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Key Points 
 

• Prior to the development of effective insecticides, the artichoke plume moth 
damaged 50-70% of the artichokes grown in California. 

• Insecticide applications reduce plume moth populations by 96-100%. 
• Artichoke plume moths feed for 36 to 86 days resulting in unmarketable 

artichokes. 
• Alternatives to insecticides for plume moth are not effective at high infestation 

levels and are cost prohibitive. 
 
Technical Summary 
 
The artichoke is native to the Mediterranean area and was carried to Egypt and farther 
eastward 2,000-2,500 years ago [1].  The artichoke came to California with Italian 
immigrants in the mid 1800s.  Commercial production began in the early 1900s and 
totaled 600 acres in 1906 [2].  Production areas increased greatly and attained an average 
of 9,880 acres during the 1920s.  Current California artichoke production totals 94 
million pounds with a value of $67 million harvested from 7,700 acres (Table 1).  
California produces 100% of all commercially grown artichokes in the U.S. with the U.S. 
ranking sixth in the world in artichoke production.  All artichokes grown in California go 
to the fresh market. 84% of the artichoke acreage in California is located near Monterey 
Bay.  Many observers regard the climate of the Monterey Bay area as one of the best in 
the world for artichoke production [2].  
 
The artichoke is a member of the thistle family.  The vegetable that is eaten is the plant’s 
immature flower bud.  They bloom into purple-pink flowers if the buds are not harvested. 
 
Artichoke production systems are classified as either perennial (50%) or annual (50%). 
Perennial artichokes are planted from root sections attached to stems.  Perennial 
artichokes are harvested for 5 to 10 years before replanting.  Following the conclusion of 
a production season, the artichoke plant is cut at ground level and the above ground part 
of the plant is shredded.  For approximately 75% of the perennial crop, the cutback 
occurs in May resulting in production of a winter crop (August-May).  15-20% of the 
acreage is cutback in August or November for a summer harvest period.  A small 
percentage of the plants are not cut back at all and are maintained by pruning which 
allows for year-round production [3]. 
 
Annual fields are planted November-June and harvested in the summer or early fall. 
Artichoke transplants are used exclusively [3].  Fields utilized for annual artichokes are 
either left fallow in between artichoke plantings, or are rotated with other crops such as 
celery or lettuce.  Edibility remains a problem for some of the annual varieties [4].  Very 
often the edible portion on the petal is absent and the bottom of the artichoke, the heart, is 
much smaller.  Some chefs complain that the flavors of the annual varieties are not as 
intense and that they tend to fall apart after cooking [5].  The perennial artichoke remains 
the favorite for flavor [13]. Production costs are lower for annual artichokes due in part to 



significant reductions in infestations of the artichoke plume moth which is the major 
insect pest of artichokes in California.  
 
Insecticides and their application cost artichoke growers approximately $749/A [20]. 
99% of California’s artichoke acres are treated with insecticides for artichoke plume 
moth. Without insecticides, the yield of marketable artichokes is estimated to decline by 
60%. 
 
The artichoke plume moth (APM) is native to North America.  Prior to the introduction 
of artichokes, several thistle species commonly occurring throughout California served as 
the primary host to the APM.  In this wild ecosystem, several parasites and predators 
attack APM.  In the artichoke fields, the predators do not measure up to a significant 
controlling factor [6].  This is because, on wild thistles the larvae moving from one plant 
part to another in search of palatable food, expose themselves to natural enemies.  On 
artichokes that are fleshier than the wild thistles, once the larva moves to a suitable 
feeding site, it spends most of its time feeding within the plant [6].  It is not uncommon to 
find from 2 to 10% parasitism of plume moth larvae in artichoke fields [8].  The 
effectiveness of a major predator species is reduced by two secondary parasites. 
 
The artichoke plume moth has three overlapping generations a year, making it possible to 
find all stages during every month [19].  Unlike many other pest species, the APM does 
not enter into physiological diapause and therefore, it does not have a dormant or resting 
period during the winter. The year round availability of artichokes allow the APM to 
continue its development throughout the year [6].  Adults emerge throughout the year and 
deposit eggs during most of their lives.  Mating usually occurs within three days after 
emergence.  In mating the abdomens are brought close together, with the male often 
suspended in mid-air, attached to the female [8].  The pair remain in this position for as 
long as 24 hours and it is not uncommon for a pair to mate two or three times [8].  Adult 
females deposit an average of 170 eggs on artichoke plants.  Larvae start tunneling into 
the leaf stalk and work their way toward the center of the bud [11].  Larvae of the 
artichoke plume moth feed on all parts of the plant, but economic losses result when they 
feed on artichoke buds and make them unmarketable as a result of the eaten out portions 
of the bracts, borings inside the heads, and a blackening of the heads resulting from 
feeding and frass exudation [1][8].  Larvae may feed from 36 to 86 days [9].  The extent 
of plume moth damage sustained in the crop usually means the difference between profit 
or loss in artichoke production [7]. 
 
In 1922 the damage was so severe that growers requested aid from the University of 
California.  Again in 1936, at the request of artichoke growers, further investigations 
were undertaken [8].  During 1937-38 extensive chemical control experiments were 
conducted, but there was little indication that sprays could be applied for practical control 
of the moth [8].  Applications of nicotine, pyrethrum, cryolite, and lead arsenate failed to 
reduce the percent wormy artichokes [8].  In the 1952-53 and 1953-54 seasons, the losses 
reached major proportions often as high as 50% to 70% [9]. 
 



In the 1950s laboratory and field trials were conducted on the susceptibility of the larvae 
of the APM to a fungus Beauveria bassiana and a nematode, DD-136 belonging to the 
family Steinernematidae. The larvae proved susceptible to infection by these pathogens. 
However, when burrowed within the plant tissues, only a small number of the larvae are 
killed by the pathogens [12]. The larvae fed very little or not at all on the leaf blades. 
They tended to bore into the midvein or base of the leaf. The low mortality was 
apparently caused mainly by the small amount of surface feeding by the larvae before 
they bored into the plant tissues. This boring characteristic apparently protected ther larva 
against the fungus and the nematode [12]. The plume moth larva escapes infection when 
the pathogens are applied to the plant surface. 
 
Research in 1956 demonstrated that 8-9 applications of parathion killed 96-100% of the 
larvae on plants [10].  Organophosphate insecticides, particularly ethyl parathion and 
methyl parathion, came into common use in the 1960s [1].  Currently, esfenvalerate, 
diflubenzuron and methidathion are used in combination in 8 to 10 sprays per year on all 
of the perennial artichoke acres for APM control-both adults and larvae [3].  Adults are 
controlled in order to keep populations of larvae down.  One to two weeks after each 
spray application, the fields are scouted to determine the level of control achieved. Fields 
are treated when egg density reaches one egg per 100 leaves during winter and 3 eggs per 
100 leaves in other seasons [1].  
 
Current research demonstrates that insecticide applications can reduce APM infestations 
from 80% (untreated) to 2% [16]. 
 
Cutting back artichoke plants to below soil level is the most important agronomic 
practice that helps in the elimination of a significant portion of APM populations [6]. 
However, the movement of adults between fields makes the impact on any given field 
very temporary [11]. 
 
There were approximately 150 acres of organically grown artichokes at a farm near 
Carmel, where the grower had never applied any control measures in fifty years.  On this 
farm, parasitism of APM by the naturally occurring parasites never exceeded 5% and the 
crop infestation by APM every year was in excess of 70% [6].  At the end of 1997, this 
grower forsook farming and the area was converted into a wildlife reserve. 
 
By itself, Bt does not normally provide sufficient control because it is only effective 
against young larvae and does not kill adult moths [11]. 
 
Artichokes grown as an annual crop are not affected by artichoke plume moth in the early 
stage of the crop cycle. Annual varieties are grown for organic production because the 
APM problem is less [13]. When APM populations increase in the organic fields, 
growers typically apply the Entrust formulation of spinosad which is approved for 
organic growers. 
 
Since the early 1980s the Artichoke Research Association has been researching the 
potential use of biological control agents to combat the artichoke plume moth. Several 



naturally occurring predators and parasites associated with APM were studied among 
which the brown lacewing was the most abundant. However, these generalist predators 
and parasitoids were found to be ineffective in suppressing APM populations [21].  
The general predators and parasitoids are ineffective and unsynchronized in suppressing 
artichoke plume moth populations [21]. One predator (D acuta) overwinters in the larval 
stage during the peak artichoke growing season; it kills artichoke plume moth in the 4th 
instar after economic injury has been done [21]. The brown lacewing remains the most 
common generalist predator in artichoke fields. However, it does not seem to exert any 
economic control of APM [15]. 
 
An entomogenous nematode, Neoplectana carpocapase and the bacterium Bacillus 
thuringiensis were studied in the field [14]. The nematode was found to be highly 
effective at dose rates of 1000 to 2000 per ml of spray whereas Bt was less effective than 
most of the commonly used insecticides. Applications of the nematode significantly 
reduced the larvae; however, the agents were only consistently effective at higher doses 
and during the second two instars [14]. The nematode was ineffective against the first 
instar APM. (The small size of the first instar makes them less susceptible). The 
nematode’s successful control of APM larvae depends on the existence of proper 
environmental conditions, including moderate temperatures and sufficient free floating 
moisture; otherwise, the nematode does not survive in sufficient numbers to be effective. 
Also, large numbers of nematodes (at least 150 million/acre) are needed.  
 
In 1987 a wasp, Trichogramma thalense was found parasitizing APM eggs on artichokes 
in Salinas, California. Releases of the wasp parasitized about 50% of the APM eggs at 
low infestations [17]. 9 to 13 releases of parasitic wasps were made. The estimated cost 
of $800/A for the trichogramma release was prohibitively high and, as a result, the wasp 
was not developed commercially for inundative releases [15]. 
 
The isolation and identification of the female sex pheromone of APM as Z-11-
Hexadecenal presented additional options for the control of the APM. Using the sex 
pheromone for mating disruption was attempted in the 1980s and 1990s. Several studies 
suggested that this technique applied alone for the suppression of APM without the use of 
insecticides was economically unacceptable and totally inefficient [15]. 400 rope 
dispensers per acre were hand applied by twisting the individual dispenser around a leaf 
or bud stalk. This approach was successful only when it was used in conjunction with 
insecticides and when the population pressure was very low from the beginning of the 
season [6]. The lure cost about $80/A and never became commercially available due to 
lack of market [15]. 
 
The focus of the project shifted to evaluate the effectiveness and economic feasibility of a 
mass trapping technique to control APM. Mass trapping uses a pheromone lure to attract 
APM to a water-oil trap. 4.3 traps were used per acre and renewed at 6 to 8 week 
intervals with fresh water and oil. At low pest pressure levels, APM infestations were 
reduced by 80% at a cost of $72/A [18]. This method is not currently compatible with 
organic culture because of the petroleum-based oil used in the traps. Vegetable oils used 



in previous studies were found to lower the trap efficacy because of their rapid 
deterioration. 
 
A recent development in the pheromone based mating disruption technique utilizes 
machines called puffers, consisting of a timer-activated mechanism for releasing puffs of 
the synthetic pheromone stored in pressurized canisters [20]. A pilot field project was 
launched in 2001 and ran through 2005 on a 65 hectare commercial farm [20]. 
Insecticides were used in the puffer and the conventional fields when APM infestation 
levels indicated a need for such treatment. In the puffer trial areas, only one spray 
application of insecticides was avoided and in another application, the amount of 
insecticide was reduced [20]. Due to the additional cost of the puffer ($264/A), the cost 
of APM control in the puffer trial area was $932/ in comparison to $749/A in the 
conventional fields. Although APM bud infestation was lower in the puffer/insecticide 
area than in the insecticide only area (1% vs. 2%), the grower incurred an overall loss of 
$91/A in the puffer area [20]. 
  
Despite the demonstrable successes toward APM control with nematodes and 
pheromone-based mass trapping and mating disruption, these techniques have not gained 
acceptance among artichoke growers. This is mainly because of the significantly higher 
cost of these techniques and/or they were more labor intensive as compared to the 
conventional chemical control [15]. 
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