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Introduction

Lettuce Production

Lettuce is a widely available salad vegetable regularly con-
sumed by people across diverse cultures and traditions. On this
basis, lettuce can be considered a staple crop. Consequently, the
successful culture of lettuce is of interest to both home garden-
ers and professionals involved in its commercial production. In
the United States, lettuce is almost exclusively consumed raw
as the main ingredient of a salad or as a sandwich filling. In-
ternationally, lettuce stems are sometimes eaten cooked or raw,
and oil is extracted from the seeds of specific types of lettuce.
Lettuce plants contain sesquiterpene lactones (i.e., lactucin and
lactucopicrin) that reportedly have sedative or narcotic effects,
and extracts from the wild relative Lactuca virosa are used as
sleep inducers and cough suppressants in Europe.

Cultivars

Lettuce cultivars are characterized by extensive variation in
leaf color, shape, and texture, which undoubtedly contributes to
the popularity of lettuce as a salad vegetable (Fig. 1). Lettuce
cultivars can be categorized into several market or horticulture
types based primarily on leaf shape, rosette architecture, and
head formation:

* Crisphead cultivars are known for their thick, crisp leaves,
which are typically as wide as they are long. Crispheads
are often divided into two subtypes: Batavia and iceberg.
The Batavia subtype forms an open-topped head or closed,
loosely filled head. The iceberg subtype produces leaves that
cup and overlap as the plant grows; new leaves fill the inside
of the head as the plant grows, forming a dense, firm, round
head that is closed on top.

¢ Butterhead cultivars also form round heads filled with leaves,
but the leaves are generally thin and have a pliable, oily tex-
ture. Two subtypes of butterhead lettuce are grown in the
United States: Boston and Bibb. The Boston type is larger
and lighter green than the Bibb type. In Europe, butterhead
cultivars are categorized as summer outdoor types and win-
ter types based on the season in which they are typically
grown; the summer types are larger.

* Romaine or cos lettuce cultivars are characterized by leaves
that are considerably longer than they are wide. Other char-
acters of these cultivars can vary considerably, although most
modern cultivars grown in the United States have green to
dark-green leaves with an upright orientation. The top of the
head is either open or closed to form a heart.

e Latin lettuce cultivars produce small heads with upright
leaves that are longer than they are wide; Latin leaves are
similar to romaine leaves but much shorter. The texture of
Latin lettuce is similar to that of butterhead.

* Leaf or cutting lettuce cultivars form open-topped rosettes;
the remaining characters are highly variable.

Types of lettuce cultivars differ considerably in the time needed
to reach peak maturity. Crisphead (or iceberg) lettuce matures
from 60 to 130 days after planting. Romaine lettuce matures as
quickly as or more quickly than crisphead, and leaf, butterhead,
and Latin lettuce all mature more quickly than romaine.

The remaining lettuce types are apparently ancient:

* Stem lettuce (also called “stalk” or “asparagus lettuce”) is
grown in Egypt, southwest Asia, and China for consump-
tion of the stems. In Egypt and southwest Asia, the stems are
eaten raw. The stem types grown in China often have narrow,
lanceolate-shaped leaves and the stems are cooked.

* Oil-seed lettuce is grown for harvest of the seeds, which are
larger than the seeds of other lettuces and pressed to pro-
duce oil. The plants bolt and flower quickly, and their overall
appearance is roughly similar to that of some wild relatives
of lettuce. Growing lettuce as an oil-seed crop may predate
growing it as a food crop for the consumption of leaves.

Botany, Taxonomy, and Origin

Lettuce (Lactuca sativa) is a member of the Asteraceae
(or Compositae) family and has an annual life cycle. It is the
only cultivated species of the approximately 100 species in
the genus Lactuca, most of which are indigenous to Asia and
Africa. The genus is diverse, encompassing annual, biennial,
perennial, and occasionally shrubby plants. Most are diploid,
but there are a few polyploids. The closest wild relatives of let-
tuce—L. serriola, several L. serriola-like species, L. saligna,
and L. virosa—are all annual or biennial herbaceous weeds.

Lettuce and most Lactuca spp. are self-fertile and possess
floral structures that promote a high rate of self-pollination.
Consequently, Lactuca populations are composed largely of
homozygous plants. L. serriola is completely interfertile with
lettuce, whereas its sexual compatibility with more distant rela-
tives is limited (L. saligna) to nearly absent (L. virosa).

L. serriola is likely one of or the only direct ancestor of cul-
tivated lettuce. Domestication of the earliest and most primitive
forms likely originated through selection of variant forms of
L. serriola or perhaps a hybrid between L. serriola and another
Lactuca species that was more amenable to cultivation and con-
sumption. The site of domestication was likely southwest Asia
and probably within the Fertile Crescent region. Domestication
in Egypt has also been proposed, as primitive, locally grown
oil-seed-type lettuce similar to L. serriola is found in Egypt.
In addition, tomb paintings in ancient Egypt dating to approxi-
mately 2500 BCE may represent the earliest known depictions
of lettuce. They appear to show a stem-type lettuce that is still
grown in Egypt. Some Egyptian stem-type lettuces closely re-
semble romaine lettuce, suggesting a common ancestry.

Regardless of its origin, lettuce was commonly grown through-
out southwest Asia and around the Mediterranean Sea before
spreading globally. Archeological evidence documents the ex-
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Fig. 1. Morphological variation among different market types of lettuce: A, cultivar Imperial 850; B, modern crisphead cultivar Pacific;
C, butterhead cultivar Dark Green Boston; D, romaine cultivar Hearts Delight; E, Great Lakes-type cultivar; F, Latin-type cultivar Little
Gem; G, red leaf cultivar Sentry; H, green leaf cultivar Australian; I, green leaf cultivar Big Star; J, oil-seed lettuce plant introduction
(P1) 251246; K, stem lettuce from Egypt; and L, Asian stem lettuce cultivar Da Ye Wo Sun. (Courtesy R. J. Hayes)




istence of lettuce in Persia in 550 BCE, Greece in 430 BCE, Rome
in 42 cE, and China by the fifth century. It was mentioned in
Chaucer’s The Canterbury Tales (written in 1387-1400) and
was brought on Columbus’s second voyage to North America
(1493-1496).

Evolution of the
U.S. Lettuce Industry

Commercial lettuce production in the United States began in
the early twentieth century and rapidly became concentrated in
a few districts. By the 1920s, the western U.S. industry was al-
ready dominant. In 1998, California and Arizona accounted for
95% of U.S. production; the remaining 5% was spread across
several other states, each harvesting less than 1,300 ha. In
2008, California and Arizona accounted for 99% of U.S. pro-
duction. Within Arizona and California, production is further
concentrated in a few regions (Fig. 2). In Arizona, nearly all
the lettuce production occurs in Yuma County, and in Califor-
nia, more than half the state’s production occurs in Monterey
County, which includes the Salinas Valley.

Production in the United States was dominated by crisphead
lettuce before the 1990s, when more than 80,000 ha of this type
was harvested annually. Since then, the production of crisphead
lettuce has steadily declined; in 2014, less than 51,000 ha was
harvested. The amounts of leaf and romaine lettuce produced
steadily increased during this time. In 1992, 19,800 and 38,600
ha of romaine and leaf lettuce were harvested, respectively; by
2014, these numbers had increased to 34,500 and 21,900 ha,
respectively. Changes in production have reflected changes in
consumer demand for more nutritious products, as well as im-
provements in postharvest technologies that have made avail-
able to consumers packaged salads containing romaine and leaf
lettuce mixed with other vegetables.

Summer
« Coastal production

Fall/Spring

« San Joaquin Valley

Winter
 Low Desert
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The production of baby leaf lettuce for use in so-called
spring mix and mesclun has also become increasingly popular.
As many as 15-20 unique types of lettuce are used in these
mixes. The lettuce portion is mixed with various other leafy
green vegetables, such as endive (Cichorium endivia), radic-
chio (C. intybus), arugula (Eruca vesicaria), spinach (Spinacia
oleracea), beet tops (Beta vulgaris) and red Swiss chard (B. vul-
garis subsp. cicla), mache or cornsalad (Valerianella locusta),
and mizuna (Brassica rapa subsp. nipposinica) and tatsoi (Bras-
sica rapa subsp. narinosa), also known as “field mustard” and
“spinach mustard,” respectively. Based on production statistics
from Monterey County, spring mix (which includes baby leaf
lettuce) currently represents less than 10% of the harvested area.

Production Factors

Climate and Growing Season

Lettuce is grown as a home garden vegetable nearly every-
where in the United States. For successful commercial pro-
duction, climate is the largest determinant of when and where
lettuce is grown. The crop is best adapted to daytime tempera-
tures of 18-25°C and nighttime temperatures of 10-15°C.

Year-round production within the United States has tradi-
tionally been achieved by rotating production around select
locations within California and Arizona (Fig. 3). Summer har-
vests during April through October take place in three districts
in coastal California: Salinas/Watsonville, Santa Maria, and
Oxnard. During October and November, lettuce is harvested
in the San Joaquin Valley of California. Winter harvests during
November through March occur in the low desert regions of
California (Imperial, Coachella, and Palo Verde Valleys) and
Arizona (Yuma area). Harvesting occurs again in the San Joa-
quin Valley during March and April before it resumes in the
coastal California districts.

Fig. 2. Primary lettuce production districts in the United States. (Courtesy R. J. Hayes)
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Fig. 3. Production schedules of major U.S. lettuce production areas. Black bars represent periods for planting, and gray bars represent
periods for harvesting. (Reproduced, by permission, of California Leafy Greens Research Program)

Concerns over the availability of water in the San Joaquin
Valley have resulted in a decrease of production there. Conse-
quently, many producers have extended the growing season in
coastal California and the low desert by planting earlier and later
than historically normal. It is not clear whether this represents a
temporary change or an emerging trend that will continue.

Cultivar Selection

Selection of an appropriately adapted cultivar is important
for successful commercial production. Most modern cultivars
are typically recommended for use in a particular planting slot,
which is a range of recommended seeding dates for a specific
location. The planting slot therefore represents the environment
for which a cultivar is best adapted.

Cultivars are often bred with the intent of being adapted to
a specific planting slot, which is confirmed through multiyear
testing. Otherwise, the planting slot for a given cultivar is typi-
cally determined through widespread field testing by the devel-
oper or the company marketing the seed. Crisphead cultivars
are in general more narrowly adapted than leaf and romaine
cultivars; thus, crisphead cultivars have shorter-duration plant-
ing slots. In addition, crisphead cultivars adapted to winter pro-
duction often have shorter planting slots than cultivars grown
in the summer.

Planting slots encompass a wide range of photoperiods, soil
conditions, and prevailing diseases, and some planting slots
routinely experience suboptimal production conditions. In these
cases, the cultivars bred for these planting slots are selected
for tolerance or resistance to the particular biotic and abiotic
stresses that commonly occur. Internationally but also increas-
ingly in the northern and central United States, protected cul-
ture is used when temperatures are unfavorable for open field
production or when protection is needed from adverse weather
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conditions, such as heavy wind and rain. A range of structures
are used to provide varying degrees of control over the produc-
tion environment. Plastic tunnels may be placed in production
fields to capture solar radiation and increase the temperature,
whereas greenhouses and growth rooms may offer control over
temperature, light intensity, day length, and other factors.

Planting, Thinning, and Spacing

In open field production in California and Arizona, the most
common method for establishing a crop is to sow pelleted let-
tuce seed on raised beds at intervals of 5-10 cm using preci-
sion planters. Preplant fertilizer may be applied before or during
the shaping of beds. In other production regions, transplanting
approximately 1-month-old seedlings is more common. In the
western United States, soils are rarely moist enough to germinate
seeds, and water is typically applied through overhead irrigation
once a day until the seedlings emerge. In some desert production
regions, seeds are germinated using furrow irrigation.

After 3—4 weeks of growth, the seedlings are thinned to the
final plant density of the crop, which is a major factor in deter-
mining yield. The plant density is in turn determined by the
bed configuration, the number of seed lines per bed, and the
spacing between plants within seed lines.

In California and Arizona, typical beds are 10-25 cm high
and have a narrow or a wide format. Narrow beds are 102-107
cm wide and have two seed lines 35 cm apart. In some cases,
107-cm beds may have three seed lines. Wide beds are 203—
213 cm wide and have five or six seed lines. Using wide beds is
advantageous because plant density can be increased 25-50%
compared with narrow beds.

Spacing within seed lines ranges from 25 to 31 cm; the closer
spacing is typically used for bulk-harvested lettuce destined for
processing into packaged salads. Spacing as close as 13 cm



within a seed line, with as many as eight seed lines in a wide
bed, may be used for romaine hearts and other specialty types
of lettuce. Baby leaf lettuce is grown on wide beds with 24 or
32 seed lines per bed, or approximately 4—6 million plants per
ha; the crop is not thinned.

Irrigation

Most lettuce crops receive at least some supplemental irriga-
tion after thinning. In the western United States, most if not
all of a crop’s water requirement is met through irrigation. The
amount of water applied through the season depends on many
factors, such as weather conditions, soil salinity, soil water-
holding capacity, and other factors. Irrigation can also be used
to cool crops during hot weather and to leach salts from the soil.
Furrow, sprinkler, and drip irrigation are the primary methods
used in lettuce production.

Fertilization and pH

Fertilization rates and materials vary widely depending on
the type of production, the planting slot, the crop establishment
method, the soil factors, and the type of lettuce being grown. In
conventional production, most nutrient needs are met through
applying a granular or liquid chemical fertilizer containing ni-
trogen (N), phosphorus (P), and potassium (K). Organic pro-
ducers use pelletized chicken manure, blood meal, gypsum,
compost, and various liquid organic fertilizers. Fertilizer may
be applied preplant, side-dressed two or three times during the
crop cycle, or applied through drip irrigation.

The requirement for N increases during crop development,
whereas P is needed primarily for early growth. Consequently,
preplant applications of fertilizer may contain little N, whereas
later applications may be composed largely of N. Some soils
in major western U.S. production districts have adequate levels
of K, and additional K fertilization may not be necessary. Fer-
tilization with micronutrients is typically not needed, although
zinc (Zn) fertilization is practiced in some areas of coastal Cali-
fornia, and copper (Cu) fertilization may be used on muck soils.

The optimum soil pH for lettuce production is 6.5-7.2. In
some cases, acidic soils are treated with lime prior to planting.

Managing Weeds and Insect Pests

A wide variety of strategies are used to control weeds and
insect pests. Reducing weed populations during the first 3—4
weeks after emergence is important for reducing yield losses
caused by weeds. Preplant and pre-emergent herbicides are
commonly used in conventional lettuce production. Hand weed-
ing at thinning and at 2-3 weeks after thinning and cultivation
is routine for conventional and organic production. Other weed
management methods include preirrigation followed by shal-
low cultivation and propane flaming.

Insects damage lettuce crops in several ways: by vectoring
disease-causing pathogens, by directly consuming plants, and
by contaminating plants or causing blemishes (thus lowering the
value of the crop). Applying insecticides is the most common
method of insect management for conventionally produced let-
tuce, although other methods are becoming increasingly popular
for both organic and conventional production. Alternative
methods include planting resistant cultivars, applying biologi-
cal controls, adjusting planting schedules, and using trap crops.
Intercropping with insectary plants—typically alyssum (Lobu-
laria maritima)—is common in organic and some conventional
production to promote predator species that control the lettuce
aphid (Nasonovia ribisnigri). In the lettuce production districts
of Monterey County (California), growing the Lombardy poplar
tree (Populus nigra) is prohibited, because it is the alternate host
of the lettuce root aphid (Pemphigus bursarius).

Harvest and Postharvest Handling
Harvest practices depend on the end use of the product, al-
though all harvesting includes cutting, packing, cooling, and
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shipping to market. A key goal of every harvest practice is to
get the product to market quickly to maintain quality. Keeping
the lettuce cool throughout the process (known as the “cold
chain”) is critical to achieving this goal. Because of this, most
lettuce harvested in California and Arizona is vacuum-cooled
after harvest to approximately 1°C and maintained at this tem-
perature using cold storage and refrigerated trucks.

In fields harvested for whole heads or in bulk, mature plants
of marketable size and quality are cut individually, and all the
other plants are left in the field. Lettuce marketed as whole
heads is packed into cartons or other types of containers. A
typical carton holds 24 heads, although a wide variety of car-
ton shapes and sizes are used depending on the type of let-
tuce grown and the intended market. Outer leaves with signs of
disease and blemishes are removed, and each head is typically
wrapped in film before being packed into the container. Once
filled, the carton or container is closed and stacked on a pallet
with other cartons/containers before being taken to the cooler.
After cooling, the lettuce is moved to the retailer as quickly as
possible. Growers are typically paid per carton or per container.

Lettuce for processing is harvested and bulked into pallet-
ized totes. Bulk-harvested lettuce often has blemished leaves
trimmed off in the field, the core removed, or the top and bot-
tom of the plant cut off entirely. Growers are paid by the weight
of harvested lettuce or the area harvested. Most harvesting
operations in California and Arizona involve mechanical as-
sistance to some degree by using a harvesting rig that follows
a harvesting crew. A conveyer belt moves heads into bins or
cartons to a truck so they can be stacked on pallets. A harvest
crew typically passes through a field once; only rarely does a
crew return to a field for a second harvest.

Baby leaf lettuce is mechanically harvested 20-30 days after
planting, when the leaves are 5-13 cm long. After cutting, the
leaves are collected into bins and totes of various sizes. The dif-
ferent components of a salad mix may be harvested at the same
time or at separate times. They are shipped to a central facility
and combined to make the final product.

Bulk-harvested lettuce is moved to a processing plant, where
it is chopped or shredded, washed, spun dry, and packaged. The
cutting performed in processing substantially shortens the shelf
life of lettuce. Maintaining the cold chain is the most critical
factor in extending the shelf life of cut lettuce, although ad-
ditional practices can extend shelf life, as well (see later in this
“Introduction”).

Many processing companies maintain production plants
throughout North America, even though the lettuce being pro-
cessed is supplied primarily from California and Arizona. Fol-
lowing this strategy shortens the distance that cut lettuce must
travel postprocessing to reach the intended market. Modified
atmosphere (MA) packaging is routinely used to extend the
shelf life of cut lettuce. Low-oxygen and high-carbon dioxide
environments are created inside packing film to retard oxida-
tive browning and delay senescence. MA packaging is achieved
by matching product respiration with the oxygen permeability
of the packaging film and by flushing the package with a low-
oxygen gas mixture before sealing the bag.
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(Prepared by R. J. Hayes)

Lettuce Breeding

Growing improved cultivars can increase the efficiency of
crop production and the value of the harvested crop. In short,
crop breeding entails moving or accumulating genes that con-
fer desirable traits or superior performance into a new, geneti-
cally stable cultivar.
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Breeding for the continual improvement of lettuce is con-
ducted by publicly funded institutions and private seed compa-
nies. Public institutions largely conduct enhancement breeding,
in which new lettuce types are developed or new economically
valuable traits are introgressed into the cultivated gene pool.
This germplasm is typically released with no intellectual prop-
erty protection and freely given to private seed companies for
further breeding and commercialization. Publicly funded pro-
grams often conduct research on new breeding methods, the
inheritance of specific traits, and the genomics of lettuce. This
research can be used to increase the rate at which new cultivars
are developed.

The characteristics of modern lettuce cultivars are strongly
influenced by a handful of landmark cultivars. Because of
this, modern cultivars of these types tend to be closely related.
Publicly funded lettuce breeding within the U.S. Department
of Agriculture (USDA) began in 1922 to deal with a disorder
known as “brown blight” that occurred in southern Califor-
nia. The breeder, 1. C. Jagger, selected a few healthy plants of
the cultivar New York being grown in an afflicted field. These
plants gave rise to a series of cultivars under the name Imperial
and with additional crossing and selection gave rise to a series
of Imperial-type cultivars. New York and Imperial cultivars are
similar to modern-day Batavia cultivars.

T. W. Whitaker crossed the cultivar Imperial 152 with the
European cultivar Brittle Ice to develop the cultivar Great
Lakes—the first iceberg-type crisphead cultivar, which was
released in 1941. Numerous selections were made from within
the Great Lakes cultivar, and this group of cultivars was widely
grown into the mid-1970s. One of the most popular of these was
the cultivar Calmar, which was bred using Great Lakes-type
parents to incorporate downy mildew resistance.

R. C. Thompson developed the cultivar Vanguard, which
was the first lettuce cultivar developed using interspecific hy-
bridization. This cultivar was developed from a cross between
a complex line incorporating Lactuca virosa and L. serriola
to a numbered line that would eventually be named Climax.
Climax and Vanguard are best adapted to winter production
and occur in the pedigrees of cultivars adapted for winter
production.

Among the historically important cultivars for desert pro-
duction are Merit and Empire. Empire and its descendants are
particularly valued for their bolting resistance in fall plantings
in the low desert of California. The cultivar Salinas was devel-
oped by E. J. Ryder and released in 1975; it was selected from
a cross between a Vanguard-like breeding line and Calmar. Sa-
linas is adapted to spring and summer production in coastal
California and has improved shipping qualities, better tipburn
resistance, and higher yields compared with other cultivars
grown at the time. Most crisphead cultivars adapted to coastal
California are derived from Salinas or bred to resemble Salinas.
Vanguard served an important function in the development of
modern crisphead cultivars. Vanguard was released after three
generations of self-pollination and selection and possessed
enough genetic variation for numerous desert-adapted culti-
vars to be selected from it. Through its contribution to Salinas,
Vanguard resides in the pedigrees of many cultivars adapted to
coastal California, as well.

Many modern romaine cultivars used for commercial pro-
duction are derived from the cultivars Parris Island Cos and
Tall Guzmaine. Parris Island Cos was released in the 1950s
by the Clemson College Truck Experiment Station—reportedly
from a cross between plant introduction (PI) 120965 and the
cultivar Dark Green. Tall Guzmaine was developed by V. L.
Guzman at the University of Florida from a cross between the
cultivars Parris White and Short Guzmaine. Tall Guzmaine is
slow bolting and has resistance to important diseases. Many
new romaine cultivars have been developed by selecting
slightly improved versions from within these cultivars or from
intercrossing Parris Island Cos and Tall Guzmaine.





