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Introduction

This timeline has been created to give a general overview of crop production, worker activities, and key pests in
almonds.  This document is intended to describe the activities and their relationship to pesticide applications that
take place in the orchard throughout the year.  This information will be used in worker risk assessments, and
where risks of concern are identified, in the assessment of pesticide benefits.  The timing of events described may
vary due to such factors as the geography, climate, and weather.  Pesticide use recommendations are current as of
the last update.

Table 2 is a timeline of crop events, which have been divided into three sections to show the duration of crop
stages, the timing of worker activities, and pest activity periods with typical pesticide application timings.  Please
refer to Table 2 to view the relationship between the various crop events that take place in the orchard.  

Crop Production

Almond production in the United States takes place entirely within California, which also leads the world in
production.  In 2000, California produced 710 million pounds of almonds on 500,000 acres, valued at $852
million.  The average orchard size is about 80 acres, with typical orchard size varying between 20 and 400 acres. 
The majority of almond production occurs in the San Joaquin Valley.  The Sacramento Valley is the other main
almond producing region (USDA-NASS, 2001; Connell, 2001; Foundation for Pest Management Plan, 2000, 8;
Crop Profile for Almonds in CA, 1999).

The almond tree, Prunus dulcis, grows to about 40 feet, but is often kept at about 25 to 30 feet in commercial
orchards because shorter trees with more branches are preferred for ease of operations.  Although tree spacing may
vary, mature orchard spacings are typically from 24 by 24 feet to 22 by 20 feet within and between the rows, with
about 75 to 104 trees planted per acre.  Young trees begin bearing fruit when three to four years old, producing full
crops after reaching six to seven years of age.  Almond trees may be productive for over 50 years although most
orchards are removed at about 25 years of age (Almond Production Manual, 1996, 48-49; Rieger, 2001; Markle, et
al., 1998, 25).

Almond trees are dormant from November through January.  Bloom through petal fall occurs from mid-February
through mid-March.  Honeybees pollinate the trees by transferring the pollen among the different cultivars, which
are needed because almonds are not self-fertile.  During post-bloom, which is from April through May, the nuts
grow and develop.  Throughout June the almonds harden. The hull, which is the outer fleshy material covering the
shell of the nut, splits open in July  (Crop Profile for Almonds in CA, 1999; IPM Almonds, 1985, 9-13). 

Crop events, including crop stages, worker activities, pest development, and pesticide applications, may vary in
timing between the northern and southern growing regions due to climatic differences.  The northern region
(Sacramento Valley) receives more rainfall than the southern growing region (San Joaquin Valley).  The northern
region begins receiving rain in October, and may receive about 26 inches by the end of the rainy season, around
May.  The southern region receives rain from December to March, with as little as  6 inches per year in some
areas.  Due to the surface water availability, flood irrigation is more likely to be used in the northern San Joaquin
Valley.  Localized and sprinkler irrigation are more likely to be used in the other growing regions (Connell, 2001).

Worker Activities
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Most activities in the almond orchard are mechanized.  Hand activities that continue to occur are pest management
monitoring, which occurs from February through August and is often conducted by a commercial pest management
company, and pruning, which occurs between October and December, with much taking place soon after harvest. 
Worker activities that were once done by hand labor are now mostly mechanized, including harvesting and
knocking mummies, which is the removal of unharvested nuts that remain on the tree.  Mummy nuts are often
removed from the trees with the same shakers used in harvest, but some hand poling still occurs, especially in
younger trees that may be damaged by shakers.  Some sprayers are closed-cab, with air conditioning and
containing charcoal filters to provide protection to the workers from particles in the air.  Commercial applicators
and large growers are more likely than small growers to have closed-cab tractors.  Harvesting equipment may be
closed-cab but it is not common (Bentley, 2001; Connell, 2001).  

Orchard floor preparation is important for an efficient and successful harvest.  The orchard floor may or may not
be tilled, allowing orchards to have varying amounts of vegetation covering the ground.  Preparing the orchard
floor, beginning before bloom and continuing until just before harvest, consists of mowing as the weeds get 6 to 8
inches high, spraying herbicides as needed, and removing debris before harvest.  Discing and floating, which evens
out the high and low areas in the floor in cultivated orchards, occurs before harvesting.  Some growers may prefer
to perform this operation after harvesting and pruning, allowing the rains that follow to harden the orchard floor. 
In non-tillage orchards with heavy clay or silt loam soils that may become sealed, the soil may need to be disced
every 4 to 5 years to aid in water penetration (Almond Production Manual, 1996, 196-201).  

Mechanical harvesting begins with a shaker, a tractor mounted apparatus that grips and shakes the trunk or limbs,
causing the nuts to fall to the orchard floor.  A mechanical shaker operator can shake between 70 and 150 trees in
an hour.  Occasionally, when economically feasible, the trees will be poled to knock additional nuts off the tree. 
This operation involves little contact with the tree and the person poling stands in the middle of the row, not
directly under the tree.  After the nuts fall to the orchard floor, they are allowed to dry for seven to fourteen days. 
Mechanical sweepers move the nuts into windrows, which are then gathered by a pickup machine.  The
mechanical sweepers and pickup machines both require a driver to sit outside to drive but there is no physical
contact with the trees.  For the sweepers, there is a rotating rake to bring the nuts into windrows, and a blower in
back to blow the nuts from the tree row into the opposite middle. Workers may enter the field to rake any
remaining nuts away from the trees, if there is a good price expected for the crop that year.  For pictures of a
shaker, sweeper, and pickup machine, see the Almond Production Manual, 1996, pages 260 and 261. (Almond
Production Manual, 1996, 260-262, 266; Connell, 2001). 

Irrigation practices influence other management techniques in an orchard and the pests likely to be present. 
Surface irrigation, typically flood and furrow irrigation systems, requires a relatively flat or slightly sloped orchard
floor.  Tillage is more likely to be used in fields with this type of irrigation.  The spread of pests, such as weed
seeds, may occur with surface irrigation.  Sprinkler and localized irrigation systems, such as  micro-sprinkler and
drip, may be used in areas of low water supply or uneven terrain.  Ants may become more of  a problem as the use
of localized irrigation increases because localized irrigation allows unsaturated areas to develop on the orchard
floor.  Many diseases, such as brown rot, almond scab, shot hole, and anthracnose, may be worse in areas with
sprinkler irrigation systems if the water reaches the leaves or nuts.  In most of the state drip, micro-sprinkler, or
sprinkler irrigation systems are more likely to be used, whereas in the northern San Joaquin Valley, flood irrigation
may be used more often because surface water is more readily available (Almond Production Manual, 1996, 41-46;
Bentley, 2001).

Pesticides may be applied from the ground or air.  Ground applications, which are more common, are usually done
with an air blast sprayer.  Typically between 24 and 60 acres can be sprayed in a day, but the number of acres may
vary from this range for several reasons.  Variations in ground speed, coverage, and the number of gallons of
pesticide used per acre will also affect the number of acres that can be sprayed in a day.  Usually about 100 gallons
of solution are applied per acre, with loads of about 500 gallons per sprayer.  In 1999, approximately eight percent
of total pesticide applications were applied aerially.  Aerial applications are useful when there is not full foliage on
the tree, such as in the dormant season, and to apply fungicides early in the spring.  Aerial applications of
insecticides may be used to manage the navel orangeworm since hull-split begins with the upper and outer portions
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of the tree.  Aerial application may be done with a fixed wing airplane or helicopter, but helicopters are used more
often for orchards because they can fly slower, providing better coverage of the trees.  A helicopter can apply
pesticides to 75 to 100 acres per hour, with about 800 to 1000 acres treated per day per helicopter.  A fixed wing
aircraft can treat the same number of acres as a helicopter.  Owners of smaller orchards are more likely to rely on
commercial applicators because their revenues may not support the purchase of expensive equipment.  Pesticide
application in larger orchards, when the necessary equipment are available, are grower- or worker-applied. In
Tulare county, approximately 17 percent of pesticide applications are made by commercial applicators, whereas
about 83 percent of pesticide applications are made by the growers or workers in the orchard.  However, BEAD
cannot assure that these percentages are representative of the entire almond growing region (Connell, 2001;
Compton, 2001; IPM Almonds, 1985, 31-34; Bonds, 2001; Cal-DPR, 1999; Buchner, 2001; Holcomb, 2001).

Pesticides

Pesticides typically applied to almonds during 1999 are listed in Table 1.

Table 1.  Pesticides Typically Used in Almonds, 1999¹.

Herbicides Insecticides Fungicides

  Glyphosate Abamectin Captan

  Oryzalin Bt (Bacillus Copper hydroxide

  Oxyfluorfen Chlorpyrifos Iprodione

  Paraquat Diazinon Maneb

Petroleum distillate Propiconazole

Phosmet Ziram

Source:  USDA Agricultural Chemical Usage, 1999 Fruit and Nut Summary.  July 2000.
¹ 580,000 acres of almonds, including bearing and non-bearing acres, were grown in 1999.

Insects

Peach twig borer (Anarsia lineatella) begins to damage the almond orchard in March.  Peach twig borer feeds on
shoots and nuts.  Nuts damaged by peach twig borer often contribute to later navel orangeworm infestation.  There
are up to four generations of peach twig borer each year.  No cultural controls were indicated for peach twig borer.
Biological controls include natural predators of the peach twig borer and the use of Bacillus thuringiensis (Bt).  Bt,
applied at bloom and late bloom, is used on about 1/4 of the acreage.  During the dormant season, a dormant oil
with an organophosphate may be used to control peach twig borer.  A pyrethroid is sometimes used during the
dormant period.  In addition, the hull-split navel orangeworm spray of organophophates or pyrethroids are also
beneficial against the peach twig borer.  Spinosad, a newer chemical, has shown to be effective for this pest (Crop
Profile for Almonds in CA, 1999; IPM Almonds, 1985, 66-69).

Navel orangeworm (Amyelois transitella) overwinters in mummy nuts and then enters the new crop after hull-split. 
Navel orangeworm larvae may also enter damaged kernels, caused by peach twig borer.  Larvae consume entire
nuts, leaving behind frass and webbing.  Also, fungal aflatoxin production is associated with navel orangeworm
infestation.  Cultural practices available for management for navel orangeworm includes:   managing the peach
twig borer, mummy nut removal, good sanitation (removing extra nuts) around equipment and buildings where
nuts have been handled, and early harvest.  Biological control measures consist of two wasps, Goniozus legneri and
Pentalitomastix (Copidosoma) plethricus, but these alone do not provide adequate navel orangeworm control. 
Bacillus thuringiensis (Bt) is not an effective control method.  Insecticides, typically organophosphates, are often
applied in May, as eggs hatch from the first brood, or in July, at hull-split.  No single control method will
effectively manage navel orangeworm so a combination of cultural practices and insecticides must be used for
adequate control (Crop Profile for Almonds in CA, 1999; IPM Almonds, 1985, 55-62).  
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San Jose scale (Quadraspidiotus perniciosus) is a pest that gradually builds up.  It is active in almond orchards
beginning in May and may damage the trees through mid-November.  San Jose scale cause branches to die,
decreasing nut production, and may even kill the tree.  There are two beetles and two parasitic wasps available that
help to biologically control San Jose scale.  Culturally, growers minimize dust in the orchard because dust can
interfere with the parasites.  When chemical control is necessary, a dormant spray is made or a spring spray may
be applied in May.  A separate spray from the navel orangeworm and peach twig borer spray is needed in the
spring (Crop Profile for Almonds in CA, 1999; IPM Almonds, 1985, 70-73).

Mites may cause defoliation, due to sucking the cell contents out of the leaves, and will cause future yield losses, by
reducing the vigor of the trees, if not properly managed.  The webspinning mites that affect almonds are the Pacific
spider mite (Tetranychus pacificus), the twospotted spider mite (Tetranychus urticae), and the strawberry spider
mite (Tetranychus turkestani).  Other mites include European red mites (Panonychus ulmi), citrus red mites
(Panonychus citri), and brown almond mites (Bryobia rubioculus).   Cultural controls for mite management
consist of making sure trees receive plenty of water and having ground cover to reduce dust in the orchard, which
interferes with mite predators.  Mites are often well managed by predators, such as Western orchard predator mite,
Galandromus occidentalis.  A miticide may be applied as necessary for the webspinning mites, but the other mites
usually do not need a chemical treatment (Crop Profile for Almonds in CA, 1999; IPM Almonds, 1985, 74-83).

Ants, specifically the pavement ant (Tetramerium caespitum) and the Southern fire ant (Solenopsis xyloni),
damage almonds drying on the ground during harvest by consuming the kernel.  Ant populations may be larger in
areas with drip and micro-sprinkler irrigation.  Ant damage can be reduced by gathering the nuts off the ground as
soon as possible after shaking.  Although the hull-split spray for navel orangeworm also reduces ants, occasionally
a granular insecticide may need to be applied between May and July (Crop Profile for Almonds in CA, 1999; IPM
Almonds, 1985, 83-85).

Diseases

Brown rot (caused by Monilinia laxa) occurs during bloom.  Overwintering fungal spores infect blossoms.  The
infected blossoms may be killed and the disease may spread to twigs, which may also die.  Growers may use
cultivars less sensitive to the disease, space trees for air movement, irrigate at low angles, and refrain from
sprinkler irrigation during bloom.  Iprodione is typically used for brown rot management during bloom and after
petal fall.  Benomyl has been used for brown rot control but is in the process of being withdrawn.  New chemical
alternatives are becoming available and can be effective (Crop Profile for Almonds in CA, 1999; IPM Almonds,
1985, 108-109).

Anthracnose (caused by Colletotrichum acutatum) occurs beginning after petal fall and may last throughout the
season.  Anthracnose may infect leaves, causing lesions.  Blossom infections cause blight of the blossom, and fruit
develop lesions from the fungal infections.  Anthracnose causes fruit death, resulting in mummy nuts, and
produces toxins that kill twigs and branches.  Cultural controls consist of removing mummy nuts and dead wood,
and low-angle irrigation may lessen the disease.  Fungicides may need to be sprayed every two weeks under wet
conditions  (Crop Profile for Almonds in CA, 1999).

Phytophthora crown and root rot (caused by Phytophthora spp.) occurs during cool, wet conditions, and can infect
the tree without wounds or openings, as long as the conditions are favorable.  Phytophthora rot causes
decomposition of the roots and results in tree death.  Water management and use of a less susceptible rootstock is
important.  Almost no acreage is treated chemically, although there are fungicides registered to treat the disease
(IPM Almonds, 1985, 94-97).  

Almond scab (caused by Fusicladium (Cladosporium) carpophilum) occurs from March through July, with rain
and high angle sprinkler irrigation encouraging its growth.  Scab overwinters in twig  lesions formed the previous
year.  This disease causes defoliation, which can weaken the tree and lead to yield loss.  The shot hole chemical
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treatment, described in the next paragraph, will also manage almond scab development.  No other control
measures were indicated (IPM Almonds, 1985, 113-114).

Shot hole (caused by Wilsonmyces carpophilus) occurs in warm, wet springs.  Shot hole, a fungus, damages young
leaves and fruit, causes defoliation and fruit drop, which leads to yield losses.  The disease overwinters as spores on
the tree.  Sprinkler irrigation and spring rain exacerbate the disease.  Reducing sprinkler irrigation may help
manage the disease.  One sprays of a contact fungicide timed as soon as leaf lesions produce spores in mid-spring
is effective in managing shot hole (Crop Profile for Almonds in CA, 2001; IPM Almonds, 1985, 111-112).

Weeds

Weeds may aggravate insect pest and disease problems, and compete with the trees for nutrients and water.  In
October or November after the first rains occur, winter annual weeds begin to grow.  In the spring, the weeds
flower and set seed.  By May, summer annuals begin to germinate, and must be managed so that they do not
interfere with harvest.

Weed management practices most often consist of mowing between the tree rows several times a year.  Mowing is
needed several times in the spring.  Mowing is also necessary before bloom to encourage honey bee pollination of
the trees rather than the weeds.  Herbicides are also used to manage weeds in the orchard.  A pre-emergence or a
translocated herbicide is applied between November and January in the tree rows for strip weed control, with
mowing being done between the tree rows.  

Glyphosate is frequently used, sometimes more than once during the season.  An application may be made in the
spring at a low rate in a process called chemical mowing.  However, this process has been less frequently used in
the past couple of years, at least partly due to weed shifts.  Typically, an herbicide, often glyphosate, is used in late
July to prepare the orchard floor for harvest.  A final mowing is also used to prepare the orchard floor.  Tillage is
rarely used, due to the damage to tree roots and other negative impacts.  However, in the northern San Joaquin
Valley, tillage may accompany flood irrigation (Crop Profile for Almonds in CA, 1999; Bentley, 2001; IPM
Almonds, 1985, 134-141; Connell, 2001).

Vertebrate Pests

Ground squirrels can cause major damage to the almond orchard.  Ground squirrels are active in the spring, early
summer and in the fall, with inactive periods during the summer and winter.  Young squirrels may remain active
throughout the year.  Ground squirrels cause damage by feeding on buds, blossoms, and nuts, gnawing on bark and
irrigation lines, girdling the tree, and by creating burrows that interfere with orchard operations, such as irrigation,
mowing, and harvest.  Monitoring for ground squirrels is usually done incidentally during other orchard operations
but should occur about once a month.  Flood irrigation may help keep squirrels from burrowing in the orchard and
thus keep populations at lower levels in the orchard, although the squirrels may simply move to nearby areas. 
Trapping and removal of vegetation are not effective cultural controls.  Bait traps and fumigation may be used in
late winter to early summer.  An anticoagulant or strychnine is typically used in toxic bait.  No biological controls
were identified (IPM Almonds, 1985, 36-42; Crop Profile for Almonds in CA, 1999).

Pocket Gophers are active all year but are most active in late winter and spring when the soil is moist.  Gophers
burrow underground, and cause damage to the orchard by girdling tree roots or crowns about six inches below the
soil surface, which results in the death of the tree.  Flood irrigation may help keep gophers at more manageable
levels.  Other methods of cultural control are trapping and removing vegetation.  Repellents, both mechanical and
chemical, are ineffective control methods.  During fumigation, pocket gophers can seal the tunnels from the gas,
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making toxic bait the best chemical control method.  Aluminum phosphide is the only effective fumigant, but it is
time consuming and requires multiple treatments.  Typically strychnine bait applied in underground burrows is
used to control pocket gophers.  Anticoagulants may also be used.  No biological controls were identified (IPM
Almonds, 1985, 43-45; Crop Profile for Almonds in CA, 1999).

Birds, typically crows, scrub jays, or yellow-billed magpies, can cause considerable damage to almonds by
consuming nuts or removing the nuts for storage.  Birds are beneficial in the winter because they remove many of
the mummy nuts remaining in the orchard.  To manage the birds, two methods may be used.  Shooting, which may
require a permit from the U.S. Fish and Wildlife Service, is effective for scrub jays and crows, but is not as
effective for magpies.  Frightening is a technique that may be effective for all birds for a short time but the birds
quickly become accustomed to the sounds.  Various sounds are available for use, such as alarms, shell crackers,
and automatic gun exploders, and typically a varying combination of sounds is the most effective.  No other control
methods were identified (IPM Almonds, 1985, 42-43).

Post Harvest

Several pests can damage almonds after harvest, such as peach twig borer, navel orangeworm, and ants. 
Fumigation is used to control these pests and control is required for many export markets.  Almonds are fumigated
with phosphine gas, with methyl bromide as the only alternative.  Research to find replacements for methyl
bromide is currently underway (Crop Profile for Almonds in CA, 1999).
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Table 2.  General Timeline of Crop Stages, Worker Activities, and Key Pests in Almonds in California.¹

Jan Feb March April May June July August Sept Oct Nov Dec

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Crop Stage

Dormant / Delayed Dormant

Bloom - Petal Fall

Post-Bloom

Shell Hardening

Hull-Split

Worker Activities

Monitoring

Monitor Weeds

Mowing/Orchard Floor Prep.

Irrigation

Place Insect Traps

Harvest

Pruning

Knock Mummies



Jan Feb March April May June July August Sept Oct Nov Dec

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
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Insect Pests

Navel Orangeworm

Peach Twig Borer

San Jose Scale

Mites

 
Ants

Typical insecticide app.

Diseases

Brown rot

Anthracnose

Phytophthora crown, root rot

Almond scab

Shot hole

Typical fungicide app.²

Weeds

There are no specific target
weeds for this crop.

Typical herbicide app.³



Jan Feb March April May June July August Sept Oct Nov Dec

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

10

Vertebrate Pests

Ground squirrels

Pocket gophers

Birds

Typical rodenticide app.

¹  The horizontal bars represent the usual range of time when the events occur for the entire crop.  These times are variable depending on variability in geography, climate, and
weather. 
²  Additional fungicide applications may need to be applied every two weeks under wet conditions.
³  Post-emergent spot sprays are not represented, and may need to be applied intermittently during the season. 


