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General Production Information

●     California produced approximately 86% of all commercially grown cauliflower in the United States (NASS, 1999).

●     Commercial cauliflower production acreage in California was 37,500 acres in 1997 and 40,000 acres in 1998 (NASS, 
1999).

●     Cauliflower production in California totaled 289,500 tons in 1997 and 300,000 tons in 1998 (NASS, 1999).

●     Total value of the California cauliflower crop was $181,829,000 in 1997 and $196,696,000 in 1998 (NASS, 1999).

●     Most U.S. cauliflower is sold in the fresh market (approximately 92%), but a portion (approximately 8%) is sold for 
processing, primarily as frozen product (NASS, 1999; VRIC, 1999).

●     Production costs for commercial cauliflower are approximately $1,900 per acre (NASS, 1999). Pest control costs 
account for approximately 10% of the total production costs (Mason, 1999).

 

Production Regions

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



United States cauliflower production in 1997 covered approximately 43,700 acres, 86% of which was located in California 
(NASS, 1999). The state’s cauliflower production is distributed among four primary growing regions: Central Coastal, South 
Coastal, South Eastern Desert and the San Joaquin Valley (Figure 1). The two coastal regions account for 85% of total 
statewide production. 

Central Coast 
The Central Coastal region had 22,500 acres planted in cauliflower in 1997, accounting for 60% of the state’s total. Monterey 
County alone harvested over 173,000 tons from approximately 19,500 acres in 1997. San Luis Obispo, Santa Cruz, San Benito 
and Santa Clara counties contributed another 3,000 production acres. Cauliflower is grown year-round in this region.

South Coast 
The South Coastal region contributed approximately 25%, or 9,202 acres, of California’s cauliflower production area in 1997. 
Most of the crop is grown in Santa Barbara County, the northernmost portion of the region. For the 1997 season, cauliflower 
growers there harvested over 70,000 tons from approximately 8,200 planted acres. Another 1,000 production acres are located 
in Ventura and Orange counties. Production in the South Coastal region occurs year-round.

South Eastern Desert 
The South Eastern Desert region accounted for 11% (3,976 acres) of California’s cauliflower acreage in 1997. Production 



primarily occurs in Imperial and Riverside counties. The crop is typically planted from early September through January for 
harvest from late November to April (Jungers, 1999).

San Joaquin Valley 
Only 5%, or 1,821 acres, of the state’s cauliflower production occurs in the San Joaquin Valley. Crops are grown in Stanislaus 
and Tulare counties. SJ Valley cauliflower is typically planted in mid-July for harvest from October to November.

Other States 
The South Eastern Desert region extends beyond California into western Arizona’s Yuma Valley. Arizona growers contribute 
9% of the US total cauliflower production. Yuma Valley cauliflower is planted from late August through November and 
harvested from November to April. Other minor production states are New York, Michigan, Oregon and Texas (NASS, 1999).

 

 

 

Cultural Practices

Cauliflower, Brassica oleracea var. botrytis, belongs to the to the Brassicaceae (mustard) family, which also includes 
cabbage, brussels sprouts, broccoli, mustard and rape seed. Cauliflower was discovered in the Mediterranean region over 2,000 
years ago and has been cultivated in the United States since the 18th century. The edible portion of the plant is a cluster of 
immature flower buds referred to as a "curd".

Cauliflower is a cool-season annual crop that grows best at daytime temperatures between 65° to 68° F. Temperatures above 
80° F cause cauliflower to develop poor jacket leaves, soft heads and solar yellowing. Under freezing temperatures cauliflower 
plants may produce premature "button" heads or no head at all (VRIC, 1996; FCIC, 1996).

Varieties 
Varietal selection is critically important to successful California cauliflower production. Each variety has specific age and 
temperature requirements for proper development. Inappropriate varietal selections for a specific region or season may result 
in lightweight, yellowed or "ricey" curds. Varieties are selected for quality attributes such as good jacket leaves, stand 
uniformity and heads with good density, weight and firmness. Central and South Coastal growers often select the varieties 
Incline and White Magic for winter production, Guardian and White Rock for summer crops. Apex, Mariposa or Silver Star 
are popular for spring and fall plantings. Desert growers use numerous varieties, among which are Candid Charm, Rushmore, 
Snow Crown, Minuteman, Cumberland and Igloo. Snowman is the most commonly grown variety in the San Joaquin Valley.

Planting 
Most California cauliflower growers use greenhouse-grown transplants. The transplants decrease the field growing period, 
provide uniform sizes in plantings and confer a competitive edge over field weeds. After 4-5 weeks in the greenhouse, the 
seedlings are transplanted into single field rows of 40-42 inch beds at a spacing of 12 inches. Transplanted cauliflower matures 
in approximately 90 days depending on climatic variables. Direct seeded plants require an additional 4-5 weeks to reach 
maturity. In the Coastal growing regions, two or more cauliflower crops per year are commonplace. In the Desert and SJ 
Valley regions, only one cauliflower crop is grown per year.

Cauliflower grows in a range of soil types, from clay to sandy loams. Optimal soil conditions are those providing excellent 
water holding capacity for summer production while allowing for rapid drainage and drying during the wetter winter 
production season. Cauliflower production traditionally utilizes conventional ground preparation methods, but minimum-till 
may also be employed successfully. In the Santa Maria Valley of the South Coastal region, minimum-till methods are 
sometimes implemented when cauliflower crops are rotated with lettuce. The lettuce crop is mowed post-harvest and the field, 



including bed tops, is watered and cultivated. The cauliflower crop is then transplanted onto the existing beds. Cultivation of 
furrows and chemical weeding is used to control weeds post-plant. 

Both direct seeded and transplanted cauliflower crops are established by sprinkler irrigation. This method incorporates 
herbicides and fertilizers, stabilizes the planting beds and reduces the transpiration loss of the seedlings. Immediate sprinkler 
irrigation is especially critical in the San Joaquin Valley and Desert regions to prevent dessication under the high ambient 
temperatures and intense solar radiation. Once established, cauliflower plantings may either be furrow, sprinkler or drip 
irrigated.

Fertilization requirements vary by region and soil type. Nutrients are applied both pre- and post-plant in all production regions. 
Formulations high in phosphorus are generally incorporated into the beds before or during listing, while nitrogen-rich 
formulations are applied 2-3 times during the growing period.

Harvesting 
All cauliflower is hand-harvested in the field, generally 2-4 times depending on a given season’s market. The mature curds 
(heads) are hand-selected and excess wrapper leaves are removed. Smaller curds are usually ready for harvest only a few days 
later. Plants are then sorted and packed by size. Extreme care is exercised to avoid scuffing the white curds as any scuffing 
may lead to decay and browning. Curds are individually packaged in plastic bags and packed 9-20 per carton. Cauliflower is 
packed in a single-layer carton to prevent bruising (unlike the double layer cartons of lettuce or cabbage). Some cauliflower is 
cut into florets for the food service trade, often mixed with broccoli and carrots. Some South Coastal crops are used for the 
frozen food industry (VRIC, 1997).

Due to its perishable nature, cauliflower is stored for very short periods of time. Storage temperature is at 32° F at greater than 
95% humidity. Cauliflower stored in such conditions may last for 21-28 days, while any crop stored at 50° F will have a shelf 
life of only 5 days. Since the introduction of Jade hybrids, newer machine-harvested varieties have been developed. 

 

 

Insect Pests

Aphids

Several species of aphids attack California cauliflower crops, primarily in the Coastal growing regions. The most prevalent and 
destructive aphid on cauliflower is the cabbage aphid. Both the turnip and green peach aphid also feed on cauliflower with 
infestations varying greatly from year to year. Cabbage aphids tend to form colonies while the other two species generally 
disperse throughout the plant. Despite this difference, control measures aimed at the cabbage aphid generally manage 
populations of green peach and turnip aphids as well. Prior to the increased pressure from diamondback moth in some Central 
Coastal region counties, cabbage aphid was by far the most significant pest for this crop and it remains a key target of pest 
control measures today.

Cabbage Aphid, Brevicoryne brassicae

The cabbage aphid presents a serious problem for California cauliflower growers. The pest can be found year-round in the 
Coastal growing regions, but infestations are more severe during the warmer months of April through September. The San 
Joaquin Valley region suffers aphid infestations sporadically, but throughout the growing season. In the Desert, the pest is 
found in the cooler, wetter period from January through April. 

Adult cabbage aphid females asexually produce live offspring and populations can increase to damaging levels very rapidly. 
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).

The cabbage aphid preferentially feeds on the youngest leaves and flowering parts of the cauliflower plant. Field seedlings are 
not usually affected by aphid attack, but populations build quickly after thinning or transplanting. Since most California 
cauliflower is transplanted, aphid infestation can take place almost immediately after transplants are set out. While this pest 
causes some levels of mortality in young transplants, the most serious economic harm comes from cosmetic damage. 
Contamination from aphid residues is unacceptable in the consumer marketplace. Moderate levels of aphid infestation can be 
tolerated in cauliflower plantings until heading begins; after that, even low levels of aphid presence must be immediately 
controlled. 

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. The curling of the leaves often render foliar applications of pesticides ineffective, so treatments must be made 
prior to such curling for optimal management. If untreated, moderate levels of infestation will cause yellowing and stunted 
plant growth. Untreated infestations of cabbage aphid threaten marketable yield losses of 100%.

Many natural enemies feed on cabbage aphids and may effectively control low pest populations. Several factors limit 
dependence on these natural predators, however. The beneficial insects often cannot maintain levels of economic control when 
aphid populations are rapidly increasing. In addition, use of chemicals against other pests often eliminates entire populations of 
these beneficial insects. Lastly, once the aphids infest deep within the heads of the plants, feeding by natural enemies is 
significantly reduced.

 

Turnip aphid, Lipaphis erysimi

Green Peach Aphid, Myzus persicae

Green peach and turnip aphids also infest fields sporadically. Heavy populations are particularly injurious to seedlings. Green 
peach aphid can stunt seedlings if populations are particularly heavy, but pose little threat to more mature plants since it feeds 
on older leaves and rarely attacks the cauliflower heads or "curds". Turnip aphids on roots of cauliflower plants can stunt or 
even kill them. Many natural enemies feed on these two aphid species, but populations of beneficials are generally eliminated 
by the application of pesticides targeting other pest species. Chemical treatments for cabbage aphid generally control these two 
species as well. Mature plants can tolerate low to moderate infestation of green peach and turnip aphid.

Chemical Control: 
The peak period for pesticide applications for aphid control is in the early stages of head formation. If the insect becomes 
established inside the cauliflower, foliar insecticidal applications, which rely on contact poisoning, become ineffective.

Chemical control of aphids on California cauliflower, as with other cole crops, is based primarily on the use of 
organophosphate (OP) compounds.

Oxydemeton-methyl [OP]

●     Trade Name & Formulation: Metasystox-R Spray Concentrate (25%)
●     Typical Application Timing & Frequency: 2 applications just prior to head formation. Label permits up to 3 

applications per season.
●     Typical Application Method & Rate: Applied as a foliar spray by ground or air at 0.5 lbs ai/ac.
●     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, a systemic insecticide, is typically applied as a primary aphicide or as a follow-up treatment to a 
pre-plant application of imidacloprid (Admire). In resistance management programs for aphid control on cauliflower, 
oxydemeton-methyl may be rotated with dimethoate (also an organophosphate) and imidacloprid. Little resistance by 
cabbage aphid to treatments of oxydemeton-methyl has been observed. The compound may be tank-mixed with 
pesticides targeted at other pests and is considered a "rescue treatment" when aphid populations are out of control. 

Oxydemeton-methyl is the third most commonly used pesticide on California cauliflower and the most extensively used 
compound for aphid control. It was applied to 14,949 Aggregate Treated Acres (see Appendix 1, Terminology, 
Aggregate Treated Acreage), surpassed only by applications of esfenvalerate and bacillus thuringiensis, both worm-
control agents.

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, which is to be expected given 
prevailing climatic conditions favorable to aphid colonization. The Usage Intensity (UI) indices were: Central Coast, 
96; South Coast, 75; San Joaquin Valley (SJ Valley), 21; and South Eastern Desert (Desert), less than 1.

The label prohibits ground spray applications of this product within 100 feet of an occupied building or within 150 feet 
for aerial applications. Due to this restriction, imidacloprid is sometimes substituted for aphid control in these areas.

Statewide Coverage for 1996 was 44%

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

●     Trade Name & Formulation: Lorsban 50 W, 4 E
●     Typical Application Timing & Frequency: First application is made 3 weeks after transplanting (before cultivation), 

then reapplied at 3 to 4 week intervals, for a total of 3 to 6 applications per season. (Maximum allowed by label is 6 
applications per season.)

●     Typical Application Method & Rate: Applied by tractor boom at label maximum rate of 1.0 lb ai/ac.
●     REI & PHI: 24 hour restricted entry; 21 day pre-harvest interval

Chlorpyrifos, another organophosphate insecticide, is a cholinesterase inhibitor that is highly efficacious for control of 
aphids and lepidopterous pests in California cauliflower production. It functions effectively as a stand-alone treatment 
for simultaneous control of both pest classes. In that respect, chlorpyrifos is considered to be an economical broad-
spectrum insecticide for cauliflower. However, chlorpyrifos, as a broad-spectrum agent, is toxic to a wide range of 
beneficial insects. It can, at high rates, result in plant stunting in the cauliflower crop.

Total Aggregate Treated Acreage was 25,201 for all uses of chlorpyrifos, ranking it 4th among pesticides used on 
California cauliflower and the most important aphicide behind its sister organophosphate, oxydemeton-methyl. Coastal 
usage of chlorpyrifos is primarily targeted at aphids, while Desert applications are more directed at worm control.

UI indices: Central Coast, 78; South Coast, 66; SJ Valley, 50; and Desert, 24.

Statewide Coverage for 1996 was 39%.

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 Method & Rate: 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 SJ Valley are lower (0.38 lb ai/ac 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 is the third in a group of organophosphate insecticides targeted at aphid control. Dimethoate, unlike 
chlorpyrifos, is employed exclusively against aphid infestations. It is moderately efficacious and is sometimes used on 
row ends as a spot treatment in the event pre-plant soil applications of imidacloprid were not uniform. Dimethoate is 
sometimes combined with oxydemeton-methyl, another organophosphate, as a rescue treatment for out-of-control aphid 
populations. It is also used as a rotational tool with oxydemeton-methyl and imidacloprid for resistance management.

In 1997, dimethoate was applied to 13,503 aggregate treated acres, ranking it the 8th most commonly used pesticide on 
California cauliflower. UI Indices: Central Coast, 47; South Coast, 23; SJ Valley, 40; and Desert, 6. As with other 
aphicides for cauliflower crops, most usage occurred in the Coastal growing regions. Minimal use occurs in the Desert 
where aphid pressures are minor.

Statewide Coverage for 1996 was 17%. However, with the phasing-out of methamidophos (Monitor, cf. Alternatives, 
below), dimethoate usage may now be higher than in 1997.

Imidacloprid See also Silverleaf Whitefly

Imidacloprid is a systemic chloronicotinyl insecticide with foliar and soil uses. It interferes with transmission of stimuli 
in insect nervous systems, and the chemical is selectively toxic to insects only. It is manufactured in two formulations, 
Provado 1.6 F (a foliar spray) and Admire 2 F (a systemic soil treatment).

Provado 1.6F (Foliar Spray) 

●     Typical Application Timing & Frequency: Applied once per season, but most usage is towards late season to capitalize 
on this product’s short PHI.

●     Typical Application Method & Rate: Foliar application at rates of 0.05 lb ai/ac. Label restricts foliar use to a total of 
0.23 lb ai/ac per year and prohibits applications through irrigation systems.

●     REI & PHI: 12 hours restricted entry; 7 days pre-harvest interval.

Provado, the foliar spray formulation of imidacloprid, was applied to 13,761 aggregate treated acres of California 
cauliflower in 1997. Treatments occurred in all four growing regions with the highest usage intensity in the Central 
Coast. 

UI indices: Central Coast, 55; South Coast, 5; SJ Valley, 38; and Desert, 6.

The relatively minor usage (compared to that of the organophosphates) in aphid control programs is most likely 
explained by the limited efficacy of imidacloprid as a foliar treatment. In fact, the manufacturer’s label states, "Provado 
1.6 Flowable will not knock down heavy aphid or whitefly populations." Nevertheless, imidacloprid as a foliar spray 
plays an important role in resistance management programs.

Admire 2F (Soil Treatment) 

●     Typical Application Timing & Frequency: Applied once per season at, or immediately before, transplant set.
●     Typical Application Method & Rate: Incorporated into the soil at an average rate of 0.25 lb ai/ac. Label also restricts 

soil applications to a cumulative 0.375 ai/acre per year.
●     REI & PHI: 12 hours restricted entry; 21 days pre-harvest interval.

Imidacloprid, as the soil treatment Admire, was applied to 9,897 aggregate treated acres in 1997 and usage occurred in 
all four California cauliflower production regions. Usage intensity was highest in the Desert and South Coastal regions. 
Relatively minor amounts were applied in the Central Coast and SJ Valley regions. 



UI indices: Central Coast, 14; South Coast, 46; SJ Valley, 0; Desert, 62.

Applications of Admire in the Desert are targeted at the silverleaf whitefly, not aphids, though it is efficacious for aphid 
control there as well. Admire is applied to a limited extent in Coastal growing areas, but most growers in that region 
consider it to be a cost-prohibitive approach to aphid control as compared to other available chemistries (Mason, 1999, 
personal communication). Imidacloprid is mostly used against cabbage aphid.

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

Combining both foliar and soil applications of imidacloprid, the compound ranks 5th among all pesticides applied to 
California cauliflower production, being applied to 23,658 aggregate acres in 1997.

Disulfoton [OP]

●     Trade Name & Formulation: Di-Syston 8 EC, 15G
●     Typical Application Timing & Frequency: Disulfoton is usually applied once before transplant set, followed 

occasionally by a second application as side dressing. The label requires a minimum period of 21 days between 
applications. 

●     Typical Application Method & Rate: Applied at the maximum label rate of 1.0 lb ai/ac. Usually applied by ground 
spray then incorporated into the soil with irrigation.

●     REI & PHI: 72 hours restricted entry in areas with less than 25 inches rainfall/year; otherwise, 48 hours. 40 days pre-
harvest interval.

Disulfoton, a systemic cholinesterase-inhibiting insecticide, is able to control cabbage aphid populations for 4 to 6 
weeks after application. Disulfoton is also effective against the green peach aphid. However, it has the serious 
disadvantage of a 40-day pre-harvest interval, which is approximately 2/3 of the growth period for cauliflower. As a 
result, disulfoton use is restricted to early season periods of heavy infestation. It is also effective for control of flea 
beetles.

Disulfoton treatments were made in all four cauliflower production regions, covering 2,058 aggregate acres in 1997. UI 
indices: Central Coast, 5; South Coast, 5; SJ Valley 23; and Desert, 1. 

Statewide Coverage for 1996 was 15%.

Acephate [OP] See also Cabbage Looper, Beet Armyworm

●     Trade Name & Formulation: Orthene 75SP
●     Typical Application Timing & Frequency: Applied early season as the first treatment in a resistance management 

rotation. Generally applied 1-3 times per season.
●     Typical Application Rate & Method: Applied as a foliar spray by ground equipment at an average rate of 0.84 lb ai/ac.
●     REI & PHI: 24 hours restricted entry. Pre-harvest interval is 21 days.

Acephate, an organophosphate, is very effective for the control of green peach aphid in California cauliflower. It is not 
efficacious for control of the more common cabbage aphid. However, materials used to control cabbage aphid often fail 
to control infestations of green peach aphid. 

Acephate exhibits a moderate to long residual effect (10-15 days) and, along with its metabolite methamidophos, 
commonly leaves persistent trace residues post-harvest. In IPM strategies, acephate exhibits high efficacy against green 
peach aphid, but adversely affects a broad spectrum of beneficial organisms, including Diglyphus, the primarily 



parasitoid of leafminer. 

Use of acephate is restricted to the Coastal growing regions where the green peach aphid is an important pest problem. 
Acephate is also registered for control of lepidopterous pests on cauliflower, but the average applied rate of 0.84 lbs ai/
ac is below that recommended by the label for those pests. However, acephate use by Desert and SJ Valley cauliflower 
growers is most likely targeting worms.

1997 UI indices: Central Coast, 10; South Coast, 18; Desert, 10; SJ Valley, .49

1996 Statewide Coverage was 3% of planted cauliflower acreage.

Alternative Chemical Controls:

Naled [OP] (Dibrom) See also Worms 
Naled has registration for cabbage aphid control on California cauliflower and may have limited usage in that regard. 
However, most applications of naled in 1997 were targeted at the severe outbreak of diamondback moth in that year.

Endosulfan (Thiodan) See also Diamondback Moth (Alternative) 
Endosulfan, a central nervous system stimulant, is effective for the control of several pests, including aphids, worms, flea 
beetles and whitefly. It was minimally applied to California’s cauliflower acreage in 1997 with only 972 aggregate acres 
receiving treatment, or less than 3% of total planted acreage. Endosulfan is essentially not used in the Coastal growing regions 
due to its toxicity to aquatic organisms and the availability of other chemistries. In the SJ Valley, endosulfan is sometimes 
substituted for oxydemeton-methyl (Strmiska, 1999, personal communication). Desert use is directed at pests other than 
aphids. UI Indices: SJ Valley, 32; Desert, 10.

Malathion [OP]

●     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 Method & Rate: Applied as a foliar spray by tractor-mounted boom or by aircraft at 1.63 lb ai/ac 

(low end of label range).
●     REI & PHI: 12 hours restricted entry; 3 days pre-harvest interval.

Malathion, an organophosphate insecticide, was applied to 2,002 aggregate treated acres of California cauliflower in 
1997. It is used as an aphicide in all regions and as a flea beetle insecticide in the Desert.

Diazinon [OP] 
Diazinon has utility against cabbage aphid, worms and flea beetles on California cauliflower. Aphids are the primary target of 
diazinon applications in the Coastal growing area. 

Potash Soap (M-Pede) 
Potash soap (also known as potassium salts of fatty acids) is an acceptable pest control material for organically certified 
production. Due to the high levels of infestation and cauliflower plant morphology, cabbage aphid is difficult to control with 
soaps. Numerous applications, at weekly intervals in some cases, are necessary to reduce aphid populations. Even with this 
usage regime, control of cabbage aphid on cauliflower with insecticidal soap is extremely difficult.

In 1997, potash soap was used on 765 aggregate treated acres.

Methamidophos [OP] (Monitor 4 L) See also Worms 
Methamidophos was applied to 3,084 ac in 1997, ranking this material 15th in usage of all pesticides applied to cauliflower 



that year. Treatment was targeted at aphid and cabbage looper infestations. However, the manufacturer no longer supports 
registration for cole crops.

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

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

Piperonyl butoxide 
Piperonyl butoxide is an insecticide synergist that is often tank mixed with pyrethrins for aphid control. Use on California 
cauliflower in 1977 totaled 1,699 aggregate treated acres. Piperonyl butoxide is listed as an insecticide, but it would not be 
highly efficacious if applied alone. However, some product formulations (e.g., Diacide, Pyrenone) are a mixture of piperonyl 
butoxide and pyrethrins.

Biological Controls: 
Diaertiella rapae, a parasite, offers some level of aphid control, but it cannot control the pest at high infestation levels. Aphids 
are also preyed upon by lady beetles, green lacewing and syrphid larvae (Metcalf, 1993). However, once aphids migrate deep 
into the plant interior, predators have difficulty reaching them. Thus, their effectiveness as biological control agents is 
minimized. 

In addition, the availability, or lack thereof, of these biological control agents represents another drawback to their 
incorporation into cauliflower pest control programs. Organic growers typically release large quantities (25,000 to 100,000/ac) 
of lacewing eggs and young larvae for control of cabbage aphid on some crops, in combination with insecticidal soaps (e.g., M-
Pede). This has been successful, in some cases, during periods of low to moderate insect pressure. In medium to high pressure 
situations, however, fields so treated are often not fully harvestable.

Cultural Control Practices: 
Owing to their genetic similarity to wild mustards, cauliflower and other cole crops are often surrounded by non-crop 
unsprayed areas that are alternate hosts for aphids, particularly cabbage aphid. Cabbage aphid can infest cauliflower and wild 
mustard concurrently, and therefore adjacent areas must be kept as weed-free as possible to eliminate this source of aphid 
colonization. Tillage and herbicides can be used in an effective field sanitation program to minimize aphid pressures.

Hand washing of the commodity may sometimes effectively remove aphids from cauliflower, but this process is time and labor 
intensive.

 

Diamondback Moth, Plutella xylostella

The adult diamondback moth (DBM) is about 1/3 inch long and is gray in color. It overwinters under the remnants of Brassica 
(wild mustard) foliage left in the field (Metcalf, 1993), and infests cauliflower throughout the growing season. 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. 
Upon maturation, DBM larvae feed on the young heart shaped leaves and the leaf undersides of more mature plants (Phillips, 
1998). In 10-14 days the larvae reach maturity and spin a cocoon on the leaves, stems or under the plant. The adult moth 
emerges within 1 to 2 weeks. Larvae can destroy the growing tip and bud tissue of juvenile plant. DBM can produce up to ten 
generations in one year.

DBM is a now a common pest on California cauliflower, primarily in the Coastal and SJ Valley growing regions. While DBM 
has the capability to damage crops year-round, the largest and most-damaging populations occur in the fall. In Coastal areas, 



100% of the fields can be infested and repeated insecticidal applications may be required to achieve economic control. The 
1997 DBM outbreak on cauliflower was extremely severe.

Chemical Control: 
The propensity for DBM to rapidly develop resistance to insecticides distinguishes it from the other lepidopterous pests of 
cauliflower. 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 1997, spinosad 
was issued a California Section 18 Emergency Exemption for use on leafy vegetables and non-leafy brassica. Since that time it 
has rapidly increased in usage and has become the product of choice by cauliflower growers for control of DBM.

Spinosad See also Worms

●     Trade Name & Formulation: Success (suspension concentrate)
●     Typical Application Timing & Frequency: Usually applied 2 times per season, at any stage of plant development. Label 

restricts number of applications to 3 within a 30-day period, and 6 per season.
●     Typical Application Rate & Method: Foliar spray by tractor-mounted boom or aircraft at average rate of 0.09 lb ai/ac.
●     REI & PHI: 4 hour restricted entry; 1 day pre harvest interval

A Section 18 emergency exemption for use of spinosad on Brassica was issued late in 1997. It is now fully registered 
for use on California cauliflower. Spinosad was applied to only 11,447 aggregate treated acres of cauliflower in 1997, 
but data for that year can be expected to understate current annual usage due to the timing of the Section 18. Despite the 
late registration, spinosad ranked 11th among pesticides used on the cauliflower crop.

Spinosad is also used to control cabbage looper, imported cabbageworm, and beet armyworm. 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 cabbageworm and cabbage looper, and the highest rates (0.062 lb to 0.156 lb) for beet armyworm. This 
product is very safe to use and is highly selective to lepidopterous larvae. Several growers and pest control advisors 
have the opinion that the label rates for diamondback moth are too low and may permit some undesirable survivorship 
that could contribute to the development of resistance in the future. In any event, spinosad is generally applied at the 
higher rate recommended for cabbage looper.

Despite the late Section 18 registration for spinosad in 1997, UI indices are relatively high, indicating rapid acceptance 
and use of the product. 

UI indices: Central Coast, 15; South Coast, 34; SJ Valley, 137; and Desert, 61. 

Alternative Chemical Controls:

Endosulfan (Thiodan) See also Aphid 
The primary utility of endosulfan for control of DBM is as a rotational larvacide for resistance management.

Lambda-cyhalothrin (Warrior) See also Worms (Alternative) 
Lambda-cyhalothrin is only efficacious against DBM populations that are not resistant to pyrethroids. It was not labeled for 
use on cauliflower until 1998. Current usage data is -therefore not available, although anecdotal information indicates that this 
product is now being more widely used.

Cryolite (Kryocide) See Worms (Alternative)

Emamectin benzoate (Proclaim) See also Worms (Alternative) 
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 DBM. The 



product label also lists uses for cabbage looper, beet armyworm and imported cabbageworm. When fully registered, this 
material will become a sound resistance management partner with spinosad.

Azinphos methyl [OP] (Guthion) See also Cabbage Maggot 
This product was used on 5% of cauliflower acreage in 1997. Efficacy against DBM is marginal.

Biological Controls: 

Bacillus thuringiensis, subsp. aizawai

●     Trade Name & Formulation: Agree WP (soluble pouch)
●     Typical Application Timing & Frequency: 1 to 3 applications early-season, when plant coverage is maximized.
●     Typical Application Rate & Method: Sprayed from tractor-mounted boom at average rate of 0.08 lb ai/ac (label 

maximum). For this material to be effective, applications must be made when the larvae are young and feeding on 
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 as well. Although the product is only moderately 
efficacious against DBM, it is commonly used early season and is needed to retard the development of DBM resistance 
to spinosad, the primary control material at this time.

Predators 
Several natural enemies can help control the level of diamondback moth in the field. Trichogramma pretiosum attack 
diamondback eggs and the ichneumonid wasp, Diadegma insularis attack the larvae. None are effective alone for control of 
DBM in commercial fields.

Cultural Control Practices: 
Keeping adjacent fields clean, and practicing a crop rotation program, can help lower the incidence of economic damage from 
DBM. These controls are currently practiced by cauliflower growers.

 

Cabbage Maggot, Delia radicum 
Seed Corn Maggot, Delia platura

Cabbage maggot is primarily a problem for Coastal cauliflower growers, particularly in the cooler wet periods of the year. The 
cabbage root maggot fly is dark gray and about 12 mm (0.47 in) in length. The white legless 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, and then 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.

Cabbage maggots can seriously damage or destroy root systems of cole crops. Subsequent results include plant stunting, 
yellowing and wilting during the hot period of the day. The tunnels formed by cabbage maggot feeding provides an entry point 
for the pathogens causing blackleg and bacterial soft rot. Young seedlings are most susceptible to permanent damage (UC, 
1987).

Seed corn maggots attack the seeds and seedlings of many crops, including cauliflower. This pest has a wide host range but 
does particularly well in the higher humidity of Coastal growing areas, where it is also in close proximity to alternate host 



crops. Eggs are laid singly or in small clusters in the soil near the base of the plant. Newly hatched white maggots feed on 
plant roots, completing this cycle in 2-3 weeks. The larvae then pupate in the soil with the adult fly emerging in 7 days. 
Numerous generations can occur yearly in California. This insect is found mostly in the cool spring conditions in soils with 
high organic content. Unlike the cabbage maggot, the seed corn maggot does not attack plants after the seedling stage; 
therefore, once the stand is established these pests are not an economic problem.

Chemical Control:

Chlorpyrifos [OP] See also Cabbage Aphid, Beet Armyworm 

●     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. The 4E formulation can also be sprayed at the base of the transplanted crop immediately after setting. Rate is 1.0-
1.27 lb ai/ac.

●     REI & PHI: 24 hours restricted entry; no pre-harvest interval (applied at planting) for direct-seeding crops, 30 days 
preharvest interval when 4E is applied to transplants.

Lorsban is the most efficacious insecticide for the control of cabbage maggot in cauliflower. It is also extensively used 
for aphid control in Coastal areas and worm management in the Desert region. 

Azinphos-methyl [OP]

●     Trade Name & Formulation: Guthion 50 WP
●     Typical Application Timing & Frequency: One application, generally late in season after rainfall.
●     Typical Application Rate & Method: Foliar spray from tractor-mounted boom at 0.75 lb ai/ac (label maximum).
●     REI & PHI: 48 hours restricted entry, extended to 72 hours if rainfall < 25 inches/year; 21 days pre-harvest interval

Azinphos-methyl is normally tank-mixed with chlorpyrifos (Lorsban) 4 E or 50 W for control of cabbage maggot after 
periods of rainfall. This material also has activity against worms.

Azinphos-methyl was applied to 1,730 ac in 1997, for Statewide Coverage of 5%, with most of this use occurring in the 
SJ Valley growing region. Azinphos-methyl is also labeled for DBM, which suggests that some of the San Joaquin 
Valley applications may have been made in an attempt to control the intense outbreak of DBM that year. Subsequent to 
the registration of spinosad (Success) in 1997, usage of azinphos-methyl may have decreased to 1995 levels. (Post-1997 
usage data is not available.) 

UI indices: Central Coast, 2; SJ Valley, 70.

Alternative Chemical Controls:

Diazinon [OP] See also Aphid 
Diazinon is registered for use against cabbage maggot, but it is not as efficacious as chlorpyrifos. 

Fonofos [OP] (Dyfonate) 
Fonofos 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.

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



Cultural Control Practices: 
Given the extremely erratic and unpredictable nature of maggot populations, preventative chemical-based management 
programs are difficult to implement. Cultural practices offer an alternative to soil insecticide applications. 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, 199!7).

 

Cabbage Looper, Trichoplusia ni 
Imported Cabbageworm, Pieris rapae

The cabbage looper is a serious problem for all cole crops in California and Arizona. Looper infestation is most prevalent from 
April through October, with particularly high pressures in the fall. Cabbage loopers are green 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.

Cabbage loopers attack the first-formed outer leaves, which become riddled with holes. Leaf tissue can be so badly damaged 
that plant growth is severely retarded. The cauliflower heads may be stunted or fail to form at all. Aside from the damage 
caused to the plants from chewing, cabbage loopers deposit fecal matter, rendering the commodity adulterated and 
unmarketable. Cabbage looper caterpillars tend to migrate toward plant interiors, making control through foliar contact sprays 
difficult if not applied in a timely manner (Metcalf, 1993).

The imported cabbageworm is found in all cauliflower growing regions, but presents the greatest threat in the Desert and San 
Joaquin Valley. Highest pressures are from October to December in the Desert and throughout the fall in the SJ Valley. The 
larvae are green, often with a faint yellow stripe down their back, and reach 1 inch in length. Larvae feed for two to three 
weeks on the leaves and then move onto the heads. As with the cabbage looper, economic damage from imported 
cabbageworm is the result of direct feeding or contamination of the heads.

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: 12 hours restricted entry; 3 days pre-harvest interval.

Esfenvalerate is a synthetic pyrethroid with exhibits both contact and stomach action. Cabbage looper and imported 
cabbageworm are the primary targets, but esfenvalerate also aids in control of beet armyworm and flea beetle. 

Esfenvalerate ranks first among all pesticides used on California cauliflower. It was applied to 38,930 Aggregate 
Treated Acres in 1997, with the highest intensity usage occurring in the San Joaquin Valley and Desert growing 
regions. The SJ Valley region suffers from very high worm infestation rates due to warm, humid conditions existing 
during the cauliflower growth period. Esfenvalerate, as well as other worm control agents, are intensively applied there, 
though only 5% of the cauliflower crop is produced in that region. High use rates in the Desert indicate growers are 
targeting beet armyworm in addition to looper and cabbageworm. Coastal use may be held at somewhat lower levels 
due to esfenvalerate’s high toxicity to fish and aquatic organisms. The product plays a rotational role with spinosad, Bt 



and carbamates in resistance management programs for worms. 

UI indices: Central Coast, 75; South Coast, 93; SJ Valley, 377; Desert 166.

1996 Coverage was 38% (NASS, 1997).

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, a synthetic pyrethroid, was the 7th most applied pesticide to California cauliflower in 1997, with 14,574 
aggregate treated acres. Permethrin remains very efficacious for control of both cabbage looper and imported 
cabbageworm; however, diamondback moth has exhibited some resistance to the product. Permethrin’s low cost also 
appeals to growers. Like other synthetic pyrethroids, it plays a rotational role with Spinosad, carbamates and Bts in 
resistance management programs. Permethrin also demonstrates efficacy against flea beetles.

As with other pesticides targeted at worms, the highest usage intensity occurs in the San Joaquin Valley due to 
particularly high pest pressures there. UI indices: Central Coast, 34; South Coast, 12; SJ Valley, 215; Desert, 46.

1996 Coverage was 33% (NASS, 1997).

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 is a carbamate insecticide with predominantly stomach action, but it also exhibits limited contact action as 
well. It may be used in a resistance management rotation with pyrethroids, spinosad and Bt. Thiodicarb is less toxic to 
beneficial insects, avian species and honey bees than is methomyl, so is sometimes used instead of the latter pesticide. 
Thiodicarb is somewhat slower acting, however

Thiodicarb was applied to 7,337 aggregate treated acres in 1997. UI indices: Central Coast, 11; South Coast, 24; SJ 
Valley, 29; and Desert, 52.

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, but it 
more targeted at beet armyworm.

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 1,242 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 applied to 1,730 aggregate treated acres in 1997, approximately 5% of total 
cauliflower acreage. Usage was concentrated in the SJ Valley where worms pressures are extreme and growers make use of 
many alternative treatments. 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. UI indices: Central Coast, 2; SJ Valley, 
69.

Cypermethrin (Ammo 2.5 EC) was used on less than 1% of the statewide cauliflower 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 cabbageworm.

Methamidophos [OP] (Monitor 4L) is no longer registered for cauliflower, but it was applied to 3,084 aggregate treated 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 day pre-harvest if higher rates were used. Average application rate in 1997 was 0.82 lb ai/ac. Usage 
was distributed throughout all four growing regions, but application intensity was highest in the SJ Valley. See also Cabbage 
Aphid.

Cryolite (Kryocide) is an alternative chemical worm control material. This material is a mineral compound (sodium 
aluminofluoride) that acts as an effective stomach poison on many types of chewing insects, particularly lepidoptera. It has 
limited efficacy against DBM and beet armyworm. It has the advantage of causing 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 593 ac with treatments generally being confined to the SJ Valley and Desert regions. This 
limited usage is 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 is 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 (all strains) represent the second most used pesticide on California 
cauliflower. In 1997, 29,454 aggregate treated acres received Bt applications. Bts have no adverse impact on beneficial 
insects and are not hazardous to field personnel. The short PHI (essentially the 4 hour restricted entry interval) allows 
applications to be made close to harvest.

The kurstaki strain is efficacious against loopers and cabbageworm It is relatively inexpensive to apply. Bt aizawai is 
also effective against loopers, but is favored for control of DBM and beet armyworm.

UI indices for 1997: Central Coast, 57; South Coast, 74; SJ Valley, 273; and Desert, 123.

1996 Coverage was 11%.

Predators

Cabbage looper control benefits through the encouragement and, to a more limited extent, inundative releases of natural 
predators and parasitoids. Egg parasites such as Trichogramma pretiosum, and larval parasites including Hyposoter exigue, 
Copidosma truncatellum, Microplitis brassicae and the 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 head development.

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

Cultural Control Practices: 
Cultural control practices include keeping areas adjacent to planted fields clear of alternate Brassica host plants, such as wild 
mustard, peppergrass and shepherds’ purse. Destruction of old stalks and immediately field plowing also can reduce plant 
material available as hosts. 

 

Beet Armyworm, Spodoptera exigua

The beet armyworm (BAW) larvae feed on many crops including cauliflower, other cole crops, lettuce 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 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 armyworm feeds on the young foliage and 
moves 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 90 WSP
●     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 are 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 0.71 lb ai/ac.
●     REI & PHI: 48 hours restricted entry; 3 days pre harvest interval.

Methomyl, a broad-spectrum carbamate insecticide, works primarily through contact action, but exhibits some systemic 
activity. Methomyl use is targeted primarily at diamondback moth as well as beet armyworm. It provides adequate 
efficacy on loopers and aphid pests. 

Growers rely on methomyl for quick knockdowns of heavy beet armyworm infestations. Although it can have utility in 
resistance management programs for worm control in general, it is avoided due to high adverse impact on beneficial 
insects. Methomyl is especially injurious to Diglyphus begini, the primary parasitoid of Liriomyza leafminers. 
Methomyl may be a component of IPM strategies when other measures have proven inadequate.

Methomyl was the 6th most commonly used insecticide on California cauliflower in 1997 with 17,465 Aggregate 
Treated Acres. UI indices were greatest in the Desert and San Joaquin Valley: The extremely high usage intensity rate 
for the SJ Valley (419) indicates the level of BAW and DBM infestation of that region in 1997.

UI indices: Central Coast, 27; South Coast, 24; Desert, 39; San Joaquin Valley, 419. 

1996 Coverage was 17% (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 0.99 lb ai/ac.
●     REI & PHI: 1 day restricted entry; 21 day pre-harvest interval

Chlorpyrifos, an organophosphate insecticide, was the 4th most used pesticide on California cauliflower in 1997. Most 
use was targeted at aphid control in the Coastal growing regions. A total of 25,371 aggregate treated acres received 
applications of chlorpyrifos. Tank mixes with spinosad and diazinon are used in the Desert region when flea beetles are 
concurrently 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 cauliflower. 
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 cauliflower in 1997 and 1998. It was 
used on less than 1% of the statewide cauliflower acreage in 1997, and only in the Desert areas (where BAW is an economic 
problem). 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 expired 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 cauliflower, but it was applied to less than 5% of 
planted acreage that year. Registration was for BAW and silverleaf whitefly. All bifenthrin use occurred in the Desert growing 
region. Registration has not been reactivated for cauliflower and it is currently registered only for use on cotton. It would be 
useful for resistance management were it to receive registration for cauliflower.

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. The former strain could not infest cauliflower and other cole crops. The new 
strain is well adapted to cole crops and is no longer restricted to melons, cotton and lettuce, as was the former strain. Since 
1991, it persists as an important pest of cauliflower 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 whitefly 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 plant phloem tissue and remain immobile 
until adulthood. The second and third instars are intermediate feeding stages. The fourth instar stage feeds initially, but later in 
the cycle it stops feeding altogether. The adult whitefly also feeds on the leaf sap with piercing, sucking mouth parts.

Damage to the cauliflower 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 may 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 cauliflower field, requiring 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 causes economic damage. Desert crops such as cotton and 
melon are the primary hosts for whitefly. These crops are terminated in the fall when cauliflower fields are just being planted. 
In response to the heavy presence of this insect, growers routinely apply a preventative treatment of imidacloprid at the time of 
cauliflower 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 is the soil treatment formulation of imidacloprid. This usage was principally in the Desert growing region, 
where more than 90% of the planted acreage was treated to protect newly planted stands from the silverleaf whitefly. 
High usage of Admire in the Desert occurs because, in addition to providing cabbage aphid control, imidacloprid is the 
predominant pre-plant pesticide for control of 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 cauliflower 
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. Most use of the foliar spray Provado occurs in Coastal growing areas targeted at aphid populations. 

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. All of these beneficial insects work well in 
conjunction with imidacloprid (UC IPM, 1997; Flint, 1995). .

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 cauliflower.

 

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 cauliflower 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 cauliflower 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 plants 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 emerge in mid-spring, 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 and 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 economic significance. (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

Diazinon, an organophosphate insecticide, was applied to 2,169 aggregate treated acres of California cauliflower in 



1997. The presence of flea beetle in the Desert accounts for the higher Usage Intensity for diazinon. UI indices: Central 
Coast, 5; South Coast, 1; SJ Valley 3; Desert, 25.

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 approximately 5% of total cauliflower acreage in 1997. However, most malathion use on 
California cauliflower is targeted at aphid control in the SJ Valley and Coastal growing regions.

Alternative Chemical Controls: 
Several other insecticides can be applied for flea beetle control, such as chlorpyrifos [OP], disulfoton [OP], dimethoate [OP], 
carbaryl [CARB] 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 include leafminers (Liriomyza spp.), wireworms (Elaterid family), 
garden symphylans (Scutigerella immaculata), and cutworms (Agrotis ipsilon, A. subterranea, Peridroma saucia). These pests 
are usually not targeted specifically, but are controlled 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 cauliflower production in California. The 
primary disease threat is downy mildew, under conditions characterized by high levels of environmental moisture.

Foliar Diseases

 

Downy Mildew, Peronospora parasitica

Downy mildew can be found in all growing regions of California, and thrives in cool moist conditions. SJ Valley and Desert 



growers encounter serious downy mildew problems since their primary cauliflower growing periods coincide with periods of 
relatively high humidity and rainfall. The Coastal growing areas have a more limited problem with the disease, but requires 
treatment as well.

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 heads. As the stand matures, lesion development is usually restricted to 
the lower leaves, and the crop becomes more tolerant to infection. Even moderately infected mature stands can be harvested 
since heads can remain disease-free.

 

Alternaria Leafspot, Alternaria. brassicicola, A. brassicae

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

Chemical Control: 
Since virtually all California cauliflower is now transplanted, control of downy mildew in transplant production nurseries is 
critical for successful crops. Therefore, with the exception of organic production, close to 100% of the cauliflower crop is 
sprayed for downy mildew control. 

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 1.12 lb ai/ac.
●     REI: 48 hours restricted entry, 7 day pre-harvest interval

Aggregate Treated Acres for chlorothalonil in 1997 were 2,803. The UI index was greatest in the Desert.

UI indices: Central Coast, 5; South Coast, 7; Desert, 23; SJ Valley, 2.

1996 Coverage was 6% (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) and in combination with chlorothalonil (as Ridomil Bravo 81 W).

Mefenoxam (Ridomil Gold) 
This material (which replaces metalaxyl) was applied alone as Ridomil Gold EC and in combination with chlorothalonil as 
Ridomil Gold.

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: 1.97 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 is used.

Maneb was applied to 5,095 aggregate treated acres of California cauliflower in 1997. Most usage occurred in the 
Coastal growing regions and none was used in the San Joaquin Valley. UI indices: Central Coast, 5; South Coast, 10; 
Desert, 12.

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 0.60 lb ai/ac.
●     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 approximately 6% of 
planted acres in 1997. Usage Intensity was highest the Desert growing region. UI indices: Central Coast, 3; South 
Coast, 11; SJ Valley, 1; Desert, 14.

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 with almost all use being concentrated in the Central Coast region.

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, Nutriphite). Fosetyl-al was used on less than 5% of total cauliflower 
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 of Systemic Acquired Resistance (SAR) is in its infancy, but potentially offers 
cauliflower growers 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 be repeatedly 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 cauliflower in particular. It offers promise in resistance management because 
it is neither an EDBC, carbamate nor metalaxyl-like chemistry. This product is not currently registered for cauliflower.

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

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

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

 

Soil Diseases

 

Clubroot, Plasmodiophora brassicae

Clubroot is a soil-borne disease that attacks the root system of cauliflower. It can be introduced into a field by infected 
transplants, or by movement of contaminated soil (as when carried by farm machinery) from infested fields.

Symptoms of clubroot disease include stunted growth accompanied by yellowing and wilting of plant tissue. Infected roots 
become enlarged, developing an elongated spindle shape composed of thin-walled cells. The deformed cells are attractive to 
insects and secondary pathogens. Secondary injury and decay can cause extensive loss of root tissues, increasing the stunting 
and causing early plant decline. The effect of clubroot infection ranges from substandard or unmarketable curds at harvest to 
the death of the plant. Entire fields can be lost if this pathogen is not controlled.

Chemical Control:

PCNB

●     Trade Name & Formulation: Terraclor 75 WP
●     Typical Application Timing & Frequency: One pre-plant application.



●     Typical Application Rate & Method: Sprayed onto beds from tractor-mounted boom, and incorporated into the soil at 
an average rate of 3.70 lb ai/ac.

●     REI & PHI: 12 hours restricted entry; no pre-harvest interval (applied pre-plant)

Unlike metam-sodium (below), the range of pests controlled by PCNB is quite narrow. The only cauliflower disease of 
any consequence controlled by this material is clubroot.

PCNB was applied to 1,181 aggregate treated acres 1997 for Statewide Coverage of 3%. Virtually all of the treated 
acreage was in the South Coastal growing region. UI indices: South Coastal, 12.

Metam-Sodium [B1B2] See also Nematodes

●     Trade Name & Formulation: Nemasol 426S, Vapam, Clean Crop Metam
●     Typical Application Timing & Frequency: Applied once as a pre-plant soil fumigant.
●     Typical Application Rate & Method: Shank injected into soil at average rate of 73 lb ai/ac.
●     REI & PHI: 48 hours restricted entry; no pre-harvest interval (applied pre-plant)

This general-purpose soil fumigant is effective against nematodes as well as club root, and is applied to fields with both 
pests. It is efficacious also against weeds and minor soil-borne diseases.

Metam sodium was applied to only 517 aggregate treated acres on California cauliflower in 1997. The South Coastal 
region had the highest use intensity.

Alternative Chemical Controls:

1,3-Dichloropropene [B1B2] (Telone) See also Nematodes 
This material provides moderate control of clubroot, but it is not labeled for use against this disease.

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

Biological Controls: 
There are no biological controls for clubroot.

Cultural Control Practices: 
Most fields are treated with lime before transplanting to raise the soil pH. This does not kill the fungus, but pH levels at 7.2 or 
higher have the effect of suppressing spore germination (UC IPM 1997). 

Other preventative measures can be taken to prevent spread of clubroot to other fields. One is to clean all farm machinery that 
has been in contact with diseased soil. Also, minimizing irrigation run-off can help reduce the spread of disease. Finally, any 
transplants that are used should have been produced in sterilized soil. California growers practice most or all of these measures 
as routine management of their plantings.

 

Bacterial Leafspot, Pseudomonas syringae pv. maculicola

Infections result in the formation of small, dark leafspots that may turn tan over time. Pseudomonas is usually a problem under 
greenhouse conditions, but does occur sporadically on cauliflower planted in valleys in Coastal growing areas. Control is 
achieved through the use of clean seed and pathogen-free transplants.



 

Black Leg, Phoma lingam

Black leg causes elongated, sunken, brown lesions to form on stems near the soil line. These lesions may girdle the stem, 
preventing proper growth of the plants. In severe infection, the stems weaken causing plants to fall over. Young seedlings are 
often killed. This fungus is usually introduced into greenhouse and field plantings through infected seed and the disease is 
enhanced under cool, moist conditions. Control is achieved by using clean seed, often treated with the fungicide Benomyl. 
Crop rotation and keeping fields weed-free also assists in reducing the instances of blackleg.

 

Black Rot, Xanthomonas campestris pv. campestris

Blackrot causes rotting of leaves, with severely infected leaves withering and dropping off. Systemic infection will cause the 
vascular tissues of petioles and the main stem to turn black. In the field, many infections occur through hydrothodes at the leaf 
margins. As a result, yellow areas develop inward from the margins. Within the yellow V the leaf veins are black. The black 
veins may extend down into the main vein, petiole and stem of the plant as the infection advances.

Blackrot is favored by warm, humid conditions. It is a significant problem when introduced from greenhouse grown 
transplants in the southern desert region. Blackrot free seed should be used to produce transplants. Many cruciferous weeds are 
important reservoirs of the pathogen. Controls are primarily cultural, including planting disease-free seed and transplants as 
well as keeping fields clear of cruciferous weedy species.

 

Fusarium Yellows, Fusarium oxysporum f. sp. conglutinans

This is a problem primarily for cabbage in California. 

 

Root Rot, Phytophthora spp.

Root rot causes both external surfaces and internal tissues of infected roots to turn dark and rot. Over time, the entire plant 
wilts from this root injury. Root rot occurs in cole crops in Coastal growing areas, but only in poorly draining or overly wet 
areas, such as low spots in planted fields. The fungus survives for long periods of time in the soil. Control measures include 
land leveling to remove low spots in fields, drip irrigation and proper irrigation practices. Fungicidal applications may also 
reduce root rot problems. 

 

Sclerotinia, Sclerotinia sclerotiorum, S. minor

Sclerotinia minor infects stems and leaves in close contact with the soil, causing brown necrotic spots that turn into watery 
rots. Infected plants wilt and collapse. Sclerotinia sclerotiorum produces the same effects but also has aerial spores that 
damage upper areas of the plant. Wet and cool conditions favor disease development and the pathogens can persist in the soil 
for many years. Most control is through cultural practices of crop rotation and deep plowing.

 



Verticillium Wilt, Verticillium dahliae

Verticillium infection causes lower plant leaves to yellow and wilt, eventually dropping off entirely as plants mature. Xylem 
tissues become black and overall plant growth is stunted. Historically, verticillium wilt has been a minor problem on cole 
crops, but a more serious problem has recently developed on cauliflower. Cool soil temperature favor disease development and 
production of microsclerotia enable the pathogen to survive in the soil for years. Control measures include planting infested 
fields to cauliflower in winter and spring, as the disease is more prevalent in late summer and autumn. Use of cultivars more 
tolerant of wilt is also practiced. Planting broccoli as a rotation crop is another measure, as broccoli residues help suppress 
verticillium in the soil (Frank Laemmlen, personal communication, 1999). 

 

Wirestem, Rhizoctonia solani

Wirestem, or damping off, is a condition caused by Rhizoctonia infection. The fungus causes epidermal injury and lesion 
formation in young seedlings or transplants. As the infection progresses, the outer stem decays, leaving only the inner xylem 
intact. Plant growth is severely stunted and many seedlings die. Rhizoctonia survives for long periods of time in crop residue 
or as sclerotia in the soil. Warm, moist conditions favor its development. Cultural control measures include not planting 
seedlings too deeply into the soil or planting when fields are too wet. 

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.

Methyl Bromide 
Methyl bromide (MBr) is a soil fumigant that is effective in cauliflower fields against diseases (particularly when mixed with 
chloropicrin), nematodes, and weeds. It was applied to only 155 aggregate treated acres in 1997 with all use occurring in the 
Coastal growing regions. 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 
2005.

Methyl bromide (MBr) is generally applied with chloropicrin (pic). At low ratios, as in the 98/2 MBr/pic mixture, chloropicrin 
serves as a pungent warning agent for the relatively odorless methyl bromide; at higher ratios, such as 67/33 MBr/pic, 
chloropicrin also contributes significantly to disease control efficacy.

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

PCNB (Terraclor) was used on less than 5% of the acreage in 1997 with treatments occurring almost entirely in the South 



Coastal growing region. However, in that region, 12% of all cauliflower fields received PCNB treatment. 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 approximately 2% of California cauliflower acreage in 1997, all in the Coastal growing 
regions. This material is efficacious against blackleg, sclerotinia and rhizoctonia.

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

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.

 

 

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 (H. cruciferae), which can cause more plant injury and stunting than the root 
knot nematode when abundant. 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). The cyst nematode can be found on all soil types, but 
its limited host range allows management by crop rotation with non-host plants.

Rootknot (Meloidogyne) nematode can also be a problem for cole crops in California, but to less extent then cyst nematode. 
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, where they may persist for long 
periods of time. Symptoms from nematodes can mimic other problems in the field, particularly clubroot. Nematodes primarily 
cause an overall stunting of the plant, wilting, small head formation, and lower yields. When cyst nematodes attack seedlings, 
the entire cauliflower planting may be ruined economically (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.

1,3-Dichloropropene [B1B2] See also Clubroot

●     Trade Name & Formulation: Telone II
●     Typical Application Timing & Frequency: Applied once before planting.



●     Typical Application Rate & Method: Shank injected at average rate of 85 lb ai/ac.
●     REI & PHI: Prohibited from the start of application until 5 days after application; no PHI (applied pre-plant).

Dichloropropene use was extremely limited on cauliflower in 1997 with only 55 acres receiving such treatment.

Metam-Sodium [B1B2] See also Clubroot, Weeds 
In addition to being an effective nematicide, this material also provides some control of clubroot and weeds. By comparison, 
1,3-dichloropropene (above) is only moderately efficacious against club root and ineffective against weeds.

Alternative Chemical Controls:

Fenamiphos [OP] (Nemacur) 
This organophosphate is rarely used, although it is labeled for nematode control in cauliflower fields. The product 
manufacturer cautions that Nemacur has been known to leach through soil to contaminate ground water, necessitating that 
measures are taken to avoid use in areas where this potential is high.

Statewide Coverage in 1996 was 1%, with all use occurring in the Coastal growing areas.

Ethoprop [OP] (Mocap) 
This organophosphate is not registered for use on cauliflower. It currently is registered for cabbage, for which it is the 
preferred material due to its effectiveness and relatively low cost.

Dazomet See Clubroot

Biological Controls:

Myrotheciun verrucaria (Ditera ES) 
This biological nematicide received California registration for cole crops in 1996. In some field situations, this reduced-risk 
product can be a viable alternative to 1,3-dichloropropene and metam-sodium.

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 Cauliflower.

 

 

Weeds

Weed management is a major field problem for commercial cauliflower. Weeds compete with the intended crop for nutrients, 
which can lead to a reduction in harvest as well as a delay in plant maturation. In addition, weeds provide habitat for insect, 
nematode and disease 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 1.71 lb ai/ac on 

the South Coast to 4.10 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 a selective, non-systemic herbicide that kills germinating seeds. 
Chlorthal-dimethyl is no longer being manufactured, but during 1997 it ranked 12th of all pesticides in number of 
applications and aggregate treated cauliflower acreage. It was applied to 8,640 ac, or 23% of planted acreage, to control 
annual grasses and some broad-leaved weeds. Usage Intensity was greatest in the Central Coast and Desert growing 
regions.

UI indices: Central Coast, 27; South Coast, 5; SJ Valley, 4; Desert, 50.

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 cauliflower.
●     Typical Application Rate & Method: Sprayed onto the soil at 0.12 lb ai/ac.
●     REI & PHI: 24 hours restricted entry; no PHI (applied prior to planting).

Oxyfluorfen is a preplant/transplant selective herbicide for pre-emergent control of some annual broad-leaved weeds 
(label lists carpetweed, redroot pigweed, common purslane, and Pennsylvania smartweed). It also assists in control of 
grasses. Oxyfluorfen is more readily absorbed by foliage and shoots rather than by roots and is not translocated 
throughout the plant. 

Oxyfluorfen was the 10th most used pesticide on California cauliflower in 1997 It was applied to 12,001 aggregate 
treated acres or 32% of planted all cauliflower acreage. Virtually all oxyfluorfen use occurred in the Coastal growing 
regions and most of that in the South Coast area. A very limited number of acres in the Desert were treated and no 
applications were made in the SJ Valley. UI indices: Central Coast, 18; South Coast, 86; Desert, 2; SJ Valley, 0.

Bensulide [OP]

●     Trade Name & Formulation: Prefar 4-E
●     Typical Application Timing & Frequency: Applied pre-plant (for cauliflower transplants) or pre-emergence (for direct 

seeded cauliflower), once per season.
●     Typical Application Rate & Method: Chemigated or directed spray at rates ranging from 2.17 lb ai/ac on the Central 

Coast to 4.96 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 applied to only 724 acres, or 2% of the total planted cauliflower acreage in 1997. 
Usage Intensity was greatest in the Desert growing region, while no applications were made in the SJ Valley. Use of 
bensulide may 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 broad-leaved weeds. It was 
applied to only 1% of the total cauliflower acreage in 1997. Usage Intensity was greatest in the Desert and SJ Valley 
regions, and may increase following the loss of chlorthal-dimethyl. However, rotational restrictions will greatly limit 
use in Coastal growing regions. 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 1.10 lb ai/ac.
●     REI & PHI: 4 hours restricted entry

Glyphosate is a broad spectrum post-emergence 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 3% of the total cauliflower acreage in 1997. All use occurred in the Coastal 
growing regions.

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 0.22 lb ai/ac
●     REI & PHI: 12 hours restricted entry; 30 days pre-harvest interval

Sethoxydim provides post-emergence control of annual and perennial grasses. It was applied to less than 1% of 
California cauliflower acreage in 1997. It is not effective on annual bluegrass and hence is rarely used on the Coast. 
Usage Almost all use occurred in the Desert growing region where perennial grasses are more of a problem.

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 0.21 lb ai/ac.
●     REI & PHI: 12 hours restricted entry.

Napropamide controls pre-emergent annual grasses and broad-leaved 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 1% of California cauliflower acreage in 1997. All 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 555 ac in 1997, exclusively in the 
Desert (UI of 14). 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 broad-leaved weeds. This material is 
not currently registered for cauliflower.

Pendimethalin (Prowl) provides pre-emergent control of some grasses and broad-leaved weeds. This material is not currently 
registered for cauliflower.

Methyl Bromide See Soil Diseases

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

 

Post Harvest Control Issues

Cauliflower is pre-cooled directly after harvest by either package or liquid icing. Directly after pre-cooling is complete, 
cauliflower 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

As with other cole crops in California, commercial cauliflower growers rely heavily on 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 45% (Fig. 2). Organophosphates were the largest "at risk" group, contributing 34%. OP 
pesticides were targeted at aphids, cabbage maggots and lepidopteran pests. Carbamates accounted for 9% of total chemical 
usage and were used primarily for control of beet armyworm and cabbage looper. Finally, potential carcinogens were the 
smallest group, contributing only 2% 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 followed oxyfluorfen as the most used herbicide on cauliflower in 1997. 
Methamidophos [OP] (Monitor 4L) is no longer registered for cauliflower, but it was applied to 3,084 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.

Use of FQPA-targeted materials was disproportionally high in the San Joaquin Valley compared to the other 3 growing 
regions. The SJ Valley contributed only 5% of the total California cauliflower production in 1997, but accounted for 19% and 
28% of organophosphate and carbamate applications respectively (in pounds of active ingredient/acre). This usage pattern is 
the result of extremely high lepidopteran pest pressures in the region during the cauliflower growing period, in particular beet 
armyworm and diamondback moth.



Organophosphate Usage 
Organophosphate pesticides were applied to 34% of aggregate treated cauliflower acres in 1997. Six of the top fifteen 
pesticides applied to California cauliflower acreage in 1997 were 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 cauliflower crop, where 85% of production is concentrated. The OP Orthene (Acephate) is targeted primarily at 
green peach aphid. A fourth OP, chlorpyrifos (Lorsban), is applied primarily to control cabbage maggot, but it may also be 
used for aphid and worms control.

Naled was heavily relied on in 1997, particularly in the SJ Valley, to control an intense diamondback moth infestation. The 
sixth OP, methamidophos, was used against aphids and cabbage looper, especially in the SJ Valley, where 48% of the pounds 
of active ingredient were applied, but it is no longer registered for cauliflower or other cole crops. Of the OP’s oxydemeton-
methyl and chlorpyrifos are considered by most workers to be essential components in IPM of cauliflower.

Possible currently-registered alternatives to OPs for control of cabbage aphid are endosulfan (Thiodan) and imidacloprid 
(Admire, Provado). As previously discussed, endosulfan carries restrictions due to toxicity to aquatic organisms and is difficult 
to apply. Imidacloprid is formulated as a soil treatment (Admire) and as a foliar spray (Provado). Imidacloprid as a soil 
treatment 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, requiring 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 managemen! t material for OPs 
(primarily oxydemeton-methyl). Possible future replacement aphicides are under development, but none have yet been 
registered.

OPs are the only materials proven efficacious against cabbage maggot. The principal pesticides used are chlorpyrifos 
(Lorsban), azinphos-methyl (Guthion) and diazinon. Of these, chlorpyrifos is currently considered most efficacious. No non-
OP alternatives currently exist.

Flea beetle infestations are less of a problem than aphids and cabbage maggot from a statewide perspective, but do present a 
problem for Desert cauliflower growers. Permethrin is the primary control in rotation with an OP (usually diazinon or 
malathion). Other currently available alternative materials are restricted to OPs or endosulfan (Thiodan). There are no low-
impact OP replacements for flea beetle control in the Desert.

Finally, the OP bensulide (Prefar) has been used by Desert growers as a pre-emergent control for selected grasses and purslane. 
However, bensulide was applied to only 2% of California cauliflower acreage in 1997 and non FQPA-targeted alternatives are 
available. An increase in bensulide use may be occurring since the loss of chlorthal-dimethyl .

Carbamate Usage 
Cabbage looper, imported cabbageworm and BAW represent the key pests treated with carbamates by California cauliflower 
growers. Carbamates were applied to 9% aggregate treated cauliflower acres in 1997. Usage was particularly concentrated in 
the San Joaquin Valley (28% of total carbamate usage) where worms are a severe pest problem.

Spinosad (Success) has lessened somewhat the reliance on carbamates for these larval pests since its registration for 
cauliflower in 1997. However, some Pest Control Advisors report that spinosad has not demonstrated reliable efficacy against 
cabbage looper. The primary control agents for cabbage looper and imported cabbageworm on cauliflower are pyrethroids, 
especially esfenvalerate (the most extensively applied pesticide on California cauliflower). The carbamate thiodicarb (Larvin) 
remains a valuable resistance management material, in rotation with pyrethroids, for cabbage looper (this product is also listed 
as a B1B2 potential carcinogen). 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 cauliflower.



In 1997, the principal beet armyworm insecticide was the carbamate methomyl (Lannate), which is sometimes substituted with 
another carbamate, thiodicarb (Larvin). Methomyl has been implicated in flare-ups of other pests due to its broad spectrum 
toxicity to beneficial insects as well as targeted pests. At this time, thiodicarb has not been shown to exhibit the same 
disruptive tendencies. However, some growers report that it has delayed activity in worm knockdown when compared to 
methomyl. In contrast, cauliflower growers have reported good results with spinosad against beet armyworm, also without 
deleterious effects to beneficials. At this time, however, it is unclear the extent to which spinosad can replace carbamate usage 
for control of this pest. Alternative or rotational materials have also included the OP chlorpyrifos and pyrethroids. 

Usage of Potential Carcinogens (B1s and B2s) 
B1B2 compounds were used on only 2% aggregate treated acres on the 1997 cauliflower crop. Thiodicarb (Larvin) is listed as 
a potential carcinogen as well as a carbamate. However, the principal carcinogens used on California cauliflower are the 
fungicides chlorothalonil (Bravo) and maneb, which are used to control downy mildew and alternaria leafspot. Although these 
diseases generally present less potential than insects for causing economic damage to cauliflower production, growers require a 
reliable fungicide, particularly during wet years (e.g., "El Niño" years), if fields are to be harvested normally. Chlorothalonil 
and maneb have been used for many years and have yet to exhibit disease resistance problems. However, there are some 
interesting, economically promising alternatives to these materials in development by manufacturers (e.g. dimethomorph, 
actigard). The B1B2 chemical metam-sodium is used on limited acreage as a soil fumigant to c! ontrol soilborne disease 
pathogens, nematodes and weeds.

Total Active Ingredient by Region 
The distribution of lb ai across the four growing regions for the primary cauliflower pesticides (Table 1) indicates that most 
pest control materials are applied in the Coastal growing region which have the greatest concentration of cauliflower acreage. 
As discussed above, the San Joaquin Valley crop required a disproportionally high percentage of certain pesticides, primarily 
worm control materials (e.g. methomyl). Desert cauliflower growers used high levels (relative to acreage) of imidacloprid (for 
silverleaf whitefly), beet armyworm control agents and the herbicide chlorthal-dimethyl.

Table 1. 1997 Pesticide Usage. Fifteen most applied cauliflower pest control materials, based on 1997 usage data. Listing is in 
order of total Aggregate Treated Acreage (cf. Fig. 3). (See Appendix 2, Tables A1 - A5 for full listing.)

Percent of Total lb ai, by Region

Common Name Trade Name Pest Total lb 
ai

Central 
Coastal

South 
Coastal SJ Valley Desert

esfenvalerate Asana CL, FB 1,730 46.8 21.4 16.5 15.3

Bacillus 
thuringiensis Bts CL, IC, 

BAW 5,934 64.4 21.4 7.4 6.8

oxydemeton-methyl 
(OP) MSR AP 14,949 75.2 24.0 0.8 0.0

chlorpyrifos (OP) Lorsban CM, AP 25,201 68.8 25.0 3.4 2.8

imidacloprid Admire, 
Provado

AP, 
SLW 2,793 47.3 29.1 1.2 22.4

methomyl (CARB) Lannate BAW, 
CL 12,451 39.8 15.1 36.8 8.3



permethrin Pounce, 
Ambush CL, FB 1,435 54.4 7.5 25.6 12.5

dimethoate (OP) Dimethoate AP 6,054 77.5 16.0 5.2 1.4

naled (OP) Dibrom Many 17,950 35.0 9.0 56.1 0.0

oxyfluorfen Goal W 1,439 37.8 60.6 0.0 1.6

spinosad Success DBM, 
BAW 1,074 26.3 28.3 21.2 24.2

chlorthal-dimethyl Dacthal W 25,225 63.4 3.2 1.2 32.2

thiodicarb (CARB) Larvin BAW, 
CL 5,448 33.8 30.5 7.8 27.8

acephate (OP) Orthene A, 4,348 43.0 34.7 16.6 5.8

methamidophos (OP) Monitor AP, CL 2,521 19.3 15.3 48.0 17.5

AP = Aphids, BAW = beet armyworm, CL = cabbage looper, CM = cabbage maggot, DBM = diamondback month, FB = flea 
beetle, IC = imported cabbageworm, SLW = silverleaf whitefly, W = weeds
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Appendices

Data Collection and Processing Procedures:

Individual County Cauliflower Acreage 
California agricultural commissioners’ data, as published by California Agricultural Statistics Service (CASS) in August 1998, 
indicate that a total of 37,246 ac of cauliflower were harvested in California in 1997. The National Agricultural Statistics 
Service (NASS) also collects acreage data for vegetable commodities, independently of data collection for the CASS report. 
The NASS report, Vegetables, 1998 Summary, published in January 1999, lists planted and harvested cauliflower acreage at 
37,500 ac for 1997. This is inconsistent with the acreage reported by CASS, and deference is given herein to the NASS report 

http://www.usda.gov.nass/
http://commserv.ucdavis.edu/
http://www.ipm.ucdavis.edu/
http://vric.ucdavis.edu/


for statewide harvested acreage. However, the NASS report does not indicate regional distribution of cauliflower acreage 
within the state. Consequently, the contribution made by each region to total statewide acreage is determined from data in the 
CASS. Regional acreage figures, as reported in "Production Regions" (above), are calcu! lated as the percent contribution of 
each region multiplied by 37,500 acres.

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 principal cauliflower 
growing regions of California.

All county agricultural commissioners’ offices responded with the requested data. Five reported pesticide usage on 
cauliflower. Data was submitted to the Alliance in electronic media (i.e., floppy disk or E-mail).

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 cauliflower of Ambush 25 W Insecticide, with EPA no. 10182-35, 
where units of product applied were expressed in pounds, 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 cauliflower.

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, Appendix 2, Table A1, lists for permethrin 1,435 lb ai applied to 14,574 ac. The 
average rate is 0.10 lb ai/ac:

Permethrin is typically applied on cauliflower for worm control in the form of Pounce 3.2 EC. The calculated average 
application rate of 0.10 lb ai/ac is at the top of the product label application range of 0.05 to 0.10 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 cauliflower planted. He/she may report to 
the county agricultural commissioner four application instances of a specific pesticide, covering 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.

It should be noted that pesticides are commonly combined in a "tank mix" and applied together. Continuing the example 
above, the grower could mix four pesticides in a tank and spray 50 ac. Each pesticide would be recorded as covering 50 ac, 
resulting in 200 ATA for the four pesticides as a group.

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

Statewide Coverage 
Data from county Agricultural Commissioners data, which is the basis for the 1997 pesticide usage data in this report, provides 
the number of cauliflower acres for each application instance and allows for an Aggregate Treated Acres summation. 
"Statewide 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, if a product label restricts usage to one application per season, or if grower information indicates that 
the material is applied only once, then Statewide Coverage can be estimated. For example, metam-sodium was reported to the 
agricultural commissioners to have been applied to 517 ac (Appendix 2, Table A1). Because this product is applied to 
cauliflower fields only once per season, it can be stated that the Statewide Coverage for this product was 1%:

In fact, whenever the average number of applications/field can be approximated, ATA can be utilized to estimate Statewide 
Coverage as follows, where n = average number of applications:

For example, chlorpyrifos Statewide Coverage cannot be determined directly from treated acreage, but based on an average of 
3 applications per season, it can be estimated:

For many pesticides the number of applications varies too widely, or is too difficult to ascertain from the available 
information, for n to be quantified with confidence. If, however, n is assigned a value of 1, then the result will be the maximum 
possible Statewide Coverage. If this maximum is less than 10%, then Statewide Coverage is reported herein as "less than x %." 

 

Database and web development by the NSF Center for Integrated Pest Managment located at North Carolina State University. All materials may be 
used freely with credit to the USDA. 

http://ipmwww.ncsu.edu/cipm

