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Iris yellow spot virus:  
An Emerging Threat to Onion Bulb and  

Seed Production 

Onion (Allium cepa) is an economically 
important crop in the United States, gener-
ating over $900 million annually in farm 
receipts from 2000 to 2004 (88). U.S. on-
ion production area ranges from 65,000 to 
70,000 hectares annually, with over 80% 
of the summer production (54,000 hec-
tares) in the western states. On average, 53 
million metric tons of onion bulbs are 
harvested annually from nearly 3 million 
hectares worldwide. A significant portion 
of the U.S. and world supply of onion seed 
is produced in the western United States, 
primarily in the Pacific Northwest (124). 

The genus Allium includes various eco-
nomically important cultivated species, 
including the bulb onion, chive (A. schoe-
noprasum), garlic (A. sativum), and leek 
(A. porrum) (10). At least 18 other Allium 
species are consumed as fresh vegetables, 
pickled, or used as flavoring. However, the 
bulb onion is the most economically valu-
able species. On average, worldwide pro-
duction of garlic is valued at about 10% 
that of the bulb onion (10). Leek and 
bunching onion are the next most valuable 

species, with production concentrated in 
Europe and the Orient, respectively. 
Bunching onion (A. fistulosum) production 
also is important in some areas of the 
United States, such as California. 

The distinctive flavor or odor of Allium 
spp. is produced when plant tissues are 
bruised or cut, and the enzyme alliinase 
hydrolyzes S-alk(en)yl cysteine sulfoxide 
precursors to form volatile sulfur com-
pounds (10). Onion, garlic, and their rela-
tives, although primarily grown for food, 
are also used in traditional medicine, in-
cluding the treatment of chicken pox, the 
common cold, influenza, measles, and 
rheumatism. Antimicrobial characteristics 
of alliums are likely the result of sulfur 
compounds. Research has demonstrated 
that extracts of onion and garlic decrease 
sugars, lipids, and platelet aggregation, and 
enhance fibrinolysis in blood, indicating 
that alliums may help prevent arterioscle-
rosis and other cardiovascular diseases 
(111). 

History of Iris yellow spot virus  
in the United States and the World 

A pathogen, described as Tomato spot-
ted wilt virus (TSWV), was reported af-
fecting onion inflorescence stalks (scapes) 
in southern Brazil in 1981 (28). The dis-
ease was characterized by symptoms of 
chlorotic and necrotic eye-like or diamond-
shaped lesions on scapes (97), and later 
was referred to as “sapeca” (97). Similar 
symptoms were observed in the United 
States in summer of 1989 in onion seed 
crops in the Treasure Valley of southwest-
ern Idaho and eastern Oregon (USA) (78). 
Symptoms appeared as chlorotic or ne-
crotic, straw-colored to white, dry, elon-
gate or spindle-shaped lesions along the 

scape, with lesions frequently more nu-
merous at mid- to lower portions of the 
scape (Fig. 1A to E). In some lesions, an 
island of green tissue developed in the 
center of the necrotic area (Fig. 1C). When 
lesions became large and numerous, they 
coalesced, often completely girdling the 
scape. This weakened the scape, causing 
the seed head to collapse and topple over 
(Fig. 1G). Patterns of disease incidence in 
fields or locations were not apparent, nor 
was there any association with host geno-
type or cultural practices. Estimated yield 
losses in individual fields ranged from 
insignificant to nearly 60% (78). 

Transmission electron microscopy of ex-
tracts and thin sections of symptomatic 
scape tissue revealed the presence of virus 
particles morphologically similar to 
TSWV (51). Inoculation of Gomphrena 
globosa with sap prepared from sympto-
matic tissues resulted in development of 
necrotic lesions; however, serological tests 
for TSWV and Impatiens necrotic spot 
virus (INSV) were negative. Together, 
these results indicated the possible in-
volvement of a new tospovirus (77), al-
though tospoviruses infecting onion had 
been reported previously (60,120). Subse-
quently, Moyer and Mohan (83) and Hall 
et al. (51) reported the transmission of two 
tospovirus-like viruses from symptomatic 
scapes to Nicotiana benthamiana. One 
group of isolates reacted strongly with 
polyclonal and monoclonal antisera to 
INSV, whereas the second group of iso-
lates did not react with INSV or TSWV 
antisera. In 1992–93, this new onion-
infecting tospovirus was detected in vege-
tative tissues of onion seed crops from 
Idaho, Oregon, Arizona, and California 
(USA) by inoculation of N. benthamiana 
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followed by Western blot analysis. The 
virus was also detected in leek and chive 
seed crops in Idaho (K. Mohan and J. 
Moyer, unpublished). The disease in Brazil 
was not reported from that country again 
until 1994, when it was detected in north-
eastern Brazil (97); the authors of the re-
port described the causal agent of sapeca 
in onion as a tospovirus with a serologi-
cally distinct nucleocapsid protein. 

In 1998, Cortes et al. (18) described Iris 
yellow spot virus (IYSV) in the Nether-
lands as a new tospovirus naturally infect-
ing iris (Iris hollandica) in the field and 
leek in the greenhouse. Near the same 
time, Gera et al. (45) reported that IYSV 
caused a disease referred to as “straw 
bleaching” on onion in Israel, which was 
characterized by straw-colored ring spots 
on leaves (Fig. 2A and B) and flower stalks 
that sometimes coalesced and caused pre-
mature plant death (Fig. 3A). The follow-

ing year, an isolate of the tospovirus caus-
ing sapeca was identified as IYSV based 
on biological, serological, and molecular 
data (96). Kritzman et al. (61) reported 
natural IYSV infection of lisianthus (Eus-
toma russellianum) grown in the field in 
Israel. The “onion isolate” of the tospovi-
rus identified in the United States from 
1989 also proved to be IYSV based on 
molecular and serological data (82). 

Based on recent accounts, IYSV is now 
known to occur on onion in the following 
locations: 1999, India (63,99); 2000, Slo-
venia (70); 2002, Colorado (USA) (108); 
2003, Australia (21,55), Italy (19); 2004, 
Japan (86), Georgia (USA) (85), New 
Mexico (USA) (24), Washington (USA) 
(33); 2005, Chile (105), Peru (84,89), 
Spain (16), Tunisia (7), central Oregon 
(USA) (25); and 2006, Reunion Island 
(103), Guatemala (89), Texas (USA) (74), 
and New York (USA) (C. Hopeting, per-

sonal communication). To our knowledge, 
the pathogen has not yet been introduced 
into other onion-producing regions of the 
midwestern United States (i.e., Michigan, 
North Dakota) and Ontario, Canada. 

With increased awareness of the charac-
teristic symptoms of iris yellow spot, to-
gether with the availability of rapid diag-
nostic protocols, it is likely that IYSV will 
be found in onion crops in many other 
parts of the world. Some evidence suggests 
iris yellow spot, or a disease with similar 
symptoms, may also be caused by TSWV 
or co-infection of TSWV and IYSV. Mullis 
et al. (85) found that nearly 7% of the on-
ion plants with iris yellow spot–like symp-
toms in Georgia (USA) were infected with 
TSWV and IYSV. TSWV has not been 
reported on onion outside of Georgia 
(USA), and the significance of TSWV 
infection or co-infection with IYSV on 
onion remains speculative. 

To date, at least 47 plant species have 
been reported to be infected naturally by 
IYSV under field conditions (7,18,31,43–
45,47,61,85,86,93,103). Reported natural 
hosts of IYSV or its variants include iris, 
onion, leek, chive, shallot (A. cepa var. 
ascalonicum), garlic, certain wild Allium 
species, prairie gentian/lisianthus (Eus-
toma russellianum, E. grandiflorum), Al-
stroemeria sp., amaryllis (Hippeastrum 
hybridum), Amaranthus retroflexus, and 
Portulaca oleracea. Ghotbi et al. (47) re-
ported IYSV from Cycas sp., Pelargonium 
hortorum, Rosa sp., and Scindapsus sp. in 
Iran (Table 1). In Georgia (USA), S. W. 
Mullis, R. D. Gitaitis, D. B. Langston Jr., 
J. L. Sherwood, D. G. Riley, A. C. Csinos, 
A. N. Sparks, R. L. Torrance, and M. J. 
Cook IV (personal communication) found 
20 weed species that tested positive sero-
logically for IYSV; the most commonly 
infected weeds were Vicia sativa, Gera-
nium carolinianum, and Linaria canaden-
sis. Ben Moussa et al. (7) reported detect-
ing IYSV in pepper (Capsicum annuum), 
potato (Solanum tuberosum), and tomato 

Fig. 1. Symptoms caused by Iris yellow spot virus in onion seed crops, including len-
ticular-shaped lesions with (B and C) or without (A and D) green islands, and extensive
necrotic lesions that cause lodging of the scapes (E to G). 

Fig. 2. Straw-colored lesions caused by 
Iris yellow spot virus on an onion plant 
(A) and on individual onion leaves (B). 
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(Lycopersicon esculentum) in Tunisia. It is 
unclear if these hosts were infected natu-
rally or by artificial inoculation, and what, 
if any, disease symptoms were produced 
on these hosts. To our knowledge, this is 
the only report of IYSV infection of so-
lanaceous hosts, other than Nicotiana ben-
thamiana and N. rustica indicator plants 
(51,96). 

Gent et al. (41) reported the rapid ex-
pansion of iris yellow spot in onion pro-
duction regions of Colorado (USA). In two 
years, iris yellow spot went from being 
detected in 6 to 73% of the fields surveyed 
in the eastern and western production ar-
eas, but it was not detected in onion fields 
in northeastern and southern Colorado 

(USA) until 2004 and 2006, respectively. 
The epidemic of iris yellow spot in Colo-
rado (USA) in 2003 was estimated to have 
cost growers $2.5 to $5.0 million in farm 
receipts alone, based on a conservative 5 to 
10% loss of a $50 million annual revenue 
(H. F. Schwartz and D. H. Gent, unpub-
lished). If this rate of spread and damage 
were to continue, projected economic im-
pact in the western United States could 
reach $60 million (10% loss) to $90 mil-
lion (15%), in addition to environmental 
and economic costs due to additional pes-
ticide sprays for thrips control ($7.5 to 
$12.5 million dollars for three to five addi-
tional sprays on 48,500 hectares per year). 
Iris yellow spot represents an immediate 

and serious threat to sustainable and produc-
tive onion cropping systems in the United 
States, and the recent detection of this dis-
ease in numerous onion-producing countries 
underscores the need to develop economi-
cally sound and effective IPM strategies (8). 

Epidemiology of Iris Yellow Spot  
and the Onion Thrips Vector 

Onion thrips as a vector of IYSV. 
IYSV is transmitted by the onion thrips, 
Thrips tabaci (18,62,87). Transmission of 
IYSV has not been reported with popula-
tions of Frankliniella occidentalis or F. 
schultzei (62,87), although these thrips 
species have a broad host range and are 
efficient vectors of other tospoviruses on 
numerous plants (55,66). Studies in Israel 
demonstrated a positive relationship be-
tween the incidence of T. tabaci in onion 
crops and the incidence of plants infected 
with IYSV (62). Similar to other tospovi-
ruses (126,128), IYSV is thought to be 
acquired by larvae of T. tabaci, with 
transmission occurring by second larval 
instars and adults only after circulation and 
replication in the vector. 

Spatial and temporal patterns of iris 
yellow spot epidemics. The spatial and 
temporal patterns of spread of iris yellow 
spot in onion crops are largely unknown. 
Disease incidence varies within and among 
onion fields and depends on cultivar, plant 
population, and location in the field (41). 
Distinct directional disease gradients com-
monly are observed in fields during epi-
demics (Fig. 3B), but the significance and 
basis of these disease gradients remain 
unclear. In Colorado (USA), disease gradi-
ents were not consistently related to pre-
vailing wind direction or the bordering 
crop (41), but more likely reflected a com-
plex interaction of host susceptibility re-
lated to plant stress, proximity to an inocu-
lum source, and vector dispersal and 
abundance over time. A low but significant 
degree of spatial autocorrelation in disease 
incidence has been documented in onion 
bulb crops (41), indicating aggregation of 
diseased plants and possibly secondary 
spread of the virus within fields. 

The severity of epidemics of iris yellow 
spot varies from year to year, although the 
incidence of symptomatic plants generally 
increases markedly after bulb initiation. In 
preliminary studies, Fichtner et al. (38) and 
Hammon (52) found only trace levels 
(<3% incidence) of symptoms were appar-
ent in onion fields before bulb initiation, 
with the incidence of disease increasing to 
40% or greater as plants approached ma-
turity. The timing of plant infection by 
IYSV remains uncertain. Surveys of sum-
mer bulb crops in eastern Colorado (USA) 
found a low incidence (<2%) of infected 
plants soon after emergence (38). How-
ever, the timing of infections varies among 
onion bulb and seed crops. Although se-
vere seedling infection was documented in 
one fall direct-seeded onion seed crop in 

Fig. 3. Severe outbreak of iris yellow spot in an onion bulb crop in Colorado (USA) (A) 
and an onion seed crop in Oregon (USA) (B). Note the prevalence of disease along the
margins of the seed crop, and the gradient of disease across the seed crop. 
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Washington, symptoms typically develop 
most rapidly in onion seed crops after 
emergence of the scapes in late spring in 
this region (35). In Georgia (USA), infec-
tions appear to occur in the fall soon after 
planting, which can cause stand establish-
ment problems; whereas severe epidemics 
of the disease have not been reported 
closer to harvest (85). 

The association in space and time of 
populations of T. tabaci with outbreaks of 
iris yellow spot has been suggested in 
several studies (38,62), although quantita-
tive evaluations of the relationships of 
vector populations with iris yellow spot 
epidemics have not been reported. Kritz-
man et al. (62) suggested a relationship 
between populations of T. tabaci and the 
incidence of IYSV infection on onion 
crops in Israel, although the association of 
disease with population density of the 
vector was not quantified. 

Detection of IYSV in onion plants. 
IYSV is distributed unevenly within onion 
plants. The highest titers of the virus are 
usually detected in the inner (younger) 
onion leaves at the center of the whorl or 
neck, the site where thrips preferentially 
reside and feed (62). Unlike TSWV, IYSV 
infections do not appear to become sys-
temic in onion or other host species, and 
reliable detection of IYSV using enzyme-
linked immunosorbent assay (ELISA) can 
be problematic. The virus typically is not 
present in all leaves, and generally only is 
detected by ELISA in tissue sampled 
within 30 to 50 mm of visible lesions (S. F. 
Fichtner and H. F. Schwartz, unpublished). 
Although ELISA has been used exten-
sively for detection of IYSV (18,21,41, 
47,62,103,117), detection sensitivity is 
relatively low, and false negative results, 
even from symptomatic tissues, have been 
reported (33,41). Problems with false 
negatives can be reduced by macerating 
tissues in liquid nitrogen prior to the addi-
tion of extraction buffer in ELISA (41), or 
by using reverse-transcription polymerase 
chain reaction (RT-PCR) assays to detect 
IYSV (16,18,21,33,90,93). Smith et al. 
(117) reported false positive results with 
ELISA, and they developed a modified 
procedure and sampling protocol to mini-
mize false positives and improve the reli-
ability of IYSV detection from leek. 

IYSV does not appear to be seedborne 
or seed-transmitted in onion (62). Kritz-
man et al. (62) did not detect IYSV in the 
bulbs or roots of infected onion or Hippe-
astrum plants in Israel. Roubene-Soustrade 
et al. (103) surveyed onion production 
fields in Reunion Island, France, and found 
that 75% of symptomatic leaves and 27% 
of bulbs tested positive for IYSV using 
ELISA. This is the only report of bulb 
infection by IYSV, but it suggests there is a 
potential for spread of IYSV by distribu-
tion of infected bulbs or culled bulbs, as 
documented for TSWV in the bulbs of 
Dahlia sp. (29). 

Population structure and sequence 
characteristics of IYSV isolates. IYSV 
belongs to the genus Tospovirus and con-
sists of a segmented genome with three 
genomic RNAs: large (L), medium (M), 
and small (S) (81). Considerable serologi-
cal divergence exists among tospoviruses, 
as indicated by a lack of cross reaction 
among antisera to some of the distinct 
virus species within the genus (18,96). The 
nucleotide sequences of the M and S 

RNAs of IYSV are available, making 
PCR-based detection of the virus now 
possible (17,18,60,61,92,96). Molecular 
studies of IYSV and the sequence diversity 
among isolates collected from several 
countries and the western United States 
have been reported (1,61,92). Kritzman et 
al. (61) demonstrated that isolates of IYSV 
obtained from onion and Hippeastrum 
were identical serologically, and that a 
32.5 kDa Mr observed by polyacrylamide 

  
Table 1. Plants reported to be naturally infected with Iris yellow spot virus (IYSV)a 

 Host Locationb Year of first report (reference)  

 Allium altaicum Washington  2006 (93)  
 A. cepa Idaho 1993 (51)  
  Brazil 1994 (97)  
  Israel 1998 (43)  
  Japan 1999 (63)  
  Slovenia 2000 (70)  
  Colorado 2002 (108)  
  Arizona 2003 (82)  
  California 2003 (82)  
  Utah 2003 (1)  
  Italy 2003 (19)  
  Australia 2003 (21)  
  New Mexico 2004 (24)  
  Washington 2004 (33)  
  Georgia 2004 (85)  
  Tunisia 2005 (7)  
  Spain 2005 (16)  
  Oregon 2005 (25)  
  Chile 2005 (105)  
  India 2006 (99)  
  Rèunion Island 2006 (103)  
  Peru 2006 (84)  
  Texas 2006 (74)  
  Guatemala 2006 (89)  
  New York 2006 (C. Hopeting, personal comm.)  
 A. cepa var. ascalonicum Rèunion Island  2005 (103)  
 A. porrum Australia 2003 (21)  
  Rèunion Island 2005 (103)  
 A. sativum Rèunion Island 2005 (103)  
 A. pskemense Washington 2006 (93)  
 A. schoenoprasum Idaho 2003 (89)  
 A. vavilovii Washington 2006 (93)  
 Alstroemeria sp. Japan 2001 (90)  
 Amaranthus retroflexus Colorado 2004 (Schwartz et al., unpublished)  
 Bessera elegans Japan 2005 (55)  
 Clivia minata Japan 2005 (55)  
 Cycas sp. Iran 2005 (47)  
 Eustoma grandiflorum Japan 2003 (31)  
 Eustoma russellianum Israel 2000 (61)  
 Geranium carolinianum Georgia 2004 (Mullis et al., personal comm.c)  
 Hippeastrum hybridum Israel 1998 (45)  
 Iris hollandica The Netherlands 1996 (29)  
 Linaria canadensis Georgia 2004 (Mullis et al., personal comm.)  
 Pelargonium hortorum Iran 2005 (47)  
 Petunia hybrida Iran 2005 (47)  
 Portulaca oleracea Colorado 2004 (Schwartz et al., unpublished)  
 Portulaca sp. Italy 2003 (19)  
 Rosa sp. Iran 2005 (47)  
 Scindapsus sp. Iran 2005 (47)  
 Vicia sativa Georgia 2004 (Mullis et al., personal comm.)  
 Vigna unguiculata Iran 2005 (47)  
 a Chenopodium amaranticolor, C. quinoa, Datura stramonium, Gomphrena globosa, Nicotiana 

benthamiana, and N. rustica are reported as experimental hosts of IYSV. 
 

 b The following states are located in the United States: Arizona, California, Colorado, Georgia, 
Idaho, New Mexico, Oregon, Texas, Utah, and Washington. 

 

 c S. W. Mullis, R. D. Gitaitis, D. B. Langston Jr., J. L. Sherwood, D. G. Riley, A. C. Csinos, A. 
N. Sparks, R. L. Torrance, and M. J. Cook IV indicated IYSV was detected in 20 weed spe-
cies in Georgia based on serological assays (double-antibody sandwich enzyme-linked im-
munosorbent assay). Only hosts reported in a poster presentation at the 2004 National Allium 
Research Conference in Grand Junction, CO, are listed in this table. 
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gel electrophoresis for the nucleocapsid 
protein of these isolates was consistent 
with those published for a Dutch isolate of 
IYSV (18). The amino acid sequence of 
the nucleocapsid protein of an onion iso-
late of IYSV showed 99% identity with a 
lisianthus isolate, and the two isolates 
showed 96 and 91% identity with a Dutch 
and a Brazilian isolate of IYSV, respec-
tively (61). 

Phylogenetic analysis of the nucleopro-
tein sequence of IYSV isolates from the 
western United States revealed three dis-
tinct populations (92) (Fig. 4). One clade 
(I) consisted largely of U.S. isolates (Cali-

fornia, Colorado, Idaho, Oregon, Texas, 
Utah, and Washington). Within clade I, 
subclade Ia had two isolates from Japan, 
while subclade Ib consisted of isolates 
from the western United States. Clade II 
largely consisted of isolates from other 
countries with the exception of isolates 
from California and Oregon. The cluster-
ing of isolates from California in clades I 
and II was reported recently (92), and may 
suggest multiple introductions of IYSV at 
different times. IYSV isolates from Brazil 
and Slovenia showed significant diver-
gence from those in clade II. Isolates from 
Chile formed a third clade which was re-

ported to contain isolates from Georgia 
(USA), Peru, and Guatemala (89). The 
clustering of Georgia isolates with those 
from Peru suggests possible introduction 
of IYSV from Peru (89). Overall, phyloge-
netic analysis based on the N protein se-
quences indicates clustering of isolates 
based on geographic origin to some extent. 
Such divergence based on geographic ori-
gin was also noted for TSWV (94,125), 
and is consistent with earlier reports for 
IYSV (1). Abad et al. (1) also detected a 
subgroup of isolates from infected chive, 
and suggested that this group may consti-
tute a tospovirus that is distinct from 
IYSV. 

The implications of the genetic diversity 
among isolates of IYSV remain specula-
tive, although molecular studies point to 
multiple introductions of IYSV into the 
western United States. Genetic diversity 
among isolates of IYSV may indicate eco-
logical or host specialization. Pozzer et al. 
(96) detected 9.5% divergence in the 
amino acid sequence of the nucleocapsid 
protein of an isolate of IYSV from onion 
in Brazil (designated IYSVBR) compared 
with an isolate from iris in the Nether-
lands. They suggested this divergence 
reflected an adaptation of the two isolates 
to different environmental conditions, as 
supported by differences in host range and 
host response. Unlike TSWV (128), ge-
netic diversity among isolates of IYSV has 
not been associated with differences in 
vector specificity (18,62,87). 

Overwintering and alternate hosts. 
Numerous annual and perennial weeds 
serve as sources of TSWV and its thrips 
vectors, especially in the southeastern 
United States (50). Similarly, T. tabaci has 
an extremely broad host range, including 
weed hosts, especially common winter 
annuals such as mustard species. These 
weed hosts may serve as overwintering 
hosts for IYSV and the onion thrips vector 
in some onion-producing regions. Prelimi-
nary surveys of common weed species in 
and around onion fields with a history of 
iris yellow spot in Colorado (USA) in 
2004 and 2005 revealed a low incidence of 
the virus in asymptomatic plants of redroot 
pigweed (Amaranthus retroflexus) and 
common purslane (Portulaca oleracea) as 
determined by ELISA (H. F. Schwartz, D. 
H. Gent, and S. F. Fichtner, unpublished). 
Similarly, S. W. Mullis, R. D. Gitaitis, D. 
B. Langston Jr., J. L. Sherwood, D. G. 
Riley, A. C. Csinos, A. N. Sparks, R. L. 
Torrance, and M. J. Cook IV (personal 
communication) reported detection of 
IYSV in 20 potential weed hosts in Geor-
gia (USA) by ELISA. To our knowledge, 
however, no studies have documented 
thrips transmission of IYSV from a weed 
host to onion. In addition to weed hosts, 
IYSV also may survive on alternate crop 
hosts grown in the same region as onion. 
In the Bet-Shean Valley of Israel, the over-
lapping growing seasons of onion and 

 

Fig. 4. Cluster dendrogram based on the amino acid sequences deduced from the nu-
cleoprotein gene sequences of isolates of Iris yellow spot virus (IYSV) from the west-
ern United States and other countries. Representative sequences of the IYSV N gene
obtained from GenBank were chosen for comparisons of hosts and region of origin. 
Isolate designation is the state or country of origin and host from which IYSV was
recovered. Isolates were from onion unless indicated by the name of the host follow-
ing the origin; all Washington isolates were from onion except Washington4, which 
was from shallot. The phylogenetic tree was made based on 1,000 puzzling steps and
was generated as an unrooted tree. The percent reliability value given above each
branch indicates how often the corresponding cluster was found among the 1,000 
intermediate trees. Vertical length of the branches is arbitrary. 
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Hippeastrum are thought to contribute 
inoculum for successive crops (62). 

The association of IYSV with volunteer 
onion plants has been well established. In 
Colorado (USA), IYSV has been detected 
in volunteer onion plants, originating from 
bulbs left in the field at harvest, growing in 
ensuing crops of dry bean, alfalfa, field 
corn, and carrot (41). Symptomatic volun-
teer onion plants were detected as early as 
1 March, nearly 4 weeks before the sum-
mer onion crop was planted, suggesting 
infected volunteers may provide a biologi-
cal “bridge” between onion crops. IYSV 
typically is not present or detectable in 
onion bulbs or roots (62,85), so the means 
by which volunteers become infected is 
uncertain. Volunteer onions may become 
infected soon after emergence early in the 
spring as a result of feeding by overwinter-
ing viruliferous thrips associated with the 
bulbs or with nearby plant debris. Alterna-
tively, volunteers may initially be free of 
IYSV, and become infected by viruliferous 
thrips migrating from infected, and so far 
unidentified, overwintering weed host(s). 

During 2004 and 2005, onion transplant 
seedlings removed directly from crates 
after transport from southwestern states 
where they were grown (i.e., Arizona and 
California, USA) were assayed for IYSV 
by ELISA. More than 50% of lots of onion 
transplants sampled from commercial 
shipments into Colorado (USA) during 
2004 and 2005 exhibited symptoms of iris 
yellow spot, and the presence of the virus 
was confirmed by ELISA (110). The inci-
dence of iris yellow spot symptoms among 
transplant seedlings within a lot ranged 
from 0.4 to 5.0%. Additionally, T. tabaci 
and Frankliniella spp. were recovered 
from 18 and 91% of the lots sampled in 
2004 and 2005, respectively (3 to 275 
larvae and/or adults per 200 plants) (H. F. 
Schwartz, W. S. Cranshaw, and L. Mahaf-
fee, unpublished). These and other surveys 
(109) strongly suggest transplants are a 
potential source of the virus and vector 
that may need to be addressed in the pro-
duction of onion bulb and seed crops. 

The importance of overwintering of 
IYSV in diapausing or quiescent thrips in 
the soil, or associated with plant debris, 
has not been investigated, but overwinter-
ing of viruliferous thrips in soil potentially 
could be a source of inoculum. However, 
overwintering of TSWV in F. fusca and 
other thrips vectors in the soil generally is 
minimal, and largely has been discounted 
as a primary means of survival of this virus 
(6,14,50). 

Epidemiological aspects of IYSV that 
differ from other tospoviruses. Although 
many epidemiological characteristics of 
iris yellow spot are similar to diseases 
caused by other tospoviruses, certain epi-
demiological and biological characteristics 
of IYSV appear distinct. Vector and host 
specificity appear to be narrower for iso-
lates of IYSV compared with other to-

spoviruses. At least nine species of thrips 
are known to vector strains of TSWV, but 
T. tabaci is the only known vector of IYSV 
(46,62,87,126). More than 650 species of 
plants from over 50 families have been 
reported as hosts of TSWV (46,126), but 
the host range of IYSV appears more lim-
ited, with most natural hosts in the Lili-
aceae (82). As stated above, at least 47 
plant species have been demonstrated to be 
infected naturally by IYSV in the field. 
Although the host range of T. tabaci is 
very broad (66), the host range of IYSV is 
relatively limited and few of the known 
hosts are present at a time that would en-
able overwintering of the pathogen. 

The propensity of thrips to develop very 
large populations on onion in short periods 
of time may strongly influence epidemics 
of iris yellow spot. Onion is a preferred 
host for T. tabaci, and this vector is a ma-
jor pest of onion wherever it is grown (66). 
In contrast, tomato is a poor reproductive 
host of F. occidentalis, which is one of the 
primary vectors of TSWV on this crop 
(100). Lewis (65) estimated that 1 hectare 
of onion may contain 1.6 billion thrips 
larvae, a tremendous population size given 
the small stature of onion plants. If left 
untreated, thrips populations commonly 
approach 13 to 25 per leaf, although popu-
lations as low as 1 to 3 thrips per leaf are 
capable of causing economic injury in the 
absence of iris yellow spot (37,39,114). 
The potential for large outbreaks of thrips, 
particularly in the warm and dry growing 
conditions found in much of the western 
United States, and the potential for thrips 
to predispose plants to disease may be 
central to the epidemiology of iris yellow 
spot. 

Secondary spread of IYSV may be sig-
nificant in disease epidemiology, although 
secondary spread of other tospoviruses 
generally has been regarded as of little 
consequence to epidemic development 
(13,22,26,48,72,73,98). Several studies 
have suggested that secondary spread of 
tomato spotted wilt within fields is limited, 
and the general failure of insecticides to 
provide disease suppression is often as-
cribed to the lack of secondary spread of 
thrips within fields and the near-
continuous immigration of viruliferous 
thrips into fields from weeds and/or other 
crops (13,22,26,48,72,73,98). This is rea-
sonable given that TSWV has a broad host 
range and commonly is found in weed 
populations (26,47). Most studies of the 
spatio-temporal aspects of diseases caused 
by tospoviruses have been conducted with 
TSWV and crops of relatively large stat-
ure, such as tobacco and tomato. In con-
trast, the small stature of onion plants al-
lows for dense plantings, compared with 
tobacco or tomato, and thrips may readily 
move between adjacent onion plants. 
Fichtner et al. (38) and Gent et al. (41) 
reported a small but significant degree of 
spatial autocorrelation in the incidence of 

iris yellow spot within onion fields in 
Colorado (USA). Here, iris yellow spot 
was first observed on the borders of the 
fields, but disease gradients later devel-
oped and extended into the fields. Disease 
gradients extended farther into the field 
and flattened with time, consistent with 
secondary spread of the disease from ini-
tial infection sites. Correspondingly, 
Hammon (52) observed a negative correla-
tion between thrips control with insecti-
cides and subsequent development of iris 
yellow spot. This suggests that secondary 
spread of viruliferous thrips may play a 
role in disease development. 

Adopting management practices for iris 
yellow spot based primarily on research 
conducted on tospoviruses in other crops is 
further complicated by the limited ability 
of onion growers to modify cultural prac-
tices. For instance, altering planting dates 
and/or tillage systems and the use of UV-
reflective mulches have reduced tomato 
spotted wilt incidence in several crops 
(26,69,80,101,102,112,118). Onion bulb 
and seed growers in the United States have 
had limited capacity to adopt these strate-
gies because of the relatively short grow-
ing season of the more northern regions of 
onion production in the United States (ne-
cessitating uniform and early planting 
dates), the small size of onion seed (mak-
ing limited or no-tillage practices imprac-
tical), and dense planting patterns (limiting 
the usefulness of UV-reflective mulches). 

Management of Iris Yellow Spot  
and Thrips 

Host resistance to thrips and iris yellow 
spot. Yield losses in onion crops caused by 
T. tabaci have been documented for dec-
ades, and still occur in most areas of onion 
production (66). Similarly, a wide range of 
yield losses associated with iris yellow 
spot has been documented in onion bulb 
and seed crops (34,35,42,43,70,76,96,110). 
Losses resulting from thrips infestations 
depend on multiple factors, including size 
of thrips populations, conduciveness of 
weather conditions for growth of thrips 
populations, plant growth stage at the time 
of infestation, and susceptibility of culti-
vars to thrips feeding and oviposition dam-
age and/or infection by viruses vectored by 
thrips (66). Although this complicates 
efforts to select for resistance to thrips 
and/or iris yellow spot in breeding pro-
grams, variation in susceptibility or toler-
ance to thrips among onion cultivars has 
been documented (9,20,39,56,64,79,107, 
116,127). Likewise, differences in suscep-
tibility of onion cultivars to iris yellow 
spot have been reported (34,42). These 
findings highlight the potential role of 
breeding for resistance/tolerance to thrips 
damage and IYSV for more effective dis-
ease management. 

Various mechanisms of antixenosis 
(morphological, physical, or structural 
plant traits that prevent or inhibit herbivores 
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from finding, colonizing, and accepting the 
plant) and antibiosis (plant characteristics 
that prevent or inhibit development or 
reproduction of herbivores) have been 
associated with resistance to thrips in on-
ion (66). Jones et al. (56) reported that a 
greater angle of divergence of the two 
innermost leaves and the vertical distance 
between leaf blades in the sheath column 
are associated with greater resistance of 
onion cultivars to thrips. Similar observa-
tions were made by Coudriet et al. (20) 
and Fournier et al. (39). Presumably, 
greater openness between the leaves in-
creases thrips exposure to adverse envi-
ronmental conditions and natural enemies, 
because thrips seek out narrow spaces on 
plants, such as leaf sheaths and inflores-
cences, to live and reproduce (66). 

Although some research has indicated 
that white onion cultivars appear less sus-
ceptible to thrips damage than red cultivars 
(2,64,107,127), this generalization does 
not always hold true. Brar et al. (9) 
screened 61 onion cultivars or breeding 
lines for resistance to T. tabaci and con-
cluded that susceptibility of onion cultivars 
was not necessarily correlated with bulb 
color. In contrast, a strong correlation was 
demonstrated between thrips resistance 
and onion leaf color. The greater attraction 
of T. tabaci to blue hues versus green hues 
(27,58,68) suggests that onion cultivars 
with blue-green foliage may suffer more 
damage from thrips feeding than cultivars 
with green foliage. Cultivars with glossy 
foliage tend to have a greater degree of 
resistance to thrips than cultivars with 
nonglossy foliage, probably because of 
differences in chemistry of the leaf waxes 
(71,79) or decreased egg-hatching or larval 
feeding (106). 

Al-dosari (2) quantified the tolerance of 
onion cultivars to onion thrips and found 
little evidence of differences in T. tabaci host 
suitability among cultivars (antixenosis and 
antibiosis resistance mechanisms). However, 
the cultivars varied widely in their response 
to onion thrips injury (tolerance resistance 
mechanism). Some cultivars suffered high 
losses from thrips, whereas others with simi-
lar levels of thrips infestation consistently 
had little or no yield response from thrips 
control. It is unclear if increased tolerance to 
thrips feeding injury will reduce iris yellow 
spot since tolerant cultivars may have higher 
economic-action thresholds for insecticide 
treatments. 

Another potential method of minimizing 
losses to thrips and/or iris yellow spot is to 
take advantage of klendusity, i.e., the abil-
ity of an otherwise susceptible plant or 
cultivar to escape disease as a result of the 
pattern of growth or any mechanical hin-
drance to infection. For example, early 
maturing cultivars of onion may escape 
thrips infestations later in the season (127). 
More severe losses to iris yellow spot have 
been observed in hybrid and open polli-
nated seed crops in which the parental 

lines produce tall scapes that lodge more 
readily during windy conditions than 
scapes of shorter stature, if large or coa-
lescing iris yellow spot lesions develop on 
the scapes of both plant types (35; L. J. du 
Toit, unpublished) (Fig. 1G). A negative 
correlation was demonstrated between 
seed yield and the incidence of scapes that 
lodged as a result of iris yellow spot le-
sions (r = –0.84, P = 0.0093) in an open-
pollinated seed crop with tall scapes (32). 
In contrast, very little lodging (<1%) was 
observed in a hybrid seed crop with short 
scapes that displayed a similar incidence of 
infection (>80% of the scapes infected) to 
the open-pollinated seed crop (L. J. du 
Toit, unpublished). Seed growers located 
in regions with high risk of iris yellow spot 
could perhaps plant seed crops of cultivars 
that produce shorter scapes to reduce the 
risk of lodging and subsequent seed losses 
as a result of IYSV infection. 

Efforts to screen onion cultivars for re-
sistance to iris yellow spot revealed no 
cultivar or advanced breeding line that 
appeared to be immune to IYSV (34,42). 
Complicating efforts to screen for resis-
tance is the difficulty of differentiating 
resistance to thrips damage from resistance 
to iris yellow spot, along with inherent 
differences in yield potential among culti-
vars. In a 2004 field trial in Washington 
(USA) in which 46 onion cultivars were 
evaluated in replicated plots, the incidence 
of plants with symptoms of iris yellow 
spot ranged from 58 to 97% for individual 
cultivars (34). Similarly, field trials in 
Colorado (USA) showed a range in inci-
dence of infected plants from 17 to 100% 
for 43 cultivars evaluated in 2003, and 14 
to 62% for 46 cultivars evaluated in 2004 
(42,110). Significant differences in mar-
ketable yield were detected among culti-
vars in all three trials. In the 2004 trial in 
Washington (USA), significant negative 
correlations were detected between inci-
dence of plants with symptoms of iris yel-
low spot and total marketable yield (r =  
–0.43 at P = 0.0029) or percentage of jumbo 
bulbs (r = –0.41 at P = 0.0046) (34). 

Sanitation. Elimination of volunteer on-
ion and planting of transplants free of 
IYSV and thrips are central to successful 
management of iris yellow spot in allium 
production. In Colorado (USA), severe 
epidemics of iris yellow spot in summer 
onion crops sometimes can be traced to 
infested volunteer onions or contaminated 
onion transplants (42,110). Volunteer on-
ion plants and contaminated transplants are 
the only sources of primary inoculum iden-
tified to date in the High Plains region of 
the United States, and may provide an 
important early-season source of inoculum 
to initiate outbreaks in neighboring onion 
crops. Interstate movement of infected 
onion transplants also could facilitate the 
spread of new strains of IYSV and bio-
types of T. tabaci within and among re-
gions of onion production. 

The importance of weed control in man-
agement of iris yellow spot is unknown. 
Culbreath et al. (26) asserted that for a 
plant to be an important source of inocu-
lum of TSWV it must: (i) be a host for the 
virus; (ii) support reproduction of the vec-
tor for at least one generation; (iii) allow 
for thrips larvae to acquire the virus; and 
(iv) be present at a time that complements 
the disease cycle. Based on these condi-
tions, no weeds have been confirmed as 
important sources of IYSV. However, the 
known host range of IYSV is increasing 
steadily, and important reservoirs of the 
virus in weeds, other crops, and wild Al-
lium species may yet be identified. There-
fore, it may be prudent to eliminate from 
areas of onion cultivation any wild, orna-
mental, or volunteer plants closely related 
to Allium species, as well as other known 
hosts of IYSV. Several summer annual 
weed species have been identified as hosts 
of IYSV, and these weeds may be impor-
tant for within-season spread of the virus, 
or may provide a biological bridge be-
tween summer bulb crops and seed or bulb 
crops planted later in the season and late-
season winter annual weeds. 

Crop rotation and isolation. Current 
understanding of the biology and epidemi-
ology of IYSV and its vector is somewhat 
limited for development of effective crop 
rotation and crop isolation strategies. 
However, some general observations can 
be considered. The relatively limited host 
range of IYSV suggests that rotations of 
host with nonhost crops and spatial isola-
tion of host crops may help limit spread of 
the virus within a region. Because the bi-
ennial season of onion seed crops provides 
a continuous “green bridge” for survival of 
IYSV and its vector through the winter, 
onion bulb and seed crops should be iso-
lated geographically. Sufficient crop isola-
tion may be critical in regions such as the 
Pacific Northwest (USA), where biennial 
seed crops, overwintering bulb crops, and 
summer bulb crops may be located in the 
same areas and have growing seasons that 
overlap by several months (35). Unfortu-
nately, research on the isolation distances 
needed to prevent spread of IYSV among 
host crops is lacking, so current recom-
mendations emphasize maximum separa-
tion among fields. Similarly, other hosts 
(i.e., chive, garlic, leek, and shallot) of 
IYSV should not be grown in the vicinity 
of onion crops. 

Modified cultural practices. Modifica-
tion of cultural practices may reduce the 
risk of severe epidemics of iris yellow 
spot. Consistent with reports of tomato 
spotted wilt in other cropping systems 
(11), increased and more uniform plant 
density appears to provide some control of 
iris yellow spot in onion crops. Gent et al. 
(41) and Fichtner et al. (38) demonstrated 
a negative relationship of plant population 
with incidence of plants showing symp-
toms of iris yellow spot in fields planted to 
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moderately resistant onion cultivars. Plant 
population sometimes explained greater 
than 56% of the observed variability in 
disease incidence. This effect of plant 
population was not as apparent with more 
susceptible cultivars, and the significance 
of planting pattern on development of iris 
yellow spot remains unclear. 

In general, there appears to be a rela-
tionship between plant stress, predisposi-
tion to damage by thrips, and severity of 
iris yellow spot (75,110), although no stud-
ies have quantified the contribution of 
abiotic and biotic stresses to development 
of iris yellow spot. A sensible recommen-
dation for pest management and produc-
tion strategies, where possible, is to reduce 
stress to the onion crop from moisture 
extremes, compaction, and soilborne dis-
eases such as pink root (caused by Phoma 
terrestris) and Fusarium basal rot (caused 
by Fusarium oxysporum f. sp. cepae). 
More research is needed on the role of 
plant stress and predisposition of onion to 
iris yellow spot. 

In preliminary surveys conducted in 
Colorado and Washington (USA), over-
head irrigation has consistently been asso-
ciated with a reduced incidence and sever-
ity of iris yellow spot (35,110). However, 
quantitative estimates of disease suppres-
sion provided by overhead irrigation are 
lacking. Thrips populations often decline 
in response to heavy rain (59), and over-
head irrigation has been suggested as a 
means of suppressing thrips pests in vari-
ous crops, including onion (12,95). The 
interactions of irrigation, thrips popula-
tions, and iris yellow spot may be more 
complex than simply associated with mor-
tality of thrips caused by overhead irriga-
tion. Yield losses in onion resulting from 
thrips feeding injury are increased by 
stress from inadequate water supply 
(39,95), and separating the effects of irri-
gation on thrips mortality from alleviation 
of moisture stress may be difficult. Further 
studies are warranted to determine the 
importance of irrigation method and man-
agement on suppression of iris yellow spot 
and onion thrips. 

Thrips management. Onion growers in 
the western United States rely heavily on 
insecticides for management of thrips, and 
insecticidal management of T. tabaci as an 
indirect means of controlling iris yellow 
spot has been an area of study in recent 
years (23,52). However, conventional in-
secticides such as the pyrethroids, organo-
phosphates, and carbamates have become 
ineffective in some regions of onion pro-
duction because of development of insensi-
tivity to these insecticides in thrips popula-
tions (3,113). Research is underway to 
identify reduced-risk and new insecticides 
for managing thrips (53,54). For example, 
the insecticides spinosad and neem extract 
have shown promise for managing thrips in 
onion crops, based on studies conducted in 
Colorado and Oregon (USA) (53,54; S. F. 

Fichtner, D. H. Gent, H. F. Schwartz, R. 
Hammon, and W. S. Cranshaw, unpub-
lished). In Colorado in 2004 and 2005, 
rotating applications of neem extract and 
spinosad, in combination with straw 
mulching, reduced thrips numbers com-
pared with a conventional rotation of 
lamba-cyhalothrin and methomyl, and 
resulted in an increase in yield of jumbo 
grade bulbs (S. F. Fichtner, H. F. Schwartz, 
and W. S. Cranshaw, unpublished). 

Mulches have been used to manage in-
sect pests in many cropping systems 
(30,80). Reflective mulches can reduce 
thrips populations by disrupting the ability 
of the thrips to recognize and alight on 
host plants, and UV-reflective mulches 
have proven useful in crops such as tomato 
for reducing thrips populations and devel-
opment of tomato spotted wilt (30,80,121). 
Unlike tomato crops, in which entire plant-
ing beds can be mulched, applying a UV-
reflective mulch to onion beds with multi-
ple rows of plants is not practical, and 
studies in Colorado (USA) revealed only 
marginal reductions in thrips populations 
as a result of reflective mulches applied to 
the center of beds planted with two rows of 
onions. However, straw mulching appears 
promising for thrips management in onion 
crops (53,54). In studies conducted in 
Colorado in 2005, straw mulch applied to 
the center of onion beds reduced thrips 
populations by as much as 48% (S. F. 
Fichtner, H. F. Schwartz, and W. S. Cran-
shaw, unpublished), with a corresponding 
increase in yield of 14% or greater. Al-
though there was no apparent effect of the 
straw mulch treatment on iris yellow spot 
in these trials, additional studies are in 
progress to determine if straw mulching 
may suppress this disease. The mecha-
nism(s) by which straw mulch suppresses 
thrips populations is not known, but con-
servation of natural predators of thrips has 
been suggested (53,54). In field trials in 
Colorado (USA) in 2004 and 2005, differ-
ences in populations of minute pirate bugs 
(Orius tristicolor) and predatory thrips 
were not observed between different mulch 
types, although differences in light reflec-
tance were detected between nontreated 
and straw-mulched plots. The mechanism 
of thrips suppression may also be indirect. 
Shock et al. (115) reported that, in the 
absence of thrips pressure, straw mulches 
applied to irrigation furrows increased 
onion yields by 64 to 74% due to de-
creased water runoff and increased lateral 
movement of soil moisture in mulched 
plots. Straw mulching may alleviate water 
stress in hot and dry growing conditions, 
potentially increasing onion tolerance to 
thrips feeding and indirectly increasing 
plant tolerance to iris yellow spot (39,95). 

Systemic acquired resistance. Im-
proved management of plant diseases 
caused by tospoviruses in other cropping 
systems has been achieved through induc-
tion of systemic acquired resistance (SAR), 

most often through the application of ex-
ogenous chemicals such as salicylic acid or 
its structural analogs (15,49,57,119). SAR 
is an induced plant resistance that is first 
localized to the site of infection, and then 
spreads systemically to distal noninfected 
tissues remote from the initial site of infec-
tion (119), triggering a range of defense 
mechanisms that include formation of 
phenolics, phytoalexins, callose, patho-
genesis-related proteins, and hydroxy-
proline-rich glycoproteins. 

Acibenzolar-S-methyl (Actigard, Syn-
genta Crop Protection, Greensboro, NC, 
USA) is a structural analog of salicylic 
acid in the benzothiadiazole class of SAR 
inducers (49). This SAR product has been 
demonstrated to minimize damage caused 
by a range of fungal, bacterial, and viral 
plant pathogens (4,5,15,40,49,67,91,104). 
The potential value of SAR compounds for 
control of iris yellow spot was demon-
strated by Gent et al. (42) in a field trial in 
Colorado (USA), in which a 34% reduc-
tion in incidence of plants with symptoms 
of iris yellow spot was observed, compared 
with nontreated controls, following four 
foliar applications of acibenzolar-S-
methyl, with a corresponding increase in 
jumbo grade bulbs. In Florida, applications 
of acibenzolar-S-methyl reduced the inci-
dence of tomato plants infected with 
TSWV by 28% in each of two seasons 
with high disease pressure, but had no 
significant effect on TSWV in a season 
with mild disease pressure (80). Applica-
tions of acibenzolar-S-methyl also reduced 
numbers of thrips (Frankliniella spp.) in 
tomato flowers on some dates, corroborat-
ing the work of Thaler et al. (122,123) who 
established that applications of salicylic 
acid induce defensive proteins in plants 
that provide resistance to certain insects, 
including thrips. Data from field trials 
suggest acibenzolar-S-methyl may have 
little effect on thrips populations in onion 
crops (23), indicating that the effects of the 
product on iris yellow spot are a result of 
suppression of the virus rather than the 
vector and/or enhancement of host toler-
ance to thrips damage or IYSV. 

Induced resistance involves complex 
physiological processes that may incur 
costs to the induced plants expressed as 
phytotoxicity or reduced yields. Gent and 
Schwartz (40) documented a 22 to 27% 
reduction in onion bulb yield when 10 
weekly applications of acibenzolar-S-
methyl were made in the absence of dis-
ease, although this was 2.5 times the 
maximum number of applications indi-
cated on the Actigard 50WG label for reg-
istered crops. Cole (15) observed mild 
symptoms of phytotoxicity in tobacco 
seedlings caused by applications of aci-
benzolar-S-methyl, but not when the prod-
uct was applied in the field after trans-
planting. The phytotoxic effects were 
overcome by applying a top dressing of 
calcium nitrate to the seedlings, and Cole 
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suggested diversion of nitrogen or calcium 
into the SAR initiated metabolism (15). 
Further research is needed to determine 
optimum use of SAR products in onion 
crops (number, rate, and timing of applica-
tions) to maximize control of IYSV and 
thrips, while minimizing phytotoxic ef-
fects. Determining the optimum rate and 
timing of SAR products is critical for bi-
ennial seed crops because of the extended 
opportunity for IYSV infection during the 
14- to 15-month growing season. 

Integrated management of IYSV. Ef-
fective long-term management of IYSV in 
onion crops will depend on a multifaceted 
approach that integrates host resistance, 
modified cultural practices, and judicious 
use of chemical tools. An effective inte-
grated management program was devel-
oped for tomato spotted wilt of tomato by 
Momol et al. (80), in which a combination 
of UV-reflective mulch, applications of 
acibenzolar-S-methyl, and applications of 
reduced-risk insecticides that conserve 
thrips predators was very effective at man-
aging the disease. Momol et al. (80) stated 
that tomato growers in northern Florida 
and southern Georgia (USA) rapidly are 
adopting these management tools for con-
trol of TSWV. Similar efforts are needed to 
develop economically feasible and practi-
cal management options for iris yellow 
spot and onion thrips in onion crops. 

Outlook and Future Directions 
Since the original description of IYSV 

in 1998 (18), iris yellow spot has become 
pandemic in regions of onion bulb and 
seed production. The prolific nature of 
onion thrips in onion crops, the propensity 
for thrips to develop insecticide resistance, 
and the ability of onion thrips to vector 
IYSV present a serious threat to profitable 
and sustainable production of onion bulbs 
and onion seed. However, new knowledge 
about the biology, epidemiology, and man-
agement of iris yellow spot has emerged in 
a relatively short time, with a significant 
inventory of research accomplishments. 
The main vector of IYSV has been identi-
fied, insights into the diversity of the 
pathogen and its relation to other tospovi-
ruses have been determined, alternate 
weed and crop hosts continue to be re-
ported, and inoculum sources of the patho-
gen and vector have been identified. Mod-
erate levels of disease resistance have been 
identified in some onion cultivars, and 
these may be suitable for commercial pro-
duction and in breeding programs. Bio-
logically based approaches for onion thrips 
management also have emerged. Addi-
tional research should lead to development 
of new management strategies so that iris 
yellow spot can be managed economically 
in both onion bulb and seed crops. 

Short-term research directions. Many 
basic epidemiological questions on iris 
yellow spot remain to be addressed. De-
spite intensive use of insecticides for con-

trol of iris yellow spot, the direct relation-
ship between thrips control and reductions 
in disease incidence and/or severity have 
not been reported. A critical evaluation of 
the relationship of thrips control to disease 
development is needed to provide growers 
with sound IPM approaches for iris yellow 
spot. Although inoculum sources of IYSV 
have been identified, the relative contribu-
tions of these sources of inoculum are 
unclear. Additional overwintering sources 
and hosts of IYSV likely will be identified, 
and other vectors may yet be discovered. 
How long do thrips need to feed on in-
fected plants to become viruliferous or to 
transmit IYSV? What is the transmission 
efficiency of different populations of T. 
tabaci, and what does this indicate about 
key reservoirs of the pathogen? Asympto-
matic infections appear to be common in 
onion bulb and seed crops, but what is the 
role of such latent infections in develop-
ment of iris yellow spot epidemics? What 
is the minimum isolation distance needed 
between bulb and biennial seed crops, or 
between onion and other host crops, to 
prevent dissemination of the virus, and 
what insights could this provide on inocu-
lum sources and/or vector dispersal? What 
relationships exist among abiotic and bi-
otic plant stresses, vector reproduction, 
and disease severity, and can these rela-
tionships be quantified? How do host non-
preference, plant architecture, and other 
thrips tolerance mechanisms impact pri-
mary and secondary spread of IYSV? Per-
haps most importantly, how successfully 
can the disease be managed by integration 
of biological, chemical, and cultural con-
trol tactics? 

A pressing research need is to develop 
management strategies for the disease in 
onion seed crops. The emerging body of 
knowledge on iris yellow spot has focused 
largely on onion bulb crops, and our 
knowledge of the epidemiology and man-
agement of the disease in onion seed crops 
is minimal. Onion seed crops are biennial 
with approximately a 14-month season 
from planting in July to harvest the follow-
ing year. As a result, one seed crop season 
can overlap with two 5- to 6-month-long 
seasons of spring-planted bulb crops. 
Managing thrips and iris yellow spot over 
such a long period presents a serious chal-
lenge. Additionally, seed growers produce 
seed crops on a contract basis with seed 
companies, and generally do not have the 
choice to select less susceptible parental 
lines or cultivars. Management tactics 
developed for bulb crops need to be vali-
dated in seed crops, and may require addi-
tional measures to provide adequate con-
trol of the disease. 

Long-term research directions. Long-
term management of iris yellow spot likely 
will depend on development of onion cul-
tivars with high levels of disease resis-
tance. Incorporating iris yellow spot resis-
tance into an onion genotype with the 

horticultural traits required by growers and 
consumers is not a trivial undertaking. 
Artificial inoculation of IYSV in cultivar 
screening and breeding trials may allow 
heritable host resistance to be observed 
under controlled environmental conditions, 
but disease symptoms are difficult to pro-
duce on onion by mechanical inoculation 
with IYSV (62). Therefore, research is 
needed to isolate the genotypic compo-
nents of disease resistance/tolerance from 
the complex interactions of thrips host 
selection, tolerance, uneven thrips distribu-
tion, and inherent differences in vigor and 
yield among genotypes. If other abiotic or 
biotic plant stresses are superimposed on 
these interactions, disentangling cause 
from effect becomes exceedingly difficult. 
It is possible to select for individuals with 
fewer or less severe symptoms of iris yel-
low spot under field conditions, but it may 
be unclear if the phenotype is heritable or 
simply the result of experimental condi-
tions imposed by conditions of that trial. 
Selection by breeders is difficult because 
resistant individuals or families must be 
identified recursively for production of 
subsequent generations. Consequently, 
cultivars with high levels of resistance 
likely will not be available in the next 5 to 
10 years. In the interim, growers will have 
to rely on cultivars with moderate levels of 
resistance or tolerance to iris yellow spot. 

One possible approach for developing 
resistance to IYSV may be through gener-
ating transgenic onion lines that express a 
portion of the IYSV nucleocapsid protein 
gene. Pathogen-derived resistance has been 
used successfully for several diseases 
caused by tospoviruses, and a transforma-
tion system for onion has been developed 
(36). High levels of resistance could be 
introduced into cultivars adapted to spe-
cific regions, such as the western United 
States. However, consumer acceptance of 
genetically modified foods, especially of a 
vegetable crop consumed directly, remains 
challenging. It is unlikely that such resis-
tance will be available commercially in the 
near future. 

Development of ecologically based on-
ion production systems that consider the 
interactions of multiple pests, horticultural 
practices, and environmental quality 
should be a long-term research priority. 
What crop rotation schemes minimize 
overwintering of the pathogen and vector? 
Does the type of planting material (i.e., 
bulbs, seed, or transplants) influence epi-
demic development? How do other pests 
respond when planting patterns and popu-
lations are modified? What is the eco-
nomic injury level for thrips when iris 
yellow spot is a threat, and how does this 
vary among cultivars? Are insecticides, 
herbicides, and fungicides used routinely 
in onion production compatible with bio-
logically based pest management? What 
cultural and biological tactics can reduce 
or replace conventional insecticides for 
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thrips management? Researchers and ex-
tension specialists are now addressing 
these and other questions central to the 
development of sustainable and profitable 
management strategies for iris yellow spot 
and thrips. 
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