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SUMMARY. Onion (Allium cepa) varieties for commercial production in eastern
Oregon and southwestern Idaho are evaluated annually in replicated trials
conducted at the Malheur Experiment Station, Oregon State University, near
Ontario, Oregon. Characteristics evaluated include bulb yield, market grade, and
the frequency of single centers. After the emergence of iris yellow spot virus (IYSV)
as a threat to commercial onion production in the early 2000s, onion varieties at the
Malheur Experiment Station have been evaluated for virus symptoms since 2004.
Varieties showed differences in the severity of IYSV symptoms each year. Symptom
severity increased over the years from 2004 to 2006, and variety virus ratings
showed a strong negative correlation of severity with yield in 2005 and 2006.
Marketable yield after 3 months of storage averaged 781, 534, and 551 cwt/acre in
2004, 2005, and 2006, respectively. Averaging over varieties, yield of bulbs larger
than 4 inches in diameter was 438 cwt/acre, 56 cwt/acre, and 76 cwt/acre, and the
average virus severity ratings were 1.1, 1.3, and 2.7 in 2004, 2005, and 2006,
respectively. A few varieties showed a combination of high yield, large bulb size, low
incidence of virus symptoms, and a predominance of single-centered bulbs. With the
prevalence of IYSV, variety tolerance to IYSV has become an important production
factor in the Treasure Valley.

E
ach year, onion is produced on
about 20,000 acres in eastern
Oregon and southwestern

Idaho, with a total market value of
about $47, $92, and $108 million in
2004, 2005, and 2006, respectively
(U.S. Department of Agriculture,
2007). Onions are mostly long-day
varieties and are marketed starting in
August from the field and continuing
to April from storage (Shock et al.,
2000). The onion production area is
within a radius of 30 miles of Ontario,
Oregon, in the Snake River plain and
along the tributaries of the Snake
River, a region frequently referred to
as the Treasure Valley. This region is
characterized by high onion bulb
yields and production of a large pro-
portion of large-diameter bulbs.

Seed companies are continually
developing new varieties. These vari-
eties need to be evaluated across years
and locations to determine which
varieties are best for any particular
location. Since 1972, established vari-
eties and new onion lines for com-
mercial production in the Treasure
Valley have been evaluated in repli-
cated trials conducted at the Malheur
Experiment Station near Ontario,
Oregon. The trials are conducted
using standard commercial produc-
tion practices so that results will be
meaningful to growers. Characteris-
tics that have been evaluated in these
trials include bulb yield and size,
maturity rating, potential for bolting,
and susceptibility to neck rot (Botrytis
allii and Botrytis aclada) and plate rot

(Fusarium oxysporum f. sp. cepae)
diseases (Shock et al., 2000). Starting
in 2000, two additional variety char-
acteristics were evaluated: super
colossal size bulbs (>4¼ inches diam-
eter) and single-centered bulbs
(Shock et al., 2005a).

An onion bulb is single-centered
when all concentric rings in the bulb
end in one center. Single centers are
an important characteristic for the
food industry. Onion ring manufac-
turing efficiency is reduced when
onions have multiple centers. Onion
ring manufacturers have a target of
85% of the bulbs being single-cen-
tered or having a multiple center no
larger than 1.5 inches diameter
(‘‘functionally single-centered’’). Sin-
gle-centered bulbs are, to some
extent, a variety attribute (Shock
et al., 2005a) and this is a heritable
onion trait that allows for the devel-
opment of varieties with a high degree
of single centers (Cramer, 2006;
Gamie et al., 1995; Wall et al.,
1996;).

Iris yellow spot virus (IYSV)
causes seed stalk and leaf tissue
necrosis and has recently been recog-
nized as a serious disease of onion
(Gent et al., 2006). IYSV was first
found in the Treasure Valley infecting
onion seed crops in 1989 (Mohan
and Moyer, 2004) and is now known
to occur in many onion-producing
areas around the world. Onion plants
infected with the virus can progres-
sively lose leaf area, resulting in
reduced yield and reduced bulb size.
The virus is transmitted by onion
thrips (Thrips tabaci) (Kritzman
et al., 2001; Nagata and Almeida,
1999). The incidence of IYSV might
be increased by the inadequate con-
trol of onion thrips, which have
become increasingly resistant to pyr-
ethroid and organophosphate insecti-
cides (Allen et al., 2005). The disease
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was first observed in commercial bulb
onion fields in the Treasure Valley in
the early 2000s. IYSV was confirmed
in symptomatic onion leaves in these
fields using double antibody sand-
wich enzyme-linked immunosorbant
assay following the protocol provided
by Agdia (Elkhart, IN). With the
spread of the virus to bulb crops in
the Treasure Valley in the early 2000s,
there arose the necessity of evaluating
varieties for virus symptoms. Symp-
toms of the virus at the Malheur
Experiment Station became apparent
in 2004. This article presents per-
formance of varieties and examines
possible relationships between IYSV
symptoms and bulb yield and size for
varieties of yellow onions in trials
conducted at the Malheur Experi-
ment Station in 2004, 2005, and
2006. In this article, established vari-
eties and experimental lines on the
verge of commercial release are
referred to as varieties.

Materials and methods
Onion variety trials were con-

ducted at the Malheur Experiment
Station near Ontario, Oregon, on
Owyhee silt loam (coarse-silty,
mixed, mesic Xerollic Camborthid)
in 2004 and 2006, and on Greenleaf
silt loam (fine-silty, mixed, mesic
Xerollic Haplargid) in 2005. The
fields each year had previously been
planted to wheat (Triticum aesti-
vum), and had 2%, 2.4%, and 1.5%
organic matter and a water pH of 7.3,
7.7, and 7.4 in 2004, 2005, and
2006, respectively. The wheat stubble
was shredded and the fields were
deep-chiseled, disked, irrigated,
moldboard-plowed, roller-harrowed,
and bedded in the fall. Each year,
before fall plowing, fertilizer was
broadcast based on soil analyses and
according to extension guidelines
(Sullivan et al., 2001). At bedding,
the field was fumigated with 20 gal/
acre of Telone C-17 (77.9% 1,3-
dichloropropene + 16.5% chloropi-
crin; Dow AgroSciences, Indianapo-
lis) and left until spring without
further tillage.

Beds were harrowed down the
day before planting. Seeds were
planted on 19 Mar. 2004, 15 Mar.
2005, and 23 Mar. 2006. The seed
was planted in double-rows on 22-
inch beds. The double rows were
spaced 3 inches apart. The seeding

rate was 9 seeds/ft of single row for
subsequent thinning. Seed was
planted with a customized planter
using John Deere Flexi Planter (John
Deere Co., Moline, IL) units equip-
ped with disc openers. For all years,
each variety was planted in plots four
double rows wide (88 inches) and
27 ft long with five replications. The
experimental design was a random-
ized complete block.

Immediately after seeding,
chlorpyrifos at 2 oz/acre was broad-
cast, the soil surface was rolled, and
the first furrow irrigation was applied
to supply moisture for seed germina-
tion. In late May, 4-ft-wide alleys
were cut between plots, leaving plots
23 ft long. Onion seedlings were
hand thinned to a plant spacing of 6
inches between individual onion
plants within the single rows of the
double rows (95,000 plants/acre).
Each year, the fields were sidedressed
with a total of 200 lb/acre nitrogen
(N) as urea. The total amount of N
was split into two sidedressings of
100 lb/acre each, applied in late
May and mid to late June. Other
nutrients were applied as needed
based on root tissue analyses.

Weeds were controlled with cul-
tivation and low-rate herbicide appli-
cations as needed until early July,
when onion foliage growth precluded
further tractor traffic. Herbicides
included bromoxynil, oxyfluorfen,
sethoxydim, and pendimethalin
(Peachey, 2007). Thrips were con-
trolled with aerial applications of
cyhalothrin, methomyl, oxydeme-
ton-methyl, zeta-cypermethrin, and
formetanate hydrochloride from June
through August (McGrath et al.,
2007). Four aerial applications for
thrips control were made in 2004,
nine were made in 2005, and seven
were made in 2006.

Trials were furrow irrigated
when the soil water tension at an 8-
inch soil depth reached 25 cbar
(Shock et al., 1998). Soil water ten-
sion was monitored by six granular
matrix sensors (model 200SS; Water-
mark Soil Moisture Sensors; Irrome-
ter Co., Riverside, CA) installed in
mid-June below the onion row at
an 8-inch depth (Shock, 2003; Shock
et al., 2005b). Sensors were auto-
matically read three times a day with
an AM-400 m (Mike Hansen Co.,
East Wenatchee, WA) as described
previously (Shock et al., 2002,

2005b). The last irrigation of the
season was in late August.

Each plot was rated subjectively
for the severity of IYSV symptoms on
11 Aug. 2004, 19 Aug. 2005, and 22
Aug. 2006. A single rating was given
for each plot on a scale of 0 to 5 of
increasing severity of symptoms,
where 0 = no symptoms, 1 = 1% to
25% of foliage diseased, 2 = 26%
to 50% of foliage diseased, 3 = 51%
to 75% of foliage diseased, 4 = 76% to
99% of foliage diseased, and 5 = 100%
of foliage diseased. Each plot was also
rated for maturity immediately after
the IYSV rating. Bulb maturity rat-
ings were the average of visual esti-
mates of percentage of dry leaf
material and percentage of bulbs with
necks collapsed and leaves on the
ground. Presence of the virus was
confirmed by testing three sympto-
matic leaf samples using the double
antibody sandwich–enzyme-linked
immunoabsorbant assay on 22 Aug.
2006.

In early September, bulbs from
one of the border rows in each plot
were rated for single centers. Twenty-
five consecutive onions ranging in
diameter from 3½ to 4¼ inches were
rated. The onions were cut equato-
rially through the bulb middle and, if
multiple-centered, the long axis of
the i.d. of the first single ring was
measured. These multiple-centered
onions were ranked according to the
diameter of the first single ring: small
had diameters <1½ inch, medium had
diameters from 1½ to 2¼ inches, and
large had diameters >2¼ inches.
Onions were considered functionally
single-centered for processing if they
were single-centered or a small
double.

Onion roots were under cut in
September and the bulbs were left to
field-dry for 7 to 10 d. Onions from
the middle two rows of each plot were
hand-topped in late September and
placed into burlap bags. The bags
were placed into wooden bins (4 · 4
· 5 ft), and the bins were moved into a
storage facility with circulating venti-
lation. The storage facility was main-
tained as close to 34 �F and 70%
relative humidity as possible using
outdoor ambient air to cool the
storage.

Onion varieties were evaluated
based on bulb grade out of storage
the following January, �3 months
after harvest. During grading, bulbs
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Table 1. Marketable yield by bulb diameter size for ‘Vaquero’ onion over 7 years.

Year

Total marketable Super colossal Colossal Jumbo
>2¼ inchesz >4¼ inches 4 to 4¼ inches 3 to 4 inches

[mean ± SD (cwt/acre)]y

2000 1,020.9 ± 96.0 368.8 ± 77.1 465.39 ± 95.2 168.3 ± 44.6
2001 909.0 ± 76.2 130.9 ± 43.8 454.8 ± 94.9 314.2 ± 80.0
2002 1,111.3 ± 52.3 106.2 ± 29.8 557.9 ± 34.6 441.1 ± 106.3
2003 1,052.0 ± 137.2 263.5 ± 42.1 537.7 ± 95.9 245.9 ± 89.2
2004 847.6 ± 63.4 53.97 ± 47.4 386.8 ± 136.0 389.7 ± 121.1
2005 617.6 ± 93.3 1.7 ± 3.9 70.7 ± 69.5 467.0 ± 61.2
2006 595.4 ± 42.0 2.1 ± 4.6 52.3 ± 35.3 509.3 ± 40.3
z1 inch = 2.54 cm.
y1 cwt/acre = 112.0851 kg�ha–1.

Table 2. Bulb yield, single center rating, and iris yellow spot virus (IYSV) rating for onion varieties evaluated in 2004.
Varieties are ranked by IYSV rating.

Marketable yield by bulb diameter (cwt/acre)y

Single
center

Functional
single centerw

IYSV rating
(0–5 scale)vVariety Sourcez

Total
>2¼

inchesx

Super colossal
>4¼

inches

Colossal
4 to 4¼
inches

Jumbo
3 to 4
inches (%)

T-433 A. Takii 821.3 167.9 421.7 216.4 8.0 28.0 0.9
PX 5299 Seminis 895.5 227.9 467.3 193.8 22.7 61.3 0.9
Delgado Bejo 644.8 9.8 182.1 443.1 4.0 43.3 0.9
T-439 A. Takii 717.3 31.5 323.8 351.3 10.0 36.7 0.9
9003G A. Takii 627.0 7.7 138.1 454.6 18.0 44.7 0.9
BGS 196 F1 Bejo 761.8 43.1 288.1 411.6 26.0 69.3 0.9
PX 2599 Seminis 900.7 244.2 464.7 182.3 26.7 63.3 0.9
Sabroso Nunhems 560.4 1.8 60.0 474.4 74.4 93.6 0.9
Outlaw Global Gen. 638.9 10.7 140.0 464.9 47.3 81.3 1.0
Bandolero Nunhems 626.8 3.7 52.2 536.4 80.8 93.6 1.0
Granero Nunhems 861.1 71.8 429.1 339.4 62.7 90.0 1.0
Tesoro Nunhems 686.3 7.8 202.1 457.8 33.3 62.0 1.0
Torero Nunhems 889.2 170.5 483.3 223.5 24.0 59.3 1.0
Vaquero Nunhems 847.6 53.9 386.8 389.7 67.3 85.3 1.0
Montero Nunhems 798.9 45.2 337.3 398.2 66.9 93.7 1.0
Sweet Perfection Crookham 969.8 169.9 439.9 339.9 41.3 56.7 1.0
Varsity Global Gen. 616.0 30.3 195.5 378.6 56.0 88.0 1.0
SVR 5819 Seminis 895.3 130.0 440.9 309.5 42.0 81.3 1.0
Daytona Bejo 624.5 8.3 139.5 444.3 5.3 20.7 1.1
Pandero Nunhems 884.5 132.7 428.6 310.6 38.0 64.0 1.1
Tequila D. Palmer 831.3 190.5 403.2 229.0 40.0 58.7 1.1
Ranchero Nunhems 1,025.7 205.8 500.8 302.6 36.8 64.0 1.2
Harvest Moon Dorsing 786.2 220.8 350.6 206.2 18.7 36.7 1.2
Ringleader Global Gen. 803.0 130.3 418.0 237.1 82.0 94.7 1.2
OLYS97-27 Crookham 835.6 144.7 397.9 272.7 24.0 38.7 1.3
OLYS97-24 Crookham 927.9 173.9 453.5 281.9 25.3 49.3 1.3
XPH95345 Crookham 613.7 59.2 215.1 321.1 12.7 36.7 1.3
Mesquite D. Palmer 810.7 176.2 369.3 246.1 15.9 31.2 1.4
Santa Fe Seminis 798.4 171.1 374.8 240.8 30.0 54.0 1.4
Arcero Nunhems 856.7 68.3 424.0 356.5 79.3 94.7 1.4
Harmony Crookham 902.9 221.1 447.9 223.6 40.7 44.0 1.4
Maverick Global Gen. 835.8 228.4 410.1 184.0 37.3 60.0 1.7
Export 151 Rispens 439.9 5.2 48.5 369.8 13.3 42.7 1.9
Avg 779.9 108.0 328.3 327.0 36.7 61.3 1.1
Tukey’s HSD (0.05)u 145.1 72.0 103.3 116.1 16.1 23.7 0.7
zAmerican Takii, Inc., Salinas, CA; Bejo Seeds, Inc., Oceano, CA; Crookham Co., Caldwell ID; D. Palmer Seed Co., Yuma, AZ; Global Genetics, Payette, ID, Rispens Seeds,
Inc., Beecher, IL; Seminis, Inc., Oxnard, CA; Nunhems, Parma, ID.
y1 cwt/acre = 112.0851 kg�ha–1.
x1 inch = 2.54 cm.
wDiameter of multiple center <1½ inches.
v0 = no symptoms, 1 = 1% to 25% of foliage diseased, 2 = 26% to 50% of foliage diseased, 3 = 51% to 75% of foliage diseased, 4 = 76% to 99% of foliage diseased, 5 = 100% of
foliage diseased.
uTukey’s honest significant difference test.
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were separated according to quality:
bulbs without blemishes (No. 1s),
split bulbs (No. 2s), and rotten bulbs.
The No. 1 bulbs were graded accord-
ing to diameter: small (<2¼ inches),
medium (2¼–3 inches), jumbo (3–4
inches), colossal (4–4¼ inches), and
super colossal (>4¼ inches). Bulb
counts per 50 lb of super colossal
onions were determined for each plot
by weighing and counting all super
colossal bulbs during grading.

The data were analyzed using
analysis of variance (General Linear
Models procedure; Number Cruncher
Statistical System, Kaysville, UT).
Variety means were compared using
Tukey’s honest significant difference
test at the 5% probability level. Cor-
relations of IYSV symptom severity

rating against onion yield were done
using the Correlation Matrix proce-
dure (Number Cruncher Statistical
System). Only varieties with a matur-
ity rating lower than 50% were
included in the correlations. For vari-
eties with maturity ratings higher
than 50%, the IYSV ratings could
be inaccurate because of the difficulty
of discerning between leaf senes-
cence because of maturity and dis-
ease symptoms. For the correlations,
each data point was the average yield
and average virus rating for each
variety.

Results
Visual observations of thrips

feeding damage to onion leaves sug-
gested that thrips pressure increased

from 2004 to 2006 in the trials.
‘Vaquero’, which has been the most
widely planted onion variety in the
Treasure Valley, showed a reduction
in yield in the trials at the Malheur
Experiment Station over the years
(Table 1). This yield reduction might
be partly explained by the increasing
severity of the virus starting in 2004.
The severity of IYSV symptoms in-
creased from 2004 to 2006 (Tables 2,
3 and 4). In 2004, IYSV symptoms
were slight, symptom differences
between varieties were small, and
there was only a significant associa-
tion of IYSV rating with colossal
onion yield (Table 5). In 2005 and
2006, there were more pronounced
differences between varieties in virus
symptom severity. In 2005 and 2006,

Table 3. Bulb yield, single center rating, and iris yellow spot virus (IYSV) rating for onion varieties evaluated in 2005.
Varieties are ranked by IYSV rating.

Marketable yield by bulb diameter (cwt/acre)y

Single
center

Functional
single centerw

IYSV rating
(0–5 scale)vVariety Sourcez

Total
>2¼

inchesx

Super colossal
>4¼

inches

Colossal
4 to 4¼
inches

Jumbo
3 to 4
inches (%)

Joaquin Nunhems 771.9 14.3 164.6 538.0 74.4 95.2 0.7
T-433 A. Takii 633.9 0.0 47.4 490.9 8.8 34.4 0.9
Harmony Crookham 639.7 8.8 118.2 450.6 44.0 75.2 1
Sweet Perfection Crookham 794.0 19.3 118.7 567.5 42.4 74.4 1
XON-550Y Sakata 622.9 1.9 67.5 478.6 30.4 68.0 1
Maverick Global Gen. 615.9 9.2 105.6 431.8 62.4 80.0 1
Charismatic Seminis 668.7 21.0 144.8 431.7 27.2 72.8 1
Affirmed Seminis 631.5 1.2 85.3 492.5 64.9 93.1 1.1
Ranchero Nunhems 645.8 3.4 86.2 476.2 48.8 83.2 1.1
Vaquero Nunhems 617.6 1.7 70.7 467.0 64.0 84.8 1.1
Crocket Bejo 437.4 0.0 4.2 308.9 50.4 84.8 1.2
Sedona Bejo 506.1 0.0 25.7 399.1 43.2 80.8 1.2
Ringleader Global Gen. 587.8 7.2 101.5 438.8 88.0 95.2 1.2
XP5819 Seminis 631.7 0.0 66.4 492.9 51.2 77.6 1.2
Granero Nunhems 567.8 0.0 26.0 441.9 48.5 84.1 1.2
Pandero Nunhems 562.4 1.5 36.9 443.5 49.6 80.8 1.2
Arcero Nunhems 677.5 0.0 72.8 530.4 74.4 91.2 1.2
King George Rispens 287.7 0.0 0.0 157.6 33.6 67.2 1.4
Monarchos Seminis 545.6 0.0 19.8 441.2 80.1 96.1 1.4
Montero Nunhems 520.2 0.0 18.5 385.9 56.8 91.2 1.5
Outlaw Global Gen. 331.3 1.2 10.4 225.1 54.4 81.6 1.6
Calibra Bejo 374.7 0.0 0.8 246.6 4.0 34.4 1.7
Varsity Global Gen. 300.8 0.0 11.8 184.2 52.0 80.8 1.7
Sabroso Nunhems 369.9 0.0 3.4 199.4 49.6 96.0 1.7
Talon Bejo 263.7 0.0 0.0 128.9 60.0 88.8 1.9
4014 Global Gen. 403.2 1.0 8.9 278.2 28.8 65.6 1.9
Grand Coulee Nunhems 410.8 0.0 0.0 217.4 76.0 94.4 2
Avg 534.1 3.4 52.4 383.1 50.7 79.7 1.3
Tukey’s HSD (0.05)u 150.3 12.3 70.6 146.0 29.9 30.2 0.8
zAmerican Takii, Inc., Salinas, CA; Bejo Seeds, Inc., Oceano, CA; Crookham Co., Caldwell ID; D. Palmer Seed Co., Yuma, AZ; Global Genetics, Payette, ID, Rispens Seeds,
Inc., Beecher, IL; Seminis, Inc., Oxnard, CA; Nunhems, Parma, ID.
y1 cwt/acre = 112.0851 kg�ha–1.
x1 inch = 2.54 cm.
wDiameter of multiple center <1½ inches.
v0 = no symptoms, 1 = 1% to 25% of foliage diseased, 2 = 26% to 50% of foliage diseased, 3 = 51% to 75% of foliage diseased, 4 = 76% to 99% of foliage diseased, 5 = 100% of
foliage diseased.
uTukey’s honest significant difference test.
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onion marketable, super colossal,
colossal, and jumbo yield decreased
with increasing IYSV symptom
severity among varieties (Table 5).

Average onion marketable yield was
substantially lower in 2005 and 2006
than in 2004, and was associated with
a greater severity of IYSV in 2005 and

2006 and possibly other weather-
related factors. Excessive precipita-
tion in Fall 2004 and Spring 2005
prevented field operations from being

Table 4. Bulb yield, single center rating, and iris yellow spot virus (IYSV) rating for onion varieties evaluated in 2006.
Varieties are ranked by IYSV rating.

Marketable yield by bulb diameter (cwt/acre)y

Single
centered

Functional
single centerw

IYSV rating
(0–5 scale)vVariety Sourcez

Total
>2¼

inchesx

Super colossal
>4¼

inches

Colossal
4 to 4¼
inches

Jumbo
3 to 4
inches (%)

OLYS05N5 Crookham 664.0 7.6 166.9 466.8 48.7 73.3 1.6
Joaquin Nunhems 713.5 16.2 184.2 496.7 63.3 84.0 1.6
Affirmed Seminis 632.2 1.8 105.1 500.6 44.7 71.3 1.8
Charismatic Seminis 669.6 10.4 177.6 450.7 24.7 55.3 1.9
Tequila D. Palmer 645.3 27.6 170.7 423.3 32.7 54.7 2.0
Evolution D. Palmer 639.2 16.2 169.6 437.9 70.0 87.3 2.1
Monarchos Seminis 596.8 0.0 45.4 524.7 58.7 88.0 2.2
Granero Nunhems 632.3 0.0 49.3 554.5 48.7 72.0 2.3
XON-450Y Sakata 624.4 12.6 142.7 439.7 24.0 50.0 2.3
EX5819 Seminis 681.0 7.4 86.7 554.3 33.3 61.3 2.3
T-433 A. Takii 550.1 1.8 120.7 408.8 8.0 30.4 2.5
Sweet Perfection Crookham 572.9 13.9 145.0 395.1 32.0 52.7 2.5
Mesquite D. Palmer 622.5 10.9 139.5 445.6 13.3 42.0 2.5
Pandero Nunhems 575.2 3.2 48.7 483.8 36.0 60.0 2.5
Harmony Crookham 671.3 14.6 141.6 493.5 60.0 74.7 2.6
Ringleader Global Gen. 543.4 1.5 64.6 454.7 78.7 92.0 2.6
Maverick Global Gen. 578.6 3.9 116.3 439.3 32.7 60.7 2.7
Ranchero Nunhems 631.0 1.8 110.6 489.4 46.0 74.0 2.7
Sedona Bejo 481.2 0.0 3.9 433.0 19.3 48.7 2.8
Varsity Global Gen. 485.6 0.0 10.6 426.8 50.7 81.3 2.8
9003G A. Takii 510.0 0.0 4.2 445.3 20.0 50.0 2.9
Vaquero Nunhems 595.4 2.1 52.3 509.3 60.7 78.0 2.9
Calibra Bejo 462.8 0.0 0.0 377.6 33.2 61.9 3.0
Montero Nunhems 506.4 0.0 17.5 431.3 63.3 86.0 3.0
Sabroso Nunhems 477.3 0.0 0.0 395.0 58.0 87.3 3.2
Crocket Bejo 411.3 0.0 2.5 323.2 8.7 36.7 3.4
Talon Bejo 353.6 0.0 1.7 225.2 42.0 70.0 3.4
6093 Global Gen. 532.1 0.0 20.5 472.8 66.7 86.0 3.5
Arcero Nunhems 588.6 0.0 39.9 514.7 77.3 91.3 3.5
Koala Zetaseeds 484.6 0.0 22.6 417.3 76.4 90.6 3.5
Solid Gold Rispens 245.6 0.0 0.0 106.4 20.7 52.0 3.8
Grand Coulee Nunhems 390.1 0.0 1.6 272.3 77.3 95.3 3.9
Generation X D. Palmer 426.4 0.0 3.3 371.3 89.3 97.3 4.1
Average 551.3 4.6 71.7 429.7 46.0 69.6 2.7
Critical valuesu (0.05) 116.8 11.4 56.3 112.2 19.7 17.8 0.6
zAmerican Takii, Inc., Salinas, CA; Bejo Seeds, Inc., Oceano, CA; Crookham Co., Caldwell ID; D. Palmer Seed Co., Yuma, AZ; Global Genetics, Payette, ID, Rispens Seeds,
Inc., Beecher, IL; Seminis, Inc., Oxnard, CA; Nunhems, Parma, ID.
y1 cwt/acre = 112.0851 kg•ha–1.
x1 inch = 2.54 cm.
wDiameter of multiple center <1–1/2 inches.
v0 = no symptoms, 1 = 1% to 25% of foliage diseased, 2 = 26% to 50% of foliage diseased, 3 = 51% to 75% of foliage diseased, 4 = 76% to 99% of foliage diseased, 5 = 100% of
foliage diseased.
uFisher’s least significant difference test for all except virus IYSV rating. For IYSV rating, Tukey’s honest significant difference test.

Table 5. Spearman rank correlation coefficient and significance level between average iris yellow spot virus (IYSV) symptoms
and onion yield by diameter category.

Marketable yield Super colossal Colossal Jumbo

>2¼ inchesz >4¼ inches 4 to 4¼ inches 3 to 4 inches

Year r P r P r P r P

2004 –0.13 NS 0.08 NS –0.45 0.05 0.13 NS

2005 –0.85 0.001 –0.66 0.001 –0.87 0.001 –0.78 0.001
2006 –0.83 0.001 –0.69 0.001 –0.80 0.001 –0.50 0.01
z1 inch = 2.54 cm.
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conducted in a timely manner in
2005. In 2006, cool weather until
the start of bulbing reduced foliage
growth. Our results, showing a neg-
ative correlation between bulb yield
and virus symptoms, are in agreement
with the observations of du Toit and
Pelter (2004) and Gent et al. (2004).

In 2005 and 2006, onion bulb
size decreased with increasing IYSV
symptom severity among varieties
(Table 5). Average yield of colossal
and super colossal bulbs was substan-
tially lower in 2005 and 2006 than in
2004, and was associated with a
greater severity of IYSV in 2005 and
2006 (Tables 2, 3, 4, and 5).

Each year some varieties had a
combination of high yield, large bulb
size, and a high proportion of single-
centered bulbs. In 2004, ‘Granero’,
‘Vaquero’, ‘EX5819’, ‘6011’, and
‘Arcero’ had more than 400 cwt/acre
colossal yield and more than 80% func-
tionally single-centered bulbs. In
2005, ‘Joaquin’, ‘Maverick’, and
‘6011’ had more than 100 cwt/acre
colossal yield and more than 80% func-
tionally single-centered bulbs. In
2006, ‘Joaquin’ and ‘Evolution’ had
more than 100 cwt/acre colossal yield
and more than 80% functionally single-
centered bulbs. ‘Joaquin’ had among
the lowest IYSV ratings in 2005. ‘Joa-
quin’ and ‘Evolution’ had among the
lowest IYSV ratings in 2006.

The variety trials at Ontario from
2004 to 2006 suggest that IYSV has
become a major limiting factor in
onion productivity in the Treasure
Valley. The decline in onion yield at
the Malheur Experiment Station par-
allels the decline in onion yield in the
Treasure Valley. Average onion yield
in the Treasure Valley was 775, 640,
and 530 cwt/acre in 2004, 2005, and
2006, respectively (U.S. Department
of Agriculture, 2007). This reduction
in onion yield in the Treasure Valley
equates to a 32% yield loss between
2004 and 2006. Onion yield and bulb
size responses to IYSV are partly
variety dependent. To the extent that
the trials suffer from heavy virus pres-
sure, evaluations of variety perform-
ance under these conditions can aid
breeders and growers in selecting
varieties with some level of tolerance

or resistance, or at least less suscept-
ibility. The results of these trials are
preliminary because thrips variety
preference can be a confounding fac-
tor in evaluating variety response to
IYSV.
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