0.93*** 0.97*** 0.91*** 0.91*** 0.99*** 
Sterling 0.77

***
 0.96

***
 0.91

*** 
0.80

***
 0.83

***
 0.94

***
 

Vaquero 0.74*** 0.94*** 0.96*** 0.81*** 0.85*** 0.98*** 
 
 14 Jun 2007 28 Jun 2007 19 Jun 2008 3 Jul 2008 
Entryy (120) (134) (125) (139) 
  
Aquila 0.61*** 0.95*** 0.86*** 0.80***  
Aspen 0.71

***
 0.97

***
 0.81

***
 0.97

***
  

Aurora 0.85*** 0.97*** 0.95*** 0.97***  
NMSU 05-35-1 0.80*** 0.90*** 0.73*** 0.82***  
NMSU 05-52-1 0.70

***
 0.96

***
 0.85

***
 0.89

***
  

NMSU 05-57-2 0.74*** 0.95*** 0.79*** 0.92***  
NMSU 06-29 0.63*** 0.95*** 0.74*** 0.92***  
NMSU 06-33 0.89

***
 0.96

***
 0.92

***
 0.89

***
  

NMSU 06-43 0.70*** 0.97*** 0.82*** 0.90***  
NMSU 06-45-1 0.70*** 0.90*** 0.66*** 0.90***  
NMSU 06-68-1 0.72*** 0.95*** 0.89*** 0.90***  
Sequoia 0.85

***
 0.97

***
 0.93

***
 0.91

***
  

  
zRating from the ‘fixed’ plant sample method was correlated with the absorbance value of the 
same plant on any given date. Entries were replicated four times. 
y‘Aspen’, ‘Golden Spike’, ‘Riviera’, and ‘Sterling’ are from Monsanto Vegetable Seeds, 
Inc. (Oxnard, CA); ‘Aquila’, ‘Aurora’, ‘Cometa’, ‘Granero’, ‘Ranchero’, ‘Renegade’, 
‘Sequoia’, and ‘Vaquero’ are from Nunhems USA (Parma, ID); ‘Oro Blanco’ and 
‘Ovation’ are from Sakata Seed America, Inc. (Morgan Hill, CA); while the remaining 
entries are from the NMSU breeding program (Las Cruces, NM). 
*,  ***Significant F-test at P = 0.05 and P = 0.001, respectively. 
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Fig. 1. Agarose gel electrophoresis of Reverse Transcription Polymerase Chain Reaction 
products amplified from tissue samples thought to contain Iris yellow spot virus during the 
2007 and 2008 cropping seasons. Lane LD: 100 bp DNA marker; lane NC: negative control, 
tissue sample of green onion leaves obtained from local grocery store were used; lane PC: 
positive control, sample collected from a plant exhibiting severe IYS disease symptoms were 
used; lanes S1-S2: samples collected from plants exhibiting IYS disease symptoms during 
2007; and lanes S3-S5: samples collected from plants exhibiting IYS disease symptoms 
during 2008. IYS = iris yellow spot. 
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Selection progress for Fusarium basal rot resistance of onions using a 

seedling screening procedure. 
Ashish Saxena and Christopher S. Cramer 
Department of Plant and Environmental Sciences, MSC 3Q, Box 30003, New Mexico State 
University, Las Cruces, NM 88003, USA. 
 
Keywords: disease incidence, disease severity, percent susceptibility, Allium cepa. 

 

ABSTRACT 

 

Fusarium basal rot (FBR) causes pre and postharvest losses of onions. It has been 

difficult to develop resistant cultivars. Plants of ‘Nikita’, ‘NuMex Chaco’, ‘NuMex 

Crispy’, and ‘NuMex Sweetpak’ were screened using a seedling screening procedure to 

select FBR-resistant individuals. Silica sand was infested with Fusarium oxysporum f. 

sp. cepae mycelium and spores at 1.3 x 10
8 
spores•L

-1
 in a plastic tray. Seeds were sown 

in infested silica sand and placed in a growth chamber for two weeks at 22
o
C followed 

by two weeks of 28
o
C under high humidity conditions. Survived seedlings were 

transplanted to a soilless growing medium for bulb production. Bulbs were allowed to 

flower and crosses were made between bulbs from each cultivar in the spring and 

summer of 2004. Seeds of the original cultivars and their selected populations were 

sown for two consecutive years in randomized complete block design with four 

replications. Severity of FBR was rated on a scale of 1 (no diseased tissue) to 9 (> 70% 

diseased tissue) by transversely cutting basal plates of twenty bulbs per plot at harvest 

and after four weeks of storage. Selected populations were compared with their 

respective original cultivars for FBR incidence and severity. None of the selected 

population exhibited less disease symptoms than their respective original cultivars in 

this first selection cycle. Another selection cycle might result in more progress for FBR 

resistance in these selected populations.  

 

Onion is the third most economically important crop in New Mexico after alfalfa and 
chile peppers. In 2011, the state produced 98,228 tons from 2,104 ha (U. S. Department of 
Agriculture, 2011). Although the total land area in New Mexico under onion cultivation is 
comparatively lower than other states, a higher productivity (yield per hectare) of New 
Mexico contributes to a high total production. Selected cultivars and better cultural practices 
have contributed to an increase in area, production, and value of the onion crop in New 
Mexico in last three decades (Corgan, 2002). In New Mexico, the desired characteristics of 
cultivars include uniformity of bulb shape, size, color, and maturity period. Onion cultivars 
should produce a high percentage of bulbs with a single growing point, exhibit a low 
incidence of seed stalk formation and possess a high level of disease resistance against major 
pathogens.  

Increased pathogen and pest pressure has been observed in onion bulb production 
worldwide. Pink root, (causal organism, Pyrenochaeta terrestris Hansen), fusarium basal rot 
(FBR), [causal organism, Fusarium oxysporum Synder and Hans, f. sp. cepae (FOC)], and 
thrips (Thrips tabaci L.) are major pests of onion in New Mexico. Unlike pink root, onion 
bulbs become unmarketable when severely infected with FBR. FBR initially causes a rotting 
of the basal plate and then spreads into the fleshy bulb scales. FBR is the second most 
important soil-borne disease of New Mexico affecting the onion crop (Cramer, 2002). FBR 
disease incidence can vary from year to year (Gutierrez and Cramer, 2005) and hence, it is 
difficult to predict losses on a regular basis. Crop rotation and resistant cultivars provide the 
most cost-effective solution to FBR (Cramer, 2000). Repeated onion culture in the same field 
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shortens the rotation cycle and increases the FOC density in the fields.  Hence, resistant 
cultivars seem to be the best option for controlling the disease.  

Onion is a biennial crop for seed production and consumes twice the time for 
screening of disease resistant cultivars using field conditions in comparison to annual crops. 
Stadnik and Dhingra (1995) found that field screening procedures were not feasible due to a 
longer time duration requirement and inconsistent results. A seedling screening procedure is 
a method in which seedlings are evaluated after inoculation with a pathogen (Kruger et al., 
1989). This procedure allows for the screening of a large number of plants in a small amount 
of space. Retig et al. (1970) found that a seedling screening was more reliable for selection 
compared to a mature bulb screening in the field. Seedling screening can be done at any time 
of the year, whereas mature bulbs can only be screened at a certain periods of time. A strong 
and positive correlation between the results of screening mature bulbs in a field and the 
results of screening seedlings was found in two studies (Retig et al., 1970; Somkuwar et al., 
1996).  

FBR resistance is additive (Bacher et al. 1989) and is highly heritable with a high (h2 
= 0.8) narrow sense heritability (Villanueva-Mosqueda, 1996). Although complete resistance 
against FBR is not present in onions, cultivars with greatly-reduced susceptibility can be 
commercially exploited (Lorbeer and Stone, 1965; Cramer, 2000). Based upon the 
understanding of the problem, available resources, and future needs, the objective of this 
research was to evaluate the progress in FBR resistance of several onion breeding lines based 
on a single cycle of selection using a seedling screening procedure.  
 

MATERIALS AND METHODS 

 

The study had two distinct phases and took three years to complete. The first phase of 
the study was conducted to screen onion cultivars for FBR resistance and to select tolerant 
individuals. The second phase of the study was conducted to evaluate the FBR resistance 
level of selected populations as compared to their original cultivars. 

Selection phase. In 2003, ‘NuMex Chaco’, ‘NuMex Crispy’, ‘NuMex Sweetpak’, and 
‘Nikita’ were screened for FBR resistance using the seedling procedure described by Lopez 
(2003). Fresh inoculum was prepared from long-term stored chlamydospores of CSC-7 
isolate, which were cultured on 1/3 potato dextrose agar (PDA). This PDA was inoculated 
seven days before preparing the inoculum and kept at 25oC. The CSC-7 isolate of FOC was a 
Wisconsin isolate obtained from M.J. Havey. A small agar plug with actively-growing 
fungus mycelium of 1 cm

2 
size was taken out and placed in 250 ml sterilized Erlenmeyer 

flasks containing 100 ml of potato dextrose broth. The flasks were rotated on a shaker at 90 
rpm for five days. The resulting mycelium mass was removed from the flask, blended for two 
min. in a blender, and was sieved with cheese cloth. The sieved solution, that contained 
spores (macro and micro conidia), and small pieces of fungal mycelium, was centrifuged at 
3400 rpm for 10 min. The supernatant was poured off and the resulting spores and mycelium 
were resuspended in diH2O. A hemocytometer was used to determine spore count which was 
later adjusted to 1.3 x 10

8
 spores•ml

-1
 using additional diH2O. 

The study was conducted in a growth chamber initially at 22oC. Plastic trays were 
filled with 13 kg of sterilized silica sand. To maintain a homogenous concentration of 1 x 104 
spores per gram of sand, 1.3 x 10

8 
spores were delivered with one liter of diH2O in trays. The 

spores were thoroughly mixed in the sand before the planting of seeds. Onion seeds were 
surface sterilized with 15% sodium hypochlorite solution (6% NaOCl) before sowing to 
remove any external source of pathogens. In each tray, 75 seeds of each cultivar were sown at 
a 1.5 cm depth. A susceptible and a resistant check were sown in each tray to verify that the 
screening performed properly. The procedure was replicated four times. One tray was 
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uninoculated with the pathogen to serve as a check for seed germination. After two weeks, 
the growth chamber temperature was raised to 28oC. During the whole study, a 16 h light 
period was maintained. After four weeks, living seedlings were transplanted and grown in 
Metro-Mix 300 (Sungro Horticulture, Bellevue, WA) under a lath house until bulb formation 
and dormancy occurred. Osmocote 14-14-14 (Scotts-Sierra Horticulture, Marysville, OH) 
was added to encourage plant growth. In Sept. 2003, bulbs were planted in a seed production 
field and covered in April by a 0.6 x 0.6m

2
 cage. To ensure proper pollination, blue bottle 

flies (Calliphora sp.) were kept inside the cage. Umbels with mature seeds were harvested in 
July 2004. Seeds were extracted from dried umbels, cleaned, and kept separate for each 
breeding line based on the cage number assigned to the selected bulbs. Each selection was 
given a new identification number to distinguish it from the original population. ‘NuMex 
Crispy’ was planted in two separate seed cages for seed production and hence two selected 
populations originated from it. 

Evaluation phase. The seeds from each cultivar and their respective selected 
population were sown for screening in FOC-infested fields on Sept. 28, 2004 and Sept. 23, 
2005 at the Fabian Garcia Science Center, Las Cruces, NM. In the second year, ‘Centurion’ 
was added to the evaluation trial as a susceptible check. High levels of FOC were maintained 
by growing onions crops in the same fields for over three decades and incorporating cull and 
FBR-diseased bulbs into these fields. The experimental design was a randomized complete 
block design with four replications per entry. Seeds were sown on single beds of 2.9 m in 
length with two rows per bed thinned to 10 cm between plants. The minimum number of 
plants per plot was 50. The distance between beds was 1 m while a 20 cm spacing was 
maintained between rows. Onions were grown using standard cultural practices for southern 
New Mexico (Corgan et al., 2000). Pre-plant application of 282.5 kg•ha-1 triple 
superphosphate (0.0N – 20.1P – 0.0K; Helena Chemical Co., Collierville, Tenn) was applied 
in each year. Subsurface drip irrigation tape (T-Tape; T-Systems International, San Diego, 
Calif.) that was placed 10 cm below the surface with 20 cm between emitters was used to 
apply water as needed. Fertigation was done using acid-based liquid fertilizer (26N-0P-0K-
6S; Western Blend, Inc., Las Cruces, NM) applied through the drip irrigation lines.   

Onions were evaluated for FBR resistance at harvest and at four weeks after harvest 
(Cramer, 2000). A plot was harvested when 80% of the tops within a plot fell (Gutierrez and 
Cramer, 2005). Plots were harvested in May of 2005 and 2006. Upon maturity, 20 bulbs per 
plot were randomly-selected and the basal plate of each bulb was cut transversely. Disease 
severity was observed by rating basal plates on an ordinal scale of 1 to 9, in which a rating of 
one represented no decay of tissue and a rating of nine represented 71% or more basal plate 
tissue was decayed (Lopez, 2003). Bulbs rated as a nine at harvest were discarded and the 
remaining bulbs from the same plot were kept in storage. Disease incidence was calculated as 
a percentage of bulbs showing decay of the basal plate.  

After four weeks of storage, basal plates of ten bulbs per plot with a disease severity 
rating of one were cut transversely and a piece of 0.5 cm2 PDA with actively growing FOC 
isolate ‘CSC-515’ was smeared on the basal plates. The bulbs were stored individually in 
paper bags in a greenhouse and observations were taken after 20 days for disease severity and 
disease incidence. The average daily temperature of greenhouse was approximately 30oC, 
which was conducive for the development of FBR disease. All of the statistical analysis was 
performed on plot mean basis which comprised of 20 values with the aid of SAS (SAS 
Institute, Inc. Cary, NC) computer statistical program. Proc GLM was used to find entry and 
yearly differences for disease incidence and severity, and their possible interactions. Proc 
means was used to find out the mean differences between the cultivars and selected 
populations. Proc contrast was created to find out the specific pair wise differences between 
cultivars and their respective selected populations.  
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RESULTS AND DISCUSSION 

 

Combined analysis of variance for the observations recorded during 2005 and 2006 
showed that significant interaction between entries and years were present for severity rating 
and disease incidence at harvest and were absent after four weeks of storage (Table 1). All 
entries did not show same level of resistance in both the years of the study at harvest. 
Performance of entries for severity rating and disease incidence after four weeks of storage 
was consistent during both years of evaluation. Entries were different from each other at P 
value of 0.07 after four weeks of storage for disease severity rating when combined analysis 
was done for both years (Table 1). Entries were also different from each other for disease 
incidence after four weeks of storage (Table 1). The rationale for taking observations after 
four weeks of storage was based on disease progression during storage. FBR disease severity 
was found more severe coupled with higher amount of disease incidence when the bulbs were 
stored for four weeks of storage (Lopez, 2003). In 2004-05, ‘NuMex Crispy’ exhibited 
superior performance for disease severity and disease incidence at harvest than to one of its 
selected populations ‘NMSU 04-258’ (Table 2). All other entries during 2004-05 and 2005-
06 did not exhibit any differences between the original and selected populations for FBR 
resistance at harvest (Table 2). None of the selected populations were different from their 
original cultivars for disease severity rating and disease incidence after four weeks of storage 
(data not shown).  

The single difference between the selected and original populations was in an 
opposite direction of our expectation (Table 2). The remaining contrasts were neither 
different at harvest nor after four weeks of storage. FBR disease incidence depends upon the 
presence of pathogenic isolate of FOC; susceptible seed, seedling or bulb of onion entries; 
conducive environmental conditions; and a sufficient time period for development of disease. 
Environmental conditions are highly variable from one year to another and hence cause 
fluctuations in FBR disease incidence. Disease severity and incidence were higher in 2005-06 
compared to 2004-05 in our study (data not shown). The relationship between a pathogen and 
disease also depends upon the growth phase of an onion crop. The genetic mechanism of 
resistant genes differs considerably depending upon the growth phase of an onion crop (Holz 
and Knox-Davies, 1974). In our study, the screening was done at a seedling phase while 
evaluation was conducted at a mature bulb stage. The incongruity of our results might be 
partially contributed to a difference in the growth stage between the screening and evaluation 
phases. Similarly, both onion cultivars and FOC isolates affect the development of disease. 
Lacy and Roberts (1982) found significant interaction between onion cultivars and FOC 
isolates. The seedlings were screened with isolate ‘CSC 7’ of Wisconsin origin. However, the 
evaluations were conducted in Las Cruces, New Mexico with an assortment of avirulent, 
mildly virulent, and highly virulent FOC isolates. A different evaluation system incorporating 
‘CSC 7’ might be needed to get better progress in disease resistance. 

The distribution of FOC within a single field is highly heterogeneous (Higashida and 
Ohsaki, 1982). Bulbs that did not come in contact with a pathogenic isolate of FOC in the 
field may escape disease development. Determining the number of those bulbs is crucial to 
validate the results of a field screening and to correlate with other screening methods. In the 
2005-06 year, only 40 plots were planted with an approximate area of 70 m

2
. Significant 

differences between replications for disease severity and incidence indicate a high level of 
heterogeneity for the distribution of a specific isolate of FOC in the evaluation fields (Table 
3). The analysis of variance for FBR disease severity and disease incidence on bulb 
inoculation revealed that entries were different from each other (Table 3). Two out of the five 
selected populations were different from their original populations when bulbs were 
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inoculated with FOC isolate ‘CSC 515’ (Table 4). However, only one of the selected 
populations ‘NMSU 04-262’ showed lower disease severity and incidence than its original 
cultivar ‘NuMex Sweetpak’ (Table 4). The bulbs were inoculated with ‘CSC 515’ which was 
identified as a virulent FOC isolate from New Mexico in another study. The difference in 
resistance levels of entries was probably a function of genetically heterogeneous entries, the 
presence of multiple isolates in the evaluation fields, and uneven distribution of those 
isolates. It is highly likely that both ‘CSC 7’ and ‘CSC 515’ interact similarly with ‘NuMex 
Sweetpak’ and therefore the progress was seen in desired direction. Unlike ‘NuMex 
Sweetpak’, other entries might not be interacting similarly with both the isolates to find 
differences between selected and original populations. Bulbs which came in contact with 
avirulent and milder virulent isolates of FOC present in the field also contributed for 
deviation between the results of field evaluation and bulb inoculation methods. The bulb 
inoculation study made the results of field screening dubious. Bulb inoculation with a few 
highly virulent isolates of New Mexico might offer superior outcomes. 

Overall, we were unable to measure the improvement in a single cycle of selection for 
improving onion populations for FBR resistance due to several possible reasons. 
Discrepancies between growth phases of screening and evaluation, interaction between FOC 
isolates and onion cultivars, use of a FOC isolate in screening not presented in the evaluation 
stage, and uneven distribution of FOC isolates in the fields were probably the major 
contributors for this insufficient progress. A second cycle of seedling screening with these 
selected populations might provide better results. Schiavi et al. (1985) also found significant 
improvement in FBR tolerance after two cycles of recurrent selection in six onion 
populations. The bulbs which escaped disease due to the absence of contact with a virulent 
FOC isolate diluted the screening intensity and therefore required more cycles to make 
desirable progress. Onion being an allogamous crop increases this effect to a great extent. A 
better idea to deal this issue would be to produce seeds of S1 families of individual resistant 
bulbs and recombine them later after reconfirmation of their resistance for FBR. 
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Table 1. Analysis of variance (source, degree of freedom and mean squares) for fusarium basal rot disease severity rating and incidence 
measured at harvest and after four weeks of storage for autumn-sown onion entries at the Fabian Garcia Science Center, Las Cruces, NM 
during the 2004-05 and 2005-06 test years. 

 
 

 Degree of Severity rating Severity rating Disease incidence Disease incidence 
Source freedom at harvestz after 4 weeksy at harvestx after 4 weeksw 
 

 
Year  1 1.6*** 18.9*** 7969.5*** 11664.9*** 
Replication (Year) 6 0.1NS 0.5NS 64.9NS 143.1NS 
Entries  9 0.3*** 1.1+ 273.1** 448.9*** 
Entries x Year 8 0.1

*
 0.4

NS
 193.7

*
 189.0

NS
 

Error 51 0.1 0.6 88.5 109.1 
  
NS, +, *, **, ***

 Nonsignificant at P = 0.07, significant at P = 0.07, P = 0.05, P = 0.01, and P = 0.001, respectively. 
zDisease severity was rated at harvest time on an ordinal scale of 1 to 9 (Lopez, 2003). 
yDisease severity was rated after four weeks of storage on an ordinal scale of 1 to 9 (Lopez, 2003). 
xPercentage of susceptible individuals out of total number of individuals observed for fusarium basal rot disease at harvest. 
w
Percentage of susceptible individuals out of total number of individuals observed for fusarium basal rot disease after four weeks of storage. 
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Table 2. Means, contrasts mean squares and its significance for FBR severity  
rating and disease incidence between original cultivars and selected  
populations for fusarium basal rot at harvest for autumn-sown onion  
entries at the Fabian Garcia Science Center, Las Cruces, NM during  
the 2004-05 and 2005-06 test years. 

  
 Severity rating Disease incidence 
Entries at harvestz at harvesty 
  
 2004-05 2005-06 2004-05 2005-06 
 
Nikita 1.1 1.7 2.5 25.0 
NMSU 04-266 1.3 2.0 6.3 37.5 
Contrast 0.1

NS
 0.2

NS 
28.1

NS
 312.5

NS
 

 
NuMex Crispy 1.1 1.4 1.3 28.8 
NMSU 04-258 1.6 1.5 16.3 28.1 
Contrast 0.5

**
 0.1

NS
 450.0

***
 0.8

NS
 

 
NuMex Crispy 1.1 1.4 1.3 28.8 
NMSU 04-259 1.1 1.4 1.3 32.5 
Contrast 0.1NS 0.1NS 0.0NS 28.1NS 
 
NuMex Chaco 1.1 1.5 2.5 31.3 
NMSU 04-260 1.2 1.4 2.5 20.0 
Contrast 0.1NS 0.1NS 0.0NS 253.1NS 
 
NuMex Sweetpak 1.1 1.2 1.3 17.5 
NMSU 04-262 1.2 1.1 3.8 6.3 
Contrast 0.1NS 0.1NS 12.5NS  253.1NS 
 

 
NS, *, *** Nonsignificant at P = 0.05, significant at P = 0.05, and P = 0.001, 
 respectively. 
zDisease severity was rated at harvest on an ordinal scale of 1 to 
 9 (Lopez, 2003). 
yPercentage of susceptible individuals out of total number of individuals 
 observed for fusarium basal rot disease at harvest. 
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Table 3. Analysis of variance (source, degree of freedom and 
mean squares) of fusarium basal rot severity and  
incidence of entriesz after field screening for autumn  
sown onion entries at the Fabian Garcia Science Center,  
Las Cruces, NM during the 2005-06 test year. 

  
 Degree of Disease Disease 
Source freedom severityy incidencex 
  
Replication 3 5.2** 733.8** 
Entries  9 4.5

**
 697.2

***
 

Error 27 1.0 146.2 
  
**, ***

 Significant at P = 0.01, and P = 0.001, respectively. 
zBulbs of entries were inoculated with FOC after 4 weeks of 
 storage. A 0.5 cm2 piece of fungal colony actively growing on 
 potato dextrose agar was smeared on transversely cut basal plate 
 of onion bulb and stored them for twenty days.

 

yDisease severity was rated after twenty days of inoculation on an 
 ordinal scale of 1 to 9 (Lopez, 2003). 
x
Percentage of susceptible individuals out of total number of 

 individuals observed for fusarium basal rot disease after twenty 
 days of inoculation. 
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Table 4. Means, contrasts mean squares and its significance  
for FBR severity rating and disease incidence  
between original cultivars and selected populations  
for fusarium basal rot of entries

z
 after field screening  

for autumn sown onion entries at the Fabian Garcia  
Science Center, Las Cruces, NM for the 2005-06  
test year. 

  
Entries Severity ratingy Disease incidencex 
  
Nikita 6.2 85.0 
NMSU 04-266 7.8 95.0 
Contrast 3.4NS 64.2NS 
 
NuMex Crispy 5.5 77.5 
NMSU 04-258 5.9 87.5 
Contrast 0.3NS 200.0NS 
 
NuMex Crispy 5.5 77.5 
NMSU 04-259 6.4 87.5 
Contrast 1.8

NS
 200.0

NS
 

 
NuMex Chaco 5.3 67.5 
NMSU 04-260 6.9 87.5 
Contrast 5.1

*
 800.0

*
 

 
NuMex Sweetpak 5.6 75.0 
NMSU 04-262 4.1 50.0 
Contrast 4.7* 1250.0** 
  
**, ***

 Significant at P = 0.01, and P = 0.001, respectively. 
zBulbs of entries were inoculated with FOC after four weeks 
 of storage. A 0.5 cm2 piece of fungal colony actively 
 growing on potato dextrose agar was smeared on transversely 
 cut basal plate of onion bulb and stored them for 20 days.

 

yDisease severity was rated after 20 days of inoculation 
 on an ordinal scale of 1 to 9 (Lopez, 2003). 
x
Percentage of susceptible individuals out of total number 

 of individuals observed for fusarium basal rot disease after 
 20 days of inoculation. 
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Soil Type Evaluation for High Tunnel Onion Transplant Production 
 

James W. Shrefler, Merritt J. Taylor, Tony Goodson 
 

ABSTRACT.  Previous work showed that high quality onion transplants with minimal 
tendency to bolt can be produced in high tunnels during winter months in southeast 
Oklahoma.  However, one challenge to this transplant production method is the achievement 
of uniform seedling emergence and stand establishment.  Trials were conducted from fall 
2010 to summer 2012 to compare growing media options for effects on seedling 
establishment and overall onion growth and yield.  Four replications of 3 sets of plots 
measuring approximately 1 m X 1 m were established in Oct 2010 in a single bed of a high 
tunnel.  Each set of 3 plots included one each of a fine sandy loam soil (common local soil 
type), a mixture of 33% potting soil (Sun Grow Redi-earth Plug and Seedling Mix) and 66% 
v/v washed sand or a mixture of 50% potting soil and 50% sand.  All growing media 
treatments used a 15 cm deep layer placed over existing sandy loam soil.  The same plots 
were used for two growing seasons.  Transplants were grown by seeding onions into the 
beds.  Seeding density was approximately 20 per cm of row with rows spaced 13 cm apart.  
Two onion cultivars were used such that one half of a bed was planted to 3 rows of Candy 
and the other half to Yellow granex.  Onions were seeded on 3 and 2 Nov of 2010 and 2011, 
respectively.  In 2011 Yellow granex was seeded a second time on 1 Dec due to poor overall 
germination.  On 9 and 14 March of 2011 and 2012, respectively, onions were removed from 
the high tunnel beds by loosening soil with a soil turning fork and collecting the plants by 
hand.  Plants were placed in paper bags and planted in an open field within 2 days.  Field 
rows were spaced 0.9 m with 15 cm between plants.  Incidence of bolting and bulb yield was 
determined.   In general, onion seedling establishment was more rapid and more uniform in 
the potting mix-sand mixtures than in the sandy loam soil.  No important differences in onion 
growth and yield were found following transplanting.   
 
KEYWORDS.  Onion (Allium cepa), high tunnel, transplant.   
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INTRODUCTION 
 Fresh market onion (Allium cepa L.) is a crop of interest to commercial farms and 
market gardeners in Oklahoma.  Although research showed that direct seeding of onions in 
the fall is one means of establishing this crop for spring and summer bulb harvest (McCraw, 
1990) it was later found that this may not be practical until suitable weed management 
methods are developed (Shrefler, 2004).  A factor of maybe greater concern is that winter 
temperature conditions vary considerably across years and mild winters has resulted in 
extensive bolting of fall direct seeded onion in Oklahoma (author observation).  Shrefler 
(2002, 2004) screened onion cultivars for use as spring transplanted onions and found that 
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those classified as intermediate day-length are particularly well suited to Oklahoma for 
achieving marketable size onions.  Some cultivars that performed well in trials are not readily 
available as commercially grown transplants and in order to use these cultivars growers need 
a source of transplants.  One option is to use greenhouse-grown transplants (Russo, 2004).  
This requires greenhouse availability and the associated operating costs also need to be 
considered when using this option.  Shrefler et al. (2004, 2011) demonstrated the feasibility 
of producing onion transplants for spring production using high tunnels.  With this method, 
seeds are planted on beds from mid October to early November and plants are removed from 
the high tunnel and placed in the field in early March.  This work was done using sandy loam 
field soil that was placed in raised beds.  Drawbacks encountered with this method are the 
slow rate of seed germination and seedling emergence obtained in cool, wet soil and the need 
to remove weeds during seedling establishment and throughout the winter months.    
 In order to improve on stand establishment of onions seeded in high tunnels for use as 
transplants research was conducted to compare growing media alternatives for growing onion 
transplants on raised beds in high tunnels using a two step process.  Onion plants were grown 
in a high tunnel during the period from November to March.  Plants were then removed from 
the beds and planted in an open field to allow plants to grow and develop bulbs that were 
harvested at maturity.   
 

MATERIAL AND METHODS 

An onion production trial using transplants grown in high tunnels was conducted at 
the Wes Watkins Agricultural Research and Extension Center at Lane, Oklahoma during 
2010-2011 and repeated in 2011-2012.  Four replications of 3 soil treatments were arranged 
randomly on a bed located within a polyethylene covered high tunnel that is 6 m wide by 
13.7 m long.  Growing media treatments included a locally-obtained fine sandy loam topsoil, 
a 1:1 v/v mixture of washed sand and a commercial growing medium (Sun Gro Redi-earth 
plug and seeding mix series, 15831 NE 8th St # 100,  Bellevue, WA 98008) and a 2:1 v/v 
mixture of the sand and the commercial growing medium.  A frame made of poly vinyl 
chloride pipe was used to construct a single bed that was 15 cm deep, 76 m wide and 12.2 m 
long which was located in the center of the tunnel.  The bed was divided into 12 sections 
measuring 94 cm long and each section was filled with one of the 3 soil mixes.  Groups of 3 
adjacent sections constituted a replication and the soil mixes were the experimental units.  
Soil treatments were placed directly upon the soil floor of the high tunnel floor which was a 
Bernow fine-loamy, siliceous, thermic Glossic Paleudalf (fine sandy loam).  
 Onion (Allium cepa), cv. Hybrid Yellow Granex PRR and cv. Candy were planted in 
rows that ran lengthwise to the beds.  Three rows of each cultivar were arranged such that all 
were equally spaced at 13 cm apart and the 3 rows of a given cultivar were located adjacent 
to one another and all rows of a given cultivar were on the same side of the bed.  Seeding 
density was ca. 20 seeds per cm. of row.  Onions were seeded on 3 and 2 Nov in 2010 and 
2011, respectively.  Yellow Granex was seeded a second time on 1 Dec 2011 due to very 
poor stand establishment in the initial seeding.  Soil was kept moist by irrigating with a fine 
spray produced with a hand-held hose using water from a public supply that was previously 
found to be of suitable quality for vegetable production research conducted in greenhouses.  
Onions were watered and weeded during the winter months and were removed from tunnels 
on 9 and 14 March of 2011 and 2012, respectively, and transplanted to an open field.  Soils in 
the open field plantings were similar to that of the soil treatment and the high tunnel floor.  
Each year, prior to transplanting onions, field soil was analyzed and the fields were fertilized 
based on local recommendations (Motes and Roberts, 1994).  Fertilizer was incorporated into 
soil prior to preparing raised planting beds.  In 2010-2011 the beds were 1.4 m wide, spaced 
on 1.8 m centers and there were two onion rows spaced 0.9 m apart on a bed.  In 2011-2012 
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the bed width was 0.5 m and there was a single onion row on a bed and beds were on 0.9 m 
centers. 

On 9 March 2011 and 14 March 2012, onions were removed from the high tunnels, 
placed in paper bags, and transplanted to the field within two days.  Field plant spacing 
within a row was 15 cm in both years.  Plants from all treatments of a given replicate of the 
high tunnel transplant production plots were planted in the same row in the field planting.   
 Maintenance practices used included herbicide applications of Prowl ® 3.3 EC 
(pendimethalin), (American Cyanamid Company, N.J.) following transplanting and 
Volunteer Tenkoz Inc. (clethodim) (Alpharetta, GA) was used as needed to control emerged 
grass weeds.  Cultivation and hand hoeing were performed as needed.  Fungicide applications 
of Rovral 4F (iprodione) (Philadelphia, PA) were made when significant rainfall events were 
predicted by public weather forecasts.  Nitrogen fertilizer was applied as a side dress 3 times 
during crop development for a total application rate of 110 kg ha-1.  Onions were irrigated as 
needed using overhead sprinklers.   
 As onions developed in the field plants were monitored for seed stalk formation 
(bolting).  Onions were collected when greater than 50% of the tops fell over due to neck 
weakening.  Following harvest onion bulbs were sorted by diameter.  Onion bulbs were 
assigned to size categories <5.08 cm diameter, 5.08 – 7.62 cm, 7.62 – 10.16 cm and >10.16 
cm and then bulbs of each category were counted and weighed.  Yield parameters were 
calculated and data were analyzed using SAS GLM procedures and means were separated 
using Duncan’s Multiple Range Test. 
   

RESULTS AND DISCUSSION 
 High Tunnel Plant Growth.  Plant stand of Candy onions grown in three growing 
media in a high tunnel is shown in table 1.  In the 2010-2011 trial the stand was about three 
times greater in the sand-plug mix treatments than in the sandy loam soil.  In 2011-2012 
stand values were similar across growing media. 
 Plant vigor of Candy onions in three growing media is shown in table 1.  In 2010-
2011 vigor was about 50% greater in sandy loam soil than in the sand-plug mix treatments.  
The trend across growing media for vigor was similar in 2011-2012 with the exception that 
the magnitude of the differences between the sandy loam and the 2:1 mixture was greater 
than in 2010-2011.    
The production of onion transplants requires the obtainment of a suitable stand of vigorous 
plants.  The reduced stand in sandy loam soil compared to the sand-plug mix in 2010-2011 
suggests that the seed germination/seedling establishment process was impeded by soil 
related factors.  The fact that stand establishment was similar across treatments in 2011-2012, 
which is in contrast to the 2010-2011 trial, is a reflection of the sensitivity of seed 
germination/seedling establishment to growing media factors such as moisture and soil 
surface compaction that can result from overhead watering.   
 The reduction in vigor in the soil-plug mix growing media treatments versus the soil 
treatment could be due to several possible factors or combinations of factors.  For one, soil 
moisture holding capacity of the treatments would be expected to differ for reasons such as 
the varied sand contents.  Similarly, nutrient availability in these growing media treatments 
would also be varied.  Previous work with transplant production in high tunnels (Shrefler, et 
al. 2004) used un-amended soil. In that, as well as other trials that followed, this growing 
method using soil has been effective for successfully growing onion transplants in soils of 
varied fertility levels (author’s personal observation).  Growing media fertility was not 
monitored in the current trials. 
 Following the vigor evaluations in 2011-2012 soluble fertilizer (20-20-20 analysis) 
was applied along with irrigation water.  This was deemed necessary as the vigor in some 
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plots appeared to be too low to produce useable transplants.  Plant vigor improved once 
fertilizer application began. 
  Plant Growth in the Field.  Bulb yield data for onions grown using high tunnel 
grown transplants are shown in table 2.  In the 2010-2011 trial no statistical differences were 
detected and means for overall yield and yield of onions of bulb size 7.62-10.16 were similar 
within each of the cultivars. 
 In 2011-2012 Candy onion yields did not differ across treatments.  In contrast, overall 
yields of yellow granex were greater when grown from transplants produced in soil as 
compared to those grown in the sand-plug mix treatments.  Similar trends are also suggested 
for the individual bulbs size categories.  An explanation for these differences is the reduced 
vigor that occurred in the Yellow granex plants in the high tunnel plots.  Although this data is 
not shown, the vigor of Yellow granex plants was similar to that of the Candy onions shown 
in table 1.  In addition, Yellow granex onions were smaller than Candy due to the need to 
reseed about 1 month after the intended seeding date.  The Yellow granex plants used to 
establish the field plantings were appreciably smaller than the Candy plants at the time of 
transplanting.  Yellow granex is a short day cultivar and typically develops bulbs about 1 
month earlier than Candy at our location.  The combined reductions in vigor and transplant 
size of Yellow granex grown onion grown in the sand-plug mix treatments provides and 
explanation for the reduced bulb yields in the 2011-2012 trial.  
 Local transplant production of onions is advantageous in that it allows growers to 
produce small quantities of onion cultivars that are not available as commercially grown 
transplants.  It is also a means of assuring that good quality transplants of desired cultivars 
are available when needed (Shrefler, 2004).  The current study shows that transplants can be 
successfully grown in high tunnels using soilless growing media.  This approach may help 
reduce stand establishment problems that can occur when using soil.  The results also suggest 
that mineral nutrition of onion transplants grown in soilless media needs to be monitored 
more closely than is needed with production in soil.  Future studies will be needed to better 
determine mineral nutrition needs for transplant production in soilless media. 
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Table 1. Plant stand and vigor of Candy onions grown in three growing media in a high 
tunnel for use as transplants.  

 
 

Soil Mix 

 
2010 - 2011 trial1 

 
2011 - 2012 trial2 

Plant stand  
(% of row 
length with 

plants) 

Vigor  
(% of most 

vigorous plants) 

Plant stand  
(% of row 
length with 

plants) 

Vigor 
 (% of most 

vigorous plants) 

         
Sandy loam 27 b

3
 82 a 77  70 a 

1 sand : 1 plug 
mix  

80 a 52 b 72  42 b 

2 sand :1 plug 
mix 

82 a 52 b 62  25 b 

1 Evaluated 11 Jan 2011 
2 Evaluated 31 January 2012 
3
 Means followed by the same letter within a column are not different based on Duncan’s 

Multiple Range Test (P=0.05) 
 
 

 
Table 2. Yield of field-grown onions established using transplants produced in three growing 
media in a high tunnel. 

 Onion bulb yield
1
 

 
Soil Mix 

2010 - 2011 trial 2011 - 2012 trial 
Overall  Size C  Size D  Overall  Size C  Size D  

   kg
.
ha

-1
 x 100 

Yellow Granex  

Sandy loam 206  103  92  164 a
2
 105  44  

1 sand : 1 
plug mix 

188  96  87  97 b 34  17  

2 sand :1 
plug mix 

199  103  85  80 b 47  15  

 

Candy 

Sandy loam 240  109  118  320  114  167  
1 sand : 1 
plug mix  

219  129  69  309  128  144  

2 sand :1 
plug mix 

247  103  136  255  123  99  

1 Overall yield is for all onion sized combined, size C is for bulbs 7.62 – 10.16 cm and size D 
for bulbs >10.16 cm   
2
 Means followed by the same letter within a column are not different based on Duncan’s 

Multiple Range Test (P=0.05) 
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Abstract: Alternative cultural practices are one way in which the arid southwest is adjusting 
to its limited water resources. The use of killed winter cover crops as a pre-plant practice in 
irrigated agricultural systems may be one way to improve soil moisture management for 
summer cash crops. Four annual cover crop species were evaluated for their ability to 
maintain soil moisture content in a furrow irrigated onion field in southern New Mexico: oats 
(Avena sativa ‘Monida’), annual ryegrass (Lolium multiflorum ‘Gulf’), cereal rye (Secale 

cereale) and wheat (Triticum aestivum ‘Promontory’). Cover crops were established in 
October, killed with an herbicide in January, and soil moisture was evaluated into the spring 
and summer months. Wheat straw was used as a fifth cover treatment in addition to a bare 
soil control. Determination of the soil moisture content was conducted with a Diviner 2000 
via Frequency Domain Reflectometry (FDR). Analysis focused on the 10 cm depth from 
planting until mid May, then the 20 cm depth until harvest. Annual rye was incompletely 
killed and soil moisture was negatively affected as a result. With the exception of the 10 cm 
depth in 2010, the soil cover treatments offered soil moisture retention benefits in this onion 
production system.  The cereal rye and oats treatments were the top performers for soil 
moisture retention.  Straw was often intermediate, and annual rye was the lowest in most 
scenarios.  In both years, re-growth of the cover crops complicated crop management and 
affected soil moisture content.  In 2010, re-growth of the cover crops was combined with 
intense weed pressure from yellow nutsedge. Despite some challenges, the killed cover crop 
treatments maintained higher season-long soil moisture content in most scenarios, 
presumably due to slowed evaporative losses, indicating the potential of cover crops for 
furrow irrigated soil moisture management. A completely killed cover crop residue can 
provide soil moisture retention benefits, but must be managed carefully if they are integrated 
into a vegetable production system. 
 
Introduction: 

Vegetable farming in the southern and western United States contributes significantly 
to winter and off-season production for both domestic consumption and export.  Much of this 
production is focused on high value and high-risk crops.  Therefore, in many locations, 
production risks are managed using irrigation systems such as flood, subsurface drip, 
sprinkler, center pivots, and others.  In arid regions, supplemental irrigation is a requirement 
for vegetable production.  These same arid production regions are also appealing as off-
season home locations, and local populations are growing.  For example, cities such as Las 
Cruces, NM are experiencing rapid growth and populations are projected to increase 98% 
between 2000 and 2040 (US Census, 2010).  Currently, agriculture in New Mexico is the 
largest user of available freshwater, consuming more than 77% of the total allocation 
(Longworth et al., 2005).  In the future, it is likely that increasing populations will compete 
with agriculture for limiting resources such as water. 
 Total U.S. fresh market, non-storage summer onion production was valued at $218 
million in 2010 (NASS, 2010).  California, Georgia, Texas, and New Mexico are the top four 
fresh market, non-storage onion-producing states for area harvested (NASS, 2010).  In 2010, 
New Mexico onions were valued at $90.3 million and Doña Ana County in southern NM 
accounted for the largest total area planted with approximately 1,500 ha (NMASS, 2008; 
2010).  However, New Mexico onion hectares have seen a downward trend in the last six 
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years, possibly due to volatile markets, increased production costs, disease pressure, and 
reduced allocations from irrigation districts. 
 The climate of New Mexico is arid with average annual rainfall in the southern part of 
the state ranging from 20 cm in the lower elevation desert to 65 cm at higher elevations 
(NMED, 2010).  In New Mexico, the entire onion crop area is irrigated (Corgan et al., 2000).  
The crop requires a minimum of 229 cm of total water, with an irrigation efficiency of 52%, 
to obtain maximum yields under flood irrigation (Walker et al., 2009).  However, flood 
irrigation is inefficient due to the amount of water that must be applied at each irrigation 
event and losses of excess water through field drainage.  Onions are a shallow rooted crop 
with a majority of the root system confined to the upper 25 cm in a sandy profile.  As a result, 
they require frequent irrigation to effectively saturate the root zone, especially at stand 
establishment (Corgan et al., 2000; Goltz et al., 1971).  Flood irrigated systems require a 
minimum of 5.1 cm of water to fully saturate the field early in the season, but most is lost due 
to leaching below the root zone (Corgan et al., 2000).  Therefore, there has been a shift from 
flood to drip irrigation in the major production areas in the state (NMASS, 2010).  However, 
growers are in need of additional water conserving production practices. 
 Black polyethylene plastic surface mulches are often employed in high value 
vegetable production systems, but come at additional cost due to labor for installation and 
removal.  Plastic mulches are most effective with transplanted crops, and are generally 
incompatible with onion production systems.  Plastic can interfere with seeding equipment 
and flood irrigation systems.  Plant material can also act as a surface mulch with the benefits 
of increasing soil water infiltration, buffering against raindrop impacts, and runoff reduction 
(Masiunas, 1998; McVay et al., 1989; Obiefuna, 1991; Triplett and Dick, 2008; Weston, 
1990).  In a greenhouse study, straw surface mulch reduced onion irrigation water 
requirements by 70% by reducing overall soil evaporation (Abu-Awwad, 1999).  Straw 
mulching of onion irrigation furrows at a rate of 900 kg•ha-1 reduced soil erosion, surface 
water runoff, and increased onion yield by 64% in both the jumbo and colossal grade 
categories (Shock et al, 1999).  However, in arid locations wind erosion is often a significant 
consideration as well.  Therefore, a cover crop species may be best employed as a dead 
surface mulch that is not incorporated (no till), and remains rooted into the planting bed.  

No till residues left on the soil surface have the most impact on the upper 30-40 cm of 
the soil profile, which may be advantageous for onions (Bergamaschi and Dalmago, 2006; 
Goltz et al., 1971).  In North Dakota, barley (Hordeum vulgare) was strip tilled as a living 
cover crop grown in conjunction with direct-seeded, spring-sown onions.  The cover crop 
protected the soil from erosion and wind damage, but onion yields and grade were reduced 
when the barely was allowed to grow taller than 18 cm before it was killed (Greenland, 
2000). 

Although there is sufficient evidence in the literature to support the benefits of cover 
crops, few studies integrate killed cover crops into spring-seeded onion cropping systems 
specifically for soil moisture management in irrigated agriculture.  The objective of this study 
was to evaluate the use of killed cover crops as a pre-plant practice for spring sown onion soil 
moisture management. The present study contributes to this body of literature, and addresses 
field soil moisture impacts of killed cover crops in irrigated vegetable production. 

 
Materials and Methods: 
 A two year, replicated field study was conducted in the 2009 and 2010 onion growing 
seasons at the New Mexico State University (NMSU) Leyendecker Plant Science Research 
Center (LPSRC) in Las Cruces, New Mexico (approximately 1,188 m elevation).  Average 
annual precipitation is very low (241 mm) and, therefore, supplemental irrigation is required 
to bring a crop to maturity (NMCC, 2011).  Plots in both years were established in a 
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randomized complete block design (RCBD) with four replications.  Land preparation in 2009 
and 2010 consisted of plowing, leveling, and bedding in a north to south orientation to 
accommodate flood irrigation. 
 Four cover crop species, wheat straw mulch, and a bare soil control were evaluated in 
an onion production system in southern New Mexico including oats (Avena sativa ‘Monida’), 
ryegrass (Lolium multiflorum ‘Golf’), cereal rye (Secale cereale), and wheat (Triticum 

aestivum ‘Promontory’) (Granite Seed Co. Lehi, Utah).  Weed-free wheat straw was applied 
at a rate of 968 kg•ha-1 on top of the treatment beds as an additional soil cover treatment after 
the primary onion crop was established.  In both years, cover crop establishment required an 
initial flood irrigation event for seed germination followed by a second, supplemental 
watering to achieve additional growth.   
 In early March of each season, onions (Allium cepa ‘Caballero’, Monsanto Vegetable 
Seed, Oxnard, CA) were sown into a standing dead mulch planting bed with two seed lines 
spaced at 34.3 cm using four Milton Precision Planter boxes (Star Co. Casper, WY) affixed 
to a two-bar frame.  In this way, two empty planter boxes in the front served to cut through 
the dead surface mulch, and the two boxes in the back were filled to deliver seed into the 
planting bed. 
 In the 2009 season, the plot soil was a Glendale silty clay loam, and total field size 
was 0.413 ha.  The upper 70 cm of soil consisted of silty clay loam which overlaid fine to 
medium sand (NRCS, 2011).  Each cover crop treatment consisted of three, 30 m beds per 
replication, and beds were spaced 107 cm from center to center. A 3.05 m section of row was 
left unplanted between treatments. Cover crops were broadcast seeded (oats at 95 kg•ha-1 and 
ryegrass, cereal rye, and wheat at 127 kg•ha-1) across the treatment beds and furrows on 15 
Oct 2008.  Seed was raked into the treatment plots and flood irrigated on the following day, 
followed by a second irrigation on 18 Dec. 2008.  In late January of 2009, glyphosate 
(Roundup PowerMAX, Monsanto Agricultural Products, St. Louis, MO) was applied at a rate 
of 2.34 L•ha-1 to kill the cover crops.  The glyphosate was tank mixed with a urea ammonium 
nitrate solution (URAN 2.34 L•ha

-1
, 32% N; Helena Chemical Co, Mesquite NM) and a 

mineral oil concentrate (0.219 L•ha-1) in 79.2 L of water. The resulting standing dead residue 
was left intact on the soil surface for the remainder of the experiment, and ‘Caballero’ onion 
was sown 3 Mar. 2009 directly into the residues.  The crop was fertigated on 29 May 2009 
with URAN in conjunction with flood irrigation at a rate of 9.46 L•hr-1 for three hours (28.3 
L total).  Straw mulch was not applied until 2 June 2009, or 62 days after planting (dap) of 
the onion crop, due to high winds. 

In the 2010 season, the plot soil was a Brazito very fine sandy loam, and total field 
size was 0.507 ha (NRCS, 2011).  Each cover crop treatment consisted of four, 30 m beds per 
replication, and beds were spaced 107 cm from center to center. A 3.05 m section of row was 
left unplanted between treatments. Cover crops were drilled into the tops of the beds using a 
landscape seeder (Sukup Manufacturing Company, Sheffield, IA).  Oats, ryegrass, cereal rye, 
and wheat were sown at 151, 53, 63, and 43 kg•ha-1, respectively, in Oct. 2009.  Treatment 
plots were flood irrigated on the following day followed by a second irrigation in November.  
In Feb. 2010, glyphosate was applied at a rate of 2.34 L•ha

-1
 to kill the cover crops.  The 

glyphosate was tank mixed with a urea ammonium nitrate solution (URAN 2.34 L•ha-1, 32% 
N) and a mineral oil concentrate (0.219 L•ha-1) in 79.2 L of water. The resulting standing 
dead residue was left intact on the soil surface for the remainder of the experiment.  
‘Caballero’ onion was sown 4 Mar. 2010 into the surface residues.  Straw mulch was applied 
by hand on 8 June 2010.  Temperature and precipitation events were recorded at a nearby 
(<800 m) weather station (NMCC, 2011).  No insecticides were applied in either year of the 
project, however in 2010 an herbicide (Dual Magnum, Syngenta) was applied in the 
irrigation water for yellow nutsedge (Cyperus esculentus) control. 
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 After the cover crops were sown each season, polyvinyl chloride (PVC) access tubes 
(1.5 m long, 7.6 cm diameter) were installed in the center of the center bed in each treatment 
and replication to measure soil volumetric moisture content.  Measurements were collected 
manually every three to five days using a portable Frequency Domain Reflectometry (FDR) 
probe and data logger (Diviner 2000, Sentek Environmental Technologies, Kent Town, South 
Australia).  Volumetric soil moisture content was recorded at 10 cm and 20 cm depths from 
March or April until onion harvest (July). 
 In 2009, onions were harvested when the foliage was >50% “down”, or lodged, in 
July.  Yield data were collected from the center 6.16 m of the center row of each treatment 
(two seed lines).  In 2009, onions were trimmed of tops (foliage) and roots and allowed to 
cure in paper sacks in the dark at 27

o
C for four days.  Bulbs were then sorted into size 

categories based on U.S. grades standards for Bermuda-Granex-Grano type onions and 
weighed (USDA AMS, 1995).  Grade sizes included small (2.54-5.72 cm), prepacker or 
repacker (4.45-7.62 cm), medium (5.08-8.26 cm), and large or jumbo (>7.62 cm in diameter).  
In 2010, significant weed competition from yellow nutsedge prevented proper bulb formation 
and, therefore, only plant count and total fresh biomass (roots and shoots) was measured at 
harvest in July.  End of season stand count was also collected at harvest. 
 Statistical analysis was conducted in SAS (SAS Institute, Cary, NC) using the proc 
general linear model (GLM) statement.  Yields were converted to t•ha-1 and evaluated for 
analysis of variance.  If the main effect of cover crop treatment was significant (P ≤ 0.05), 
yield means were separated using Tukey’s test.  At each depth and in each time period, soil 
moisture treatment means were separated using LSD.  Year one and two were analyzed 
separately. 

Volumetric soil moisture content was analyzed at two depths (10 cm and 20 cm) to 
approximate onion root depth.  The 10 cm depth analysis was focused on March or April 
until mid May.  The 20 cm depth analysis was focused on mid May until harvest in July.  In 
2009, the exact dates were Mar. 22 to May 15 for the 10 cm depth and May 18 to Jul. 14 for 
the 20 cm depth.  In 2010, the exact dates were April 13 to May 7 for the 10 cm depth and 
May 20 to July 18 for the 20 cm depth. 
 
Results and Discussion:  
2009.  At the 10 cm depth, the bare soil control had the lowest soil moisture content 
throughout the time period from March to May (Table 1, Figure 1). The only cover crop to 
show a similar soil moisture content was annual rye.  This is because the rye was 
incompletely killed and re-growth was occurring throughout all treatment blocks.  Straw was 
intermediate, and winter wheat and cereal rye had significantly higher soil moisture content 
throughout this time period.  Soil moisture contents were higher at the 20 cm depth.  At this 
depth and time period, winter wheat, cereal rye, and oats had significantly higher soil 
moisture content than the other three treatments.  This is important to consider, particularly 
late into the onion season (June) when temperatures are highest in New Mexico.  The re-
growth of annual rye and consequent soil moisture extraction brought this treatment’s mean 
to that of the control at both depths.  Straw had some impact on soil moisture at 10 cm, but 
this effect disappeared at 20 cm.  There were few differences in onion yield among 
treatments, including the control.  Annual rye plots had lower yield, likely due to direct 
competition as it was re-growing (Table 2).  
 
2010. At the 10 cm depth, the control actually had the highest soil moisture content (Table 1, 
Figure 2).  This was an unexpected result, but can likely be explained by differential weed 
control.  Control plots were more easily weeded clean, and yellow nutsedge was much more 
prevalent in cover crop plots as a result.  All of the cover treatments, including straw, 
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performed similarly in terms of soil moisture.  Again, annual rye plots had significantly lower 
soil moisture content than all other treatments due to re-growth.  At the 20 cm depth, results 
were similar to 2010.  Oats and cereal rye had the highest soil moisture contents, followed by 
straw and the control with intermediate moisture values.  Annual rye had the lowest soil 
moisture content due to re-growth at this depth as well.  Yields in 2010 were substantially 
lower than in 2010 due to weed pressure.  The control was not significantly different from the 
cover crop and straw treatments, however it was higher than the annual rye plots (Table 2). 
 
Conclusions: 

With the exception of the 10 cm depth in 2010, the various soil cover treatments 
offered moisture retention benefits in an onion production system.  Cereal rye and oats 
treatments were the top performers for soil moisture retention.  Straw was often intermediate, 
and annual rye was lowest in most scenarios.  In both years, the annual rye cover crop plots 
began to re-grow and became quite tall, reducing onion yields.  Greenland (2000) made a 
similar observation with barely in onion plots.  In 2010, re-growth of some of the cover crops 
combined with weed pressure from yellow nutsedge had a negative impact on soil moisture. 
The nutsedge contributed to the extraction of soil moisture from all treatments, and therefore 
reduced the measured soil moisture content.  

Cover crops were sown differently in each season (broadcast vs. drilled), and both 
methods provided comparable soil moisture retention benefits.  Cover crop seed was drilled 
in year two to facilitate onion sowing in the spring.  This could be further refined, but the 
impacts on soil moisture management are unknown.  Year one and two had different soil 
types, but cover crop benefits were still apparent.  Cover crop treatments did not significantly 
decrease yield, with the exception of the annual rye treatment.   

In conclusion, a completely killed cover crop residue can provide soil moisture 
retention benefits, but must be managed carefully if they are to be integrated into a vegetable 
production system. To aid in a complete kill of a cover crop species, it should be established 
early enough in the season so it is actively growing at the time of herbicide application.  
Another approach could be mechanical undercutting to severe the root system of the cover 
crops to achieve complete kill without the need for herbicides.   

The straw treatment had the desired effect of soil moisture retention in the upper 10 
cm, but its presence alone was not sufficient to retain moisture at increased depths in this 
study.  In addition, the straw treatments were more likely to be removed by wind and water 
erosion as compared to the killed cover crop treatments.  The cover crop treatments that 
provided the most potential for soil moisture retention near the root zone of onions were oats, 
cereal rye, and winter wheat.  These species should be the subject of future studies involving 
the modified protocol described above. 
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Table 1. Volumetric soil moisture content (%) at two depths (10 cm and 20 cm) in various 
cover crop and soil cover treatments, 2009-2010.  
 

Year 
2009    2010 

Treatment  10  20  10  20  
Winter wheat  22.6 a  40.9 a  20.0 b  29.7 bc 
Cereal rye  22.6 a  38.8 a  19.1 b  30.9 ab 
Oats   22.1 ab  38.3 a  20.6 b  32.3 a 
Straw   20.1 b  29.8 b  20.4 b  27.9 c 
Annual rye  18.0 c  28.9 b  15.5 c  24.6 d 
Control  17.9 c  30.3 b  23.7 a  27.7 c 
z Any two means within a column with a common letter are not statistically different. 
 
 
 
 
Table 2. Average yield (t•ha

-1
) of 'Caballero' onions grown in a killed cover crop residue and 

wheat straw surface mulch over two seasons in southern New Mexico. 
 
   Year 
Treatment 2009  2010 
Control 9.5 a  3.3 a 
Straw  8.5 a  2.4 ab 
Oats  6.3 a  2.0 ab 
Cereal rye 8.0 a  0.7 ab 
Wheat  7.9 a  0.6 ab 
Annual rye 2.5 b  0.1 b 
z Means separation in columns by Tukey's test at P = 0.05. Any two means within a common 
letter are not statistically different. 
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Figure 1: Volumetric soil moisture content (%) at two depths (10cm and 20 cm; left and right, respectively) in cover crop treatments, 2009.   

 
 

Figure 2: Volumetric soil moisture content (%) at two depths (10cm and 20 cm; left and right, respectively) in cover crop treatments, 2010. 
 

0

5

10

15

20

25

30

35

40

45

50

55

5/25/10 5/29/10 6/2/10 6/6/10 6/10/10 6/14/10 6/18/10 6/22/10 6/26/10 6/30/10 7/4/10 7/8/10 7/12/10 7/16/10

Date

control

annual  rye

winter wheat

straw

oats

cereal rye

0

5

10

15

20

25

30

35

40

45

50

55

4/13/10 4/17/10 4/21/10 4/25/10 4/29/10 5/3/10 5/7/10 5/11/10 5/15/10 5/19/10

Date

0

5

10

15

20

25

30

35

40

45

50

55

3/23/09 3/27/09 3/31/09 4/4/09 4/8/09 4/12/09 4/16/09 4/20/09 4/24/09 4/28/09 5/2/09 5/6/09 5/10/09 5/14/09

Date

0

5

10

15

20

25

30

35

40

45

50

55

5/18/09 5/22/09 5/26/09 5/30/09 6/3/09 6/7/09 6/11/09 6/15/09 6/19/09 6/23/09 6/27/09 7/1/09 7/5/09 7/9/09 7/13/09

Date

control 

annual rye

winter wheat

straw

oats

cereal rye


