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Key Points 
 

• In the 1970s, the navel orangeworm lowered the value of the almond crop by 10% 
• Parasites are not sufficiently effective by themselves to control the navel 

orangeworm 
• Peach twig borer damaged 20% of the almond crop prior to the use of insecticides 
• Organic almond growers manage insects by spraying Bt, spinosad, oils, and boric 

acid 
 
Technical Summary 
 
California growers produce 1.l billion pounds of almonds with an annual value of $2.0 
billion from 585,000 acres. California produces about 67% of the world’s almonds. 
Approximately 85 % of California’ almond acres are treated with insecticides. The 
standard insecticide spray program for almonds is estimated at $118/A including 
application costs which represents about 4% of the cost of producing almonds [9]. 
Generally, growers aim for insect damage levels of less than 2% [4]. 
 
High almond yields in California are dependent on the use of insecticides to prevent crop 
losses by insect and mite pests [29]. The major insect and mite species attacking almond 
in California are: navel orangeworm, peach twig borer, San Jose scale, ants and two-
spotted spider mites. These pests are present in all almond-growing areas of the state and 
occur at damaging levels most seasons [29]. 
 
In 1968 worm pests (navel orangeworm and peach twig borer)were estimated to have 
damaged 3.2 million pounds of almonds. At that time, there was no economically feasible 
spray program for navel orangeworm [8]. 
 
Insecticide use increased dramatically after the registration of azinphos methyl and 
carbaryl for navel orangeworm control in 1976. Approximately 21% of the acres had 
been treated for peach twig borer in the period 1974-1976. Percent of almond acres 
treated peaked at 92% in 1981 and averaged about 77% for the period 1979-1981[1]. 
Percent of acres treated averaged 53% in the period 1982 through 1984.  
 
With three years of trials in the 1970s, it was demonstrated that orchard sanitation 
(removing mummy nuts) plus a dormant spray of an organophosphate insecticide and oil 
followed by either a spring or hullsplit spray could reduce combined navel orangeworm 
and peach twig borer damage by as much as 90% [7]. 
 
Organic almond growers typically make a dormant oil application to control San Jose 
scale and mites. In late March, Bt is applied to control peach twig borer. Mites are 
managed with two in-season oil sprays. In July, at the beginning of hull split, Entrust 
(spinosad) is applied to control navel orangeworm. Ants are controlled on the berms with 
boric acid applications in May and July [12]. The total cost of the organic insecticide 
applications is $307/A [12]. 
 



Navel Orangeworm 
 
The principal insect pest of almonds is the navel orangeworm (NOW) which is found in 
most almond growing areas of California. Navel orangeworms overwinter as larvae and 
feed in mature nuts, called mummies, which remain in the trees after harvest. 80% of the 
mummies can be infested with NOW [19].  One mummy can provide enough food for 12 
worms. One mummy with 12 worms could produce 24,000 NOW by the third generation. 
Each tree can have 50-100 mummies. Growers with an average of one mummy nut per 
tree who do not spray can expect 2% rejects at harvest [19][25][26]. 
 
Adult moths emerge in the spring and lay the first generation of eggs on mummy nuts in 
the orchard. The second generation also develops on mummies or on damaged nuts of the 
new crop. The navel orangeworm is primarily a scavenger that feeds on damaged, 
decaying or mummified fruit. It becomes a pest of almonds at hullsplit because the larvae 
cannot enter a sound nut until the hull has split. At hullsplit, navel orangeworm egg 
laying changes from mummy nuts to the new crop. Eggs are layed within the openings, 
on the inside of the hull and on the exposed shell. Infestations may reach as high as 30 to 
50% of the almond crop [5]. Larvae hatching from the eggs feed directly on the kernel 
and devour the nutmeat [1].  Nuts infested in July are often completely consumed by one 
or more larvae by harvest time. Navel orangeworm larvae produce a great quantity of 
frass and webbing. Female moths lay an average of about 85 eggs.  
 
The navel orangeworm is a native of the southwestern U.S. and Mexico, and was 
reported from Arizona in 1899. In 1921, it was found infesting injured and rotting navel 
oranges in Arizona, hence the origin of its common name [3]. The first collection of 
navel orangeworm in California was reported in 1942 [3]. In the U.S., NOW is 
distributed across the South from California to the East Coast, and as far north as North 
Carolina. However, it has become an economic problem only in California. 
 
Navel orangeworms have been present in California almond orchards since at least 1947 
[1]. By 1953, damages of 40% of soft-shell almonds were being reported during late 
summer in central California [18]. The navel orangeworm affects the quality and value of 
the crop. Worm-infested nuts are culled, and if too high a percentage is delivered with 
worm damage, the entire load is downgraded. Growers are charged sorting costs by 
processors to remove insect damaged nuts. 
 
Two cultural practices- removal of mummy nuts in fall or winter and rapid early harvest 
have been shown to provide control of NOW. Early harvest can beat the second flight of 
NOW. Thirty percent damage is not uncommon in late-harvested orchards [29]. 
 
The navel orangeworm became a more important pest of almonds in the 1960s. At about 
this time, the harvest of almonds was undergoing a rapid change moving away from 
knocking the nuts from the trees with mallets and poles to mechanical shaking which left 
more nuts on the trees as mummies during the winter. Since the use of trunk shakers 
shortened the duration of harvest significantly, the beginning of harvest was delayed as 
growers waited for hullsplit to occur uniformly throughout the orchard. Although 



research in the 1950s had shown that early harvest could help control NOW, few growers 
harvested early [1]. 
 
Early harvested nuts take longer to dry on the orchard floor than late-harvested nuts 
which makes effective ant control a greater concern [24]. 
 
Some growers have difficulty in performing winter removal of mummies because of 
unfavorable winter weather, shortage of equipment or large areas to cover during optimal 
weather [22]. In addition, intense orchard sanitation increases the demand for labor with 
twice as much spent on labor than conventional production [23]. Access of shakers into 
orchards for mummy removal can be limited in the north due to wet soils.  
 
Even if winter mummy removal is practiced in an orchard, navel orangeworm moths may 
migrate in from nearby infested trees [26]. When neighboring orchards provide a source 
of NOW, insecticide treatments are recommended. 
 
Surveys show that 70% of large almond growers and 50% of small growers practice 
winter mummy removal while 60% of large growers and 40% of small growers practice 
early harvest [17]. 
 
By 1967, 2% of the almond crop was rejected due to NOW damage; 10 years later the 
rejection rate had risen to 6%; the following year, in 1978 the figure was 10% [30]. 
 
In the early 1970s it was estimated that the navel orangeworm lowered the value of the 
almond crop by 10% ($12 million per year) partly because of the weight loss of the 
almonds but also because hand labor was used to remove damaged nuts [6]. The use of 
insecticides is timed to coincide with the initial splitting of the almond hulls (hullsplit) 
which characteristically occurs in early July. 
 
Biological control agents are established in many areas but are not effective, by 
themselves, in controlling NOW [11]. 
 
Between 1963 and 1986, 14 species of natural enemies were imported into California as 
part of a biological control program targeting NOW [7]. An extensive exploration in 
Mexico—where the navel orangeworm is of no economic importance—led to the 
importation of several natural enemies. One of these Copidosomopsis plethorica was 
mass-reared and approximately 240 million adults were released in the Central Valley in 
the 1970s and became well-established [30]. There is a lack of synchrony between the 
parasitoid and its host, for the parasitoid does not emerge in the spring until several 
weeks after the pest’s first egglaying peak. As a result, the moth’s summer populations 
can reach levels that cause economic damage to the current year’s crop [30]. 
 
Of the introductions from the Old World, the Israeli Phanerotoma flavitestacea was 
successfully mass-reared and released and became established in several almond growing 
areas, parasitizing up to 25%of the larvae. Although the wasp overwintered successfully 
and persisted for several years, it has not been recovered since 1976 [30]. 



 
Researchers have found that in some years trichogramma wasps have parasitized 25 to 
35% of the NOW eggs in late spring and early summer. When they made augmentative 
releases during these months, the parasitism increased, but there was no significant 
decrease in crop damage [30].  

 
A parasitoid from Latin America, Goniozus legneri was imported and released in the 
Central Valley. It became established and parasitizes up to 40% of NOW larvae. 
One discouraging aspect of the high parasitism rate is a correlation between high 
parasitism and high nut infestation levels. In other words, the percent parasitism is 
highest in orchards that also have a high incidence of infested nuts (which probably led to 
higher numbers of Goniozus).G. legneri crawls up the back of a NOW and stings it at the 
base of its head injecting a toxic venom which paralyzes the insect. The heart of the 
caterpillar continues to beat and blood continues to flow through its body. The female 
wasp lays eggs on the incapacitated caterpillar. The parasitoid eggs hatch and the larvae 
attach themselves to the NOW caterpillar and begin to feed, consuming the entire 
caterpillar [16]. 
 
Goniozus does not overwinter as well as the NOW and parasite numbers drop each 
winter. The parasite was imported from regions in South America where winter 
temperatures are warmer than in California’s Central Valley. The Goniozus larvae do not 
survive at colder temperatures. Results also show that the parasite is subject to significant 
mortality from predation [7]. Goniozus were released at three orchards in a recent 
experiment but were found at only one site at harvest. The parasitism rate at the site was 
3.5% [15]. The practice of removing mummies during the winter is counterproductive to 
the success of the parasitoids since it removes overwintering food supply [17]. Although 
parasites of NOW are well-established in the Central Valley, they do not exert enough 
control to bring damage levels below the economically significant threshold [30].   
 
Peach Twig Borer 
 
Originally from Europe, the peach twig borer (PTB) was first reported as a pest in 
California in the 1880’s. Until the arrival of the navel orangeworm in the 1940s, peach 
twig borer was the insect which caused the most field damage to almond nutmeats. 
California Almond Exchange records back to 1933 show many years with heavy 
infestations of peach twig borer, with some samples having up to 71% of the meats 
damaged [3]. Peach twig borer damaged 10-29% of the almond crop in the 12-year 
period prior to 1948 [2].  
 
Peach twig borer is a major pest of almonds in most California production areas, but 
especially in the northern regions. Peach twig borer larvae overwinter in small cells 
(hibernaculae) they excavate in the crotches of 2- to 3-year old tree limbs. The presence 
of hibernaculae can be determined by observing the small chimneys of frass and sawdust 
constructed on the bark by feeding larvae. In spring, larvae leave the hibernaculae and 
enter the tips of branches and blooms which results in reduced vigor and disorganized 
growth that may necessitate additional pruning. The major period of crop infestation is 



during and after hullsplit when twig borer larvae enter the kernel and feed on nutmeats. 
Peach twig borer larvae can also damage trees directly by boring into the tips of branches 
causing them to die [1]. PTB frass attracts NOW females for egglaying on the same nuts. 
Females have been observed to lay over 100 eggs each. Peach twig borer damage is a 
typical pattern of surface feeding with very shallow channels, little frass and no webbing. 
The PTB feed on the margins, ends and sides of almonds which disfigures and blemishes 
the skin covering the meat. 
 
As methods of grading and standards of almonds were modified, the relative importance 
of the PTB increased in soft-shell varieties [2]. After a federal tolerance of 5% on “bad 
meats” was established, shelling operations indicated that 90% or more of the annual 
supply of bad meats was caused by PTB [2]. Following yearly increasing losses of 
almonds from 1933-1936, the California Almond Growers Exchange requested 
recommendations for PTB control from the University of California which led to control  
experiments 1937-1946. 
 
Dormant treatments and in-season insecticides were adopted for peach twig borer control. 
Sprays of lead arsenate were routinely applied and reduced PTB damage by 50-80% [19]. 
DDT reduced PTB damage by more than 90% [2]. Research in the 1950s demonstrated 
that applications of parathion reduced peach twig borer damage to zero [13]. Dormant 
season treatments consisting of oil and parathion were applied for control of PTB [1]. 
 
Peach twig borer has about 30 species of natural enemies. In some years and orchards, 
these natural enemies destroy a significant portion of larvae, but they may not reduce 
twig borer populations below economically damaging levels [28].  A continuous record 
of parasitism in an unsprayed almond orchard from 1940 to 1947 revealed an average 
PTB mortality of 33% [2]. 
 
San Jose Scale 
 
San Jose Scale does not damage the nutmeats, but instead feeds on the tree causing an 
overall decline in vigor, growth and productivity. Severe infestations can kill young trees, 
and twigs and small branches of older trees [1]. Heavy populations may reduce 
production by as much as 10% if left uncontrolled [11]. 
 
Two predacious beetles often occur in large numbers and can keep low to moderate scale 
populations in check [29]. 
 
Two-Spotted Spider Mites 
 
The two-spotted spider mite and the Pacific spider mite are considered primary pests of 
almonds and are important in all production regions. Mites cause damage by sucking cell 
contents from leaves. High populations of mites can defoliate trees and reduce the 
following season’s growth and yield [1]. Crop reduction can approach 20% [10]. 
 



These mites thrive in the hot, dry climate of the Central Valley. Almonds suffer more 
severe infestations of pest mites than do other deciduous fruit trees. UC Cooperative 
Extension personnel estimate that 80% of the almond acres have spider mite problems 
requiring intervention [31]. A conservative assumption that there is one spider mite on 
each leaf over a season and that each almond tree has about half a million leaves suggests 
that an almond orchard with 70 trees per acre may conservatively have 35 million spider 
mites per acre over a season [33]. 
 
The overwintering female mites are found under almond bark, in ground litter and on 
winter weeds. In springtime, warm weather causes the females to become active and start 
to move up the trees. Mites reproduce rapidly in warm weather and can develop within 7 
days with 8 to 10 generations per season. Once webspinning mites build up large enough 
populations to cause defoliation, they crawl to the top of the tree to lift off and float to 
other food sites. 
 
The mite management program integrates chemical and biological control of spider mites 
combining use of lower-than-label rates of selective acaracides and releases of predatory 
mites. 
 
The western predatory mite (Galendromus occidentalis) is the most reliable mite 
predator. Occidentalis, native to the Valley, feeds only on spider mites. This predator 
maintains good control unless the proportion of leaves with spider mites is higher than 
the proportion with predatory mites. When predatory mites are present but are not 
controlling the spider mites, a lower than label rate of a selective miticide may be applied 
to create a more balanced ratio [32]. Commercially available western predatory mites can 
be released to establish or augment resident populations. Organophosphate-resistant 
predator mites are available. 
 
Mites are chronic problems for almond growers in some areas of the state-even when 
predatory mites are present because of conditions such as dust from roadsides and 
frequent cultivation or water-stress which is favorable for mite population development. 
In years of high temperatures, mite populations explode due to water-stressed trees and 
dusty roads [27]. 
 
Ants 
 
In the early 1980s, it became apparent that there were increasing problems with ant 
damage of commercial almonds which could exceed 2%.Ants have evolved into major 
almond pests, often causing more serious damage than NOW and PTB[34]. Although 
there are at least seven ant species in almond orchards, only two species cause most of 
the damage to almond kernels: the southern fire ant and the pavement ant. Ants have 
caused considerable damage to almond crops ever since growers adopted more efficient 
water management practices. The ants build their nests close to the driplines. The use of 
low volume irrigation, either by drip or microsprinkler, has allowed ants to colonize 
much larger portions of orchard floors leading to larger ant populations. In addition, less 
tillage, with consequent increase in the native annual vegetation and planted cover crops, 



provides an abundant food source of seeds to maintain high ant populations. Damage is 
less in weed-free orchards and those without cover crops.  
 
Ants cause damage primarily after the almonds are shaken from the trees. As the nuts lay 
on the ground, ants enter the shell and feed on the nutmeats inside. Damage to the nuts 
can range from small nicks and holes, which downgrade the crop, to removal of the entire 
nut meat which reduces crop size. Damage to nutmeats can reach 50% [14]. Ants are 
controlled with insecticides applied as baits which are taken back to the nest weakening 
the entire colony. The baits hold down the ant population for 10-12 weeks reducing 
foraging ant populations by 98%.Bait treatments reduced culled almonds due to ant 
damage from 50% to zero [20]. 
 
Organic growers use boric acid for ant control. Boric acid is less selective than 
commercial baits [34]. One-half pound of boric acid per acre reduced the number of ants 
by 40% [21]. 
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