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Leafminers (Liriomyza spp.) are major in-
sect pests of many important crops worldwide
(Parrella 1987). The predominant leafminer
species in the major lettuce (Lactuca sativa L.)
production area of central costal California is
Liriomyza langei (Scheffer et al. 2001). Leaf-
miner adults are small, shiny, black flies with
a bright yellow triangular spot on the upper
thorax between the wings. Leafminer damage
occurs when adult flies puncture leaves to feed
on plant sap and when females lay eggs
within the leaf tissue, leaving “stings” that ap-
pear as holes or bumps on the leaves. Larvae
hatch from white, oval eggs and feed between
upper and lower leaf surfaces, creating whit-
ish, winding tunnels or mines (University of
California 1992). Damage caused by adult
stings and larval mining reduces photosyn-
thetic capacity, renders lettuce leaves unmar-
ketable, and provides entrances for disease
organisms. Chemical control of leafminers
usually lasts only a short period of time. Adult
control with contact insecticides is especially
problematic because flies can easily move
around, and the treated field is subject to rein-
festation from adjacent untreated crops and
weeds (LeStrange et al. 1999). It has been
well-documented that leafminers can develop
a high degree of resistance to a broad range
of insecticides (Keil and Parrella 1990;
Mason et al. 1987; Parrella and Trumble 1989).
Therefore, it is essential to develop alternative
strategies for leafminer management, includ-
ing the deployment of resistant varieties.

Corky root of lettuce has been found in
major lettuce-producing areas of the world,

including North America, Western Europe,
Australia, and New Zealand. Roots of in-
fected plants develop yellow to brown lesions
that later become longitudinal corky ridges
and restrict the absorption of water and nu-
trients. In severely infested fields in Califor-
nia and Florida, yield losses from reduced
head size can reach up to 100%. The patho-
gen most commonly isolated from diseased
roots is the bacterium Sphingomonas suberifa-
ciens (Yabuuchi et al. 1999), formerly Rhizo-
monas suberifaciens, although several other
bacterial species have been isolated (van Brug-
gen 1997). Cultural practices, such as crop
rotation, cover cropping, reduced nitrogen fer-
tilizers, drip irrigation, and improved soil
drainage, may reduce corky root to a certain
extent (Alvarez, et al. 1992; Subbarao et al.
1997; van Bruggen and Brown 1990; van
Bruggen et al. 1990). The incidence of corky
root can also be reduced by soil fumigation
(O’Brien and van Bruggen 1990) and by using
lettuce transplants instead of direct-seeding
(van Bruggen and Rubatzky 1992); however,
these practices may not be economically feasi-
ble (Patterson et al. 1986), and alternative
strategies are needed. The use of cultivars
resistant to S. suberifaciens has been an impor-
tant management strategy for corky root. The
resistance to corky root is conferred by a
recessive allele (cor) at a single locus (Brown
and Michelmore 1988), which has been de-
ployed in most resistant lettuce cultivars.

Downy mildew, one of the most economi-
cally important diseases of cultivated lettuce
worldwide, is caused by the biotrophic oomy-
cete pathogen Bremia lactucae Regel. Let-
tuce, from young seedlings to mature plants,
is susceptible to this pathogen. Infected plants
develop yellow to pale green lesions that
eventually become necrotic, leading to lower
marketable yield and higher harvest-related
costs because of the need to remove infected
leaves. More than 30 major genes for downy
mildew resistance have been identified in
lettuce. The resistance based on single domi-
nant major genes, however, has not been du-
rable because new isolates of the pathogen
have continued to evolve and render this
race-specific resistance ineffective (Lebeda
and Zinkernagel 2003). Quantitative or hor-
izontal resistance has been shown to be de-
termined polygenically and is considered

more durable than single major genes. Quanti-
tative resistance has been found in several let-
tuce cultivars that typically become infected
with most races of the pathogen, but the le-
sions are small, with limited sporulation. Often
this phenomenon is more evident in adult
plants; therefore, it is designated as adult, par-
tial, or field resistance (Simko et al. 2013).
Two of the most resistant lettuce cultivars
with such resistance to downy mildew are Ice-
berg and Grand Rapids, which were developed
more than a century ago and are no longer
used in lettuce production (Grube and Ochoa
2005). Resistance to downy mildew in these
cultivars appears to be durable because they
still appear resistant to the disease during our
recent field trials, even though resistance was
observed in Grand Rapids at least 50 years
ago and in Iceberg more than 90 years ago.

The most economical means of insect and
disease control is through the use of genetic
resistance of plants. This is especially true for
organic growers who cannot apply synthetic
pesticides and must rely on a combination of
natural resistance, organically certified pesti-
cides, and cultural practices to combat insects
and diseases. Repeated pesticide applications
may allow pests/pathogens to develop resis-
tance against the chemicals, resulting in the
loss of efficacy. The use of resistant cultivars
does reduce chemical usage, which benefits
growers, consumers, and the environment.
However, lettuce cultivars with a high level
of resistance to leafminers are not currently
available. We describe two green leaf, one
red leaf, and two romaine lettuce breeding
lines with combined resistance to leafminers,
corky root, and/or downy mildew that are
adapted to the major lettuce production areas
of the central coast of California.

Origin

The red leaf breeding line USDA-07838
is the result of a cross between a green leaf
lettuce PI 169513 as the male parent and a
green romaine cultivar Lobjoits (Fig. 1). The
green leaf breeding line USDA-09456 was
derived from a cross between a crisphead cul-
tivar Glacier that has cor alleles (Ryder and
Waycott 1994) as the male parent and a red
leaf cultivar Merlot that showed low leaf-
miner sting density during previous screening
experiments (Mou and Liu 2004). Another
green leaf breeding line USDA-09512 origi-
nated from a cross between a red leaf cultivar
Lolla Rossa that also had low leafminer sting
densities in previous screening trials (Mou
and Liu 2003, 2004) as the male parent and a
crisphead cultivar Tiber (Ryder and Waycott
1998). USDA-14489 is a green romaine
breeding line from a series of crosses: PI
509525 (L. saligna) was crossed as the
male parent to the butterhead cultivar Mar-
garita; an F3 progeny plant was selected as
the male parent to hybridize to the green
leaf cultivar Waldmann’s Green, and the re-
sulting F1 was crossed as the female parent
to the green romaine cultivar Clemente
with the cor alleles. Another green romaine
breeding line USDA-17536 was obtained
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from the hybridization between the male par-
ent ‘Glacier’ and ‘Merlot’, and then with an F4
progeny plant selected as the male parent to

cross to ‘Clemente’. The progeny plants from
these crosses were selected in the field of the
US Department of Agriculture (USDA), Agri-
cultural Research Service (ARS) in Salinas, CA,
for a lower density of leafminer stings and less
severity of corky root and downy mildew, as
well as horticultural traits in summer, when leaf-
miners are abundant and diseases are prevalent.
Single plant selections were made by using the
pedigree method of breeding from the F2 to
F6 generations, with the later generations
evaluated during summer field trials at the
USDA-ARS station in Salinas, CA.

Description

The red leaf breeding line USDA-07838
has a brown–red leaf color that becomes
green toward the core (Fig. 2A). Its leaf mar-
gins have fine indents with mild undulations.
The leaf surface is densely blistered. The
outer leaves are broader than they are long. It
has a flat bottom and moderately raised ribs.
The leaves have a relatively soft and flexible

texture as well as a bland and mild taste. The
seed color is white.

Both green leaf breeding lines USDA-09456
and USDA-09512 have glossy light-green leaves
that extend close to the core on a partially
trimmed head (Fig. 2B and 2C). The leaf mar-
gins of USDA-09456 have shallow, fine indents
with mild undulations, whereas USDA-09512
has entire leaf margins that are slightly undulat-
ing. Their leaf surfaces are moderately crinkled
or blistered. The outer leaves have approxi-
mately equal length and width. The bottom and
ribs are flat, but the middle rib becomes more
prominent toward the base. The texture is rela-
tively soft and flexible. They have a mild and
bland taste. The seed color is black.

The romaine breeding line USDA-14489
has dark-green leaves (Fig. 2D), whereas
USDA-17536 has yellow-green leaves (Fig. 2E).
The leaf margins of both lines are whole. They
have a moderately blistered leaf surface. The
outer leaves are longer than they are broad. The
heads are initially open but later become closed.
Bases of outer and interior leaves overlap well.

Fig. 1. Pedigrees of lettuce breeding lines USDA-
07838, USDA-09456, USDA-09512, USDA-
14489, and USDA-17536.
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E

Fig. 2. Lettuce breeding lines in the field: (A, upper left): USDA-07838 (red leaf); (B, upper right):
USDA-09456 (green leaf); (C, middle left): USDA-09512 (green leaf); (D, middle right): USDA-14489
(romaine); and (E, lower left): USDA-17536 (romaine).
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Table 1. Means of leafminer sting density (stings per cm2 leaf area), disease responses, and horticultural traits of the red leaf lettuce breeding line USDA-
07838 and cultivars evaluated during field trials in Salinas, CA, from 2009 to 2021.

Genotype Stings/cm2i Plant wt (g) Core length (cm) Tipburn leavesii Corky rootiii Downy Mildewiv

2021
Big Red 4.4 A 374.3 B 7.0 A 0.0 B 8.0 A 3.0 B
Prizehead 3.8 A 414.5 B 5.9 A 0.9 A 8.0 A 4.0 A
Red Fox 3.8 A 591.3 A 7.8 A 0.0 B 8.0 A 3.5 AB
Lolla Rossa 2.0 B 180.8 C 7.3 A 0.0 B 7.6 B 2.0 C
Merlot 1.8 B 205.1 C 7.9 A 0.0 B 7.5 B 1.3 D
USDA-07838 0.5 C 235.8 C 6.0 A 0.0 B 8.0 A 1.5 CD

2019
Red Hot 3.7 A 564.0 A 6.2 ABC 0.0 B 8.0 A 4.0 A
Prizehead 3.4 AB 390.3 B 5.6 C 3.1 A 8.0 A 3.5 A
Merlot 3.3 AB 216.5 C 5.7 BC 0.0 B 7.6 B 1.0 D
Big Red 3.3 AB 416.3 B 5.7 BC 0.5 AB 8.0 A 4.0 A
Red Fox 3.0 BC 512.9 A 7.2 A 0.0 B 7.9 A 4.0 A
Lolla Rossa 2.7 C 195.2 C 5.2 C 0.0 B 8.0 A 1.8 C
USDA-07838 0.8 D 417.2 B 6.7 AB 0.0 B 7.8 A 2.5 B

2018
Big Red 4.5 A 466.5 AB 8.8 A 0.6 A 8.0 A 3.3 B
Prizehead 3.5 B 492.7 AB 6.2 BC 0.0 A 8.0 A 3.0 B
Red Fox 3.3 B 528.8 A 7.9 AB 0.0 A 8.0 A 3.5 AB
Lolla Rossa 2.0 C 200.0 C 5.1 C 0.0 A 7.8 A 2.0 C
Red Hot 1.9 C 188.2 C 5.4 C 0.0 A 8.0 A 3.5 AB
Merlot 1.9 C 231.5 C 6.1 BC 0.0 A 7.0 B 1.0 D
USDA-07838 0.7 D 425.0 B 6.9 ABC 0.0 A 8.0 A 4.0 A

2017
Prizehead 5.4 A 529.3 AB 6.5 B 2.8 A 3.5 A
Big Red 4.8 A 410.7 BC 8.9 AB 0.3 B 3.5 A
Red Fox 3.1 B 658.5 A 10.1 A 0.0 B 3.5 A
Lolla Rossa 2.6 B 248.2 D 8.3 AB 0.0 B 2.0 B
Merlot 2.1 BC 291.5 CD 11.1 A 0.0 B 2.0 B
USDA-07838 1.1 C 511.7 AB 9.8 A 0.0 B 3.0 A

2016
Big Red 6.4 A 250.5 BC 4.0 B 0.0 A 4.0 A
Prizehead 6.1 A 244.7 BC 3.7 B 0.0 A 3.0 C
Red Fox 3.7 B 600.2 A 7.5 A 0.0 A 3.5 B
Merlot 2.5 C 278.5 BC 6.9 A 0.0 A 1.5 E
Lolla Rossa 1.9 CD 191.0 C 5.1 B 0.0 A 2.0 D
USDA-07838 1.0 D 344.7 B 4.4 B 0.0 A 3.5 B

2014
Red Fox 7.1 A 320.2 A 6.1 AB 0.0 A 7.9 A
Big Red 6.9 A 233.0 B 4.8 BC 0.0 A 7.1 C
Prizehead 5.6 B 225.5 B 3.7 C 0.2 A 7.4 ABC
Lolla Rossa 3.6 C 163.7 B 7.3 A 0.0 A 7.7 ABC
Merlot 3.4 C 158.2 B 5.9 ABC 0.0 A 7.2 BC
USDA-07838 1.6 D 239.5 AB 4.8 BC 0.0 A 7.6 ABC

2013
Prizehead 7.7 A 398.7 AB 5.3 AB 0.0 A 8.0 A 3.3 B
Big Red 7.1 A 449.7 A 6.4 A 0.0 A 8.0 A 4.0 A
Red Fox 5.9 B 275.0 C 4.6 BC 0.0 A 7.9 AB 2.5 C
Merlot 2.6 C 174.7 D 4.8 BC 0.0 A 6.9 C 1.0 D
Lolla Rossa 2.3 C 152.3 D 3.7 C 0.0 A 7.6 B 1.5 D
USDA-07838 0.9 D 332.9 BC 4.9 BC 0.0 A 8.0 A 3.0 BC

2012
Big Red 7.8 A 360.4 A 5.3 A 0.0 A 7.8 A 3.8 A
Prizehead 4.4 B 372.7 A 5.2 A 0.0 A 7.8 A 3.0 B
Red Fox 4.0 BC 394.4 A 5.3 A 0.0 A 7.8 A 3.5 AB
Lolla Rossa 3.9 BC 171.8 B 4.3 A 0.0 A 7.8 A 1.0 D
Merlot 2.1 CD 201.0 B 4.4 A 0.0 A 6.8 B 1.8 C
USDA-07838 1.4 D 334.2 A 5.5 A 0.0 A 7.2 B 3.0 B

2011
Big Red 7.9 A 420.2 A 6.5 B 2.4 A 7.6 A 3.3 A
Prizehead 6.1 B 437.2 A 4.5 B 0.5 A 7.9 A 3.0 AB
Red Fox 5.9 B 406.4 AB 5.9 B 0.0 A 7.8 A 3.1 AB
Lolla Rossa 3.9 C 285.7 B 10.5 A 0.0 A 7.6 A 2.0 C
USDA-07838 1.1 D 473.5 A 6.3 B 0.0 A 7.8 A 2.3 BC

2010
Big Red 7.5 A 462.1 A 8.3 A 0.0 A 7.8 A 4.0 A
Prizehead 6.3 A 289.0 B 3.4 C 0.0 A 7.8 A 3.8 A
Lolla Rossa 2.7 B 86.1 C 3.3 C 0.0 A 7.2 A 0.3 C
USDA-07838 1.7 B 348.9 B 5.3 B 0.0 A 7.2 A 2.5 B

2009
Big Red 7.3 A 333.7 B 5.0 AB 0.5 A 7.8 A 3.1 B
Prizehead 6.5 A 374.5 AB 4.3 B 0.3 AB 7.9 A 3.7 A
Lolla Rossa 3.1 B 110.7 C 2.6 C 0.0 B 7.1 B 3.2 B
USDA-07838 1.8 B 430.3 A 6.7 A 0.0 B 7.7 AB 3.3 B

i Means with different letters in a column of a year are significantly different at P 5 0.05.
ii Number of leaves with tipburn on a plant.
iii Scale of 0–9 (0, no symptoms; 9, plant died from disease) (Brown and Michelmore 1988).
iv Scale of 0–5 (0, no lesions; 5, large lesions covering nearly 100% of the exposed leaf surface) (Grube and Ochoa 2005).
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Table 2. Means of leafminer sting density (stings per cm2 leaf area), disease responses, and horticultural traits of the green leaf lettuce breeding lines
USDA-09456 and USDA-09512 and of cultivars evaluated during field trials in Salinas, CA, from 2010 to 2021.

Genotype Stings/cm2i Plant wt (g) Core length (cm) Tipburn leavesii Corky rootiii Downy mildewiv

2021
Waldman’s Green 3.5 A 380.3 AB 7.7 A 6.9 A 8.0 A 3.3 B
Iceberg 3.1 A 367.5 AB 5.3 B 0.0 C 8.0 A 1.8 C
Grand Rapids 2.3 B 273.2 B 5.4 B 1.7 C 8.0 A 2.0 C
Two Star 2.3 B 306.4 AB 4.9 B 2.6 BC 8.0 A 4.0 A
Shining Star 2.3 B 288.2 B 5.6 B 2.3 BC 8.0 A 4.0 A
USDA-09512 0.4 C 436.0 A 4.7 B 1.9 BC 6.2 B 1.5 C
USDA-09456 0.3 C 287.0 B 4.5 B 4.6 AB 6.3 B 2.0 C

2019
Waldman’s Green 3.9 A 475.8 A 7.4 A 4.7 A 8.0 A 3.3 B
Grand Rapids 3.1 B 355.7 C 4.8 BC 1.1 B 8.0 A 2.0 D
Iceberg 3.1 B 361.3 BC 5.1 BC 0.0 B 8.0 A 2.5 C
Two Star 3.1 B 449.0 AB 5.3 BC 0.1 B 8.0 A 4.0 A
Shining Star 2.5 B 466.8 AB 5.9 B 0.0 B 8.0 A 4.0 A
USDA-09456 0.3 C 368.3 BC 4.2 C 0.0 B 6.0 B 1.5 E
USDA-09512 0.3 C 439.5 AB 4.5 BC 0.1 B 6.1 B 1.5 E

2018
Waldmann’s Green 2.9 A 458.7 B 7.6 A 1.3 AB 8.0 A 3.0 B
Grand Rapids 2.2 B 290.7 C 4.9 C 1.4 A 8.0 A 1.5 C
Two Star 2.1 B 598.5 A 6.4 BC 0.3 AB 8.0 A 4.0 A
Shining Star 1.7 C 490.5 B 6.9 B 0.0 C 7.9 A 4.0 A
USDA-09512 0.4 D 635.7 A 6.5 B 0.1 BC 6.1 B 1.5 C
USDA-09456 0.2 D 611.3 A 6.2 BC 0.0 C 6.0 B 2.0 C

2017
Waldmann’s Green 2.8 A 578.0 A 13.4 A 2.9 A 8.0 A 3.0 B
Two Star 2.8 A 680.3 A 7.3 B 0.5 BC 8.0 A 4.0 A
Grand Rapids 2.7 A 401.5 B 8.3 B 1.4 B 8.0 A 1.0 D
Shining Star 2.5 A 575.1 A 8.9 B 0.0 C 8.0 A 4.0 A
USDA-09512 0.5 B 677.2 A 8.0 B 1.6 AB 6.0 B 2.0 C
USDA-09456 0.4 B 588.2 A 7.4 B 0.8 BC 6.1 B 2.0 C

2016
Iceberg 6.6 A 336.7 C 4.6 BCD 0.0 B 1.0 D
Two Star 6.0 A 320.7 C 3.9 CD 0.0 B 4.0 A
Waldman’s Green 2.8 B 490.2 AB 10.3 A 0.3 AB 3.0 B
Grand Rapids 2.2 B 324.9 C 5.8 B 0.8 A 1.0 D
Shining Star 2.1 B 401.3 BC 5.4 BC 0.0 B 4.0 A
USDA-09512 0.8 C 573.0 A 4.8 BCD 0.0 B 1.0 D
USDA-09456 0.5 C 408.2 BC 3.7 D 0.0 B 2.0 C

2014
Two Star 7.1 A 297.0 ABC 4.8 B 0.0 A 7.9 A
Waldman’s Green 6.5 A 325.7 AB 6.8 A 0.1 A 8.0 A
Grand Rapids 4.2 B 235.0 C 4.5 B 0.0 A 8.0 A
Shining Star 3.6 B 247.7 BC 4.9 B 0.0 A 8.0 A
USDA-09512 1.4 C 290.3 ABC 4.2 B 0.0 A 5.9 B
USDA-09456 1.1 C 266.3 ABC 3.6 B 0.0 A 5.8 B

2013
Two Star 6.3 A 362.5 A 5.1 B 0.0 B 7.9 A 4.0 A
Waldman’s Green 3.9 B 388.8 A 7.7 A 0.4 A 8.0 A 3.8 A
Grand Rapids 2.8 C 285.7 A 5.1 B 0.3 AB 8.0 A 1.5 BC
Shining Star 2.7 C 288.4 A 4.7 B 0.0 B 8.0 A 4.0 A
USDA-09512 1.2 D 308.2 A 3.5 C 0.0 B 6.0 B 1.0 C
USDA-09456 1.1 D 333.3 A 4.1 BC 0.3 AB 5.7 C 1.5 BC

2012
Two Star 5.5 A 491.7 A 4.9 BC 0.0 A 7.9 A 3.9 A
Waldman’s Green 5.1 A 429.5 AB 7.5 A 0.3 A 8.0 A 4.0 A
Shining Star 3.6 B 391.8 AB 5.7 B 0.0 A 8.0 A 4.0 A
Grand Rapids 3.5 B 340.4 B 4.8 BC 0.0 A 8.0 A 1.9 B
USDA-09456 1.0 C 438.0 AB 4.3 C 0.0 A 5.9 B 1.8 B
USDA-09512 0.7 D 384.8 A 4.0 C 0.0 A 5.9 B 1.0 C

2011
Two Star 7.0 A 570.7 BC 5.4 B 0.0 B 7.9 A 3.0 B
Waldman’s Green 5.7 A 598.4 BC 17.3 A 0.9 AB 8.0 A 3.6 A
Shining Star 4.3 B 651.0 B 8.9 B 0.0 B 8.0 A 3.8 A
Grand Rapids – 495.0 C 5.9 B 1.8 A 8.0 A 1.8 C
USDA-09456 0.9 C 642.5 BC 6.1 B 0.0 B 6.0 C 2.0 C
USDA-09512 0.8 C 813.2 A 7.4 B 1.0 A 7.0 B 2.0 C

2010
Two Star 7.2 A 348.3 AB 4.4 B 0.1 A 7.4 A 4.0 A
Waldman’s Green 5.2 B 285.3 B 4.2 B 0.7 A 7.9 A 4.0 A
Shining Star 3.6 C 399.0 A 5.7 A 0.1 A 7.9 A 4.0 A
USDA-09456 0.9 D 435.7 A 4.2 B 0.5 A 5.7 B 1.0 B

i Means with different letters in a column of a year are significantly different at P 5 0.05.
ii Number of leaves with tipburn on a plant.
iii Scale of 0–9 (0, no symptoms; 9, plant died from disease) (Brown and Michelmore 1988).
iv Scale of 0–5 (0, no lesions; 5, large lesions covering nearly 100% of the exposed leaf surface) (Grube and Ochoa 2005).
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USDA-14489 has flat ribs and USDA-17536
has slightly raised ribs. They have a crunchy tex-
ture and a bland taste. Both lines have a white
seed color.

Insect and Disease Resistance

The breeding lines, along with commer-
cial cultivars and resistance controls, were
evaluated during trials at the Spence Farm
of the ARS of the USDA, Salinas, CA, dur-
ing multiple years. The experimental design
was a randomized complete block with four
replications. Each plot was 14 m long, with
commercial spacing of 30 cm between plants
and 35 cm between rows on a 1-m-wide dou-
ble-row bed. Standard production practices
were followed during each trial. At harvest ma-
turity, five plants were randomly selected in
each plot, and the number of leafminer stings
was counted in a 20-cm2 leaf area with the
highest sting density on each selected plant.
The roots of five randomly selected mature
plants from each plot were rated for corky root
severity using a scale of 0 to 9 (0, no disease
symptom; 9, plant died from disease) (Brown
and Michelmore 1988). Five random plants in
each plot were also rated for downy mildew
disease by using a scale of 0 to 5 (0, no lesions;
5, large lesions covering nearly 100% of ex-
posed leaf surface) (Grube and Ochoa 2005).

Data collected were averaged for all plants in
each plot, and an analysis of variance was con-
ducted based on the plot means using the gen-
eral linear model procedure of JMP (SAS
Institute, Cary, NC). The genotype was consid-
ered a fixed effect, and replication was consid-
ered a random effect. For comparisons among
genotypes, significant differences were calcu-
lated with a type I (a) error rate of P5 0.05.

The breeding lines had significantly lower
leafminer sting density than resistant controls
(‘Shining Star’, ‘Merlot’, and ‘Lolla Rossa’)
and commercial cultivars in almost all the trials
(Tables 1–3). The corky root ratings of the green
leaf (USDA-09456 and USDA-09512) and
romaine (USDA-14489 and USDA-17536)
breeding lines were significantly lower than sus-
ceptible commercial cultivars but were generally
not significantly different from the Clemente and
Heart’s Delight cultivars with the cor gene
(Tables 2 and 3). The two green leaf lines also
had significantly lower downy mildew ratings
than commercial cultivars, although the ratings
were similar to those of the resistant controls
Iceberg and Grand Rapids (Table 2). Other dis-
ease or insect reactions have not been tested.

Performance and Adaptation

During the field trials mentioned, five plants
were randomly sampled from each plot to assess

the horticultural traits. The height of the ro-
maine lettuce plants was measured from
the ground to the highest leaf tip. The plants
were cut at the ground level and weighed.
Then, the heads were cut open to measure the
core length from the base. The number of leaves
with tipburn, a physiological disorder, in each
head was also recorded.

In general, the plant weight of the breeding
lines was similar to or better than that of the
commercial cultivars and resistant controls
(Tables 1–3). The core length of the breeding
lines was also similar to or shorter than that of
the cultivars. A relatively short core length is
generally preferred by most lettuce processors.
The breeding lines had a similar or fewer num-
ber of leaves with tipburn compared with that
of the cultivars. The red leaf lettuce breeding
line USDA-07838 showed no tipburn during
the trials conducted, whereas some commercial
cultivars exhibited varying degrees of tipburn
(Table 1). The romaine lettuce breeding lines
USDA-14489 and USDA-17536 were similar
to or taller than commercial cultivars (Table 3).

During these limited trials, the breeding lines
performed well in the Salinas Valley, which is
the major lettuce-producing region in the United
States. They produced a high percentage of
heads of adequate size, shape, and uniformity.
The adaptation of the breeding lines to other
lettuce-growing areas has not been evaluated.

Table 3. Means of leafminer sting density (stings per cm2 leaf area), disease responses, and horticultural traits of the romaine lettuce breeding lines
USDA-14489 and USDA-17536 and of cultivars evaluated in field trials in Salinas, CA, from 2017 to 2021.

Genotype Stings/cm2i Plant wt (g) Height (cm) Core length (cm) Tipburn leavesii Corky rootiii Downy mildewiv

2021
Green Forest 3.6 A 756.9 A 29.4 A 7.8 A 0.0 C 8.0 A 4.0 A
Parris Island Cos 3.6 A 295.6 C 23.3 D 5.3 C 0.0 C 8.0 A 3.3 BC
Heart’s Delight 3.5 A 441.7 C 26.9 ABC 6.0 BC 1.6 AB 6.1 B 3.5 ABC
Valmaine 3.3 A 483.4 BC 24.3 CD 6.1 BC 2.4 A 8.0 A 3.0 C
Green Towers 2.7 B 453.0 C 24.5 BCD 5.6 BC 0.4 BC 8.0 A 3.0 C
USDA-14489 0.3 C 699.7 AB 27.1 AB 6.6 AB 1.3 ABC 5.7 C 3.0 C
USDA-17536 0.3 C 746.0 A 28.0 A 6.7 AB 0.0 C 6.2 B 3.8 AB

2019
Clemente 4.9 A 944.0 A 30.1 ABC 8.4 A 1.3 AB 6.2 B 4.0 A
Heart’s Delight 4.6 AB 849.2 AB 30.9 AB 8.0 A 0.6 AB 6.2 B 4.0 A
Green Towers 4.5 AB 901.5 AB 28.2 CD 7.2 AB 1.4 AB 8.0 A 4.0 A
Parris Island Cos 4.3 AB 642.0 C 27.6 D 6.5 B 0.0 B 8.0 A 3.5 B
Valmaine 4.0 B 738.5 BC 27.1 D 6.3 B 0.2 B 8.0 A 4.0 A
Green Forest 4.0 B 878.7 AB 31.8 A 8.0 A 0.0 B 8.0 A 4.0 A
USDA-14489 0.9 C 744.5 BC 28.6 BCD 6.4 B 2.4 A 5.8 C 3.8 AB
USDA-17536 0.4 C 802.9 ABC 29.3 BCD 6.5 B 0.5 AB 5.9 C 3.8 AB

2018
Green Forest 4.6 A 969.9 B 31.5 AB 9.7 A 0.0 A 8.0 A 4.0 A
Valmaine 4.2 AB 890.0 B 29.4 BC 7.8 B 0.3 A 8.0 A 3.3 B
Heart’s Delight 3.8 AB 1,031.5 AB 32.4 A 9.5 A 0.4 A 6.0 B 4.0 A
Parris Island Cos 3.8 AB 877.0 B 29.3 C 7.6 BC 0.1 A 8.0 A 3.0 B
Clemente 3.2 B 1,190.9 A 32.1 A 9.3 A 0.6 A 6.0 B 4.0 A
USDA-14489 0.4 C 857.2 B 29.5 BC 7.3 BC 0.0 A 5.9 B 3.8 A
USDA-17536 0.2 C 873.8 B 31.9 A 6.6 C 0.0 A 5.9 B 4.0 A

2017
Green Forest 5.7 A 1,145.3 AB 32.2 ABC 11.2 A 1.7 C 8.0 A 4.0 A
Clemente 5.1 AB 1,275.7 A 33.6 A 12.4 A 10.1 A 6.0 B 4.0 A
Valmaine 4.1 BC 904.8 BC 30.9 BC 8.1 B 3.8 C 8.0 A 3.5 B
Green Towers 4.1 BC 940.7 BC 32.6 ABC 9.2 B 2.8 C 8.0 A 3.8 AB
Heart’s Delight 4.0 BC 1,070.2 ABC 32.7 AB 11.1 A 8.1 AB 6.0 B 4.0 A
Parris Island Cos 3.8 C 884.5 C 30.7 CD 9.1 B 4.5 BC 8.0 A 3.5 B
USDA-14489 1.2 D 856.7 C 28.8 D 8.0 B 3.2 C 5.7 C 3.0 C

i Means with different letters in a column of a year are significantly different at P 5 0.05.
ii Number of leaves with tipburn on a plant.
iii Scale of 0–9 (0, no symptoms; 9, plant died from disease) (Brown and Michelmore 1988).
iv Scale of 0–5 (0, no lesions; 5, large lesions covering nearly 100% of the exposed leaf surface) (Grube and Ochoa 2005).
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Seed Availability

Limited seed samples are available from
the corresponding author for distribution to
all interested parties for research purposes,
including the development and commerciali-
zation of new cultivars. Samples will also be
deposited in the National Plant Germplasm
System. It is requested that appropriate recogni-
tion be made if the breeding lines contribute to
research or the development of new germplasm,
breeding lines, or cultivars.
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