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Key Points 
 

• Insecticide control of leafminers in Florida increases marketable celery yield by 
31%. 

• Beet armyworms can eat a 5 inch tunnel in celery stalks. 
• Variegated cutworms feed by chewing holes in celery stalks. 
• Aster leafhoppers transmit a virus to celery plants which causes the plant to grow 

abnormally and have poor flavor. 
 
Technical Summary 
 
Celery is grown in three states: California, Florida, and Michigan. Growers in these states 
produce about two billion pounds of celery with a value of $340 million from 30,000 
acres. 90-100% of the celery acres in the three states are treated with insecticides.  
 
The development of new celery cultivars for pest resistance has often resulted in 
increased production of linear furanocoumarins in the plant. These chemicals have been 
reported to be carcinogenic, mutagenic, and photodermatic. Worker safety (skin cancer, 
cataract formation) and consumer health concerns associated with celery handling and 
consumption require testing of new celery germplasm for composition and concentration 
of linear furanocoumarins before their release for large scale commercial production [31].  
 
California 
 
Because of exceedingly high aesthetic standards and low damage thresholds, celery is 
one of the most intensively managed vegetable crops in California [16]. It is common for 
celery fields to require repeated applications of insecticides [17]. A recent four year study 
demonstrated that without the use of insecticides the marketable yield of celery was 
reduced by 50% [16]. In one year the gross value of the insecticide-treated crop was over 
$10,000/ha more than in the uncontrolled crop with net profit greater by $6,000/ha [32]. 
The cost of a standard insecticide program used by a celery grower was calculated at 
$249/A [16]. Augmentative releases of parasites and predators are rarely used in celery 
fields because these biological controls generally do not work quickly enough for 
growers to avoid damage to their crop [17]. Less than 2% of California celery is grown 
using organic production practices [17]. 
 
The three insect species that are the target of most insecticide sprays in California celery 
fields are the beet armyworm, leafminers, and aphids. 
 
The beet armyworm is a pest of numerous crops including lettuce, cole crops, tomatoes, 
beans, corn, and celery. The beet armyworm overwinters in celery growing regions in 
California. Up to 400 or more eggs can be laid by each female. They typically lay masses 
of 20 to 120 eggs and cover them with scales [1]. Newly hatched worms usually feed on 
celery leaves, but rarely cause substantial damage. However, larger larvae feed on the 
petioles and cause substantial crop loss. The armyworms’ feeding damage can extend 
from ¼” to more than 5” in length in the celery rib. These eaten out areas can also be 



filled with frass from the armyworm rendering the stalks unmarketable. Large larvae are 
quite mobile and have been observed to travel over ten feet per night, feeding on several 
plants. Larvae feed for approximately three weeks. 
 
Beet armyworm is problematic on 75-100% of the total celery acreage and, if not 
controlled, can cause up to 100% yield loss [2]. Beet armyworm population pressure and 
subsequent damage can vary considerably from year to year. For example, in three 
experiments the percent of plants with feeding damage from uncontrolled beet 
armyworms ranged from 7 to 56% [3][4][5]. Usually, armyworm damage to no more than 
3 to 5% of harvested celery is tolerated [6]. 
 
The extent to which natural enemies manifest themselves on population reduction of beet 
armyworm is generally not well known. To persist in the fields, however, the natural 
parasitoids typically require beet armyworm populations higher than 5% infestation, 
which is above the economic threshold for damage [2]. 
 
Sprays of Bt and the Entrust formulation of spinosad to control beet armyworm are 
acceptable for use on organically grown celery [1].  
 
The adult female leafminer (Liriomyza trifolii) fly makes small punctures in celery leaves 
while feeding. She also lays tiny eggs in some of these punctures. A single leafminer fly 
is capable of laying between 200 and 400 eggs. The larvae do their damage by tunneling 
between the cuticle layers of a leaf as they feed making distinctive winding, whitish 
tunnels or mines. The larvae feed for 4-5 days. The larvae exit the leaf and drop to the 
soil to pupate. Many generations occur each year and the entire life cycle can be 
completed in less than three weeks. 
 
Leafminer infestation in the Central Coast region may often span the entire growing 
season and affect 100% of the planted celery acreage [2]. In the South Coast region, 
infestation is often restricted to the spring and fall with the highest populations occurring 
in the fall months. If uncontrolled, leafminers can cause losses of 25-100% of the celery 
crop [2]. Some leafminer species prefer to mine and pupate in the stalks, causing damage 
to the edible portion of the plant which makes the plant unmarketable. 
 
Leafminers do not kill celery plants but stunt growth and delay maturity as a result of a 
reduction of photosynthesis. A single leafminer in a leaf can reduce photosynthesis by 
about 40% [7]. Leafminer damage results in fewer leaves per plant, reduced plant height, 
less petioles per plant, and an extended period to harvest [8]. Such reductions in plant 
growth have significant economic implications for growers. In treatments where 
leafminers were encouraged, harvest was delayed by up to three weeks. Such increases in 
time to harvest have substantial effects on the economic returns to the grower, including 
reduced revenue due to additional labor, irrigation, rent and depreciation costs. Extending 
the time to harvest may also cause growers to miss the marketing period intended at the 
time of planting [9]. For example, missing the Thanksgiving-Christmas marketing period 
results in substantial losses since celery value often drops by 30-50% following these 
holidays [10]. 



 
Because the leafminer adults are excellent fliers, mass movements of flies during 
sequential harvest of a large field or a neighboring field will concentrate the miners 
resulting in economically damaging populations [11]. 
 
It is believed that the leafminer (Liriomyza trifolii) first arrived in California in 
chrysanthemum cuttings from Florida in the mid-1970s [12]. Previously, the only 
leafminer attacking celery in California was L. sativae which reached damaging 
population levels on a 5- to 10-year cycle but was readily controlled with insecticides 
[18]. L .trifolii first became a major serious pest of California celery in 1982.California 
celery growers lost approximately $20 million in the last half of 1984 as a result of the 
leafminer [13]. Two factors were related to this unusually severe economic impact: (1) no 
chemicals registered in California during this period offered reliable suppression of the 
leafminer populations, and (2) studies on celery growth and development clearly 
documented an unexpected increase in time to harvest which was attributable directly to 
the leafminer [13]. 
 
Sprays of azadirachtin are acceptable for controlling leafminers on organic celery [1]. 
 
Natural enemies of leafminers, primarily parasitic wasps, are present in most commercial 
celery plantings throughout the state. Experiments on untreated celery have shown that a 
complex of six parasites can provide a substantial level of leafminer suppression [13]. 
However, the beneficial insects alone do not provide an economically acceptable level of 
leafminer suppression in celery [14]. Researchers have experimented with augmentative 
releases of a parasitic wasp for leafminer control. An approximate total of 50,000 wasps 
were released into each .9 acre plot during the cropping cycle. Parasitism brought about a 
dramatic reduction in the leafminer populations. However, the augmentation approach is 
cost prohibitive. Under laboratory conditions at UC Davis, the cost of producing and 
releasing the parasitic wasp was $.02-.06 per wasp [15]. 
 
Several aphid species infest celery. However, only green peach and black bean aphids are 
considered key pests in California [2]. These species form dense colonies, mostly of 
females, on the underside of leaves. Aphid densities can build up in celery to densities of 
several thousand per plant. Aphids cause stunted plant growth and reduced yields by 
sucking plant juices. Aphids also secrete honeydew, which acts as a substrate for sooty 
mold fungus, further damaging the crop. This contamination can lower the crop value. 
Aphids are also vectors for the transmission of several plant viruses. Aphids contaminate 
fresh market celery with honeydew, cast skins, and aphids. In fresh-market celery 
production, contamination of the marketable produce by aphids is a severe problem. 
Aphid infestations can substantially reduce the market value and acceptability of the 
produce by the consumer [30]. 
 
All California growing regions suffer from aphid infestations. Infestation periods and 
population densities vary by year 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% 
[2]. Uncontrolled infestations can lead to total crop loss. Aphid control is critical in celery 



production to prevent the vectoring of western celery mosaic, a disease which is under 
quarantine regulations in all significant celery producing counties in California because it 
can result in crop failure in an entire region if not controlled. Celery plants infected by 
the virus frequently exhibit plant stunting and horizontal growth of outer petioles. On 
mature foliage, leaflets are narrow, twisted and cupped. Dark green mottled areas develop 
on petioles. 
 
Biological controls are rarely used for control of aphid populations in California celery 
production [2]. The high reproductive rates of aphids, their obscure feeding habits, and 
the low tolerance for insect contamination at harvest render most biologicals 
commercially ineffective [2].  
 
In organic fields, insecticidal soap is used in combination with oils, botanicals, and 
releases of biological control agents for aphid control. Because of the limited efficacy of 
oils and soaps frequent applications are required [2]. 
 
Field sanitation through maintenance of weed free borders is currently practiced by most 
California celery producers. Aphids have a broad host range, including many weeds. 
However, during peak aphid pressure, winged females can fly or be carried by wind 
currents from long distances, rendering local weed control only partially effective [2]. 
 
Michigan 
 
The insect species that are the target of most insecticide sprays in Michigan celery fields 
are aster leafhoppers, variegated cutworms, aphids, and tarnished plant bugs. Leafminers 
are a minor problem in Michigan. Leafminers do not overwinter in Michigan. When 
celery growers used to purchase transplants from Florida, leafminers would be brought in 
with the celery. Since the 1970s, Michigan growers have relied on local sources for 
transplants. 
 
The aster leafhopper is a key pest of celery in Michigan. The aster leafhoppers have 
piercing mouthparts that they use to enter into vascular tissues of plants to extract sap. 
When they penetrate the tissue, they release virus-transmitting saliva. Aster yellow 
diseases dwarf the celery, causing it to be abnormally shaped and have poor flavor, often 
reducing the size leading to losses in both quality and quantity of celery yields [19]. 
Control of the leafhopper is the only way to control the disease. 
 
The local population of leafhoppers begins migrating to celery fields in late May or early 
June from overwintering hosts such as small grains, grasses and broadleaf weeds. The 
aster yellows organism is taken up by the leafhopper during feeding on perennial weeds 
such as wild carrot, dandelion, wild aster, or wild lettuce. The disease organism must 
incubate for approximately three weeks inside the leafhopper before it can be transmitted 
to other plants. If celery fields are checked 1 to 2 times per week, leafhoppers can be 
sprayed and outbreaks prevented. 
 



Tarnished plant bugs attack young leaves in the heart of the celery plant, sucking plant 
juices and injecting toxic saliva. Initial damage appears as small reddish brown spots on 
the young petioles rendering the plants unmarketable. The young leaves die and soft rot 
sets in. Control measures are taken when insect numbers exceed 2-4 per twenty plants 
[20]. 
 
Variegated cutworm larvae feed on celery stalks. Adults lay eggs on the underside of 
leaves and the larvae move down into the heart of the plant to feed. Once larvae are 
inside the celery heart, damage goes largely unnoticed until harvest [21]. Feeding on 
heart leaves has the potential for accumulation of fecal matter in the heart. The feeding 
damage of variegated cutworm larvae appears as holes chewed in the celery stalks. The 
recommendation in Michigan is to make preventative sprays on the celery within four to 
six weeks from harvest because presence of live worms or extensive damage would not 
be acceptable to the purchaser [22].                                                                    
 
Green peach aphids overwinter as eggs. In early spring, the eggs hatch into nymphs 
which all develop into females. Around the first week in June, the winged forms begin to 
migrate to over 250 host plants, including celery, carrots and lettuce. The succeeding 
generations are all females and have the capacity to give birth to 80-100 young. There 
may be 12 to 15 generations per year. Only the final generation has males. They mate 
with the females, which, in turn, lay the overwintering eggs [21]. High aphid populations 
are usually not present until August. Aphid population explosions occasionally occur 
during periods of hot, humid weather [23]. 
 
The aphids suck plant juices from the stalks and the underside of leaves. They reproduce 
very rapidly and high numbers cause distorted plant growth, stunting of the plants, and 
contamination of the product. Virus diseases may also be transmitted by aphids [21]. In 
the field, sprays are made when 3% of the plants are infested or if there are more than 6 
aphids/100 sweeps. Aphid control is especially important close to harvest because aphids 
found in a load will result in rejection of the celery [20]. 
 
Florida 
 
The first commercial celery planting in Florida was in 1897 on ¾ acre. By 1929, 6000 
acres of celery were planted in Florida .The first real insect threat came during the 1923-
24 growing season when the celery leaf-tier became very abundant. Dust applications of 
lead arsenate were used to control it [24]. During the 1926-27 growing season the FDA 
stopped the shipment of celery for a period due to excessive arsenical residues. This led 
to the use of pyrethrum dust as a control for the celery leaf-tier. The celery leaf-tier has 
not been present in sufficient numbers to warrant special control actions since the 
introduction of synthetic organic chemical insecticides in the 1950s. The spray program 
for worms and leafminers hold it in check. 
 
Armyworms are the principal component of a worm complex that affects nearly all crops 
in south Florida and is one of the greatest insect problems of celery in the state [25]. The 
worm complex, which also includes cutworms and cabbage loopers appears each year 



first in south Florida and then moves northward. The most important of the armyworms 
on celery is the beet armyworm. Each female can lay about 600 eggs in masses of about 
80 within a week. Upon emerging, the larvae feed for between one and three weeks. 
Since the beet armyworm has a short life cycle (four to five weeks) and survives the 
winter in south Florida, many generations can occur each year [25]. 
 
Serpentine leafminer attacks on celery can result in early senescence of outer petioles, 
longer time to maturity, and a reduction in yields, although celery plants in south Florida 
have been shown to withstand substantial leafminer damage without a reduction in yield 
[25]. Of greater concern to celery growers is the effect of leafminer feeding on cosmetic 
quality. Celery plants with insect damage on more than two petioles receive a lower 
grade according to USDA standards. Protecting celery plants from leafminer damage 
during the last month of the growing season has been shown to be the key to preventing 
cosmetic damage to celery in south Florida [25][26]. 
 
Adult leafminers feed at flowers. In addition, adult females puncture celery leaves with 
their egglaying organs and feed on the plant juices that accumulate at the feeding 
punctures. Males cannot puncture the leaf, so they feed after females have left. The 
female inserts an egg between the upper and lower epidermis (leaf surface) and the larva 
feeds within the leaf. As the larva feeds, it moves throughout the leaf from within, 
creating a mine in an irregular line (serpentine mine). The mine increases in diameter as 
the larva grows and consumes grater amount of leaf tissue. When fully grown, the larva 
cuts through the upper leaf surface and exits the plant. In uncontrolled test plots, all 
plants were mined with the number of mines averaging 46 [27]. Insecticide tests 
demonstrated a reduction of 91% in the number of live celery leaf miner larvae [28]. 
Insecticidal control of leafminers resulted in an increase of 31% in the amount of 
marketable celery from treated fields [29].   
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