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ABSTRACT 
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Iris yellow spot virus (IYSV) has been found consistently in commer-
cial dry bulb onion fields throughout New York State since 2006. 
Yearly recurrence of IYSV may result from annual reintroductions of 
the virus or persistence of the virus in overwintering host plants. To 
identify potential sources of IYSV, we surveyed onion transplants 
imported into New York as well as volunteer onion plants and weeds 
using a double-antibody sandwich enzyme-linked immunosorbent 
assay. IYSV was not found in any of 1,097 transplant samples tested in 
2007 but 4 of 760 (0.53%) transplant samples tested positive in 2008. 

IYSV was found in volunteer onion plants in 3 of 10 (30%) onion 
fields sampled in 2007, in 4 of 27 (15%) onion fields sampled in 2008, 
and in 6 of 12 (50%) onion cull piles sampled in 2008. In all, 4 of 17 
weed species (i.e., chicory [Cichorium intybus], common burdock 
[Arctium minus], curly dock [Rumex crispus], and dandelion [Tarax-
acum officinale]), were confirmed to be infected with IYSV using 
serological and molecular testing methods. IYSV may be reintroduced 
annually into New York through imported onion transplants but it also 
persists in volunteer onion plants and selected weed species. 

 

Iris yellow spot virus (IYSV), from the genus Tospovirus in the 
family Bunyaviridae, causes significant yield losses and grade 
reductions in onion (Allium cepa L.) bulb and seed crops in the 
western United States (9,11,12,15,28,38). Surveys of dry bulb on-
ion fields in 2006 confirmed the presence of IYSV in New York 
State (20). Since then, IYSV has been found in onion fields across 
New York every year (21,32,33). Because of the widespread distri-
bution of IYSV at the time the virus was first detected, it is likely 
that the virus was present in New York before 2006. 

Developing an effective, integrated management program for 
IYSV requires an understanding of basic epidemiological informa-
tion about the virus pathosystem. This includes understanding pri-
mary infection sources, the mechanics of how the virus is transmit-
ted from plant to plant, how the virus is introduced to new loca-
tions, how the virus survives between cropping seasons, and identi-
fying factors that favor epidemics (24). Some of this information is 
known about Tospovirus spp. in general. Thrips are the only known 
vectors of Tospovirus spp., and acquire a Tospovirus sp. as larvae 
when feeding on infected plants (23,52). The ability of larvae to 
become infective (i.e., to both acquire and successfully transmit a 
Tospovirus sp.) decreases with age of the larvae (53,55). Tospovirus 
spp. replicate within the thrips host and are transmitted in a persis-
tent, circulative manner; viruliferous adults are capable of transmit-
ting a Tospovirus sp. to host plants for the duration of their lives (52). 
Aviruliferous adults feeding on infected plants can acquire Tospovi-
rus spp. but cannot transmit the viruses (37,57). There is no evidence 
of transovarial transmission of a Tospovirus sp. in thrips (58), and 
there is no evidence that Tospovirus spp. are seed transmitted (37). 
The spread of some Tospovirus spp. to new locations closely mirrors 
the dispersal of invasive thrips as vectors of the virus (37). 

This general knowledge on Tospovirus spp. appears to hold true 
for the onion–IYSV–thrips pathosystem. More specific studies 
have confirmed that IYSV is not known to be transmitted through 
onion seed (25,40), and the only confirmed vector for plant-to-
plant spread of IYSV is the onion thrips, Thrips tabaci (Lindeman) 

(6,25,30). Where onion plants are grown continuously and in close 
proximity for bulb and seed production, thereby creating a “green 
bridge”, onion crops may be the primary sources of infection (37). 
In Colorado, IYSV incidence was very high in volunteer onion 
plants originating from the previous year’s crops, and virus symp-
toms were detected on volunteer onion plants before appearing on 
the crop plants (16), suggesting that volunteer onion plants may be 
a primary source for infection. In Georgia, volunteer onion plants 
originating from infected bulbs imported from Peru and then culled 
were suspected to have been the primary source of IYSV when the 
virus was first detected in that state (36). In addition to infecting 
Allium spp., IYSV has been found in at least 21 non-Allium plant 
species (44) and, depending on the geographic region, these alter-
nate host plants may be a primary source and a reservoir for the 
virus to persist after onion bulb crops are harvested. So far, re-
search suggests that primary spread of IYSV is more important 
than secondary spread within onion crops, though limited secon-
dary spread can occur (16,37,45). 

In New York, T. tabaci is the dominant thrips species in onion 
fields (14) but, in some other locations in the United States, multi-
ple thrips species are common in onion fields (10,31,46), or a spe-
cies other than T. tabaci may dominate the onion system (36). For 
the onion–IYSV pathosystem in New York, there is relatively little 
information on the primary sources of infection, how the virus 
spreads to new locations, and whether the virus survives between 
onion cropping periods. The factors that favor epidemics of IYSV 
in New York are also unknown. 

Onion is typically grown as a seed crop or a dry bulb crop; onion 
plants produce bulbs in the first season but produce flowers and 
seed in the second season if exposed to adequate vernalization (2). 
In New York State, the majority of onion production is for dry 
bulbs (39). Planting begins in April and May, and bulbs are har-
vested in late summer and fall. Bulbs are sold out of storage 
throughout the winter (39). Fields planted to onion crops in New 
York are usually not rotated with other crops, and onion crops are 
not grown in the fields over the winter. In New York, approxi-
mately 85% of the onion crop is grown from seed and 15% is 
grown using onion transplants (39). Most transplants are bare-root 
transplant seedlings imported from Arizona, where IYSV has been 
reported since 1993 (15). In Colorado, between 0.4 and 5.0% of 
onion transplant lots imported from Arizona and California had 
symptoms of IYSV, and 18 to 91% of the transplant lots sampled 
were infested with T. tabaci (15). The persistence of IYSV in New 
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York could be associated with annual reintroductions of IYSV into 
this state if imported transplants are similarly infected or harbor 
viruliferous thrips. 

Volunteer onion plants could serve as important overwintering 
hosts for IYSV, providing a reservoir for the virus each spring and 
enabling the virus to persist between onion cropping seasons. Vol-
unteer onion plants originate from unharvested bulbs left in onion 
fields the previous season or from onion bulbs discarded in onion 
cull piles. Gent et al. (16) monitored volunteer onion plants that 
emerged from fields where IYSV had been documented the previ-
ous year, and found that almost all of the volunteers surveyed had 
IYSV symptoms. In New York, where onion crops are rarely ro-
tated with other crops, onion volunteers could provide a consistent 
reservoir for IYSV each spring. Volunteer plants that develop in 
onion cull piles, created by growers and by packing houses from 
discarded bulbs, could also provide a spring reservoir for IYSV. In 
addition, bulbs grown outside New York from areas where IYSV is 
established, and imported into New York for repacking in packing 
houses, may include bulbs infected with IYSV (B. Nault, personal 
communication). Imported, infected bulbs that are culled could 
create another avenue for reintroduction of the virus into New 
York, similar to imported infected onion transplants. The potential 
of onion volunteers emerging in fields and cull piles to be sources 
of IYSV in New York has not been studied. 

Other alternative overwintering host plants and potential reser-
voirs for IYSV during the growing season are weeds. IYSV has 
been found in numerous weed species in other states in the United 
States, and some of these weeds occur in New York; for example, 
common purslane (Portulaca oleracea L.) (7), redroot pigweed 
(Amaranthus retroflexus L.) (15), spiny sowthistle (Sonchus asper 
(L.) Hill) (35), green foxtail (Setaria viridis (L.) Beauv.) (13), 
common lambsquarters (Chenopodium album L.), kochia (Kochia 
scoparia (L.) Schrad.), and prickly lettuce (Lactuca serriola L.) 
(43). Preliminary studies have demonstrated that thrips that de-
velop on IYSV-infected weeds can transmit IYSV to onion seed-
lings (46). The relative importance of weeds in the epidemiology 
of IYSV in New York is not known. 

The primary goal of this project was to identify potential sources 
of IYSV in onion crops in New York. The specific objectives were 
to (i) estimate the incidence of IYSV in onion transplants imported 
into New York, (ii) estimate the incidence of IYSV in volunteer 
onion plants that emerge in spring in onion fields and cull piles in 
New York, and (iii) identify weed species in New York that may be 
potential hosts of IYSV. 

Materials and Methods 
Plant material. Plants were selected regardless of the presence 

or absence of symptoms, to provide unbiased estimates of the inci-
dence of IYSV. All plant samples were stored at 4°C until analysis. 
All samples were collected in New York State and are identified by 
the county where they were collected. Plants collected from the 
“Elba muck”, a large onion-growing region in two adjacent coun-
ties, are identified as originating from Genesee/Orleans Counties. 

Bare-root onion transplants shipped into New York and tested in 
this study originated from two commercial farms in Arizona. In 
late April 2007, transplants of 11 cultivars (7 yellow and 4 red) 
were tested for IYSV (Table 1). For each cultivar, 30 plants were 
selected from each of 30 bundles of onion transplants containing 
approximately 50 to 100 plants/bundle. From this pool of 900 
plants/cultivar, at least 200 plants/cultivar were selected for testing. 
Each sample consisted of 5 plants, and 1,097 samples (5,485 plants 
total) were analyzed for IYSV (Table 1). In late April 2008, 12 
cultivars (8 yellow and 4 red) were tested for IYSV (Table 1). For 
each cultivar, 10 plants were selected from each of 45 transplant 
bundles. From this pool of 450 plants/cultivar, at least 200 
plants/cultivar were tested. Similar to 2007, samples consisted of 5 
plants/sample, and 760 samples (3,800 plants total) were analyzed 
for IYSV (Table 1). 

Between late May and early June 2007, 231 volunteer onion 
plants were collected from 10 nonrotated onion fields located in 
Genesee/Orleans, Oswego, Wayne, and Yates Counties and tested 
for IYSV (Table 2). In May 2008, 578 volunteer onion plants were 
collected from 27 nonrotated onion fields in Genesee/Orleans, 
Orange, Oswego, Wayne, and Yates Counties and tested for IYSV 
(Table 2). During the same month, 359 volunteer onion plants were 
collected from 12 onion cull piles located in Genesee/Orleans, Or-
ange, Oswego, and Wayne Counties and tested for IYSV (Table 2). 

In July 2007, samples from 12 common burdock (Arctium minus 
Bernh.) and 4 dandelion (Taraxacum officinale G. H. Weber ex. 
Wiggers) plants were collected from weed banks adjacent to onion 
fields in Ontario and Yates Counties and tested for IYSV (Table 3). 
In spring 2008, 269 samples representing 10 weed species were 
collected from Genesee/Orleans Counties from the periphery of 
onion fields known to have a history of IYSV the previous year and 
tested for IYSV. In addition, 611 samples representing 11 weed 
species were collected from weed banks adjacent to onion fields in 
Orange County and tested for IYSV. In fall 2008, 414 samples 
representing nine weed species were collected from weed banks 
adjacent to onion fields in Genesee/Orleans Counties and tested for 
IYSV. In fall 2010, samples from 21 common burdock plants were 
collected in Yates County and tested for IYSV. Whole-plant 
samples were collected for each weed species except common 
burdock and stinging nettle (Urtica dioica L.). Because of the 
larger size of the plants, common burdock and stinging nettle sam-
ples consisted of leaves collected from the middle of each plant. 
Common and scientific names for each weed species (1) examined 
in this study are listed in Table 3. 

Detection of IYSV by serological assays. Samples of imported 
onion transplants were analyzed as bulk samples, with tissue from 
five plants combined to create a 1-g composite sample. In almost 
all cases, transplants were large enough that only green leaf mate-
rial was used in the composite sample. For larger transplants, tissue 
samples were taken from the middle of the plant by making slices 
perpendicular to the leaf and removing a section of each leaf. Vol-
unteer onion plants collected from onion fields and cull piles were 
larger than the onion transplants and were analyzed as individual 
plants. Samples were taken from each plant by making a perpen-

Table 1. Number of bare-root onion transplant samples imported from
Arizona into New York that reacted positively for Iris yellow spot virus
(IYSV) using a double-antibody sandwich enzyme-linked immunosorbent 
assay (DAS-ELISA)a 
 Number of samplesb 
 2007 2008 

Cultivar Tested With IYSV Tested With IYSV

Yellow bulb     
Corona 46 0 … … 
Empire Sweet 69 0 60 0 
Frontier … … 60 0 
Highlander 130 0 … … 
Kasmer Homegrown 136 0 … … 
Milestone 143 0 60 0 
Millennium 46 0 … … 
Norstar … … 120 1 
Prince … … 60 2 
Ricochet 43 0 60 0 
Sherman … … 60 0 
T-439 … … 60 1 

Red bulb     
Mercury 192 0 60 0 
Red Bull … … 40 0 
Red Wing 150 0 60 0 
Red Zeppelin 96 0 60 0 
Rhumba 46 0 … … 

Total numberc 1,097 0 760 4 

a Transplants of each cultivar were tested for IYSV before planting using a
DAS-ELISA from Agdia Inc. (Elkhart, IN); … indicates that no
transplants were tested for that cultivar in that year. 

b For number of samples tested, each sample consisted of green leaf 
material from five transplants combined into one composite sample. 

c Total number of samples. 
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dicular cut to remove and discard the top two-thirds of the plant; 
then, a second, perpendicular cut was used to remove a section of 
each leaf from each plant as the sample to be tested. This method 
ensured that the sample included material from all leaves and, 
when present, the scape of each plant. All weed samples were ana-
lyzed as individual plants using small pieces of leaf material sam-
pled from basal, middle, and apical leaves to form a composite 
sample for each plant. For common burdock and stinging nettle, 
where only leaves from the middle of the plant were collected, a 
thin section of each leaf cut perpendicular to the main vein was 
used to form a composite sample for each plant. 

Plant samples were analyzed using a double-antibody sandwich 
enzyme-linked immunosorbent assay (DAS-ELISA) and commer-
cially available antibodies for IYSV in onion (Agdia, Inc., Elkhart, 
IN). Plant samples were ground in a generic buffer composed of 

phosphate-buffered saline solution, pH 7.4, supplemented with 0.2 
mM sodium sulfite, 2% polyvinylpyrrolidone 40,000, 90 mM pow-
dered egg albumin, and 2% Tween 20. This buffer was later re-
placed with a commercially available premixed buffer, General 
Extraction Buffer 1 (GEB1; Agdia, Inc.), when lab studies showed 
that GEB1 was capable of detecting IYSV at higher dilutions of 
ground plant tissue than the generic buffer (C. Hsu, unpublished 
data). Plant tissue (1 g/sample) was ground in 10 ml of buffer 
(1:10, wt/vol) using a semiautomated ball-bearing HOMEX tissue 
homogenizer (Bioreba, Reinach, Switzerland). Positive and nega-
tive control samples for IYSV were purchased from Agdia, Inc. All 
samples and the commercially purchased control samples were 
tested in duplicate wells, and the mean of the two readings was 
used in the data analyses. Substrate hydrolysis was stopped after 
20 min using 50 µl of 3.0 N NaOH. Optical density (OD) readings 

Table 2. Number of onion fields and cull piles sampled in New York State in 2007 and 2008, number of volunteer onion plants tested, number of fields and
cull piles with plants that reacted positively for Iris yellow spot virus (IYSV) using a double-antibody sandwich enzyme-linked immunosorbent assay (DAS-
ELISA), and incidence of IYSV in each positive field and cull pile 

 Volunteers sampled from onion fields Volunteers sampled from cull piles 

 
Year, countya 

Fields 
sampledb 

Plants 
tested/fieldc 

Fields 
infectedd 

Incidence in 
fields (%)e 

Cull piles 
sampled 

Plants 
tested/cull pilec 

Cull piles 
infectedd 

Incidence in 
cull piles (%)e

2007         
Genesee/Orleans 5 9–30 1 4.3 … … … … 
Oswego 1 8 0 0 … … … … 
Wayne 1 15 1 6.7 … … … … 
West Genesee 1 31 0 0 … … … … 
Yates 2 4–80 1 2.5 … … … … 

2008         
Genesee/Orleans 15 14–30 2 3.3, 17.6 4 30 3 3.3, 3.3, 6.7 
Orange 6 24–30 0 0 4 30 3 3.3, 13.3, 16.7 
Oswego 2 15–20 1 13.3 2 29–30 0 0 
Wayne 1 30 1 10.0 1 30 0 0 
West Genesee   … … … … 1 30 0 0 
Yates 3 30 0 0 … … … … 

a Samples were collected from counties where major onion production is concentrated in New York; … indicates that no samples were tested in that county 
and year. 

b Volunteer onion plants were only collected from fields that were planted to a dry bulb onion crop the previous year. 
c Onion plants were tested individually. 
d A field or cull pile was considered positive for IYSV if at least one onion plant collected from that field or cull pile reacted positively for IYSV by DAS-

ELISA (Agdia Inc., Elkhart, IN). 
e Incidence is given as the percentage of plants tested in each field and cull pile that reacted positively for IYSV by DAS-ELISA. 

Table 3. Weed species collected near onion fields in New York State in 2007 and 2008 and tested for Iris yellow spot virus (IYSV) using a double-antibody 
sandwich enzyme-linked immunosorbent assay (DAS-ELISA) 

  Year, location (n)a 

 
Plant family 

 
Common name, Latin binomialb

 
2007, Ontario 
& Yates Cos. 

Spring 2008, 
Orleans Co. 

Spring 2008, 
Orange Co. 

Fall 2008, 
Orleans Co. 

Fall 2010, 
Yates Co. 

Apiaceae Poison hemlock, Conium maculatum L. … – (30) … – (60) … 
Asteraceae Common burdock, Arctium minus Bernh. + (12) + (30) + (60) + (60) + (21) 
Asteraceae Canada thistle, Cirsium arvense (L.) Scop. … … – (60) … … 
Asteraceae Chicory, Cichorium intybus L. … + (27) … – (37) … 
Asteraceae Dandelion, Taraxacum officinale G. H. Weber ex. Wiggers + (4) + (29) + (60) + (60) … 
Asteraceae Canada goldenrod, Solidago canadensis L. … – (30) – (60) … … 
Asteraceae Prickly lettuce, Lactuca serriola L. … … – (60) … … 
Brassicaceae Shepherd’s purse, Capsella bursa-pastoris (L.) Medik. … – (30) – (60) – (12) … 
Brassicaceae Virginia pepperweed, Lepidium virginicum L. … … – (60) … … 
Brassicaceae Wild mustard, Sinapis arvensis L. … … … – (60) … 
Brassicaceae Yellow rocket, Barbarea vulgaris Aiton f. … – (27) – (60) – (34) … 
Caryophyllaceae White campion, Silenelatifolia Poir. … – (10) … … … 
Lamiaceae Purple deadnettle, Lamium purpureum L. … – (30) … … … 
Malvaceae Common mallow, Malva neglecta Wallr. … … … – (60)  
Polygonaceae Curly dock, Rumex crispus L. … … + (60) + (31) … 
Scrophulariaceae Common mullein, Verbascum Thapsus L. … … – (11) … … 
Urticaceae Stinging nettle, Urtica dioica L. … – (26) – (60) … … 

a Numbers in parenthese indicate the total number of plants tested for IYSV by DAS-ELISA (Agdia Inc., Elkhart, IN) (plants were tested individually); … 
indicates no samples of that species were collected that year; – indicates none of the plants reacted positively for IYSV by DAS-ELISA; + indicates at least 
one plant reacted positively for IYSV by DAS-ELISA. A subset of plants that reacted positively from this collection was tested separately using molecular 
techniques. Incidence of IYSV based on the DAS-ELISA results was not recorded due to inconsistent results using serological methods on non-Allium
plants. 

b Names based on database maintained by the Weed Science Society of America (http://www.wssa.net/Weeds/ID/WeedNames/namesearch.php). 
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were recorded at 405 nm using an MRX Microplate Absorbance 
Reader and Revelation software (DYNEX Technologies, Chantilly, 
VA) or a BioTek ELx808microplate reader (BioTek, Winooski, 
VT). 

Variations to this standard DAS-ELISA protocol were used de-
pending on the laboratory that prepared and analyzed the samples, 
as noted below. In 2007, the generic DAS-ELISA buffer was used 
to assay onion transplants; positive and negative control samples 
were tested in single wells, substrate hydrolysis readings were 
taken after 5 to 65 min, and NaOH was not used. In 2008, all trans-
plant samples were ground in GEB1 and analyzed using the stan-
dard protocol. In 2007, volunteer plant samples collected from 
onion fields were ground using GEB1 and analyzed using the stan-
dard protocol, except samples from a field in Yates County. Sam-
ples from Yates County were analyzed using the generic buffer, 
absorbance readings were taken after 5 min, and NaOH was not 
used. In 2008, all volunteer onion samples were ground using 
GEB1 but approximately 50% of the samples were ground in 
buffer at a 1:10 to 1:20 ratio (wt/vol) using 0.5 g of plant tissue and 
the other 50% were ground at 1:10 using 1 g of plant tissue. For 
volunteer onion plants collected from cull piles in 2008, two sub-
samples were taken from each plant collected. Each subsample was 
ground separately using GEB1 and analyzed using the standard 
protocol. The subsample with the highest OD reading was used in 
the analysis. In 2007, spring 2008, and fall 2010, weed samples 
were ground in the generic buffer using 0.5 g of plant tissue, 
ELISA plate readings were taken after 15 min, and NaOH was not 
used. Weed samples collected in fall 2008 were ground using 
GEB1 and analyzed using the standard protocol. 

In 2007, onion plant samples were considered positive for IYSV 
if the mean OD reading for the two sample wells was greater than 
three times the mean OD reading for the IYSV negative control 
sample for that plate. In 2008, data from onion transplant samples, 
volunteer plants from fields, and volunteer plants from cull piles 
were combined into one data set. Samples from 2008 were consid-
ered positive for IYSV based on the results of an expectation-maxi-
mization algorithm used to separate the combined data into two 
populations (27), as described by Hsu et al. (21). Raw data from 
each plate were standardized by subtracting the mean OD reading 
of the negative control samples for that plate from the mean OD 
reading for each sample on the plate. Standardized data were trans-
formed using ln ([sample standardized OD reading × 1,000] + 
100). The distribution of transformed samples was separated into 
negative and positive populations using “normalmixEM” (41). The 
population with the lower mean OD reading was considered the 
negative population. A threshold, t, was calculated using the esti-
mated mean of the negative population (mean = 4.727) plus four 
times the estimated standard deviation (sd) of the negative popula-
tion (sd = 0.237). Assuming that a Gaussian distribution is appro-
priate, this threshold, t = 5.674, captures 99.99% of the negative 
data, minimizing the probability that a negative sample is incor-
rectly classified as positive for the virus. Samples with an ln-trans-
formed value > t = 5.674 were classified as positive for IYSV. This 
threshold is slightly higher than the t = 5.549 threshold identified 
using the same procedure for onion plants collected from fields in 
Genesee/Orleans Counties between 2007 and 2008 (21). 

DAS-ELISA results for weeds were used to identify weed spe-
cies for further testing using molecular techniques. The incidence 
of IYSV in weeds was not calculated from the DAS-ELISA results 
because serological tests using antibodies developed for onion to 
analyze weed samples gave inconsistent results (C. Hsu, unpub-
lished). A weed sample was selected for further testing to deter-
mine whether that species was a possible host of IYSV in New 
York if the OD reading from the DAS-ELISA for the sample was 
greater than three times the mean OD reading for the IYSV-nega-
tive control samples for that plate. Weed species were considered 
hosts for IYSV only if the plant tissue samples from that species 
reacted positively for IYSV by DAS-ELISA, and the samples 
yielded a DNA amplicon of appropriate size for the small RNA-
encoded nucleocapsid (N) gene in reverse-transcription (RT)-poly-

merase chain reaction (PCR) or immunocapture (IC)-RT-PCR as-
says, as described below. Results are presented as a binomial; each 
weed species was classified as positive or negative for IYSV based 
on the results from serological and molecular tests. 

Detection of IYSV by RT-PCR-based assays. A segment of the 
IYSV small RNA-encoded N gene was characterized by RT-PCR 
for a subset of the onion and weed samples that reacted positively 
for IYSV by DAS-ELISA in 2007. The incidence of plants of each 
species that reacted positively for IYSV by DAS-ELISA and IC-
RT-PCR was not recorded because the objective was only to verify 
whether a particular species was a host for the virus. For each sam-
ple, total extracted RNA and 50 pmol of the IYSV-specific reverse 
primer (5′-ACTCACCAATGTCTTCAAC-3′) and forward primer 
(5′-GGCTTCCTCTGGTAAGTGC-3′) were used. Total RNA was 
extracted from leaf tissue (100 mg) that was disrupted with a 
TissueLyser homogenizer (Qiagen, Valencia, CA) for 2 min at 30 
Mhz in the presence of one stainless-steel bead (5 mm in diame-
ter), after dipping the leaf tissue in liquid nitrogen. RNA was ex-
tracted using the RNeasy Mini Plant kit (Qiagen). A primer pair 
specific to the ribulose 1,5-bisphosphate carboxylase chloroplast 
gene (Rbcl) of plants (forward primer 5′-TACTTGAATGCT
ACTGCAG-3′ and reverse primer 5′-CTGCATGCATTGCAC
GATC-3′) was used as an internal control sample to amplify the 
corresponding mRNA of the plant sample in both standard and 
multiplex RT-PCR format. One-step RT-PCR was carried out using 
the Access System (Promega Corp., Madison, WI) with Avian 
myeloblastosis virus RTase, Tfl DNA polymerase, and 50 pmol of 
specific primers in a 50-µl final volume, according to the 
manufacturer’s protocol. Single-tube RT-PCR used a 45-min 
heating step at 45°C and a 15-min heating step at 94°C; followed 
by 30 cycles of 1 min of melting at 94°C, 1 min of annealing at 
50°C, and 2 min of elongation at 72°C; with a final extension of 7 
min at 72°C. 

In 2008 and 2010, a subset of weed samples that reacted posi-
tively for IYSV by DAS-ELISA was also assayed for IYSV by IC-
RT-PCR to characterize a segment of the small RNA-encoded N 
gene. Virus particles were immunocaptured by loading leaf extracts 
in microfuge tubes precoated with antibodies specific to IYSV 
(Agdia, Inc.). After three washes with phosphate-buffered saline 
supplemented with 5% Tween 20, virus particles were suspended 
in 10 µl of sterile water, denatured by heating for 5 min at 70°C, 
and chilled on ice. The suspension (1 µl) was used in an RT-PCR 
assay for each sample, as described above. The reaction products 
of both types of RT-PCR assays were resolved by electrophoresis 
in 1.5% agarose gels in 90 mM Tris-borate and 2 mM EDTA at pH 
8.0, and subsequently visualized under UV light after staining with 
ethidium bromide. 

IYSV sequence determination and analysis. The 402-bp IYSV 
amplicons obtained by RT-PCR or IC-RT-PCR from onion and 
weed samples were extracted from agarose gels with the QIAquick 
purification kit (Qiagen) and sequenced bidirectionally using the 
Big Dye Terminator kit, AmpliTaq-FS DNA polymerase, and an 
Applied Biosystems Automated 3730xl DNA Analyzer at the DNA 
Sequencing facility at Cornell University in Ithaca, NY. Three to 
five IYSV cDNA amplicons were sequenced for each onion and 
weed sample. Sequences were analyzed and compared using the 
DNASTAR Lasergene software (version 7.2). The program 
CLUSTAL W was used for alignment of nucleotide sequences 
(51). 

Thrips on transplants and volunteer onion plants. From the 
pool of 900 onion transplants collected in April 2007, 50 plants 
representing each of 12 cultivars (600 plants total) were placed in 
separate plastic storage bins, 1 cultivar/bin, with a thrips-proof 
screen mesh on the top of each bin. Plants were held for 2 weeks at 
25°C and 53% relative humidity with a light-and-dark cycle 16 and 
8 h, respectively, to allow thrips larvae to emerge and complete 
development. Live and dead larval and adult thrips were counted 
on each plant from 6 to 8 May 2007 but were not identified to spe-
cies. In June 2009, 25 volunteer onion plants emerging in nonro-
tated onion fields in Yates (n = 1) and Genesee/Ontario (n = 5) 
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Counties were flagged. Adult and larval T. tabaci on each plant 
were counted four times between 4 June and 6 July 2009 to esti-
mate when overwintering adults started colonizing volunteers and 
to track population densities for the first generation of larvae. 

Results 
Transplant onion samples. None of the 1,097 samples of onion 

transplants tested in 2007 reacted positively for IYSV by DAS-
ELISA (Table 1). In 2008, 4 of 760 (0.53%) samples reacted posi-
tively to IYSV antibodies, representing 3 of the 12 (25%) cultivars 
tested: ‘Norstar’, ‘Prince’, and ‘T-439’ (Table 1). For Norstar, 1 of 
120 samples tested positive; for Prince, 2 of 60 samples tested 
positive; and for T-439, 1 of 60 samples tested positive. The esti-
mated incidence of IYSV-infected transplants, depending on 
whether one or all five plants in the five-plant composite samples 
were infected, was 0.17 to 0.83% for Norstar, 0.67 to 3.30% for 
Prince, and 0.33 to 1.67% for T-439. The four positive samples had 
transformed OD readings ranging from 5.69 to 5.76, slightly 
greater than the threshold of 5.67 that separated the “positive” 
samples from the “negative” samples (Fig. 1). 

Volunteer onion plants from fields and cull piles. In 2007, 4 
of the 231 (1.7%) field volunteer plants reacted positively for 
IYSV by DAS-ELISA, and these plants were located in 3 of the 10 
(30%) fields sampled. In those three fields, the average incidence 
of IYSV in volunteer plants was 4.5%/field (range: 2.5 to 6.7%; 
Table 2). In 2008, 9 of the 578 (1.6%) field volunteer plants tested 
positive for IYSV by DAS-ELISA, and these plants were located in 4 
of the 27 (15%) fields sampled. In those four fields, the average 
incidence of IYSV was 11.1%/field (range: 3.3 to 17.6%; Table 2). 
IYSV was found more frequently in volunteer onion plants growing 
in cull piles than in nonrotated onion fields. In cull piles, 14 of the 
359 (3.9%) cull pile volunteer plants tested positive for IYSV by 
DAS-ELISA, and these plants were located in 6 of the 12 (50%) cull 
piles sampled. The average incidence of IYSV for volunteers in 
those six cull piles was 7.8%/cull pile (range: 3.3 to 16.7%; Table 2). 

Weed samples. Samples of 4 of the 17 (23.5%) weed species re-
acted positively for IYSV by DAS-ELISA (Table 3). In 2007, tis-
sue samples from both common burdock and dandelion plants, the 
only weed species tested that year, tested positive for IYSV by 
DAS-ELISA (Table 3). In 2008, only tissue samples from chicory 
(Cichorium intybus L.), common burdock, curly dock (Rumex cris-
pus L.), and dandelion plants reacted positively (Table 3); none of 
the plants sampled for the other 13 weed species tested positive for 
IYSV. In 2010, tissue samples from common burdock collected 
from Yates County reacted positively. IC-RT-PCR was used to 
confirm the presence of IYSV in chicory, common burdock, curly 
dock, and dandelion (Fig. 2). 

IYSV confirmation in weeds by sequencing. Viral cDNA 
amplicons obtained by IC-RT-PCR from onion and weed samples 
were sequenced directly without cloning. Partial IYSV N gene 
nucleotide sequences from chicory, curly dock, and dandelion were 
98.9 to 99.3% identical. Additional sequence analyses indicated 
98.6 to 99.7% identity at the nucleotide level between IYSV iso-
lates from the New York onion and weed samples and correspond-
ing isolates from onion plants collected in other states of the 
United States (i.e., California, GenBank accession no. FJ713700; 
Colorado, GenBank accession no. DQ233477; Georgia, GenBank 
accession no. DQ838594; Idaho, GenBank accession no. 
DQ233472; Nevada, GenBank accession no. FJ713699; Texas, 
GenBank accession no. DQ658242; Utah, GenBank accession no. 
DQ233478; and Washington, GenBank accession no. DQ233468) 
as well as the sequence of an isolate from Brazil (GenBank acces-
sion no. AF067070). 

Thrips on transplants and volunteer onion plants. Trans-
plants sampled from 11 of the 12 cultivars examined in 2007 were 
infested with thrips. Dead thrips were more abundant than live 
thrips: 53 dead thrips were found on transplant samples represent-
ing 10 of the 12 cultivars; and 21 live thrips, 12 larvae, and 9 adults 
were found on transplant samples representing 6 of the 12 cultivars 
(Table 4). Transplants had 0 to 0.30 total thrips/plant and, for the 
six cultivars with live thrips, densities ranged from 0.02 to 0.16 live 
thrips/plant (Table 4). ‘Sherman’ had the greatest total number of 
thrips (0.30 thrips/plant) and the greatest number of live thrips 
(0.16 live thrips/plant). ‘Red Wing’ was the only cultivar on which 
thrips were not observed. Averaged across all samples, the mean 
number of total thrips per plant was 0.11, and the mean number of 
live thrips per plant was 0.03 (Table 4). 

Thrips densities on volunteer onion plants monitored in onion 
fields in 2009 in New York varied among fields. Volunteer onion 
plants from the field in Yates County (Fig. 3A) had much greater 
thrips densities than volunteer plants from all five fields examined 
in Genesee/Orleans Counties (Fig. 3B and C). In Yates County, 
mean larval thrips populations on volunteer plants increased to 
32.2 larvae/plant on 16 June, then declined to 5.4/plant by 22 June, 
whereas the adult thrips populations increased slightly on 10 June 
to 7.4 adults/plant, then declined to 2.8/plant by 22 June (Fig. 3A). 
In Genesee/Orleans Counties, larval thrips counts peaked on 11 
June in all five fields, with the greatest densities in field 5 (12.3 
larvae/plant) and field 2 (8.7 larvae/plant), then declined in all 

Fig. 1. Distribution of transformed optical density (OD) readings for onion
plant samples that were tested in 2008 for Iris yellow spot virus (IYSV) 
using a double-antibody sandwich enzyme-linked immunosorbent assay
(DAS-ELISA). Transplant samples were bare-root onion transplants
imported into New York State from Arizona. Field volunteers were onion
volunteer plants collected in New York onion fields. Cull volunteers were
onion volunteer plants collected from New York cull piles. The transformed
OD reading separating negative from positive samples had a threshold of
5.67, with the number of samples above this threshold (N) indicated on the
graph. OD readings were transformed by standardizing samples on each
plate by subtracting the mean OD reading of the negative control samples
for that plate from each sample on the plate, and then using ln
([standardized sample OD reading × 1,000]+100). 

Fig. 2. Agarose gel analysis of cDNA amplicons obtained by immuno-
capture-reverse transcription-polymerase chain reaction (IC-RT-PCR) from 
RNA extracts of dry bulb onion and weed samples infected with Iris yellow 
spot virus (IYSV). Lane 1, Onion plant; lane 2, dandelion; lane 3, chicory; 
lane 4, curly dock; lane 5, common burdock; and lane 6, healthy onion (see 
Table 3 for Latin binomials). Lane M, 100 bp DNA size standard (New 
England Biolabs Inc., Ipswich, MA). DNA products were resolved by 
electrophoresis on a 1.5% agarose gel. The size of the amplicon is indicated 
with an arrow. 
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fields to <0.1 larvae/plant by 6 July (Fig. 3B). Adult thrips densi-
ties started relatively low; all fields had <1.0 adult thrips per plant 
in early June. Adult thrips densities decreased steadily in four of 
the five fields to 0 adult thrips/plant by 6 July. Field 5 was the ex-
ception; populations in field 5 increased to 3.3 adults/plant on 11 
June and then, similar to the other four fields, declined to 0/plant 
by 6 July (Fig. 3C). 

Discussion 
All four categories of potential plant hosts of IYSV tested in this 

study were confirmed as possible sources for IYSV in New York 
State. IYSV-infected onion transplants shipped into New York from 
Arizona, as well as infected volunteer onion plants sampled in 
fields and from cull piles within New York, are potential early-
season sources of IYSV and hosts for Thrips tabaci. Common 
burdock is a biennial weed, and chicory, curly dock, and dandelion 
are perennial weeds that tested positive for IYSV using both a 
DAS-ELISA and IC-RT-PCR assay. These biennial and perennial 
weeds could play a role as overwintering hosts if IYSV can survive 
in dormant tissues until spring, and as reservoirs of the virus during 
the onion growing season. To our knowledge, this is the first report 
of IYSV in these weed species. 

At the start of these experiments, there was no information avail-
able on whether onion transplants imported into New York might 
be infected with IYSV. Work by Schwartz et al. (46) over a 4-year 
period demonstrated that IYSV incidence in onion transplants 
originating from Arizona, California, and Texas and shipped into 
Colorado ranged from 0 to 56%. Only plants with IYSV-type 
symptoms were analyzed in their studies and, within a sample, up 
to 5% of the plants tested using serological methods were positive 
for IYSV (46). Transplants tested in this study were not selected 
based on the presence or absence of IYSV symptoms. Of 1,097 
samples, each consisting of five transplants/sample for a total of 
5,485 plants tested in 2007, not one was considered positive for 
IYSV. In 2008, of the 760 transplant samples tested, 3,800 plants 
in total, 4 samples (0.53%) tested positive for IYSV by DAS-
ELISA. Within cultivars, IYSV incidence in transplants ranged 
from 0.17 to 3.30%, which was slightly lower than the 5% maxi-
mum found by Schwartz et al. (46) for transplants shipped into 
Colorado. Though these incidence rates are relatively low, the po-
tential importance of transplants as a recurring source of new intro-
ductions of IYSV into New York should not be underestimated. 

IYSV is not uniformly distributed within Allium hosts and the 
virus is not reliably detected by DAS-ELISA in all of the leaves of 
an infected plant (15,25,48). In preliminary studies, we observed 
that an onion leaf inoculated with IYSV did not always react posi-

tively for IYSV by DAS-ELISA, even when leaves interior to the 
inoculated leaf reacted positively (C. Hsu, unpublished). IYSV was 
detected in either the inoculated leaf or a leaf interior to the inocu-
lated leaf; older leaves on the same plant did not react positively 
(C. Hsu, unpublished). This spatial heterogeneity of IYSV within 
onion plants could result in false negative results when using sero-
logical tests, resulting in an underestimation of the true incidence 
of IYSV. 

Schwartz et al. (46) found a range in thrips densities on onion 
transplants imported into Colorado from Texas, Arizona, and Cali-
fornia: 0.10 to 0.36 thrips/transplant originating from Texas, 0.01 
to 1.26 thrips/transplant originating from Arizona, and 0.23 to 4.54 
thrips/transplant originating from California. The most consistent 
thrips species recovered was T. tabaci, found each year on trans-
plants from all three states (46). In this study, thrips densities on 
transplants coming into New York from Arizona ranged from 0 to 
0.30 total thrips/plant and 0.02 to 0.16 live thrips/plant. This is 
within the range of thrips densities reported by Schwartz et al. (46) 
but below the maximum number of thrips per plant found in that 
study. We did not identify thrips to species in this study, and addi-
tional work is planned to determine whether viruliferous T. tabaci 
can be carried on imported onion transplants. 

The presence of IYSV in transplants suggests that fields grown 
using onion transplants might have a higher incidence of IYSV 
than fields grown from seed, because IYSV is not known to be 
seed transmitted (25,40). Studies conducted in New York onion 
fields in 2007 and 2008 revealed no difference in the progression 
of IYSV in fields established using transplants compared with 
fields planted using seed (21). By harvest, IYSV incidence was 
significantly higher in direct-seeded fields compared with fields 
planted using imported bare-root transplants (21). This suggests 
that, although transplants may be important in introducing new 
inoculum into New York each year, the temporal dynamics of 
IYSV in direct-seeded crops versus transplanted crops may be 
similar. Nonetheless, introducing low levels of new inoculum into 
the cropping system could affect the epidemiology of the disease. 
Repeated introductions of inoculum could allow the virus to persist 
even if the virus could be eradicated locally. 

Introduction of novel isolates of IYSV could also have long-term 
consequences on virus–vector interactions if an introduced isolate 
is more virulent or affects T. tabaci transmission rates for IYSV. 
There are known differences in thrips competence for transmission 
of Tospovirus spp. depending on the virus isolate (50). For 
example, T. tabaci is a vector of Tomato spotted wilt virus (TSWV) 
in the genus Tospovirus, family Bunyaviridae, but is incapable of 
transmitting some isolates of TSWV in some areas (4). Populations 

Table 4. Number of bare-root onion transplants imported from Arizona into New York in 2007 that were examined for thrips larvae and adults, and number 
of dead and live thrips observed 

 Number of 

Cultivar Plants sampleda Dead thripsb Live larvae Live adults Total thrips/plantc Live thrips/plantd 

Yellow bulb       
Empire Sweet 51 6 0 0 0.12 0 
Frontier 50 1 0 0 0.02 0 
Milestone 50 0 1 1 0.04 0.04 
Norstar 100 8 0 4 0.12 0.04 
Prince 50 1 0 0 0.02 0 
Ricochet 50 11 0 0 0.22 0 
Sherman 50 7 8 0 0.30 0.16 
T-439 50 4 0 1 0.10 0.02 

Red bulb       
Mercury 51 7 0 0 0.14 0 
Red Bull 50 4 1 1 0.12 0.04 
Red Wing 50 0 0 0 0 0 
Red Zeppelin 50 4 2 2 0.16 0.08 
Total 652 53 12 9 0.11 0.03 

a Transplants were examined for thrips before planting to ensure that thrips originated from Arizona. 
b 

c 
Total number of dead larval and adult thrips. 
Average number of dead and live thrips/plant. Thrips were not identified to species. 

d Average number of live larval and adult thrips/plant. 
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of thrips collected from different locations can also differ in ability 
to transmit the same isolate of a Tospovirus sp. (3,55,57). Inoue et 
al. (22) found significant differences in transmission efficiencies 
between five populations of T. tabaci infected with the same IYSV 
isolate. Stumpf and Kennedy (49) found isolate-specific interac-
tions between host plants and temperature on TSWV transmission 
rates, and suggested that these interactions could favor the spread 
of one isolate over another depending on environmental conditions. 
There is also recent evidence that vector competence may be under 
genetic control (3,19). The coevolutionary relationship between 
thrips and Tospovirus spp. may explain why differences in vector 
competence exist among source populations of thrips and among 
virus isolates (56). 

In addition, differences in transmission efficiency of Tospovirus 
spp. exist between male and female thrips (5). T. tabaci is a com-
plex species and populations can be dominated by one of three 
reproductive modes: thelytoky, the production of unfertilized fe-
males by females; arrhenotoky, the production of males from un-
fertilized eggs and females from fertilized eggs; and deutoerotoky, 
the production of males and females by unfertilized eggs (34). 
Recent studies have shown that male T. tabaci are more efficient 
than females at transmitting TSWV (5). Studies have also demon-
strated that male western flower thrips, Frankliniella occidentalis 
(Pergande), another vector of TSWV, are more efficient at trans-
mitting TSWV than females (42,54). Differences in transmission 
efficiency of TSWV by F. occidentalis may be the result of sexu-
ally dimorphic feeding behaviors (54). In New York, T. tabaci 
populations in June and July are primarily thelytokous, with very 
few males produced. By August, the populations shift to primarily 
arrhenotokous or deuterotokous (34). Data on the temporal spread 
of IYSV in New York showed that the incidence of IYSV stayed 
relatively stable and low in June and July, then increased dramati-
cally in August (21). Research is needed to determine whether the 
late-season increase in IYSV incidence in New York is related to a 
shift in T. tabaci populations to male-producing reproductive 
modes. 

The presence of IYSV in volunteer onion plants in fields and 
cull piles ensures a source of IYSV inoculum in New York onion 
fields each spring, even in the absence of imported infected trans-
plants. Over 2 years, 14.8 to 30.0% of the fields sampled in this 
study had volunteer onion plants that tested positive for IYSV by 
DAS-ELISA. Volunteer onion plants are removed by hand early in 
May and June in most fields, but not all growers are diligent in this 
cultural practice. Data presented in this study on the temporal dy-
namics of T. tabaci on volunteer plants indicate that adults colo-
nized volunteer onion plants by early June, and first-generation 
larvae had the greatest densities in mid-June. These volunteer 
plants would need to be removed from fields by late May to early 
June to prevent first-generation T. tabaci larvae from completing 
development on infected volunteer plants and producing virulifer-
ous adults that could spread the virus from volunteers into the on-
ion crop. 

The greater percent of cull piles with at least one volunteer on-
ion plant infected with IYSV (50%) compared with fields in which 
at least one volunteer plant was infected (14.8 to 30.0%) and, 
across all volunteer onion plants sampled in this study, the greater 
average percentage of infected volunteer onion plants in cull piles 
(3.9%) compared with infected volunteer onion plants in fields (1.6 
to 1.7%) may be the result of concentrating IYSV-infected bulbs in 
cull piles. Onion bulbs that are misshapen, rotten, or too small to 
be marketable are removed during the grading process and dis-
posed of in cull piles. One of the major impacts of IYSV on onion 
bulb yields is downgrading of bulb size, rather than a decrease in 
the number of bulbs (11,16,47). This could result in a greater pro-
portion of small bulbs infected with IYSV compared with larger 
bulbs, and the smaller bulbs are more likely to be culled, poten-
tially increasing the incidence of IYSV in cull piles. Research is 
needed to validate this hypothesis. 

Similar to locally grown bulbs, imported bulbs are graded and 
the culled bulbs are discarded into cull piles. Cull piles associated 

with onion packing houses that import bulbs and repack them in 
New York may play an important role in the epidemiology of IYSV 
because imported bulbs are another potential source of novel IYSV 
isolates, like imported onion transplants. For example, it has been 
suggested that IYSV entered Georgia through the importation of 
Peruvian bulbs, and that IYSV-infected thrips originating on culled 
Peruvian bulbs spread IYSV to nearby onion seedlings and produc-
tion fields (36). A phylogenetic analysis of the N gene sequence of 
IYSV showed that Georgia and Peruvian isolates of IYSV fell into 
the same clade, and were genetically distinct from other IYSV 
isolates identified in the western United States (36). Onion bulbs 
imported into New York have not been tested to determine whether 
any of the bulbs arrive infected or harbor viruliferous thrips, or 
whether imported bulbs could be a source of origin for IYSV iso-
lates currently present in New York. 

Unlike volunteer onion plants emerging in fields, however, most 
cull piles in New York are geographically isolated from commer-
cial onion fields and remain in the same location for many years 
(B. Nault, personal communication). In New York, viruliferous 
thrips would have to travel a greater distance from cull piles to 
colonize a commercial onion field compared with viruliferous 
thrips dispersing from volunteers growing within or along the 
edges of nonrotated commercial onion fields. Though cull piles 
had a greater incidence of infected volunteer plants compared with 

Fig. 3. A, Mean density of onion thrips, Thrips tabaci, larvae and adults 
found on volunteer onion plants in one onion field in Yates County, New 
York and mean densities of B, larvae and C, adults found in five onion 
fields in Genesee/Orleans Counties, New York, in 2009. Twenty-five plants 
were flagged, numbered, and sampled from June through July in each field.
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volunteers in onion fields in this study, the relative importance of 
cull pile volunteers may be diminished by the greater isolation of 
these virus reservoirs from commercial production fields. In gen-
eral, the density of insects colonizing a field from a point source, 
such as a cull pile, decreases with increasing distance from the 
source. Coutts et al. (8) found a steep decline in TSWV incidence 
with increasing distance from external sources of TSWV, and sug-
gested that 75 to 100 m was a “safe” planting distance from a 
TSWV source of infection for crops such as pepper. Latham and 
Jones (26) suggested that 23 m was a safe planting distance to 
successfully limit dispersal of viruliferous thrips from potential 
sources of TSWV into pepper crops. There are situations in New 
York where cull piles are located within 100 m of commercial on-
ion fields (B. Nault, personal communication). In those cases, adja-
cent onion crops may be at a higher risk for IYSV infection. In 
general, it is recommended that onion growers locate cull piles as 
far from production fields as possible to minimize immigration of 
viruliferous thrips from cull piles into onion crops. 

The role of weeds in the epidemiology of IYSV in New York 
may depend, in part, on whether T. tabaci can complete develop-
ment on these alternate host plants. IYSV is reported to occur natu-
rally in more than 21 non-Allium plant species (44), not including 
the four new species reported in this study. In order for an alterna-
tive IYSV plant host to play a role in persistence of the virus, the 
plant must also be a reproductive host for T. tabaci. Early instars of 
T. tabaci are limited in mobility and cannot travel far from the 
natal host plant. Plants reported to be naturally infected with IYSV 
would be “dead-end” hosts for the virus if T. tabaci did not lay 
eggs on the plant, if larvae did not feed on the plant long enough to 
acquire the virus, or if infected larvae did not survive to become 
adults. 

Research on the TSWV pathosystem has identified many weed 
species that can serve as alternate hosts for both TSWV and thrips 
vectors of TSWV (5,17,18,29). Weeds serve as a green bridge, 
enabling TSWV to persist in the absence of a crop host, and as an 
external and within-crop source for spread of TSWV during crop 
development (24). However, not all weed species that are hosts for 
both TSWV and thrips vectors are equal in importance. Different 
weed species can have different infection rates (18), and there may 
be significant differences in how infection rates decline over time 
among weed species (17). Thrips that complete development on an 
infected weed have different transmission rates depending on the 
host weed species (5,18,49), and some weed species support con-
sistently greater populations of immature thrips than others and 
have a greater potential to generate viruliferous adults (5,17,18). 
Additional research is needed to estimate T. tabaci efficiencies in 
acquisition of IYSV from different weed species and efficiencies in 
transmission of IYSV from weed hosts to onion plants before the 
relative importance of weeds in New York’s onion–IYSV pathosys-
tem can be assessed. 

IYSV was first detected in New York in 2006 (20), the first year 
any effort was made to look for the virus in New York. Since then, 
IYSV has been found consistently in New York (21,32). So far, 
New York onion crops have not suffered the extreme losses that 
many of the southwest and western states have reported from IYSV 
(11,15). However, mean bulb weights for onion plants that tested 
positive for IYSV using DAS-ELISA in 2009 were approximately 
7 to 25% lower than bulb weights of onion plants that tested nega-
tive for IYSV (32). This was consistent for crops grown from seed 
or onion transplants and for two cultivars, ‘Milestone’ (yellow) and 
‘Red Bull’ (red) (32). A decrease in bulb weight due to IYSV 
infection could have a significant economic impact on New York 
onion growers. 

Results presented in this study add to basic epidemiological in-
formation on the onion–IYSV–T. tabaci pathosystem. In New 
York, onion transplants and volunteer onion plants are now con-
firmed as potential early-season sources of IYSV, though the rela-
tive importance of these sources in epidemics of the virus in com-
mercial onion fields remains to be quantified. In addition, imported 
onion transplants and imported bulbs may introduce novel IYSV 

isolates into New York that could have the potential of causing 
more severe losses within the onion–IYSV pathosystem in New 
York than established isolates. The relative importance of volunteer 
onion plants and weeds as reservoirs that enable the virus to sur-
vive between cropping seasons is still under investigation. Addi-
tional work is needed to determine whether viruliferous adult 
thrips that enter diapause in the fall and overwinter in New York 
are capable of transmitting IYSV the following spring, and 
whether the shift in T. tabaci reproductive modes during the crop 
season has any effect on the epidemiology of IYSV in New York. 
Management strategies to minimize the negative impacts of IYSV 
in New York’s onion production system can be improved by under-
standing these factors. 
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