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General Production Information

●     California produced 91% of all commercially grown broccoli in the United States in 1997 and 1998 (NASS, 1999). 
●     Commercial broccoli acreage harvested in California was 119,000 acres in calendar year 1997 and 121,000 acres in 

1998 (NASS, 1999). 
●     Broccoli production in California totaled 773,500 tons in 1997 and 847,000 tons in 1998 (NASS, 1999). 
●     Total value of California broccoli was $431,301,000 in 1997 and $502,875,000 in 1998 (NASS, 1999). 
●     An estimated 90% of 1997 broccoli went to the fresh market, 5% was processed, and 5% went to the food service 

market (CASS, 1998). 
●     Total production costs for broccoli was projected to be $1,104.25/ac for 1998-99 (VRIC, 1999).

 

Production Regions

California’s 119,000 broccoli production acres in 1997 were located in four growing regions: Central Coastal, South Coastal, 
San Joaquin Valley, and South Eastern (Desert).

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



Central Coast 
The Central Coastal region is the most important broccoli growing area within the state, and contributes 60% of California’s 
total broccoli production. The crop is grown throughout the year in this region. The majority of this production comes from 
Monterey county, followed by San Luis Obispo, San Benito, and Santa Clara counties (CASS, 1998).

South Coast 
The South Coastal region grows 23% of California broccoli (CASS, 1998). This production is predominantly in Santa Barbara 
county. The crop is grown throughout the year in this region.

South Eastern Desert 
The South Eastern Desert counties of Riverside and Imperial grow 9% of California broccoli (CASS, 1998). Broccoli in this 
region is typically planted from September 1 through January 1, for a harvest period from the end of November extending to 
April 1. Growers in this region produce about half their broccoli for the fresh market.

San Joaquin Valley 
Inland, the San Joaquin Valley region contributes 8% of California broccoli production (CASS, 1998). The crop is typically 
planted in August for a fall harvest, and in November or December for a harvest the following spring. The location of most of 
the broccoli acreage in this region is Fresno County.

Sum of Others 
California County Agricultural Commissioners’ data also includes acreage, without production tonnage, for unidentified 
counties which commissioners list as "Sum of Others." Based on pesticide usage data, most of this acreage appears to be 
located in Kern (San Joaquin Valley region) and Santa Cruz (Central Coastal region) counties, with a small amount also located 
in San Bernardino and San Joaquin counties. However, total unidentified acreage is less than 1% of the total California acreage, 
and no attempt is made to estimate the missing amounts in calculating regional percentages.

Other States 
The Desert region, referred to as the "Imperial Valley" in California, extends into western Arizona’s Yuma Valley. Arizona 
produces broccoli from late August through February, and contributes 8% of U.S. broccoli production. Texas is a minor 
contributor of broccoli, producing less than 1% of total U.S. production in 1997 (NASS, 1999).

 

 

 

Cultural Practices

Broccoli (Brassica oleracea, Italica group) belongs to the Cruciferae family (mustard), comprising cabbage, broccoli, 
cauliflower, Brussels sprout, mustard and rape seed. Broccoli is an annual crop which grows best at temperatures between 15 to 
20°C, developing uniformly at cool to moderate temperatures. Broccoli cultivars mature in as little as 50 days when 
transplanted, or as much as to 130 days when direct seeded. (Rubatzky, 1997).

Currently there are over 25 commercially used broccoli varieties for fresh market, and approximately 10 varieties for the 
processing industry (OSU, 1998).

Broccoli grows best on soils at a pH of 6.0 to 6.8. It can be grown on all soil types, but is more commonly found in heavier 
soils. In the coastal regions, two or more broccoli crops per year are commonplace, in rotation with lettuce or celery. In the 
Desert, usually only one broccoli crop per year is grown, in rotation with tomato or melon.



Conventional ground preparation for broccoli includes, flail mowing the previous crop, disking, ripping, plowing, multiple 
disking, land planing, listing, bed shaping, and finally planting. Fertilizer is applied during or after land planing, or during 
listing. When pre-emergent fertilizers are applied, it is done after land planing, but prior to disking for incorporation.

Broccoli is both direct seeded and transplanted, but the majority is direct seeded. The coastal areas transplant approximately 
one third of their broccoli acreage, whereas this proportion drops to approximately 10% in the Desert. Growers in the inland 
San Joaquin Valley areas of California, generally direct seed all their broccoli. The advantage to transplanting broccoli is a 
savings of at least 3 weeks growing time in the field. (Splittstoesser, 1990). Transplanting can add up to $600/acre to growing 
costs, but this can be offset by a savings in thinning and weeding expenses.

In California, broccoli is grown on double row 36 inch to multiple-row 80 inch beds. The common system is on elevated beds 
at 40 inch centers. This produces a plant population of approximately 42,000 plants/acre. A new trend in the coastal districts is 
the use of high density broccoli plantings at 80-inch centers. In this system, six plant lines are used per bed, resulting in a plant 
population greater than 60,000 plants/ac. In the Desert districts of Imperial County, California and Yuma, Arizona, the most 
common spacing is 42 in. In-row spacing of plants (plant-to-plant distance) is usually between 7 to 9 inches for both direct 
seeded and transplanted broccoli. The exception of this is in the Desert, where an in-row spacing of direct seeded broccoli is 5 
to 7 inches.

Both direct seeded and transplanted broccoli are established by sprinkler irrigation. Sprinkler irrigation incorporates herbicides 
and fertilizers, stabilizes the planting beds, and reduces the transpiration loss of the seedlings. In the Desert, sprinkler irrigation 
is used to cool seeds and prevent desiccation and seedling injury from high temperatures. Once established, broccoli may either 
be furrow, sprinkler or drip irrigated.

Fertilizer requirements for broccoli vary depending on the soil type. Nitrogen is applied at ranges of 75 to 200 pounds per acre. 
Approximately 50 pounds of nitrogen is applied as a pre-plant fertilizer, with the remaining nitrogen applied as a side dressing 
during the growing season. Phosphorus is also applied as a pre-plant fertilizer ranging from 50 to 250 pounds of P205, or lower 
rates applied post planting (UC, 1997). While fertilization programs for broccoli vary, it is generally known that excessive 
amounts of nitrogen can cause adverse plant responses such as delayed or poor head development (Rubatzky, 1997).

Minimum-till farming methods can also be used for broccoli. In the South Coast, this usually is done following a lettuce crop. 
In this system, lettuce is mowed down after harvest, and the field is watered and cultivated, including the bed tops. Broccoli is 
then transplanted into existing beds. Cultivation of furrows and chemical weeding with ammonium nitrate or other saline 
fertilizer solution is then used to control weeds after planting.

 

 

Insect Pests

Cabbage Aphid, Brevicoryne brassicae

The cabbage aphid is a major pest to all cole crops throughout California and Arizona. Cabbage aphid can be found throughout 
the year in the coastal growing regions, but infestations from April through September tend to be more problematic. In the 
Desert, aphid infestations commonly occur from January through April. In the San Joaquin Valley, sporadic populations can 
occur throughout the growing season.

Adult females asexually produce live offspring and populations can increase to damaging levels very rapidly. Developing 
populations form dense colonies on younger broccoli leaves and can be particularly injurious when they infest flowering plant 
parts which are harvested as florets. As many as 21 generations per year can occur in warmer climates. When populations 



become numerous, winged forms are produced, which then disperse and re-infest new plants (UC, 1987).

Generally the cabbage aphid is gray green in appearance with a waxy bloom. Aphids are sap sucking insects 1/16 to 1/8 inch 
long and feed by inserting a stylet into the plant’s vascular system and sucking cell sap, causing the leaves to become curled 
and crinkled. If untreated, moderate levels of infestation will cause yellowing and stunted plant growth, and the presence of 
aphids on the commodity at harvest constitutes adulterated, unmarketable product. Damage from larger infestations can result 
in death of the plant.

Chemical Control: 
The peak period for applications of insecticide to control crop damage from cabbage aphid infestation is the mid-late growth 
stage when the head is forming. Once the insect is established in the head, insecticide efficacy is greatly diminished, and crop 
marketability is compromised.

Chemical control of aphid on California broccoli is dominated by the organophosphate (OP) class of compounds. Oxydemeton-
methyl (Metasystox-R) is highly effective, and is the material of choice for control of established aphid populations. However, 
while 1997 Aggregate Treated Acreage for this chemical decreased by 14% from its 1995 level, usage of the non-OP systemic 
insecticide imidacloprid increased by 165% during the same period (DPR, 1996). This, together with Pest Control Advisors’ 
statements, indicates that oxydemeton-methyl is being replaced to some extent by imidacloprid (although the latter compound 
is also used for control of whitefly in the desert). Nevertheless, late-season efficacy of the preplant formulation of imidacloprid 
(Admire) is reduced in heavier soils, and the foliar formulation (Provado) is not considered highly efficacious. Imidacloprid 
alone, then, cannot completely control cabbage aphid, requiring the continued use of oxydemeton-methyl or dimethoate late-
season to insure aphid-free florets. In any case, OP usage is currently required to provide resistance management relief for 
imidacloprid.

Oxydemeton-methyl [OP]

�❍     Trade Name & Formulation: Metasystox-R Spray Concentrate (25%) 
�❍     Typical Application Timing & Frequency: One to two applications, mid to late season. Label restricts 

applications to 3 times/season. 
�❍     Typical Application Rate & Method: Ground or air at 0.50 lb ai/ac (label maximum). Label restricts applications 

to 3 times/season. 
�❍     REI & PHI: 48 hours restricted entry, extended to 72 hours where average rainfall is less than 25 inches per year; 

7 days pre-harvest interval.

Oxydemeton-methyl (Metasystox-R) was the most commonly used material for aphid control in 1997. In terms 
of pesticide Aggregate Treated Acreage, at 90,249 ac it ranked second only to esfenvalerate (Asana) that year 
(see Appendix 1, Terminology, Aggregate Treated Acreage). 1996 Coverage of California broccoli with 
oxydemeton-methyl was 60% (see Appendix 1, Terminology, 1996 Coverage).

Usage Intensity, expressed as an index derived from the ratio of Aggregate Treated Acreage to planted acreage 
(see Appendix 1, Terminology, Usage Intensity), was highest in the coastal growing regions. The Usage Intensity 
(UI) indices were 89 in the Central Coast and 93 in the South Coast, vs. 2 in the desert and 10 in the San Joaquin 
Valley. The high coastal Usage Intensity is the result of greater aphid pressure in those regions.

Oxydemeton-methyl is a systemic insecticide that is applied as a primary aphicide and as a follow-up treatment 
to a pre-plant soil application of imadcloprid (Admire). It is often tank-mixed with other pesticides, and is used 
as a so-called "rescue treatment" when cabbage aphid populations are out of control. It is also used as a rotational 
aphicide with dimethoate and imidacloprid in cabbage aphid resistance management.

Dimethoate [OP]

�❍     Trade Name & Formulation: Dimethoate 400 (Liquid) is commonly applied. Other formulations such as 2.67 EC 



and 4 EC are also used. 
�❍     Typical Application Timing & Frequency: One or two late season applications. 
�❍     Typical Application Rate & Method: Ground applications, at 0.48 lb ai/ac on the coast (label maximum is 0.50 lb 

ai/ac); average rates in the desert and San Joaquin Valley are lower (0.38 lb in the Desert and 0.36 lb ai/ac in the 
SJ Valley). 

�❍     REI & PHI: 48 hours restricted entry; 7 days pre-harvest interval.

Dimethoate was applied to 50,933 aggregate acres in 1997. It was the fifth most applied pesticide on broccoli, 
and was second to oxydemeton-methyl as the most commonly used material for aphid control. As with 
oxydemeton-methyl, usage of this material is concentrated in the coastal regions. However, the difference in 
Usage Intensity is not as great, as indicated by the UI indices: 44 for the Central Coast and 56 for the South 
Coast, vs. 21 for the Desert and 17 for the San Joaquin Valley.

1996 Coverage was 35% (NASS, 1997).

Dimethoate is an organophosphate used only for aphid control. It is moderately efficacious and is sometimes 
used on row ends when imidacloprid (Admire) pre-plant soil applications have not been made uniformly. 
Dimethoate is frequently applied in combination with oxydemeton-methyl as a "rescue treatment," and is also 
applied as a rotational treatment with oxydemeton-methyl and imidacloprid for resistance management.

Imidacloprid (Foliar Spray) See also Silverleaf Whitefly

�❍     Trade Name & Formulation: Provado 1.6 F 
�❍     Typical Application Timing & Frequency: Applied once per season, but most usage is towards the end of the 

season to capitalize on this product’s short PHI. 
�❍     Typical Application Rate & Method: Foliar application at rates of 0.05 lb ai/a. Label restricts foliar use to a total 

of 0.23 lb ai/ac per year, and prohibits applications through irrigation system. 
�❍     REI & PHI:12 hours restricted entry; 7 days pre-harvest interval.

Provado was used as a foliar spray for aphid on 27% of California broccoli acreage in 1997, primarily on the 
Central Coast. This moderate usage (relative to the OPs oxydemeton-methyl and dimethoate) against a key pest 
may be explained by poor efficacy of this systemic material as a foliar application, as indicated by the 
manufacturer’s label: "Provado 1.6 Flowable will not knock down heavy aphid or whitefly populations." 
However, it is an important resistance management material.

Imidacloprid (Soil Treatment) See also Silverleaf Whitefly

Usage of the soil treatment formulation of imidacloprid (Admire 2F) was predominantly in the Desert, where it is 
used to control whitefly. Admire is applied to a limited extent on the Coast, but growers in that region generally 
consider it to be a cost-prohibitive approach to cabbage aphid control (Mason, 1999, personal communication). 
Usage in the San Joaquin Valley, where it is sometimes applied through the drip irrigation system as the buds 
begin to form, is minimal. Usage Intensity indices for the four growing regions highlight the Desert emphasis, 
and indicate that the target pest for the soil treatment formulation is overwhelmingly whitefly: Central Coast, 3; 
South Coast, 5; SJ Valley, 6; Desert, 78.

Manufacturer’s labels for Admire and Provado limit total imidacloprid (soil applications + foliar applications) to 
a cumulative 0.50 lb ai/ac per year.

Naled [OP]

�❍     Trade Name & Formulation: Dibrom 8E 
�❍     Typical Application Timing & Frequency: Applied prior to harvest as a "clean-up" aphicide. 



�❍     Typical Application Rate & Method: Aerial or ground applications at 1.52 lb ai/ac. 
�❍     REI & PHI: 24 hour restricted entry; 1 day pre-harvest interval.

In 1997, naled was utilized to help control the outbreak of diamondback moth in the Coastal regions and the San 
Joaquin Valley. It was applied to 21,770 ac. After the registration of spinosad (Success) for broccoli that year, 
naled was no longer used as a tank mix with primary pesticides for DBM. However, due to a relatively short 
PHI, naled continues to be used to control persistent cabbage aphid, cabbage looper, and several other insects 
populations just prior to harvest.

Naled was not applied in the Desert in 1997, owing to its tendency to be phytotoxic in warmer temperatures.

1996 Coverage was 7% (NASS, 1997).

Chlorpyrifos [OP] See also Beet Armyworm, Cabbage Looper, Cabbage Maggot

�❍     Trade Name & Formulation: Lorsban 50 WP 
�❍     Typical Application Timing & Frequency: Applied once or twice, early season. 
�❍     Typical Application Rate & Method: Applied by aircraft or tractor boom at 0.9 lb ai/ac. 
�❍     REI & PHI: 1 day restricted entry; 21 day pre-harvest interval

Chlorpyrifos (Lorsban) is an effective aphicide on broccoli, and is typically used to control both aphid and 
lepidopterous pests at the same time without requiring tank combinations with several products. In that respect, 
chlorpyrifos is considered to be an economical broad-spectrum insecticide for broccoli. It has the disadvantage of 
being injurious to beneficials, and at high rates it causes short internodes and some plant stunting.

Total 1997 area treated with chlorpyrifos for control of worm and aphid (as determined by usage of the 50 WP 
formulation) was 23,358 ac. Usage Intensity was greatest in the South Coastal and Desert regions. Combinations 
with spinosad and diazinon are typical in the Desert areas if flea beetles are present.

Disulfoton [OP]

�❍     Trade Name & Formulation: Di-Syston 8 EC 
�❍     Typical Application Timing & Frequency: Disulfoton is usually applied once before planting, followed 

occasionally by a second application at side dressing. 
�❍     Typical Application Rate & Method: Applied at the maximum label rate of 1.0 lb ai/ac. Usually applied by 

ground spray then incorporated into soil with irrigation. 
�❍     REI: 72 hours restricted entry in areas with less than 25 inches rainfall/year, otherwise 48 hours.

�❍     PHI: 14 days pre-harvest interval.

Disulfoton is a systemic insecticide that is able to sustain cabbage aphid control for 4 to 6 weeks after 
application. However, this material was used on less than 10% of total California broccoli acreage in 1997. It is 
generally only applied during periods of heavy infestation.

1996 Coverage was 10% (NASS, 1997).

Endosulfan

�❍     Trade Name & Formulation: Thiodan 3 EC, 50 WP 
�❍     Typical Application Timing & Frequency: Applied two times before early floret development; label restricts 

applications to four per year. 



�❍     Typical Application Rate & Method: Applied by ground or air at 0.75 lb ai/ac. 
�❍     REI & PHI: 24 hours restricted entry; 7 days pre-harvest interval.

Endosulfan was applied to less than 5% of broccoli acreage in 1997. This usage occurred primarily in the San 
Joaquin Valley, where it was applied to 2757 ac, more broccoli acres than in the other three regions combined. In 
some fields in that region, endosulfan is used in place of oxydemeton-methyl (Strmiska, 1999, personal 
communication). The 1997 UI indices are: Central Coast, 2; South Coast, 0; Desert, 3; SJ Valley, 30.

Malathion [OP] See also Flea Beetle

�❍     Trade Name & Formulation: Malathion 8 EC 
�❍     Typical Application Timing & Frequency: Applied at first sign of infestation, followed by additional applications 

at 7 to 10 day intervals as needed. 
�❍     Typical Application Rate & Method: 1.63 lb ai/acre (low end of label range of rates); sprayed by tractor-mounted 

boom or aircraft. 
�❍     REI & PHI: 12 hours restricted entry; 3 days preharvest interval.

Malathion (Malathion 8) was applied to less than 5% of California broccoli acreage in 1997. It is used as an 
aphicide in all regions, and as a flea beetle insecticide in the Desert (where Usage Intensity is highest).

Alternative Chemical Controls:

Methamidophos [OP] (Monitor 4L) is no longer registered for broccoli, but it was applied to 15,306 acres in 1997. It 
had a 48 hour restricted entry interval, and a preharvest interval of 14 days if the low rate of 0.5 lb ai/ac was applied. 
The PHI was extended to 21 days if higher rates were used. The average application rate in 1997 was 0.68 lb ai/ac. See 
also Cabbage Looper.

Pymetrozine (Fulfill), in EPA review for registration, is a new, reduced risk alternative to organophosphate insecticides. 
This is a new chemistry that should be excellent as a resistance management material.

Pirimicarb [CARB] (Pirimor) is a carbamate in the registration process for cole crops. It is unusual in that it is highly 
selective for Aphididae.

Piperonyl butoxide is an insecticide synergist that is often tank mixed with pyrethrins for aphid control. It was applied to 
less than 5% of the statewide broccoli acreage in 1997. Piperonyl butoxide is listed as an insecticide, but it would not be 
efficacious if applied alone. However, some product formulations (e.g., Diacide, Pyrenone) are a mixture of piperonyl 
butoxide and pyrethrins.

Potash Soap (potassium salts of fatty acids) Potash soap (M-Pede) was used on 1615 ac in 1997, primarily as a tank 
additive for enhanced control of cabbage aphid.

Biological Controls: 
Diaertiella rapae, a parasite, can help aid in the control of aphids, but cannot control large infestations. Aphids are also preyed 
upon by lady beetles, green lacewing and syrphid larvae (Metcalf, 1993). The availability and quality of biological control 
agents is an important factor in consideration in use of biological controls. Organic growers typically release large quantities 
(25,000 to 100,000/ac) of lacewing eggs and young larvae for control of cabbage aphid, in combination with insecticidal soaps 
(e.g., M-Pede). In some cases, this has been successful during periods of low to moderate insect pressure. During peak insect 
pressure (May and June along the Coast), multiple releases of these beneficial insects in conjunction with several applications 
of soaps or other organically acceptable spray are necessary. In many of these instances, aphid presence on florets exceeds 
market tolerance, and organic fields so infested are not harvestable.



Cultural Control Practices: 
Owing to its genetic similarity to wild mustards, broccoli and other cole crops are surrounded by non-crop unsprayed areas 
with alternate hosts for cabbage aphid. Cabbage aphid can infest broccoli and wild mustard concurrently, and therefore 
adjacent weedy areas must be kept clean of this source of aphid colonization. Tillage and herbicides can be used in an effective 
field sanitation program to minimize aphid pressures.

Manual leaf removal and harvest washing are practiced by organic growers, who have limited methods available for cabbage 
aphid control. These methods are costly. In the case of leaf removal, lower infested leaves are actually removed by hand during 
the growing season and taken out of fields to reduce aphid movement into the salable florets. Harvest washing is performed 
when populations reach high levels, and significant floret contamination occurs. Here, individual florets are manually washed 
by submerging them in mild soapy water and later rinsed. This can mitigate extreme infestations and allow sale of an otherwise 
adulterated product in the organic market. However, aphid removal is incomplete, and these florets would be unacceptable in 
conventional markets, where consumer tolerance for insect presence in the florette head is lower.

 

Diamondback Moth, Plutella xylostella

Diamond back moth (DBM) is a common pest to cole crops in California, particularly in the coastal regions and the inland San 
Joaquin Valley Region. The diamond back moth became a major problem to broccoli in the mid 1990’s, causing damage 
estimated at $6 million to cole crops in that year. Larval damage can destroy the growing tip and bud tissue early season when 
plants are juvenile. Later in the season, larvae can also infest the developing head, causing economic damage. DBM has the 
ability to damage crops year round, but the largest populations occur in the fall. In the coastal areas, 100% of the fields can be 
infested with DBM and most all require repeated applications with insecticides to achieve economic control.

The adult moth is gray in color, about 1/3 inch long, and spends the winter under the remnants of Brassica foliage left in the 
field (Metcalf, 1993). Eggs are laid in small groups of 1 to 3 on the under side of leaves, and hatch in 5 to 10 days. Young 
larvae often mine within the leaf tissue, and as they mature, feed on the young heart shaped leaves and the under side of the 
leaves of more mature plants (Phillips, 1998). In 10 to 14 days the larvae reach maturity, and spin a cocoon on the leaves, stems 
or under the plant for pupation. The moth emerges within 1 to 2 weeks.

DBM can produce up to ten generations in one year. Due to the feeding habit of the larvae, and the high plant population used 
by California growers, satisfactory pesticide coverage is often difficult to achieve.

Chemical Control: 
The propensity for DBM rapidly to develop resistance to insecticides distinguishes it from the other lepidopterous pests of 
broccoli. Resistance to organophosphates and carbamates in the early 1980’s was followed by resistance to pyrethroids and the 
kurstaki strain of Bacillus thuringiensis in the early 1990’s. In response to heavy infestations of DBM in broccoli fields in 
1997, spinosad was issued a California Section 18 Emergency Exemption. Since that time it has increased in usage rapidly to 
become the product of choice by growers for control of DBM.

Spinosad See also Beet Armyworm, Cabbage Looper

�❍     Trade Name & Formulation: Success - suspension concentrate 
�❍     Typical Application Timing & Frequency: 1 to 3 times per season depending on the infestation rate, throughout 

plant development. 
�❍     Typical Application Rate & Method: Foliar application by ground or air at 0.09 lb ai/ac. 
�❍     REI & PHI: 4 hour restricted entry; 1 day pre harvest interval

Spinosad (Success) is the principal pest control material for diamondback moth in California. Because the 
Section 18 was issued late in the year, 1997 usage data can be expected to understate annual usage during a full 
year. Nevertheless, it was applied to 37,240 acres in 1997, making it the eighth most used pesticide on California 



broccoli in 1997.

Spinosad now has full registration for use on all cole crops, and is used to control, in addition to diamondback 
moth, cabbage looper, imported cabbage worm, and beet armyworm on broccoli. The product label prescribes 
very low rates (0.023 lb to 0.062 lb ai/ac) for diamondback moth, higher rates (0.047 lb to 0.094 lb) for imported 
cabbage worm and cabbage looper, and the highest rates (0.062 lb to 0.156 lb) for beet armyworm. Several 
growers and Pest Control Advisors have the opinion that the label rates for diamondback moth are too low, and 
allow some undesirable survivorship that may contribute to the development of resistance in the future.

Alternative Chemical Controls: 

Emamectin benzoate (Proclaim) This semi-synthetic avermectin insecticide was registered for use in the United States 
in May, 1999. California registration is pending. The product has been used commercially in Hawaii, and has proven to 
be highly efficacious against diamondback moth. The product label also lists uses for cabbage looper, beet armyworm, 
and imported cabbage worm. However, on broccoli, use is targeted at DBM. When fully registered, this material could 
offer a sound resistance management partner with spinosad.

Lambda cyhalothrin (Warrior) was not labeled for use on broccoli fields until 1998; usage data specifically for broccoli 
is not available for this report. This material is efficacious against first and second instars only, and only against DBM 
populations that are not resistant to pyrethroids.

Azinphos-methyl [OP] (Guthion) was used on less than 1% of broccoli acreage in 1997. Efficacy against DBM is 
marginal.

Cryolite (Kryocide) See Cabbage Looper

Biological Controls: 

Bacillus thuringiensis, subsp. aizawai

�❍     Trade Name & Formulation: Agree WP, Xentari G 
�❍     Typical Application Timing & Frequency: 1 to 2 applications per season are typical, early season is 

recommended when plant coverage is maximized. 
�❍     Typical Application Rate & Method: Aerial or ground applications at 0.076 lb ai/ac (label maximum). For this 

material to be effective, applications must be made when the larvae are young and feeding on treated, exposed 
plant surfaces. 

�❍     REI & PHI: 4 hour restricted entry, no pre-harvest interval.

DBM was the first insect to demonstrate resistance to Bacillus thuringiensis (Bt) in field populations. This initial 
resistance was to the kurstaki strain in Hawaii, and by the early 1990’s, the product was failing to control DBM. 
Another Bt strain; aizawai, has subsequently increased in usage. However, field testing (Liu, 1996) indicates that 
DBM has developed a low level of resistance to the aizawai strain. Although the product is only moderately 
efficacious against DBM, it is needed to retard the development of resistance of DBM to spinosad, the primary 
control material at this time.

The aizawai strain of Bt was applied to 24,258 ac in 1997.

Predators

Several natural enemies can help control the level of diamondback moth in the field. Trichogramma 
pretiosumattack diamondback eggs, and ichneumonid wasp, Diadegma insularisattack the larvae. None are 



effective alone for control of DBM in commercial fields.

Cultural Control Practices: 
Keeping plants and adjacent fields clean, as well as a crop rotation program , can help lower the incidence of economic damage.

 

Cabbage Looper, Trichoplusia ni 
Imported Cabbage Worm, Pieris rapae

The cabbage looper is one of the top pest problems for cole crops in California and Arizona. Loopers occur in fields most 
prevalently from April through October, with the heavier infestation in the fall. Cabbage loopers feed on the undersides of 
leaves, along the leaves mid veins, and on the broccoli head. Aside from the damage caused to the plants from chewing, the 
cabbage loopers leave behind fecal matter and body parts, rendering the commodity non-marketable. Cabbage loopers are 
green in color with a white stripe along each side, and several narrow lines down their back (UC IPM, 1997). The larvae feed 
for 2 to 4 weeks, then spin a cocoon and pupate. Adults are brown in color and emerge in about 10 days (UC, 1987).

The imported cabbage worm can be found on cole crops in all growing regions, although they present the greatest threat in the 
Desert and San Joaquin Valley. The Desert areas suffer infestations in the cooler months of October through December; in the 
San Joaquin Valley, infestations are also greatest in the fall.

Chemical Control: 

Esfenvalerate

�❍     Trade Name & Formulation: Asana XL EC 
�❍     Typical Application Timing & Frequency: 1 to 2 applications/season applied after seedling establishment. 
�❍     Typical Application Rate & Method: Sprayed by ground or air at 0.04 lb ai/acre. 
�❍     REI & PHI: 3 days restricted entry; 12 hours pre-harvest interval.

Esfenvalerate was applied to 102,295 broccoli acres in 1997, ranking this material as the number one pesticide 
used on broccoli that year.

1996 Coverage was 51% (NASS, 1997).

Cabbage looper is the primary target, but esfenvalerate is also applied for beet armyworm control. Usage 
Intensity is greater in the inland regions than on the coast, as illustrated by the UI indices: 67 for the Central 
Coast and 92 for the South Coast vs. 150 for the Desert and 140 for the San Joaquin Valley. This usage emphasis 
inland is also seen for permethrin (Ambush), another pyrethroid applied to broccoli for looper control.

Permethrin See also Flea Beetle

�❍     Trade Name & Formulation: Ambush 25 W, Pounce 25 W 
�❍     Typical Application Timing & Frequency: 1 to 2 applications at any growth stage. 
�❍     Typical Application Rate & Method: Sprayed by air or ground 0.10 lb ai/ac (maximum label rate). 
�❍     REI & PHI: 12 hours restricted entry; 1 day pre-harvest interval.

Permethrin was applied to 25,705 aggregate broccoli acres in 1997. As was the case with esfenvalerate, 1997 UI 
indices were greater in the inland regions than on the coast: 19 on the Central Coast and 9 on the South Coast vs. 
50 in the Desert and 44 in the San Joaquin Valley.



1996 Coverage was 13% (NASS, 1997).

While DBM has shown resistance to permethrin in California, cabbage looper and imported cabbage worm are 
still highly susceptible to this product. This characteristic, along with the relatively low cost, contributes to its 
popularity for looper control.

Thiodicarb [CARB, B1B2] See also Beet Armyworm

�❍     Trade Name & Formulation: Larvin 3.2 
�❍     Typical Application Timing & Frequency: Usually single applications 
�❍     Typical Application Rate & Method: Aerial or ground applications at 0.73 lb ai/ac. Label limits total applications 

to 6.0 lb ai/ac per season. 
�❍     REI & PHI: 12 hour restricted entry; 7 day pre-harvest interval

Thiodicarb was applied to 19,714 aggregate broccoli acres in 1997, primarily for cabbage looper. Usage Intensity 
was highest in the San Joaquin Valley.

1996 Coverage was only 4% (NASS, 1997).

This material is valuable as a resistance management chemical in rotation with pyrethroids.

Tralomethrin

�❍     Trade Name & Formulation: Stryker 
�❍     Typical Application Timing & Frequency: Typically, 1 to 3 applications per season during early instar stage of 

pest, but this can occur at any time during season. 
�❍     Typical Application Rate & Method: Aerial or ground applications at 0.02 lb ai/ac. Label limits total applications 

to 0.19 lb ai/ac per season. 
�❍     REI & PHI: 24 hour restricted entry; 5 day pre-harvest interval.

Tralomethrin was applied to less than 5% of the statewide broccoli acreage in 1997. However, the material was 
not registered for broccoli in California until June of that year; current usage can be expected to be greater than 
the 1997 data indicate. This product has shown good efficacy against looper and cabbage worm.

Methomyl [CARB] (Lannate) See also Beet Armyworm

Methomyl belongs to the same chemical family as thiodicarb (Larvin). It is sometimes used in a tank 
combination with pyrethroids as a "rescue treatment"during periods of severe infestations of cabbage looper or 
imported cabbage worm.

Spinosad (Success) See also Diamondback Moth, Beet Armyworm

Spinosad is used on looper with varying degrees of efficacy. It is typically tank mixed with permethrin (Ambush, 
Pounce) or Bacillus thuringiensis for control of lepidopterous larvae in general, though its primary target is DBM.

Chlorpyrifos [OP] (Lorsban) See also Cabbage Aphid, Beet Armyworm, Cabbage Maggot

Chlorpyrifos is not generally targeted at looper, but when it is used for aphid and general worm control, it is 
successful in reducing looper populations to levels that do not cause economic loss. It is also an effective 
resistance management alternative to permethrin.



Alternative Chemical Controls: 

Azadirachtin (Neemix) was applied to 4307 ac in 1997, which is less than 5% of the total acreage. This is a botanical 
pesticide that is allowed restricted usage in certified organic production.

Azinophos-methyl [OP] (Guthion 2L) was used on less than 1% of the statewide broccoli acreage in 1997. All of this 
usage was in the coastal regions. Efficacy on loopers is fairly good, but its odor is pungent and its toxicity to workers is 
high. For these reasons, actual usage is lower than expected for a product of relatively good efficacy against these larval 
species. As with, chlorpyrifos and thiodicarb, it offers resistance management benefits for pyrethroids.

Cypermethrin (Ammo 2.5 EC) was used on less than 1% of the statewide broccoli acreage in 1997. It can be rotated 
with organophosphates and carbamates for resistance management. In the Desert, it is occasionally applied at early egg 
hatch or early instar for 2 to 3 applications during seedling establishment through heading.

Emamectin benzoate (Proclaim) should receive federal registration in 1999, followed by California registration in 2000. 
It is expected to become a predominant larvacide for lepidopterous pests, including cabbage looper and imported 
cabbage worm.

Methamidophos [OP] (Monitor 4L) is no longer registered for broccoli, but it was applied to 15,306 acres in 1997. It 
had a 48 hour restricted entry interval, and a preharvest interval of 14 days if the low rate of 0.5 lb ai/ac was applied, 
extended to 21 days if higher rates were used. Average application rate in 1997 was 0.68 lb ai/ac. See also Cabbage 
Aphid.

Cryolite (Kryocide) is an alternative chemical worm control material. This material is a mineral compound (sodium 
aluminofluoride) that is an effective stomach poison on many types of chewing insects, particularly lepidoptera. It is 
also effective against DBM as well as beet armyworm. It has the advantage of having no adverse impact on beneficial 
insects, and can be an effective resistance management material. In its pure, mined, mineral form, it is an acceptable 
restricted-use organic farming insecticide.

In 1997, cryolite was applied to only 474 ac, less than 0.5% of statewide broccoli acreage, and virtually all of this was in 
the San Joaquin Valley. This limited usage was due to the necessity to achieve complete leaf coverage for acceptable 
levels of effectiveness, the slow-acting nature of the material, and the high product application rate that had been 
required (25 to 50 lb product/ac) for efficacy. The high rate tends to leave visible deposits on the leaves.

Biological Controls: 

Bacillus thuringiensis, subsp. kurstaki

�❍     Trade Name & Formulation: Crymax, Cutlass, Dipel DF, Javelin WG, MVP, Mattch. 
�❍     Typical Application Timing & Frequency: Applied during early stages of plant development. (At later stages, 

when canopies close, spray penetration is obstructed and a higher level of insecticidal efficacy is required. In 
these cases, pyrethroids are preferred.) Applied multiple times per season. 

�❍     Typical Application Rate & Method: Sprayed by ground or air at 0.22 lb ai/ac. Commonly tank mixed with other 
materials. 

�❍     REI & PHI: 4 hour restricted entry, no pre-harvest interval.

Bacillus thuringiensis materials in general are an important component of resistance management for pyrethroids 
and all other conventional chemistries on this crop. Bt’s have no effect on beneficial insects, and are not 
hazardous to field personnel. The short PHI allows applications to be made close to harvest.

The kurstaki strain of Bt was applied to 42,877 ac in 1997. It is efficacious against loopers and cabbage worm, 



and is relatively inexpensive to apply. Bt aizawai is also effective against loopers, but is favored for control of 
DBM and beet armyworm.

Predators 
Cabbage looper control benefits from natural predators and parasitoids through encouragement and, to a more limited 
extent, inundative releases. Egg parasites such as Trichogramma pretiosum, and larval parasites including Hyposoter 
exigue, Copidosma truncatellum, and Microplitis brassicae, parasitic tachinid fly, Voria ruralis, can be of some use in 
an integrated pest management program. However, these controls are limited to early season, before floret development.

Imported cabbage worms populations may be reduced from pupae parasites such as Pteromalus puparum, larval 
parasites which include Apanteles glomertus, Microplitis plutella, and tachinid flies, and the Trichogramma wasp which 
attacks the eggs. As with cabbage looper, imported cabbage worm can be highly damaging to florets, even under partial 
control provided by these beneficial insects.

Cultural Control Practices: 
There are no known cultural practices for control of cabbage looper or imported cabbage worm.

 

Beet Armyworm, Spodoptera exigua

The beet armyworm (BAW), as well as other armyworms, attacks many crops including lettuce, cole crops and common weed 
plants such as redroot pigweed, lambsquarter, nettle and goosefoot. The coastal areas are subject to infestations of armyworm 
from June through October, but without economic loss (McNutt and Palacios, 1999, personal communication). In the Desert 
and the San Joaquin Valley, armyworm infestations peak in the fall. This pest is particularly injurious during stand 
establishment in the Desert, where as much as 50% of the crop can be infested with armyworms, and of that, 100% can be lost 
without the use of control measures (Sneider and Fox, 1999, personal communication).

Beet armyworm eggs are laid in scale-covered cottony masses on the leaf surface (UC IPM, 1997). The first instar feeds near 
the hatch, skeletonizing the leaf, and can consume the entire seedling leaf. The beet armyworms feed on the young foliage, 
broccoli buds, and move into older tissue, boring up from the bottom into the center of the head.

The adult moth is mottled brown with gray front wings, and lighter gray hind wings. The insect winters in the adult stage 
(Davidson and Lyon, 1979). The larvae are olive green with light stripes down the back and sides (UC IPM, 1997). Mature 
larvae are up to 1 1/2 inches long.

Chemical Control:

Methomyl [CARB]

�❍     Trade Name & Formulation: Lannate SP 
�❍     Typical Application Timing & Frequency: Label rates indicate not to apply more than 10 applications per crop, 

but this many sprays would be unusual. One to two applications per season is more commonly practiced. Applied 
in 5 to 7 day intervals in the Desert and SJ Valley; less frequently applied on the Coast. 

�❍     Typical Application Rate & Method: Sprayed by tractor or aircraft at 0.75 lb ai/ac. 
�❍     REI & PHI: 48 hours restricted entry; 3 days pre harvest interval.

Methomyl was the 9th most commonly used insecticide on broccoli in California, with nearly 37,000 Aggregate 
Treated Acres in 1997. UI indices were greatest in the Desert and San Joaquin Valley: Central Coast, 24; South 
Coast, 15; Desert, 60; San Joaquin Valley, 97.



1996 Coverage was 20% (NASS, 1997).

Chlorpyrifos [OP] See also Cabbage Aphid, Cabbage Looper, Cabbage Maggot

�❍     Trade Name & Formulation: Lorsban 50 WP 
�❍     Typical Application Timing & Frequency: 1 to 2 applications during hatch or early instar stages of insect. 
�❍     Typical Application Rate & Method: Sprayed by tractor or aircraft at 0.9 lb ai/ac. 
�❍     REI & PHI: 1 day restricted entry; 21 day pre-harvest interval

Total 1997 area treated with chlorpyrifos for control of worm and aphid, as determined by usage of the 50 WP 
formulation, was 23,358 ac. Tank mixes with spinosad and diazinon are typical in the Desert if flea beetles are 
present.

Spinosad (Success) See also Diamondback Moth, Cabbage Looper

Spinosad is typically tank mixed with permethrin (Ambush, Pounce) or Bacillus thuringiensis for control of 
lepidopterous larvae in general. Label rates are highest for beet armyworm (0.062 - 0.156 lb ai/ac). It is 
efficacious against this pest, although its primary target is DBM.

Pyrethroids are important for resistance management, but are secondary control materials for beet armyworm on 
broccoli. They include:

Esfenvalerate (Asana) See Cabbage Looper 
Permethrin (Ambush, Pounce) See Cabbage Looper 
Tralomethrin (Stryker) See Cabbage Looper

Alternative Chemical Controls:

Thiodicarb [CARB, B1B2] (Larvin) See also Cabbage Looper. Thiodicarb is used as a substitute for methomyl 
(Lannate) to control beet armyworm. It is not as hazardous to apply as methomyl, but it is slower-acting with respect to 
insect control.

Tebufenozide (Confirm 2F) was granted Section 18 Emergency Exemptions for BAW on broccoli in 1997 and 1998. It 
was used on less than 1% of the statewide broccoli acreage in 1997, and only in the Desert areas. Tebufenozide is 
applied typically two times at 0.12 lb ai/ac during early hatch. Usage data for a full year is not available. Current Section 
18 will expire October 1, 1999.

Tebufenozide has potential to become a very important resistance management tool. Its high degree of selectivity for 
BAW also makes it well suited for Integrated Pest Management strategies. It has the additional benefit of being non-
injurious to beneficial insects.

Bifenthrin (Capture) received a Section 18 exemption in 1997 for use on broccoli, but it was applied to less than 1% of 
planted acreage that year. It was also used against whitefly in the Desert. Registration has not been reactivated for 
broccoli, and it is currently registered only for use on cotton. It would be a useful material for resistance management 
were it to receive registration for broccoli.

Azadirachtin (Neemix) See Cabbage Looper

Cryolite (Kryocide) See Cabbage Looper

Biological Controls: 



Bacillus Thuringiensis See also Cabbage Looper and Diamondback Moth 
Biological controls such as Bacillus thuringiensis can aid other insecticides in controlling BAW, but many Bt formulations do 
not work well against BAW when applied alone.

Predators: Natural predators such as such as wasps, Hyposoter exiguae, Chelonus insularis and the tachinid fly, Lespesia 
archippivora can help control the degree of infestation (UC IPM, 1997). These beneficial insects are primarily found in the 
coastal plantings.

Cultural Control Practices: 
There are no known cultural practices for control of beet armyworm.

 

Silverleaf Whitefly, Bemisia argentifolii

The silver leaf whitefly thrives in hot growing areas of California, Arizona and Texas. This pest is the result of a new strain 
evolved from the sweet potato whitefly, Bemisia tabaci. In 1991, the silverleaf whitefly reached extreme levels, causing near 
total crop losses in cucurbits and vegetable crops. Prior to this outbreak, the former strain could not infest broccoli and other 
cole crops. (The new strain is well adapted to cole crops and is no longer restricted to melons, cotton, and to a limited extent, 
lettuce, as was the former strain.) Since 1991, it persists as an important pest of broccoli throughout the Desert.

Whiteflies develop and reproduce rapidly, and are found mostly on the undersides of leaves. Development from an egg to an 
adult may occur from 14 days to several months, depending on temperature, host plant, and species. As many as 7 to 14 
generations can occur each year.

The lifecycle of a whitefly consists of several stages: egg, mobile crawler (first instar nymph), non mobile (second, third and 
fourth instar), and adult. The first instars pierce the leaf and remove sap from the plants phloem tissue, and remain immobile 
until an adult. The second and third instars are intermediate feeding stages. The fourth instar stage feeds initially, but until later 
in the cycle it stops feeding altogether. The adult whitefly also feeds on the leaf sap with sucking piercing mouth parts.

Damage to the broccoli plants is exhibited as stunted growth and discoloration, as well as a sticky "honeydew" deposit left by 
the immature stages. If untreated, damage will completely ruin some fields; others would suffer a reduction in yield as well as 
disruption of harvest timing. This latter effect has severe economic consequences. Silverleaf whitefly damage tends to disrupt 
the uniformity of plant development throughout a broccoli field, making it necessary to make extra passes with harvest crews 
for smaller individual harvests. This significantly increases the harvest cost on a per-carton basis.

The Desert area is the predominant region where silverleaf whitefly potentially causes economic damage. Desert crops such as 
cotton and melon are the primary hosts for whitefly. These crops are terminated in the fall, when broccoli fields are just being 
planted. So numerous are adult whiteflies at that time that they have been described as visible clouds moving through the 
Imperial Valley (Jungers, 1999, personal communication). In response to the heavy presence of this insect, growers routinely 
apply a preventative treatment of imidacloprid at the time of broccoli planting. The introduction of imidacloprid in the early 
1990’s as a preventative treatment has all but eliminated the whitefly problem in the Desert.

Chemical Control: 
The number of chemical control options are limited due to the propensity of whitefly to develop resistant populations (Flint, 
1995).

Imidacloprid (soil treatment) See also Cabbage Aphid

�❍     Trade Name & Formulation: Admire 2 F 
�❍     Typical Application Timing & Frequency: Used as preplant soil treatment or applied during side dressing; one 



application/season. 
�❍     Typical Application Rate & Method: Shanked in beneath seedline at 0.25 lb ai/ac, which corresponds to the 

middle of the label range. Label also restricts soil applications to a cumulative 0.375 lb ai/acre per year. 
�❍     REI & PHI: 12 hours restricted entry; 21 days pre-harvest interval.

Admire, which is the soil treatment formulation of imidacloprid, was applied to 10% of the state broccoli acreage 
in 1997. This usage was principally in the Desert, where more than 90% of the planted acreage was treated to 
protect newly planted stands from the silverleaf whitefly. The amount of active ingredient (by weight) applied to 
Desert broccoli soil was 75% of the total imidacloprid soil applications in the state, though the Desert accounts 
for only 9% of the acreage. This relatively heavy usage in the Desert occurs because, in addition to providing 
cabbage aphid control, imidacloprid is the predominant pre-plant pesticide for control of a silverleaf whitefly, a 
pest that is endemic to that region.

Admire has greatly reduced what had previously been a severe pest problem that threatened to eliminate broccoli 
and other cole crops from the Desert entirely.

Imidacloprid (foliar spray) See also Cabbage Aphid

Soil applications of imidacloprid for whitefly and aphid control are sometimes followed later in the season with 
foliar applications of the same material, sold as Provado. However, this material is not efficacious against heavy 
infestations of either pest. Usage in the Desert, which is the primary whitefly region, was limited to 1,634 
Aggregate Treated Acres. The ratio of Admire to Provado treated acreage in the Desert, was 5 to 1. (The Central 
Coast, which is the primary broccoli growing region, favors the usage of Provado by 15 to 1)

Manufacturer’s labels for Admire and Provado limit total imidacloprid (soil applications + foliar applications) to 
a cumulative 0.50 lb ai/ac per year.

Alternative Chemical Controls: 

Lambda cyhalothrin (Warrior EC) is a potential whitefly control material, but it is efficacious against adults only.

Bifenthrin (Capture) See Beet Armyworm

Biological Controls: 
Some control from natural predators such as parasitic wasps of the genera Encarsia and Eretmocerus have been noted in fields 
not sprayed with pesticides. However, natural predators cannot reduce whiteflies below economic levels under field conditions. 
The lady-beetle (Delphatus pusillus), big-eyed bugs (Geocoris spp.) and lace wing larvae (Chrysoperla spp.) also feed on the 
whitefly nymphs, and have had some effect in southern California (UC IPM, 1997 and Flint, 1995). All of these beneficial 
insects work well in conjunction with imidacloprid.

Cultural Control Practices: 
Planning for host free periods, practicing good field sanitation, and avoidance of planting in proximity to host crops such as 
cotton and melon will help mitigate whitefly infestation in broccoli.

 

Cabbage Maggot, Delia radicum 
Seed Corn Maggot, Delia platura

The cabbage root maggot is a problem primarily for broccoli growers in the coastal regions, generally in the cooler wet periods 
of the year. Rotation with other cole crops, plus the cool moist coastal climate, encourages development of maggot populations. 



The cabbage root maggot fly is dark gray about 12 mm (0.47 in) in length. The white larvae are 8mm (0.31 in) at maturity, and 
are found in dense colonies developing on the feeder and taproot of cole crops. Several hundred larvae can be found on one 
plant. Larvae feed for 3 to 5 weeks, pupate in the soil or on the roots of a host plant. After 2 to 3 weeks pupation, the adult fly 
emerges. Two to 3 or more generations may occur per year.

Injury from maggots can cause stunting, yellowing and even plant wilting during the hot period of the day. The young seedling 
is most susceptible to permanent damage (UC, 1987). Injury from root maggots also provides an entry point for pathogens. 

Seed corn maggot can be a problem for growers during cooler wet weather. Seed corn maggots attack the seeds and seedlings 
of many crops such as corn, cotton, beans, turnips, peas and cole crops. Owing to its wide host range, seed corn maggot can be 
found in most broccoli production areas, particularly along the coast where survivorship is maximized from high humidity and 
close proximity of alternate host crops. Eggs are laid singly or in small clusters in the soil near the base of the plant. Newly 
hatched white maggots begin feeding on the roots of the plants, completing their feeding after 2 to 3 weeks. Larvae pupate in 
the soil, and a new adult emerges after 7 days. Numerous generations can occur in California.

Chemical Control:

Chlorpyrifos [OP] See also Cabbage Aphid, Beet Armyworm, Cabbage Looper

�❍     Trade Name & Formulation: Lorsban 15G, Lorsban 4E 
�❍     Typical Application Timing & Frequency: One treatment per season, applied at time of planting. 
�❍     Typical Application Rate & Method: Either formulation may be applied as a banded spray and incorporated into 

the soil; 4E formulation can also be sprayed at the base of transplanted broccoli immediately after setting at 1.0 
lb to 1.27 lb ai/ac. 

�❍     REI: 24 hours 
�❍     PHI: 30 days preharvest interval when 4E is applied to transplants.

Lorsban is the most efficacious insecticide for the control of maggots in broccoli. Formulations of 4E and 15 G 
are the most commonly used. Pesticide usage data for 1997 indicate that chlorpyrifos as a cabbage root maggot 
treatment, as determined by usage of the 15G and 4E formulations, was applied to 43,666 Aggregate Treated 
Acres, exclusively in the coastal growing regions. These soil treatments are normally applied only once per crop, 
allowing for percent coverage to be determined directly from treated acreage: 37% of 1997 planted broccoli 
acreage was treated with chlorpyrifos for maggot.

Diazinon [OP] See also Flea Beetle

�❍     Trade Name & Formulation: Diazinon 4E, AG500 
�❍     Typical Application Timing & Frequency: One application at time of planting. 
�❍     Typical Application Rate & Method: Soil incorporated or transplant drench at 1.5 lb ai/ac. 
�❍     REI: 24 hours restricted entry 
�❍     PHI: 7 days for broccoli

Usage of diazinon for treatment of cabbage root maggot is limited to coastal broccoli fields. Sometimes used in 
combination with chlorpyrifos, it has the added advantage of providing a broad spectrum of activity against 
many types of soil inhabiting insects. These include crickets, beetles, and garden symphylans.

Alternative Chemical Controls:

Fonofos [OP] (Dyfonate) can be used as a preplant insecticide. However, the manufacturer has discontinued the product 
because of low profitability. Existing supplies can be used until December 31, 2001, at which time registration will 
expire and the manufacturer will buy back remaining product.



Azinphos methyl [OP] (Guthion) is also registered for use, and can be applied as a post emergence insecticide for 
control of maggots. However, product efficacy is variable against this insect. See also Diamondback Moth.

Biological Controls: 
There are no known effective biological controls for this pest.

Cultural Control Practices: 
Populations are extremely erratic and difficult to predict. This makes preventative chemical-based management programs 
directed at this insect difficult to implement, since the effected acreage is typically small in relation to total broccoli planting in 
a particular area. Cultural practices offer an alternative to prophylactic applications of soil insecticides. Since maggots require 
crop residue and high organic matter in soil to persist between crops, fallowing fields for even short periods can reduce maggot 
incidence significantly. This is particularly true if soil is allowed to dry between plantings. Deep plowing and cultivation to 
bury organic matter deep underground can also reduce maggot pressure. Any other method of cultivation or crop management 
directed at avoidance of organic matter in the seed row, can reduce maggot incidence and damage to the young crop. Some 
growers report disking the previous crop a minimum of two weeks prior to planting, as well as using a drag chain following 
direct seeding, to reduce moisture from the seed row where the female lays its eggs (UC IPM, 1997; UC 1987; and Davidson, 
1979).

 

Striped Flea Beetle, Phyllotreta striolata 
Potato Flea Beetle, Epitrix cucumeris 

Western Black Flea Beetle, Phyllotreta pusilla 
Western Striped Flea Beetle, Phyllotreta ramosa

Several types of flea beetles are commonly found in California, and can be a problem for young seedlings. Flea beetles are 
found regularly in the Desert areas starting in early September. Other growing regions may encounter sporadic flea beetle 
damage, depending on the weed populations for a given year, but the Desert is the only region that regularly treats for these 
pests. In the Imperial Valley, flea beetles usually cause the most damage during the early broccoli plantings due to movement 
out of summer and fall crops such as alfalfa. Large populations of migrating adults from adjacent fields can completely destroy 
young broccoli stands in 24 to 48 hours if left unchecked.

The adult flea beetle causes the most plant injury. Beetles can cause stunting at low populations and death of small plantlets if 
the apical meristem is fed upon. Adults range in size from 1.6 mm to 3.2 mm (0.06 in to 0.13 in). Adults hibernate over winter 
months, and in mid spring the adults emerge feeding on any available foliage. Crop injury occurs by adults chewing small 
irregular shaped holes from the underside of the leaves, producing a shot hole effect. Eggs are laid in the soil, and larvae 
emerge after about 10 days. The larvae feed for up to one month on the foliage, roots, as well as mine the leaves or tunnel in 
the stems. Feeding terminates prior to pupation, when late instar larvae drop from plants and pupate in the soil. The incidence 
of economic damage from larvae is unusual in cole crops. Flea beetles also chew on older leaves of cole crops, but this damage 
is less severe, and is not of significance economically. (IPM, 1997; Metcalf, 1993; UC, 1987; and Davidson, 1979).

Chemical Control:

Permethrin See also Cabbage Looper.

Of the chemicals used for flea beetle control, permethrin (Ambush, Pounce) is the primary material used in the 
Desert. It is applied at the maximum label rate of 0.10 lb ai/ac. The first plantings usually require 3 applications 
during stand establishment, consisting of two rounds of chemigation followed by one spray application, or one 
chemigation followed by two sprays.

Diazinon [OP] See also Cabbage Maggot



�❍     Trade Name & Formulation: Diazinon 14G, 50WP, 4E 
�❍     Typical Application Timing & Frequency: One application at preplant or during seedling stage. 
�❍     Typical Application Rate & Method: Soil incorporated at 0.8 lb to 1.0 lb ai/ac, or as foliar spray at 0.5 lb ai/ac. 
�❍     REI: 24 hours restricted entry 
�❍     PHI: 7 days

The presence of flea beetle in the Desert accounts for the higher Usage Intensity for diazinon. UI indices: Central 
Coast, 4; South Coast, 2; SJ Valley 23; Desert, 98.

Malathion [OP] See also Cabbage Aphid

�❍     Trade Name & Formulation: Malathion 8 F 
�❍     Typical Application Timing & Frequency: Two to three applications are made early season (September) during 

stand establishment. 
�❍     Typical Application Rate & Method: 1.63 lb ai/acre (low end of label range of rates); sprayed by tractor-mounted 

boom or aircraft. 
�❍     REI & PHI: 12 hours restricted entry; 3 days preharvest interval.

This material was used on less than 5% of total broccoli acreage in 1997. Malathion is also used as an aphicide 
on the Coast and in the SJ Valley, but Usage Intensity was greatest in the Desert due to the presence of flea 
beetle in that region.

Carbaryl [CARB]

�❍     Trade Name & Formulation: Sevin WSP 
�❍     Typical Application Timing & Frequency: Applied early in the crop, during seedling establishment. 
�❍     Typical Application Rate & Method: Ground, aircraft, or through irrigation at 1.27 lb ai/ac. 
�❍     REI & PHI: 12 hour restricted entry; 3 day pre-harvest interval.

Carbaryl has been shown to be effective against beetles in general, but it was applied to less than 5% of statewide 
broccoli acreage in 1997. It is relatively inexpensive, and provides a good rotational chemistry with the 
organophosphates and permethrin, but it is normally used only for controlling unusually heavy flea beetle 
pressure.

Alternative Chemical Controls: 
Several other insecticides can be applied for flea beetle control, such as chlorpyrifos [OP], disulfoton [OP], dimethoate [OP], 
and endosulfan, but they are applied very seldom specifically for these pests.

Biological Controls: 
There are no acceptable biological controls for flea beetles.

Cultural Control Practices: 
Most commercial growers normally follow sound cultural practice for flea beetle control. This includes keeping field margins 
and ditches clean of alternate weed hosts.

 

Other Minor Insect Pests

Other insects that may occasionally occur in cole crops and include leafminers (Liriomyza spp.), wireworms (Elaterid family), 
green peach aphid (Myzuz pericae), turnip aphid (Lipaphis erysimi), garden symphylans (immaculata), and cutworms (Agrotis 



ipsilon, A. subterranea, Peridroma saucia). These pests are usually not targeted specifically, but destroyed when insecticides 
are used for other, more serious, pest problems.

 

 

Diseases

Diseases in general do not present as great an economic problem as insects to broccoli production in California. The primary 
disease threat is downy mildew, under conditions characterized by high levels of environmental moisture.

Downy Mildew, Peronospora parasitica

Downy mildew can be found in all growing regions of California, and thrives in cool moist conditions. The inland San Joaquin 
Region, and the South Eastern Region both have problems with downy mildew because their primary growing periods are in 
the fall and winter months when humidity and rainfall are highest in those areas. The coastal districts also have problems with 
downy mildew, but it is more severe in the cool, foggy summers.

Downy mildew survives between crops on host weeds, or as an oospore in crop residue. Spores can be airborne, spreading the 
disease easily throughout the field. The majority of economic damage is to the seedlings. Young leaves become damaged 
through lesion development and systemic infection. This leads to stunting of plants, an increase in the number of days to 
harvest, and a decrease in the number of harvestable florets. As the stand matures, lesion development is usually restricted to 
the lower leaves, and the crop becomes more tolerant to downy mildew infection. Even moderately infected mature stands can 
be harvested since florets can remain disease-free.

 

Alternaria Leafspot, A. brassicicola

In excessively wet years, Alternaria leaf spot can become established in broccoli plantings. The product of choice by growers 
is chlorothalonil, which is applied for downy mildew control during these same environmental conditions.

Chemical Control: 
Fungicides are used for downy mildew in wet years, when overhead irrigation is excessive, or when adjacent crops are infected 
and inoculum levels are high.

Chlorothalonil [B1B2]

�❍     Trade Name & Formulation: Bravo 720, Ridomil Bravo 81W, Ridomil Gold Bravo 
�❍     Typical Application Timing & Frequency: Applications occur soon after stand establishment, and can continue 

for a second and third application if lesions are present on lower leaves and climatic conditions are conducive to 
disease spread. 

�❍     Typical Application Rate & Method: Foliar spray application by air or ground at a rate of 1.08 lb ai/ac. 
�❍     REI: 48 hours restricted entry 
�❍     PHI: 7 days

Aggregate Treated Acres for chlorothalonil in 1997 was 16,782. The UI index was greater for the inland regions: 
Central Coast, 7; South Coast, 9; Desert, 54; SJ Valley, 36.

1996 Coverage was 16% (NASS, 1997).



Chlorothalonil (Bravo) is also packaged as a mix with metalaxyl (Ridomil) or mefenoxam (Ridomil Gold) for 
control of downy mildew and Alternaria leaf spot.

Metalaxyl (Ridomil)

This material was applied alone (primarily as Ridomil 2E) to 3771 ac, and in combination with chlorothalonil (as 
Ridomil Bravo 81 W) to an additional 8259 ac, for total Aggregate Treated Acreage of 12,031 ac in 1997.

Mefenoxam (Ridomil Gold)

This material (which replaces metalaxyl) was applied alone (as Ridomil Gold EC) to 2208 ac, and in 
combination with chlorothalonil (as Ridomil Gold Bravo) to an additional 3436 ac, for total Aggregate Treated 
Acreage of 5,644 ac in 1997.

Maneb [B1B2]

�❍     Trade Name & Formulation: Maneb 75 DF, Manex 4F 
�❍     Typical Application Timing & Frequency: Applied once or twice per crop before canopy closes. 
�❍     Typical Application Rate & Method: 1.13 lb ai/ac by aircraft or tractor-mounted sprayer. 
�❍     REI & PHI: 24 hours restricted entry; 7 days pre-harvest interval if 75 DF is applied, 14 days if 4 F.

Of the 9731 ac treated in 1997, 4200 ac were in the San Joaquin Valley, where Usage Intensity was greatest. UI 
indices: Central Coast, 4; South Coast, 1; Desert, 20; SJ Valley, 46.

1996 Coverage was 3% (NASS, 1997).

Copper hydroxide

�❍     Trade Name & Formulation: Kocide 101, Kocide DF, Champ Formula 2 Flowable 
�❍     Typical Application Timing & Frequency: 1 to 2 applications, first application prior to plant canopy closure. 
�❍     Typical Application Rate & Method: Ground or air applied at rates of 0.31 lb ai/ac (Champ) to 1.31 lb ai/ac 

(Kocide 101). 
�❍     REI & PHI: 24 hours restricted entry; no PHI listed

Copper hydroxide can be used as an organic pesticide, and it is inexpensive. It was applied to less than 5% of 
planted acres in 1997. Usage Intensity was highest the San Joaquin Valley.

Neem oil

�❍     Trade Name & Formulation: Trilogy 90EC 
�❍     Typical Application Timing & Frequency: Applied in 7 to 14 day intervals. 
�❍     Typical Application Rate & Method: Applied at 3.26 lb ai/ac by ground spray. 
�❍     REI & PHI: 4 hours restricted entry; no PHI listed 

Primarily used for downy mildew control in organic acreage, along with copper hydroxide. This material is 
relatively expensive, but provides some fungicidal efficacy with good coverage. It was used on less than 5% 
planted acreage in 1997.

Fosetyl-al



�❍     Trade Name & Formulation: Aliette 80 WDG 
�❍     Typical Application Timing & Frequency: Applied once or twice October through April along the coast, and 

winter in the Desert. 
�❍     Typical Application Rate & Method: Foliar application by air or ground at rates of 2.08 lb ai/ac. 
�❍     REI & PHI: 12 hours restricted entry; 3 days pre-harvest interval.

The mode of action of fosetyl-al elevates levels of phytoalexins in the plant. This effect can also be induced with 
phosphorous fertilizer materials (see Alternative Chemical Controls, Nutraphyte) Fosetyl-al was used on less 
than 5% of total broccoli acreage in 1997; this use was primarily in the Desert.

Alternative Chemical Controls:

Phosphorous acid (Phosgard, Nutri-phos) products are registered as fertilizers, but they have been shown to be effective 
fungicidal materials.

Actigard is a new product in development that is unconventional in the sense that it is not a fungicide, but a plant 
resistance stimulator. This compound is applied to plants prior to infection, and elicits an immune response in plants to a 
variety of fungal and bacterial pathogens. The entire study science of Systemic Acquired Resistance (SAR) is in its 
infancy, but potentially offers broccoli farmers an alternative to conventional disease control with chemical fungicides. 
In the case of Actigard, early season applications minimize disease infection to leaves, stems, and roots. It has also been 
shown to be effective against bacterial organisms, in addition to most fungal pathogens in the phycomycetes family. 
This includes downy mildew of cole crops. A possible limitation with this product, however, is that repeated 
applications are required since biomass dilution occurs with the addition of new foliage. Actigard must therefore 
repeatedly be applied to maintain high levels of SAR in new tissues where pathogen infection can be severe.

Dimethomorph (Acrobat) is a highly effective new fungicide of the chemical family morpholide. It is effective against 
phycomycetes in general, and downy mildew of broccoli in particular. It offers promise in resistance management 
because it is neither a EDBC, carbamate, or metalaxyl-like chemistry. This product is not currently registered for 
broccoli.

Propamocarb [CARB] (Previcur) is a highly effective new carbamate fungicide. It is effective against downy mildew of 
broccoli, and can be formulated along with chlorothalonil for resistance management purposes. This manufacturer is not 
currently pursuing registration for broccoli.

Biological Controls: 
There are no effective biological controls for foliar diseases on broccoli.

Cultural Control Practices: 
Cultural control, in conjunction with spraying of fungicides, is crucial in the management of downy mildew. Transplant 
nurseries, and farms must manage their irrigation practices to avoid unnecessary moisture on the leaves of the seedlings. 
Adequate drying of the leaves after irrigation, prior to cool moist evening temperatures will help lower the survivorship of 
fungal lesions and the incidence of mildew on the young foliage. Seedling nurseries spray their cole crops as a preventative 
measure to avoid inevitable economic damage. After the seedlings are past their juvenile stage in the field, mildew control is 
still important, but usually economic damage can be avoided with one or two sprays of an effective fungicide.

Downy mildew tolerant broccoli varieties are becoming increasingly available, but usually the crops are still sprayed with 
fungicides to maintain low disease inoculum levels.

 

Soil Diseases



Soil borne diseases in general are normally of minor importance to broccoli. Of this group, clubroot and damping-off 
(Rhizoctonia) are most important. Others include Fusarium wilt, Verticillium wilt, Phytophthora, Sclerotinia (seed broccoli 
only), and ringspot. These diseases overwinter in the soil and can persist for long periods of time in various resting spore 
stages. Other soil diseases, such as blackrot and blackleg, can be seed borne. Chemicals can be effective in reducing disease 
severity. However, they are seldom used against these occasional soil diseases due to the cost of application vs. the low profit 
margins realized on most broccoli plantings. For blackrot and blackleg, seed can be hot water treated to kill diseases, but this 
process is not always effective. (UC IPM, 1987).

Chemical Control:

Metam Sodium [B1B2]

�❍     Trade Name & Formulation: Vapam HL Soil Fumigant, Clean Crop Metam 
�❍     Typical Application Timing & Frequency: Applies as a pre-plant soil fumigant. 
�❍     Typical Application Rate & Method: Soil injected or chemigated at 90 lb ai/ac on the coast and 148 lb ai/ac in 

the Desert. Not applied in SJ Valley in 1997. 
�❍     REI & PHI: 48 hours restricted entry; no PHI (applied pre-plant)

Small amounts of acreage are treated with metam sodium for various soil borne problems. This material has the 
characteristic of being a general soil sterilant, and if applied correctly, can be an effective control for pathogens, 
nematodes, and weeds. It was applied to 3,257 ac in 1997, primarily on the coast for control of Rhizoctonia.

Alternative Chemical Controls:

Methyl Bromide Methyl bromide (MBr) is a soil fumigant that is effective in broccoli fields against diseases 
(particularly when mixed with chloropicrin), nematodes, and weeds. It was used on approximately 39% of planted 
broccoli acreage in 1995 (DPR, 1996), but usage dropped to less than 0.5% of broccoli acreage in 1997 when it was 
applied to 331 ac in the Central Coast, 17 ac in the Desert, and not applied at all in the SJ Valley or the South Coast. 
Usage restrictions render this material difficult to work with in comparison with other compounds. Buffer zones of as 
much as 1500 ft are currently required when inhabited structures or other sensitive areas are in close proximity to treated 
fields. Further it has been identified as an ozone depleting substance, and is scheduled for phase-out in the next few 
years. Methyl bromide (MBr) is generally applied with chloropicrin (cp). At low ratios, as in the 98/2 MBr/cp mixture, 
chloropicrin serves as a pungent warning agent for the relatively odorless methyl bromide; at higher ratios, such as 
67/33 MBr/cp, chloropicrin also contributes significantly to disease control efficacy.

Chloropicrin was not applied alone to broccoli fields in 1997. As part of a mix with other materials (principally, methyl 
bromide) it was applied to less than 0.5% of broccoli acreage in 1997. However, chloropicrin has disease suppressive 
efficacy and is a potential alternative soil fumigant.

PCNB (Terraclor) was used on less than 1% of the acreage in 1997, all on the Coast. Clubroot is usually the principal 
target of PCNB applications, but treatments for this pathogen will also control Rhizoctonia as a secondary benefit. To be 
efficacious against clubroot, this material should be broadcast applied and incorporated into the soil before planting.

Iprodione (Rovral) was used on less than 1% of the acreage in 1997, all on the Coast and in the SJ Valley. This material 
is efficacious against black leg.

Dazomet (Basamid) is a general purpose soil fumigant, similar to metam sodium, that is not currently registered for 
broccoli.

Biological Controls: 
Gliocladium virens (SoilGard) is a microbial fungicide that can be efficacious against Rhizoctonia. The current usage of this 



product is limited due to insufficient data for application methods and field efficacy.

Cultural Control Practices: 
Some good preventative measures can be taken to prevent spread of disease to other fields. The first is to clean all farm 
machinery, which has been in contact with diseased soil. Minimizing irrigation run-off can also help reduce the spread of 
disease. Any transplants that are used should be produced in sterilized soil. Good fertilization practices and elimination of 
weeds that may act as inoculum reservoirs are also good preventative measures. In the case of clubroot, soil liming has been 
practiced for many years. Lime is applied to soil to increase the pH to above 7.2. Although this does not kill the fungus 
outright, it creates soil conditions that are not favorable to club root activity.

In addition to practicing good field sanitation and management of fertilization, a good rotational program with non-host plants 
is important. However, several of these pathogens have a large range of host plants, making rotation to a non-host plant 
difficult to do. In the principal coastal production district, this frequently is accomplished with rotation to lettuce and celery. In 
the warmer inland valleys and deserts, summer crops of cotton and melons also provide good rotation to minimize carry-over 
effects of the various pests discussed above.

 

 

Nematodes

Sugarbeet cyst nematode, Heterodera schachtii 
Cabbage cyst nematode, H. cruciferae 

Rootknot nematodes, Meloidogyne incognita, 
M. javanica, M. arenaria, M. hapla

Nematodes are parasitic, microscopic roundworms less than 4 mm (0.16 in) in length and live on the roots and surrounding soil 
of all vegetable crops. Overall, nematodes may infest as much as 75% of the cole crop acreage in California. The cyst 
nematode (Heterodera spp.) is the most harmful genus to cole crops, and can be found throughout California. Cole crops are 
the only host for cabbage cyst nematode, and can cause more plant injury and stunting than the root knot nematode when 
abundant. The cyst nematode can be found on all soil types, but has a limited host range, allowing management by crop 
rotation with non host plants. In the case of the sugarbeet cyst nematode, H. schachtii, cole crops, beets, spinach and related 
weeds have all been shown to harbor large populations (UC IPM, 1997).

Rootknot (Meloidogyne) nematodes can also be a problem for cole crops in California, but to a lesser extent. Root knot 
nematodes produce small distinct galls from the size of a pin head to one inch in diameter.

Nematodes, usually in the egg stage, over-winter in the soil in decaying vegetable matter. This matter may persist for long 
periods of time. Symptoms from nematodes can mimic other problems in the field, but primarily they cause an overall stunting 
of the plant, wilting, small head formation, and lower yields. When cyst nematodes attack seedlings, the entire broccoli 
planting may be economically destroyed (personal communication, F. Laemmlen, 1999).

Chemical Control: 
Soil fumigation can be used to control nematodes in cases where rotation or other non-chemical practices are not feasible. 
When fumigants are used, many have the added benefit of weed control and suppression of soil borne diseases.

Fenamiphos [OP]

Under a Section 18 in 1995, fenamiphos (Nemacur), a systemic nematicide, was applied to approximately 14% of 
planted broccoli acreage (DPR, 1996). The following year, applications dropped to approximately 10% of planted 



acreage (NASS, 1997). In 1997, the Section 18 expired on March 15; only 2407 broccoli acres were treated (less than 
5%). Typical rate was 1.8 lb ai/ac, applied as a preplant soil treatment.

Dichloropropene [B1B2]

�❍     Trade Name & Formulation: Telone II
�❍     Typical Application Timing & Frequency: Applied preplant, one time per crop.
�❍     Typical Application Rate & Method: Soil incorporated at 89 lb ai/ac.
�❍     REI & PHI: Prohibited from the start of application until 5 days after application; no PHI (applied preplant).

While applications of dichloropropene in 1997 were only made to 639 ac statewide, with re-registration of this 
compound and withdrawal of fenamiphos from the nematicide market, it is expected to become the dominant 
chemical nematicide for California broccoli. This is particularly true of the coastal district, where all of the 
applications of dichloropropene occurred in 1997.

Alternative Chemical Controls: 

●     Ethoprop [OP] (Mocap) was not applied to broccoli in 1997. It is however, an efficacious potential alternative to metam 
sodium (Vapam), fenamiphos (Nemacur), and other at-risk nematicides. It currently is registered for cabbage, where it is 
the preferred material due to its effectiveness and relative low cost. Currently, it is not registered for use on broccoli in 
California.

●     Dazomet See Soil Diseases.
●     Metam Sodium [B1B2] See Soil Diseases.
●     Methyl Bromide See Soil Diseases

Biological Controls: 
Methicun verrucaria(Ditera ES) 
This biological nematicide received California registration in April, 1996. While it was applied to only 57 ac in 1997, current 
usage is many times that, and it appears that in some situations this reduced-risk product can be a viable alternative to 
fenamiphos and dichloropropene. This is particularly true in coastal plantings, where almost all of the current and past 
applications have taken place for sugarbeet cyst nematode control.

Cultural Control Practices: 
Crop rotation with non-host plants, deep plowing, and good sanitation are the primary cultural practices in use for nematode 
control on broccoli. 

 

 

Weeds

Weed management is a major field problem for commercial broccoli. Weeds compete with the intended crop for nutrients, 
which can lead to a reduction in harvest as well as a delay in plant maturation (Bell, 1995). In addition, weeds provide habitat 
for insect pests, and can reduce the efficacy of spray-applied pest control materials by interfering with pesticide deposition.

Chemical Control: 

Chlorthal-dimethyl (DCPA)

�❍     Trade Name & Formulation: Dacthal 75 W



�❍     Typical Application Timing & Frequency: One application at planting.
�❍     Typical Application Rate & Method: Sprayed on soil from tractor mounted boom at rates ranging from 2.55 lb ai/

ac on the Central Coast to 6.36 lb ai/ac in the Desert.
�❍     REI & PHI: 12 hours restricted entry interval. No PHI (applied at planting)

Chlorthal-dimethyl, also known as DCPA (Dacthal) is no longer being manufactured, but during 1997 it ranked 
6th of all pesticides in number of applications and aggregate treated broccoli acreage. It was by far the most 
widely used herbicide. It was applied to 49,278 ac, or 41% of planted acreage (calculation is shown in Appendix 
1, Aggregate Treated Acres), to control annual grasses and some broadleaf weeds. Usage Intensity was greatest 
in the coastal regions.

Oxyfluorfen

�❍     Trade Name & Formulation: Goal 2 XL
�❍     Typical Application Timing & Frequency: Applied after completion of soil preparation, but prior to transplanting 

(once per season). Not used for direct seeded broccoli.
�❍     Typical Application Rate & Method: Sprayed onto the soil at 0.15 lb ai/ac.
�❍     REI & PHI: 24 hours restricted entry; no PHI (applied prior to planting).

Oxyfluorfen is a pre-plant/transplant selective herbicide for pre-emergent control of some species of annual 
broadleaved weeds (label lists carpetweed, redroot pigweed, common purslane, and Pennsylvania smartweed). It 
also assists in control of grasses. It was the second to chlorthal-dimethyl in herbicide usage on broccoli in 1997. 
It was applied to 24,932 ac, or 21% of planted broccoli acreage. Most of this acreage, 18,365 ac, was in the South 
Coastal region; there was negligible usage in the Desert and no applications in the San Joaquin Valley. UI 
indices: Central Coast, 9; South Coast, 66; Desert, 0; SJ Valley, 0.

Bensulide [OP]

�❍     Trade Name & Formulation: Prefar 4-E
�❍     Typical Application Timing & Frequency: Applied pre-plant (for broccoli transplants) or pre-emergence (for 

direct seeded broccoli), once per season.
�❍     Typical Application Rate & Method: Chemigated or directed spray at rates ranging from 1.57 lb ai/ac on the 

Central Coast to 3.79 lb ai/ac in the Desert.
�❍     REI & PHI: 12 hours restricted entry. No PHI (applied pre-plant or pre-emergence).

Bensulide provides pre-emergent control of selected annual grasses, pigweeds, and purslane through interference 
with the seed germination process. It was the third most commonly used herbicide on broccoli in 1997, but it was 
applied to less than 10% of the total planted acreage. Usage Intensity was greatest in the inland regions, and is 
expected to increase following loss of chlorthal-dimethyl.

Label prohibits planting of rotational crops (that are not on the label) within 120 days of application.

Trifluralin

�❍     Trade Name & Formulation: Treflan
�❍     Typical Application Timing & Frequency: One pre-plant application.
�❍     Typical Application Rate & Method: Soil incorporated at rates ranging from 0.25 lb ai/ac in the Desert to 0.72 lb 

ai/ac in the San Joaquin Valley.
�❍     REI & PHI: 12 hours restricted entry interval. No PHI (applied prior to planting).

Trifluralin is a mitotic inhibitor applied for pre-emergent control of annual grasses and broadleaf weeds. It was 



applied to 8.5% of the total broccoli acreage in 1997. Usage Intensity was greatest in the inland regions, and may 
increase following the loss of chlorthal-dimethyl. However, rotational restrictions will greatly limit use in coastal 
vegetable districts. The product label prohibits planting of spinach, sugarbeets, or redbeets within one year after a 
spring application, and within 14 months of a fall application. Other rotational vegetable crops not listed on the 
label must not be planted within 5 months of application. Lettuce, for example, which is an important rotational 
crop on the Coast, is not listed.

Glyphosate

�❍     Trade Name & Formulation: Roundup Ultra
�❍     Typical Application Timing & Frequency: Applied to weeds to clean-up field before planting.
�❍     Typical Application Rate & Method: Applied by aerial or ground spray prior to planting at a rate of 0.95 lb ai/ac.
�❍     REI & PHI: 4 hours restricted entry

Glyphosate is a broad spectrum postemergence herbicide that is often applied to weeds around the perimeter of 
fields or used for spot treatments, but it typically plays a small role in weed control within a field once the crop 
has been established. It was applied to less than 5% of the total broccoli acreage in 1997. Usage Intensity was 
greatest in the Desert.

Sethoxydim

�❍     Trade Name & Formulation: Poast
�❍     Typical Application Timing & Frequency: One application, early in the season after grasses appear.
�❍     Typical Application Rate & Method: Ground applied at 0.21 lb ai/ac. (This material is not registered for aerial 

applications on California broccoli.)
�❍     REI & PHI: 12 hours restricted entry; 30 days pre-harvest interval

Sethoxydim provides postemergence control of annual and perennial grasses. It was applied to less than 5% of 
California broccoli acreage in 1997. It is not effective on annual bluegrass and hence is rarely used on the Coast. 
Usage Intensity was highest in the Desert: Central Coast, 0; South Coast, 0; Desert, 18; SJ Valley, 2.

Napropamide

�❍     Trade Name & Formulation: Devrinol 50 DF, 50 WP
�❍     Typical Application Timing & Frequency: Applied before or soon after planting, once per season.
�❍     Typical Application Rate & Method: Preplant soil incorporated or soil sprayed after planting at 0.41 lb ai/ac .
�❍     REI & PHI: 12 hours restricted entry.

Napropamide controls pre-emergent annual grasses and broadleaved weeds. Crops not listed on label must not be 
planted within 12 months of last application. This excludes lettuce and melon as rotational crops, and greatly 
limits the use of this herbicide in most vegetable production districts.

Napropamide was applied to less than 5% of California broccoli acreage in 1997. Most of this acreage was in the 
coastal regions.

Alternative Chemical Controls: 

●     Ammonium nitrate (AN 20) is a fertilizer, but it is occasionally sprayed on the bed tops to burn down weeds instead of, 
or in combination with, conventional pre-plant herbicides.

●     EPTC (Eptam 7E) currently has a Special Local Needs registration only. It was applied to only 595 ac in 1997, 
exclusively in the Desert. EPTC has been used to control yellow and purple nutsedge. Growers may not apply this 



material within 90 days of planting, and must pre-irrigate treated ground 30 days before planting.
●     Propachlor (Ramrod) provides pre-emergent control of many annual grasses and a few broadleaved weeds. This material 

is not currently registered for broccoli.
●     Pendimethalin (Prowl) provides pre-emergent control of some grasses and broadleaved weeds. This material is not 

currently registered for broccoli.
●     Methyl Bromide See Soil Diseases

Cultural Control Practices: 
In the South Coastal Region of California, no-till methods of planting broccoli have been successful. Broccoli is transplanted 
on existing beds from a previous lettuce crop, and weeds are controlled through mechanical cultivation.

 

 

Post Harvest Control Issues

Broccoli is pre-cooled directly after harvest by either package or liquid icing. Directly after pre-cooling is complete, broccoli is 
placed in cold storage or shipped to destination markets. None of the cole crops are treated with pesticides after harvest, with 
the exception of sodium hypochlorate, or calcium hypochlorate, which is used as a microbial agent in the water. Minimal 
amounts as little as 2 ppm for organic material, and up to 200 ppm are used in cooling house operations (Swaider, 1992).

 

Discussion and Summary

Commercial broccoli production in California relies 
substantially on usage of FQPA-targeted materials. In 
1997, the contribution of organophosphate (OP), 
carbamate (CARB), and potentially carcinogenic 
materials (B1B2) to total aggregate acreage treated 
with pesticide was 48% (Fig. 2). Organophosphates 
were the largest "at risk" group, contributing 37%, 
and were applied mainly to control cabbage aphid and 
cabbage maggot. Carbamates were only 7%, and 
were used primarily for control of beet armyworm 
and cabbage looper. Finally, potential carcinogens 
were the smallest group, contributing only 4% to total 
Aggregate Treated Acreage, and used mainly for 
control of downy mildew.

Three materials that were significantly utilized in 
1997 are no longer widely used today. Chlorthal-
dimethyl, also known as DCPA (Dacthal), is no 
longer being manufactured. It was the most used 
herbicide on broccoli in 1997. Methamidophos [OP] 

(Monitor 4L) is no longer registered for broccoli, but it was applied to 15,306 aggregate acres in 1997 to control cabbage aphid. 
Naled [OP] (Dibrom) was used in response to a heavy infestation of diamondback moth, but with the registration of spinosad 
(Success) that year, it is now used only occasionally for cabbage aphid.

Organophosphate Usage



Of the fifteen pesticides most applied to California broccoli in 1997, five are organophosphates (Fig.3). Two of these materials, 
oxydemeton-methyl (Metasystox-R) and dimethoate, are targeted mainly at cabbage aphid, a pest that is especially threatening 
to the coastal broccoli acreage, where 83% of California broccoli is grown. A third OP, chlorpyrifos (Lorsban), is applied 
primarily to control cabbage maggot, but it also controls aphid and worms. Diazinon is important as a flea beetle control 
material in the South Eastern Desert, but it was also applied to help with cabbage maggot control on the coast. A fifth OP, 
bensulide (Prefar) was applied to only 8.5% of California broccoli acreage in 1997, but usage of this herbicide has increased 
significantly following the aforementioned loss of chlorthal-dimethyl.

Possible alternatives to OPs for cabbage aphid control are endosulfan (Thiodan) and imidacloprid (Admire, Provado). As 
previously discussed, endosulfan is difficult to apply due to environmental regulations. Imidacloprid is formulated as a soil 
treatment (Admire) and as a foliar spray (Provado). The soil treatment formulation of imidacloprid (Admire) is efficacious, but 
generally considered by coastal growers to be a cost-prohibitive approach to cabbage aphid control. Additionally, Admire tends 
to lose aphicidal potency late season in heavy soils, necessitating supplemental foliar applications to control the pest. The foliar 
spray formulation of imidacloprid (Provado) is widely used for cabbage aphid, but it is not efficacious against heavy 
infestations, and some growers who apply Admire will follow-up with a foliar application of an OP. At present, the main role 
of imidacloprid for cabbage aphid control is as a resistance management material for OPs. A possible future replacement 
aphicide for OPs is pymetrozine (Fulfill), a product currently in EPA review for registration. It is effective and offers a unique 
chemistry that could be useful in resistance management with imidacloprid.



OPs are the only materials proven efficacious against cabbage maggot. The principal pesticides used are chlorpyrifos (Lorsban) 
and diazinon, and the alternative materials, fonophos (Dyfonate) and azinphos-methyl (Guthion), are also OPs.

Flea beetle infestations are less of a problem than cabbage aphid and cabbage maggot from a statewide perspective, but they 
are a significant pest in the South Eastern Desert. These insects are controlled with permethrin in rotation with an OP (usually, 
it is diazinon). The potential alternative materials for rotation with permethrin are (a) the carbamate carbaryl (Sevin) or (b) 
endosulfan (Thiodan). There are no low-impact OP replacements for flea beetle control in the Desert.

Finally, the OP bensulide (Prefar) is a key herbicide that was particularly important to growers in the inland regions (San 
Joaquin Valley and Desert) in 1997. There are no alternatives that are suitable for use as pre-emergent control of grasses and 
purslane in these districts. The loss of chlorthal-dimethyl (Dacthal) is increasing the usage of bensulide on broccoli.

Carbamate Usage

The key pests that are treated with carbamates on California broccoli are cabbage looper and beet armyworm.

Spinosad (Success) has lessened somewhat the reliance on carbamates for these larval pests since its registration for broccoli in 
1997. However, some Pest Control Advisors report that spinosad has not demonstrated reliable efficacy against cabbage looper, 
for which pyrethroids were the primary treatment in 1997. The carbamate thiodicarb (Larvin) remains a valuable resistance 
management material, in rotation with pyrethroids, for cabbage looper. However, the pending registration of emamectin 
benzoate (Proclaim) may lessen the importance of thiodicarb as a rotational material for cabbage looper control. Emamectin 
benzoate has shown promise in commercial use in Hawaii, and would likely work well in resistance management with spinosad 
on California broccoli.

In 1997, the principal beet armyworm insecticide was the carbamate methomyl (Lannate), which is sometimes substituted with 
another carbamate, thiodicarb (Larvin). While growers have reported good results with spinosad against beet armyworm, at this 
time it is unclear the extent to which spinosad can replace carbamate usage for control of this pest.

Usage of Potential Carcinogens (B1s and B2s)

Thiodicarb (Larvin) is listed as a potential carcinogen as well as a carbamate. However, the principal carcinogens used on 
broccoli are the fungicides chlorothalonil (Bravo) and maneb, which are used to control downy mildew. Although this disease 
generally presents less potential than insects for causing economic damage to broccoli production, during wet seasons (e.g., "El 
Niño" years), growers need a reliable fungicide if fields are to be harvested normally. While chlorothalonil and maneb have 
been used for many years, and, importantly, have not developed disease resistance problems, there are some interesting, 
economically promising alternatives to these materials in development by manufacturers.

Total Active Ingredient by Region

The distribution of lb ai across the four growing regions for the primary broccoli pesticides (Table 1, next page) indicates, not 
surprisingly, that most pest control materials are applied in the region with the greatest acreage, the Central Coast. However, 
there were notable exceptions. The soil fumigant metam-sodium (Vapam) and the herbicide oxyfluorfen (Goal) were applied 
predominantly in the South Coastal Region. Diazinon usage in the Desert was more than twice the lb ai in the Central Coast.

Table 1. Fifteen most important broccoli pest control materials, based on grower interviews and 1997 usage data. Listing is in 



order of total Aggregate Treated Acreage (Fig. 2). (See Appendix 2, Tables A1 - A4 for full listing.)

Total lb ai applied, 1997

Common Name Trade Name Pest Central 
Coastal

South Coast Desert SJ Valley

esfenvalerate Asana cabbage looper 2,297 1,013 696 493 

oxydemeton-methyl [OP] Metasystox R aphid 31,118 12,566 86 403 

Bacillus thuringiensis Agree, Crymax worms 6,900 2,776 785 788 

chlorpyrifos [OP] Lorsban aphid, worms* maggots 56,986 19,784 2,595 760 

dimethoate [OP] Dimethoate aphid 15,141 7,614 853 552 

imidacloprid Admire, Provado aphids, whitefly 1,824 369 2,312 144 

spinosad Success DBM 1,509 723 416 524 

methomyl [CARB] Lannate beet armyworm 13,236 3,312 4,063 6,872 

permethrin Ambush, Pounce cabbage looper 1,522 259 511 485 

oxyfluorfen Goal weeds 957 2,856 21  

thiodicarb

[CARB, B1B2]
Larvin cabbage looper 4,975 2,590 2,806 4,088 

chlorothalonil [B1B2] Bravo downy mildew 5,677 2,726 6,039 3,748 

diazinon [OP] Diazinon beetles, aphid 3,207 427 7,282 994 

bensulide [OP] Prefar weeds 8,710 342 8,888 6,946 

metam-sodium [B1B2] Vapam nematodes, soil 
diseases 88,033 180,152 1,480 -

*•denotes usage against lepidopterous larvae of beet armyworm, imported cabbage worm, cabbage looper and diamondback moth (DBM). If a material is particularly 
important for one of these species, that pest is listed.
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Disclaimer

The statements and conclusions in this report are those of the Alliance for Alternative Agriculture and not necessarily those of 
United States Department of Agriculture.

The mention of commercial products, their source, or their use in connection with material reported herein is not to be 
construed as actual or implied endorsement of such products. Trade names are included only as an aid to identification of 
materials used in the field.

 

Appendix1

Data Collection and Processing Procedures

Individual County Broccoli Acreage 
Total broccoli acreage reported by the county agricultural commissioners was 118,270 ac harvested, with acreage missing for 
Monterey County processed broccoli (CASS, 1998). This is an important omission, given that Monterey County harvested the 
greatest weight of processed broccoli. Acreage data published by the National Agricultural Statistics Service (NASS) lists 
harvested broccoli acreage at 119,000 ac for 1997 (NASS, 1999). In this report, deference is given to the NASS data for 
harvested acreage, but the distribution of acreage among counties within the state is determined by the percentage of 
production tonnage reported by the county agricultural commissioners, which does include processed tonnage for Monterey 
County. The individual county percentages are applied to the NASS acreage of 119,000 ac.

County Pesticide Use Reports 
At the time of data compilation for this report, the most recent year for which statewide pesticide usage data were compiled and 
published by the California Department of Pesticide Regulation (CDPR) was 1995. However, individual counties had collected 
and processed 1997 data. To provide the most current usage statistics, Alliance staff requested pesticide usage information for 
calendar year 1997 from agricultural commissioner’s offices in each county in the San Joaquin Valley Region, Central Coast 
Region, South Eastern Region, and South Coastal Region. In addition, the agricultural commissioner’s office in Sutter County 
(Northern Region) was contacted. This group of counties comprised all counties in the principal broccoli growing regions of 
California.



All counties responded with the requested data; seventeen reported pesticide usage on broccoli. Data was given to the Alliance 
in electronic media (i.e., floppy disk or E-mail) with the exception of data from Imperial County, which sent hard copy.

Summation of County Data 
Individual county data was grouped by pesticide product, product application amount unit, and application method. For 
example, one group would consist of all applications on broccoli of Asana XL, with EPA no. 352-515, where units of product 
applied were expressed in gallons, and application method was by ground equipment. For these groups, the amount of product 
applied and the acres treated were summed, and the application instances were counted. This summed data from each county 
was combined into a single, statewide searchable database.

Active Ingredient Calculations 
After the statewide database was compiled, all units of measure for dry materials were converted (if necessary) to pounds, and 
all units for liquids to gallons. The objective of making the conversions was to express applications of materials in units of lb 
ai. For dry materials, once a material was expressed in lb, the percentage of active ingredient, as listed by the CDPR, was used 
to calculate the amount of active ingredient that was applied. Liquid products required the additional step of factoring in the 
product density, also obtained from CDPR. Density (lb/gal) was multiplied by the gallons of product applied for a 
corresponding weight, and the percentage of active ingredient was applied to this weight.

When all individual product applications were expressed in lb ai, it was possible to combine data for applications of the same 
active ingredient regardless of product formulation. This report utilizes database queries to provide pesticide usage information 
for each active ingredient applied to broccoli, grouped by region and summed across all regions.

Average Application Rate 
The average rate of pesticide application is calculated simply as the total applied amount of active ingredient divided by the 
Aggregate Treated Acreage. For example, Table A1 lists for esfenvalerate 4,499 total lb ai applied to 102,295 acres. The 
average rate is 0.04 lb ai/ac:

 = 0.04 lb ai/ac

Esfenvalerate is typically applied on broccoli for worms in the form of Asana XL, 0.66 Emulsifiable Concentrate. The 
calculated average application rate of 0.04 lb ai/ac within the product label parameters of 0.015 to 0.050 lb ai/ac.

 

Terminology

Aggregate Treated Acreage 
The term "aggregate" acreage is the sum of area treated by a pesticide material. This summation may exceed the total planted 
acreage where there are multiple applications to the same acreage. It is not a definitive indicator as to whether or not all planted 
acreage was treated with pesticide. For example, a grower may have 100 ac broccoli planted. He/she may report four 
application instances of 50 ac each. This may mean that each half of the field was sprayed twice; it may also mean that same 
half of the field was sprayed four times. Regardless, the Aggregate Treated Acreage (ATA) for this 100 ac field would be 200 
ac, and would not indicate whether or not all of the field was treated.

If research indicates that a product is applied only once per season, then ATA may be used to calculate percent coverage. For 
example, chlorthal-dimethyl (Dacthal) was reported to the agricultural commissioners to have been applied to 49,278 acres. 
Because this product is applied to broccoli only one time (during planting) per season, it can be said that the percent coverage 
for this product was 41.1%:



 = 0.414 = 41.4% of planted acres treated

Another statement that can be made based on the Aggregate Treated Acreage arises when ATA is less than the total acreage 
planted. If, for example, ATA is 9 ac vs. 100 total acres planted, it is accurate to say that "less than 10% of planted acreage was 
treated," or "at most, 9% of planted acreage was treated."

Unless otherwise noted, all pesticide use acreage figures in this report are Aggregate Treated Acres based on 1997 data.

Usage Intensity 
Nearly 60% of the state’s broccoli acreage is in the Central Coastal Region. It would be expected, then, that most of the 
chemical usage will occur in that region also. For example, esfenvalerate (Asana), the chemical with the greatest aggregate 
treated broccoli acreage, was applied to 47,506 ac in the Central Coast, vs. 25,758 ac in the South Coast, 16,204 ac in the 
Desert, and 12,828 ac in the San Joaquin Valley. However, when considering the importance of a material to a region, the ratio 
of treated acreage to planted acreage is more illuminating than treated acreage alone. This ratio can be expressed as a Usage 
Intensity (UI) index, calculated as follows:

The UI index, which is essentially the formula for finding a percentage; can be read as the number of acres of treatment per 100 
acres planted (note that this is not the same as "percent coverage," discussed below). By normalizing the regional differences in 
acreage, the UI indices provide valuable information that is not obvious from the Aggregate Treated Acreage figures. 
Returning to the example of esfenvalerate, the UI indices are 67 for the Central Coast, 92 for the South Coast, 150 for the 
Desert, and 140 for the San Joaquin Valley. These numbers suggest that while the most treated acreage is in the Central Coast, 
esfenvalerate is relied on to a greater extent by growers in the inland districts.

1996 Coverage 
Data from county Agricultural Commissioners data, which is the basis for the 1997 pesticide usage data in this report, provides 
the number of acres for each application instance and allows for an Aggregate Treated Acres summation. "Percent coverage" is 
the percentage of planted acreage that is treated with at least one application of a given pesticide and, as discussed under 
Aggregate Treated Acreage (above), this information can not always be determined from the summation of treated acres. 
However, the National Agricultural Statistics Service (NASS) has developed a database, independently of the county 
agricultural commissioners, based on grower surveys for the 1996 crop year (which, for broccoli, is also the calendar year). 
Based on this survey, NASS is able to publish percent coverage figures for selected pesticides (National Agricultural Statistics 
Service. July, 1997. California Vegetable Chemical Use ) Where the 1997 Agricultural Commissioners data cannot be 
converted directly to percent coverage, in some cases the NASS data for 1996 is given, and reported as "1996 Coverage."

 

 

Appendix 2

 

Pesticide Use Tables



Appendix Tables A1 - A4 present a listing of all chemical pest control materials applied to broccoli in calendar year 1997, 
based on data from county agricultural commissioners. Adjuvants (e.g., spreaders and stickers) are not included). Tables A1 - 
A4 show data for individual regions; Table A5 shows data for all regions combined.

Column Heading Key

●     "chemical name" is the common name of the active ingredient.
●     "number of applications" is the total number of times the active ingredient was applied to broccoli.
●     "lb ai applied" is total pounds of active ingredient applied to broccoli.
●     "acres treated" is Aggregate Treated Acreage.
●     "avg. rate" is total lb ai divided by Aggregate Treated Acreage, for average lb ai/ac.

Table A1. 1997 Pesticide Usage on Central Coastal Broccoli

Common name(ai) number of 
applications lb ai applied acres treated avg. rate

acephate 3 31.88 41.00 0.78

azadirachtin 404 47.73 3681.30 0.01
azinphos methyl 46 399.66 697.20 0.57
bacillus thuringiensis 2304 6900.25 28606.60 0.24
benomyl 12 32.94 60.75 0.54
bensulide 392 8709.77 5547.15 1.57
carbaryl 108 1991.90 1614.32 1.23
chlorothalonil 402 5676.95 5233.16 1.08
chlorpyrifos 3217 56986.05 45210.94 1.26
chloropicrin 26 1755.15 363.5 4.83
chlorthal-dimethyl 2676 93643.44 36727.69 2.55
copper hydroxide 240 2379.65 2763.90 0.86
copper oxychloride 2 24.09 16.10 1.50
cypermethrin 1 1.55 16.00 0.10
diazinon 203 3207.09 2572.72 1.25
dichloropropene 57 56237.07 630.65 89.17
dimethoate 2238 15141.05 31423.02 0.48
dimethoxane 9 63.57 196.00 0.32
disulfoton 492 6997.81 6909.26 1.01
endosulfan 76 1030.78 1145.60 0.90
esfenvalerate 3490 2296.95 47505.83 0.05
fenamiphos 100 2306.06 1383.55 1.67
fonofos 221 6771.84 3768.36 1.80
fosetyl-al 18 521.36 240.50 2.17
garlic 1 1.53 7.20 0.21
glyphosate 101 1411.64 1463.31 0.96



imidacloprid 2105 1824.24 29545.97 0.06
iprodione 53 269.43 283.46 0.95
lindane 10 76.34 142.36 0.54
malathion 83 1945.57 1022.59 1.90
maneb 249 3778.12 3091.69 1.22
mefenoxam 236 290.13 2794.35 0.10
metalaxyl 367 853.03 4915.67 0.17
metaldehyde 7 15.61 56.6 0.28
metam-sodium 66 88032.69 913.65 96.35
methamidophos 662 5831.60 9601.72 0.61
methomyl 1273 13236.16 17284.56 0.77
methyl bromide 23 66088.68 330.60 199.91
myrothecuin verrucaria 7 457.44 45.48 10.06
naled 1211 27982.25 17752.55 1.58
napropamide 93 458.21 1310.20 0.35
neem oil 263 4393.03 1308.06 3.36
oxydemeton-methyl 4607 31118.00 63038.69 0.49
oxyfluorfen 554 957.30 6530.55 0.15
paraquat 54 724.54 667.05 1.09
pcnb 6 564.38 75.50 7.48
permethrin 1036 1522.36 13850.63 0.11
piperonyl butoxide 48 598.03 626.50 0.95
potash soap 226 3653.85 1083.50 3.37
pyrethrins 54 3.58 427.2 0.01
rotenone 50 2.77 412.6 0.01
sethoxydim 16 61.25 245.10 0.25
spinosad 1261 1508.90 17822.87 0.08
sulfuryl fluoride 1 118.80 12.00 9.90
thiodicarb 478 4975.44 6902.71 0.72
tralomethrin 178 56.01 2476.61 0.02
trifluralin 146 782.49 2228.35 0.35

 

Table A2. 1997 Pesticide Usage on South Coastal Broccoli

Common name(ai) number of 
applications lb ai applied acres treated avg. rate

acephate 3 23.48 23.50 1.00
azadirachtin 12 0.71 34.45 0.02



azinphos methyl 1 8.50 17.00 0.50
bacillus thuringiensis 1371 2775.87 16743.06 0.17
benomyl 3 34.50 69.00 0.50
bensulide 11 341.64 122.06 2.80
carbaryl 13 226.65 133.00 1.70
chlorothalonil 187 2726.28 2406.19 1.13
chlorpyrifos 1353 19784.25 17487.97 1.13
chlorthal-dimethyl 426 19724.94 5137.41 3.84
copper hydroxide 45 359.19 617.00 0.58
copper sulfate 3 137.80 44.50 3.10
cryolite 1 62.40 13.00 4.80
cypermethrin 4 7.05 76.00 0.09
diazinon 57 427.22 540.45 0.79
dichloropropene 1 611.81 8.70 70.32
dimethoate 1318 7614.31 15700.94 0.48
disulfoton 60 1908.33 1201.20 1.59
endosulfan 5 7.39 62.52 0.12
esfenvalerate 2081 1012.91 25757.72 0.04
fenamiphos 107 1980.35 1023.48 1.93
fosetyl-al 30 243.60 93.88 2.59
glyphosate 30 461.35 399.04 1.16
imidacloprid 278 368.67 2848.78 0.13
iprodione 14 120.85 116.66 1.04
lindane 83 878.22 863.98 1.02
malathion 136 2388.79 1262.60 1.89
maneb 29 425.38 280.50 1.52
mefenoxam 4 6.06 17.92 0.34
metalaxyl 102 131.39 1033.16 0.13
metam-sodium 120 180151.76 2333.74 77.19
methamidophos 165 1760.12 2239.64 0.79
methomyl 328 3311.96 4085.89 0.81
metribuzin 1 0.42 6.00 0.07
myclobutanil 4 1.57 48.50 0.03
myrothecuin verrucaria 5 141.55 11.34 12.48
naled 237 3540.59 2663.40 1.33
napropamide 44 235.85 531.44 0.44
neem oil 60 1635.51 518.60 3.15
oxydemeton-methyl 2281 12566.44 26078.30 0.48
oxyfluorfen 1685 2856.05 18353.91 0.16



paraquat 22 251.72 247.19 1.02
pcnb 80 3458.49 919.92 3.76
permethrin 215 258.85 2543.99 0.10
piperonyl butoxide 87 773.36 988.90 0.78
potash soap 26 432.42 99.74 4.34
propiconazole 1 7.12 46.00 0.15
pyrethrins 61 6.43 554.05 0.01
rotenone 58 4.46 533.8 0.01
rim sulfuron 1 0.38 6.00 0.06
sethoxydim 9 29.30 111.43 0.26
spinosad 618 723.02 8471.22 0.09
sulfur 2 15.60 6.50 2.40
thiodicarb 273 2590.00 3727.06 0.69
tralomethrin 22 4.57 215.94 0.02
trifluralin 10 42.23 92.74 0.46

 

Table A3. 1997 Pesticide Usage on South Eastern (Desert) Broccoli

Common name(ai) number of 
applications lb ai applied acres treated avg. rate

azadirachtin - 3.12 454.20 0.01
bacillus thuringiensis 22 785.35 11910.83 0.07
bensulide 25 8887.91 2345.60 3.79
bifenthrin 1 92.62 1063.00 0.09
carbaryl - 155.00 164.00 0.95
chloropicrin 1 16.00 2.00 8.00
chlorothalonil 28 6038.85 5844.60 1.03
chlorpyrifos - 2594.61 3330.00 0.78
chlorthal-dimethyl 36 37062.75 6728.62 5.51
copper hydroxide - 233.86 723.50 0.32
copper salts - 33.30 73.00 0.46
copper sulfate 1 0.59 0.25 2.38
cypermethrin - 31.93 379.70 0.08
diazinon 7 7282.23 10580.60 0.69
dimethoate - 852.66 2270.80 0.38
disulfoton 14 527.84 524.00 1.01
endosulfan - 177.61 338.50 0.52
eptc 1 2364.77 595.00 3.97



esfenvalerate 44 696.17 16203.64 0.04
fosetyl-al - 2086.87 1054.60 1.98
garlic - 15.33 144.46 0.11
glyphosate - 1089.19 1276.50 0.85
imidacloprid 41 2312.36 9999.56 0.23
malathion 4 1362.89 1188.00 1.15
maneb 1 2588.98 2158.40 1.20
mefenoxam 4 113.80 1606.00 0.07
metalaxyl 8 468.06 3418.50 0.14
metam-sodium - 1480.01 10.00 148.00
methamidophos - 1820.53 2433.50 0.75
methomyl 57 4063.04 6514.98 0.62
methyl bromide 2 3724.00 17.00 219.06
napropamide - 136.00 216.00 0.63
neem oil - 28.36 34.90 0.81
oxydemeton-methyl - 86.28 213.00 0.41
oxyfluorfen 1 20.79 48.00 0.43
paraquat - 39.55 30.40 1.30
permethrin 4 511.49 5235.50 0.10
piperonyl butoxide - 29.20 138.00 0.21
potash soap 2 23.69 13.84 1.71
pyrethrins - 2.92 138 0.02
sethoxydim 1 409.72 1975.20 0.21
spinosad 13 415.60 4610.12 0.09
tebufenozide 6 36.09 312.50 0.12
thiodicarb 14 2805.60 3940.20 0.71
tralomethrin - 31.43 1417.00 0.02
trifluralin 26 311.25 1247.90 0.25

 

Table A4. 1997 Pesticide Usage on San Joaquin Valley Broccoli

Common name(ai) number of 
applications lb ai applied acres treated avg. rate

acephate 1 3.75 5.00 0.75
azadirachtin 9 2.07 137.10 0.02
bacillus thuringiensis 203 787.84 9874.30 0.08
bensulide 16 6946.29 2105.00 3.30
carbaryl 3 142.00 71.00 2.00



chlorothalonil 40 3747.70 3298.00 1.14
chlorpyrifos 29 759.73 994.80 0.76
chlorthal-dimethyl 19 4352.10 684.40 6.36
copper hydroxide 31 1887.61 1519.15 1.24
copper oxide/TD> 9 160.82 311.75 0.52
cryolite 12 3160.32 461.00 6.86
cyanazine 1 76.50 85.00 0.90
cypermethrin 2 9.88 105.00 0.09
diazinon 26 994.28 2069.60 0.48
dimethoate 35 551.86 1538.30 0.36
diphacinone 10 0.02 140.30 0.00
disulfoton 2 67.33 70.00 0.96
dodecenyl acetate 1 0.08 20.00 0.00
endosulfan 56 1999.66 2757.30 0.73
esfenvalerate 168 493.12 12827.70 0.04
fonofos 15 4062.44 1955.00 2.08
fosetyl-al 3 288.00 120.00 2.40
glyphosate 5 320.86 313.00 1.03
imidacloprid 47 143.70 1670.70 0.09
iprodione 4 84.50 218.10 0.39
malathion 10 441.42 287.00 1.54
maneb 73 4249.91 4199.95 1.01
mefenoxam 12 96.06 1226.20 0.08
metalaxyl 33 403.19 2663.20 0.15
methamidophos 17 927.88 1031.50 0.90
methomyl 141 6872.46 8929.10 0.77
naled 38 1510.27 1354.00 1.12
napropamide 1 37.50 75.00 0.50
neem oil 6 236.22 70.00 3.37
oxydemeton-methyl 19 403.14 919.00 0.44
permethrin 115 484.60 4074.60 0.12
piperonyl butoxide 1 0.15 38.00 0.00
potash soap 16 699.59 418.00 1.67
pyrethrins 1 0.01 38.00 0.00
sethoxydim 2 33.30 184.00 0.18
spinosad 109 524.31 6348.90 0.08
sulfur 9 1033.02 382.80 2.70
thiodicarb 63 4087.89 5144.30 0.79
tralomethrin 10 6.45 269.80 0.02



triflualin 20 688.68 959.90 0.72

 

Table A5. 1997 Total Pesticide Usage on California Broccoli

Common name(ai) number of 
applications lb ai applied acres treated avg. rate

acephate 7 59.10 69.50 0.85
azadirachtin 425 53.64 4307.05 0.01
azinphos methyl 47 408.16 714.20 0.57
bacillus thuringiensis 3900 11249.31 67134.79 0.17
benomyl 15 67.44 129.75 0.52
bensulide 444 24885.61 10119.81 2.46
bifenthrin 1 92.62 1063.00 0.09
carbaryl 124 2515.56 1982.32 1.27
chloropicrin 27 1771.15 365.5 4.85
chlorothalonil 657 18189.78 16781.95 1.08
chlorpyrifos 4599 80124.64 67023.71 1.20
chlorthal-dimethyl 3157 154783.22 49278.12 3.14
copper hydroxide 316 4860.3 5623.75 0.86
copper oxide 9 160.82 311.75 0.52
copper oxychloride 2 24.09 16.10 1.50
copper salts - 33.30 73.00 0.46
copper sulfate 4 138.39 44.75 3.09
cryolite 13 3222.72 474.00 6.80
cyanazine 1 76.50 85.00 0.90
cypermethrin 7 50.41 576.70 0.09
diazinon 293 11910.82 15763.37 0.76
dichloropropene 58 56848.89 639.35 88.92
dimethoate 3591 24159.88 50933.06 0.47
dimethoxane 9 63.57 196.00 0.32
diphacinone 10 0.02 140.30 0.00
disulfoton 568 9501.30 8704.46 1.09
dodecenyl acetate 1 0.08 20.00 0.00
endosulfan 137 3215.44 4303.92 0.75
eptc 1 2364.77 595.00 3.97
esfenvalerate 5783 4499.14 102294.89 0.04
fenamiphos 207 4286.41 102294.89 0.04
fonofos 236 10834.28 5723.36 1.89



fosetyl-al 51 3139.83 1508.98 2.08
garlic 1 16.86 151.66 0.11
glyphosate 136 3283.05 3451.85 0.95
imidacloprid 2471 4648.97 44065.01 0.11
iprodione 71 474.78 618.22 0.77
lindane 93 954.56 1006.34 0.95
malathion 233 6138.67 3760.19 1.63
maneb 352 11042.39 9730.54 1.13
mefenoxam 266 506.05 5644.47 0.09
metalaxyl 510 1855.68 12030.53 0.15
metaldehyde 7 15.61 56.60 0.28
metam-sodium 186 269664.45 3257.39 82.79
methamidophos 844 10340.12 15306.36 0.68
methomyl 1799 27483.62 36814.53 0.75
methyl bromide 25 69812.68 347.60 200.84
metribuzin 1 0.42 6.00 0.07
myclobutanil 4 1.57 48.50 0.03
myrothecuin verrucaria 12 598.99 56.82 10.54
naled 1486 33033.11 21769.95 1.52
napropamide 138 867.56 2132.64 0.41
neem oil 329 6293.11 1931.56 3.26
oxydemeton-methyl 6907 44173.86 90248.99 0.49
oxyfluorfen 2240 3834.14 24932.46 0.15
paraquat 76 1015.82 944.64 1.08
pcnb 86 4022.86 995.42 4.04
permethrin 1370 2777.31 25704.72 0.11
piperonyl butoxide 136 1400.74 1791.40 0.78
potash soap 270 4809.55 1615.08 2.98
propiconazole 1 7.12 46.00 0.15
pyrethrins 116 12.95 1157.25 0.01
rim sulfuron 1 0.38 6.00 0.06
rotenone 108 7.23 946.40 0.01
sethoxydim 28 533.57 2515.73 0.21
spinosad 2001 3171.83 37253.11 0.09
sulfur 11 1048.62 389.30 2.69
sulfuryl fluoride 1 118.80 12.00 9.90
tebufenozide 6 36.09 312.50 0.12
thiodicarb 828 14458.93 19714.27 0.73
tralomethrin 210 98.47 4379.35 0.02



trifluralin 202 1824.65 4528.89 0.40
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