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Introduction

This timeline has been created to give a general overview of crop production, worker activities, and key pests in
pistachios.  The timeline is intended to describe the activities and their relationship to pesticide applications which
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 information is 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.  The
horizontal bars in the timeline indicate the common timing of crop events for the entire growing region.  Please
refer to Table 2 to view the relationship between the various crop events that take place in the orchard.  

Crop Production

California produces nearly all of the pistachios grown in the United States and is a major world producer.
California’s climate of cool, rainy winters followed by hot, dry summers is well suited to pistachio production.  In
1998, California produced 187.5 million pounds of pistachios with a value over $193.6 million on 68,000 bearing
acres.  In 2000, California had 75,000 bearing acres and 21,000 non-bearing acres (USDA-NASS, 2001; Crop
Profile for Pistachios in CA, 1999).

Pistachios, Pistacia vera L., are grown primarily in the Central Valley of California.  Pistachio operations may
range in size from less than 1 acre to 10,000 acres.  However, pistachio orchards are typically managed in 20 to
160 acre units, a size which is more manageable for operations such as pest scouting and pesticide applications,
irrigation, and harvesting.  The trees grow to about 20 to 25 feet with a single trunk.  Trees are usually spaced with
20 to 22 feet between rows and 15 to 18 feet between the trees.  This spacing allows for 110 to 145 trees to be
planted per acre with a statewide average of about 135 trees per acre.  The fruit is a drupe although unlike most
drupes the nut, or seed, is eaten.  Once established, pistachios can be productive for centuries if conditions are
favorable.  However, the California orchard life expectancy is estimated at about 50 to 80 years, when the trees
become too massive to shake harvest efficiently (Pistachio Facts, 1997; Pistachio Production, 1995, 36-37; Klein,
2001).

Pistachio production begins by growing the rootstock trees in pots for fifteen months in a nursery.  After
transplanting the rootstocks, the scion cultivar (Kerman) is grafted to the rootstock in the field.  Both male and
female trees are needed in the orchard for pollination, with ratios of 1:14 to 1:25 male to female trees.  Pistachio
trees will produce some nuts after about five to six years but will not become profitable until seven or eight years
old.  Peak yields are obtained from trees that are ten to twenty years old.  Pistachio trees are alternate bearing,
meaning the crop production tends to alternate between high and low yields from year to year.  In 2000 the total
production was 243 million pounds whereas in 2001 approximately 160 million pounds of pistachios were
harvested  (Pistachio Facts, 1997; Crop Profile for Pistachios in CA, 1999).

Pistachio trees are dormant from November until about March.  In March, bud swell occurs, with bloom following
in early April.  Pistachio trees are wind pollinated, so that male trees, or pollinizers, must be planted throughout
the orchard so that pollination can occur.  Shell expansion occurs in the hull during mid April to May.  The hull is
the outer fleshy material covering the shell of the nut.  Following shell expansion is shell hardening in June.  The



2

pistachio nuts develop in July and the shell splits after nut-fill, beginning near the end of July or early August. 
Although the term hull-split may be used by growers, they are actually referring to shell-split, which occurs with
the hull intact.  The nuts ripen beginning in late August through September.  A reddish color forms on the hull
during ripening, and the nut is ripe when the hull slips from the shell with gentle pressure (Crop Profile for
Pistachios in CA, 1999; Pistachio Production, 1995, 8, 37, 106; Ludwig, 2001). 

Crop events, including crop stages, worker activities, pest development, and pesticide applications, may vary in
timing from the northern and southern growing regions due to climatic differences.  The Sacramento Valley in the
north receives more rainfall than the southern San Joaquin Valley.  The northern region receives rain from October
through May while the southern parts of the San Joaquin Valley receive rain from November until March.  Total
rainfall varies across the state, with an average of 26 inches in Redding (in the north), 18 inches in Sacramento,
and 6 inches in Bakersfield, which is in the southern area of the Central Valley (Klein, 2001; Ludwig, 2001).

Worker Activities

Irrigation occurs from April through October.  Drip and micro-sprinkler irrigation, considered low-volume
irrigation, are used in 90 to 95% of the pistachio orchards.   Low-volume irrigation methods release water in
smaller quantities and allows the grower to exert more control over the amount of water that reaches the plants
than sprinkler or flood irrigation.  Low-volume irrigation releases water near the soil surface and may be used in
areas of low water supply or uneven terrain.  This type of irrigation saves water and costs   (Crop Profile for
Pistachios in CA, 1999; Ludwig, 2001; Pistachio Production, 1995, 26-35).

Orchard floor management is less of an issue than in other nut crops because the pistachios do not fall to the
orchard floor during harvest.  However, orchard floor management is important in weed control and to allow the
use of equipment in the orchard, and may be influenced by the irrigation system.  Weed control in a typical low-
volume irrigation system orchard consists of herbicide applications in the tree row and tillage or mowing on the
remaining floor.  Tillage is frequently used for weed management when flood or furrow irrigation systems are in
place.  Equipment can generally enter a mowed field earlier than a tilled field if conditions are wet, due to
vegetation remaining on the orchard floor.  Allowing vegetation to remain on the orchard floor may host beneficial
insect species or may increase the chance of fungal infections.  Tillage often has negative impacts on the soil
structure and may cause increased erosion (Pistachio Production, 1995, 38-40).

Harvest occurs from September to October.  Three pieces of equipment are used to harvest pistachios.  A shaker,
with a catching frame for one side of the tree, is used to dislodge the nuts from the tree.  A second half of the
catching frame is used to capture nuts on the other side of the tree.  This unit also has attached conveyors to move
the nuts into bulk loaders or bins.  The third piece of equipment follows with the bulk loaders or bins.  A person is
needed to drive each piece of equipment.  The nuts are immediately taken from the orchard to the processing
facility for hull removal and drying.  In mechanical harvesting systems, operators can harvest about one acre of
pistachio trees in an hour.  Usually more than one harvester is used in an orchard.  In young orchards, with trees
up to six years old, the nuts are hand harvested because the younger trees may be damaged by shaking.  The nuts
are knocked from the tree with mallets or bamboo poles onto tarps on the ground (Pistachio Production, 1995, 110-
111; Ludwig, 2001). 

Pest damage or immaturity at harvest may cause nuts to remain on the tree after harvest.  These nuts are called
mummy nuts.  Removal of these nuts is important in navel orangeworm management.  Mummy nut removal occurs
in the dormant season, well after harvest, to allow greater maturity and ease of removal.  Trees are mechanically
shaken, but unlike harvest, the nuts are allowed to fall to the ground.  If conditions are appropriate, the nuts are
allowed to naturally rot.  If not, then the nuts must be destroyed.  Mummy nut removal may be delayed if it is too
wet for the machinery to get into the orchard (Ludwig, 2001).

The majority of pruning occurs during the dormant winter months for all trees, but some pruning occurs during the
summer for young trees being trained and for diseased or other undesirable branches in mature trees.  Pruning



    3

removes broken limbs and diseased branches, generates new fruiting wood, and maintains tree size.  Pole pruners,
saws mounted on poles, are used when hand pruning trees in the orchard.  Hand pruning allows for specific
branches to be selected for removal.  Machines are being used more frequently for pruning applications in pistachio
orchards.  The branches are cut with hedging or topping equipment, which consists of circulars saws set at specific
intervals on the equipment, in a process that is fast and inexpensive, but non-selective.  The branches are then
raked into piles with tractor mounted rakes.  In the spring, the branches are burned.  There is no worker contact
with branches with this type of mechanical pruning.  Although machines are being used more often for pruning,
hand pruning continues to be used because it allows individual branches to be selected, which is especially
important for the removal of isolated dead or diseased branches (Pistachio Production, 1995, 57-62, 121; Ludwig,
2001; Klein, 2001).

Air blast ground sprayers are used to apply ground applications of insecticides and fungicides in the orchard. 
Typically between 30 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.  If conditions are unfavorable to vehicles in the orchard, aerial
applications may be used.  Some growers may apply aerially because the nuts may be more easily knocked off the
tree by ground equipment.  Aerial application, although faster than ground sprays, does not provide thorough
coverage of trees with foliage and is not a common practice.  Approximately 5 percent or less of total pesticide
applications are made aerially.  Weeds are sprayed with herbicides with a ground boom sprayer.  In Tulare county,
approximately 31 percent of pesticide applications are made by commercial applicators, and about 69 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 pistachio growing region  (Crop Profile for Pistachios in CA,
1999; Bonds, 2001; Klein, 2001; Cal-DPR, 1999; Holcomb, 2001).  

Pesticides

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

Table 1.  Pesticides Typically Used in Pistachios in California, 1999¹.

Herbicides Insecticides Fungicides

  Glyphosate Azinphos-methyl Azoxystrobin

  Oryzalin Bacillus thuringiensis (Bt) Benomyl²

  Oxyfluorfen Carbaryl Sulfur

  Paraquat Permethrin Tebuconazole

Phosmet
Source:  USDA Agricultural Chemical Usage, 1999 Fruit and Nut Summary.  July 2000.
¹ 91,000 acres of pistachios, including bearing and non-bearing acres, were grown in 1999.
² The use of benomyl was cancelled in 2001.  Only existing stocks available.

Insects 

Navel orangeworm (Amyelois transitella) becomes a problem after nut fill and, due to timing, may travel into
pistachio orchards from almond orchards after the almond crop has been harvested.  Navel orangeworm enters
damaged or weakened hulls to access the nut.  The larvae consume the nut, leaving behind frass and webbing,
resulting in crop losses.  Damage by this insect can also lead to mold growth that results in aflatoxin
contamination, making the pistachios unmarketable.  Removing mummy nuts and managing pests, such as citrus
flat mite and Botryosphaeria blight, that increase the number of mummy nuts are important in managing this
disease.  There are two parasitic wasps of navel orangeworm but neither control the pest to a significant extent. 
Pyrethroids and organophosphates are often applied to control this pest. Carbaryl, a carbamate insecticide, may
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also be used against the navel orangeworm (Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines:
Pistachios, 2000).

Oblique-banded leafroller (Choristoneura rosaceana) occurs from late April until about August and causes
defoliation and stem damage.  Field observations have indicated higher navel orangeworm populations when
oblique-banded leafroller infests pistachios.  Bacillus thuringiensis (Bt) is used to manage oblique-banded
leafroller, but may need to be applied more than once to be effective.  Pyrethroids or organophosphates are typically
used, and are applied in May and between July and August to manage this insect.  Some reduced risk pesticides
may provide adequate oblique-banded leafroller control (Crop Profile for Pistachios in CA, 1999; UC IPM
Guidelines: Pistachios, 2000; Klein, 2001).

Citrus flat mite (Brevipalpus lewisi) causes damage during the summer, with most of the activity occurring from
June until August.  The citrus flat mite causes damage to the nuts and stems, and may also cause the nuts to remain
on the tree, giving the navel orangeworm a place to overwinter.  Citrus flat mite has predators but they may not
control the population adequately to sufficiently reduce damage from the pest.  Sulfur can be applied once during
the season if needed (Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines: Pistachios, 2000).

Plant bugs, such as leaffooted plant bugs (Leptoglossus clypealis and L. occidentalis), Western tarnished plant bug
(Lygus hesperus), and Phytocoris relativus may attack pistachios.  Plant bugs feed on other plant material in the
orchard and move to pistachios when these plants dry out.  Plant bugs damage the nut and may even result in the
nut to drop from the tree.  The wounds left by the plant bugs allow entry to the fungus that causes Botryosphaeria
panicle and shoot blight.  Management of the type and amount of plant material in the orchard may help to control
some species.  Some species of plant bugs have natural enemies that will keep the pest population low, however,
because plant bugs are migratory, it has been difficult to monitor.  Plant bugs can be treated with permethrin,
applied between late April and the middle of June, and occasionally carbaryl (Crop Profile for Pistachios in CA,
1999; UC IPM Guidelines: Pistachios, 2000).

Soft scales, particularly European fruit lecanium (Parthenolecanium corni) and frosted scale (P. pruinosum), are
damaging in the spring and summer until temperatures become too high.  Soft scales produce honeydew, which
can decrease photosynthesis, and can hinder shoot growth and shell splitting.  There are predators that often keep
the population of soft scales low but if scales become a problem, a dormant spray of carbaryl and oil can be applied
to manage soft scales (Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines:  Pistachios, 2000; Pistachio
Production, 1995, 119).

Diseases 

Botryosphaeria panicle and shoot blight (caused by Botryosphaeria dothidea) develops towards the end of May 
and can continue to damage the tree through October.  Damage tends to be worst before harvest.  Not only does
this disease cause cankers and black lesions, it also causes nuts to remain on the tree, serving as an overwintering
site for the navel orangeworm.  Management techniques include pruning and other sanitation methods combined
with chemical controls, as no one technique is completely effective.  Azoxystrobin is used to manage this disease. 
Tebuconazole and iprodione have been effective when available through emergency exemptions.  The at-bloom
application of benomyl for control of Botrytis helped to control Botryosphaeria but is in the process of being
cancelled.  Fungicides are applied using air blast ground sprayers, but aerial applications may be necessary with
wet field conditions (Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines:  Pistachios, 2000).

Botrytis shoot blight (caused by Botrytis cinera) occurs from April until the middle of May, and may persist if
conditions are wet and cool. The disease causes young shoots to wilt and die, and may also affect male flowers,
causing a reduction in pollen, and leading to a loss in yield.  Pruning infected shoots will help manage Botrytis
shoot blight.  Benomyl, limited to one at-bloom application, has been used for Botrytis shoot blight control but is in
the process of being cancelled.  No other effective fungicides are currently available although some are being tested 
(Michailides, 2001; Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines:  Pistachios, 2000).
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Alternaria late blight (caused by Alternaria alternata) occurs from mid summer through fall.  Alternaria late blight
causes lesions that may result in defoliation, future yield loss, fruit staining, and losses due to mold in the nuts. 
This disease may also weaken the hull, increasing the opportunity for navel orangeworm damage.  Irrigation
modifications, including no irrigation for about the first two weeks of August in severe outbreaks, are useful for
reducing this disease.  The use of low-volume irrigation may reduce disease outbreaks.  Azoxystrobin became
registered for the control of this disease in 1999.  Previously other chemicals were obtained under emergency
exemptions (Crop Profile for Pistachios in CA, 1999; UC IPM Guidelines:  Pistachios, 2000).

Verticillium wilt (Verticillium dahliae) causes damage to the tree during late spring to early summer, especially in
years with cool weather.  Verticillium wilt is most likely to occur in the southern San Joaquin Valley, especially
where other susceptible crops have been planted.  The disease enters the roots and obstructs the xylem.  Water
cannot reach the other portions of the tree, causing dehydration or even death to the tree.  Chemical control is not
available for this disease, and the best way to control verticillium wilt is to use resistant rootstocks (Crop Profile for
Pistachios in CA, 1999; UC IPM Guidelines:  Pistachios, 2000).

Weeds 

Weeds are a problem in orchards because they compete with trees for water and nutrients and can aggravate certain
pest problems by creating favorable disease conditions or providing a habitat for pests.  Weeds can also interfere
with irrigation systems.  

Weeds should be monitored at least three times a year, including at least once during the spring, summer, and
winter.  Destroying weeds along the borders of the orchard will help manage weeds inside the orchard.  Weed
management in the orchard often consists of mowing or discing between the tree rows,  with herbicides being
applied with a ground-boom sprayer along the tree row.  Mowing is required five to seven times a year for adequate
control.  Due to the vegetation remaining on the ground, equipment can enter the field under wet conditions and
erosion is decreased.  Cover crops may also be utilized if there is no tillage, which may be used to improve soil
conditions and manage weeds.  Tillage is needed three to five times a year for sufficient weed control.  Tillage,
although effective, may wound trees, cause soil compaction, erosion, and other soil problems. 

Pre-emergence herbicides are applied along the tree rows during the dormant season, often in the fall after harvest
is complete.  Rainfall is often needed for effective pre-emergence herbicide incorporation.  Herbicide selection
depends on rainfall reliability and the herbicide stability on the soil surface.  Post-emergent herbicides are applied
as needed (Pistachio Production, 1995, 63-67; Crop Profile of Pistachios in CA, 1999).  

Vertebrate Pests

Ground squirrels can cause major damage to the pistachio 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 and storing nuts, girdling the tree, and by creating
burrows that interfere with orchard operations, such as irrigation and harvest.  Trapping and removal of vegetation
are not effective cultural controls.  Creating a habitat for owls and other predators may help manage small
populations of squirrels.  Bait traps and fumigation may be used in spring to early summer.  Aluminum phosphide
is the only effective fumigant, but it is time consuming and requires multiple treatments.  An anticoagulant is
typically used in toxic bait.  (Crop Profile for Pistachios in CA, 1999).

Pocket gophers are active all year in the orchard.  Gophers burrow underground, and cause damage to the orchard
by girdling tree roots or crowns near the soil level, which may result in the death of the tree.  Gophers may also
damage underground irrigation systems.  Trapping is a common method of cultural control.  Repellents, both
mechanical and chemical, are ineffective control methods.  Typically strychnine or an anticoagulant is used in bait
traps to control pocket gophers.  No biological controls were identified (Crop Profile for Pistachios in CA, 1999).
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Post Harvest

Several pests can damage pistachios after harvest, including navel orangeworm, indian mealmoth, other
lepidoptera, and several beetles.  Fumigation is used to control these pests and to meet export market requirements.
Pistachios are fumigated at the initiation of storage which begins immediately after hulling and drying. 
Fumigations may continue every 1 to 3 months while in storage, which may last for up to a year.  Pest monitoring
with pheromone-baited traps is usually used to determine the frequency of fumigation.  A final fumigation often
occurs before the pistachios are shipped.  Aluminum phosphide is used for nearly all fumigations.  Methyl bromide
is used for export markets when required for quarantine purposes.

Insects must also be controlled during processing activities.  If any processing occurs at night, the lights will attract
the insects, which may then reproduce in debris.  Crack and crevice treatments of pyrethrins, pyrethroids, or
DDVP are used to treat these pests.  Foggers can be timed to release the pesticide when people are not present. 
The active ingredient, such as DDVP, is released at a rate of 0.03 lbs/1000 feet³ (Crop Profile of Pistachios in CA,
1999; Pistachio Production, 1995, 111-113; Klein, 2001).
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Table 2.  General Timeline of Crop Stages, Worker Activities, and Key Pests in Pistachios.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

Bud swell - Bloom

Shoot growth/foliage

Hull expansion

Shell hardening

Nut-fill

Shell-split

Nut maturation

Worker Activities

Irrigation

Mowing

Harvest

Pruning

Knock mummy nuts



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

Oblique-banded leafroller

Citrus flat mite

Plant bugs

Soft scales

Typical insecticide app.

Diseases

Botryosphaeria blight

Botrytis shoot blight

Alternaria late blight

Verticillium wilt

Typical fungicide app.²



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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Weeds

There are no specific target
weeds for this crop.

Typical herbicide app.³

Vertebrate Pests

Ground squirrel

Pocket gopher

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. 


