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General Production Information

The purpose of this document is to provide the general conditions associated with the production of leaf lettuce (i.e., romaine, 
red and green leaf, and butterhead) in California, with comments on other production areas as appropriate. This document is 
provided on behalf of the California Lettuce Research Board (CLRB). The CLRB was formed in 1973, and is a grower-funded 
program, which has provided over 10 million dollars in grants for lettuce research. Approximately 50-55% of these grants 
were for plant breeding, and related research, and 45-50% for pest management, fertility studies, research on cultural 
production practices, and post-harvest shipping and handling research. The charter of the CLRB was expanded in 1998 to 
include research on the four major types of leaf lettuce. Unless otherwise noted, all comments in this report apply equally to 
all four leaf lettuce types. 

The results of almost 25 years of research conducted on lettuce points to the need to provide the grower with as many pest 
management tools as possible in order to continue to be able to provide the United States (U.S.) consumer with an economical 
supply of high quality lettuce on a daily basis throughout the year. 

It is eminently clear that plant breeding, and the development of resistant cultivars is one of the keys to the economical 
production of lettuce in California. However, it is also clear that, at least in the foreseeable future, plant breeding by itself can 
not provide all the desired characteristics of weed, insect, and disease resistance along with all of the other desirable traits 
required for the many varied and diverse leaf lettuce production regions in California and Arizona. 

PRODUCTION FACTS 

●     Leaf lettuce is a minor crop in the U.S. with approximately 78,000 acres produced annually in California. 
●     California produces approximately 81% of the leaf lettuce grown in the U.S. (1). 
●     California and Arizona account for approximately 97% of the U.S. production (1). 
●     Romaine is the dominant leaf lettuce cultivar in California with approximately 64% of production followed by green 

leaf - 21%, red leaf - 10%, and butterhead - 5% (2). 
●     Production of leaf lettuce in California has increased from 48,068,087 cartons in 1998 to 54,168,905 in 2000(2). 
●     From 1997-1999 leaf lettuce was ranked in the top 20 California farm commodities with a 1999 value of $320,572,000 

(3). 
●     The cost to produce (i.e., grow) a carton of romaine lettuce weighing approximately 38 pounds and containing 24 

heads ranges from $2.24 to $2.97 per carton (2). 
●     The cost to harvest (i.e., harvest and handling) a carton of romaine lettuce containing 24 heads is approximately $5.00 

per carton (2). 
●     The cost to produce (i.e., grow) a carton of red or green leaf lettuce weighing approximately 25 pounds and containing 

24 heads ranges from $2.40 to $2.75 per carton (4). 
●     The cost to harvest (i.e., harvest and handling) a carton of red or green leaf lettuce containing 24 heads ranges from 

$3.45 to $3.60 per carton (4). 
●     The cost to produce (i.e., grow) a carton of butterhead lettuce weighing approximately 18 pounds and containing 24 

heads ranges from $2.25 to $2.55 per carton (4). 
●     The cost to harvest (i.e., harvest and handling) a carton of butterhead lettuce containing 24 heads ranges from $2.70 to 

$2.85 per carton (4). 

PRODUCTION REGIONS 
The Crop Profile/PMSP database, including this document, is supported by USDA NIFA.



Leaf lettuce is planted in three primary production areas in California, with the principal production in the coastal areas of 
Salinas, Watsonville, and Santa Maria. Spring and fall production occurs for brief periods in the San Joaquin Valley, and 
winter production in the desert. Production in Arizona occurs primarily in the winter months (5). The coastal counties of 
Monterey, San Benito, Santa Barbara, Santa Clara, San Luis Obispo and Santa Cruz, account for a high percentage of 
California's production, and Monterey County is the largest producing county in the state. 

Cultural Practices

GENERAL INFORMATION 

Leaf lettuce is considered a cool-season crop and is grown on a number of soil types. Planting and harvesting schedules are 
determined well in advance of planting to ensure a constant supply of lettuce throughout the year. Producers of leaf lettuce 
either own and/or lease land or contract with independent growers for lettuce production to ensure adequate acreage to meet 
their marketing requirements. 

CULTIVAR DEVELOPMENT 

The CLRB funds plant breeding research at the University of California (UC) and the United States Department of 
Agriculture (USDA). New cultivars and/or germplasm developed by CLRB - supported programs are readily available to seed 
companies. Leaf lettuce varieties will be developed through the efforts of CLRB funded research through UC and USDA 
programs with the cooperation of private seed companies, most of whom are located in California. Plant breeding is one of the 
key ingredients in an Integrated Pest Management (IPM) program, and CLRB - supported research is designed to develop 
cultivars with resistance to insect and disease-related problems and to meet the specific needs of the individual growing areas 
and time periods. Specific cultivars planted at the proper time, and in the proper location, ensure that desirable characteristics, 
such as insect and disease resistance, will be maximized and that undesirable characteristics such as incomplete plant 
formation, puffiness, or bolting will be minimized. 

PLANTING 

Leaf lettuce seed is planted by the grower at depths of approximately 1/8 to 1/4 inches primarily on 40-inch raised beds with 2 
seedlines per bed. A small percentage of leaf lettuce is produced on 80 inch beds with 5 to 6 seedlines per bed. Most lettuce 
seed is coated (i.e., pelletized) with a clay type mixture to provide a small pellet of uniform size and shape to facilitate 
precision planter use. Seed treatments (e.g., priming) are included with some coatings to assist in germination, especially 
during hot weather conditions. Most coated lettuce seed is planted in the range of 6 to 10 pounds per acre. Because an excess 
of seed is planted, thinning is required to establish the final stand which usually ranges between 31 (10 inch spacing between 
plants) to 26 (12 inch spacing between plants) thousand plants per acre for romaine, and red and green leaf, and slightly higher 
populations (e.g., up to 39 thousand with an 8 inch spacing) for butterhead. Romaine is the primary cultivar that is 
transplanted and <1% of the annual leaf lettuce acreage in California is transplanted primarily using plants produced under 
greenhouse conditions. 

PRODUCTION 

Growers are primarily responsible for all production related activities including land preparation, cultivation, fertilization, 
irrigation, and the use of pesticides. Leaf lettuce is planted in three primary production areas in California, with the principal 
production in the coastal areas of Salinas, Watsonville, and Santa Maria. Spring and fall production occurs for brief periods in 
the San Joaquin Valley, and winter production in the desert. Arizona is the next largest area with production mainly in the 
winter months. The general planting to harvesting dates for leaf lettuce production in California are: direct seeded 55 to 95 
days; and transplants 40 to 75 days (4). 

HARVEST 



Information on harvesting procedures, types of lettuce packs and cooling/shipping data is included with this report as an 
indication of the impact of these operations as related to existing preharvest intervals and tolerances for pesticides, and the 
likelihood to reduce any potential pesticide residues remaining at harvest. 

Water cut-off, or the final irrigation, is a critical process in the production of lettuce, as it can have significant effects on yield 
and crop quality. Following the last irrigation, all irrigation related equipment is removed from the field, and the Grower-
Shipper, or Shipper, assumes control of all operations related to harvest. 

All lettuce is harvested in the field and not subject to washing at the time of harvest. Harvested lettuce is placed onto trucks 
which transport the lettuce to a cooling facility. All lettuce is cooled, usually within 1 to 4 hours after harvesting, and leaf 
lettuce is typically hydrocooled at temperatures of 34 degrees F. 

Most of the leaf lettuce produced in California is harvested into cartons in a "naked" form with 24 heads to a carton. The outer 
4 to 8 lettuce leaves are removed in the field and there are 2 to 3 outer - wrapper leaves remaining when they are placed in the 
carton. There are, however, specific leaf lettuce packs (e.g., romaine hearts), which are packaged into individually sealed 
packets with 3 to 6 hearts per packet. These packets are then shipped in cartons containing 8 to 12 packets per carton. 

Of the four primary leaf types produced in California, only romaine and butterhead are harvested in any significant amount in 
"bulk" for processing as shredded lettuce and for use by institutions, the fast food market, or in packaged salad mixes. Most 
outer leaves are removed in the field when lettuce is harvested in bulk. Additionally, bulk lettuce is subject to additional 
trimming, coring, chopping, and washing, usually with chlorinated water, in a processing facility under stringent sanitary 
conditions prior to being packaged for shipment and/or use in various precut salad mixes. 

Nearly all lettuce is shipped to the market in refrigerated trucks and temperatures in the range of 34-36 degrees F. are 
maintained during shipment. The following examples are provided to indicated typical times associated with the harvesting, 
cooling, and shipping operations (9): 

Day 1 - Harvest 
Day 1 - Delivery to yard and cooling (1 to 4 hours) 
Day 2 - 5 - Shipping within U.S.

Salinas/Santa Maria to Seattle - 1 day 
Salinas/Santa Maria to Denver - 2 days
Salinas/Santa Maria to Chicago - 3 days 
Salinas/Santa Maria to New York/Boston - 4 days  

Day 3 - 6 
Receiving dock to supermarket - 1 day 

Export
Salinas/Santa Maria export to Japan - 12-14 days 

PEST MANAGEMENT 

All applications of pesticides in California are under the control of the growers, and/or their Pest Control Advisor (PCA), or 
Pest Control Operator (PCO). Growers, PCA's, and PCO's work closely to insure that only registered pesticides are used and 
that they are used in compliance with all state and federal laws, rules and regulations, and labeled recommendations. 
Communication between growers, PCA's, and PCO's is maintained during the planting and production periods through 
frequent field visitations by grower representatives and/or their PCA's. The applicator must inform all affected parties in close 
proximity to the intended treated area (e.g., harvesting crews, weeding crews, irrigators etc.) of their intent to apply pesticides 
in advance of the application and must also post fields and file post-application paperwork with the appropriate state and/or 
federal agency. Closed systems are also mandatory for the application of Category 1 pesticides in California. 



All information on pests and pesticides listed in this report relate to the production of leaf lettuce in California. All pests and 
pesticides mentioned in this report are listed in alphabetical order, and each such listing may, or may not, have any 
relationship to the importance of the pest or the use of an individual pesticide. Appendix 1 contains a summary of the amount 
of individual pesticides applied to the three primary production regions in California in 1999 (7). 

Insect Pests

A number of soil and foliar insects damage leaf lettuce. Aphids and leafminers are the predominant pests in the coastal regions 
followed by various lepidopterous larvae (worms). Aphids and worms are the predominant insects in the spring harvested 
lettuce in the San Joaquin Valley, while aphids, leafminers, and worms are predominant in the fall harvested crop. In the 
desert, worms and whiteflies are the predominant insect pests. From Integrated Pest management (IPM) and pest resistance 
management standpoints, it is essential that pesticides with different modes of action (e.g., organophosphates, carbamates, 
pyrethroids and insect growth regulators [IGR]) be available to reduce the potential for the buildup of resistance to one type of 
material. There are a number of organophosphates, carbamates and pyrethroids registered for use on leaf lettuce, and new IGR 
type materials either registered or under development. Pesticides are used alone, in combination, or in an alternative treatment 
regime to control the various insect pests that cause economic damage to leaf lettuce. Very seldom, if ever, are the individual 
types of products (e.g., organophosphates) used in combination or as an alternative treatment with another registered product 
in the same chemical family. Bacillus thuringiensis (BT) provides control of many worm species, but is not as effective as 
other chemicals, and often requires additional treatments to maintain economic control. While worms are feeding, and 
accumulating toxic amounts of BT, outer and/or inner leaf damage invariably occurs. 

When considering chemical controls the multiple use of individual products for the management of one, or more, pests that 
may be present at the time of the application is usually considered. For example, an application of diazinon or imidacloprid 
might be considered if the green peach aphid is the primary concern, while diazinon and thiodicarb or diazinon and spinosad 
might be substituted if both this aphid and the beet armyworm are present. Other likely foliar combinations for the green 
peach aphid and worms include imidacloprid and spinosad; and imidacloprid and methomyl. It is also quite common to 
include a fungicide with an insecticide if both insects (e.g., aphids) and fungal pathogens (e.g., downy mildew) are present at 
the time of treatment. 

It should be noted that all pesticides registered for use on iceberg lettuce are not necessarily available to manage the same 
pests on leaf lettuce. The following insecticides are registered for iceberg but not leaf lettuce: abamectin; acephate; 
cypermethrin; esfenvalerate and oxydemeton-methyl. Other insecticides are more limited in their use on leaf lettuce due to 
either a change in the pre-harvest interval (PHI) or the short time these cultivars are in the ground. Examples of insecticides 
that fit into this category are disulfoton (60 day PHI), dimethoate (7 day PHI for iceberg and 14 day for leaf), and endosulfan 
(3 applications allowed after thinning on iceberg and only 2 applications per year on leaf). 

The management of insect populations is extremely critical to the production of leaf lettuce. Not only do insects damage 
lettuce foliage, they also contaminate lettuce by their presence, from their feeding, or from the depositing of excrement. In 
addition, a number of insects (e.g., aphids, leafhoppers, and whiteflies) are vectors of virus diseases. The high quality 
standards currently in place in the leaf lettuce industry allow for minimal, if any, contaminated products reaching the market 
place as whole leaf lettuce heads. Quality standards are even higher for those products destined for sale as packaged salad 
mixes and for export, where product contamination from any source is not acceptable. 

APHIDS 

Green Peach Aphid (Myzus persicae): This aphid causes serious problems primarily in the coastal regions. High populations 
of this aphid can stunt young plants or transplants. This insect also deposits honeydew, and under high populations causes 
quality problems in lettuce. It is also the vector of Lettuce Mosaic Virus, one of the most destructive viruses of lettuce in 
California. The primary foliar materials used for this insect are diazinon, dimethoate, endosulfan, and imidacloprid, with some 
imidacloprid also used as a soil treatment. A total of 1 to 3 total annual foliar treatments are applied for this aphid, primarily in 
the coastal regions. 



Lettuce aphid (Nasonovia ribis-nigri): This aphid is a new pest of leaf lettuce having only been identified in the 1998 
production season in the Salinas area. This aphid feeds deep inside the plant on young lettuce leaves as opposed to the green 
peach and potato aphids which primarily feed on the external portions (i.e., older leaves) of lettuce plants. This aphid also has 
a tendency to disperse within the plant rather than forming colonies, which other aphids (e.g. green peach aphid and potato 
aphid) might do. Contact aphicides are, for the most part, ineffective and the primary treatments for this aphid are endosulfan 
and imidacloprid (i.e., soil treatment only), with a soil applied treatment of imidacloprid followed by 1 to 3 foliar applications, 
or 3 to 4 foliar treatments required to maintain acceptable control. CLRB funded research has shown that two new aphicides (i.
e., triazamate and pymetrozine) provide effective control of this aphid. As a result of the economic losses experienced in 
1998, a Section 18 was submitted for triazamate to allow use in 1999. This request was denied and a Section 18 is being 
considered for pymetrozine. 

Lettuce Root aphid (Pemphigus bursarius): This aphid is an occasional problem in the coastal production regions. It occurs in 
colonies on lettuce roots. Plants are severely stunted under high population conditions, while moderate populations cause 
heads to soften and fail to properly mature. The primary materials used for this pest involve either a preplant or postplant/
banded application of disulfoton or a treatment at planting of imidacloprid. 

Potato aphid (Macrosiphum euphorbiae): This aphid is a sporadic problem but is causing increasing problems in the coastal 
regions. Like the green peach aphid, this insect deposits honeydew, and under high populations causes quality problems on 
lettuce. Feeding damage, and resultant honeydew, is usually located deeper into the plant than the green peach aphid thus 
causing increased problems at harvest. The primary materials used for this aphid are diazinon, dimethoate, endosulfan, and 
imidacloprid. If necessary, up to 2 total annual treatments are applied, primarily in the coastal regions. 

The following information is provided to indicate the importance of each individual aphid pest by production region (4, 8):  
 
 

PEST
SB/SC/SC/

MO  SB/SLO  FT/KE  IM/RIV

P S O  P S O  P S O  P S O
Green peach aphid X     X   X    X
Lettuce aphid X    X     NA    X
Lettuce root aphid   X    X    X    X 
Potato aphid  X     X    X   X 
 
The four major production regions by county are: San Benito, Santa Clara, Santa Cruz, & 
Monterey (SB/SC/SC/MO); Santa Barbara & San Luis Obispo (SB/SLO); Fresno & Kern 
(FR/KE); and Imperial & Riverside (IM/RIV).

The importance categories are: P = Primary; S = Secondary; and O = occasional.  
NA indicates that the listed pest is not yet known to be a problem in that region. 

 
 
 

CONTROLS 

Biological 

A number of predators feed on foliar aphids (e.g., green peach and potato aphids) including the following: convergent lady 
beetle (Hippodamia convergens); lacewings (Chrysoperla spp.); and syrphid flies (Family: Syrphidae). A fungus 
(Entomophthora aphidis) can reduce populations of the green peach and potato aphids. 



Use of predators and the fungus, however, are limited because of the short time the lettuce crop is in the field, the transitory 
nature of aphids, high crop quality standards, and a low tolerance for insect contaminated products, especially in packaged 
salad mixes and the export market. 

One of the primary means of biological control of the lettuce root aphid is through the removal of its alternate host the 
Lombardy poplar. As a result of a county ordinance, the removal of most Lombardy poplars in Monterey County has reduced 
the number of outbreaks of this pest. 

Reports from Europe indicate that there are some lettuce cultivars with a degree of resistance to both the green peach and 
lettuce aphids. CLRB funded research will be examining the source(s) of resistance and exploring the potential to develop 
germplasm and/or leaf lettuce cultivars with resistance to both of these aphid species. 

Chemical 

Diazinon - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Diazinon is applied as a foliar treatment at 
an average rate of 0.5 lb. a.i. per acre (6). Research data indicates that diazinon is not an effective treatment for the lettuce 
aphid. Loss of foliar treatments of this insecticide would impact aphid and lygus bug resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., carbamates, nicotinyls, and pyrethroids). 

Dimethoate - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Dimethoate is applied as a foliar 
treatment at an average rate of 0.4 lb. a.i. per acre (6). Loss of this product would impact aphid and lygus bug resistance 
management and IPM programs as it is used as an alternative treatment to other products (e.g., carbamates, nicotinyls, and 
pyrethroids). 

Disulfoton - Labeled PHI is 60 days. Disulfoton is applied as an at-planting treatment at an average rate of 1.0 lb. a.i. per acre 
(4). Primary use is in the coastal regions as an at-planting treatment for root aphid control. Loss of this product would have 
some economic affect on leaf lettuce production. 

Endosulfan - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Endosulfan is applied as a foliar 
treatment at an average rate of 1.0 lb. a.i. per acre (6). Use is limited in all regions, particularly in the coastal areas, by 
environmental constraints on the label (e.g., endosulfan is toxic to fish, birds and other wildlife, and risks are associated with 
runoff and drift). Loss of this product would impact aphid and worm resistance management and IPM programs, as it is used 
as an alternative treatment to other products (e.g., organophosphates, carbamates, and pyrethroids) 

Imidacloprid - Labeled PHIs are 21 days (soil) and 7 days PHI (foliar). Typical PHI ranges from 50 to 70 days for the soil 
treatment and from 8 to 25 days for the foliar treatment (4). Imidacloprid is applied as a preplant, in-furrow or post-seeding 
drench treatment at an average rate of 0.375 lb. a.i. per acre or as a foliar treatment at an average rate of 0.05 lb. a.i. per acre 
(6). Primary use in the coastal regions is a soil treatment for the lettuce aphid and a foliar treatment for aphids and in the 
desert as a soil treatment for the control of whiteflies. Research data indicates that imidacloprid as a foliar spray is not an 
effective treatment for the lettuce aphid. Loss of this product would impact aphid and whitefly resistance management and 
IPM programs. 

Malathion - Labeled PHI is 7 days. Typical PHI ranges from 8 to 30 days (4). Research data and grower experience indicates 
that malathion is not an effective treatment for any of the aphid species attacking leaf lettuce (4, 10). Loss of foliar treatments 
of this insecticide would have little, if any, impact on aphid resistance management and IPM programs. 

LEPIDOPTEROUS LARVAE 

Alfalfa Looper (Autographa californica): This insect can cause serious damage to lettuce in all areas, but is more of a problem 
in the desert regions. It is particularly a problem near harvest when larvae feed on the interior leaves causing internal damage 
and depositing frass. The primary materials used for this pest are BT, endosulfan, methomyl, permethrin, thiodicarb, and 



spinosad with up to 2 total treatments applied on an annual basis. 

Beet Armyworm (Spodoptera exigua): This insect causes serious damage to lettuce, and is more prevalent during fall 
production in the desert regions. Reduced stands can result from high insect populations. The primary materials used for this 
pest are methomyl, permethrin, tebufenozide, thiodicarb, and spinosad, with 1 to 2 total annual treatments applied in the 
coastal and desert regions (winter and spring) and 2 to 5 total applications under the high populations in the desert in the fall. 

Cabbage Looper (Trichoplusia ni): This insect can cause serious damage to lettuce in all areas, but is more of a problem in the 
desert regions. It is particularly a problem near harvest when larvae feed on the interior leaves causing internal damage and 
depositing frass. The primary materials used for this pest are BT, endosulfan, methomyl, permethrin, thiodicarb, and spinosad 
with 2 to 3 total treatments applied in the desert region on an annual basis. 

Corn Earworm (Helicoverpa zea): This insect can cause serious damage to lettuce in all areas, but is more of a problem in the 
desert regions. It is particularly a problem near harvest when larvae feed on the interior leaves causing internal damage and 
depositing frass. The primary materials used for this pest are BT, endosulfan, methomyl, permethrin, thiodicarb, and spinosad, 
with 2 to 3 total treatments applied in the desert region on an annual basis. 

The following information is provided to indicate the importance of each individual lepidopterous pest by production region 
(8):  
 
 

PEST
SB/SC/SC/

MO  SB/SLO  FT/KE  IM/RIV

P S O  P S O  P S O  P S O
Beet Armyworm X     X   X    X 
Cabbage Looper X    X    X    X 
Corn Earworm  X    X   X    X 
Alfalfa Looper  X    X    X    X 
 
The four major production regions by county are: San Benito, Santa Clara, Santa Cruz, & 
Monterey (SB/SC/SC/MO); Santa Barbara & San Luis Obispo (SB/SLO); Fresno & Kern 
(FR/KE); and Imperial & Riverside (IM/RIV). 

The importance categories are: P = Primary; S = Secondary; and O = occasional. 
 

CONTROLS 

Biological 

The most common parasites of the beet armyworm are wasps (e.g., Hyposoter exiguae and Chelonus insularis), and the 
tachinid fly (Lespesia archippivora). 

Parasites that feed on lepidopterous looper eggs or larvae include the following: parasitic wasp (Trichogramma spp.); tachinid 
fly (Voria ruralis); and other wasps (Copidosoma truncatellum, Hyposter exiguae, and Microplitis brassicae). 

Predators also play a role in reducing populations of lepidopterous larvae. Two predators that feed on lepidopterous eggs are 
minute pirate bugs (Orius spp.), and bigeyed bugs (Geocoris spp.). 

Viral diseases (e.g., nuclear polyhedrosis virus) also play a role in reducing populations of lepidopterous larvae. 



Parasites, predators, and viral diseases may assist in reducing lepidopterous egg and/or larval populations, however, their use 
is limited because of the short time crops are in the field, high crop quality standards, and a low tolerance for insect 
contaminated products, especially in packaged salad mixes and the export market. 

Chemical 

Bacillus thuringiensis (BT) - 0 day PHI. BT's play an important role in IPM programs. However, they usually require 
additional applications to be as effective as other products (e.g., organophosphates, carbamates, pyrethroids and IGR), and leaf 
and plant damage normally occur from feeding while worms are ingesting toxic amounts of BT type products. 

Carbaryl - Labeled PHI is 3 days. Typical PHI ranges from 10 to 20 days (4). Carbaryl is primarily used as a bait and only 
used on a minimal number of acres for worm control. When used, it is applied as a foliar treatment at an average rate of 2.0 lb. 
a.i. per acre (4). Research data and grower experience indicates that carbaryl is not an effective treatment for any of the worm 
species attacking leaf lettuce. Loss of foliar treatments of this insecticide would have little, if any, impact on worm resistance 
management and IPM programs. 

Endosulfan - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Endosulfan is applied as a foliar 
treatment at an average rate of 1.0 lb. a.i. per acre (4, 6). Use is limited in all regions, particularly in the coastal areas, by 
environmental constraints on the label. Loss of this product would impact aphid and worm resistance management and IPM 
programs, as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, pyrethroids, and 
IGRs) 

Lambda-cyhalothrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 21 days (4, 6). Lambda-cyhalothrin is applied as a 
foliar treatment at a typical rate of 0.03 lb. a.i. per acre (6). Loss of this product would impact worm resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Methomyl - Labeled PHI is 7 days at <0.5 lb. a.i. and 10 day PHI at >0.5 lb. a.i. use rate. Typical PHI ranges from 8 to 25 
days at <0.5 lb. a.i. and 15 to 40 days at >0.5 lb. a.i. use rate (4, 6). Methomyl is applied as a foliar treatment at an average 
rate of 0.9 lb. a.i. per acre (6). Loss of this product would impact worm resistance management and IPM programs as it is used 
as an alternative treatment to other products (e.g., organophosphates, pyrethroids, and IGR). Resistance to the beet armyworm 
has been documented in the desert, however, resistance varies with geographical production region. Use, where worm 
pressure is severe, could be significantly impacted if this product were no longer available. 

Permethrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 30 days (4, 6). Permethrin is applied as a foliar treatment at 
an average rate of 0.125 lb. a.i. per acre (6). Loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Spinosad - Labeled PHI is 1 day. Typical PHI ranges from 1 to 30 days (4). Spinosad is applied as a foliar treatment at an 
average rate of 0.1 lb. a.i. per acre (4). The loss of this product would impact worm resistance management and IPM programs 
as it is used as an alternative treatment to other products. (e.g., organophosphates, carbamates, pyrethroids, and IGRs). 

Tebufenozide - Labeled PHI is 7 days. Typical PHI ranges from 8 to 30 days (4). Tebufenozide is applied as a foliar 
treatment at an average rate of 0.125 lb. a.i. per acre (4). The loss of this product would impact worm resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and 
pyrethroids). 

Thiodicarb - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4). Thiodicarb is applied as a foliar treatment at 
an average rate of 0.75 lb. a.i. per acre (6). The loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products. (e.g., organophosphates, pyrethroids, and IGR). 

Tralomethrin - Labeled PHI is 3 days. Typical PHI ranges from 3 to 21 days (4, 6). Tralomethrin is applied as a foliar 



treatment at a typical rate of 0.02 lb a.i. per acre (6). Loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

OTHER INSECT PESTS

LEAFMINERS 

A number of species of leafminers affect leaf lettuce production. The Pea Leafminer (Liriomyza huidrobrensis) is the 
predominant species in the coastal regions, with L. trifolii affecting lettuce in other production areas. Populations of 
leafminers have increased in recent years, especially in the coastal regions and on fall harvested lettuce in the San Joaquin 
Valley. The larvae of leafminers mine lettuce leaves and cause serious problems with stand reductions at the cotyledon stage 
and crop quality and crop contamination at harvest. Although very low larval populations may be accepted on lettuce 
harvested in cartons, lettuce leaves contaminated with the larvae of this insect are not suitable for use in either packaged salad 
mixes or for export. 

The only material available for control of the larval stage of this insect is cyromazine, with plantback restrictions currently 
limiting its use. Reductions in adult fly populations may be achieved with foliar treatments of diazinon, lambda-cyhalothrin, 
permethrin and tralomethrin. However, these chemicals do not provide economic control of adults and do not control fly 
larvae (10). 

The control of adult flies is, at best, not an effective management technique. For example, under normal adult fly population 
conditions, achieving 90% control, which most of the aforementioned materials do not provide, still could result in 
populations in the range of 1/4 to 1/2 million flies per acre (10). 

Under normal population conditions, the larval treatments would be applied a total of 1 to 2 times and the adult materials a 
total of 1 to 3 times. Under high population pressure, total treatments would increase to 2 to 3 for larval control and 2 to 4 for 
adults. 

CONTROLS 

Biological 

CLRB funded research has identified resistance sources, and will be exploring the development of resistant germplasm. CLRB 
funded research is also exploring those factors affecting parasite abundance and the impact of parasite and predators on IPM 
programs for the management of leafminers. Initial results indicate that parasitism rates, even under IPM regimes, are very 
low and rarely above 5%. 

Chemical - Management of fly larvae 

Cyromazine - Labeled PHI is 7 days. Typical PHI ranges from 9 to 30 days (4). Cyromazine is applied as a foliar treatment at 
an average rate of 0.1 lb. a.i. per acre (4). Loss of this product would impact leafminer resistance management and IPM 
programs as it is the primary treatment for the control of leafminer larvae. Use is limited by plantback restrictions (e.g., 300 
days for brassica vegetables). 

Azadirachtin - Labeled PHI is 0 days. Typical PHI ranges from 1 to 25 days (4). Azadirachtin is applied as a foliar treatment 
at an average rate of 0.1 lb. a.i. per acre (4). Azadirachtin does not control leafminer larvae, but restricts their ability to pupate 
thus reducing overall field populations. 

Chemical - Management of adult flies 

Diazinon - Labeled PHI is 14 days. Typical PHI ranges from 15 to 35 days (4, 6). Diazinon is applied as a foliar treatment on 



a small percentage of the coastal acreage at an average rate of 0.5 lb. a.i. per acre (4). Loss of foliar treatments of this 
insecticide would impact aphid resistance management and IPM programs as it is used as an alternative treatment to other 
products (e.g., carbamates and pyrethroids). 

Lambda-cyhalothrin - labeled PHI is 1 day. Typical PHI ranges from 1 to 21 days (4, 6). Lambda-cyhalothrin is applied as a 
foliar treatment at a typical rate of 0.03 lb. a.i. per acre (6). Loss of this product would impact worm resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Permethrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 35 days (4, 6). Permethrin is applied as a foliar treatment 
on a small percentage of the coastal acreage at an average rate of 0.125 lb. a.i. per acre (4). Resistance to pea leafminer adults 
has been documented for permethrin in the coastal regions (2, 10). Loss of this product would impact worm resistance 
management and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates and 
carbamates). 

Tralomethrin - Labeled PHI is 3 days. Typical PHI ranges from 3 to 21 days (4, 6). Tralomethrin is applied as a foliar 
treatment at a typical rate of 0.02 lb a.i. per acre (6). Loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

LYGUS BUG (Lygus hesperus) 

This insect is a seasonal problem on lettuce, and is primarily a problem in the coastal regions during the late spring - early 
summer. Damage to lettuce foliage occurs as the result of feeding and leaf wounds (punctures), which can have a significant 
affect on lettuce quality, due in part to a toxin released during the feeding process. Very low populations of lygus bugs can 
cause serious quality problems at harvest, and significant leaf damage may result in individual heads being unmarketable. The 
primary materials used for this insect are diazinon, dimethoate, permethrin, malathion, and methomyl. When necessary, up to 
2 total treatments may be applied in the coastal regions on an annual basis. 

CONTROLS 

Biological 

There are no current methods of providing biological control for lygus bugs. 

Chemical 

Diazinon - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Diazinon is applied as a foliar treatment at 
an average rate of 0.5 lb. a.i. per acre (4). Loss of foliar treatments of this insecticide would impact aphid and lygus bug 
resistance management and IPM programs as it is used as an alternative treatment to other products (e.g., carbamates and 
pyrethroids). 

Dimethoate - Labeled PHI is 14 days. Typical PHI ranges from 15 to 30 days (4, 6). Dimethoate is applied as a foliar 
treatment at an average rate of 0.4 lb. a.i. per acre (4). Loss of this product would impact aphid and lygus bug resistance 
management and IPM programs as it is used as an alternative treatment to other products (e.g., carbamates and pyrethroids). 

Lambda-cyhalothrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 21 days (4, 6). Lambda-cyhalothrin is applied as a 
foliar treatment at a typical rate of 0.03 lb. a.i. per acre (6). Loss of this product would impact worm resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Malathion - Labeled PHI is 7 days. Typical PHI ranges from 8 to 30 days (4). Malathion is applied as a foliar treatment at an 
average rate of 1.25 lb. a.i. per acre (4). 



Methomyl - Labeled PHI is 7 days at <0.5 lb. a.i. and 10 day PHI at >0.5 lb. a.i. use rate. Typical PHI ranges from 8 to 25 
days at <0.5 lb. a.i. and 15 to 40 days at >0.5 lb. a.i. use rate (4, 6). Methomyl is applied as a foliar treatment at an average 
rate of 0.9 lb. a.i. per acre (4). Loss of this product would impact worm and lygus bug resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates and pyrethroids). 

Permethrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 30 days (4, 6). Permethrin is applied as a foliar treatment at 
an average rate of 0.125 lb. a.i. per acre (4). Loss of this product would impact worm and lygus bug resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates and carbamates). 

Tralomethrin - Labeled PHI is 3 days. Typical PHI ranges from 3 to 21 days (4, 6). Tralomethrin is applied as a foliar 
treatment at a typical rate of 0.02 lb a.i. per acre (6). Loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

WHITEFLIES 

Two primary whiteflies (Bemisia tabaci and B. argentifolii) transmit viruses that infect leaf lettuce. These insects cause 
serious problems, primarily in the desert regions, and under high populations, reduce lettuce stands, and/or cause severe plant 
stunting. Feeding by whiteflies also produces a sticky honeydew on the leaves upon which a black, sooty mold may develop. 
Whiteflies also are vectors of lettuce infectious yellows, and related viruses. The primary material used for these insects is an 
application of imidacloprid at planting. 

CONTROLS 

Biological 

Several wasps including those in the Encarsia and Eretmocerus genera parasitize whiteflies. 

Bigeyed bugs (Geocoris spp.) and larvae of lacewings (Chrysoperla spp.) feed on whitefly nymphs as does the lady beetle 
(Delphastus pusillius). 

The presence of parasites and predators minimally reduces populations of whiteflies, and economic control is not obtainable, 
due to high whitefly population levels. 

Chemical 

Imidacloprid - Labeled PHI is 21 days. Typical PHI ranges from 40 to 70 days (4). Imidacloprid is applied as an preplant, in-
furrow or post-seeding drench treatment at an average rate of 0.375 lb. a.i. per acre (4). Primary use in the coastal regions is a 
foliar treatment for aphids and in the desert as a soil treatment for the control of whiteflies. Loss of this product would impact 
aphid and whitefly resistance management and IPM programs. 

SOIL INSECTS 

The seed corn maggot (Delia platura), springtails (Order Collembola), and various cutworms (Agrotis ipsilon, Peridroma 
saucia, and Feltia subserranea) attack emerging seedlings, and present problems for a small percentage of lettuce acreage 
primarily in the coastal regions, where stand losses in individual fields can range from 50-75%. Diazinon granular is applied 
at planting, and is the only product registered for one or more of these pests at planting, while carbaryl bait is available for 
cutworm control. 

CONTROLS 



Biological 

Several soil dwelling arthropods may occasionally feed on soil pests, but none are effective in significantly reducing 
populations. 

Chemical 

Carbaryl - Labeled PHI is 3 days. Typical PHI ranges from 20 to 45 days (4). Carbaryl is typically applied as a bait treatment 
for the control of cutworms to a small percentage of the acreage at an average rate of 2.0 lb. a.i. per acre (4). Carbaryl is the 
only bait product registered for this use, and the loss of this material would result in an increase in losses from cutworms. 

Diazinon - Labeled use is as a preplant granular treatment. Typical PHI ranges from 45 to 75 days (4). Diazinon is applied as 
a preplant granular treatment at an average rate of 2.0 lb. a.i. per acre (6). Loss of the granular product would result in an 
increase in losses from soil insects as it is the only product registered for this use. 

WESTERN FLOWER THRIPS ( Frankliniella occidenttalis ) 

CONTROLS

This insect causes problems on a small percentage of the lettuce acreage in the state. Damage occurs in the form of leaf 
stippling and rib discoloration which affects quality at harvest. Thrips also cause problems as contaminants, especially on 
lettuce exported to Japan. The primary materials used for this insect are methomyl, and permethrin. 

Biological 

General predators such as minute pirate bugs (Orius spp.), bigeyed bugs (Geocoris spp.), and predatory thrips (Order 
Thysanoptera) feed on pest thrips. These predators usually only become common when populations of F. occidenttalis are 
well above damage thresholds, and thus are not effective management strategies. 

Chemical 

Lambda-cyhalothrin - labeled PHI is 1 day. Typical PHI ranges from 1 to 21 days (4, 6). Lambda-cyhalothrin is applied as a 
foliar treatment at a typical rate of 0.03 lb. a.i. per acre (6). Loss of this product would impact worm resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Methomyl - Labeled PHI is 7 days at <0.5 lb. a.i. and 10 day PHI at >0.5 lb. a.i. use rate. Typical PHI ranges from 8 to 25 
days at <0.5 lb. a.i. and 15 to 40 days at >0.5 lb. a.i. use rate (4, 6). Methomyl is applied as a foliar treatment at an average 
rate of 0.9 lb. a.i. per acre (4). Loss of this product would impact worm and lygus bug resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates and pyrethroids). 

Permethrin - Labeled PHI is 1 day. Typical PHI ranges from 1 to 40 days (4, 6). Permethrin is applied as a foliar treatment at 
an average rate of 0.125 lb. a.i. per acre (4). Loss of this product would impact worm and lygus bug resistance management 
and IPM programs as it is used as an alternative treatment to other products (e.g., organophosphates and carbamates). 

Tralomethrin - Labeled PHI is 3 days. Typical PHI ranges from 3 to 21 days (4, 6). Tralomethrin is applied as a foliar 
treatment at a typical rate of 0.02 lb a.i. per acre (6). Loss of this product would impact worm resistance management and IPM 
programs as it is used as an alternative treatment to other products (e.g., organophosphates, carbamates, and IGRs). 

Diseases



There are a number of soil and foliar diseases that affect leaf lettuce production in California (5). CLRB funded research will 
be concentrating on the development of leaf lettuce germplasm and/or cultivars with resistance to a number of diseases 
including, anthracnose, downy mildew, bacterial leaf spot, corky root, lettuce drop, verticillium wilt, and a number of viral 
diseases (e.g., lettuce mosaic virus, big-vein virus, and lettuce infectious yellows virus). 

The management of diseases is extremely critical to the production of leaf lettuce. Not only do diseases damage lettuce foliage 
(e.g, anthracnose, bacterial leaf spot, and downy mildew), they also contaminate lettuce as a result of tissue decay (e.g., lettuce 
drop and bottom rot) during shipment. The high quality standards currently in place in the leaf lettuce industry allow for 
minimal, if any, contaminated products reaching the market place as whole leaf lettuce plants. Quality standards are even 
higher for those products destined for sale as packaged salad mixes and for export, where product contamination is not 
acceptable. 

FUNGAL DISEASES 

Anthracnose (Microdochium panattonianum): This foliar disease is extremely devastating during prolonged wet periods. 
Anthracnose has not been an economic problem in lettuce production for a number of years, however, the extreme wet 
weather that occurred in the spring of 1998 resulted in a severe onset of this disease, especially in the coastal production 
regions, with losses in individual fields as high as 100%. Maneb, as a protective treatment, provides some degree of control, 
but the results of CLRB funded research showed that azoxystrobin and tebuconazole were much more effective than maneb. 
Azoxystrobin is the fungicide of choice for the control of this disease. CLRB funded research will be exploring the 
development of resistant germplasm and/or leaf lettuce cultivars. 

Bottom Rot (Rhizoctonia solani): This disease causes yield losses primarily in the San Joaquin Valley and desert production 
areas. Dicloran, iprodione, and vinclozolin provide some relief from this disease. Economic control, however, is seldom 
obtained and losses of up to 50% have been observed in individual fields in the desert (4). 

Downy Mildew (Bremia lactuca): This is the most serious foliar disease of leaf lettuce in California. It is found in all areas, 
but is more prevalent in the coastal regions. CLRB funded plant breeding programs will be concentrating on the development 
of leaf lettuce germplasm and/or cultivars with resistance to downy mildew. Unfortunately, this disease has the ability to 
overcome this type of resistance, and many of the originally resistant lettuce cultivars are no longer useful. Maneb and fosetyl-
al are the fungicides of choice for downy mildew control, with the number of foliar applications per acre per season ranging 
from none up to 4 in the coastal regions and from none up to 2 in the desert. Metalaxyl use has declined due to the ability of 
the fungus to become tolerant to this fungicide, and recent research has indicated that insensitivity to fosetyl-al also exists (2, 
12). Ground applications are the preferred method for applying fungicides, however, aerial treatments are also used, especially 
under wet field conditions. CLRB funded research has shown that the use of downy mildew resistant cultivars in combination 
with weather forecasting and models related to leaf wetness, rainfall, irrigation, and other downy mildew infection parameters 
has resulted in improvements in application efficiency and a reduction in fungicide use on iceberg lettuce and this system is 
being evaluated on romaine. 

Lettuce Drop (Sclerotinia minor and S. sclerotiorum): Lettuce drop is an extremely important disease of lettuce. Although 
both species may be present in all lettuce production regions, the soil borne species (S. minor) is more prevalent in the coastal 
production areas while the air borne species (S. sclerotiorum) is more prevalent in the San Joaquin Valley and desert regions. 
S. minor populations occur in most production regions and the sclerotia of this species may remain viable in the soil for 
prolonged periods (e.g., up to 8 to 10 years). Soil applied fungicides such as dicloran, iprodione, and vinclozolin provide some 
relief from this disease, but timing of applications is extremely critical to achieving economic control. Under normal disease 
conditions, approximately 66 to 75% of the lettuce acreage is treated for lettuce drop, and even with the use of these 
fungicides losses from this disease range from 5 to 40%. CLRB funded research will be exploring the development of resistant 
leaf lettuce cultivars. 

Powdery mildew (Erysiphe cicoracearum): Powdery mildew is primarily a problem in the desert production regions during 
the winter months. Sulfur is the primary treatment for powdery mildew control. 



Verticillium Wilt (Verticillium dahliae): Verticillium wilt has only recently been identified as a disease of leaf lettuce, and the 
current known infestation is limited to Monterey and Santa Cruz Counties. Methyl bromide and chloropicrin treatments may 
reduce soil infestations of this disease. 

The following information is provided to indicate the importance of each individual disease by production region (8):  
 
 

PEST
SB/SC/SC/

MO  SB/SLO  FT/KE  IM/RIV

P S O  P S O  P S O  P S O
Anthracnose  X     X    X    X 
Bottom Rot  X     X    X   X 
Downy Mildew X    X     X     X 
Lettuce Drop X    X    X     X 
Powdery Mildew   X    X   X   X 
Verticillium Wilt   X    NA    NA    NA 
 
The four major production regions by county are:San Benito, Santa Clara, Santa Cruz, & 
Monterey (SB/SC/SC/MO); Santa Barbara & San Luis Obispo (SB/SLO); Fresno & Kern 
(FR/KE); and Imperial & Riverside (IM/RIV). 

The importance categories are: P = Primary; S = Secondary; and O = occasional.  
NA indicates that the listed pest is not yet known to be a problem in that region. 

 
CONTROLS 

Biological 

CLRB funded research will be developing germplasm and/or leaf lettuce cultivars with varying degrees of resistance to downy 
mildew. CLRB funded research will also be exploring the development of resistance to anthracnose, lettuce drop, and 
verticillium wilt. 

CLRB funded research has shown that lettuce drop caused by S. minor can be reduced by the use of drip irrigation and also by 
a crop rotation with broccoli. Both of these techniques are used when not constrained by economics and/or crop rotation 
practices. 

Chemical - Foliar Disease Management 

Copper - Although not labeled as such, there is 2 day PHI which is related to the REI of 48 hours. Copper is applied as a 
foliar treatment at 1.5 lb. a.i. per acre (4). Copper does not provide economic control of downy mildew or anthracnose. 
Applications of copper can be injurious to lettuce, especially under periods of excessive leaf moisture. Injury from copper is 
exacerbated when it is combined with acid-based products (e.g. fosetyl-al) and these types of mixtures should be avoided (5). 

Fosetyl-al - 3 day PHI. Typical PHI ranges from 3 to 30 days (4, 6). Fosetyl-al is applied as a foliar treatment at an average 
rate of 2.75 lb. a.i. per acre (4). Loss of this product would impact downy mildew resistance management and IPM programs 
as it is used as an alternative treatment to maneb. Fosetyl-al also may be used closer to harvest (3 day PHI) than maneb (14 
day PHI) and thus is available to maintain lettuce quality just prior to harvest. Recent research indicates possible downy 
mildew insensitivity to fosetyl-al (2,12). 



Maneb - 14 day PHI. Typical PHI ranges from 14 to 30 days (4, 6). Maneb is used as a preventative fungicide and is applied 
as a foliar treatment at an average rate of 1.6 lb. a.i. per acre (6). Maneb is the current product of choice for downy mildew 
management, and the loss of this product would impact resistance management and IPM programs as it is used as an 
alternative treatment to fosetyl-al. Maneb use is somewhat restricted by the number of total applications (i.e., 4) allowed per 
crop, and due to the 14 day PHI. 

Metalaxyl - Labeled PHI is 7 days. Typical PHI ranges from 9 to 25 days (4, 6). Metalaxyl is applied as a foliar treatment at a 
typical rate of 0.125 lb. a.i. per acre (4). Label restrictions only allow use in a tank mixture with full labeled rates of other 
fungicides. Insensitivity of downy mildew to metalaxyl has been documented (2). 

Sulfur - Although not labeled as such, there is a 1 day PHI which is related to the REI of 24 hours on individual labels. Sulfur 
is applied as a foliar treatment at a typical rate of 4.0 lb. a.i. per acre (4). Sulfur is currently the only labeled product for the 
control of powdery mildew. The degree of control with sulfur is influenced by temperature, and the warmer the temperature, 
the better the control. Sulfur can cause phytotoxicity following repeated applications. 

Chemical - Soil Disease Management 

Dicloran - 14 day PHI. Typical PHI ranges from 25 to 45 days (4, 6). Dicloran may be applied either preemergence and 
immediately after thinning at an average rate of 2.5 lb. a.i. per acre for the control of S. sclerotiorum or immediately after 
thinning at an average rate of 3.5 lb. a.i. per acre for the control of S. minor (4). Usually only 1 application is made to an 
individual lettuce crop. Dicloran is one of three fungicides (iprodione and vinclozolin are the others) used in rotation for the 
control of lettuce drop in the coastal regions. Even with fungicides use, losses from this disease range from 5-20%, and the 
loss of any one of these fungicides would have serious economic impacts on leaf lettuce production (4). 

Iprodione - 14 day PHI. Typical PHI ranges from 25 to 40 days (4, 6). Iprodione may be applied at the three leaf stage to just 
after thinning and again 10 days later at 1.0 lb. a.i. per acre (4). Usually only 1 application is made to an individual lettuce 
crop. Iprodione is one of three fungicides (dicloran and vinclozolin are the others) used in rotation for the control of lettuce 
drop in the coastal regions. Even with fungicide use, losses from this disease range from 5-20%, and the loss of any of one of 
these fungicides would have serious economic impacts on leaf lettuce production (4). 

Methyl Bromide - PHI is restricted by use prior to planting. Methyl Bromide (MeBr) and chloropicrin are applied in 
combination as a soil treatment prior to planting at 250 lb. a.i. per acre MeBr and 120 lb. a.i. of chloropicrin per acre (4). 
Methyl Bromide and chloropicrin are used on a minimal acreage to provide control of verticillium wilt and lettuce drop (e.g., 
S. minor ), but the costs of treatment limit their use. 

Vinclozolin - 28 day PHI. Typical PHI ranges from 30 to 45 days (4, 6). Vinclozolin is applied immediately after thinning 
with additional treatments based on weather conditions at 1.0 lb. a.i. per acre (4). Usually only 1 application is made to an 
individual lettuce crop. Vinclozolin is one of three fungicides (dicloran and iprodione are the others) used in rotation for the 
control of lettuce drop in the coastal regions. Even with fungicide use, losses from this disease range from 5-20%, and the loss 
of any of one of these fungicides would have serious economic impacts on leaf lettuce production (4). 

BACTERIAL DISEASES 

Bacterial Leaf Spot - (Xanthomonas campestris pv. vitians): This foliar bacterial disease has become more prevalent in the last 
3 to 5 years, especially in the coastal production areas. CLRB funded research will be exploring the development of resistant 
germplasm and/or leaf lettuce cultivars, and other economic means of controlling this disease. Copper may provide some 
relief from this disease, but the conditions that favor disease development also tend to cause phytotoxicity following copper 
treatments. 

Corky Root - (Rhizomonas suberifaciens): This soil borne bacterial disease is primarily a problem in areas that have been 
continually farmed in lettuce over an extended period of time. The primary means of controlling this disease are through the 



introduction of leaf lettuce cultivars with corky root resistance, and CLRB funded research will be exploring the development 
of resistant germplasm and/or leaf lettuce cultivars, and other economic means of controlling this disease. Crop rotation also 
reduces soil populations of this disease. 

CONTROLS 

Biological 

CLRB funded research will be developing germplasm with resistance to bacterial leaf spot. CLRB funded research will also 
be exploring various methods of control of bacterial leaf spot, including the potential to determine if lettuce seed is pathogen-
free, or if there is an economical seed treatment that will eliminate this disease. 

CLRB funded research will be exploring the development of germplasm and/or leaf lettuce cultivars with resistance to corky 
root. 

Crop rotation with brassica species (e.g., cole crops) or cover crops has been shown to reduce soil populations of corky root. 
Both of these techniques are used when not constrained by economics and/or crop rotation practices. 

Chemical 

Copper - Although not labeled as such, there is 2 day PHI which is related to the REI of 48 hours. Copper is applied as a 
foliar treatment at 1.5 lb. a.i. per acre (4). Copper is only marginally effective as a foliar treatment for Bacterial Leaf Spot. 
Applications of copper can be injurious to lettuce, especially under periods of excessive leaf moisture. Injury from copper is 
exacerbated when it is combined with acid-based products (e.g. fosetyl-al) and these types of mixtures should be avoided (5). 

VIRAL DISEASES 

Beet Western Yellows Virus (BWYV): BWYV is transmitted by a number of aphids with the green peach aphid being the 
most important vector. CLRB funded research will be exploring the development of germplasm with resistance to this virus. 

Lettuce Big Vein (LBV): LBV is associated with a soil borne fungus and is present in all lettuce regions. CLRB funded 
research will be exploring the development of germplasm with resistance to this virus. At the present time the only control for 
this virus is the use of tolerant cultivars. 

Lettuce Infectious Yellows Virus (LIYV): LIYV has been an extremely destructive virus in the desert production regions and 
is transmitted by whiteflies. LIYV is currently not a problem due to the use of imidacloprid and a change in whitefly 
populations that is presently dominated by one species which is not an efficient vector of this disease. 

Lettuce Mosaic Virus (LMV): LMV is transmitted by the green peach aphid, and can be an extremely serious virus on leaf 
lettuce. LMV is currently under acceptable economic control through the use of a seed testing program, use of virus free seed, 
some leaf lettuce resistant cultivars, and a lettuce free period. 

The following information is provided to indicate the importance of each individual virus by production region (4, 8): 

 
 
 

PEST
SB/SC/SC/MO  SB/SLO  FT/KE  IM/RIV
P S O  P S O  P S O  P S O

BWYV   X    X   X    X 



LBV  X    X    X    X 
LIYV   NA    NA    NA   X 
LMV X     X   X      X 
 
The four major production regions by county are: San Benito, Santa Clara, Santa Cruz, & 
Monterey (SB/SC/SC/MO); Santa Barbara & San Luis Obispo (SB/SLO); Fresno & Kern 
(FR/KE); and Imperial & Riverside (IM/RIV). 

The importance categories are: P = Primary; S = Secondary; and O = occasional. 
NA indicates that the listed pest is not yet known to be a problem in that region. 

 
CONTROLS 

Biological 

CLRB funded research will be exploring the development of germplasm and/or leaf lettuce cultivars with resistance to 
BWYV, LBV and LMV. CLRB funded research is also exploring leaf lettuce resistance to LIYV and related viruses. 

LMV is primarily controlled through the use of virus-indexed seed. The most common techniques involve enzyme-linked 
immunosorbent assay (ELISA). Monterey and Imperial counties have ordinances that require LMV testing for all leaf lettuce 
seed lots. There is also a lettuce free period in Monterey County. 

Chemical 

There are no known chemical controls for viruses other than reducing the insect vectors that transmit them. 

Nematodes

Nematodes are seldom an economic pest of leaf lettuce in California. 

Weeds

Weed control is essential, as weeds can increase production costs, and cause yield losses in leaf lettuce. Annual broadleaf and 
grassy weeds are the predominant problems in lettuce fields. The primary losses occur from competition with the crop for 
nutrients and water during stand establishment and production, and loss of plants during thinning and hand weeding 
operations. Weed populations serve as hosts for insects that feed on adjacent lettuce plants and/or transmit viruses. Herbicides 
are usually applied with ground equipment or occasionally through sprinkler systems. Aerial applications are used on 
occasion, but are primarily restricted to preplant or fallow bed treatments during specific periods (e.g., wet fields) in which 
ground equipment cannot be used. 

There are only a limited number of herbicides available for use in controlling weeds in leaf lettuce. The wide range of 
production areas and the extreme diversity of weed species allow for many problems in maintaining acceptable control during 
the production season. No individual herbicide or combination of materials will control all weed species under all production 
conditions and soil types. 

Weed management is extremely critical to the production of leaf lettuce. If not controlled, weeds increase the cost of 
production due to increases in the time required for their removal. Individual weeds (e.g., burning nettle) can also create 
problems at harvest, while weed foliage can contaminate lettuce. The high quality standards currently in place in the leaf 
lettuce industry allow for minimal, if any, contaminated products reaching the market place as whole lettuce plants. Quality 



standards are even higher for those products destined for sale as packaged salad mixes and for export, where product 
contamination from any source is not acceptable. 

CONTROLS 

Biological/Cultural 

There are no current methods of providing biological control for either annual or perennial weeds that infest leaf lettuce. 

Cultivation and hand weeding are used on leaf lettuce following crop emergence. Hand weeding is done in conjunction with 
the thinning operation, which occurs early in the production cycle, and usually once more later in the season. Mechanical 
cultivation of the bed top and furrow areas, is often done in conjunction with an application of fertilizer. Weeding and 
cultivation crews require careful supervision to reduce the potential for yield reductions resulting from plant damage or the 
loss of lettuce plants during these operations. Under normal plant-population conditions, losses of one plant per 10 bed feet 
can result in yield reductions of approximately 50 cartons per acre. 

Chemical 

Control of weeds prior to planting is usually accomplished through the normal preplant ground preparation procedures or with 
preplant or fallow bed treatments of glyphosate, oxyfluorfen, or paraquat. The use of herbicides in this period varies from year 
to year primarily depending upon weather conditions, with increased use during wet periods when cultivation is not possible. 
In most instances, herbicide use at this time is followed by a light cultivation to destroy any remaining plant material prior to 
planting. 

Pronamide is the most widely used herbicide on lettuce in California. It is used in all production areas, and is the predominant 
material used in the coastal regions for annual broadleaf weed control. Pronamide is usually applied postplant-preemergence 
as a banded bed-top treatment followed by sprinkler irrigation. Its use is restricted to one application per crop. Benefin and 
bensulide are two other broadleaf herbicides used in California with their use more prevalent in the San Joaquin Valley or 
desert production areas. Sethoxydim is used on a small percentage of the acreage where grassy weeds present problems. 

Fallow Bed Uses 

Glyphosate - PHI is restricted by use as a fallow bed treatment prior to planting. Glyphosate is applied as a preplant - fallow 
bed treatment prior to planting at an average rate of 1.0 lb. a.i. per acre (4). Glyphosate is used on a minimal number of acres, 
with increased use under wet conditions. 

Oxyfluorfen - PHI is restricted by use as a fallow bed treatment prior to planting, which requires 90 (i.e., up to 0.25 lb. a.i. 
rate) and 120 (i.e., up to 0.5 lb. a.i. rate) day intervals between treatment and planting. Oxyfluorfen is applied as a preplant - 
fallow bed treatment prior to planting at an average rate of 0.5 lb. a.i. per acre (4). Oxyfluorfen is used on a minimal number 
of acres in California. 

Paraquat - PHI is restricted by use as a fallow bed treatment prior to planting. Paraquat is applied as a preplant - fallow bed 
treatment prior to planting at an average rate of 0.9 lb. a.i. per acre (4). Paraquat is used on a minimal number of acres in 
California. 

Preplant, Preemergence, or Postemergence Uses 

Benefin - PHI is restricted by use as a preplant incorporated treatment. Typical PHI ranges from 55 to 90 days (4). Benefin is 
applied as a preplant incorporated treatment at an average rate of 0.9 lb. a.i. per acre (6). The loss of this product would have 
an economic impact on the production of lettuce in the San Joaquin Valley and desert areas. 



Bensulide - PHI is restricted by use as either a preplant or a preemergence treatment at planting. Typical PHI ranges from 55 
to 90 days (4). Bensulide is applied as either a preplant or preemergence treatment at an average rate of 5.0 lb. a.i. per acre (6). 
The loss of this product would have an economic impact on the production of lettuce in the desert areas, and would also 
impact a percentage of the summer coastal production regions where it is combined with pronamide (11). 

Metam-sodium - PHI is restricted by use as a preplant treatment. Typical PHI ranges from 90 to 120 days (4). Metam-sodium 
is applied as a preplant treatment at an average rate of 130 lb. a.i. per acre (4). Metam-sodium is used on a minimal number of 
acres in California. 

Pronamide (propyzamide) - Labeled PHI is 55 days. Typical PHI ranges from 55 to 90 days (4). Pronamide is applied as a 
preemergence treatment at an average rate of 1.0 lb. a.i. per acre (4, 6). The loss of this product would have serious economic 
impacts on the production of lettuce in all regions, but particularly in the coastal areas, where the two other available 
herbicides are not as effective (4, 11). 

Sethoxydim - Labeled PHI is 30 days. Typical PHI ranges from 35 to 55 days (4). Sethoxydim is applied as a postemergence 
treatment at an average rate of 0.3 lb. a.i. per acre (4). Sethoxydim use is restricted to the control of grassy species. 
Sethoxydim is used on a minimal number of acres in California. 

Contacts

Edward A. Kurtz 
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Appendix 1 LEAF LETTUCE PESTICIDE USE IN CALIFORNIA IN 1999 (LB AI) 

COMPOUND
COASTAL 
POUNDS 

AI

COASTAL 
%

SJ 
VALLEY 
POUNDS 

AI

SJ 
VALLEY 

%

DESERT 
POUNDS 

AI

DESERT 
%

TOTAL 
POUNDS 

AI

AZADIRACTIN 124 85 7 5 15 10 146 

AZOXYSTROBIN 1,059 94 21 2 48 4 1,128 

BT (ALL) 1,152 65 307 17 308 18 1,787 

BENEFIN 588 20 550 19 1,790 61 2,928 

BENSULIDE 12,532 41 404 1 17,768 58 30,804 

CARBARYL 89 56 56 35 14 9 159 

CU HYDROXIDE 265 95 3 1 12 4 280 

CYROMAZINE 250 87 36 13 0 0 286 

DIAZINON 41,170 88 2,061 4 3,636 8 46,867 

DICLORAN 13,641 97 464 3 0 0 14,105 

DIMETHOATE 9,754 92 235 2 651 6 10,640 

DISULFOTON 838 71 0 0 345 29 1,183 

ENDOSULFAN 3,131 44 3,882 54 152 2 7,165 

FOSETYL-AL 55,114 98 407 1 328 1 55,849 

GLYPHOSATE 426 74 40 7 108 19 574 

IMIDACLOPRID 9,082 84 315 3 1,443 13 10,840 



IPRODIONE 16,878 93 703 4 556 3 18,137 

L-
CYHALOTHRIN 415 60 4 0 268 39 687 

MALATHION 14,964 99 0 0 40 1 15,004 

MANEB 135,478 88 15,449 10 3,470 2 154,395 

MEFENOXAM 419 68 128 21 72 11 619 

METALAXYL 118 100 0 0 0 0 118 

METAM-SODIUM 40,109 31 4,592 3 86,747 66 131,448 

METHOMYL 23,281 69 1,562 5 9,084 26 33,927 

METHYL 
BROMIDE 26,749 56 5,701 14 14,724 30 48,174 

OXFLUORFEN 4 50 0 0 4 50 8 

PARAQUAT 143 31 182 39 142 30 470 

PERMETHRIN 9,902 73 780 6 2,942 21 13,624 

PIP BUTOXIDE 795 97 21 2 5 1 821 

PROPYZAMIDE 26,478 80 2,400 7 4,349 13 33,225 

PYRETHRINS 117 93 6 5 3 2 126 

ROTENONE 94 87 10 9 4 4 108 

SETHOXYDIM 14 35 0 0 26 65 40 

SPINOSAD 1,557 45 69 2 1,849 53 3,475 

SULFUR 2,946 74 0 0 1,017 26 3,964 

TEBUFENOZIDE 351 71 10 2 135 27 496 

THIODICARB 953 57 38 2 675 41 1,666 

TRALOMETHRIN 704 97 16 2 6 1 726 

VINCLOZOLIN 4,426 69 1,495 23 476 8 6,397 


