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Abstract: Commercial pistachio cultivation and production began about a century ago in Iran. The size of this industry

has gradually increased and the pistachio nut production in Iran is now the largest worldwide, although it has declined

over last few years due to long periods of harsh drought, the mismanagement of water resources and the impact of

climate change. Research on pests and diseases was started in the 1940s due to the demands of the growers who were

facing economic damage by herbivorous insects. Much research has been undertaken over the last 75 years to improve

production procedures and the present article summarises the available information on pistachio pests, their natural

enemies and management.
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The plant genus Pistacia Linnaeus (Anacardiace-
ae) is a mainly subtropical genus comprising some
eleven species of wind-pollinated deciduous and di-
oecious trees and shrubs. Geographically, the largest
concentration of Pistacia species is found in West
Asia and in the Mediterranean region (Zohary 1995;
Tous & Ferguson 1996). The cultivated pistachio,
Pistacia vera Linnaeus, originated in the northern
part of Afghanistan in Asia Minor, but is now found
throughout the Mediterranean countries and the
Middle East (Shrestha 1995). P. vera produces the
valuable nut in the genus and has male and female
trees. Other species, such as non-cultivated (wild)
pistachios, produce small, un-split nuts with a hard
shell and are mainly consumed by some native tribes
in the Middle East and Asia Minor (Tous & Fergu-
son 1996). Natural forests of wild pistachio trees are
still seen in many areas in West, Central and North-
east Iran (Mehrnejad 2006). However, many other
Pistacia species grow wild in desert or semi-desert
locations in the Mediterranean region, Afghani-
stan, the southern parts of the old Soviet Union and
North Africa (Ferguson & Kallsen 2016). The cur-

rent major growing areas for P vera are the Mid-
dle East (Iran, Syria); the Mediterranean countries,
including Turkey, Greece, Tunisia, Spain and Italy;
southwest North America (California and Arizona);
and Australia (Kaska 1995; Sheibani 1995; Ferguson
1997). The pistachio nut is one of the major agricul-
tural products in Iran.

Although arthropod pests have been the main
problem for Iranian pistachio growers for the last
80 years, the shortage of water, worsening of the
salinity and global warming in recent decades are
now considered to be the greatest cause of the lost
production (Mehrnejad 2010a, 2014a, B; Salehi
& Hosseinifard 2012; Pour-Mohammadali et al.
2019). Insects attack every part of the pistachio plant
throughout its growth period. A wide range of chem-
icals have been used in pistachio plantations since
the 1940s. Also, this was generally unsatisfactory due
to its adverse effects on the nontarget fauna, humans
and environment ecological balance. On the other
hand, many insect and mite pests of pistachios can
be very effectively controlled through integrated pest
management techniques using different methods
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(/) Agricultural practices (e.g., sanitation as well as
cultural and mechanical procedures, monitoring to
determine the type of pest present and population
density and optimising the trees' vigour). (ii) Con-
servation of natural enemies and (ii7) Using selective
and less harmful pesticides against the vulnerable
stages of the target pests.

As a long-lived perennial plant in a desert climate
condition, pistachio trees have provided a stable eco-
logical habitat. The major arthropod pests that attack
pistachio trees are mainly host-specific, although
species with a wider host range can also be abun-
dant, probably due to a lack of alternative host plants
caused by a shortage of water and the alkaline soils.
The arthropod pests of pistachio plantations in Iran
include phytophagous insects and mites which may
be considered as locally important pests (Table 1).
These are placed in three groups based on the eco-
nomic damage and distribution: (i) major pests.
These are widespread key pests that occur frequently
throughout the pistachio plantations, e.g., hemip-
teran sap-feeding insects, such as psyllids, plant bugs
and stink bugs, and also the twig borer moth. (if) lo-
cal key pests, e.g., scale insects, fruit borers, bud, leaf
and twig boring beetles and moths and leathoppers,
and (iii) minor pests, that occur rarely under certain
conditions, e.g., galling aphids, seed wasps, thrips,
leaf miners, root- and wood-boring beetles and phy-
tophagous mites (Mehrnejad 2001, 2014b). Many
other phytophagous insects attack pistachio trees,
but they are not widespread and do not cause notice-
able damage in the pistachio plantations nowadays.

The objective of this review is to highlight the
arthropod pest problems on the pistachio trees in
Iran, and to summarise the current knowledge on
their control. The present information is compiled
from many research projects that have been con-
ducted both in the field and the laboratory over the
past 80 years.

PEST STATUS IN PISTACHIO
PLANTATIONS OF WORLD

The pest species that cause problems in pistachio
plantations in the Middle East and the Mediter-
ranean region are the same, but are different from
those that cause damage to pistachios in California.
Hemipteran plant-sap-feeding insects, e.g. psyllids,
plant bugs, mealybugs, stink bugs, scale insects,
leathoppers, seed wasps and phytophagous mites
are considered to be the major injurious agents
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worldwide. However, the twig borer moth and sever-
al beetle species attack the fruit clusters, buds, twigs,
stem, trunks and roots throughout the Middle East
and the Mediterranean regions.

WIDESPREAD PISTACHIO KEY PESTS

This group of pistachio pests are almost always
frequently found throughout the main pistachio-
producing areas and usually induce significant
damage to pistachio yields by either attacking the
pistachio leaves, fruits, branches or twigs every year.
These insects generally reproduce heavily from ear-
ly spring and control applications against them are
usually difficult due to their biological and ecologi-
cal features.

The common pistachio psylla, Agonoscena pista-
ciae Burckhardt & Lauterer (Hem.: Aphalaridae)

Economic importance, distribution and host range.
Three psyllid species are associated with pistachio
trees in Iran. The common pistachio psylla (CPP),
Agonoscena pistaciae is indigenous to Iran and is
now the most serious pest throughout the pistachio-
producing regions of the country. An investigation
demonstrated the great potential of CPP for a popu-
lation increase at temperatures ranging from 15 to
35 °C, and such temperatures occur in the pistachio
growing areas of Iran. Its adaptability to different
habitats and host plants combined with its high pop-
ulation growth rate and strong dispersal capacity as
well as its potential to develop resistance to synthetic
insecticide makes it difficult to control (Mehrnejad
1998, 2003, 2016). It occurs in many countries along
the southern borders of the old Soviet Union, and
throughout most of the Middle East and the Medi-
terranean region and is restricted to Pistacia spp.
This insect causes economic damage to pistachios in
Turkey, Syria and Greece; however, it is not present
in the pistachio plantations in the USA and Australia
(Burckhardt & Lauterer 1989, 1993; Mart et al. 1995;
Lauterer et al. 1998; Mehrnejad 1998; Bolu 2002;
Malenovsky et al. 2012). This species was first re-
ported on wild and cultivated pistachio trees in Iran
by Kiriukhin (1946). Due to the abundance, wide dis-
tribution and economic importance of A. pistaciae
in comparison with other psyllids in the cultivated
pistachio-growing areas, it was named the common
pistachio psylla' (Mehrnejad 1998).

Life cycle. There are two distinct morphs for CPPs,
differing morphologically as well as biologically. The


https://doi.org/10.17221/63/2019-PPS

Plant Protection Science, 56, 2020 (4): 231-260

Review

https://doi.org/10.17221/63/2019-PPS

Table 1. The pests of pistachio (Pistacia vera) plantations in Iran. The degree of importance is determined based on

their economic damage and distribution, + least important, +++ greatest importance (Mehrnejad 2014b)

Common name Scientific name irlr)lleail;izr?cfe Preferred plant organ
Agonoscena pistaciae +++
Psyllids Megagonoscena viridis + leaves
Agonoscena bimaculata +
Campylomma verbasci +++
Plant bugs Campylomma diversicorne ++ fruits
Campylomma unicolor ++
Red bug Spilostethus pandurus +++ fruits
Acrosternum arabicum +++
Acrosternum breviceps ++
) Brachynema germarii +++
Stink bugs )
Chroantha ornatula +++ fruits
Dolycoris baccarum ++
Carpocoris coreanus ++
Lepidosaphes pistaciae +++
Melanaspis inopinata +++
Scale insects Melanaspis pistaciae twigs, branches, flowering and fruit
Salicicola davatchii + clusters, leaves
Anapulvinaria pistaciae +
Eulecanium rugulosum +
Leafthopper Sulamicerus stali + newgrown :EZZEZ}flf(r)uwizmg clusters
Galling aphids Forda hirsuta + leaves
Aphids Aphis gossypii + leaves, shoots
Twig borer moth Kermania pistaciella +++ clusters and twigs
Fruit borer moth Recurvaria pistaciicola ++ fruits
Fruit hull borer moth Arimania komaroffi ++ fruits
Carob moth Ectomyelois ceratoniae + fruits
Eurytoma plotnikovi + )
Seed wasps ) o fruits
Megastigmus pistaciae +
Thrips pistaciae
Thrips 17j1rfps me’cus . + leaves, flowering and fruit cluster
Frankliniella occidentalis
Liothrips austriacus
Weevil Polydrosus davatchii ++ new opened buds and blossom
Leaf borers moth ﬂanc ;enrelfo;e()reejz(l)tl]:tl:;ia + leaves
Leafminers SiriZi:inqeolZ}iz r;}:lol:;?ssa + leaves
Bud and twig borer beetle Chaetoptelius vestitus ++ new formed buds and twigs
Bud borer moth Telphusa pistaciae + buds
Root beetle Capnodis cariosa hauseri + thick roots
Long-horned beetle Calchaenesthes pistacivora + stems and branches
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The cotton bollworm Helicoverpa armigera + young fruits
Eastern Bordered Straw Helicoverpa nubigera + young fruits
Petals borer moth Gelechia pistaciae + blossoms
Common pistachio mites Tenuipalpus granati ++ leaves
Eriophyid mites II:ZZ:ZL,Z ((: i:;sill:g:g f;:;;lz:; + flower clusters and leaves
The false chinch seed bug Nysius cymoides (Spinola) + twigs, branches, leaves

Anthaxia kalalae

Anthaxia farah

Wood borer Anthaxia parvula ++ unhealthy branches

Anthaxia winkleri
Agrilus chlorophyllus
Chrysobothris parvipunctata

summer-form requires moderately high tempera-
tures and long days and is present throughout the
mid-spring to early-autumn and readily mates and
starts to lay eggs 1-2 days after emergence. In con-
trast, the winter-form is found throughout the winter,
from about November onwards, in a reproductive
diapause. The diapause incidence in adult CPPs is
mainly initiated when the developing nymphs are
exposed to a combination of a short-day photo-
period (12 h of light) and low temperatures (below
20 °C). However, the temperature (above 20 °C) and
long photoperiod strongly influences the diapause
completion in this species, resulting in the ovarian
development in the winter-form. The overwintered
CPPs emerge from overwintering sites starting very
late February and continue for about 7 weeks. In gen-
eral, the winter-forms are generally darker in colour,
whereas the summer-forms are a light orange colour
and have a smaller size than the winter-form CPPs.
In addition, the interform adult CPP is also present.
When the environmental conditions are not fully
fixed for the diapause induction, the interform CPP
appears. The interform CPP clearly appears in late
September to late October in the field. They have de-
veloped ovaries and oviposit a huge number of eggs
especially during the first two weeks. (Mehrnejad
1998, 2018; Mehrnejad & Copland 2005b, 2006b).
The reproductive pattern of both the winter and
summer-forms is similar and also very high over
a wide temperature range from 20 to 35 °C, on aver-
age 1 000 and 350 eggs, respectively. Such tempera-
tures occur in the pistachio growing areas of Iran.
The adaptation of both forms to a wide range of tem-
peratures and the huge reproductive capability are
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important potentials for this insect species, particu-
larly for the winter-forms to establish a very large
colony in the early spring or even from late-winter.
Winter-form CPPs can be considered as founda-
trices of the summer population. This form can lay
eggs at low temperatures (e.g., 20 °C) and are able
to increase the population even over a wide range
of temperature fluctuations. The optimum tempera-
ture for the development is 27.5 °C and theoretical
lower thresholds for the development have been re-
ported to be 10.90 and 10.71 °C for males and fe-
males, respectively. In addition, the amount of heat
required to complete the transformation from egg
to adult (thermal constant) was determined to be
227.27 for males and 238.10 for females (Mehrnejad
2003, 2014b; Mehrnejad & Copland 2005b, 2006b).
Mating is necessary for the egg production and it
must be repeated every other day, otherwise the egg
laying declines to zero. The females embed their
eggs on the plant soft tissues like the leaves and
newly growth twigs (having a succulent tissue) by
a small pedicel. The pedicel may provide moisture
to the egg, since the removal of the egg causes it
to shrink within a day. The eggs are usually laid in
clusters of 5-50 and are mainly deposited on the up-
per surface of the pistachio leaves, but egg laying on
the young leaves’ petiole and young succulent plant
shoots occurs in early spring. Feeding and oviposit-
ing of the winter-form on the stem’s tissues or on the
base of the buds of the pistachio trees have not been
observed. The CPPs pass 5 nymphal instars which all
are mobile followed by a sexually reproducing adult
stage. It builds-up 5-6 generations per year. Both
the nymphs and adults produce large amounts of
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a carbohydrate-rich concentrated honeydew of
paste-like consistency, which solidifies immediate-
ly after secretion. The honeydew of A. pistaciae is
a unique insect product, because immediately after
secretion it becomes a solid white crystal granular
material in the pistachio plantations of Iran where
it is dry in the desert areas. The honeydew of the
CPPs is a very good and long-term food source for
its parasitoid as well ladybirds when the host is tem-
porarily not available (Mehrnejad 1998; Mehrnejad
& Copland 2005b, 20064, b).

A. pistaciae overwinters within the orchards, pref-
erentially concealed under the organic materials on
the ground. Plant litter, including the old pistachio
leaves and weed residue such as dead grass, support
the greatest numbers of adult psyllids during the
late-autumn through to the early spring. It has been
reported that the number of psyllids that emerge
from the fallen dead leaves mixed with the weed res-
idue is about 15 times greater than the number that
emerges from the bare ground (Mehrnejad 2018).

A high relative humidity acts as an important lim-
iting factor on the population development of this
species. Under humid conditions, the psyllid honey-
dew does not turn into dry granules, but turns into
a liquid and the pistachio leaves become sticky. The
psyllid nymphs are not able to walk freely and feed
easily on the sticky leaves. Moreover, the presence
of a liquid honeydew results in fungal moulds that
grow on the ovipositor of the female psylla, resulting
in the cessation of the oviposition process and the
infected female psyllidae die (Mehrnejad 1998).

The leaves are considered as the preferred tissues
for feeding in this insect, in addition, the insects usu-
ally feed and reproduce on the leaflets' upper surface,
except at breakout when it is found on the lower
leaflets' surface too. This psyllid displays a significant
competition behaviour with the common pistachio
mite, Tenuipalpus granati Sayed (Mehrnejad 2003b).

Damage. All the nymphal instars, as well as the
adults, ingest large amounts of the nitrogen-poor
phloem sap and this results in the excretion of large
amounts of the concentrated honeydew. This sap re-
moval causes severe problems in the pistachio trees.
The presence of large populations of psyllid nymphs
and adults during most of July and August causes se-
vere problems in the kernel filling, with a subsequent
bud drop and premature defoliation. This damage af-
fects not only the yields in the current year, but also
in the two subsequent years, and it, therefore, causes
heavy economic losses. Under the high psyllid popu-

lation pressure, particularly during July and August,
the kernel development stops, although some pista-
chio cultivars, e.g., Akbari is very sensitive to a low
psyllid density even through May and June (before the
shell-hardening and the start of the kernel develop-
ment). Damage at this time occurs by tough prema-
ture defoliation. In addition, the damage might be sig-
nificant after the harvest in October and afterward in
all the cultivated pistachio tree cultivars. This insect
does not cause the deformation of the plant tissues,
e.g., leaf-rolling, gall induction or by the injection of
toxins into the feeding sites, and there are no records
of it acting as a vector of plant diseases (Mehrnejad
2002, 2003b, 2010a, 2014b).

Natural enemies. Several laboratory and field stud-
ies have documented the diversity and biological pa-
rameters of the CPP’s natural enemies (Mehrnejad
1998, 2003, 2008, 2014b; Mehrnejad & Ueckermann
2001, 2002; Mehrnejad & Jalali 2004; Mehrnejad
& Copland 2005a, b, 20064, b, ¢, 2007; Mehrnejad
& Emami 2005; Hasani-Kabotarkhani et al. 2009;
Pourali et al. 2010, 2011, 2012; Mehrnejad et al
2011, 2013, 2015; Salehi et al. 2011, 2013; Jalali et
al. 2014, 2018, 2019; Parish et al. 2015; Mirhosseini
et al. 2015; Haitlinger & Mehrnejad 2017). At least,
twenty-three beneficial insect and mite species at-
tack the CPPs (Mehrnejad 2016).

Psyllaephagus pistaciae Ferriere (Hymenoptera:
Encyrtidae) is the most common and widespread
native parasitoid of CPPs. It is the primary, specific,
solitary, koinobiont endoparasitoid of A. pistaciae
nymphs and widely occurs in the pistachio plantation
areas of the country. This parasitoid is considered the
principal natural enemy attacking all five nymphal
instars of A. pistaciae and is active from late April
to November. There is no data on the status of this
wasp in other pistachio growing regions of the world.
While P, pistaciae might be sufficiently equipped to
regulate the host density in theory, various factors
are thought to decrease its impact, e.g., hyperpara-
sitism, a low survival rate through overwintering dif-
ficulties and the side effects of pesticide applications
throughout the growing season (Mehrnejad 1998,
2008, 2010a, 2016; Mehrnejad & Copland 2005a,
20064, b, ¢, 2007; Mehrnejad & Emami 2005; Emami
& Mehrnejad 2006).

The predatory insects are considered the major
cause of mortality in the spring population of CPPs
(Mehrnejad etal.2011,2015), particularly in wild pis-
tachios where no chemicalsare used (Mehrnejad et al.
2013). Based on the available references, coccinellids
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are the most common predators of CPPs in pistachio
orchards (Mehrnejad 2016). Twenty-five coccinellid
species have been recorded in the planted and wild
pistachio plantations in southern Iran (Salehi et al.
2013), with eight species, e.g., Adalia bipunctata
(Linnaeus), Coccinella septempunctata (Linnaeus),
Coccinella undecimpunctata aegyptica (Reiche),
Coccinula elegantula Weise, Exochomus nigrip-
ennis (Erichson), Hippodamia variegata (Goeze),
Menochilus sexmaculatus (Fabricius) and Oenopia
conglobata contaminata (Menetries) proving to be
psyllophagous (Mehrnejad et al. 2011, 2015). Adalia
bipunctata is considered the most abundant coc-
cinellid in the planted pistachio trees followed by
O. conglobata contaminata. Twelve morphs of A.
bipunctata were identified whose prevalent melan-
ic form was the morph sexpustulata and the most
frequent non-melanic forms were the morph typica
and the morph revelierei (Salehi & Mehrnejad 2014).
Based on investigations, these two predatory coc-
cinellids were verified to be the biocontrol candi-
dates for CPPs (Mehrnejad & Jalali 2004; Arab-Hor-
mozabadi 2005; Hasani-Kabotarkhani et al. 2009;
Atiqi 2010; Mehrnejad et al. 2011, 2015; Vahabzadeh
et al. 2014; Jalali et al. 2018, 2019).

Three predatory bugs, e.g., Anthocoris minki
pistaciae Wagner, Farsiana pistaciae Linnavuori,
and Pseudoloxops sangrudanus Linnavuori are the
active predatory bugs in colonies of the CPP on both
cultivated and wild pistachio trees. These bugs at-
tack different nymphal instars of the A. pistaciae and
successfully develop on this prey. Anthocoris minki
pistaciae are active through the spring and autumn
on pistachio trees either in plain or mountainous ar-
eas; however, the other two bugs are found in spring,
particularly on wild pistachio trees in mountainous
areas (Mehrnejad & Linnavuori 2012; Pourali et al.
2012; Mehrnejad et al. 2013).

The species in the carnea complex of the com-
mon green lacewing are predators of the CPP in both
cultivated and wild pistachio plantations in Iran.
The predatory lacewing Chrysoperla lucasina (Lac-
roix) is known as the dominant species that feed on
A. pistaciae nymphs in pistachio plantations. Adults
of C. lucasina are present throughout the growing
season in pistachio orchards; however, its population
density drastically declines through a warm season.
Atleast seven green lacewing species live in pistachio
orchards and their food regimes need to be investi-
gated (Jafari-Nodoshan 1998; Hasani-Sadi et al. 2010;
Kazemi & Mehrnejad 2011b; Mehrnejad 2014b).
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Predatory mites are also considered as tiny and
very active natural enemies for the CPP; however,
the population density, distribution, prey-range
preferences and biological parameters of these pred-
ators remain unclear. Six mite species were recorded
attacking CPP eggs and nymphs, including: four
phytoseiid mite species, e.g., Paraseiulus porosus
Kolodochka, Phytoseius corniger Wainstein, Neosei-
ulus barkeri (Hughes), Typhlodromus (Anthoseius)
bagdasarjani (Wainstein & Arutunjan) which live in
CPP colonies. In addition, the generalist predatory
mite Anystis baccarum (Linnaeus) are encountered
in CPP colonies throughout the growing season over
the pistachio plantations, while Erythraeus (Eryth-
raeus) pistacicus Haitlinger, Mehrnejad & Sundi¢
attacks the CPP in wild pistachio trees in mountain-
ous areas (Mehrnejad & Ueckermann 2001, 2002;
Haitlinger et al. 2016; Haitlinger & Mehrnejad 2017).

Management. Psyllid infestations have received par-
ticular attention from pistachio-growers, who insist
on spraying to reduce the damage to pistachios. Due
to the tendency of A. pistaciae to develop resistance
against insecticides, several synthetic insecticides
have been used for a certain period and then were
replaced with another over the last several decades.
For example, Endosulfan (organochlorine insecti-
cide) arrived in Iranian pistachio plantations in the
late 1960s, and was effective against this pest for
around 5 years. It was replaced with Phosalone (an
organothiophosphate insecticide). However, by late
1980, Phosalone lost its effectiveness and then Ami-
traz, an amino compound, caused good mortality to
CPPs. The most recent pesticide that was widely used
to control CPP outbreaks was Movento (a two-way
systemic action and spirotetramat ingredient) which
was effective for a few years only. Therefore, besides
the several disadvantages of using insecticides, such as
harsh side effect on natural enemies and the environ-
ment as well as the development of resistance, chemi-
cal applications have failed more and more frequently
to prevent CPP outbreaks. At least two sprays are usu-
ally needed through the growing season, although
it occasionally increases to four times or even more
(Mehrnejad 2003b, 2010a, 2014b). Recently, sulfur
(a non-metallic chemical element) is widely being
used against the common pistachio psylla through
spraying. It is highly effective to keep the psyllid's
population at a very low level for a relatively long
period. In fact, sulfur acts as a very long-lasting re-
pellent substance. Sulfur keeps adult psyllids away
from the pistachio leaves resulting in no egg-laying
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on the leaves and helps to prevent the subsequent
population growth. Field surveys clearly confirmed
that this material does not cause any side effect on
the pistachio trees' growth, the bud bearing of either
vegetative or reproductive buds if it applied after the
shell hardening. Although this compound must be
used precisely, it is being sprayed widely against CPPs
in Iran now. Different dosages of sulfur (95-99%) is
applied, e.g., 3 to 5 kg/100 L water. When a high dos-
age is applied, the trees remain psyllid free for about
50 days (Mehrnejad, unpublished).

CPPs must be managed carefully to prevent out-
breaks. The CPP overwinters within the orchards
and usually migrates onto the pistachio trees from
early March. Field investigations verified that CPPs
might be controlled whilst overwintering. Winter
ploughing of the orchards' floor from late December
till late February to a depth of 30 cm both beneath
the canopy and between the rows cause a significant
reduction of the psyllids’ population density. In ad-
dition, orchard sanitation, such as the removal and
burial of any organic materials left on the orchard’s
floor and margins is also considered critical. Fur-
thermore, adequate and regular irrigation and fer-
tilisation regimes are recommended to keep the
pistachio trees in a vigorous condition. The nuts
should be harvested as soon as they are mature. For
cultivars with a low sensitivity to psyllid feeding, it is
not recommended to apply insecticides repeatedly to
make the survival of beneficial agents possible. The
conservation of existing natural enemies of CPPs is
highly recommended. Under harsh conditions when
the likelihood of severe damage is high, chemical
controls might be necessary, particularly through the
kernel development stage (Mehrnejad 2003, 2006,
2014b, 2018; Najafpour et al. 2010). The capture ef-
fects of yellow sticky card traps on CPPs was report-
ed (Emami & Yazdani 1993; Hadian & Seyedoleslami
2001); however, the efficiency of this method in the
reduction of the CPP population in wide field sites
is still obscure. In addition, the treatment of pista-
chio trees by a kaolin particle film to prevent the CPP
colonisation has been examined (Hassanzadeh et al.
2014; Farazmand et al. 2015; Sheibani et al. 2016), al-
though the use of this compound has not been sup-
ported by pistachio growers yet.

Stink and sucking bugs

Economic importance, distribution and host range.
A variety of phytophagous Hemiptera species (fami-
lies Lygaeidae, Miridae and Pentatomidae) may be

associated with pistachio trees. They can cause con-
siderable damage to the pistachio nut wherever pis-
tachios grow around the world. Some of the smaller
plant bugs (Miridae) attack the very young and soft
pistachio fruits soon after pollination and continue to
feed on the nut tissue until the shells harden. On the
other hand, some of the larger stink bugs (Pentato-
midae) may damage the developing fruits from early
spring until the time of harvest, and perhaps even
longer as long as the nuts remain on the trees. He-
mipteran bugs are widely distributed throughout the
pistachio plantations in Iran and are considered to be
the second most important pests of cultivated pista-
chio trees. They are often general feeders and may be
associated with several other herbaceous plant spe-
cies in pistachio plantations (Mehrnejad et al. 2013).
So far, three species of the smaller plant bugs
(Miridae), including Campylomma diversicorne
Reuter, Campylomma verbasci (Meyer-Dir), and
Campylomma unicolor Poppius, six species of the
larger stink bugs (Pentatomidae), including Acros-
ternum arabicum Wagner, Acrosternum breviceps
(Jakovlev), Brachynema germarii Kolenati, Car-
pocoris coreanus Distant, Chroantha ornatula
(Herrich-Schéfter), Dolycoris baccarum (Linnaeus),
and one species of seed bug (Lygaeidae), Spiloste-
thus (= Lygaeus) pandurus (Scopoli) (Table 1) are
known to injure pistachio nuts in Iran (Mehrnejad
2001, 2014a, b, 2016; Mehrnejad et al. 2013). Based
on the available literature, stink bugs have caused
severe problems to pistachio nuts since the 1960s.
Five stink bug species, namely Acrosternum heegeri
Fieber, Acrosternum millieri (Mulsant & Rey), Apo-
diphus amygdali (Germar), Brachynema germarii,
and Brachynema segetum Jah. (Pentatomidae) were
recorded in pistachio orchards in the 1970s (Ershad
& Barkhordary 1974a, b, 1976; Samet & Akbary
1974). However, extensive field surveys during the
last ten years have captured only one (Brachynema
germarii) of the above five listed species. At present,
A. arabicum and B. germarii are the dominant species
in pistachio plantations in Iran. Additionally, four
other species (A. breviceps, C. coreanus, Ch. ornat-
ula and D. baccarum) are considered to be potential
pests of pistachio nuts in Iran (Rider & Mehrnejad,
unpublished). In California, a variety of mirid bugs
attack pistachios and cause economic damage, in-
cluding Lygus hesperus Knight, Neurocolpus lon-
girostris Knight, Calocoris norvegicus (Gmelin),
Phytocoris relativus Knight, P californicus Knight,
and Psallus vaccinicola Knight. Also, leaf-footed

237



Review

Plant Protection Science, 56, 2020 (4): 231-260

plant bugs, Leptoglossus clypealis Heidemann and
L. occidentalis Heidemann (Coreidae) cause inju-
ries to the pistachios both before the shell hardening
and afterward. In addition, three green stink bugs
have been recorded as being injurious in Califor-
nia; Thyanta pallidovirens (Stal), Chlorochroa uhleri
(Stal) and Acrosternum hilare (Say) (Michailides et
al. 1987; Bentley et al. 2016). In Turkey, the mirid
Campylomma lindbergi Hoberlandt and the stink
bug Dolycoris baccarum (Linnaeus) were reported
as being injurious pests of nuts in early spring caus-
ing epicarp lesions (Yanik &Yiicel 2001).

Life cycles. Miridae. Among the three species of
Campylomma present in Iranian pistachio planta-
tions, C. verbasci is the most common species, and it
is considered to be a difficult pest problem for pista-
chio trees. Adults are about 4 mm in length. Both the
adults and nymphs are light green in colour, and they
walk very fast when disturbed. The other two species
resemble C. verbasci closely in regards to size and col-
our, hence, it is very difficult to discriminate among
them on pistachio trees. Based on the available in-
formation, these bugs overwinter in the egg stage on
the pistachio trees, inside succulent tissues such as at
the base of the buds' scales. In the Kerman province,
southern Iran, nymphs appear promptly after pollina-
tion on very young fruit clusters in early April, and
then adults appear before the middle of May, wander-
ing on the trees' twigs until early June, and then they
disappear. Their biology needs to be studied carefully
(Mehrnejad et al. 2013; Mehrnejad 2014b).

Lygaeidae. In addition to the plant bugs, the pis-
tachio red bug (or seed bug), S. pandurus is also
considered to be an early-spring pistachio pest in
Iran. Adults have appeared on the pistachio trees
at irregular intervals over the past several dec-
ades in Iran. They can cause heavy damage to the
young and fleshy nuts just before the shell harden-
ing, which causes epicarp lesions (Samet & Akbary
1974; Khajah-Pour 1993; Mehrnejad 2001, 2014b;
Mehrnejad et al. 2013). It appears that this species
does not reproduce on the pistachio trees, and it
usually leaves the pistachio plantation by late spring
or early summer. Information concerning the main
factors responsible for the changes in population
dynamics, and in particular, what factors allow for
outbreaks under natural conditions are poorly un-
derstood; these aspects need to be investigated.

Pentatomidae. Pistachio stink bugs overwinter in
the adult stage, usually under herbaceous range-land
plants near the pistachio plantations. Some of the
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herbaceous plants include, Alhagi maurorum (= ca-
melorum) Medikus, Alhagi persarum Boiss. & Buhse,
Peganum harmala Linnaeus, Salsola kali Linnaeus,
Seidlitzia rosmarinus Ehrenb., Zygophyllum fabago
Linnaeus, and Anabasis cf. Brachiata Fisch. & Mey.
They usually live and reproduce in the same places
during the spring and summer. However, when am-
ple food resources occur due to sufficient rainfall in
late winter and early spring, bug populations may in-
crease rapidly, resulting in the migration of the bugs
into the pistachio plantations by late June. When
they arrive in the pistachio orchards, they feed and
reproduce on herbaceous plants, such as P. harmala
and S. kali, usually on the orchards' floor and mar-
gins. At this new site, they reproduce highly and
then soon attack the pistachio fruit clusters. These
bugs may live on the trees for a few months, then
they usually leave the pistachio plantations during
October and November, moving towards the over-
wintering sites. During winter, a few A. breviceps
have been found hiding under the loose bark of trees
such as Elaeagnus angustifolia Linnaeus (Elaeag-
naceae), which is a common woody-plant near the
orchards. The overwintering individuals may exhibit
a different colour form, turning from light green to
pink (Mehrnejad 2014a, b; Tavanpour et al. 2016).
Damage. Miridae. From late April to early May,
plant bug nymphs attack the very young fruits pri-
or to the shell-hardening, which causes epicarp le-
sions. The tiny injured nuts darken and subsequently
drop. These bugs are unable to pierce the hardened
pistachio shell (Mehrnejad 2001, 2014). Bolkan et
al. (1984) and Bentley et al. (2016) stated that the
piercing of the soft-shelled pistachios by the stylets
of sucking bugs causes necrotic lesions on the hulls
(epicarp and mesocarp) in the early season. Sunk-
en areas at the base or sides of the nut often exude
a gummy substance; this phenomenon is termed an
"epicarp lesion". This injury leads to the desiccation
and dropping of the damaged nuts from the trees
due to the peroxidase activity in the wounded pis-
tachio fruits (Bostock et al. 1987). The damage usu-
ally declines as the shells begin to harden. However,
epicarp lesions are considered to be one of the most
important problems in pistachio orchards in Iran.
Lygaeidae. The pistachio red bug, S. pandurus have
appeared on pistachio trees atirregular intervals over
the last several decades. However, when they attack
pistachio plantations, they can cause heavy damage
to the young and fleshy nuts just before the shell
hardening. These bugs also cause epicarp lesions,
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and the attacked nuts fade to brown, dry, and then
finally drop (Samet & Akbary 1974; Khajah-Pour
1993; Mehrnejad 2001).

Pentatomidae. Although stink bugs may feed on
the nuts before the shell hardening, causing epi-
carp lesions, they also can be injurious through the
kernel development period by feeding on the de-
veloping kernel through the shell. This can cause a
"kernel necrosis”" or deformity right up to the time
of harvest. In addition, stink bugs may cause indi-
rect damage by vectoring the causative agent for
stigmatomycosis. This occurs when their mouth-
parts are contaminated with the fungus Nematos-
pora coryli Peglion (Ershad & Barkhordary 1974a;
Michailides et al. 1987; Michailides 1990; Daane et
al. 2005, 2016; Bentley et al. 2010). Stigmatomycosis
is characterised by a wet, smelly, decayed and slimy
appearance of the pistachio kernel (Michailides &
Morgan 1990; Michailides et al. 2016). The levels of
stigmatomycosis usually increase during the kernel
developing period, and the damage rises during Au-
gust and September, but the amount of the infection
usually depends on the weather and environmental
conditions. Therefore, during a large bug outbreak,
heavy damage to the pistachio yield can be expected
(Mehrnejad 2014b; Daane et al. 2016).

Natural enemies. At present, there is no reliable in-
formation on the natural enemies of injurious mirid
bugs on pistachio trees. However, pistachio green
stink bugs have been proven to be suitable hosts for
a number of Encyrtidae and Scelionidae egg parasi-
toids. The parasitoid complex that actively regulate
bug populations from early July to late October in-
cludes several scelionid wasp species, namely Psix
saccharicola (Mani), Trissolcus agriope (Kozlov
& L&), Trissolcus basalis (Wollaston), and Trissolcus
volgensis (Viktorov) (Mehrnejad 2013, 2014b; Mo-
hammadpour et al. 2016; Tavanpour et al. 2017), as
well as three encyrtid egg parasitoids, Ooencyrtus
iranicus Hayat & Mehrnejad, Ooencyrtus pistaciae
Hayat & Mehrnejad, and Ooencyrtus telenomicida
(Vassiliev) (Hayat & Mehrnejad 2016). However,
three of these species, T. agriope, T. volgensis, and
O. pistaciae, are the most dominant and wide dis-
tributed species throughout the pistachio planta-
tions in Iran. The role of predatory insects and mites
on the mortality of bug eggs is not well known.

Management. Currently, small plant bugs and seed
bugs are mainly controlled by using insecticides in
the pistachio orchards through April and early May.
A single insecticide application should be applied as

soon as these bugs appear on the young clusters. Re-
garding green stink bugs, the exploitation of natural-
ly high levels of parasitism induced by several wasps
is the best way how to manage the populations of
these pests. The impact of natural enemies on the
annual populations of the pistachio green stink bugs
clearly shows that the egg parasitism can even reach
an average 95% mortality rate (Mehrnejad 2013,
2016). Despite the fact of a high rate of parasitism
during the summer, the immigration of adult stink
bugs into the pistachio orchards may cause heavy
damage to the nuts in late June. This indicates the
need for a very precise prediction and control pro-
gramme. In this case, a chemical application is usu-
ally required one time. Endosulfan, a chlorinated
hydrocarbon insecticide was effective on pistachio
bugs and had been used for long time. Several years
ago, it (chlorinated hydrocarbon) was banned and
replaced with Fenitrothion, a phosphorothioate (or-
ganophosphate) insecticide that has been used over
the past several years. Recently, Acetamiprid (an
insecticide belonging to the chloropyridinyl neo-
nicotinoids) has also been applied to control these
pests. These chemicals are being used against small
bugs (mirids) too. The removal of alternate herba-
ceous host plants at appropriate times, both inside
and around the orchards, may also help reduce the
stink bug populations. The growing of wild rue (so
called esfand in Farsi), P harmala, near the orchard
margins may attract the stink bugs, and induce them
to stay there instead of moving on into the pistachio
trees, particularly in large orchards, or those that are
located in adjacent to range-lands or deserts. There-
fore, P. harmala could be used as a trap-plant for im-
migrant bugs at arrival.

Monitoring the bug populations (all species) at
all stages is of the utmost importance. This can be
accomplished by using beating trays, trap crops, or
by the direct visual examination of both alternative
plant hosts and the pistachio trees themselves. It is
necessary to monitor the population changes to help
assist in making treatment decisions. Sex phero-
mones have been discovered for a few stink bug spe-
cies in California which allows for the better moni-
toring of these pests (McBrien et al. 2001).

The pistachio twig borer moth, Kermania pistaci-
ella Amsel (Lepidoptera: Tineidae: Oinophilini)
Economic importance, distribution and host range.
Kermania pistaciella is a native and an univoltine
pest of pistachio trees all over the pistachio growing
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areas of Iran (Taghizadeh & Dijafaripoor 1965;
Mehrnejad 2001). It was first collected from pista-
chio orchards in the early 1960s and later described
as a newly identified pest (Amsel 1964). It had been
a minor pest for pistachio trees, but the population
has increased considerably since late 1970s, possi-
bly due to the frequent spraying of chemicals. It oc-
curred in a high abundance particularly during the
late winter and early spring periods in the course
of 1970-1990. At present, Kermania pistaciella is
known as the third the most important insect pest
of cultivated pistachio trees throughout the country.
It is also an important pest in pistachio plantations
of Turkey (Mart et al. 1995; Bolu 2002) and Syria
(Khoja et al. 2009). Apart from P vera, it attacks
P, atlantica subsp mutica and P. khinjuk, without any
economic importance in wild pistachio plantations.
Life cycle. The adult moth appears in late March
— early April and lay eggs singly in flower and fruit
clusters preferably; however, at a high population, it
may also oviposit on succulent new shoots and peti-
oles. The newly hatched larvae directly penetrate into
the plant tissues just below of the eggs' site, and bore
a tunnel in the cluster towards the twig where it lives
for about 10 months. The fully-developed moth larva
emerges from the twigs from early March and spins
a cocoon on the twigs or branches. Some larvae drop
to the soil under the tree canopy, but these can still
pupate and develop through to the adult stage. The
period for the larvae emergence from the twigs lasts
about 40 days, but the adult population usually in-
creases to a peak when the pistachio flower clusters
are fully developed and tiny fruits appear (Taghiza-
deh & Djafaripoor 1965; Mehrnejad 2002b, 2014b).
Damage. The earliest damage appears in the very
young succulent clusters when the whole cluster turns
black and falls off the trees. However, while the larvae
bore a tunnel in the cluster towards the twigs, typi-
cally 4-7 developing unripen nuts at the cluster apex
decease and later turn a white colour. Hence, apart
from causing a fruit drop, weakening of the twigs oc-
cur (Mehrnejad & Basirat 2009; Mehrnejad 2016).
Natural enemies. Eighteen hymenopterous parasi-
toid species were reported to suppress the develop-
ment of the egg, larvae and pupae of K. pistaciella. The
natural parasitisation rates reach up to 72% in some
pistachio plantations. The average rate of parasitism
was reported to be 45.5% in the main cultivated pis-
tachio plantations of the country, of which three spe-
cies are the primary parasitoids, two are obligatory
hyperparasitoids and the remaining thirteen species
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are facultative hyperparasitoids (Mehrnejad & Basirat
2009). Among them, the primary egg pupal parasitoid,
Chelonus kermakiae (Tobias) (Hymenoptera: Bra-
conidae), is the most abundant species that emerges
from the moth cocoons followed by the larval facul-
tative hyperparasitoids Dibrachys boarmiae (Walker)
(D. cavus (Walker)) (Hymenoptera: Pteromalidae). In
addition to parasitism, an average of 2.8% of the moth
cocoons are attacked by generalist predators such as
ants and spiders. These predators climb up the trees
and make an irregular hole in the cocoons, then feed
upon the larvae and pupae of both the moth and wasp
(Achterberg & Mehrnejad 2002; Mehrnejad 2003a,
2016; Manickavasagam et al. 2008).

Management. The population density of the twig
borer moth, K. pistaciella, is highly variable from
one plantation to another. The pest abundance on
cultivars with early blooming is higher, while culti-
vars showing a delayed beginning of the flowering
period are less attractive for this insect pest. In ad-
dition, the level of infestation in old pistachio or-
chards is usually lower than junior plantations due
to establishment of natural enemies over a long
time. Control measures targeted at this pest must
be applied in early spring at the time of blooming
and they are only recommended if the populations
density recorded at harvest time in the previous
September proved be sufficiently high. The estima-
tion of population levels at harvest time within the
clusters helps growers to make appropriate deci-
sions for treatment in early spring. Therefore, chem-
ical applications might be planned based on the pest
population intensity as well as the according to the
abundance of the susceptible stage of K. pistaciella.
The susceptible stages of the moth are; 1. pupa, just
before blooming, mixture of the mineral oil (Volck)
and an organophosphate pesticide like Ethion is ef-
fective, 2. egg and new emerged larva (exactly at the
hatching time), before the larva penetrates into the
plant tissues, for example Hexaflumuron (a benzoyl-
phenyl urea), an insect growth regulator is effective.
In this regard, several other chemicals have been
registered. Moreover, a high level of parasitism and
predation, could strongly reduce the moth popula-
tion, therefore, a conservation strategy in the pista-
chio growing areas where the infestation rates are
less than 25% is highly recommended (Mehrnejad
2001, 20144, b, 2016; Basirat & Mehrnejad 2019). In
addition, commercial traps baited with synthetic sex
pheromones should also be considered for the con-
trol procedure of this pest (Gries et al. 2006).
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LOCALISED KEY PESTS

The second group of pistachio pests comprises
phytophagous insects and mites which are locally
important. Sometimes they appear as a key pest in
a small plantation, but these species are considered
as minor pistachio pests overall. Some of these can
be very damaging when allowed to increase over
a number of seasons, but they are controlled readily
with insecticides.

The pistachio fruit-hull borer moth, Arimania
komaroffi Ragonot (Lepidoptera: Pyralidae)

Economic importance, distribution and host range.
The pistachio fruit hull borer moth, Arimania
komaroffi Ragonot (Lepidoptera: Pyralidae) was first
discovered in 1939 in the Fars province, southeast
Iran by Brandt (Amsel 1954) and then was collected
from cultivated pistachio trees, P. vera in Rafsanjan,
the biggest producer of pistachios in Iran in 1972 by
Samet (1974, 1985). It causes damage to the pistachio
fruits by feeding on the fruits' hull or soft skin (peri-
carp + mesocarp) throughout the growing seasons,
but can also act as a leaf borer, particularly on wild
pistachio trees, e.g. P. khinjuk. The population of this
moth has increased over the recent two decades, and
is now distributed in almost all the pistachio plan-
tations in the south of country. Although it is also
known from Armenia, Iraq and Turkey, the damage
caused by this pest has only been recorded in Iran. It
is known as "Krash" by the native pistachio growers
in Kerman province, south of Iran (Mehrnejad 2001,
2014b; Mehrnejad & Speidel 2011).

Life cycle. The larvae spin white silk where they feed
and remain hidden inside amongst the fruits. They
may also bore in the leaf parenchyma while sticking
leaves to each other by silky webs; however, the fruit
clusters are the preferred site for living. The fully de-
veloped larvae leave the feeding site and drop into
the soil. They pupate inside delicate greyish silken
cocoons under the trees' canopy, or in other shelters
around the base of the trees. This insect overwinters
in a pupal stage beneath the surface of the ground
in an obligatory diapause from early October. The
adults emerge around late April and usually lay eggs
on the newly formed fruits singly. The adult of all
other generations usually lays eggs on the damaged
fruits preferably in intense pistachio fruit clusters.
During the day, the moths remain quiet, and about
dusk, they become active. A. komaroffi produces 3 to
4 generations a year (Mehrnejad 2014b; Mehrnejad

& Speidel 2011). A. komaroffi develops and repro-
duces on a wide range of temperatures, although 30
to 32.5°C is considered optimum, they also feed on
almost all of the commercial pistachio cultivars (Ba-
sirat et al. 2015, 2016).

Damage. On cultivated pistachio trees, the larvae
almost exclusively live within the fruit clusters by
feeding on the fruits’ hull (fruits’ soft skin); how-
ever, they may also bore in the leaf parenchyma in
both the cultivated and wild pistachios. The larvae
cause different types of damage to the fruits de-
pending on the part of the season when they oc-
cur in an orchard, but the injury is almost always
severe enough to destroy the entire fruit. The larva
may attack several fruits in a cluster to reach the
pupal stage. The first-generation attacks the newly
formed pistachio fruits by boring into the young
fruits from late April to about mid-May. These in-
juries are usually mixed with those induced by the
pistachio fruit moth, Recurvaria pistaciicola Dani-
levsky (Lepidoptera: Gelechiidae). However, in lat-
er generations, they feed on the fruits' hull tissues
(pericarp and mesocarp), and may attack the leaves
when the fruit is unavailable (Mehrnejad & Speidel
2011; Basirat et al. 2015).

Natural enemies. At least three hymenopterous
parasitoids attack A. komaroffi on both the culti-
vated and wild pistachio trees and they are active
in pistachio orchards through July to September.
Iconella myeloenta (Wilkinson) (Hym.: Braconidae),
is a widespread and the most common primary par-
asitoid of A. komaroffi. It develops solitarily on the
moth larvae as a larval endoparasitoid. While, Ha-
brobracon telengai Muljarskaya (Hym.: Braconidae)
acts as a gregarious ectoparasitoid on the larvae of
this moth with minor importance. However, Elas-
mus nudus (Nees) (Hym.: Eulophidae) is the second
most dominant parasitoid species on A. komaroffi af-
ter I. myeloenta. This is a gregarious ectoparasitoid,
which attacks the fully developed larvae prior to its
pupation in its cocoon, and also attacks the cocoons
of the braconid I myeloenta, the primary parasi-
toid of A. komaroffi. The parasitism rates of Iconella
myeloenta and Elasmus nudus are highly variable,
ranging from 12 to nearly 40%. Predators also play
a role in putting pressure on the A. komaroffi popu-
lation. The green lacewings, Chrysoperla spp. attack
the eggs and young larvae of this moth on the pis-
tachio trees. Phytoseiid mites like, T (Anthoseius)
bagdasarjani feed on the moth eggs in the pistachio
fruit clusters (Mehrnejad 2010b, 2012, 2016).
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Management. Winter cultural practices, such as
tilling and ploughing the orchard’s floor, particu-
larly under the trees' canopy, reduce the overwin-
tering populations of A. komaroffi, as well as several
other pistachio pests. However, under harsh circum-
stances, spraying with an appropriate chemical like
Teflubenzuron (a benzoylurea insecticide) might
be necessary. The chemical control against the first
generation’s broods might be managed around early
May, a week after pollination while the young fruits
appear. Usually, one insecticide spray applied in the
course of spring or early summer is sufficient to con-
trol the insect pest.

The pistachio bud and twig borer beetle, Chae-
toptelius (= Hylesinus) vestitus (Mulsant & Rey)
(Coleoptera: Curculionidae; Scolytinae)

Economic importance, distribution and host
range. It is a very ancient pest of pistachio trees
throughout the Middle East and the Mediterra-
nean regions. It considered as an important pest in
Turkey, Syria, Algeria, Tunisia and Greece, (Kiri-
ukhin 1946; Mart et al. 1995; Mourikis et al. 1998;
Braham 2009; Chebouti-Meziou et al. 2009; Khoja
et al. 2009), and is now a major localised pest in
Iran causing damage into the vegetative and re-
productive buds by the adult beetles. The beetle's
population is increasing mainly due to the water
shortage and poor-quality of the water resources.
C. vestitus attack Pistacia spp. including the cul-
tivated pistachio P. vera (Davatchi 1958; Farivar-
Mehin 1983; Mehrnejad 2001).

Life cycle. Adults appear in mid-April and after-
ward, flying towards the healthy young twigs and
bore feeding tunnels into the buds either terminally
or laterally (floral), and destroy them. The adult bee-
tles remain in these so-called feeding tunnels until
October and then emerge to locate appropriate sites
for reproduction, either inside or outside the pista-
chio orchards. During the late autumn and winter,
the beetle reproduces in the pruned, damaged, weak-
ened and unhealthy twigs, branches or trunks by dig-
ging a hole into the bark and boring a double-sided
tunnel under the bark. This period may extend to late
winter, and both the male and female beetles partici-
pate to prepare the site for egg laying. The female lays
its eggs on both sides of the tunnel and the larvae
bore galleries by feeding under the bark and pupate
early in the following spring. The beetle is univoltine
and overwinters in egg, larval or pupal stages (Fari-
var-Mehin 1983, 2002; Ziaaddini et al. 2002).
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Damage. The adults are known to have an injuri-
ous stage since they mainly attack the healthy trees'
buds and then burrow a tunnel about half an inch
just beneath the buds. An adult beetle usually de-
stroys one bud by drilling the twig in the leaf peti-
ole base or the terminal buds; however, about 10%
of the adults may feed upon more than one bud to
start the tunnel. They destroy the buds and also
cause a hard weakness in the infested twigs (Fari-
var-Mehin 1983, 2002).

Natural enemies. Several biocontrol agents includ-
ing, predators, parasitoids and entomopathogenic
nematodes and fungus have been reported as natural
enemies of scolytid bark beetles around the world.
In Iran, little information is available on C. vestitus;
however, Cheiropachus colon (Hymenoptera: Ptero-
malidae) Linnaeus was recorded as attacking the lar-
vae of C. vestitus (Ziaaddini et al. 2002).

Management. C. vestitus oviposits in weak and un-
healthy trees only, therefore, efforts should be direct-
ed to keep the pistachio trees in a state of vigorous
growth. Improving the trees’ health by suitable irri-
gation, pruning, fertilisation and other horticultural
practices is considered effective to reduce the beetle
population. In addition, removing and destroying
dead and damaged trees as well as pruning twigs and
branches during winter is highly necessary in the pis-
tachio plantations (Farivar-Mehin 1983, 2002).

The yellow pistachio hard scale, Lepidosaphes
pistaciae (Archangelskaya) (Hem.: Diaspididae)
Economic importance, distribution and host range.
The vyellow pistachio hard scale, locally known
as pistachio twig and fruit scale in Iran, which
lives on the leaves, fruit, twigs and branches of
P vera (Mehrnejad 2001). This insect is distributed
throughout Iran and the neighbouring countries as
well as the Mediterranean region and the Middle
East. It is a narrow and elongate, straight or wavy,
light or dark brown scale, which is considered as
one of the most widely distributed and destructive
scales in pistachio plantations (Taghizadeh & Safavi
1960; Farahbakhsh 1961; Mehrnejad 2001; Hosseini-
naveh et al. 2016). It attacks Pistacia spp including
cultivated pistachio trees. Furthermore, Garcia et al.
(2016) stated that it affects several other host plant
species belonging to different genera either woody
plants or shrubs too. This scale insect was reported
in pistachio plantations in Turkey (Bolu, 2002) and
Greece (Mourikis et al., 1998). Contrary to the situ-
ation in Iran, Sturaspis pistaciae Lindinger has been
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recorded as the most common scale species in Turkey
(Bolu & Uygun 2003) and Syria (Khoja et al. 2009).

Life cycle. The broods of the first generation emerge
almost mid-April and infest the twigs, the base of
the fruits cluster and leaf petioles, but in subsequent
generations, the young nymphs move towards the
pistachio leaves and nuts. This scale insect com-
pletes two generations per year and overwinters as
a fully developed female adult under its scale on the
pistachio twigs (Masjedian & Seyedoleslami 2003).

Damage. These minute, sap-sucking insects injure
the branches, shoots, leaves and fruits, and can also
retard shoot growth and cause shell splitting. The in-
fested foliage and nuts turn yellow and purple about
the areas where the scales are feeding. The infested
nuts are relatively smaller, ripening is delayed, and
the kernel is not fully developed. Usually, this insect
causes a general weakness in its host plant; howev-
er, under high density, it may kill the branches and
twigs (Mehrnejad 2014b).

Natural enemies. Several predatory insects and
mites as well as parasitoid wasps were reported as
being natural enemies of L. pistaciae throughout
the pistachio plantations in Iran. Three parasitoid
species were found as parasitoids of L. pistaciae
such as; Coccobius annulicornis Ratzeburg (Hym.:
Aphelinidae), Aphytis sp. near aonidiae (Mer-
cet) (Hym.: Aphelinidae) and Zaomma lambinus
(Walker) (Hym.: Encyrtidae) through a wide field
survey in pistachio plantations in the Kerman
province, in southern Iran (Emami & Mehrnejad
unpublished). Furthermore, Jalaeian et al. (2013)
reported three parasitoid wasp species, e.g.,
C. annulicornis, Z. lambinus and Ablerus sp. that
parasitise this scale in central parts of the country.
From the group of predators, particularly mites,
e.g., Neophyllobius pistaciae Bolland & Mehrnejad
(Acarina: Camerobiidae) and Cheletogenes or-
natus (Canestrini & Fanzago) (Acarina: Chey-
letidae) (Bolland & Mehrnejad 2001; Mehrnejad
& Ueckermann 2001) as well as predatory ladybirds
including Chilocorus bipustulatus (Linnaeus), Exo-
chomus nigripennis (Erichson) (both Col.: Cocci-
nellidae) (Mehrnejad 2014b) are important. The
predatory beetle, Cybocephalus fodori minor En-
drody-Younga, 1968 (Coleoptera: Cybocephalidae)
(Kolahdooz-Shahroodi et al. 2006) widely lives on
contaminated trees throughout the country.

Management. Scale insects including L. pistaciae
are widely attacked by predators, e.g., predatory
mites and coccinellids as well as parasitoids. Un-

der certain circumstances, when the scale popula-
tion densities are high, a chemical application is
required. However, due to the high abundances of
natural enemies, broad-spectrum insecticides must
be avoided. Any chemical control programme must
be targeted at the first nymphal instars which are
highly susceptible due to lack of a mummified body.
At present, Ethion and Diazinon (both non-systemic
organophosphate insecticides) are applied against
pistachio scales around mid-May. In addition, keep-
ing pistachio trees in a state of vigorous growth is
recommended (Mehrnejad 2014b).

The pistachio trunk and branch scale, Melanaspis
inopinata Leonardi (Hem.: Diaspididae)

Economic importance, distribution and host range.
This hard scale is a grey, robust, sub-circular and
convex with a black centre scale, which occurs on
pistachio trunk and branches. It particularly appears
in high density on trees with an age above 20 years.
The insect causes a general weakness in the pista-
chio trees, under heavy infestation, causing signifi-
cant delay on the bud break and regrowth in early
spring. This polyphagous diaspid attacks Pistacia
spp. including the cultivated pistachio P. vera, as well
as many shrubs and trees, e.g., acer, acacia, apple, as-
tragalus, fraxinus, pear, plum, populus, rose and wal-
nut trees (Kiriukhin 1946; Taghizadeh & Safavi 1960;
Mehrnejad 2001; Shirazi et al. 2013; Hosseininaveh
etal. 2016). It is distributed throughout Iran and was
recorded in Armenia, Cyprus, Egypt, Greece, Iraq,
Israel, Italy, Lebanon, Pakistan, Sardinia, Sicily and
Turkey too (Garcia et al. 2016).

Life cycle. This species overwinters as a fully devel-
oped non-reproductive adult female. M. inopinata is
ovoviviparous, its crawlers are dark brown to red in
colour, appears in late-April and early-May, disperse
around, but not far from, their emergence point.
This species is bisexual, and bears one generation
a year (Mehrnejad 2014b).

Damage. This scale insect causes a general weak-
ness in the contaminated trees. Under high popu-
lation intensity, it retards the bud opening in early
spring, causes a significant decrease in the pistachio
yield and branches may die (Mehrnejad 2016).

Natural enemies. The natural enemies are almost
the same as for the yellow pistachio hard scale,
L. pistaciae.

Management. The management for M. inopinata
is almost the same as for the yellow pistachio hard
scale, L. pistaciae.
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Melanaspis pistaciae Hosseininaveh & Kaydan
(Hem.: Diaspididae)

Melanaspis pistaciae, in fact, is considered as ei-
ther the 2" or 3'¢ most important economic scale
insect species that lives on pistachio trees’ trunks
and branches. Through the more recent investiga-
tion on the molecular and morphological characters
of pistachio armoured scale insects (Hem.: Dias-
pididae), M. pistaciae was found to be a new species
(Hosseininaveh et al. 2016). This research confirmed
that there is a very close relation and resemblance
between the M. pistaciae and M. inopinata. M. pis-
taciae was discovered in the colonies of M. inopinata
on P vera and P, atlantica subsp. mutica in pistachio
plantations of the Kerman province, widely through-
out southern Iran. It was declared that these two
species may have been existed together for a long
time; however, they were probably not separated due
to their misidentification. Definitely, several studies
on the bio-ecological and behavioural aspects of this
new species are needed. The status of this scale in-
sect in other pistachio growing areas particularly the
neighbouring countries is unclear.

The pistachio fruit moth, Recurvaria pistaciicola
[= Schneidereria pistaciicola] (Danilevsky) (Lep.:
Gelechiidae)

Economic importance, distribution and host
range. Recurvaria pistaciicola, is known as an an-
cient pistachio pest in Iran (Taghizadeh & Safavi
1960; Samet 1984). Although it is distributed widely
in pistachio plantations all over the country, it still
is locally important and may occasionally appear as
a key pest in small plantations, usually on old trees,
e.g., over 30 years old, but it is generally considered
to be a minor pest now. This moth is known as an
early spring pest for newly formed pistachio fruits,
although it also feeds on the mesocarp of fully de-
veloped nuts in August and September when the
moth larvae open a passage for the mould (Asper-
gillus spp.) penetration into the kernel (Samet 1984;
Mehrnejad 2001, 2016). This species was recorded
in Iraq, Syria and Turkey (Abu Yaman & Jarjes 1969;
Mart et al. 1995; Khoja et al. 2009).

Life cycle. This moth hibernates as a fully devel-
oped larvae that appear green in colour inside the
delicate greyish cocoons. The adult moth emerges in
very early spring to lay eggs on the tiny fruits and
clusters. The young larvae penetrate the tiny pista-
chio fruits. The second generation appears in early
August and the larvae usually feed on the fruits' soft
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skin (mesocarp). The fully developed larvae leave
the feeding sites and hide under the tree stems' loose
bark and remain inactive. Alternatively, the fully-
developed larvae may make a nest around the trees'
collar base and under plant litter on the ground.
This species makes two generations per year (Samet
1984; Mehrnejad 2014b). However, Qomi-Nejad
(2006) reported that a part of the moth population
may complete only one generation a year while the
fully developed larvae from the first generation pass
the summer, autumn and winter inactive under the
loose bark of trees' stem and pupate in late winter
and early next spring.

Damage. This moth attacks newly formed fruits
just after pollination and it may continue till the fruits
grow to around 10 mm in diameter. It may cause seri-
ous damage in old pistachio orchards, where there
are good sites and safe shelter for the overwintering
larvae under the loose bark of the trunk and large
branches. In early spring, the larvae penetrate tiny
pistachio fruits and feed on the embryo at the
base of nuts, then the larva moves to other fruits.
The injured fruits stop growing, turn brown and sub-
sequently dry and fall off the tree. Each larva destroys
several young fruits until full development. Howev-
er, in August, the larvae feed on the fruits' soft skin
(mesocarp). It causes black and brown wide spots
on the shell surface due to faeces produced by the
larvae. In split nuts, the larvae may feed on the pis-
tachio kernels slightly. The damaged fruits generally
become susceptible to fungal and mould infection
(Samet 1984; Mehrnejad & Panahi 2006).

Natural enemies. Limited information is available
on the natural enemies of this moth. Aydogdu and
Beyarslan (2009) stated Phanerotoma (= Bracotri-
toma) permixtellae Fischer (Hymenoptera: Braco-
nidae), as a parasitoid of R. pistaciicola in Turkey.
In addition, although parasitoid wasps belonging to
Pteromalidae and Eulophidae were mentioned as
natural enemies for this moth in general, a detailed
field investigation is definitely needed.

Management. Direct observation and checking the
fruit clusters for symptoms of damage in early spring
is necessary to make control decisions particularly in
those areas, where an infestation was previously re-
corded. Currently, a chemical application is the usual
manner to prevent any economic damage induced by
this moth. Winter cultural practices, such as tilling and
ploughing of the orchards' floor, particularly under the
trees' canopy, cause a decrease in the overwintering
populations of R. Pistaciicola (Mehrnejad 2014b).
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The pistachio weevil, Polydrusus (Orodrusus) da-
vatchii Hoffmann (Coleoptera, Curculionidae)

Economic importance, distribution and host range.
The adult pistachio weevil attacks the pistachio trees
immediately after the bud break and feeds on the
swollen and newly opened buds in the very early
spring (late March). Under high population densi-
ties, the beetles cause heavy damage to the immature
and developing flowers. The larvae are not a pest. It
is distributed in almost all pistachio plantations in
the central and southern parts of Iran nowadays.
Based on the available references, it also appears
in Syria (Davatchi 1958; Mehrnejad 2001; Farivar-
Mehin 2002; Khoja et al. 2009). No other host was
found for this weevil until now. Only females of this
species are known. Polydrusus davatchii was a mi-
nor pest for pistachio trees until the first decade of
the 21% century, then its population density has in-
creased gradually, and the area contaminated by this
pest has widely expanded through the present dec-
ade (Mehrnejad et al. 2017).

Life cycle. The adults emerge from the soil covered
with plant litters and only under the pistachio trees'
canopy from mid-March and continues for about
a month. The beetles walk on the soil surface for one
or two days after emergence and then flit for a short
distance. The weevils feed on the newly opened re-
productive and vegetative buds as well as the develop-
ing flower clusters. The adults live for about 40 days.
The female deposits eggs through April at the base of
the fruit clusters or new shoots. After hatching, the
legless larva falls onto the ground under the pista-
chio tree's canopy, and buries itself into the soil where
plant litter and other organic materials are usually
present. The food sources for the larvae remain un-
known, probably the larvae are scavengers in their
habitat. The larval development and pupation pro-
ceed in the soil. This weevil overwinters at the pupal
stage. Polydrusus davatchii Hoffmann, 1956, produc-
es one generation per year (Mehrnejad et al. 2017).

Damage. The weevil P. davatchii, is considered as
a potential pest for pistachio buds and developing
flower clusters in early spring. Both the reproductive
and vegetative buds are attacked when they begin to
open, in addition, the feeding usually continues on
the developing flower clusters, causing significant
crop losses. The adults are the only stage of their
development that cause damage to the pistachios
(Mehrnejad & Mirzaei 2017).

Natural enemies. No natural enemy was recorded
for this weevil till now.

Management. The weevil emergence can be moni-
tored by using emergence traps or checking for
symptoms of damage on the buds and developing
flower clusters by direct observation in early spring.
The application of insecticides like Phosalone is the
current ordinary means of control, however winter
ploughing (30 cm depth) of pistachio orchards could
be used to significantly reduce its population as this
practice disturbs the weevils' pupae just before the
adult emergence (Mehrnejad & Mirzaei 2017).

The common pistachio mite, Tenuipalpus granati
Sayed (Acari, Tenuipalpidae)

Economic importance, distribution and host range.
Tenuipalpus granati is an occasional pest in pista-
chio plantations; however, it may appear locally as
an economically important herbivore in pistachio
orchards in Iran. It is distributed throughout the
cultivated and wild pistachio plantations of coun-
try, although its population densities are usually low
(Mehrnejad & Ueckermann 2001, 2002; Mehrnejad
2014b). This mite species was reported in vineyards
and pomegranates orchards in Azerbaidzhan, Egypt,
Greece, Georgia, Kazakhstan, India, Iraq, Pakistan,
Turkey, North Africa, the Mediterranean region
and Asia-minor (Khalil-Manesh 1973; Jeppson et al.
1975; Yousef et al. 1980; Ananda et al. 2009).

Life cycle. This mite overwinters in an adult stage,
near the base of the buds and under the buds' scales,
but it can also be found in crevices on the trees'
branches and twigs. It does not weave a silken web on
the leaves or the fruits, therefore, it is also called false
spider mite. The eggs are reddish and laid around the
mid- and sub-veins on the upper-surface of the pis-
tachio leaves, and the broods feed at the same site.
The larvae and nymphs are red to orange in colour,
but the adults turn pale orange with numerous tiny
black spots. It produces several generations through
a growing season; however, its population drastically
rises in the warm months like August and Septem-
ber. Tenuipalpus granati and the common pistachio
psyllid, A. pistaciae act as competing (rivals), though
only one of them appears on the pistachio leaves and
makes a considerable population in summer.

Damage. Under heavy infestation, the leaves turn
light red, the kernels do not develop properly and
subsequently a bud and leaf drop occurs. Severe
damage may occur by defoliation in late summer
(Mehrnejad 2014b).

Natural enemies. This species is heavily attacked
by predatory mites which belong to the families of

245



Review

Plant Protection Science, 56, 2020 (4): 231-260

Phytoseiidae and Ascidae, as well as by the coc-
cinellid beetles.

Management. This mite has a scattered distribu-
tion, and usually lives in low densities. However,
a visual examination of the leaves is necessary, par-
ticularly in those areas, where an infestation was
previously recorded. Under harsh circumstances,
a chemical application might be necessary particu-
larly in July and August.

The pistachio leafhopper, Sulamicerus (= Idioce-
rus) stali (Fieber) (Hemiptera: Cicadellidae)
Economic importance, distribution and host range.
The pistachio leafthopper was the most serious pest
of cultivated pistachio trees in Iran about 70 years
ago, but its position was replaced by the common
pistachio psylla, A. pistaciae, thereafter (Kiriukhin
1946; Davatchi 1958; Taghizadeh & Safavi 1960). The
presence of CPPs on cultivated pistachio trees was
reported in 1946 by Kiriukhin (1946) as a minor pest.
In the early 1940s, Dichlorodiphenyltrichloroethane
(DDT) was used against the pistachio leathopper,
followed by organophosphate pesticides like Para-
thion and Dimethoate (Samet, personal communi-
cation). Due to application of these broad-spectrum
chemicals, the population density of the univoltine
leathopper, S. stali sharply decreased; however, the
population of the multi-voltine A. pistaciae gradu-
ally increased and was widely distributed. There are
at least two reasons for this change (replacement);
1: Leathopper nymphs produce a heavy amount of
liquid honeydew which can completely cover the
surface of the trees' branches, leaves and clusters.
Nevertheless, this liquid honeydew, in fact, causes
a limitation for the CPP activity (walking, jump-
ing, moving), but under the absence of leathoppers,
the CPPs had no preventive pests to control them.
2: Continuous insecticide applications caused a neg-
ative effect on the beneficial insects and mites which
were natural enemies for the CPPs. Currently, this
hopper is not a common pest for the cultivated pis-
tachio trees throughout the country, but it is consid-
ered as a local injurious pest. It is usually abundant
in the pistachio orchards adjacent to wild pistachio
plantations (e.g., P atlantica subsp. mutica). This
leathopper is still considered as a major pest in wild
pistachio plantations in mountainous areas where
the CPP population fluctuates at a very low level. In
wild pistachio plantations, no any chemical applica-
tions have been used yet. The hopper’s nymphs live
on the newly grown aerial parts of trees, sucking up
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the plant sap and producing large quantities of liq-
uid honeydew in the early spring (Mehrnejad 2001).
This species was found throughout the Mediterra-
nean countries and the Middle East (Mourikis et al.
1998; Yanik & Yiicel 2001; Khoja et al. 2009).

Life cycle. The insects overwinter in an adult stage
in the pistachio orchards, under the crevices on the
trees’ branches and loose bark of the trees' stems,
also under the plant litter on the orchard's floor
and in the cracks of the walls which surround the
orchards. The adults appear in late winter and early
spring and feed on the swollen buds. The hoppers
embed their eggs in the green and flashy tissues. The
hopper nymphs feed on the young parts of the pista-
chio plants, but prefer the tiny fruits. All the nymph's
instars produce a kind of liquid honeydew. The in-
sect has one generation a year (Mehrnejad 2014b).

Damage. The adult causes heavy damage to the
fleshy tissues like the flower clusters and shoots due
to tearing the tissues by the ovipositor. The nymphs
feed on the young green parts of the plants, although
they prefer the newly formed fruits, where the in-
jured young fruits subsequently turn brown, black,
dry out and then consequently fall off. This insect
causes epicarp lesions in fact. The wet and sugary
materials that is secreted by the nymphs contami-
nate the aerial parts of the trees and a mould infec-
tion may subsequently occur. At high populations,
the hoppers cause heavy damage to the pistachio
trees and a significant reduction in the yield occurs.

Natural enemies. This species is attacked by pred-
atory mites as well as a predatory bug; however,
detailed studies need to determine and identify its
natural enemies.

Management. When a large population appears in
the early spring, a chemical treatment is recommended.

The pistachio leaf borer, Ocneria terebinthina
Staudinger (Lep.: Lymantriidae)

Economic importance, distribution and host range.
This insect is a whitish moth and appears on the pis-
tachio trees in early spring. It is generally a local in-
jurious pest on cultivated pistachio trees. However,
it is considered as a major pest for wild pistachio
trees in Iran. Two leaf borer moths, O. terebinthina
and Thaumetopoea solitaria (Freyer) (Lepidoptera;
Thaumetopoeinae) are well-known pistachio defo-
liators. Both are found throughout the Middle East
and the Mediterranean regions (Davatchi 1958; Hal-
perin 1983; Mart et al. 1995; Mourikis et al. 1998;
Mehrnejad 2014a). However, their populations are
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scattered on cultivated pistachio trees and are gen-
erally not thought to be significant now.

Life cycle. The adults lay their eggs in a batch on both
the upper and lower surfaces of the pistachio leaves.
The young caterpillars feed on the leaf parenchyma
and upper epidermis, they produce large skeletonised
patches and brown spots on the pistachio leaves. The
older larvae show a markedly higher eating activity,
only the mid-vein can stay on the leaves at the end
of their development. This species is multivoltine
and they usually hibernate in the pupal stage in the
soil near the trunk collar and under the plant litter as
well as inside crevices on the trees' trunk (Taghizadeh
& Safavi 1960; Omid et al. 2005, 2006).

Damage. The larvae feed on all parts of the leaves
except the main veins and the infested trees become
seriously defoliated.

Natural enemies. Several natural enemies have
been recorded for this moth in Iran, e.g., the egg para-
sitoid wasp, Ooencyrtus ocneriae Hayat & Mehrnejad
(Hym.: Encyrtidae) (Hayat & Mehrnejad 2018), two
pupal parasitoids, Brachymeria intermedi (Nees)
(Hym.: Chalcididae) and Exorista sp. (Dip.: Tachini-
dae), the predatory bug, Rhinocoris iracundus (Poda)
(Het.: Reduviidae) (Omid et al. 2005; Askary et al.
2006), Brachymeria tibialis (Walker) (Hym.: Chal-
cididae) exits from the moth pupae, the predatory
mite T. (Anthoseius) bagdasarjani feeds on the moth
eggs (Mehrnejad 2014b). In addition, the influence of
Bacillus thuringiensis var. kurstaki on the first three
larval instars of O. terebinthina had been reported
(Sheibani-Tezerji 2010).

Management. This pest usually appears in cultivat-
ed pistachio plantations having a shortage of water
or having an inappropriate irrigation programme.
Keeping pistachio trees in a state of vigorous growth
is considered effective to reduce the moth damage.
A visual examination of the leaves is recommended
to monitor the populations and for making control
decisions. Although several biocontrol agents have
been recorded for this defoliator, they have not been
used commercially yet. At present, chemicals like
Phosalone are usually applied against O. terebinthi-
na under harsh conditions.

MINOR PESTS

This group includes phytophagous insects and
mites which are only minor pistachio pests. Because
of their rare occurrence, these insects are not con-
sidered important pests of pistachio trees. However,

under certain conditions they occur as injurious
pests, although they are distributed in a limited area.

The leaf-roller pistachio psyllid, Megagonoscena
viridis (Baeva) (Hem.: Aphalaridae)

Economic importance, distribution and host range.
It is an old pest on cultivated pistachio trees in Iran,
and known as a locally injurious pest. This insect
occurs on both cultivated and wild pistachio trees
throughout the country. This psyllid was also re-
corded in Azerbaijan, Bulgaria, Jordan, Tajikistan
and Turkey on Pistacia spp. (Burckhardt & Lauterer
1989, 1993; Mehrnejad 2001, 2003, 2014c).

Life cycle. The adult psyllid emerges in late spring
and deposits a batch of elongated pinkish eggs in
the angle between the bud and the twig. They cover
the batch with a whitish fur. The eggs pass through
the summer, autumn and winter when they hatch
the following April. Usually, several light green
nymphs develop inside a rolled leaflet, where they
produce the liquid honeydew and also secrete wax.
It is univoltine (Mehrnejad 2014c).

Damage. This psyllid causes a deformation in the
very young leaflets in early spring. The infested leaf-
lets appear as a roll, then gradually turn brown, and
finally dry out (Mehrnejad 2014c).

Natural enemies. A parasitoid wasp, Psyllaepha-
gus sp. attacks the nymphs of the psyllid (Mehrnejad
2014b). No information is available on any other
natural enemies.

Management. No guideline for the management
of this psyllid is available, but a systemic insecticide
like Imidacloprid (a neonicotinoid) applied immedi-
ately after the bud break is effective.

The pistachio root beetle, Capnodis cariosa hau-
seri Obenberger (Col.: Buprestidae)

Economic importance, distribution and host
range. This beetle is an ancient pistachio pest wide-
spread throughout the Middle East and the Medi-
terranean regions. It causes heavy damage in pista-
chio plantations under water shortages and a poor
agricultural application. The beetles' larvae bore
a tunnel at the collar site (the base of the tree's
stem) of the trees, where pathogenic fungi (e.g.
DPhytophthora spp.) penetrate into the trees' roots
and stem. This beetle attacks Pistacia spp. and has
been reported in Turkey, Syria and Tunisia as an
important pest of pistachio trees (Kiriukhin 1946;
Davatchi 1958; Mart et al. 1995; Farivar-Mehin
2002; Khoja et al. 2009).
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Life cycle. This beetle particularly attacks weak-
ened trees for its egg laying and larval development.
Female beetles prefer to lay eggs in a batch on the
collar stems, although they may oviposit on the soil
surface close to the trees' stems. The newly hatched
larvae dig a hole through the bark of the trunk to-
wards the roots. The newly hatched larvae feed upon
the cambium and then gradually bore into the xylem
tissues. The larval and pupal development lasts al-
most two years. The adults emerge through spring
to early autumn; however, this beetle overwinters
in both the larval and adult stages. The adults over-
winter under different shelters, e.g., under the loose
bark of trees or in the plant litter inside the orchards
(Farivar-Mehin 1991, 2002).

Damage. 1t causes hard weakness in pistachio
trees and even may kill the infected trees.

Natural enemies. No information is available.

Management. The cultural control, including opti-
mising the tree vigour through appropriate and reg-
ular irrigation, fertilisation regimes as well as annual
soil cultivation are considered to be the most effec-
tive treatments against xylophagous beetles. Recent-
ly, the biocontrol potential of two entomopathogen-
ic nematodes, e.g., Heterorhabditis bacteriophora
and Steinernema carpocapsae on the larvae of this
beetle have been examined under laboratory condi-
tions (Salari et al. 2015).

Pistachio seed wasps, Eurytoma plotnikovi Nikol-
skaya (Hym.: Eurytomidae) and Megastigmus
pistaciae Walker (Hym.: Torymidae)

Economic importance, distribution and host range.
Two species of pistachio seed wasps, E. plotnikovi
and M. pistaciae are known as very ancient pista-
chio pests widespread throughout the Mediterrane-
an regions, Middle East and Asia Minor. Both seed
wasps have been serious pests of pistachio nuts in
the past, but they are no longer considered to be im-
portant pests in 95% of the cultivated pistachio trees
in Iran, although these wasps are abundant in wild
pistachio plantations of the country. These wasps
attack the fruits of Pistacia spp. (Nikol'skaya 1934;
Kiriukhin 1946; Davatchi 1958; Boucek 1977; Meli-
fronides & Zyngas 1982; Mart et al. 1995; Gregoriou
1998; Mourikis et al. 1998; Grissell & Prinsloo 2001;
Mehrnejad 2001). M. pistaciae, was also found on
pistachio nuts in California (Robinson 1968) and
also on the ornamental pistachio tree, Pistacia chi-
nesis Bunge (Vettel & Harper 1969), and on Pistacia
sp. in Mexico (Grissell & Prinsloo 2001).

248

https://doi.org/10.17221/63/2019-PPS

Life cycle. Both seed wasp species overwinter in-
side the infested nuts in pistachio plantations in ei-
ther those remaining on the trees after harvest, or
those that have dropped onto the ground. The adult
wasps appear in May-June and lay a single egg inside
the young fruits. The larva feeds on the pistachio
kernel. The damaged fruits stop development and
dry out. The larvae remain inside the nuts over the
year and turns into a pupa early in the next spring.
E. plotnikovi is univoltine, but M. pistaciae produces
two generations a year (Radjabi 1959; Taghizadeh
& Safavi 1960; Basirat & Seyedoleslami 2008).

Damage. Both wasps cause direct damage to the
kernel and destroy the nuts.

Natural enemies. No information is available.

Management. Orchard sanitation, such as the re-
moval of the unharvested nuts and the destruction
of all the nuts left on the soil surface, is critical to
control seed wasps.

Pistachio gall aphid, Forda hirsuta Mordvilko
(Hemiptera: Aphididae: Eriosomatinae)

Economic importance, distribution and host range.
Pistachio trees, Pistacia spp. are the hosts for sever-
al species of gall aphids belonging to Fordini. These
aphids cause deformations in their hosts' tissues and
produce a wide variety of galls. Galling aphids are
common pests for wild pistachio trees in the Medi-
terranean region and the Middle East (Davatchi
1958; Wool & Ben-Zvi 1998; Rezvani 2004; Martinez
2008; Aphids on the world's plants 2013). At least
sixteen species of gall-inducing aphids attack Pista-
cia spp. in Iran. The majority of them occur on the
wild pistachio trees, e.g., P atlantica subsp. mutica
and P. khinjuk, almost exclusively in the mountain-
ous areas (Rezvani 2004). Forda hirsuta is a domi-
nant species of gall aphid in the cultivated pistachio
plantations in the country. It causes irregular con-
taminations and does not show a uniform distribu-
tion. This aphid causes deformation on the leaflets'
edges, and usually does not cause any economic
damage to the cultivated pistachio nowadays, al-
though is an important pest on wild pistachio trees
(Mehrnejad 2014b).

Life cycle. The galls at the edge of the leaflets ap-
pear in early May and continue to grow throughout
the summer while the numbers of parthenogeneti-
cally-produced female aphids increase drastically.
From late summer, a crack appears on the galls and
the emigrant alatae from the last generation disperse
(Mohammadi et al. 2007; Mehrnejad 2014b).
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Damage. This aphid causes several galls at the leaf-
lets' margin, the galls change colour from green to
red and pinkish gradually through the summer. The
deformation may negatively influence or decrease
the rate of photosynthesis (Rezvani 2004; Moham-
madi et al. 2007).

Natural enemies. The predatory bug, Anthocoris
minki pistaciae Wagner frequently attacks the aphids
inside the Forda's galls in wild pistachio growing ar-
eas throughout the country (Mehrnejad 2014b).

Management. The damage caused by galling
aphids varies in cultivated pistachio plantations, but
does not usually need treatment.

The cotton bollworm Helicoverpa armigera
(Hiibner) (Lep. Noctuidae)

Economic importance, distribution and host range.
This species is a highly polyphagous pest that feeds
on a variety plant species. It is a well-known impor-
tant pest of cotton and tomatoes, and is a cosmo-
politan insect species (CABI Invasive Species Data
2019). This moth also attacks pistachio fruits in early
spring before shell-hardening in Iran. It occasionally
appears in some cultivated pistachio plantations and
causes heavy damage in the very young developing
nuts. The status of this moth is not of an economic
importance now, except in limited localities and un-
der particular circumstances. Helicoverpa nubigera
(Herrich-Schéffer) was also found on very young
developing pistachio fruits too, although it rarely
appears on this plant (Mehrnejad 2001, 2014b). The
status of this pest in pistachio plantations of other
countries is unclear.

Life cycle. It produces several generations a year and
has a facultative pupal diapause. In pistachio planta-
tions, the larvae only feed on the newly formed, soft
and young nuts. This moth completes one genera-
tion through the first half of spring in pistachio plan-
tations and then the adult moth disappears. Because
of the saline and alkaline soil in pistachio growing
areas, the variety of herbal plants belonging to Mal-
vaceae and Solanaceae, which are the preferred host
plants for this moth, are not growing well. Therefore,
usually no suitable alternative host is available for
this moth in pistachio plantations and the adjacent
areas. This moth is usually transferred into pistachio
plantations together with animal manure at a pupal
stage during winter (Mehrnejad 2014b).

Damage. The moth larvae bore into young pista-
chio fruits and feed on the embryo area at the base
of the fruits. The larva attacks many fruits until their

full development. The punctured fruits turn brown,
shrink and dry out (Mehrnejad 2016).

Natural enemies. A wide range of natural enemies,
e.g., predators, parasitoids and pathogens have been
recorded. All of them can influence the population
of H. armigera. However, the density and abundance
of natural enemies vary based on the crops and
countries (CABI Invasive Species Data 2019).

Management. The larvae of this moth are vora-
cious, therefore, in most cases where H. armigera at-
tack pistachio fruits, the application of insecticides
is necessary.

The pistachio longhorn beetle, Calchaenesthes
pistacivora Holzschuh (Col.: Cerambycidae)

Economic importance, distribution and host range.
In 1999, a longhorn beetle (Col.: Cerambycidae) was
collected from pistachio trees including P. vera and
P, atlantica subsp. mutica at Sirjan, in southern Iran
(Hashemi-Rad 2005). Later it was described as a new
species and was named as C. pistacivora by Holzs-
chuh (2003). It is considered as a potential pest in
pistachio plantations on both water-stressed culti-
vated or wild pistachio trees, generally due to the
lack of adequate irrigation; however, this beetle has
a limited distribution in cultivated pistachio planta-
tions nowadays. This xylophagous beetle is endemic
to Iran and has not been reported in other countries
yet. It attacks P. atlantica subsp. mutica, P. khinjuk
as well as P. vera (Mehrnejad 20144, b).

Life cycle. The development lasts almost two years.
The adult appears on the pistachio trees early April
and usually feeds on the fresh pistachio leaves. The
damage caused by the adults is considered insignifi-
cant. The beetles lay their eggs on the twigs, branches
or stems of weakened pistachio trees, preferably on
the pruned sites where the tiny larvae promptly pene-
trate into the twigs or branches (Hashemi-Rad 2005).

Damage. C. pistacivora, in the same way as other
xylophagous beetles, colonises the weakened, dead,
and dying trees, which are stressed with a lack of ad-
equate irrigation or damaged by primary pests in na-
tive environments. The larvae can cause very severe
damage to the weakened pistachio trees (Achterberg
& Mehrnejad 2011).

Natural enemies. The parasitoid wasp, Megalom-
mum pistacivorae Achterberg & Mehrnejad (Hym.:
Braconidae) has been reared from the pistachio
longhorn beetle (Achterberg & Mehrnejad 2011).

Management. The cultural control, including op-
timising the tree’s vigour through appropriate and
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regular irrigation as well as fertilisation regimes are
considered to be the most effective treatments.

The carob moth, Ectomyelois (= Apomyelois) ce-
ratoniae (Zeller) (Lep.: Pyralidae)

Economic importance, distribution and host range.
The carob moth, formerly in the genus Spectrobates,
is an extremely polyphagous moth. It was known as
the pomegranate fruit neck worm in Iran. This moth
attacks a variety of fruits and nuts in nature and is
distributed worldwide. It also attacks stored fruits
and nuts. E. ceratoniae attacks pistachio nuts from
mid-summer when a crack occurs in the shelled
nuts (early hull split) on trees in late June and after-
wards and feeds on the kernel only. It is considered
as a potential pest for pistachios in Iran (Mehrnejad
1993, 1995) and has been reported in Greek pista-
chio plantations too (Mourikis et al. 1998). This spe-
cies occasionally appears on pistachio nuts where
the alternative host, e.g., pomegranates or figs for
larval development are not available in pistachio
growing areas. The feeding behaviour, damage and
biology of E. ceratoniae is similar to that of the navel
orange worm, Amyelois transitella (Walker) which
attacks pistachio nuts in California (Mehrnejad
2014a; Haviland et al. 2016).

Life cycle. The pistachio nut is susceptible to infes-
tation by E. ceratoniae as soon as the hull split oc-
curs, which is almost from early July when small and
deformed nuts split. The moth lay eggs only beneath
the cracks in the split nuts and larvae penetrate to-
ward the kernel through the shell tears. The larvae
are unable to complete development without feed-
ing on the kernel. The moth complete 4 to 5 gen-
erations over a year in pomegranate plantations;
however, in pistachio orchards, it produces at least
2 generations. The larvae are transferred into storage
together with the infested nuts. The pistachio stor-
age conditions are usually not fit for its regeneration
due to the very low humidity, although the larvae are
able to feed on dry kernels to complete their devel-
opment. Overwintering occurs in the nuts remain-
ing on trees or the orchards' floor.

Damage. The damage is caused by the larvae, which
also facilitate the introduction of fungi into the nuts,
therefore, this moth reduces the nut quality and
assists in the aflatoxin contamination (Mehrnejad
& Panahi 2006).

Natural enemies. Several parasitoid wasps at-
tack different stages of E. ceratoniae. In Iran, eleven
wasp species were recoded as larval parasitoids
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of carob moths on pomegranates. From these,
Apanteles myeloenta (Wilkinson) is one of the
most important parasitoids (Kishani-Farahani et
al. 2011; Kishani-Farahani & Goldansaz 2013). In
addition, egg parasitoids, e.g., Trichogramma em-
bryophagum Hartig and Trichogramma brassicae
Bezdenko also attack this moth (Mirkarimi 2000;
Moezipour et al. 2008).

Management. Orchard sanitation, such as the re-
moval of unharvested nuts and the destruction of all
the nuts left on the orchard floor, is critical to control
the carob moth in pistachio orchards (Mehrnejad
1993, 1995).

The pistachio bud-borer moth Telphusa pistaciae
Sattler (Lepidoptera: Gelechiidae)

Economic importance, distribution and host range.
A pistachio bud moth, Telphusa pistaciae, was col-
lected in a pistachio plantation at Rafsanjan, south-
ern Iran in 1969 (Samet 1982) and then described
as a new species by Sattler (1982). The larvae of this
moth feed upon and destroy both the reproductive
(flower) and vegetative buds in late winter and early
spring, resulting in bud loss. In Iran, it is a local-
ised pest nowadays (Samet 1982; Mehrnejad 2001,
2014a). No information is available on its presence
in other pistachio growing areas of world.

Life cycle. It was found that the adult moths appear
in nature from early and lay egg just close to the leaf-
lets’ veins, particularly the mid-vein. The first-instar
larvae bore directly through the upper epidermis,
producing short and twisting galleries. It feeds on
the parenchyma for 4 months. Then the second in-
star larvae disperse out of the galleries and pene-
trate into the buds. The 2"¢ instar larvae overwinter
inside the buds, and then become active from early
March, when they feed on the buds' internal tissues.
The life cycle of this moth is completed through
a year (Samet 1982; Mehrnejad & Mirzaei 2016).

Damage. The larvae attack any available buds
consecutively and cause severe damage to both the
flower and vegetative buds, resulting in a yield loss
and tree weakness.

Natural enemies. Two parasitoid wasps, e.g., Pte-
romalus (= Habrocytus) sp. and Conella (= Apan-
teles) sp. (Hymenoptera: Braconidae) attack the
moth's larvae inside the trees' buds (Mehrnejad
& Mirzaei 2016).

Management. A chemical control causes high
mortality to the first-instar larvae in the second half
of June.
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The pistachio Noqi scale, Suturaspis davatchi
(Balachowsky & Kaussari) (Hem.: Diaspididae)

Economic importance, distribution and host range.
Although this pest is well-known as Salisicola da-
vatchi in former references, it is currently introduced
as Suturaspis davatchi (Hosseininaveh et al. 2016). It
locally called "Nogqi scale", according to the name of
a district (Noq, about 60 km north from Rafsanjan,
southern Iran) where the species is distributed wide-
ly and has been abundant in pistachio plantations
for several decades. It now forms relatively large
populations on the trunks and branches of P. vera in
some pistachio orchards in southern Iran and is also
distributed on wild pistachio trees including P, khin-
juk and P. atlantica subspec. mutica. The scales are
white, relatively elongated and narrow (Mehrnejad
2014b; Kazemi et al. 2017). Based on the available
references, S. davatchi was recorded in Afghanistan,
Iran and Turkey. This species attacks Ficus carica
Linnaeus and Prunus lycioides (Spach.) Schneider
also (Seghatoleslami 1977; Kozér et al. 1996; Danzig
& Pellizzari 1998; Moghaddam 2013).

Life cycle. This scale usually lives on trees' branches,
although the nymphs can occasionally be found on
the leaves and fruits. The crawlers move very slowly
and just for a very short distances, therefore, shields
of scales are usually found in piles on the branch-
es. The males continuously appear on the pistachio
branches from late March for 20 days. Eggs usually
appear form around mid-April and are well hidden
under the female’s shield. The first stage nymphs ap-
pear on the branches from early May. Those scales
that develop on either the leaves or fruits produce
a second generation, although they are unable to
complete their lifecycle due to fruit harvesting as
well as leaves falling off the trees. This species pro-
duces one successful generation within a year in-
cluding two nymphal stages. This scale hibernates at
the second nymphal stage (Kazemi et al. 2017).

Damage. This insect sucks up the plant sap and
causes the trees’ weakness as well as decreases the
yield quantity and quality (Mehrnejad 2016).

Natural enemies. No information is available on nat-
ural enemies of S. davatchi, although predatory mites
and coccinellid as well as parasitoid wasps are observed
in colonies of this scale insect on contaminated pista-
chio trees either in cultivated pistachio plantations or
wild pistachio growing areas in southern Iran.

Management. The management for S. davatchi
is the same as for the yellow pistachio hard scale,
L. pistaciae.

The pistachio cushion scale, Anapulvinaria
(= Pulvinaria) pistaciae (Bodenheimer) (Hem.:
Coccidae)

Economic importance, distribution and host
range. The pistachio cushion scale (pistachio soft
scale) occurs locally and in relatively limited num-
ber of pistachio plantations throughout Iran. It
is always found at low population levels on both
sides of the pistachio leaves as well as on young
twigs where it excretes a liquid honeydew. The sta-
tus of this species is not of economic importance
now (Taghizadeh & Safavi 1960; Mehrnejad 2016).
It is native to the eastern Mediterranean coun-
tries, Iraq and the southern part of the old Soviet
Union (Bodenheimer 1953; Davatchi 1958; Abu
Yaman 1970; Santas 1985; Bolu & Uygun 2003).
This soft scale was recorded on Pistacia spp. and
Sicilian sumac, Rhus coriaria Linnaeus, Juglans
regia and Tamarix sp (Bodenheimer 1953; Po-
taeva 1993; Ben-Dov 2012; Moghaddam 2013).
In California, four soft scales species attack pis-
tachio trees: Coccus hesperidum (Linnaeus),
S. oleae, Parthenolecanium pruinosum (Coquillett)
and Parthenolecanium corni (Bouché). They are
currently under control by native parasitoid wasps
and plant bugs, such as Phytocoris spp.

Life cycle. The first nymphal instars appear in
about early June and feed on the plant phloem flu-
id on both sides of the leaves as well as the young
twigs. The second instar nymphs appear early in
autumn and overwinter on the twigs. Both nym-
phal instars are able to move and secrete honey-
dew. This species produces one generation a year
(Mehrnejad 2014b).

Damage. In cases of high abundance, Anapulvina-
ria pistaciae can cause a general weakness in trees.
Fortunately, it usually has low population densities
in plantations (Mehrnejad 2014b).

Natural enemies. Two parasitoid wasps were re-
ported attacking this soft scale in Iran, e.g., Blasto-
thrix sericea (Dalman) (Hym.: Encyrtidae) (Yazda-
ni & Rajabi 1993) and Coccophagus piceae Erdos
(Hym.: Aphelinidae) (Tavakkoli-Korghond & Lot-
falizadeh 2018). No information is available on the
rate of parasitism induced by the two parasitoids in
pistachio plantations. The predatory mites and coc-
cinellids are observed in colonies of this scale insect
on the contaminated pistachio trees.

Management. The management for S. davatchi
is the same as for the yellow pistachio hard scale,
L. pistaciae.
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The pistachio spherical scale, Eulecanium rugu-
losum (Archangelskaya) (Hem.: Coccidae)

Economic importance, distribution and host range.
This species has a limited distribution in pistachio
plantations and is not considered as an economic
important phytophagous insect nowadays. E. rugu-
losum is a polyphagous and lives on many plant gen-
era including, Corylus, Crataegus, Cydonia, Ficus,
Fraxinus, Juglans, Malus, Prunus, Pyrus, Pistacia,
Populus, Rosa, Salix and Ulmus. 1t is distributed in
Iran, Turkey and throughout Asia Minor (Bodenhe-
imer 1939; Kiriukhin 1946; Kaussari 1957; Ben-Dov
1993; Kaydan et al. 2007; Moghaddam 2013).

Life cycle. This species is a sap-sucking plant pest
that secretes a lot of wet honeydew. It overwinters
in nymphal stage on the trees’ twigs and then de-
velops into an adult in May. The nymphs are crawl-
ers through the first and second nymphal instars.
Those that live on the leaves move towards the twigs
in early autumn for overwintering. It produces one
generation a year.

Damage. Eulecanium rugulosum appears irregu-
larly in small plantations and usually in low densi-
ties. In most cases, the damage induced by this scale
is negligible.

Natural enemies. This soft scale was reported as
the host for several parasitoid wasps in Iran, e.g.,
Metaphycus dispar (Mercet) (Hym.: Encyrtidae) at-
tacks this species in pistachio plantations of the Ker-
man province, southern Iran (Emami & Mehrnejad
2009). Blastothrix aprica Sugonjaev and Cheiloneu-
rus claviger Thomson, attack E. rugulosum on
P atlantica, Leptomastix flava Mercet on P. vera
(Fallahzadeh et al. 2016). In addition, Eurytoma
iranica Narendran & Lotfalizadeh (Hym.: Eury-
tomidae) have been reared from E. rugulosum on
hawthorns, Crataegus persica Pojark. (Rosaceae)
in Shiraz, southwest Iran (Narendran & Lotfaliza-
deh 1999). The rate of parasitism for the mentioned
wasps on pistachio trees is obscure.

Management. Wherever a colony of E. rugulosum
occurs in the pistachio orchards, different species of
predatory insects such as ladybirds as well as birds
are found feeding on them. Usually, a chemical ap-
plication is not needed.

Others

Several other phytophagous insects and mites
are considered as potential or minor pests for cul-
tivated pistachio trees including: khinjuk psyllid
Agonoscena bimaculata Mathur, which now lives
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on wild pistachio trees, e.g., P khinjuk (Mehrnejad
2014c); the thrips species, e.g., Liothrips austriacus
(Karny), Thrips pistaciae Yakhontov, Thrips irani-
cus (Yakhontov) and Frankliniella occidentalis (Per-
gande) (Kazemi & Mehrnejad 2011a; Taghizadeh
& Safavi 1960); the petal borer moth, Gelechia pis-
taciae Filipjev (Kuznetzov 1999; Mehrnejad 2014b);
leaf miners, Simplimorpha promissa (Staudinger),
Leucoptera sp., Phyllonorycter sp. and Acalyptris sp.
(Kiriukhin 1946; Davatchi 1958; Van Nieukerken 2007;
Mehrnejad 2014b); eriophyid mites, Aceria (= Eriophy-
es) pistaciae (Nalepa), Aceria (= Eriophyes) stephanii
(Nalepa) (Mehrnejad & Daneshvar 1991; Mehrnejad
& Ueckermann 2001, 2002;) and Shevichenkella recki
(Bagdasarian) (Botimar & Sadeghi-Namaghi 2011),
xylophaegous beetles, Anthaxia (Haplanthaxia) kala-
lae Baiocchi & Magnani, Agrilus chlorophyllus Abeille
and Chrysobothris parvipunctata Obenberger, which,
in fact, are secondary invaders of the trees that are
weakened, dead, and dying (Taghizadeh & Safavi 1960;
Mehrnejad 2016). The false chinch seed bug, Nysius cy-
moides (Spinola) (Hemiptera: Lygaeidae), makes large
colonies on the lower parts of young pistachio trees,
particularly on the twigs, leaves and buds, as well as
on the fruit clusters (Mehrnejad, unpublished). These
harmful organisms appear either in very limited densi-
ties in cultivated plantations or they currently live in
wild pistachio plantations.

CONCLUSION

The monitoring of pistachio orchards is critical to
determine the presence and population density of
each pest species. In pistachio plantations, early-,
mid- and late-seasons are all critical periods for the
appropriate pest management because of the wide
range of insects and mite species present, each with
their own feeding and reproduction behaviour. The
yield loss due to arthropod pests varies greatly from
one orchard to another. In addition to the loss in
yield, these pests cause a significant reduction in tree
growth and in some cases, significant loss in the nut
production over the following three years.

Over the last 7 decades, continuous applications of
synthetic, non-specific, insecticides have caused epi-
demics of numerous phytophagous insects, probably, at
least, in part, to their adverse effects on their natural en-
emies. Nevertheless, pistachio pests might be managed
by developing an IPM (integrated pest management)
programme. When the use of insecticides is necessary,
pistachio growers would prefer the ones, which show
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less disruptive and more selective effects. Sanitation
and cultural practices must be the primary means of
control. The tilling and ploughing of the orchards' floor
significantly reduce the overwintering populations of
at least seven pistachio pest species, e.g., A. pistaciae,
A. komaroffi, R. pistaciicola, E. ceratoniae, P. davatchii,
L. austriacus and seed wasps. In addition, collecting
and removing all the pruned, dead, damaged and de-
formed pistachio twigs, branches and trunks cause an
effective reduction in the population density of several
pests during winter, e.g., C. vestitus, C. pistacivora, dif-
ferent species of the xylophagous beetles, Anthaxia
spp. and the eriophyid mite. Also, the removal of the
unharvested nuts and the destruction of all of the nuts
left on the soil surface had been proven to be successful
in controlling seed wasps and carob moths. Neverthe-
less, appropriate and regular irrigation and fertilisation
regimes are highly recommended to keep the pistachio
trees in a vigorous condition.

At present, in spite of reasonable information be-
ing available on the native biocontrol agents of many
pistachio pests, the mass release of commercially
produced parasitoids or predators is not currently
undertaken. Because of the global demand for food
safety and for the absence of insecticide residues on
agricultural products, pistachio producers will have
to face difficult challenges in the coming decade. The
future management of pistachio pests must rely on
an improved integration of different methods and
on creating new management techniques. In order
to achieve this, it is essential to train pistachio grow-
ers and extension officers on ways of integrating all
present (and future) recommended control measures.
Efforts should be made to prevent several potential
phytophagous pest species from becoming actual key
pests. Further investigations are necessary to develop
an IPM programme, particularly to characterise the
main factors responsible for changes in the popula-
tion dynamics of both the pests and biocontrol agents.
Among the pistachio growing countries, an IPM pro-
gramme has only been developed in California.
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