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General Production Information

●     California produces approximately 75% of the U.S. celery crop (NASS, 1999, Interviews).

●     Commercial celery acreage in California increased from 22,700 acres in 1995 to 24,000 acres in 1997 and grew again 
to 24,500 acres in 1998 (CASS 1999).

●     California celery production totaled 834,000 tons in 1997 and 857,500 tons in 1998 (CASS, 1999).

●     Total value of California harvested celery was $247,000,000 in 1997 and $207,000,000 in 1998 (CASS, 1999).

●     Production costs for California celery are approximately $4,000 per acre. Pest control costs range from $500-$1,000 
depending on region and season (Interviews, 1999).

 

Production Regions

United States celery production is concentrated in California, with additional production coming from Florida, Michigan and 
Texas. During the period 1996-1998 approximately 75% of US harvested celery came from California. Domestic celery 
production accounts for 98% of per capita U.S. consumption (FCIC, 1999). California produces celery year-round. Crops from 
Florida and south Texas augment winter supplies, while those from Michigan, and to a much lesser extent Ohio, contribute to 
summer totals (NASS, 1999).

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



The Central and South Coastal growing regions account for 98.8% of California celery production. Only 1.2% of the crop 
comes from the South Eastern Desert region, mostly from Riverside County (CASS, 1998).

South Coastal Region 
The South Coastal region consists of Orange, Santa Barbara and Ventura counties. The region accounted for approximately 
13,035 acres in 1997, or 54.3% of California’s total celery acreage. Ventura County alone contributed 9,450 acres, 39.4% of 
the state’s total. In the southern portion of the region, seedlings are transplanted from early August through mid-April and the 
mature crops are harvested from November through mid-July. In the region’s northern portion (i.e. the Santa Maria Valley in 
Santa Barbara County), seedlings are transplanted from late February through August, following a weather-driven celery-free 
period from approximately mid-December to February. Mature crops are harvested from late May to December. Growers 
must follow a county government-mandated celery-free period from July 15 through August 4 as a defensive measure to 
control outbreaks of western celery mosaic virus (WCMV). Greenhouse seedling operations also conform to a mandated 8-
consecutive day celery-free period every year during growing of transplants for export to Monterey, Ventura, and Imperial 
Counties.

Central Coastal Region 
The Central Coastal celery growing region includes Monterey, San Benito, San Luis Obispo, Santa Clara, and Santa Cruz 
counties. The region accounts for approximately 44.5% of statewide production acreage, with Monterey County alone 



accounting for 36.2% or 8,678 acres. Ordinances designed to protect against WCMV require a celery-free period for the entire 
month of January throughout Monterey County and the Arroyo Grande Valley area of San Luis Obispo County. A weather-
driven celery-free period, usually from mid-December to February, is also common in other portions of San Luis Obispo, San 
Benito and Santa Clara counties. Celery-free period requirements in regional greenhouse operations are the same as for the 
South Coastal region. Seedlings throughout the area are transplanted from February to September and the mature crops 
harvested from late May into December.

South Eastern Desert Region 
Most Desert production occurs in the winter in Riverside County, mainly in the Coachella Valley. Seedlings are transplanted 
in late August for harvest in January (CARD, 1995). In 1997, approximately 288 acres were planted in celery.

 

 

 

Cultural Practices

Celery, Apium graveolens, is a member of the carrot family (Apiaceae), one of the largest flowering plant families in the 
world. Parsley, fennel, carrots, dill and poison hemlock are also members of this group. Celery was first cultivated as a 
medicinal plant, then as a spice, and finally as a food. The largest harvest each year is the ‘Thanksgiving Pull’, in preparation 
for the American tradition of stuffing the turkey.

Celery is a cool-season biennial that grows best in temperatures under 65 degrees, but will tolerate a range of 45 to 75 degrees. 
The thick, fleshy petioles (leaf stalks) of the rosette leaves comprise the edible portions of the plant. The petioles are 
commonly referred to as "ribs", "shanks" or "stems," while the entire marketable plants are known as "stalks" or "heads".

Freezing temperatures split the petioles of mature celery plants, rendering the stalks unmarketable. Freeze damage is most 
likely in the Desert growing region, where the avoidance of hot weather necessitates that celery is grown in the winter, when 
temperatures are cooler but the risk of a freeze is relatively high. Young celery plants can tolerate minor freezes without 
sustaining major damage. However, exposure of young plants to 10 days of 40-50 degree temperatures may result in bolting, 
even if subsequent mild conditions predominate over the rest of the growing season. Conversely, higher monthly average 
temperatures result in slower vegetative growth (FCIC, 1999; VRIC, 1999).

Celery areas can produce up to 2.5 crops per acre per year. Whenever possible, celery is rotated with strawberries to take 
advantage of the methyl bromide/chloropicrin soil fumigation practiced by California strawberry growers (Grissom, 1999). 
Growers also rotate celery with lettuce and cole crops (Mason, 1999). Planting and harvest dates vary by production region 
and are driven by celery-free periods unique to each area (see also Production Regions). Planting and harvesting schedules are 
coordinated to provide a steady supply of fresh celery throughout the year with a peak in November for Thanksgiving.

Most commercial celery in California is planted from greenhouse-grown transplants. Transplants decrease the field-growing 
period, provide uniformly sized plants and confer a competitive advantage over newly emerging weeds. After approximately 
70 days in the greenhouse, celery seedlings are transplanted at an average rate of 39,000 per acre onto double-rowed 40-inch 
beds. The transplants are spaced 9 inches apart. Firm, succulent bunches are harvested 75-140 days later depending on season 
and weather.

Commonly planted varieties include Pascal, Conquistador, Matador, Tall Utah, Tall Utah Improved, along with a few 
proprietary cultivars, such as T&A Special. These varieties exhibit good color, vigor and bunch size. Genetic breeding 
programs are underway to develop cultivars with resistance to Fusarium. Additional work is directed toward developing 
leafminer-resistant cultivars, though none currently exist.



Celery, due to its shallow root system, requires a steady and uniform supply of moisture. The crop performs best on heavier 
soils with good drainage and a high water holding capacity. Celery can also grow well in lighter soils when given frequent, 
uniform irrigations. Transplants are immediately sprinkler-irrigated after planting followed by drip, furrow or sprinkler 
irrigation during the rest of the season. Uniformity of irrigation is critical to overall crop quality as dry soils often lead to 
petiole pithiness, premature bolting and blackheart, caused by a deficiency of calcium.

For production of greenhouse transplants, a ‘soiless’ peat mix that is optimal for water and nutrient retention is utilized. Celery 
transplants may be either overhead irrigated or sub-irrigated by soaking of seedling flats. Any stresses induced during this 
process (e.g. water shortages, temperature extremes or nutrient deficiencies) may result in young plants that go quickly to 
seed. Production of uniformly sized seedlings is also required for the efficient operation of the mechanized transplanting 
equipment. Greenhouse growers mow plant tops several times during the production cycle to produce such uniformity. This 
practice results in a stout 6" plant with a well-developed root system.

Under both field and greenhouse conditions excess foliar moisture encourages disease development. Overhead irrigation, 
therefore, requires repeated fungicidal applications to maintain disease-free plants. Drip irrigation has proven to be a valuable 
alternative system that is increasing in use. Growers indicate drip irrigation significantly reduces disease incidence and a more 
uniform stand at harvest. In greenhouse production, cross-ventilation fans aid in drying of the densely packed seedlings. This 
is important under a regimen of frequent mowing, which can exacerbate disease severity.

Celery production demands relatively large amounts of fertilizers. Nitrogen is applied at a rate of 300-350 lbs/ac at both 
preplant and post-plant stages. Lighter soils typically require even higher rates to achieve green color and uniform petiole 
quality. Phosphorus and potassium are also liberally applied to celery fields, mostly as preplant applications, incorporated into 
the soil prior to listing the beds.

 

 

Insect Pests

Leafminers 
Serpentine leafminer, Liriomyza trifolii 
Pea leafminer, Liriomyza huidobrensis

Leafminers represent a major pest problem for Coastal celery growers. Two predominant species of Liriomyza leafminer 
attack celery crops; L. huidobrensis, the pea leafminer, is present in both the South and Central Coast growing regions, while 
L. trifolii, the serpentine leafminer, occurs only in the South Coastal region. Liriomyza is not found infesting celery fields in 
the desert.

Leafminer infestation in the Central Coast region may often span the entire growing season and affect 100% of the planted 
celery acreage. During the 1999 growing season, however, leafminer infestations did not occur until August (Interviews, 
1999). In the South Coast region, infestation is often restricted to the spring and fall, with the highest populations occurring in 
the warmer fall months. If uncontrolled, Liriomyza can cause losses of 25-100% of the celery crop.

Leafminer puparia may overwinter in California’s temperate coastal areas. As field conditions become warmer and drier (or 
year-round in the greenhouse setting) small black flies with yellow markings appear. The leafminer adults puncture leaf 
surfaces to both feed and oviposit. The eggs hatch in 2-4 days and young larvae feed, or ‘mine’, between the leaf surfaces for 
the next 4-5 days. In warmer areas the leafminer lifecycle spans about 3 weeks. On California’s coast, several overlapping 
leafminer generations may occur over a single growing season. In this situation, all stages of the pest are present during most 
of the period (UC IPM, 1999; Metcalf, 1993).



Leafminers damage celery by leaving light-colored, narrow winding ‘mines’ in foliage. Liriomyza huidobrensis prefers to 
mine and pupate in the stalks, causing damage to the edible portion of the plant. The feeding habit of L. trifolii is generally 
less damaging; the species tends to mine the upper leaves, which are often removed at harvest. Mining in petioles, however, 
renders the plant unmarketable. Plant stripping (to remove damaged stalks) permits the sale of smaller bunches, but with 
reduced yield at higher costs. An uncontrolled leafminer infestation, particularly of L. huidobrensis, can reduce a yield of 
1500 24-count cartons to as few as 500 30-48-count cartons (Interviews, 1999). Leafminer damage may also decrease 
photosynthesis and promote disease development. Any puparia remaining in the harvested plant constitute insect debris 
contamination, which reduces sale price and export potential as well.

Chemical Control: 
Current control practices require numerous applications and rotations of insecticides. Control costs are high and only a small 
number of insecticides are effective. Leafminer exhibits high fecundity and pesticide-tolerance, factors that limit the lifespan 
of any given insecticide directed at it. In California, the carbamate compound oxamyl (Vydate) has served as a mainstay 
control agent since its registration in the late 1970’s. Abamectin (Agri-mek) entered the rotation in the mid-1980s, and in 
1998, cyromazine became the newest chemical tool for leafminer control. Although additional insecticides are registered for 
use, only the following are effective and commonly used by California PCAs:

Oxamyl [CARB] See also Aphid

●     Trade Name & Formulation: Vydate L
●     Typical Application Timing & Frequency: Applied early in the season or as the last application in a rotation. 

Commonly 1-5 treatments per season are made.
●     Typical Application Rate & Method: As a foliar spray, by ground or air, treatments of 2-4 pts/ac are made. When 

applied by chemigation, rates range up to a maximum of 24 pts/ac per season.
●     REI & PHI: 48 hours restricted entry. Pre-harvest interval is 14 days.

Oxamyl, a carbamate insecticide, interferes with an insect’s ability to transmit signals across neural synapses. Oxamyl 
controls piercing and sucking celery pests such as leafminer, aphids, thrips, lygus and nematodes.

Oxamyl is the third most commonly applied pesticide in California celery production. It is used primarily in the South 
and Central Coastal regions, with more applications per season made in the Central region. In greenhouse operations, 
oxamyl is regularly used for light to moderate leafminer infestations. However, the costlier compound abamectin 
exhibits more complete control of heavier populations (Interviews, 1999).

In resistance management programs, oxamyl is rotated with abamectin and/or cyromazine. Occasionally spinosad 
(Success) may be included in such rotations. Growers and PCAs consider oxamyl to be only marginally effective, 
yielding approximately 60% control. Oxamyl has the advantage of exhibiting a broad spectrum of activity compared to 
other leafminer control agents and is the least expensive to apply.

In 1997, California celery growers applied oxamyl to 41,354 aggregate treated acres (cf. Appendix 1, Terminology, 
Aggregate Treated Acreage). Usage Intensity (UI) indices for that year were: Central Coast, 214; South Coast, 141; 
Desert, 22 (cf. Appendix 1, Terminology, Usage Intensity).

1996 Statewide Coverage for oxamyl was 79% of planted celery acreage (cf. Appendix 1, Terminology, Statewide 
Coverage).

Abamectin

●     Trade Name & Formulation: Agri-Mek 0.15EC
●     Typical Application Timing & Frequency: Applied at first sight of adult flies, larvae or plant damage. Treatment 



frequency is variable by region with 1-3 treatments common in the South Coastal region and 3-6 treatments the rule in 
the Central Coast region.

●     Typical Application Rate & Method: Abamectin is applied as a foliar spray, by ground or air at treatment rates of 8-16 
ozs/ac to a seasonal maximum of 48 ozs/ac.

●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 7 days.

Abamectin is an insecticide derived from a fermentation product that is highly effective against leafminer larvae. When 
used with oil-based products or organic-silicon surfactants, abamectin provides even greater effectiveness.

Abamectin fits well into integrated pest management (IPM) programs in celery production, primarily because it is non-
disruptive to beneficial insects attacking leafminer, worm, and aphid pests. Additionally, abamectin is compatible with 
‘soft’ worm control products, such as formulations of Bacillus thuringiensis and spinosad. Such product combinations 
may be efficacious in maintaining both leafminer and beet armyworm populations below economic injury thresholds.

In leafminer resistance management, abamectin is often used in rotation with cyromazine and oxamyl. A common 
leafminer control program involves a single oxamyl application or multiple applications of cyrozamine, followed by 
two successive applications of abamectin, 7 to 10 days apart.

Greenhouse conditions, such as high plant densities and controlled temperatures, encourage leafminer infestations, 
requiring aggressive treatment programs. Abamectin usage in the greenhouse is limited to 2 sprays per crop, thus 
applications typically follow alternative materials (Interviews, 1999).

Data from 1997 indicates abamectin was applied to 21,257 aggregate treated acres of celery production. Grower and 
PCA interviews indicate that abamectin use may currently be higher than this data indicates. Abamectin use is highest 
in the Central Coast region and none is applied in the Desert areas. UI indices: Central Coast 147; South Coast 42. 
Greater reliance on abamectin in the Central Coastal region may be accounted for by the relative lack of beneficial 
insects in the fields and by higher infestation rates over longer periods of the season (Interviews, 1999).

1996 Statewide Coverage (cf. Appendix 1, Terminology, Statewide Coverage) of abamectin was 68% of planted celery 
acreage.

Abamectin costs are high at $75 per application per acre.

Cyromazine

●     Trade Name & Formulation: Trigard 75 WP
●     Typical Application Timing & Frequency: Applied at first sight of adult flies, larvae or plant damage. Treatment 

frequency is variable by region with 2-3 treatments common in the South Coastal region and 1-2 treatments in the 
Central Coast region.

●     Typical Application Rate & Method: Cyromazine is applied as a foliar spray by ground or air at 2.66 ozs/ac per 
application.

●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 7 days.

Cyromazine, an insect growth regulator with both contact and systemic action, controls leafminer larvae by interfering 
with molting and pupation. It exhibits translaminer systemicity that readily moves the product into leaf tissues where 
leafminer larvae reside. Cyromazine is particularly effective in reducing established populations of L. trifolii. 

Cyromazine is an important component in leafminer IPM programs due to its minimal adverse affects on Diglyphus, 
leafminer’s primary parasite. Cyromazine is rotated with abamectin and oxamyl in resistance management programs 
for this pest. South Coast growers report that cyromazine is highly effective with greater than 90% control. Central 
Coast celery growers are somewhat less reliant on the product, using it as a third chemistry in rotational programs for 



leafminer.

Cyromazine use is somewhat limited due to plantback restrictions and toxicity to aquatic organisms. A 300-day 
plantback restriction for cole crops is required in celery fields treated with cyromazine, limiting growers’ choices of 
alternate crops. Cyromazine’s toxicity to aquatic organisms has led regulatory agencies to require special certification 
for this product’s application. Cyromazine is not registered for greenhouse application.

Treatments with cyromazine are made only in Coastal growing regions. Of the 11,720 aggregate acres treated with 
cyromazine in 1997, 8611 of those were located in the South Coast growing region due to the prevalence of L. trifolii 
there. UI indices: Central Coast, 29; South Coast 66.

Alternative Chemical Controls:

Spinosad (Success) See also Beet Armyworm, Cabbage Looper 
Spinosad is sometimes applied alone (two 6-ounce applications at 10-14 day intervals) to reduce low to medium populations 
of L. Trifolii. For L. Huidobrensis control, it must be supplemented with another insecticide (e.g. abamectin or cyromazine). 
Current usage of spinosad for leafminer infestations was reported in the South Coastal region only. Studies are currently 
underway to assess the utility of spinosad in control of all leafminer species. Spinosad’s most significant leafminer control 
contribution, however, is its substitution for methomyl in worm control.

Azadirachtin (Neemix) See also Aphid 
Azadirachtin is registered for the control of numerous celery pests, but treatments are primarily directed at aphids and worms. 
Most consider the product ineffective for control of leafminer larvae. Recent research indicates that although azadirachtin is 
not efficacious in controlling leafminer populations on the current crop, it is successful in interfering with pupation, thereby 
reducing the adult emergence rate in the subsequent crop (Chaney, 1999). Azadirachtin is expensive in comparison to 
conventional chemistries.

Permethrin (Pounce, Ambush) See also Cabbage Looper, Beet Armyworm 
Permethrin, a synthetic pyrethroid, exhibits limited efficacy in control of leafminer adults in celery production. Moreover, as 
with methomyl, permethrin has been implicated as a causal factor in the widespread emergence of leafminers as key pests of 
celery and several other vegetable crops. The extensive use of permethrin to control beet armyworm and cabbage looper has 
had the side effect of flaring leafminer populations. Nevertheless, some PCAs continue to use the product as a leafminer 
adulticide.

Pyrethrins + Rotenone (Pyrellin EC) See also Aphid 
Pyrellin, a combination of the botanical insecticides pyrethrin and rotenone, may be included in a leafminer control program. 
Efficacy can be variable and is directed at adult leafminers only. It is not typically applied as a stand-alone leafminer 
insecticide.

Methamidophos [OP] (Monitor)  
Methamidophos is a systemic, residual organophosphate insecticide with contact and stomach action. It is the primary 
metabolite of the organophosphate compound, acephate. Though reportedly effective in the control of leafminer adults, the 
product’s manufacturer voluntarily withdrew its registration and is no longer used on California celery crops.

Biological Controls:

Beneficial Insects 
Natural enemies, primarily parasitic wasps in the Diglyphus genus, are present in most commercial celery plantings 
throughout the state. In the South Coastal region, beneficial insect populations are typically higher in celery fields adjacent to 
plantings of ornamental flowers. Some organic producers have interplanted alyssum and other flowering species within celery 
fields to encourage the establishment of populations of Diglyphus and additional leafminer parasites. Insecticides for worm 



and aphid control are also selected for reduced toxicity on beneficial insects that control leafminer. Caution is particularly 
used in treatments with methomyl, permethrin and acephate. 

Inundative or inoculative releases of parasites 24 to 48 hours following treatment with a non-selective insecticide may be 
efficacious in suppression of leafminers (Trumble, 1984). However, these inputs are costly and the pest populations necessary 
to sustain parasitoids are often above the economic injury threshold (Interviews, 1999).

Cultural Control Practices: 
Following transplant, leafminer populations can be somewhat suppressed by overhead sprinkling, but results from this practice 
are highly variable and it cannot be considered a reliable control measure.

The most important cultural control practices involve good field sanitation. Prompt disking of adjacent crops post-harvest is 
necessary to inhibit or prevent leafminer migration into new plantings.

 

Beet Armyworm, Spodoptera exigua

Beet armyworm is a serious pest on California celery that occurs in every production region in the state. South Coastal 
infestations are most severe in the fall, while Central Coast infestations are highest in the warmer summer months. Beet 
armyworm is problematic on 75-100% of the total celery acreage and, if uncontrolled, can cause up to 100% yield loss.

In warmer climates, four generations of beet armyworm can occur each year. Egg hatch occurs 2 to 5 days after deposition on 
plant leaves; larvae then feed for approximately 3 weeks before pupation. The entire lifecycle varies from 24-40 days, 
depending on temperature. Damage to celery is characterized by internal feeding on the shanks and fecal deposition 
throughout the plant, rendering the stalks unmarketable.

Insecticides are generally more effective against larvae than against eggs; therefore, treatments are made after egg hatch. 
PCAs target young instar larvae, avoiding the plant damage associated with more mature larvae, while accomplishing high 
levels of control with low to intermediate product use rates. Sprays are generally applied in the early morning or evening when 
insects are most active. Field monitoring for egg deposition and larval presence is critical for accurate timing of treatments, so 
as to preclude the progression of larvae downward into the petioles where they become more difficult to control. Given the 
short treatment window in the lifecycle of this pest, the chosen insecticides must be highly effective.

Chemical Control: 

Spinosad See also Cabbage Looper, Leafminer

●     Trade Name & Formulation: Success 2 AS
●     Typical Application Timing & Frequency: Treatments begin at egg hatch and continue throughout the growing season. 

1 to 5 treatments per crop are common with a maximum of 3 successive applications (spinosad must be used in rotation 
with other chemical control agents).

●     Typical Application Rate & Method: Application rate is 4-6 ozs/ac, applied as a foliar spray by ground or air.
●     REI & PHI: 4 hours restricted entry. Pre-harvest interval is 1 day.

Spinosad is a naturally derived product belonging to a new class of materials, the naturalytes. It functions as both a 
contact and stomach poison though efficacy is higher when ingested. It is registered in California celery production for 
the control of loopers, armyworm and leafminer. Treatment is concentrated on hatching eggs or young larvae.

In beet armyworm resistance management, spinosad is rotated with the synthetic pyrethroids (e.g. permethrin), 
carbamates (methomyl, thiodicarb), and biologicals (Bt). Spinosad has shown a significant margin of safety to many 



beneficial insects and represents a key alternative to methomyl, which (due to adverse effects on beneficial insects) has 
been indicated as a causal factor in leafminer flare-ups. In spinosad-treated fields, leafminer populations are lower 
without compromising protection from beet armyworm damage.

Spinosad use occurs in all three California celery production regions. In 1997, Spinosad was applied to 9,643 aggregate 
treated acres, with 7,070 of those located in the South Coast growing area. The relatively small number of Central 
Coast acres treated with spinosad may be due to its reduced efficacy in cooler weather (McNut, 1999). Spinosad also 
has limited use in the control of thrips and leafminer. UI indices: Central Coast, 22; South Coast, 54; Desert, 95.

Spinosad application costs average $40 per acre. It is not currently registered for greenhouse applications.

Methomyl [CARB] See also Cabbage Looper, Aphid

●     Trade Name & Formulation: Lannate 75 SP
●     Typical Application Timing & Frequency: Treatments begin at egg hatch or first sight of larvae then continue 

throughout the growing season. Frequency ranges from 1 to 3 applications.
●     Typical Application Rate & Method: Applied as a foliar spray by ground or air at a rate of 0.5-1 lb/ac.
●     REI & PHI: 48 hours restricted entry. Pre-harvest interval is 7 day.

Methomyl, a broad-spectrum carbamate material, is primarily a contact insecticide with some systemic activity. It is 
registered for the control of various worm species. Growers rely on methomyl for quick knockdowns of heavy beet 
armyworm infestations as well as those of other pest worm species. Methomyl was the fourth most used pesticide on 
California celery in 1997.

Methomyl has some utility in resistance management programs in celery, particularly in rotation with spinosad, which 
may not be applied for more than 3 successive times. However, due to its significant adverse effects on beneficial 
insects, particularly Diglyphus begini, the primary parasitoid of Liriomyza leafminer, methomyl use is often avoided. 
The addition of Bacillus thuringiensis at 1.5 lbs/ac, as a tank mix partner, increases methomyl efficacy and extends 
spray intervals (Mason, 1999; Veik, 1999).

Application costs for methomyl average $20/acre.

Methomyl use occurs in all three production regions. A total of 32,450 aggregate treated acres received methomyl 
applications in 1997. UI Indices: Central Coast, 176; South Coast, 100; Desert, 200.

1996 Statewide Coverage of methomyl was 64% of planted celery acreage.

Thiodicarb [CARB, B1B2]

●     Trade Name & Formulation: Larvin 3.2 AF
●     Typical Application Timing & Frequency: Treatments begin at egg hatch or first sight of larvae and continue 

throughout the growing season. Commonly, 1-3 applications per crop are made.
●     Typical Application Rate & Method: Thiodicarb is applied as a foliar spray by ground or air at a rate of 16-30 ozs/ac 

per application up to a maximum of 60 ozs/ac.
●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 14 day.

Thiodicarb, a carbamate insecticide, is chemically similar to methomyl and exhibits the same mode of action. 
However, it is less toxic to field applicators and may be less disruptive to the beneficial insect complex, avoiding the 
resultant leafminer flare-ups associated with methomyl use. On celery, thiodicarb is effective against several worms, 
including beet armyworm, looper and corn earworm. When targeting large instar larvae, thiodicarb is usually tank-
mixed with Bt or another insecticide.



Application costs for thiodicarb average $18-20 per acre.

Thiodicarb was the sixth most used pesticide on California celery in 1997. It is rotated with spinosad, Bt and 
pyrethroids for resistance management purposes. Use of thiodicarb in the Central Coast region may be decreasing in 
favor of increased reliance on spinosad, but the compound remains popular in all growing areas. UI indices for 1997: 
Central Coast, 112; South Coast, 123; and Desert, 47. Thiodicarb is not used in greenhouse transplant production.

1996 Statewide Coverage for thiodicarb was 39% of planted celery acreage.

Alternative Chemical Controls:

Permethrin (Pounce, Ambush) See also Cabbage Looper, Leafminer 
Permethrin, a synthetic pyrethroid, is effective against a broad range of insect pests, including beet armyworm, on California 
celery crops. Permethrin is frequently applied by overhead sprinklers at transplant time, avoiding costlier aerial spraying 
operations. In greenhouse production, permethrin is the primary control agent for all worms and fungus gnats.

Acephate [OP] (Orthene) See also Aphid, Cabbage Looper 
Acephate is not specifically employed for beet armyworm control, but treatment against other pests also carries some efficacy 
in reducing newly established populations. Suggested rate for worm control on celery is 1.3 lb/ac.

Tebufenozide (Confirm) 
Tebufenozide, an insect growth regulator, is highly active against beet armyworm. It has the advantage of specific activity 
limited to lepidoptera while having no measurable impact to the beneficial insects that prey on leafminers or aphids. 
Tebufenozide received a Section 18 registration for 1998 for use against beet armyworm on California celery (CDPR, 1998). 
The product has gained popularity despite its characteristic delayed control action.

Azadirachtin (Neemix) See also Aphid, Leafminer 
Azadirachtin is registered for control of a broad range of pests on California celery. The product exhibits only limited efficacy 
against beet armyworm due to the intense population pressures in the Coastal growing regions and the difficulty in achieving 
high levels of plant coverage. Azadirachtin is generally less effective than conventional chemistries and requires frequent 
treatments at high rates, significantly increasing total pest control costs.

Insecticidal Soap (M-Pede) See also Aphid 
M-Pede may be combined with other chemicals against worms, adult fungus gnats and aphids. As with azadirachtin, M-Pede 
exhibits only limited efficacy against beet armyworm. It requires numerous treatments and thorough coverage to achieve any 
degree of control. M-Pede also functions as a surfactant with conventional insecticides, such as abamectin, to improve leaf 
uptake and translaminer systemicity.

Endosulfan (Thiodan; Phaser) See also Aphid 
Endosulfan has some efficacy against beet armyworm when applied at the relatively high rate of 1 lb/ac ai. No more than 2 
applications may be made in any one season. Endosulfan use is extremely limited near sensitive ecological areas, such as the 
South Coast and Salinas Valley, where watershed or surface runoff terminates in estuaries. Local authorities limit endosulfan 
use due to its high toxicity to aquatic and marine organisms.

Methamidophos [OP] (Monitor) See Leafminer

Esfenvalerate (Asana) 
Esfenvalerate is not registered for use on California celery but it has similar control characteristics as permethrin on beet 
armyworm and other pests.



Biological Controls: 

Bacillus thuringiensis See also Cabbage Looper

●     Trade Name & Formulation: Mattch, XenTari, Crymax, Agree, Dipel, and Javelin
●     Typical Application Timing & Frequency: Treatments begin at egg hatch and continue throughout the growing season. 

1 to 3 treatments per crop are typical.
●     Typical Application Rate & Method: Application rate is 1-2 lb/ac applied as a foliar spray by ground or air.
●     REI & PHI: 4 hours restricted entry. There is no pre-harvest interval.

Commercial formulations of enhanced Bacillus thuringiensis (Bt) have become widely used in recent years owing to 
increased potency over older Bt formulations. In addition, they avoid the flare-ups of other pests associated with heavy 
use of broad-spectrum worm control materials. Bts can replace compounds such as methomyl, but when used alone 
exhibit only limited efficacy on well-established and high beet armyworm populations. Within celery IPM programs, 
Bt is currently utilized as a tank mix partner with spinosad and/or thiodicarb.

Bts have long been used as soft insecticides when conservation of natural enemies is an issue. Some research has 
demonstrated that Bt formulations may be used in an IPM program with abamectin to maintain beet armyworm and 
leafminer populations below injurious levels (Trumble, 1989). In commercial planting statewide, however, this practice 
is only used during periods in which beet armyworm is present at low or non-threatening levels. With the recent 
registration of spinosad, tank mixes of spinosad and Bt with abamectin are gaining widespread use. Such practice 
provides significantly better control of moderate populations than when Bt is used alone. Bts are also used in 
combination with carbamates (methomyl, thiodicarb), spinosad, and pyrethroids (permethrin) for resistance 
management purposes. Bts are frequently used in greenhouse celery production to control adult fungus gnats.

Application cost for Bt average $15-$20 per acre.

Bt was the 5th most used agent on celery in 1997 with a total of 30,773 aggregate acres treated statewide. 1997 UI 
indices: Central Coast, 122; South Coast, 132; Desert, 170.

1996 Statewide Coverage of Bts was 54% of planted celery acreage.

Beneficial Insects 
Natural enemies of beet armyworm include braconid parasites (Chelonus insularis, Meterous autographae), the chalcid 
Apanteles marginiventrus, the ichneummonid Hyposter exiguae and the tachinid Winthemia quadripustulata. The extent to 
which these biological controls manifest themselves on population reduction of beet armyworm is generally not well known, 
as even a 5% infestation in commercial plantings is above economic thresholds. To persist in the fields, however, the natural 
parasitoids typically require beet armyworm populations higher than 5% infestation.

Pheromones 
Pheromones are chemical sex attractants used in traps to monitor beet armyworm populations or, with inundative application, 
to confuse male moths and prevent fertilization of females. To date, use of pheromones has exhibited limited practical control 
of beet armyworm in commercial celery production. One factor may be the requirement for area-wide use in establishing 
effective mating disruption. Treatment of isolated fields does nothing to prevent significant migration of gravid females from 
the surrounding untreated acreage.

Cultural Control Practices: 
Cultural control practices are similar to those for other insect and plant diseases. Good field sanitation and weed control are 
the two key elements. Pre-plant elimination of weeds in adjacent fields reduces host plants available to beet armyworm. 
Prompt post-harvest disking of crop residue removes potential food sources and causes mortality to remaining larvae and 
pupae.



 

Cabbage looper, Trichoplusia ni

The cabbage looper, a species native to North America, attacks a variety of important California crops including celery, 
lettuce, spinach, and cole crops. In the South and Central Coastal production regions, cabbage looper infestation on celery 
begins as the weather warms in spring and may continue throughout the growing season. This pest is less of a problem in the 
Desert region. Cabbage looper infests from 50-100% of the Coastal celery acreage and, if uncontrolled, can cause a 10-100% 
yield loss (Interviews 1999).

Cabbage looper puparia preferentially overwinter on the same plant upon which its larvae fed. As the weather warms, moths 
emerge and lay eggs on upper plant leaves. At egg hatch, larvae begin a 2-3 week feeding period. In warm weather, cabbage 
looper may produce three to four generations and larger populations may arise with each cycle.

Cabbage loopers damage celery by feeding on the celery shanks and depositing fecal matter on the stalks. Damage from the 
cabbage looper is not as severe as that from beet armyworm and this pest is more easily controlled by insecticide.

Chemical Control: 
Cabbage loopers are active crawlers and, like beet armyworm, migrate downward into the plant petioles making control more 
difficult. Thorough insecticide coverage is required to control even light populations. Early instar larvae with lower body mass 
are much easier to control than later instars, and may be controlled with beet armyworm treatments.

Permethrin See also Leafminer, Beet Armyworm

●     Trade Name & Formulation: Pounce 3.2EC/25WP; Ambush 25W
●     Typical Application Timing & Frequency: Used early in the season (in the absence of beet armyworm) with 1-2 

applications.
●     Typical Application Rate & Method: Pounce EC is applied at 4-8 ozs/ac, Pounce WP at 0.5 lb/ac and Ambush at 6.4-

12.8 ozs/ac. Applied as a foliar spray by ground or air or by chemigation.
●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 1 day.

Permethrin, a synthetic pyrethroid insecticide, is used for light to moderate infestations of lepidopterous larvae. 
Permethrin is employed in celery production for the control of numerous pest species, including cabbage looper. It is 
used more often in combination or rotation with acephate or spinosad for control of cabbage looper and cutworm 
infestations that do not coincide with beet armyworm (permethrin is not effective against beet armyworm). In such 
situations, permethrin is reportedly effective with greater than 90% control. Permethrin use is popular due to its high 
potency and low cost. It also has a high safety margin for workers.

Permethrin is a broad-spectrum insecticide with the disadvantage of being non-selective with respect to its impact on 
beneficial insects. As such, its use in IPM strategies is limited to sprays directed at increasing larval populations. In 
resistance management programs, permethrin is rotated with spinosad, Bt, and organophosphates such as acephate 
(Interviews, 1999). In greenhouse operations, permethrin may be tank mixed with acephate and Bt, then boom sprayed 
over developing plants once or twice per crop.

Permethrin ranks first in pesticides used on California celery crops. In 1997, permethrin was applied 57,384 aggregate 
treated acres. The Central Coast growing region has the most intensive use of permethrin treatments, though use is high 
throughout all celery growing areas. UI indices for 1997: Central Coast, 296; South Coast 195; Desert, 126.

1996 Statewide Coverage was 86% of California’s celery acreage.



Alternative Chemical Controls: 

Acephate [OP] See also Aphid, Beet Armyworm 
Acephate treatments are not specifically targeted at cabbage looper, but when used for aphid control, it carries some efficacy 
in concurrently reducing cabbage looper populations. Acephate may be used as the first treatment of a cabbage looper control 
regimen when aphids are present (Interviews, 1999).

Spinosad See also Beet Armyworm, Leafminer 
Spinosad, a key element in beet armyworm control efforts, is rarely used as a primary insecticidal agent against cabbage 
looper in celery production. Usage for cabbage looper infestations was reported in the South Coastal region only (Interview, 
1999).

Methomyl [CARB] See also Beet Armyworm, Aphid 
Methomyl, a broad-spectrum carbamate compound, is primarily a contact insecticide but does exhibit some systemic activity. 
It is registered for the control of beet armyworm, loopers and variegated cutworms on California celery.

Insecticidal Soap (M-Pede) See Aphid

Methamidophos [OP] (Monitor) See Leafminer

Azadirachtin (Neemix) See also Aphid, Leafminer

Biological Controls: 

Bacillus thuringiensis See Beet Armyworm

Beneficial Insects 
The encyrtid, Copidosoma truncatellum, has been described as an effective biological control agent for cabbage looper. 
Growers and PCAs, however, find evidence of parasitism only during periods of high larval populations during which 
unacceptable plant damage occurs. Egg parasites such as Trichogramma spp. are recommended for commercial applications.

Cultural Control Practices: 
Field sanitation, particularly elimination and removal of weed host plants around field borders, may reduce overwintering 
populations and subsequent adult migrations into celery fields.

 

Aphids

Several aphid species infest celery. However, only green peach and black bean aphids are considered key pests in California. 
These species form dense colonies, mostly of females, on the underside of leaves and occasionally on petioles and stems.

Aphids cause stunted plant growth and reduced yields by sucking plant juices, particularly when populations are allowed to 
persist for extended periods of time. Aphids also secrete honeydew, which acts as a substrate for sooty mold fungus, further 
damaging the crop. These pests are also vectors for the transmission of several plant viruses.

All California growing regions and greenhouse operations suffer from aphid infestations. Infestation periods and population 
densities vary by year and/or time of year. Treatments may be required on only 20% of fields in early spring, but by mid-
summer, treatment may be extended to 100%. Uncontrolled infestations can lead to total crop loss.



Black bean aphid, Aphis fabae 
Black bean aphid infestations occur annually in the South and Central Coastal growing regions. The black bean aphid complex 
is comprised of a group of related species that are dark green to black with dark-colored head, antennae, and cornicles. This 
complex can survive and develop in temperatures greater than 80° (F) and, thus, may be particularly troublesome in the warm 
summer and fall months. Damage caused by feeding activities of black bean aphid is characterized by distorted and deformed 
foliage. This aphid species can transmit several viruses on celery, including western celery mosaic, celery calico, cucumber 
mosaic and celery yellow spot (UC IPM, 1999). As with other insect vectors of non-persistent plant viruses, disease 
inoculation and field loss can occur even at very low aphid population levels.

Green peach aphid, Myzus persicae

Hawthorn/parsley aphid, Dysaphis apiifolia 
The green peach and hawthorn/parsley aphids are important foliar pests in the Central and South Coastal regions. These 
species are typically light green to black and migrate in from a broad range of host plants surrounding celery plantings. Green 
peach aphid is the most common aphid species on California celery. Growers direct at least one treatment at this pest during 
spring and summer conditions. Both species serve as vectors for the same plant viruses transmitted by the black bean aphid. 
However, the higher prevalence of green peach aphid in celery fields makes it a more serious problem for virus transmission.

Foxglove aphid, Aulacorthum solani 
The foxglove aphid ranges in color from yellow to green to pink with black markings and lacks the prominent, converging 
antennal tubercles which are characteristic to the green peach aphid (UC IPM, 1999). Though the first historical records of this 
aphid in California date back to 1967, it has only recently reached serious pest status. In the summer of 1998, the foxglove 
aphid became widely distributed in the Salinas Valley on lettuce and was found infesting celery to a much lesser degree at 
several sites. At the time of this writing, foxglove aphid’s ultimate pest status on celery remains unknown. This species is 
tolerant to numerous insecticides, including acephate and other commonly used celery aphicides. However, foxglove aphid is 
not currently a major pest problem on celery.

The most efficacious insecticide against foxglove aphid is imidacloprid. This chemical is not currently registered for use on 
California celery. The foxglove aphid uses a wide range of both dicots and monocots as host plants. Foxglove aphid’s 
potential as a virus vector also remains unknown.

Chemical Control: 
Aphid control on celery is usually practiced early season when spray coverage can be maximized. This normally occurs after 
removal of sprinkler pipes used in transplant establishment and tractors with mounted boom equipment can enter the field. 
Later season treatments are difficult as plant canopies close and entry of equipment with drop nozzles to target lower aspects 
of the plants is not possible. Due to these limitations, growers typically use high volume dilutions of various products that are 
systemic in nature and are not reliant upon direct contact with target populations to be effective.

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 a rate of 0.6-1.3 lb/ac.
●     REI & PHI: 24 hours restricted entry. Pre-harvest interval is 21 days.

Acephate, an organophosphate, is very effective in the control of green peach and other foliage-infesting aphids on 
celery. It has limited utility in control of black bean aphid due to this pest’s tendency to migrate to hidden areas of the 
plant. Acephate is reported to exhibit inconsistent efficacy on the control of foxglove aphid. Fortuitously, treatments 
may help control coincidental populations of lepidopterous larvae and thrips. In greenhouse production, acephate is 
combined with permethrin and Bts for control of aphids, worms, and adult fungus gnats.



Acephate is rotated with carbamates (methomyl, oxamyl) and occasionally malathion for resistance management 
purposes. Acephate is often used as a first treatment for early control of concurrent aphid and leafminer infestations, 
although its efficacy against the latter insect is questionable. It 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 aphids are an important pest problem. Aphids do not 
represent a pest problem for Desert growers. 1997 UI indices: Central Coast, 118; South Coast, 110; Desert, (not 
applied).

1996 Statewide Coverage was 51% of planted celery acreage.

Oxamyl [CARB] See also Leafminer

●     Trade Name & Formulation: Vydate L
●     Typical Application Timing & Frequency: Applied early in the season as the first treatment in a rotation. South Coast 

growers generally make 1-2 applications per season while Central Coast growers use 3-4 applications per season.
●     Typical Application Rate & Method: Applied as a foliar spray by air or ground equipment at a rate of 1-2 qts/ac. 

Application is also made by chemigation through drip irrigation systems.
●     REI & PHI: 48 hours restricted entry. Pre-harvest interval is 14 days.

Oxamyl, a carbamate compound, provides good control of black bean aphid. It has also shown some preliminary 
efficacy against foxglove aphid. Oxamyl reportedly exhibits a 75-90% level of control of black bean aphid. Coastal 
celery growers employ oxamyl regularly in aphid control programs, often in conjunction with treatments for leafminer. 
Oxamyl is commonly applied through drip irrigation systems, which deliver the aphicide directly to plant bases. It is 
then translocated throughout the plants. This mode of action is particularly effective against the black bean aphid, 
which tends to migrate to hidden areas inside the plant not covered by foliar applications.

Oxamyl is rotated with organophosphates (acephate, malathion) for resistance management purposes. In greenhouse 
operations, oxamyl is used more for leafminer control. 

For figures on oxamyl use and application costs on California celery see the listing under Leafminer.

Malathion [OP]

●     Trade Name & Formulation: Malathion 5 EC
●     Typical Application Timing & Frequency: Generally 1-2 treatments over the growing season.
●     Typical Application Rate & Method: Applied as a foliar spray by ground or air at a rate of 1.5 pts/ac.
●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 7 days.

Malathion use for aphid control is very limited in celery production and occurs primarily in the South Coastal region. 
Malathion is marginally effective against established aphid infestations with a reported 60-80% efficacy. In resistance 
management programs, malathion may have some utility in rotation with oxamyl, a carbamate. Malathion has no real 
utility in IPM programs but is relatively safe to workers.

1997 UI indices: Central Coast, 9; South Coast, 27; Desert, 5.

Azadirachtin See also Leafminer, Beet Armyworm



●     Trade Name & Formulation: Neemix 4.5L
●     Typical Application Timing & Frequency: As needed throughout the growing season.
●     Typical Application Rate & Method: Applied as a foliar spray by ground or air at a rate of 0.5-2 gallons/ac.
●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 12 hours.

Various formulations of azadirachtin are used against aphids on California celery. The product is most commonly used 
in organic celery production. In greenhouse operations, azadirachtin is substituted in cases where acephate is restricted 
(transplants grown for processing or organic celery). However, the product is less effective than conventional 
chemistries and requires frequent treatments at high rates. Azadirachtin is not a primary control agent for aphids, but it 
can play a role in resistance management and IPM programs. Further, it is compatible with IPM due to its safety 
against beneficial insects.

The highest azadirachtin usage occurs in the Central Coast growing region where aphid pressures are most severe. 
1997 UI indices for azadirachtin are: Central Coast, 31; South Coast, 7; Desert, (not applied).

1996 Statewide Coverage of Azadirachtin was 33% of all celery acreage.

Pyrethrins + Rotenone

●     Trade Name & Formulation: Pyrellin EC (0.6% pyrethrins, 0.5% rotenone)
●     Typical Application Timing & Frequency: As needed, in intervals of 7 days or less. 
●     Typical Application Rate & Method: Foliar spray from aircraft or tractor-mounted boom at a maximum label rate of 

0.01 lb ai/ac pyrethrins, 0.009 lb ai/ac rotenone.
●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 12 hours.

Pyrellin is a combination of 0.6% pyrethrins plus 0.5% rotenone. It is infrequently used in celery production and is 
targeted mainly at aphids and leafminers. The pyrethrin component is an extract of the chrysanthemum flower while 
rotenone is derived from the plant Derris elliptica. Pyrethrins, in general, are quite unstable and are deactivated by 
insect enzymes, water, light, air, mild acids and alkalis. When combined with small amounts of antioxidants Pyrellin 
may exhibit more prolonged effectiveness (Extoxnet, 1999). This material may also be formulated with the synergist 
piperonyl butoxide to enhance effectiveness.

Pyrellin is seldom relied upon as a stand-alone product in celery production. It carries limited efficacy against adult 
leafminers and may no longer be used against aphid infestations in organic celery (CCOF Guidelines, 1999).

Pyrethrins and rotenone were applied to 12% and 10% respectively of California’s celery production acreage in 1996.

Piperonyl butoxide

●     Trade Name & Formulation: Incite EC, Py-Rin PBO 8 EC, and Py-Rin 60-6 EC (60% piperonyl butoxide, 6% 
pyrethrins), Pyrenone 60-6 EC

●     Typical Application Timing & Frequency: Applied when aphids are first seen or feeding noticed, generally 1-3 times 
per season. 

●     Typical Application Rate & Method: Foliar spray from aircraft or tractor-mounted boom at piperonyl butoxide rates 
ranging from 0.3 lb ai/ac for formulations containing pyrethrins, to 1.0 lb ai/ac for piperonyl butoxide-only 
formulations.

●     REI & PHI: 12 hours restricted entry. No pre-harvest interval.

Piperonyl butoxide is a chemical synergist that enhances the effectiveness of pyrethrin-based insecticides. Piperonyl 
butoxide-pyrethrin formulations have been tank mixed or pre-mixed for pest control since the early 1900’s. These 
formulations have no required pre-harvest interval and, thus, are suitable for use as a clean-up or pre-harvest spray. 



Each component may also carry some efficacy when applied alone. They are non-toxic to humans and other mammals 
and are only minimally disruptive to beneficial insects. Piperonyl butoxide mixtures are highly susceptible to 
ultraviolet degradation and have extremely short residual activity (foliage persistence can be measured in hours).

Piperonyl butoxide usage covered 3% of California’s celery acreage in 1996 (CASS, 1996). In 1997, the usage 
intensity indices for the Central and South Coastal regions were 6 and 3 respectively.

Alternative Chemical Control:

Endosulfan See also Beet Armyworm 
Endosulfan is a chlorinated hydrocarbon that is effective against a wide variety of insects, particularly aphids. In celery, 
endosulfan is efficacious against green peach aphid, hawthorn/parsley aphid, and black bean aphid, but has limited 
effectiveness on the foxglove aphid (UC IPM, 1999). In 1997 endosulfan was applied to 643 acres in the Central Coastal 
region and 15 acres in the South Coastal region. As previously discussed, environmental concerns present a major limitation 
to use of this material. It is toxic to aquatic and marine animals, resulting in severe limitations to its use in Coastal growing 
regions.

Insecticidal Soap (M-Pede) 
M-Pede is a contact insecticide formulated from potassium salts of naturally derived fatty acids. This soap-like product is 
often applied in combination with conventional chemicals or other soft, organically approved insecticides to enhance their 
effects and increase leaf uptake. M-Pede has limited efficacy in the control of black bean, green peach and hawthorn/parsley 
aphids. In organic fields, M-Pede is used in conjunction with oils, approved botanicals and inundative or inoculative releases 
of beneficial insects or other commercially produced biological control agents (Interviews, 1999).

Narrow Range Oil (Stylet Oil) 
Oils are used in organic production to control black bean aphid, green peach aphid, and hawthorn/parsley aphid. The product 
is used in conjunction with approved botanicals, but as with insecticidal soap, requires frequent applications and thorough 
coverage to reduce populations (Interviews, 1999).

Methomyl [OP] (Lannate) See also Beet Armyworm, Cabbage Looper 
Methomyl, a broad-spectrum carbamate insecticide, is not usually targeted at aphids. However, treatments directed at 
problematic worm pests have the secondary effect of helping to control aphid species. Growers and PCAs on the Central 
Coast report that methomyl is effective for treatment of high black bean aphid populations. This product generally is not used 
for aphid control on the South Coast (Interviews, 1999).

Dimethoate [OP] (Dimethoate) 
Although it is more than 30 years old, dimethoate remains an effective systemic material that is used against many insect 
pests. Growers and PCAs consider this product to be efficacious against aphids on other vegetable crops. However, 
dimethoate is not presently registered for use in California celery production (Interviews, 1999).

Imidacloprid (Admire, Provado) 
Imidacloprid is a systemic, chloro-nicotinyl insecticide with foliar, soil, and seed uses. The product is an important control 
agent against aphids, particularly the foxglove aphid, on lettuce along the Central Coast. Imidacloprid is not currently 
registered for use on celery (Interviews, 1999).

Diazinon [OP] 
Diazinon is a nonsystemic organophosphate used to control a variety of sucking and leaf-feeding insects such as aphids, 
beetles, and leafminers. Diazinon is no longer registered for use in California celery production.

Methamidomophos [OP] (Monitor) See Leafminer



Biological Controls: 
Biological controls are rarely used for control of aphid populations in California celery production. The high reproductive 
rates of aphids, their obscure feeding habits, and the low tolerance for insect contamination at harvest render most biologicals 
commercially ineffective.

Beneficial Insects 
Natural enemies of the green peach aphid, black bean aphid, and hawthorn/parsley aphid are parasitic wasps in the genera 
Diaeretiella and Lysiphlebus (UC IPM, 1999). In some instances, these parasites can suppress high aphid populations over a 
period of several weeks. The status of IPM of celery with respect to aphid control is currently undeveloped. Economic 
thresholds are not yet established for aphids and utilization of multiple control agents is therefore not commercially possible.

Cultural Control Practices: 
Field sanitation through maintenance of weed-free borders is a common-sense approach to aphid control that is currently 
practiced by most California celery producers. Aphids have a broad host range, including many weeds common to agricultural 
areas. Uncontrolled aphid populations in perimeter weeds will rapidly colonize adjacent crop areas following targeted 
applications there. However, during peak aphid pressure, winged females can fly or be carried on wind currents from long 
distances, rendering local weed control only partially effective.

Selection of celery varieties resistant/tolerant to aphids could offer growers an alternative to conventional insecticidal 
approaches; however, no such varieties have been developed.

 

Other Minor Insect Pests

 

Lygus bug, Lygus hesperus

The lygus bug is a yellow to bronze colored true bug with distinctive triangular markings on the back and wings. A relatively 
minor pest on California celery, lygus bug inflicts damage by piercing cell membranes to feed. These punctures lead to lesions 
on the celery stalks and may distort growth of the inner petioles rendering damaged portions unmarketable. The lygus bug 
appears sporadically in the Central and South Coastal production regions, particularly in late spring and summer months. 
Yearly ‘dry down’, the migration of pests from dried up hillsides down into lush crops, may be a particularly troublesome 
period.

Lygus bug infestations are normally controlled by sprays targeted at concurrent infestations of major pests such as aphids, beet 
armyworm, and leafminer. Insecticides typically applied are as follows:

●     Acephate [OP] See Aphid

●     Malathion [OP] See Aphid

●     Permethrin See Beet Armyworm

●     Methomyl [CARB] See Beet Armyworm

●     Oxamyl [CARB] See Leafminer 

●     Pyrethrin + Rotenone See Aphid



 

Cutworms, Peridroma saucia 
Corn earworms, Helicoverpa zea

Cutworms and corn earworms have not been a reoccurring problem for California celery growers. Outbreaks are sporadic and 
field infestations are controlled by permethrin treatments directed at beet armyworm. In greenhouse production, incidental 
worm infestations are controlled with tank mixes of acephate and permethrin targeted at aphid infestations.

 

Thrips, order Thysanoptera

Thrips are a minor pest in California celery production and are normally controlled with treatments targeting aphid 
infestations.

 

Fungus gnat, family Mycetophilidae 
Salt marsh caterpillar, Estigmene acrea

Fungus gnats and salt marsh caterpillars are minor pests in greenhouse transplant production. Infestations are controlled with 
chemical treatments targeted at aphid infestations (tank mixes of acephate, permethrin and Bt). Entomophagus nematodes may 
aid in the control of the fungus gnat, but data are unavailable on usage and efficacy.

 

 

Diseases

Seedborne Diseases

Foliar and soil diseases may reach economic importance in all California celery production regions. Disease severity is often 
compounded by subsequent infestation of secondary decay organisms. Genetic breeding for resistance or tolerance, 
particularly for Fusarium, is an ongoing effort by most major producers. A significant component of disease control begins in 
the greenhouse, where management strategies are directed at sanitation and providing disease-free transplants to growers.

 

Late Blight, Septoria apiicola

Septoria apiicola, late blight of celery, is an economically important disease in Coastal celery production in California and 
may also occur sporadically in the Desert production region. It is a seed-borne fungal pathogen that favors rainy, wet 
conditions for development. It can survive for long periods in plant residues in the soil. Disease incidence varies by year and 
season, but generally 60-100% of Coastal acreage is infected each season. It is more common in the fall and in rainy years, 
and may be carried into the field on greenhouse transplants. Yield losses, primarily size reduction resulting from stripping of 
damaged shanks, range from 5-50%.

Early symptoms of late blight appear as small yellow circular or angular spots on the foliage and petioles. As development 



progresses, the spots coalesce to form larger lesions that dry and become slightly sunken and gray. The lesions contain black 
fungal reproductive bodies, which give the appearance of pepper sprinkled on a gray background. Under optimal late blight 
conditions, lesions increase in size and number causing extensive blighting. Splashing water, by rain or overhead irrigation, 
increases the severity and spread of the disease. Equipment and personnel moving through the field when plants are wet can 
also spread the disease. Trimming foliage, a common greenhouse practice, may also spread the disease.

Chemical Control: 
Disease control is normally accomplished by early treatments with a combination of products in a preventative program.

Chlorothalonil [B1B2]

●     Trade Name & Formulation: Bravo 720
●     Typical Application Timing & Frequency: Applied early season as a preventative and then throughout the season in 

rotation with other chemistries.
●     Typical Application Rate & Method: Treatments are as a foliar spray by ground or air at a rate of 1.5-3 pts/ac.
●     REI & PHI: 48 hours restricted entry. Pre-harvest interval is 7 days.

Chlorothalonil is a highly effective fungicide against Septoria, often achieving greater than 90% control. Even higher 
efficacy is reported when it is combined with benomyl and applied as a prophylactic treatment. Chlorothalonil may 
also be used as a stand-alone fungicide in rotation with propiconazole and benomyl for resistance management 
purposes. It also exhibits some efficacy on Sclerotinia and Rhizoctonia.

Greenhouse transplant production utilizes benomyl in combination with chlorothalonil to control Septoria. Greenhouse 
crops may be boom sprayed once as a preventative treatment prior to mowing and moving seedlings outdoors for 
hardening. If plants are held prior to shipment, a second treatment may be applied.

The most intense use of chlorothalonil on California celery crops is by far in the South Coast growing region of Santa 
Barbara and Ventura counties. UI indices: Central Coast, 90; South Coast, 248; Desert 29.

1996 Statewide Coverage for chlorothalonil was 63% of all planted celery acreage.

Propiconazole

●     Trade Name & Formulation: Tilt SI EC
●     Typical Application Timing & Frequency: Application timing varies. It may be used alone or in combination with 

other fungicides as an early preventative treatment, as a stand-alone treatment season-long or as a cleanup treatment 
pre-harvest. 1-4 applications per season are made depending on field conditions.

●     Typical Application Rate & Method: Propiconazole is applied as a foliar treatment from aircraft or tractor-mounted 
boom equipment at a rate of 2-4 oz/ac up to a maximum of 16 ozs/ac per crop.

●     REI & PHI: 24 hours restricted entry. Pre-harvest interval is 14 days.

Propiconazole is the newest product in the control regimen for Septoria. Usage data for 1996 and 1997 are therefore 
not available at this time.

Propiconazole is now considered to be the most effective fungicide for control of Septoria. Efficacy is reported to be 
greater than 90%. Primary benefits of propiconazole include long residual effects and resistance to washing from 
foliage. Resistance management programs rotate propiconazole with benomyl and chlorothalonil.

Registration restrictions prevent the usage of propiconazole in greenhouse production.

Benomyl [CARB]



●     Trade Name & Formulation: Benlate 50 WP
●     Typical Application Timing & Frequency: Timing varies. It may be used alone or in combination as an early season 

preventative, as a season-long treatment, or as a late season "last resort" treatment. The product is applied 1-2 times per 
season.

●     Typical Application Rate & Method: Benomyl is applied as a foliar spray by ground or air at a rate of 0.25-0.5 lb/ac.
●     REI & PHI: 24 hours restricted entry. Pre-harvest interval is 7 days.

Benomyl is another important fungicide for control of Septoria in California celery production. It is also somewhat 
efficacious against Rhizoctonia. Disease control with benomyl is reported at 60-70%. It is normally not used as a stand-
alone treatment, but in combination with chlorothalonil and/or propiconazole in a resistance management program. 
Usage of benomyl is declining, however, following the introduction of the highly effective propiconazole.

The product is most intensively used in the South Coastal growing region where late blight impact is greatest. UI 
indices for 1997: Central Coastal, 64; South Coastal, 145; Desert, 41.

1996 Statewide Coverage for benomyl was 42% of all planted celery acreage.

Biological Controls: 
No biological control agents have been identified for late blight.

Alternative Chemical Controls: 

Anilazine (Dyrene 50 WP) 
Only 464 acres (ATA) were treated with anilazine in 1997, all in the South Coastal region. This figure reflects usage of 
remaining supplies since the manufacturer has voluntarily withdrawn this product.

Copper Hydroxide See also Northern Bacterial Blight 
Copper hydroxide is the primary control agent of northern bacterial blight and is also employed for the control of Septoria in 
organic celery production. In greenhouse transplants, moderate control of Septoria may be achieved through 3-4 treatments 
during a six-week period.

Dicloran (Botran) See also Pink Rot 
Dicloran is the primary control agent of Sclerotinia on celery and may be used to control Septoria infection as well. When 
used for Septoria control, dicloran is usually combined with chlorothalonil and applied as a prophylactic treatment.

Thiophanate methyl [CARB] (Topsin) 
Thiophanate methyl is a fungicide with very limited usage in celery production. The product is sometimes used as an alternate 
to benomyl. Thiophanate methyl was used on less than 1% of California’s celery acreage in 1997.

Cultural Control Practices: 

Seed Treatment 
Contaminated celery seed is the primary inoculum source for this pathogen. To avoid widespread introduction of this 
pathogen, celery seed is indexed for Septoria prior to purchase. A common practice among growers is to use seed that is one 
year old, because Septoria does not survive well on seed.

Hot water treatments can also reduce incidence of Septoria and other seed-borne pathogens. Seeds are immersed in hot water 
at temperatures higher than the thermal death point (TDP) of the fungus. Unfortunately, the TDP of the pathogen is near that 
of the seed; thus, overheating may result in reduced seed germination rates. Seeds so treated cannot be stored for periods of 
more than two years.



Irrigation Management 
Septoria spore germination requires free water and sprinkler irrigation increases severity and extent of disease. Irrigation 
management, therefore, is crucial in late blight control. Drip or furrow irrigation for field use and minimal overhead or sub-
irrigation in the greenhouse are currently practiced throughout the industry. If sprinkler irrigation is unavoidable, water 
pressure is decreased to reduce splashing and disease distribution. Adequate row and plant spacing provides good field 
aeration, further reducing the potential for excess leaf wetness. Greenhouse culture includes cross-ventilation fans for 
increased aeration to achieve a more rapid drying cycle.

Field Control 
In the field, cultural control measures begin with selection of disease-free transplants from the greenhouse. This is followed by 
good field sanitation both during the growth period and post-harvest. Preventing inoculum spread from within or from outside 
plantings is practiced through limiting activities of field workers and equipment. Crop rotation with a non-preferred host may 
also be helpful.

 

Northern Bacterial Blight, Pseudomonas syringae pv. apii

Pseudomonas syringae, northern bacterial blight, is an economically important disease in California celery production. It is a 
seed-borne bacterium and its development is favored by warm, moist conditions. It survives in undecomposed plant residues 
in the soil. Pseudomonas occurs sporadically throughout the Coastal growing regions and is more common in the fall and 
rainy years. Northern bacterial blight may be also carried into the field from greenhouse transplants. Yield losses are generally 
10% or less, but can reach 100% if left untreated.

Damage from northern bacterial blight first appears as leaf spots with distinctive, angular shapes. The spots enlarge to form 
brown lesions that later dry and become papery. In high moisture conditions, lesions may coalesce and cause large scale 
foliage blighting. Greenhouse transplants may develop extensive leaf spotting, but, in the field, damage is mostly limited to 
the older, mature leaves.

Chemical Control:

Copper Hydroxide

●     Trade Name & Formulation: Champ Flowable, Champ Formula 2, Kocide
●     Typical Application Timing & Frequency: Fields are treated as soon as plants are established and repeated every 5-7 

days depending on disease severity. Generally, 1-3 treatments are made per season.
●     Typical Application Rate & Method: Copper Hydroxide is applied as a foliar spray by ground equipment at a rate of 

1.3 pts/ac for Champ Formula 2, at 2-2 2/3 pt/ac for Champ Flowable and at 2 lb/ac for Kocide.
●     REI & PHI: 24 hours restricted entry for Champ formulations, 48 hours for Kocide. Pre-harvest interval is the same as 

for restricted entry interval.

Copper hydroxide is employed as the primary control agent for northern bacterial blight and is used in organic 
production for the control of Sclerotinia, Septoria, Rhizoctonia and Cercospora. Efficacy is generally considered to be 
low.

Most use of copper occurs in the Coastal growing regions. 1997 UI indices: Central Coast, 76; South Coast, 56; Desert 
18.

1996 Statewide Coverage for copper hydroxide was 47% of all planted celery acreage.



Alternative Chemical Controls:

Antibiotics 
Agricultural formulations of antibiotics such as Streptomycin have been used experimentally with good results. However, 
widespread agricultural usage of these products could potentially lead to human disease pathogens resistant to these 
compounds. Therefore, antibiotics have limited registration for agricultural purposes.

Biological Controls: 
No biological control agents have been identified for northern bacterial blight.

Cultural Control Practices:

Seed Treatment 
Northern bacterial blight is a seed-borne bacterial pathogen and cultural control practices for seed handling mimic those for 
Septoria.

Irrigation Management 
As discussed, free water increases the incidence and severity of the disease and thus irrigation management is an important 
consideration. These practices are the same as for Septoria.

 

Early Blight, Cercospora apii

Cercospora apii, early blight, is not a common disease in California celery production. It is a seed-borne fungal pathogen with 
spores spread by air or by splashing water. Symptoms begin as small, yellow leaf spots and grow into larger gray lesions that 
eventually dry to a papery texture. The dried lesions then split or crack. Favorable conditions will cause blighting of the 
leaves. Targeted chemical treatments are usually not necessary and the disease may be treated simultaneously with late blight. 
Cercospora-indexed seed is available. Cultural controls mimic those of late blight.

 

Soil Diseases

 

Pink Rot, Sclerotinia sclerotiorum

Celery is highly susceptible to infection from Sclerotinia sclerotiorum, which causes pink rot. The disease can occur as a root 
and basal crown rot (soil-borne), or as a leaf and stalk rot (aerial phase). Pink rot can reach economic importance in the field 
or in post-harvest storage and shipping. Yield losses range from 5-50%.

In California, Sclerotinia occurs exclusively in the Coastal production regions, reaching the highest incidence in the South 
Coast area. Cool, wet periods encourage infection by soil-borne sclerotia, while periods of decreased humidity promote 
release of aerial spores. Pink rot infection can persist year round, and fields repeatedly cropped in celery are the most 
vulnerable (UC IPM, 1999). 

The reproductive structures of pink rot may persist in the soil for up to 10 years. These soil-borne sclerotia germinate and 
infect plants at or below the soil surface while aerial spores infect damaged or senescent plant tissues. Damage from 
Sclerotinia appears as brown lesions on the petioles at plant bases. The lesions expand into soft rot areas with pink margins 
and white mycelium with hard, black sclerotia present. In the field, severe Sclerotinia infection can cause plant collapse and 



entire cartons of infected celery may rot during storage and shipment.

Chemical Control: 
Fungicides, primarily dicloran, are used to control this disease. However, efficacy is limited due to difficulty in attaining 
complete coverage and proper timing of applications. As with most soil diseases, good irrigation management enhances 
chemical control measures.

Dicloran

●     Trade Name & Formulation: Botran 75W
●     Typical Application Timing & Frequency: Dicloran is applied as a preventative or protective treatment when 

conditions are right for disease formation or at early onset of disease symptoms. Single applications or multiple 
treatments at 7-day intervals in summer and 14-day intervals in fall and winter.

●     Typical Application Rate & Method: Dicloran is applied as a boom spray directed at plant bases and adjacent soil at 
rates of 5.3 lb/ac for single treatments and 2 lb/ac for multiple applications.

●     REI & PHI: 12 hours restricted entry. Pre-harvest interval is 7 days.

Dicloran is a commonly used fungicide for Sclerotinia control on celery. It also exhibits some efficacy against other 
soil-borne pathogens such as Rhizoctonia. Control with dicloran is reported to be as high as 90% when applied at the 
single high application rate.

In 1997, dicloran was applied to a total of 19,287 acres (ATA) primarily in the South Coastal region where 16,620 
acres (ATA) were treated. None was used in the Desert growing region. In resistance management programs, dicloran 
is rotated with chlorothalonil. Sclerotinia rarely occurs in greenhouse production.

1996 Statewide Coverage for dicloran was 20% of all planted celery acreage.

Chlorothalonil [B1B2] (Bravo) See also Late Blight 
Chlorothalonil used for Septoria control will also provide some assistance in controlling Sclerotinia.

Copper Hydroxide See also Northern Bacterial Blight 
Copper hydroxide (Kocide, Champ) is the primary control agent of northern bacterial blight and is also used for control of 
Sclerotinia in organic production.

Alternative Chemical Controls:

Azoxystrobin (Quadris F) 
Azoxystrobin is a broad-spectrum preventative fungicide with systemic and curative properties, however it is not currently 
registered for use in California celery production.

Biological Controls: 
There are no effective biological controls for Sclerotinia.

Cultural Control Practices: 

Field Controls 
Fields repeatedly cropped to celery are the most susceptible to pink rot infection. Crop rotation, particularly with broccoli, can 
reduce inoculum levels of Sclerotinia in the soil. Deep plowing further reduces inoculum incidence by burying the sclerotia 
below root zones. However, these techniques are not acceptable stand-alone controls for Sclerotinia, and growers report 
disease incidence increasing annually in celery fields in the absence of chemical controls (Interviews, 1999).



Irrigation Management 
Free water increases incidence and severity of pink rot, thus irrigation management is an important consideration (see also 
Late Blight). The current industry trend towards drip irrigation systems should help to control disease.

 

Crater Rot, Rhizoctonia solani

Rhizoctonia solani is another soil-borne fungus of economic importance that infects many plant hosts and can survive in the 
soil (as mycelium masses) for long periods of time. Rhizoctonia infection on celery crops is known as crater rot. Soil 
fumigation and proper irrigation management have significantly reduced the incidence of Rhizoctonia in all celery production 
regions in California. Rhizoctonia prefers warm moist soil and under ideal conditions uncontrolled infection can lead to a 
100% crop loss.

Damage from crater rot is usually limited to the lower portions of the celery petioles. Symptoms include sunken, brown 
necrotic spots that merge to form large, firm craters containing dark brown mycelium. In wet weather, white to tan mycelium 
covers the lesions. Secondary decay organisms may cause subsequent soft rot.

Chemical Control:

Dicloran (Botran) See also Pink Rot 
Dicloran is the primary control agent of Sclerotinia on celery and is also used to control Rhizoctonia infection.

Benomyl [CARB] (Benlate) See also Late Blight 
Benomyl is a control agent of Septoria on celery, however, its best use is in a tank mix with chlorothalonil (Bravo). In such 
mixes, benomyl enhances chlorothalonil’s efficacy against Septoria.. Benomyl can also be used to control Rhizoctonia 
infection.

Chlorothalonil [B1B2] (Bravo) See also Late Blight 
Chlorothalonil is a primary control agent for Septoria in California celery production and may carry some efficacy in 
controlling Rhizoctonia (Mason, 1999).

Methyl Bromide See also Fusarium Yellows 
Methyl bromide and chloropicrin are soil fumigants used to reduce the incidence of soil-borne fungal pathogens, particularly 
Fusarium. It has been shown that methyl bromide and chloropicrin, when combined, afford some control of Rhizoctonia as 
well (Univ Florida). Because of the phase-out of methyl bromide, many other soil fumigants are being studied for efficacy. As 
of this writing, chloropicrin alone or in combination with 1,3-dichloropropene show the most promise as alternatives for 
soilborne disease control.

Alternative Chemical Controls:

Azoxystrobin (Quadris F) 
Azoxystrobin is a broad-spectrum preventative fungicide with systemic and curative properties that is not currently registered 
for use in California celery production. 

Biological Controls:

Gliocladium virens (SoilGard) 
Gliocladium virens is a microbial fungicide that offers some control of Rhizoctonia. The current usage of this product is 
limited due to insufficient data for application methods and field efficacy.



Cultural Control Practices:

Irrigation Management 
Rhizoctonia is active only in the presence of free water and irrigation management is an important element in disease 
prevention (see also Late Blight).

Field Control 
Weed control and general field sanitation are important control measures as many weeds are hosts for Rhizoctonia spores. 
Spores of Rhizoctonia can survive on organic matter in the soil for extended periods (UC IPM, 1999). Planting celery too 
deeply in the soil may encourage infection by this pathogen, as may excess cultivation or other mechanical actions which 
place soil up against the base of the plant (Interviews, 1999).

 

Fusarium Yellows, Fusarium oxysporum f. sp. apii

Fusarium oxysporum f. sp. apii, fusarium yellows, is a soil-borne fungus that remains indefinitely in infected soils once 
established. Two races of fusarium yellows have spread throughout California production regions since it was first seen in the 
mid-1970’s. Since then, growers in Ohio have recently identified a third race. Resistant and tolerant celery cultivars, crop 
rotation, and soil fumigation have virtually eliminated celery infection by this once economically important disease. Yield 
losses from fusarium yellows in California is currently less than 10% (Interviews, 1999).

This fungus prefers warm temperatures; thus summer and fall celery crops in the Coastal production regions of California are 
most susceptible. Young plants may become infected and die, but symptoms usually appear as celery nears maturity. They 
include yellowed plants with curled leaves and stunted growth. Browning of vascular tissues of the stalks and roots follows. 
Soft rots and hollowed cavities develop after infection by secondary decay organisms.

Chemical Control: 
Fungicides are ineffective against this pathogen. Soil fumigation and selection of resistant/tolerant cultivars are the primary 
control methods.

Methyl Bromide 
Methyl bromide (MBr) is an effective broad-spectrum soil fumigant that controls certain diseases, nematodes and weeds in 
California celery fields. Addition of a high ratio of the compound chloropicrin (33% or more) to methyl bromide applications 
demonstrates markedly increased levels of control. The chloropicrin/methyl bromide mixtures have significantly reduced the 
incidence of soil-borne fungal pathogens like Fusarium and Rhizoctonia in California celery production. However, usage 
restrictions, including large buffer zones in proximity to inhabited structures, render this material difficult to work with. MBr 
is scheduled for phase-out in the next few years from enforcement of the Clean Air Act.

Methyl bromide had very limited usage in 1997 California celery production. Aggregate treated acreage in the Central Coastal 
region amounted to only 100 acres and only 37 acres in the South Coastal region. Some growers rotate celery with 
strawberries to benefit from residual effects of methyl bromide applied to that strawberry acreage. Efficacy is high with 95% 
control but treatments are costly, generally in the $1000 or more per acre range (Holheimer, 1999).

Methyl bromide plays an important role in IPM in that treatments to control nematode populations reduce the presence of 
fungal inoculants. It is known that nematode parasitism increases plant susceptibility to disease pathogens.

Chloropicrin 
Chloropicrin, a broad-spectrum soil fumigant, increases the toxicity and effectiveness of methyl bromide treatments. At low 
ratios, chloropicrin serves as a pungent warning signal of soil treatment in the area. In higher usage ratios, chloropicrin 
contributes significantly to disease control efficacy.



Metam Sodium [B1B2]

●     Trade Name & Formulation: Vapam HL Soil Fumigant, Clean Crop Metam
●     Typical Application Timing & Frequency: Applied as a pre-plant soil fumigant.
●     Typical Application Rate & Method: Soil injected or chemigated at 90 lbs. ai/ac.
●     REI & PHI: 48 hours restricted entry. No PHI (applied pre-plant).

Small amounts of acreage are treated with metam sodium in all California celery production regions for various soil-
borne pathogens, including Fusarium and Rhizoctonia. This material functions as a general soil sterilant and, if applied 
correctly, can be an effective control for pathogens, nematodes and weeds. Only 335 acres (ATA) were treated with 
metam sodium in 1997, primarily in the Coastal production regions.

Alternative Chemical Controls: 
No chemical alternatives have been identified.

Biological Controls: 
No biological control agents have been identified for Fusarium yellows.

Cultural Control Practices:

Cultivar Selection 
Several celery varieties resistant or moderately resistant to Fusarium (the two races present in California) are currently 
available to growers. Though these varieties may minimize losses, they do not offer a viable control alternative to soil 
fumigation (OSU, 1999). Ohio growers have recently identified a third race of Fusarium that will drive development by 
industry plant breeders of additional resistant varieties for that area (Allen, 1999).

Field Control 
Avoidance of infested fields or planting in the cooler winter and spring months are possible preventative measures, but limited 
acreage for celery production prevents this in most cases. Additionally, buildup of inoculum in the soil can be minimized by 
rotation with unrelated crops, particularly cole crops. Cross-contamination of pathogens into clean fields may be reduced by 
preventing movement of soil, water and crop residues from one field to another.

 

Other Diseases

 

Western Celery Mosaic Virus

Since the introduction of celery-free periods in California, western celery mosaic virus (WCMV) is no longer the economic 
problem it once was. The primary symptom of the virus is chlorosis, which creates characteristic white mottled foliage. 
Necrotic spots appear on older leaves and plant growth is generally stunted. Growers and county inspectors scout for 
symptoms of the virus in and around production areas during celery-free periods. Common alternate host plants, such as anise 
and hemlock, do not exhibit the characteristic white mottling. Instead, inspectors scout for plants with generally weakened or 
stunted growth and test for the virus. Herbicide treatments, primarily glyphosate (Roundup), are utilized to eliminate alternate 
host plants in the areas immediately adjacent to celery fields.

Celery-free periods are practiced in numerous production areas of the state. Since celery and related plants serve as the host 
for the virus, host free periods break the inoculum cycle of the virus. Ordinances in Ventura, Imperial and Monterey Counties 



mandate these celery-free periods. The ordinances have the secondary effect of triggering greenhouse production regulations 
in additional counties where transplants are produced for shipment to these regulated counties (see Production Regions). For 
greenhouse operations, there must be no celery or related crops within 1/2 mile outside the production area. In California, 
counties not subject to ordinances regulating celery-free periods generally experience host-free periods driven by weather 
conditions.

Aphids serve as vectors for western celery mosaic virus. Insecticides targeted at aphid infestations do not eliminate all aphids, 
and thus, do not prevent viral transmission. No chemical agents can directly control the virus itself. 

The celery free period has been highly effective for this pathogen problem in California celery districts. For example, in the 
Central Coastal District of San Luis Obispo County, where WCMV was once prevalent, the virus has not been detected since 
1996.

 

 

Nematodes

Root Knot 
Meloidogyne hapla 

Meloidogyne incognita

Nematodes are microscopic, parasitic roundworms less than 4 mm in length that live on roots and in the surrounding soil of all 
vegetable crops. Root knot nematodes are endoparasitic pests common to celery production areas which can be problematical 
to growers. These pests live within plant roots and feed by puncturing cell membranes with a sharp feeding stylet and sucking 
cell contents. Adult females produce egg masses on or near the root surface. Second stage nematodes are motile while all 
other stages are sedentary. Under ideal conditions, 70-85 degree soil temperatures and abundant food sources (plant roots), a 
new generation of root knot nematode will occur monthly.

At high populations, nematode feeding causes stunting of plants, galling of roots and a reduced stand. Yield losses in celery 
production are generally less than 5%, but can reach 10% with severe infestation levels. Nematode feeding also increases 
plant susceptibility to disease pathogens via damaged root tissues. Although root knot nematodes have less than 10% 
occurrence in California celery fields, they are present in all production regions and have the potential to impact yields if not 
managed properly. The current reduced incidence of this pest is due mostly to widespread soil fumigation and nematode-free 
transplants.

Nematodes are not a problem in greenhouse transplant production where soil-less peat mixtures, raised benches, and post-
shipment tray sanitation are utilized.

Chemical Control: 
Soil fumigation can be used to control nematodes in cases where rotation or other non-chemical practices are not feasible. 
Nematodes are much more sensitive to broad-spectrum soil fumigants than are fungal and bacterial pathogens, weeds or soil 
dwelling insects. Factors affecting control from a given soil treatment include soil moisture, soil type, soil temperature, level 
of residual undecomposed root debris and existing population levels of nematodes in the soil.

Methyl Bromide See also Fusarium Yellows 
Methyl bromide soil fumigation is the most common treatment for nematode control. Treatments are rarely directed to celery 
production, however; more often, growers take advantage of strawberry field rotation or other cropping systems where soil 
fumigation practices are more commonplace. Efficacy is high with 95% control, but treatments are costly, at $1000 or more 
per acre (Holheimer, 1999).



Endoparasitic nematodes shelter in undecomposed root debris in the soil. In such cases, higher rates of methyl bromide are 
necessary to penetrate the root tissues and reach the nematodes within (Univ. Florida, 1999).

Metam Sodium [B1B2] See also Fusarium Yellows 
Metam sodium is applied to a small amount of California’s celery production primarily for the control of the soil pathogens 
Fusarium and Rhizoctonia. Soil treatments targeted at these pathogens can effectively reduce nematode populations if 
properly applied.

In 1997, metam sodium was only minimally applied to California celery fields. South Coastal, Central Coastal and South 
Eastern Desert region growers treated 213, 46, and 67 acres (ATA), respectively. Usage intensity is greatest in winter 
production in the South Eastern Desert region. 

The product plays an important role in IPM (disease) programs due to the fact that incidence and severity of disease is directly 
related to infestation levels of nematodes (i.e. increased nematode populations increase the potential for soil pathogen entry 
into the crop).

Alternative Chemical Controls:

Dichloropropene [B1B2] (Telone) 
Dichloropropene is an effective soil fumigant for nematode control on many crops including celery. This product, however, 
has had very limited usage allowances in California where applications are restricted by total pounds product applied to 
individual townships. It is probable that local authorities will relax these restrictions in the future, since the industry needs 
alternatives such as this to methyl bromide, and the restricted use to date has demonstrated that this product can be handled 
safely. Coverage in 1997 was to less than 1% of planted celery acreage due to these restrictions.

Biological Controls:

Myrothecium verrucaria (Ditera) 
This biological nematicide received California registration in April 1996. No current information is available on efficacy for 
celery nematode control.

Cultural Control Practices: 
The most important cultural control methods employed for root knot nematode are crop rotation with a non-preferred host 
plant or natural soil fumigant (i.e. cole crops). Greenhouse management strategies employ soilless peat mix, raised benches, 
and post-shipment tray sanitation to provide nematode free transplants to the growers. In areas where cover crops can be 
utilized between growth periods, hairy indigo may reduce populations as well (Univ Florida, 1999). Other control measures 
include preventing cross contamination into ‘clean’ fields by cleaning equipment and eliminating movement of soil and plant 
residues into the fields. No nematode resistant cultivars are currently available.

 

 

Weeds

Weeds can pose serious production problems in celery. Weed infestations reduce uniformity in growth and serve as alternative 
hosts for many insect pests, adversely affecting yield and requiring additional pesticide applications. At harvest, weeds may 
interfere with efficient operations.



The practice of growing celery exclusively from transplants provides a competitive advantage for the young crop when 
planted in weed-free fields.

A variety of perennial and annual broadleaf and grassy weeds affect celery fields, including little mallow, yellow nutsedge, 
annual bluegrass, barnyard grass, black mustard, burning nettle, chickweed, groundsel, nightshade, henbit, knotweed, 
lambsquarters, London rocket, nettleleaf goosefoot, pineappleweed, purslane, redroot pigweed, sheperdspurse, and sowthistle. 
Of these, little mallow and yellow nutsedge are generally not controllable by herbicide treatments and require mechanical 
removal if established. Yellow nutsedge is dormant in the winter. Established populations of annual bluegrass and barnyard 
grass are also difficult to control with herbicides.

Accurate identification of weeds is essential for effective control measures. With that information, growers develop integrated 
weed management programs utilizing a combination of cultural and chemical controls and monitor difficult species. Weed 
control strategies include application of broad spectrum preplant herbicides on fallow fields, crop rotation and planting in 
fields with low weed populations. Post planting herbicides are also used commonly to further reduce weed pressure on the 
developing crop.

Chemical Control: 
Herbicide treatments are generally effective at controlling weed populations and are applied pre-plant, post-plant and post-
harvest.

Prometryn

●     Trade Name & Formulation: Caparol 4L
●     Typical Application Timing & Frequency: Applied as a pre-plant or 2-5 weeks post-plant, generally with 1 application 

per season.
●     Typical Application Rate & Method: Applied as by ground equipment as a direct spray or by chemigation at rates of 

2.4-3.2 pts/acre.
●     REI & PHI: 12 hours restricted entry; 45 days pre-harvest interval.

Prometryn is a triazine-based selective herbicide that is effective b for the control of a wide variety of broadleaf and 
grassy weeds. It exhibits excellent results against weeds of the mallow and nightshade families among others. 
Prometryn is not, however, effective against perennial grasses such as Bermuda grass and Johnsongrass.

Prometryn is particularly efficacious when combined with crop oil (Mason, 1999). It is also tank mixed with the 
linuron and applied 2-5 weeks post-plant for additional control.

Application costs for prometryn with crop oil average $12/acre. Mixes of prometryn and linuron average $40/acre.

Prometryn treatments occurred in all California celery production regions in 1997; however, usage was only nominal in 
the Desert areas. In 1997, prometryn was applied to 19,605 aggregate treated acres. UI Indices: Central Coast, 71; 
South Coast, 92; Desert, 4.

1996 Statewide Coverage for prometryn was 58% of all planted celery acreage.

Linuron

●     Trade Name & Formulation: Lorox 50 DF
●     Typical Application Timing & Frequency: Applied once post-plant in conjunction with or as a follow up to treatments 

of prometryn.
●     Typical Application Rate & Method: Linuron is applied as a direct spray by ground equipment as rates of 1.5-2 lb/ac. 

No more than 4 lb/acre may be applied per year.



●     REI & PHI: 24 hours restricted entry. No-PHI, treatment given at transplant set.

Linuron is highly efficacious when combined with prometryn and/or crop oil or used as a follow up treatment. It 
exhibits some phytotoxicity to celery, yet is effective on a wide variety of annual weed species. Linuron is applied as a 
post-emergent treatment. It does not control established perennial grasses such as crabgrass. 

Use of linuron is limited, however, due to several restrictions. Linuron may not be used on sandy, gravelly or exposed 
subsoils, nor on soils of less than 1% organic matter. More importantly, linuron has a long-term residual efficacy that 
will harm subsequently planted crops in treated fields. Carrot and celery should not be planted until 6 months have 
elapsed from last application of linuron; for most other crops, the recommended plant-back interval is 1 year.

Treatments with linuron were made only in the Coastal growing regions during the 1997 growing season. UI indices: 
Central Coast, 19; South Coast, 31; Desert, (not applied).

1996 Statewide Coverage for linuron was 16% of planted celery acreage.

Glyphosate

●     Trade Name & Formulation: Roundup
●     Typical Application Timing & Frequency: Applied pre-plant, 1 application per crop.
●     Typical Application Rate & Method: Applied by ground equipment as a foliar spray at a rate of 2 qts/acre.
●     REI & PHI: 4 hours restricted entry. No pre-harvest interval.

Glyphosate is a broad-spectrum post-emergence herbicide. It is applied to weed foliage and is readily translocated 
down into the roots. It is used primarily pre-plant on weedy fallow fields or it may be applied for spot treatments and 
perimeter control. Use in the latter manner is dangerous as any glyphosate coverage (e.g. from drift) on the crop will 
adversely affect it as well. Glyphosate, therefore, plays a minor role in weed control within a field once the crop has 
been established. Glyphosate is frequently used in greenhouse production to reduce the potential for introducing weeds 
into clean fields along with the transplants. 

In the field, glyphosate usage covers less than 10% of the planted acreage in California celery production.

Usage in 1997 covered 61 acres (ATA) in the Central Coastal production region and 333 acres (ATA) on the South 
Coast. 

Alternative Chemical Controls:

Methyl Bromide See also Fusarium Yellows, Nematodes

Metam Sodium [B1B2] See also Fusarium Yellows, Nematodes

Methyl bromide and metam sodium are applied directly to small amounts of California’s celery production acreage primarily 
for the control of the soil pathogens Fusarium and Rhizoctonia. Soil treatments targeted at those pathogens can also 
effectively reduce populations of weeds if applied properly under prescribed conditions.

Trifluralin (Treflan) 
Trifluralin is a herbicide that is seldom used in California celery production. The product is a mitotic inhibitor applied for pre-
emergent control of annual grasses and broadleaf weeds. It was applied to less than 1% of planted celery acreage in 1997.

Sethoxydim (Poast) 
Sethoxydim is another herbicide with little use on California celery fields. The product provides post-emergence control of 



annual and perennial grasses but is not effective in controlling the problematic annual bluegrass. It was applied to less than 1% 
of planted celery acreage in 1997.

Simazine (Princep 4L) 
Simazine is used for the control of chickweed on other crops, but this herbicide is not registered for use on celery.

Oryzalin (Surflan) 
Oryzalin is used for weed control inside greenhouses. It is applied to the soil beneath the raised benches. Oryzalin is 
particularly effective against warm season annual grasses and various broadleaf weeds. The product has long been used in turf 
and ornamental applications.

Biological Controls: 
No biological control agents have been identified for weeds.

Cultural Control Practices: 
Selection, where possible, of fields with low weed populations or fields kept free of weeds for a period of 4-6 weeks post plant 
usually produce acceptable yield with no hindrance to harvesting. Hand clearing of weeds is acceptable but costly, and excess 
soil contact at the base of the celery plant may increase incidence of soil-borne pathogens such as Rhizoctonia.

Germinating weeds near planting by pre-irrigation and cultivation permits the destruction of weed seedlings that would infest 
the new crop. Use of buried drip irrigation after initial weed removal prevents germination of new weeds by keeping the soil 
surface dry.

 

Post Harvest Control Issues

In general, any pest injury to petioles and harvested foliage can affect the shelf life and storage characteristics of celery. 
Leafminer mining of petiole shanks, for example, frequently rot from infection by Erwinia and other bacterial decay 
organisms. This is also the case with inner petiole injury from beet armyworm and cabbage looper larval feeding. In the latter 
case, frass (larval feces) present inside stalks decays and further impacts marketability of harvested product. Pathogens such as 
Sclerotinia can continue to develop in post harvest storage and shipping conditions. It is thus apparent that pest control 
activities in the field can have extended benefits post harvest with respect to shelf life, and product wholesomeness to the 
consumer.

 

Discussion and Summary

Pesticides are an important part of commercial celery production in California, and a significant percentage of these materials 
fall within the three priority groups for Food Quality Protection Act (FQPA) review: organophosphates (OP), carbamates 
(CARB), and B1 and B2 (B1B2) potentially carcinogenic pesticides. When the "cocktail" of pesticides applied to celery fields 
throughout 1997 is separated by class of material, with each class weighted by total acreage covered, the contribution of OP, 
CARB, and B1B2 products to the mix is 48% (Fig. 2). The carbamates were the largest "at risk" group, contributing 30% of 
the total, and were applied for control of celery late blight, leafminer, aphid, and lepidopterous worms. The B1B2s, 10% of the 
total, were used mainly for celery late blight control. Finally, organophosphates contributed 8% to total treated acreage, and 
were used mainly for control of aphids.



Carbamate Usage 
Carbamate compounds are integral components in programs to control aphids, worms and certain diseases (late blight, crater 
rot) in California celery. Four of the top 10 pesticides applied to the 1997 celery crop were the carbamates oxamyl (3rd), 
methomyl (4th), thiodicarb (6th) and benomyl (8th). Resistance management programs often include a "triad" rotation of 
carbamates, organophosphates and non-"at-risk" chemicals.

The most intensively used carbamate on celery is oxamyl (Vydate), which has been a mainstay for control of leafminer and 
aphid infestations for more than 20 years. Oxamyl is also effective against thrips and lygus bug, but sprays directed at aphids 
or leafminers usually pick up these pests as secondary targets. Oxamyl is popular among growers due to its relatively low cost 
and broad range of action. Reliance on oxamyl for leafminer control is declining somewhat due to the appearance of the more 
effective insecticides abamectin and cyromazine, along with more potent formulations of Bacillus thuringiensis for worm 
control. Currently, Oxamyl is employed when leafminer infestation is light to moderate and then rotated with abamectin 
(combined with Bt) and cyromazine. In greenhouse celery transplant production, growers use oxamyl and abamectin to control 
leafminers as cyromazine is not registered for such use.

Oxamyl and the organophosphate acephate represent the two key rotational elements for aphid control. The carbamate 
methomyl and the organophosphate malathion play secondary roles in aphid management. There are few effective non-
carbamate, non-organophosphate compounds available to growers to prevent aphid damage to the celery crop. Endosulfan, 
which carries strict limitations due to its toxicity to aquatic organisms, is minimally used. The neem tree extract azidirachtin is 
employed in field and greenhouse aphid control, but requires numerous and costly applications to be efficacious. Loss of 
oxamyl, along with the possible loss of the rotational organophosphates, would leave growers few alternatives for aphid 
control until new chemistries are developed.

Carbamates have proven highly effective for worm control. Methomyl (Lannate), the 4th most used pesticide on California 
celery, is a carbamate compound mostly applied against beet armyworm, with secondary uses for control of cabbage looper. 
Thiodicarb (Larvin), the 6th most used pesticide on celery, is employed almost exclusively toward beet armyworm control. 
The introduction of spinosad (Success) in 1997, along with new and more potent formulations of Bt, has permitted growers to 
decrease their almost total reliance on carbamates for worm control. Moreover, use of spinosad and Bt avoids the high rates of 
mortality to Diglyphus, the natural parasitoid of leafminer that results from methomyl applications. Thiodicarb is reportedly 
less harmful to the beneficial insect complex, but good field information on this compound is limited. Permethrin, a synthetic 
pyrethroid, is another alternative to the carbamates. This compound also disrupts beneficial insect communities and is only 
used secondarily in beet armyworm control, though it is the primary agent employed for cabbage looper infestations. Loss of 
the methomyl and thiodicarb would most adversely affect control and resistance management programs directed at beet 



armyworm. This situation would leave only spinosad, Bt, and to a lesser extent endosulfan (with its environmental limitations) 
and permethrin (also disruptive to beneficials). In addition, spinosad may not be used for more than 3 successive treatments to 
manage beet armyworm resistance to the product. Greenhouse worm control would be unaffected as neither of the compounds 
is registered or employed for such use.

Benomyl (Benlate) is a carbamate fungicide used for control of Septoria (late blight) and Rhizoctonia (crater rot), both in field 
and greenhouse applications. Until recently, benomyl and the B1B2 compound chlorothalonil were the primary control agents 
for late blight. The introduction of the highly efficacious propiconazole has provided growers with a more reliable option. 
Loss of benomyl would require increased reliance on propiconazole and reduce the effectiveness of resistance management 
programs for late blight. In this case, growers do have several alternative treatments, including dicloran and copper hydroxide. 
For Rhizoctonia control, dicloran is the primary fungicidal agent and benomyl plays only a secondary role, as does the B1B2 
compound chlorothalonil. Methyl bromide has also been employed to prevent the spread of crater rot, but that compound is 
already being phased out. Loss of benomyl (and the B1B2 chlorothalonil) would leave growers with only dicloran for crater 
rot control.

Usage of Potential Carcinogens (B1s and B2s) 
The second most applied pesticide to California celery in 1997 was the B1B2 fungicide chlorothalonil (Bravo). This 
compound has proven highly effective for the control of late blight (Septoria) in celery, to which most of its application is 
directed. It also provides some secondary control of pink rot and crater rot. Chlorothalonil is used in rotation with both 
propiconazole (Tilt) and the carbamate benomyl (Benlate) as part of a resistance management program for late blight control. 
The high efficacy of propiconazole has somewhat decreased the role of benomyl in this rotation. Dicloran is another 
compound that is sometimes used to aid in late blight control; however, it is only used as a prophylactic in a mixture with 
chlorothalonil. Loss of chlorothalonil and benomyl (an at-risk carbamate) would leave only propiconazole as an effective 
stand-alone control for late blight, and eliminate any rotational choices until alternate chemistries are developed. Moreover, 
propiconazole is not currently registered for greenhouse use and those operations rely solely on the B1B2 chlorothalonil and 
the carbamate benomyl for late blight control. Loss of these two compounds would leave no effective chemical tools for 
greenhouse operators, who produce most of the celery seedlings in California.



Sclerotinia (Pink Rot) and Rhizoctonia are primarily controlled with chlorothalonil. Dicloran and the carbamate benomyl are 
used as secondary fungicides in this regard. Loss of chlorothalonil for these diseases would have a relatively minor effect on 
overall control efforts.

The B1B2 chemical metam-sodium (Vapam), a soil fumigant, is applied for the control of Rhizoctonia, Fusarium Yellows, 
weeds and nematodes. For plant disease and weed control, metam-sodium plays a minor secondary role. For weed control, 
prometryn (Caparol) is heavily relied on and dicloran is the mainstay for Rhizoctonia control. These compounds are not in at-
risk categories. Soil fumigation is an effective control for Fusarium Yellows, but growers mostly rely on resistant and tolerant 
cultivars for that problem. In the case of nematodes, these pests are highly sensitive to broad-spectrum soil fumigants such as 
metam-sodium. Nematode infestation is generally prevented by cultural control measures, but if infestations become severe, 
either metam-sodium or methyl bromide is used. Methyl bromide is legally being phased out of use and metam sodium is the 
only alternative until other chemistries are developed. Nevertheless, metam-sodium use on celery fields in 1997 amounted to 
less than 2% of planted acreage.

Thiodicarb (Larvin) is a carbamate insecticide that is also listed as a B1B2 compound. It was counted only as a carbamate for 
calculations of percent contribution to total Aggregate Treated Acreage (ATA, Fig. 2), and is discussed under Carbamate 



Usage (below).

Organophosphate Usage 
The most important organophosphate pesticide in California celery is acephate (Orthene). Acephate is primarily targeted at 
aphids, particularly green peach, with secondary use for control of cabbage looper and lygus bug. Permethrin is the mainstay 
for cabbage looper control, but acephate is sometimes used as a first treatment for light to moderate populations of that pest. 
Acephate is, however, the primary and most effective line of defense against aphid infestation, in rotation with the carbamates 
oxamyl and/or methomyl. Malathion, also an organophosphate compound, is sometimes used in place of or in rotation with 
acephate. Control of aphids (and worms) in greenhouse transplant production is accomplished with a combination of acephate, 
permethrin and Bt. Azadirachtin is also used in field and greenhouse applications to control aphids, mostly in organic celery 
production. Loss of acephate and other organophosphates would increase reliance on carbamates (if available) or less effective 
measures such as azidirachtin, endosulfan and insecticidal soaps.

"Other" Pesticides 
Pesticides that are not currently on the priority list for FQPA review ("Other") comprise 48% of total ATA (Fig. 2). The most 
applied materials in this group are the synthetic pyrethroid permethrin (ranks 1st of all pesticides used on California celery) 
targeting worms, the biological insecticide Bacillus thuringiensis (ranked 5th) also targeting worms, the new fungicide 
propiconazole for late blight control, the fermentation product abamectin for leafminer control, the herbicide prometryn, the 
fungicides dicloran and copper hydroxide, and the naturalyte insecticide spinosad, targeting worms and, to a lesser extent, 
leafminer.

Most Important Pesticides for Celery Production 
The method for determining the pesticides most important to celery production uses Aggregate Treated Acreage (ATA) data 
from 1997, a measurement that incorporates area treated with the frequency of application. The list of fifteen pesticides with 
the highest ATA rankings (Fig. 3) represents key materials for the control of all major celery pests. The only update which 
may need to be made to the 1997 ranking of the top fifteen pesticides is 1) spinosad, which was not registered for use until late 
in 1997, and is probably much higher on the list today, and 2) tebufenozide (Confirm), which is not on the list, currently is 
more important than in 1997.

Total Active Ingredient by Region 
When usage is considered by total lb ai applied, the ranking diverges somewhat from that of ATA. Soil fumigants increase in 
significance due to their high application rates. For example, 31,725 lb of methyl bromide were applied to California celery 
fields in 1997, ranking this material well above permethrin in total lb ai. However, methyl bromide was applied to less than 
1% (137 ac) of statewide celery acreage (cf. Appendix 2, Table A4), compared to an estimated 86.0% Statewide Coverage for 
permethrin. Methyl bromide clearly is not a key pest control material for this commodity, while permethrin, by contrast, is the 
most widely applied pesticide on celery. However, while it is not a suitable measure of the relative usage of different 
pesticides, lb ai is a good indicator of the distribution of each individual pesticide among the three growing regions.

Table 1 (below) lists the top 15 pesticides used in California celery production, and the distribution, by total lb ai applied, 
among the three growing distyricts.

Table 1. 1997 Pesticide Usage. Fifteen most applied celery 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 - A4 for full listing.)

Percent of Total lb ai, by Region

Common Name Trade Name Pest Total lb ai Central 
Coastal

South 
Coastal Desert



permethrin Pounce, 
Ambush worms* 9,925 47.9 51.5 0.6

chlorothalonil [B1B2] Bravo late blight 72,611 19.2 80.6 0.2

oxamyl [CARB] Vydate leafminer, 
aphids 26,948 51.6 48.2 0.2

methomyl [CARB] Lannate worms 26,116 55.6 42.7 1.7

bacillus thuringiensis XenTari, 
Javelin worms 5,352 56.2 42.9 0.9

thiodicarb [CARB, 
B1B2] Larvin worms 17,235 39.8 59.6 0.6

acephate [OP] Orthene aphids 25,210 43.0 57.0 0.0

benomyl [CARB] Benlate late blight 6,549 24.1 75.4 0.4

propiconazole Tilt late blight 5,097 11.6 88.4 0.0

abamectin Agri-Mek leafminer 286 67.2 32.8 0.0

prometryn Caparol weeds 25,096 34.1 65.9 0.0

dicloran Botran pink rot 44,841 15.9 84.1 0.0

copper hydroxide Champ, 
Kocide

northern 
bacterial blight 15,513 62.6 37.0 0.4

cyromazine Trigard leafminer 1,987 21.5 78.5 0.0

spinosad Success worms 1,957 11.3 87.6 1.2

* lepidopterous larvae
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Appendices

Data Collection and Processing Procedures

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 celery growing 
regions of California.

All county agricultural commissioners’ offices responded with the requested data. Thirteen reported pesticide usage on celery. 
Data was submitted to the Alliance in electronic media (i.e., floppy disk or E-mail) with the exception of Imperial County, 
which submitted hard copy.

Summation of County Data 
Individual county data was grouped by pesticide product, product application amount unit, and application method. For 
example, one group would consist of all applications on celery 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 celery.

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 A4, lists for permethrin 9,925 lb ai applied to 57,384 ac. The 



average rate is 0.17 lb ai/ac:

 = 0.17 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 celery 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.

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

Usage Intensity 
The South Coastal Region is the location of most of the state’s celery acreage. It would be expected, then, that most of the 
chemical usage will occur in that region also. However, when considering the importance of a material to a region, the ratio of 
treated acreage to planted acreage is more illuminating than treated acreage alone. This ratio can be expressed as a Usage 
Intensity (UI) index, calculated as follows:

The UI index, which is essentially the formula for finding a percentage; can be read as the number of acres of treatment per 
100 acres planted (note that this is not the same as Statewide Coverage, discussed below). By normalizing the regional 
differences in acreage, the UI indices provide valuable information concerning regional usage preferences that is not obvious 
from the Aggregate Treated Acreage figures.

For this report, UI indices will only be reported when they indicate important usage differences between regions.

Statewide Coverage 
Data from county Agricultural Commissioners, which is the basis for the 1997 pesticide usage data in this report, provides the 
number of celery 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, The National Agricultural Statistics Service (NASS) has developed a database, independently of the 
county agricultural commissioners, based on grower surveys for the 1996 crop year. Based on this survey, NASS is able to 
publish percent coverage figures for selected pesticides in California. This data is reported herein as "1996 Statewide 
Coverage."

 

Pesticide Tables will be posted shortly.



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

