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Foreword

Surely long before the rise of human being and oscillating steps in the development
of agriculture, insects were subject to interaction with other organisms in the
environment. Some of these interactions were in favor of insects (supplying nutri-
ments, protection, or other advantageous symbiotic relationships) and some were
detrimental such as competition, disease and predation. Insects as relatively vulner-
able animals fell prey to all manner of predators, parasitoids, and diseases. There-
fore, studies on ecology of natural populations inspired scientist to apply natural
enemies to control or suppress different pest populations which is known as biolog-
ical pest control.

Regarding to the history of biological control in Iran, availability of huge
information on different kinds of natural enemies, and presence of a large number
of young scientists, it is necessary to have special attention and support paid by
relevant authorities. So that, to be capable of increasing to produce safe or organic
agricultural products it is important to review and gather all information related to
biocontrol to facilitate the non-chemical tactics in pest management programs.

Many thanks go to all Iranian scientists who have contributed to this valuable
book. The breadth and depth of their contributions collected here in one place should
go a long way to providing those scientists just starting out in working biological
control disciplines and those who want to understand basic and applied biological
control aspects of agricultural pests as basic information. I want to express my thanks
also to Javad Karimi, the initial editor of the book, and Hossein Madadi, for inviting
researchers who want to improve IPM programs based on biological control in Iran.

Professor of Entomology,
Guilan University,
Rasht, Iran
March 13, 2020

Ahad Sahragard
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Preface

Biological control of plant pests has been initiated in Iran since the 1930s but
recently especially in recent decades, the worldwide development of the biological
control of pests has led to a considerable application of this beneficial pest manage-
ment strategy in Iran. Jalal Afshar, the founder of modern Entomological science in
Iran, imported Vedalia beetle, Rodolia cardinalis (Mulsant) (Col., Coccinellidae) to
the country in 1934. He imported the beetle to Mazandaran province in Northern
Iran, where an insectarium was established to mass produce this predator to suppress
the cottony cushion scale, Icerya purchasi (Williston) (Hem., Margarodidae). In
1941, Mohammad Kosari mentioned the role and importance of the parasitic wasp
Trissolcus spp. (Hym., Scelionidae) against the Sunn pest, Eurygaster integriceps
Put. (Hem., Scutelleridae), a major pest of cereal crops. By 1962, the mass produc-
tion and release of Trissoclus spp. wasps began, ultimately reaching a scale of two
million wasps released per year. In the mid-1970s, efforts were made to import and
release the Trichogramma brassicae (Hym., Trichogrammatidae) against rice stem
borer, Chilo suppressalis (Lep., Pyralidae) in North provinces of Iran. During this
decade, Platytelenomus hylas (Hym., Scelionida) successfully suppressed
populations of the greater sugarcane borer, Sesamia nonagrioides (Lep., Noctuidae)
in Khuzsetan Province. The establishment of insectariums as well as research and
development for this agent was initiated in the mid-1980s.

In the last three decades, facilities for mass rearing of biocontrol agents were
widely developed and subsequently, the development of biological control programs
accelerated. Universities and research institutions also contributed to this develop-
ment via fundamental and practical researches. Moreover, national meetings such as
the “Iranian Plant Protection Congress”, “Iranian International Congress of Ento-
mology, “Iranian National Biocontrol Meetings” and “International Persian Con-
gress of Acarology” were held regularly, offering opportunities for researchers in
biocontrol and other fields of study to exchange the ideas and present their findings.
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This book outlines basic and applied activities in Iranian biological control. The
first section includes milestone events of entomology, pest control and biological
control. Other parts of the book categorized into four parts. The part I deal with key
insect predators including ladybird beetles (Chap. 1), mites (Chaps. 2 and 3) and
lacewings (Chap. 4). The part II includes Chap. 5 Trichogrammatidae, Chap. 6
Chalcidoidea and Ichneumonoidea, Chap. 7 Platygasteroidea and Chap. 8
Aphidiidae. The following five chapters are allocated to insect pathogens as part
III, including entomopathogenic bacteria (Chap. 9), entomopathogenic fungi
(Chap. 10), entomopathogenic and insect parasitic nematodes (Chap. 11) and other
groups of insect pathogens including viruses, microsporidians and protistans as well
as endosymbiont bacterium from Wolbachia and other genera (Chap. 12). Part IV
includes other approaches and analyses of current states of biocontrol in Iran. This
part contains Chap. 13 which reviewed the major biopesticides. Chapter 14 focuses
on biological control practices in greenhouses, and Chap. 15 includes biological
control of medically important arthropods. The concluding chapter (Chap. 16)
reviews the current opportunities, challenges and analyses the development of
biocontrol in Iran.

The book is the result of 26 Iranian scientists and researchers’ contribution from
various Universities and institutes along with Petr Starý, with the world authority on
the aphid parasitoid, and a great favor on collaborations with researcher including
Iranian entomologists. Most authors are prestigious experts in their field of study and
a number of early carrier young researchers have involved in contribution the
chapters. This new generation promised bright future for expanding the use of
biocontrol as ecofriendly tactic for pest management and in large scale, crop
production and protection the environment of the Iran as well world. Both editors
spent much of their time for preparing, communicating and editing these chapters.
Thus, special thanks dedicated to our families who provided the best situation for
work on the book.

Both of us teach insect biocontrol course from more than a decade, so we
benefited from the discussions with the students in the classes. The first editor thanks
from Shokoofeh Kamali for her assist during four years of book production, gath-
ering information, and image processing and also from Reyhaneh Darsouei for her
help about text format, cross check and reference style. We also would like to
appreciate from Alireza Saboori and Arman Avand – Faghih for provide some
images and information and Randy Gaugler for some suggestions. We appreciate
from Mariska van der Stigchel for her long time patience and other staff member of
book section, Springer Nature. We honoring the memory of pioneers of biocontrol in
Iran, including Aziz Kharrazi- Pakdel, the emeritus professor of entomology, who
was our supervisor and teacher of biocontrol and insect pathology courses in
University of Tehran some years ago.
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Aziz Kharazi- Pakdel, Emeritus professor of biological control, University of Tehran

The book is dedicated to farmers of the Iranian plateau, from Khuzestan to
Khorasan and from Azerbaijan to Sistan and Baluchestan, from the beach of the
Caspian Sea to the azure shore of the Persian Gulf which strive to provide healthy
food for the nation and the country’s growth and safety.

Mashhad, Iran Javad Karimi
Hamedan, Iran Hossein Madadi
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Chapter 1
Overview: History of Agricultural
Entomology and Biological Pest Control
in Iran

Javad Karimi and Shokoofeh Kamali

1.1 Pioneer Entomologists

Faunistic studies of insects started from the mid-eighteenth century in Iran and the
beginning of the nineteenth century in Czarist Russia and some of the European
countries. The specimens gathered and identified by entomologists in that period are
still being kept in some of the international museums, particularly in those of Saint
Petersburg, Paris, and London. At that time, entomology was not common in Iran
and up to 150 years later, it remained unknown. In 1919, Jalal Afshar (Urmia 1894–
Tehran 1974) returned to Iran upon completion of his higher education and started
both teaching and researching on entomology and zoology at Pasteur Institute of Iran
(Abivardi 2001) (Fig. 1.1).

After a while, he started to study plant pests in the Ministry of Public Welfare
currently known as the Ministry of Agriculture, and at the same time teaching
entomology at Falahat School (now known as College of Agriculture). In 1923, he
founded a small department called “Local Pests Diagnosis and Control center”. This
is considered as the official beginning of research and executive work of identifying,
collecting and making collections of the Insects in Iran by Iranians themselves.
During this period, Jalal Afshar established an insect museum at the College of
Agriculture in Karaj, which is now known as the Jalal Afshar Zoological Museum
(JAZM) (https://utcan.ut.ac.ir/en/page/3135/museum) and is considered as an
invaluable collection (Fig. 1.2). From 1926 onwards, he began teaching zoology,
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Fig. 1.1 Jalal Afshar.
(Courtesy of Alireza
Saboori, University of
Tehran)

Fig. 1.2 Historial royal building of Jalal Afshar Zoological Museum (JAZM). (Courtesy of Alireza
Saboori, University of Tehran)
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entomology and pest control at Falahat school and he established a small entomol-
ogy laboratory (Fig. 1.3) (Bagheri-Zenouz 2003).

1.2 The Early Persian Books on Entomology

Three of the early books compiled on entomology are mentioned here. “Anatomy of
insect structure and metamorphosis” was written by Jalal Afshar in 152 pages,
published by Karaj Technical Branch for Pest Control in 1937. Jalal Afshar also
published the “Entomology” book (278 pages) in 1945. The third book on “Ento-
mology” (Vol.1) was written by Mahmoud Shojaei (Fig. 1.4), published by the
University of Tehran press.

Teaching Entomology, Pest Control and Zoology courses firstly began by late
Jalal Afshar at the Agriculture and Rural Development College in 1927. During the
same period, phytopathology course was being taught by Tajbakhsh at the same
school. Later, phytopathology was being taught by Esfandiar Esfandiari from 1940
to 1945. Abbas Davachi returned to Iran after getting his PhD from France and was
in charge of teaching pest control at the College of Agriculture since 1935, yet both
zoology and entomology were still being taught by Jalal Afshar. AMaster of Science
(MSc) program on plant protection was first offered by the College of Agriculture,
University of Tehran in 1967 (Fig. 1.5). This MSc program was separated into two
disciplines of entomology (1973) and phytopathology (1973) and the Ph.D. program
was offered in the same year (Department of Plant Protection 2019).

Fig. 1.3 The students, Jalal Afshar (first line, fifth from left, with a hat) and other professors of
Faculty of Agriculture, University of Tehran. (Courtesy of Alireza Saboori, University of Tehran)
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Fig. 1.4 Mahmoud Shojaei. (Courtesy of Alireza Saboori, University of Tehran)

Fig. 1.5 Main gate of the University of Tehran
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1.3 Foundation of Karaj College of Agriculture

After the University of Tehran, Shiraz University (1959) and then Tabriz University
(1966), Chamran University of Ahvaz (1978), Isfahan University of Technology
(1979), Urmia University (1987) and Ferdowsi University of Mashhad (1990)
started offering BSc degree programs in plant protection (Fig. 1.6). Nowadays, in
addition to many of those national Universities, the Islamic Azad University Cam-
puses, as well as some of the private schools, are also offering the same course of
study (Bagheri-Zenouz 2003).

1.4 The History of Biological Pest Control in Iran

The historical records of Iranians in the biological control dates back to the control-
ling of locusts using starlings. They benefit from stork and hoopoe in controlling of
noxious animals and termites. Also they would place a container filled with water
called “Aabsaar” for the starlings to wash their beaks while hunting the locusts that
would damage grasses. In 1933, importing the novius beetle, Rodolia cardinalis, as a
predator of the cottony cushion scale, Icerya purchasi triggered the biological
control in Iran. It proved to be one of the most successful biological control programs
of the country and it is still effective in Northern gardens and the recent years in the

Fig. 1.6 The first Universities offering plant protection in Iran. From the down right side are as
follows: University of Tehran, Shiraz University, University of Tabriz. The top side from right:
Chamran University of Ahwaz, Isfahan University of Technology, Urmia University and Ferdowsi
University of Mashhad

1 Overview: History of Agricultural Entomology and Biological Pest Control in Iran 5



citrus orchards of Dezful, Khuzestan province (Farahbakhsh 1961; Shirazi et al.
2011). During two decades (1966–1986), the progress of a national successful
biological pest control against sunn pest, Eurygaster integriceps was due to the
efforts of the entomologist such as Mohammad Kosari resulted in the development
of mass rearing facilities for Platygasterid parasitoid, Trissolcus grandis. During the
later years, millions of parasitic wasps were reared in several insectariums and
released innundatively in the central part of the country. There is no clear reason
related to putting an end to this operation. It might be due to the introduction of
synthetic chemical pesticides particularly the D.D.T. into the country and its exten-
sive use on a large scale on pest species (Heidari 2001). In 1966, to control citrus
mealybug, Planococcus citri, a predatory ladybird of mealybugs, Cryptolaemus
montrouzieri was imported into Iran and reared in the North Iran, Caspian Sea
shores. Still, this ladybird is rearing in some insectariums and is active in the citrus
gardens (mostly in Mazandaran Province as well across the country. Later, to
manage the white peach scale, Pseudaulacaspis pentagona, an aphelinid
endoparasitoid, Prospaltella perniciosi was imported, mass reared and applied in
the infested gardens across the Northern part of the country. Afterward, in the second
half of the 1970s, another species from this genus of aphelinids, Prospaltella berlesi
was imported to control Pseudaulacaspis pentagona. Subsequently, a native popu-
lation of P. berlesi was used. Due to the restrictions of the chemical pesticide
utilization for controlling the berry’s pests, the Silkworm Company is in charge of
mass rearing and augmentation program of this agent (Abivardi 2001). When
organochlorine pesticides were widely used, the progress of utilizing the natural
enemies like in other parts of the world was slowed down. In the 1970s, paying
attention to the biocontrol agent in the Sugarcane Agro-industrial Complex of
Khuzestan agricultural farms led to mass rearing of a Scelionid wasp,
Platytelenomus hylas as a successful parasitoid of Sugarcane borer, Sesamia
nonagrioides. This plan regulated the pest population and there was no need for
chemical treatment for several years. In 1974, two species of Trichogramma were
imported, reared and applied against the rice stem borer, Chilo suppressalis in rice
fields of Northern Iran. In 1988, the predatory mite, Phytoseiulus persimilis was
imported from the Netherlands by Hooshang Daneshvar for spider mite control.

1.5 Hayk Mirzayans Insect Museum

In 1943, Jalal Afshar made his first efforts to create an insect collection by using two
small rooms. In 1945, a few Russian entomologists (Drs. Alexandrov, Chovachin,
Kiriokhin) and some young graduates of Karaj College of Agriculture who had been
Afshar’s students (Ghodratollah Farahbakhsh and Hayek Mirzayans) joined this
laboratory for studying the locust and sun pest control and also collecting and
identifying the Iranian insect fauna (Fig. 1.7). This was the cornerstone and the
first step in the creation of the Hayk Mirzayans Insect Museum (HMIM).
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Memories of Mirzayans, Mir Salavatian, Ghavamoddin Sharif and others indicate
that those young researchers had undergone a tough time collecting excessive
specimens of insects, fungi, plants and rodents in those days.

Once this unit was changed to the Insect Taxonomy Research Department
(ITRD), Mirzayans was appointed as director and Mohammad Safavi acted as the
Vice Dean of the department. In 1966, a national and uninterrupted plan for
investigating, collecting and identifying the insect fauna of Iran was passed and
implemented. As a result, department operations were unified within certain frame-
works. During those years, some prestigious insect taxonomists joined this depart-
ment. The outcome of such collaborations was the development of the museum with
an international reputation outside the country as either the Evin Insect Museum or
PPDRI Insect Museum. The headquarters and the library of the Entomological
Society of Iran (ESI: http://entsoc.ir) and Iranian Phytopathological Society (IPS:
http://ips.ir) are in the ITRD.

1.6 Iranian Research Institute of Plant Protection (IRIPP)

Laboratory of entomology and plant pest control was first founded as pests survey-
ing department and later on, was promoted to the General Department of Pests
Survey and in 1960, the name was amended to “Plant Pests and Diseases Research
Institute (PPDRI)” and continued its activities under the same title until 2006
(Fig. 1.8). The Iranian Research Institute of Plant Protection (http://www.iripp.ir)

Fig. 1.7 Hayk Mirzayans.
(Courtesy of IRIPP)
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that won this title in 2006 has currently got 10 divisions and 32 provincial divisions
across the country conducting plant protection researches as a parental institute on a
national scale (Fig. 1.9).

Fig. 1.8 Iranian Research Institute of Plant Protection. (Courtesy of IRIPP)

Fig. 1.9 Memorial stamps
for Iranian Research
Institute of Plant Protection.
(Courtesy of IRIPP)
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1.7 Department of Biological Control

The Department of Biological Control was duly established in the Iranian Research
Institute of Plant Protection in 1984. The department consists of seven specialized
laboratories for parasitoids, predators, beneficial microorganisms (insect pathogens
and phytopathogen antagonists), radiation roles, biological materials, useful insects,
molecular biology and biotechnology in the headquarters of the Institute and a
laboratory in Amol city (Mazandaran Province, North Iran) which has the mandate
to ensure the production of healthy food and achieving organic products.

In 1995, the approval of the National Plan for the Reduction of Chemical
Pesticides usage (Development Plan for application of Biological products and
Optimization of Fertilizer and Pesticide Use in Agriculture) led to a more wisely
use of chemical inputs. Consequently, it primarily resulted in a reduction of
chemicals pesticides usage, especially in rice fields.

During the last decades, hundreds of research projects have been carried by the
Biological Control Research Division which aimed to collect, identify and implement
biological control agents. The results of this division were the introduction of
Trichogramma sp., Bracon hebetor, Cryptolaemous montrouzieri, Chrysoperla carnea,
development of the mass-production methods, and transferring the technical knowledge
to the private sections. Moreover, there are some advances in the microbial biological
control agents based on the insect pathogenic bacterium, Bacillus thuringiensis, the
entomopathogenic fungus, Beauveria bassiana, the entomopathogenic viruses and the
phytopathogenic antagonist from Trichoderma genus.

The biological control division designed plans to be ready to manage obstacles
related to climate change, rainfall, and newly emerged pests and simultaneously
focusing on the production of healthy and sustainable crops. In line with these
priorities, a mid-term plan for the development of biological control in greenhouses
was presented. Providing technical knowledge for mass rearing of Encarsia formosa
and the predatory bug, Nesidiocoris tenuis as important biocontrol agents for
greenhouse pests are the achievements of this program. Moreover, a new biocontrol
agent, the predatory muscid fly, Coenosia attenuatawas introduced for employing in
greenhouses. Upon completion of the plan, the division has issued guidelines for the
implementation of native natural enemies within IPM programs, botanical products,
and conservation of natural enemies for lowering the application rate of chemical
pesticides. The latest research topics are attempts toward the mass production of
entomopathogenic nematodes in biological control of pests.

1.8 Other Institutes

In addition to the Iranian Research Institute of Plant Protection (IRIPP), there are
other research institutes associated with the ministry of agriculture providing depart-
ments for conducting researches on entomology and agricultural pests. Those centers
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are Pasteur Institute of Iran, Razi Vaccine and Serum Research Institute, Animal
Science Research Institute of Iran (ASRI), Silkworm Breeding Company and the
Silkworm Research Center, the Sugar Beet Seed Institute, Seed and Plant Improve-
ment Institute, Horticultural Science Research Institute, Rice Research Institute of
Iran, Cotton Research Institute, Research Institute of Forests and Rangelands, and
Agricultural Biotechnology Research Institute of Iran (ABRII).

1.8.1 Pasteur Institute of Iran

After destructive World War I, due to famine, diseases and the need for scientific
progress, the Iranian government requested assistance from the President of the
Pasteur Institute of France to founding a similar facility in Iran. After an initial
attempt, once World War II ended, a new round of collaborations started between the
Iranian and French Pasteur Institutes. In 1968, on the occasion of the 25th. anniver-
sary of Pasteur Institute of Iran, a scientific-technical cooperation agreement was
signed between the two institutes and a French microbiologist, Marcel Baltazard was
appointed as President of the Pasteur Institute of Iran with the mandate to launch new
public health services such as Plague control (Figs. 1.10 and 1.11) (Bagheri-Zenouz
2003).

Fig. 1.10 WHOwas meeting on plague, the research center of emerging and reemerging infectious
diseases, the branch of Pasteur Institute of Iran in Akanlu, Hamedan, August 1975. Dr. Sabar
Farman Farmaian, former director of Pasteur Institute of Iran in the middle. (Courtesy of Ehsan
Mostafavi, Pasteur Institute of Iran)
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The research activities conducted in Pasteur Institute of Iran included research
projects on malaria, Leishmaniasis, Toxoplasmosis, Hydadits and vector-borne
diseases by arthropods. Now, the Pasteur Institute of Iran (http://en.pasteur.ac.ir),
after a century-old existence has become an advanced and significant center active in
diverse fields such as public health and biological researches, for both research and
education (Shahbaziand and Mostafavi 2018). This institute is currently
accomplishing effective activities in identifying diseases such as Rabies, Tubercu-
losis, Malaria, Hepatitis, Aids and viral fevers and in some domains such as Rabies
the institute is regarded as a reference center.

1.8.2 Razi Vaccine and Serum Research Institute

To prevent animal diseases and also to train some groups of veterinarians, Mostafa
Qoli Bayat founded the Razi Vaccine and Serum Research Institute (http://www.rvsri.
ac.ir). This institute commenced operating under the supervision of the Ministry of
Agriculture and Public Interests (then Ministry of Agriculture) in 1924 by research
into combating the Paramyxovirus ruminant diseases, Rinderpest and manufacturing
an effective vaccine against the disease, which effectively started a new era of diseases
control in the country. Soon after this success, the mission to manufacture various

Fig. 1.11 Research station of Pasteur Institute of Iran in Akanloo village, Hamdean. Marcel
Baltazard (second from right), Mahmoud Bahmanyar (first from right) and two unknown persons
in front of the research station (1962). (Courtesy of Ehsan Mostafavi, Pasteur Institute of Iran)
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types of vaccines and medical serums became part of the institute’s tasks. The
institute’s boom and progress periods dates back to 1950 when the institute was
handed over to be run by Iranian specialists. A large portion of the vaccines and
other biologic products have been manufactured during these years.

In the recent years, the activities of Razi Institute have been increased in both
quantity and quality producing several animal and human vaccines including
mumps, rubella and DTP

1.8.3 Animal Science Research Institute of Iran (ASRI)

By 1934, the idea of creating a center for domestic animal breeding and genetics in
Iran turned into reality upon allocating the land plots of Heydarabad Village in Karaj
for this purpose. Later on in 1934, Mostafa Qoli Bayat was appointed in charge of
this position as well as founding the Heydar Adbad Live Stock Institute. The center
is now known as the Animal Science Research Institute of Iran (http://www.asri.ir)
and part of its projects aimed at honey bee and silkworm.

1.8.4 Silkworm Breeding Company and the Silkworm
Research Center

Considering the long history of silkworm breeding in Iran and the available sources
proving the Iranian root of the silkworm yellow cocoon, this industry proves to have
a mysterious history in Iran. Silkworm breeding was mainly first started in Giulan
province and it was also bred in Golestan, Mazandaran and Khorasan provinces.
During the Safavid era, silkworm breeding was a booming business, but due to the
outbreak of Pebrin disease, the government adapted regulations on the importing of
healthy sericultures. These regulations were passed in March 1928 and the Sericul-
ture Department was founded and continued its operation under various titles and
names, ruled by various ministries till 1973. In 1980, a collection out of the previous
units was formed under the title of “Iran Silkworm Company”. Besides, a facility
called” Silkworm Research Center” affiliated to the Ministry of Agriculture was
organized (Iran Silk Research Center 2019).

1.9 Plant Protection Organization (PPO)

The Plant Protection Organization (https://ppo.ir) was formed to safeguard the
country from the spread of pests and quarantine diseases as an affiliation with the
Ministry of Agriculture. The PPO was duly established in 1929 when an extensive
invasion of desert locust took place damaging the Iranian economy.
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The first legal plant quarantine regulation was carried out in September 1935 by
the aim of eradication of pink bollworm, Pectinophora gossypiella outbreak in
Sistan and Baluchestan province and across the shore lands of Hormozgan province.
Eventually, The Department of Plant Pests Control was founded in 1941; neverthe-
less, it was later changed into the General Department of Pest Control. In September
1946, the legal law of plant quarantine was approved. Eventually, in 1967, upon
passing the national plant protection act by the National Council, the PPO was
officially and legally established (Fig. 1.12) (Zomorodi 2003). The most significant
biocontrol tasks of this organization are as follows:

1. Planning and supervising the development of new and modern approaches in
non-chemical and biological control.

2. Quality control of biocontrol agents and their regular monitoring.
3. Overseeing the process of agricultural produces in gardens, farms, and

greenhouses.

1.10 Societies and Congresses

1.10.1 The Entomological Society of Iran (ESI)

The Entomological Society of Iran was founded on 14th. September 1968, as a result
of some of the noted Iranian entomologists’ efforts. The first board of directors

Fig. 1.12 Main building of the Plant Protection Organization including its logo. (Courtesy of PPO)
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consisted of Abbas Davachi, Firooz Taghizadeh, Mamoud Shojaei, Abdolghafour
Mirzaei, Morteza Esmaili, Ghoratollah Farahbakhsh, Mohammad Safavi, and
Hossein Sepasgozarian (Zomorodi 2003). The society has a regular journal, Journal
of Entomological Society of Iran (JESI: http://jesi.areeo.ac.ir) and is among the
oldest and largest national and scientific journals (Fig. 1.13). Its fiftieth anniversary
was celebrated during the Plant Protection Conference held in Gorgan in 2018. The
ESI has 21 boards of director members, with approximately 1500 permanent,
affiliated and honorary members.

1.10.2 Iranian Plant Protection Congress

This congress is considered as one of the oldest scientific ones in the country and was
held due to the efforts of great Iranian entomologists and phytopathologists includ-
ing Abbas Davatchi, Firouz Taghizadeh, Mahmoud Shojaei, Abdolghafour Mirzaei,
Ghodratollah Farahbakhsh, Mohammad Safavi, Amir Nezamoddin Ghaffari,
Hossein Sepasgozarian and Morteza Esmaili, who acted as the board of directors
in the first congress. The first (Fig. 1.14) and the second congresses were held at the

Fig. 1.13 Formal logo of the Entomological Society of Iran (ESI) and the formal journal, JESI.
(Courtesy of ESI)
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University of Tehran (1966 and 1968, respectively) and the 23rd congress was held
at the Agriculture and Natural Resources University of Gorgan in 2018 Also, the
Natinal Meeting of Biocontrol has hold biannualy since 1997 (Fig. 1.15).

Fig. 1.14 The first Board of Directors of the Entomological Society of Iran: Top: from Right to
Left: Firooz Taghizadeh, Mamoud Shojaei, Abdolghafour Mirzaei, Ghoratollah Farahbakhsh,
Mohammad Safavi. Down, from right to left: Hossein Sepasgozarian, Morteza Esmaili and
Abbas Davachi. (Courtesy of Alireza Saboori, University of Tehran)

Fig. 1.15 Aziz Kharazi Pakdel, Professor of the University of Tehran, pioneer of Iranian insect
pathology (2nd seated-person from left) along with a generation of his students. From left, back
line: Hossein Madadi, Javad Karimi, Mohammadreza Rezapanah, Mahmoud Fazeli, Aliasghar
Kousari, Shahab Manzari, Jafar Mohaghegh, Reza Talaei- Hassanlouei. Ayda Khoramnejad also
visible in right corner. Front line, from left: Mojtaba Hosseini, Aziz Kharazi –pakdel, Arash Rasekh
and his son, Artin. (2nd. National Meeting of Biological Control Karaj, 28 August 2013)

1 Overview: History of Agricultural Entomology and Biological Pest Control in Iran 15



1.10.3 Iranian Acarology

Jalal Afshar (1936) published the first paper on Iranian Acari as a group of cotton
pests. In the early 1940s, veterinary acarology started at the Razi Institute, Karaj, with
work on ectoparasitic ticks of livestock. A list of mite as agricultural pests was
prepared by Davachi (1949). Later, Farahbakhsh presented the first checklist of
mites in 1961. Also, Khalil-Manesh (1969, 1973) had reports on phytophagous
mites of Iran. The first paper about Iranian mites presented by Sepasgozarian in
1971 at the International Congress of Acarology in Prague. He wrote “Until twenty
years ago there was no problem of mites affecting our agricultural crops. Since then,
the biological equilibrium has been disturbed and the population of useful predators
decimated because of agricultural mechanization and the use of manufactured pesti-
cides such as organochlorides. The population of mites increased gradually and this
caused problems in agricultural areas (Sepasgozarian 1973)”. Sepasgozarian (1977)
provided all consolidated works related to Iranian mite fauna (Cokendolpher et al.
2019). Some salient works on Iranian acarology include those by Sepasgozarian
(1973), Khalil-Manesh (1969), Khalil-Manesh (1973), Daneshvar and Denmark
(1982), Kamali et al. (2001) and Akrami and Saboori (2012). During new emerged
generation of Iranain acarologists, Karim Kamali had a nostalgic role by supervising
and teaching acarology across the universities including the University of Tehran,
Chamran University of Ahwaz and Tarbiat Modares University (Fig. 1.16). The
Acarological Society of Iran (ASI) (http://www.acarology.ir) established on 30August
2008. The ASI has members from different countries and publishes a newsletter and
an international journal, Persian Journal of Acarology (https://www.biotaxa.org/pja).
The society arranged International Persian Congress of Acarology. The third one was
held in 2017 (Hajiqanbar and Saboori 2017) (Fig. 1.17).

Fig. 1.16 Hossein Sepasgozarian (right) and Karim Kamali (left), pioneers of Iranian Acarology
professors. (Courtesy of Alireza Saboori, University of Tehran)

16 J. Karimi and S. Kamali

http://www.acarology.ir
https://www.biotaxa.org/pja


1.11 Medical Entomology

The diseases transmitted by arthropods are highly significant and diseases such as
malaria and leishmania continue to remain as the first degree hygienic issues of the
country; therefore, conducting applied research on the said issues is among the
research objectives of the current period. Accordingly, the Department of Medical
Entomology and Vector Control started its educational activities at the University of
Tehran since 1953. The teaching staff of this department gravely contributed to
foundation of the Medical Research Institute and thereafter to foundation of the
Public Health School. Nowadays, such department is developed in more Universities
and there is an association for their activities.

The Iranian Society of Medical Entomology (ISME) is related scientific society
(http://issme.ir).

Iranian Journal of Arthropod-Borne Diseases is the scientific publication of the
ISME (http://jad.tums.ac.ir). The society organizes a congress which 2nd Interna-
tional Congress of Vector-Borne Diseases and Climate Change” in conjunction with
“4th National Congress of Medical Entomology” was held on Oct. 2019 (Depart-
ment of Medical Entomology and Vector Control, TUMS 2019).

1.12 Current Biological Control Plans in Iran

Reports show that Integrated Pest Management (IPM) programs using biocontrol
agents were carried out on 233,000 ha of cultivated lands and orchards. As, aug-
mentative release of parasitoids and predators was operated over 220,000 ha, for

Fig. 1.17 International Persian Congress of Acarology and front cover of Persian Journal of
Acarology (right corner). (Courtesy of Alireza Saboori, University of Tehran)
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control of pests in rice, pea, soybean, tomato, cotton, corn, cucumber, pomegranate
and apple [involving species of Trichogramma and Bracon hebetor (Hym.:
Braconidae), Chrysoperla carnea (Neu.: Chrysopidae) and phytoseiid predatory
mites], sugarcane field [by Platytelenomus hylas (Hym.: Scelionidae)], mulberry
[with Prospaltella belesi (Hym.: Aphelinidae)], citrus and tea [using Cryptolaemus
montrouzieri (Col.: Cocccinellidae)] and pistachio’s pests (with C. carnea) (Anon-
ymous 2020). Also, about 130,000 kg of B. thuringiensis var. kurstaki (Bt) was
applied on more than 13,000 ha of different crops like rice, cotton, corn and apple for
control of lepidopteran pests. It is noteworthy that biological control in greenhouses
which started in 2009 on 12 ha, has been extended to manage insect pests of different
greenhouse crops include cucumber, tomato, strawberry, eggplant, bell pepper and

Fig. 1.18 Information about annual mass rearing and use of biocontrol agents in various provinces
of the country (a) and application quantity of biocontrol agents in main crops through 2018–2019
(ha) (b). (Data retrieved from PPO 2019)
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ornamental plants (R. Marzban, Tehran, 2015, personal communication). Consider-
ing these diverse biological control plans, questions about mass production technol-
ogies, identification methods, estimation the impact of natural enemies on native/
invasive pests as well as procedures for safe importation and release of natural
enemies have been studied by several laboratories and facilities in the country, and
private companies are working on mass rearing of parasitoids, predators and
Bt. Based on the PPO report, eight macro agents used as inundative release in
27 provinces and 83 insectariums are active in 24 provinces (Personal Communica-
tion; PPO report, 2019; Department of Plant Protection 2019) (Fig. 1.18).

Acknowledgment I would like to express my best appreciation to Arman Avand- Faghih (IRIPP),
Ali Rezaei (PPO), Hana Haji Allahverdi Pour (IRIPP), and Ehsan Mostafavi (Pasteur Institute of
Iran) for providing some images and information. We thank Alireza Saboori (University of Tehran)
to check a part of the text and sharing images. Gary Dunphy (McGill University) and Ayda
Khorramnejad (University of Valencia) reviewed the draft, Jafar Ershad (IRIPP) and Ahad
Sahragard (Guilan University) provided some comments over the text which we would like to
thanks them.

References

Abivardi C (2001) Iranian entomology – volume 2: applied entomology. Springer Verlag, Berlin-
Heidelberg-New York, pp 1033

Akrami MA, Saboori A (2012) Acari of Iran, Vol. II (Oribatid mites). University of Tehran Press,
Tehran, p 281

Bagheri-Zenouz E (2003) A history of the development of agricultural sciences in Iran (from
Ancient to the Present time). University of Tehran Press, Tehran, p 327

Cokendolpher JC, Zamani A, Snegovaya NY (2019) Overview of arachnids and arachnology in
Iran. J Insect Biodivers Syst 5(4):301–367

Daneshvar H, Denmark HA (1982) Phytoseiids of Iran (Acarina: Phytoseiidae). Int J Acarol 8
(1):3–14

Davachi A (1949) Major economic pests of agricultural plants in Iran and their control. Chemical
Institute Publication, Tehran, pp 294 [In Persian]

Department of Medical Entomology and Vector Control, School of Public Health, Tehran Univer-
sity of Medical Sciences. http://sph.tums.ac.ir/esph/portal/home/?47357/school-of-public-
health. Accessed 30 Feb 2019

Department of Plant Protection (2019). http://www.ase.ut.ac.ir/plant-protection. Accessed 20 Feb
2020

Farahbakhsh G (1961) Family Pentatomidae (Heteroptera). In: Farahbakhsh G (ed) A checklist of
economically important insects and other enemies of plants and agricultural products in Iran, vol
1. Department of Plant Protection, Ministry of Agriculture, Tehran, pp 25–28

Hajiqanbar H, Saboori A (2017) Program and Abstract book of the third International Persian
Congress of Acarology. Paper presented at the 3rd International Persian Congress of Acarology,
College of Science, University of Tehran, Tehran, 23–25 August 2017 [in Persian with English
summary]

Heidari H (2001) Integrated production and protection management in maize and millet in north of
Cameroon. Final report of kake mate NGO

Iran Silk Research Center. http://abrisham.areeo.ac.ir. Accessed 2 Feb 2019

1 Overview: History of Agricultural Entomology and Biological Pest Control in Iran 19

http://www.ase.ut.ac.ir/plant-protection.%20Accessed%2020%20Feb%202020
http://www.ase.ut.ac.ir/plant-protection.%20Accessed%2020%20Feb%202020
http://abrisham.areeo.ac.ir


Kamali K, Ostovan H, Atamehr A (2001) A catalog of mites and ticks (Acari) of Iran. Islamic Azad
University Scientific Publication Center, Tehran, p 192

Khalil-Manesh B (1969) Tea pests in Iran. Paper presented at the 2rd Iranian Plant Protection
Congress, Tehran University, Tehran [in Persian with English summary]

Khalil-Manesh B (1973) Phytophagous mite fauna of Iran. Appl Entomol Phytopathol 35:30–38
[in Persian with English summary]

Sepasgozarian H (1973) Mites and their economic importance in Iran. In: Daniel M, Rosický B
(eds) Proceedings of the 3rd International Congress of Acarology held in Prague August 31–
September 6, 1971. Academia, Publishing House of the Czechoslovak Academy of Sciences, pp
241–242

Sepasgozarian H (1977) The twenty years of researches in Acarology in Iran. J Iran Soc Eng
56:40–50 [in Persian]

Shahbaziand N, Mostafavi E (2018) Dr. Sabar Mirza Farman Farmaian; Benefactor and Former
Director of Pasteur Institute of Iran. Iran Biomed J 22(1):1–3

Shirazi J, Attaran M, Farrokhi SH, Dadpour H, Nouri H (2011) An analytical review on the classical
biological control of pests in Iran and the world. Paper presented at the 1st Biological Control
Development Congress in Iran, Iranian Research Institute of Plant Protection, Tehran,
27–28 July 2011 [in Persian with English summary]

Zomorodi A (2003) History of Iranian plant protection. Agriculture Education Press, p 698

20 J. Karimi and S. Kamali



Part I
Predators



Chapter 2
Lady Beetles; Lots of Efforts but few
Successes

Hossein Madadi

2.1 Introduction, Why Lady Beetles Are so Important?

Undoubtedly, the family Coccinellidae has been considered as important and well-
known predators of sap feeder pests. This easily identified group contains 6000
described species world widely (Biranvand et al. 2016; Giorgi and Vandenberg
2009). Adults are generally convex and oval, brightly colored; their body size ranges
from 0.8 to 10 mm (Triplehorn and Johnson 2005). Their tarsal formula is 3-3-3 or
4-4-4 that separate them from similar Chrysomelids (Triplehorn and Johnson 2005;
Hodek et al. 2012). The life span includes seven stages, egg, four larval instars, pupa
and Adult. Larvae are elongate, vigorous and their body covered by hairy tubercles
or different patterns characterize them. Most ladybirds overwinter as adults in
different sites. The food habits of lady beetles are various from carnivory (mostly)
to herbivory (subfamily Epilachninae), and even fungivory has been identified
among lady beetles (Coccinellinae: Tribe Psylloborini). Prey types are different,
but most Coccinellids prefer coccids or aphids. This family has been divided into
seven subfamilies; among them subfamily Coccinellinae is a very important in aphid
biocontrol. One of the main species of this group is Hippodamia vareigata
(Kontodimas and Stathas, 2005). This is a Palearctic species that has been reported
from different parts of the world (Franzmann 2002), including many parts of Iran
(Yaghmaee and Kharazi Pakdel 1995; Lotfalizadeh 2001; Haghshenas et al. 2004;
Jafari et al. 2008b; Ansari pour and Shakarami, 2012). The striking point is that this
species is the dominant species of lady beetles in most parts and crops. It attacks
many aphid species and also feeds on non-aphid pest species (Asghari et al. 2012).
Many studies have been conducted on different biological aspects of H. variegata in
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Iran. One goal of this this review is to consider those studies, their strengths and
weakness.

Lady beetles can be found within many agroecosystems, orchards, greenhouses,
pastures, parks, countryside and even urban environments. Because of brightly
colored bodies and easy identification, most people are familiar with them and
know some things about them. Most researchers consider them as a voracious
predatory group that could be useful in some cases in suppressing pest populations
substantially. Literately, there are some characters attributed to an efficient natural
enemy. Some of the most important desirable properties enumerated for a biocontrol
agent are high fecundity rate, weather concordance with prey habitat, direct numer-
ical response to prey increase, high searching rate, ability to disperse within host
habitat, patch time allocation behavior, high consumption rate, mass rearing sim-
plicity and synchrony with host physiology, especially for parasitoids.

Lady beetles have many biological properties making them effective candidates
for biological control projects. Some species (e.g., Stethorus species are monopha-
gous or oligophagous and prey on a few mite species) while most others are
generalist aphidophagous or coccidophagous species. It should be noted that prey
types of lady beetles are not limited to mites, aphids and coccids. Spotted lady beetle,
Colemegilla maculata (Degeer) is an effective natural enemy of eggs and larvae of
Colorado potato beetle –Leptinotarsa decemlineata Say- in North America and
Canada (Arpaia et al. 1997). Furthermore, it has been documented that other
Coccinellid species frequently feed on psyllids, whiteflies, thrips, eggs and early
larvae of Lepidoptera, and even alfalfa weevil, Hypera postica (Gyllenhal) small
larvae opportunistically (Edward 2009). Many Coccinellids are voracious predators
both as adults and prematures e.g., one Hippodamia variegata fourth instar larvae
can kill up to 112.2 � 2.05 and 114 � 2.15 fourth instar cotton aphid and pea aphid
nymphs during 24 h under laboratory conditions (Madadi et al. 2011). Consequently,
the fourth instar larvae or females have been suggested as releasing stages. The life
history studies of lady beetle show that most of them are active during the growing
season and multivoltine. Furthermore, they could be reared under laboratory condi-
tions on relatively simple diets. Most Coccinellids do not have special requirements
for mass production. Recently, there are some attempts to rear them on artificial diets
(Mirkhalilzadeh et al. 2013). Many Coccinellid species could use pollen or other
non-prey foods besides natural prey allowing them to survive in the absence of
their prey.

2.2 The Most Important Lady Beetles Species Reported
from Iran

There are many studies conducted on faunistic of lady beetle species and determin-
ing the dominant species in different parts of Iran, but some of them are old
conference papers or simple checklists which were not available digitally. Here we
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tried to address a list of described ladybird species plus their distribution and
sometimes their prey as follows.

2.2.1 Adalia bipunctata (Linnaeus 1758)

This species is a common species and has been reported from different parts of Iran,
including Tehran and Mazandaran provinces (Vojdani 1965), Kerman
(Koohpayezadeh and Mossadegh 1991), Khorasan (Yaghmaee and Kharrazi Pakdel
1995), Golestan (Montazeri and Mossadegh 1995), Chaharmahal va Bakhtiari
(Bagheri and Mossadegh 1995; Noorbakhsh 2000), Guilan (Haji-Zadeh et al. 1998),
Hamedan (Ahmadi 2000), Moghan plain (Ardebill province) (Lotfalizadeh 2002;
Razmjou and Hajizadeh 2000), West Azerbaijan (Akbarzadeh Shoukat and Rezvani
2000),West Khorasan (Kalantari and Sadeghi 2000), Qazvin (Mohammadbeigi 2000),
Fars (Fallahzadeh et al. 2000), Isfahan (Haghshenas et al. 2004), Sistan and
Baluchestan (Modarres Najaf Abadi et al. 2008a), Lorestan (Jafari and Kamali 2007;
Ansari pour and Shakarami 2011; Biranvand et al. 2014), Varamin and vicinity (Samin
and Shojai 2013), Kermanshah (Gholami Moghaddam et al. 2014).

2.2.2 Adalia decempunctata (Linnaeus 1758)

Golestan (Montazeri and Mossadegh 1995), Lorestan (Jafari and Kamali 2007;
Ansari pour and Shakarami 2011; Biranvand et al. 2014), Arak, Markazi province
(Ahmadi et al. 2012).

2.2.3 Adalia fasciatopunctata revelierei Muls

Zanjan (Mohiseni et al. 1998).

2.2.4 Adalia tetraspilota (Hope 1831)

Lorestan province (Biranvand et al. 2014).

2.2.5 Anisosticta bitriangularis Say

Khorasan (Yaghmaee and Kharazi-Pakdel 1995).
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2.2.6 Anisosticta novemdecimpunctata (Linnaeus 1758)

Karaj region (Tehran province) from alfalfa fields (Vojdani 1965).

2.2.7 Bromus gebleri Weise

Fars province (Fallahzadeh et al. 2006).

2.2.8 Bromus octosignatus (Gebler 1830)

This coccidophgous lady beetle has been reported from North as well as Isfahan and
Tehran provinces firstly (Vojdani 1965), then it has been reported from Kerman
(Koohpayezadeh and Mossadegh 1991) Khorasan (Yaghmaee and Kharazi-Pakdel
1995), and Guilan (Haji-Zadeh et al. 1998).

2.2.9 Bromus undulatus

Arak, Markazi province (Ahmadi et al. 2012).

2.2.10 Calvia quatrodecimguttata (Linnaeus 1758)

Kerman (Koohpayezadeh and Mossadegh 1991).

2.2.11 Cheilomenes sexmaculatus (Fabricius 1781)

Kerman (Koohpayezadeh and Mossadegh 1991).

2.2.12 Chilocorus bipustulatus (Linnaeus 1758)

Northern part of Iran (Vojdani 1965), Kerman (Koohpayezadeh and Mossadegh
1991; Yazdani and Ebrahimi 1993), Chaharmahal va Bakhtiari Province (Bagheri
and Mossadegh 1995), Golestan (Montazeri and Mossadegh 1995), Khorasan
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(Yaghmaee and Kharazi Pakdel 1995), Kohkiloyeh va Boyer Ahmad (Saeedi 1998),
Hamedan (Sadeghi and Khanjani 1998), Zanjan (Mohiseni et al. 1998), Mazandaran
(Maafi et al. 1998), Guilan (Haji-Zadeh et al. 1998), West Khorasan (Kalantari and
Sadeghi 2000), Fars (Alemansoor and 1993; Fallahzadeh et al. 2000, 2004, 2006),
Fars province, Jahrom (Fallahzadeh and Hesami 2004) Alborz (Ansari pour 2012),
Arak, Markazi province (Ahmadi et al. 2012), Tehran (Ghanbari et al. 2012),
Varamin (South of Tehran province) (Samin and Shojai 2013), Lorestan (Biranvand
et al. 2014).

2.2.13 Clitostethus arcuatus Rossi

Kerman (Koohpayezadeh and Mossadegh 1991), Chaharmahal va Bakhtiari
(Bagheri and Mossadegh 1995), Golestan (Montazeri and Mossadegh 1995), Fars
(Alemansoor and Ahmadi 1993; Fallahzadeh et al. 2004).

2.2.14 Coccinella elegantula (Weise 1980)

Khorasan (Yaghmaee and Kharazi Pakdel 1995), Isfahan (Bagheri and Emami
1998), Lorestan province, Khorramabad (Ansari pour and Shakarami 2011).

2.2.15 Coccinella magnopunctata Rybakow

Khorasan Razavi (Farahi and Sadeghi Namaghi 2011).

2.2.16 Coccinella novemnotata Herbst

Khuzestan (Ebrahimzadeh and Mossadegh 2004).

2.2.17 Coccinella quatrodecimpustulata (Linnaeus 1758)

Najafabad, Kashan (Isfahan province) (Vojdani 1965), Hamedan (Sadeghi and
Khanjani 1998), Isfahan (Seifollahi et al. 2000).
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2.2.18 Coccinella redemita (Weise 1895)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.19 Coccinella septempunctata (Linnaeus 1758)

This is a native and most famous species reported nearly from all faunistic studies of
ladybirds in different ecosystems and crops. Vojdani (1965) firstly reported this
species from Karaj vicinity. Then, it has been reported from almost all parts of Iran.
Additionally, it has been reported from Kerman (Koohpayezadeh and Mossadegh
1991), Khorasan (Yaghmaee and Kharazi Pakdel 1995), Golestan(Montazeri and
Mossadegh 1995), Chaharmahal va Bakhtiari (Bagheri and Mossedegh 1995;
Noorbakhsh 2000), Kohkiloyeh va Boyer Ahmad (Saeedi 1998) Hamedan (Ahmadi
2000; Sadeghi and Khanjani 1998), Zanjan (Mohiseni et al. 1998), Guilan (Haji-
Zadeh et al. 1998), Moghan (Ardebill province) (Razmjou and Hajizadeh 2000);
Lotfalizadeh 2002), West Azerbaijan (Akbarzadeh Shoukat and Rezvani 2000),
Khuzestan (Ebrahimzadeh and Mossadegh 2004; Kalantari and Sadeghi 2000),
Qazvin (Mohammadbeigi 2000), Fars (Alemansoor and Ahmadi 1993; Fallahzadeh
et al. 2000), East Azerbaijan (Sadaghian et al. 2000), Isfahan (Haghshenas et al.
2004), Sistan and Baluchestan (Modarres Najaf Abadi et al. 2008a, b) on cabbage
aphid and green wheat aphids respectively. This species is also dominant in Lorestan
(Ansari pour and Shakarami 2011, 2012; Biranvand et al. 2014), Arak, Markazi
province (Ahmadi et al. 2012), Alborz (Ansari pour 2012), Varamin and vicinity
(Samin and Shojai 2013), Tehran (Ghanbari et al. 2012) and Kermanshah (Gholami
Moghaddam et al. 2014).

2.2.20 Coccinella undecimpunctata (Linnaeus 1758)

Tehran, Isfahan, Golestan, Mazandaran, West Azerbaijan provinces (Montazeri and
Mossadegh 1995; Vojdani 1965), Kerman (Koohpayezadeh and Mossadegh 1991),
Fars (Alemansoor and Ahmadi 1993), Khorasan (Yaghmaee and Kharazi Pakdel
1995), Hamedan (Sadeghi and Khanjani 1998), Guilan (Haji-Zadeh et al. 1998),
Moghan plain (Ardebill province) (Razmjou and Hajizadeh 2000), West Khorasan
(Kalantari and Sadeghi 2000), Khuzestan (Ebrahimzadeh and Mossadegh 2004),
Sistan and Baluchestan province (Modarres Najaf Abadi et al. 2008a, b) on cabbage
aphid and green wheat aphids, Alborz (Ansari pour 2012), Varamin and vicinity
(Samin and Shojai 2013).
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2.2.21 Cryptolaemus montrouzieri (Mulsant 1853)

One of the most well-known and usable lady beetle species, widely mass reared and
used against mealy bugs, especially in the tropical and subtropical part of Iran (North
part, Guilan, Mazandaran and Golestan provinces (Montazeri and Mossadegh 1995),
Lorestan province (Ansari pour and Shakarami 2011), Markazi province (Ahmadi
et al. 2012). This exotic species has been introduced to Iran about 50 years before
and has been used successfully.

2.2.22 Diloponis furschi Ahmadi and Yazdani

Fars province (Ahmadi et al. 1993a).

2.2.23 Diomus rubidus (Motschulsky 1837)

Koohpayezadeh and Mossadegh (1991) from Kerman province.

2.2.24 Exochomus flavipes (Thunberg 1781)

Tehran and Isfahan provinces (Vojdani 1965), Chaharmahal va Bakhtiari (Bagheri
and Mossadegh 1995), Khorasan (Yaghmaee and Kharazi Pakdel 1995; Farahi and
Sadeghi Namghi 2009), Lorestan (Jafari and Kamali 2007; Ansari pour and
Shakarami 2012).

2.2.25 Exochomus illaesicollis Roubal

Kerman (Yazdani and Ebrahimi 1993).

2.2.26 Exochomus melanocephalus (Zoubkoff 1833)

This species has been reported from Chaharmahal va Bakhtiari (Bagheri and
Mossadegh 1995), Khorasan (Yaghmaee and Kharazi-Pakdel 1995) and alfalfa
fields of Lorestan province (Ansari pour and Shakarami 2012; Biranvand et al.
2014).
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2.2.27 Exochomus nigripennis Erichsion

Kerman (Koohpayezadeh and Mossadegh 1991; Yazdani and Ebrahimi 1993),
Golestan (Montazeri and Mossadegh 1995), Guilan (Haji-Zadeh et al. 1998), West
Khorasan (Kalantari and Sadeghi 2000), Fars province on cotton whitefly
(Alemansoor and Ahmadi 1993), on Maconellicoccus hirsutus (Fallahzadeh and
Hesami 2004) and mealybugs (Fallahzadeh et al. 2006). Additionally, it was
reported by Sadat Alizadeh et al. (2013) from Ahvaz, Khuzestan province and by
Samin and Shojai (2013) from Varamin (Tehran province).

2.2.28 Exochomus nigromaculatus (Goeze, 1777)

Kerman (Yazdani and Ebrahimi 1993), Chaharmahal va Bakhtiari (Bagheri and
Mossadegh 1995), Golestan (Montazeri and Mossadegh 1995), Hamedan (Sadeghi
and Khanjani 1998), Zanjan (Mohiseni et al. 1998), Isfahan (Bagheri and Emami
1998; Haghshenas et al. 2004), Guilan (Haji-Zadeh et al. 1998), Fars (Alemansoor
and Ahmadi 1993; Fallahzadeh et al. 2006; Fallahzadeh and Hesami 2004), Alborz
(Ansari pour 2012), Arak, Markazi province (Ahmadi et al. 2012), Tehran (Ghanbari
et al. 2012), Lorestan (Biranvand et al. 2014).

2.2.29 Exochomus pubescens (Kuster 1848)

Kerman (Yazdani and Ebrahimi 1993), Fars (Alemansoor and Ahmadi 1993),
Golestan province (Montazeri and Mossadegh 1995), Isfahan (Haghshenas et al.
2004), Khuzestan (Ebrahimzadeh and Mossadegh 2004), Sistan and Baluchestan
(Modarres Najaf Abadi 2008b) on green wheat aphids, Lorestan province (Jafari and
Kamali 2007; Ansari pour and Shakarami 2012; Biranvand et al. 2014), Varamin
and vicinity (Samin and Shojai 2013).

2.2.30 Exochomus quadripustulatus (Linnaeus 1758)

Northern part of Iran (Vojdani 1965), Kerman (Koohpayezadeh and Mossadegh
1991; Yazdani and Ebrahimi 1993), Khorasan (Yaghmaee and Kharazi Pakdel 1995)
and Chaharmahal va Bakhtiari by (Bagheri and Mossadegh 1995), Kohkiloyeh va
Boyer Ahmad (Saeedi 1998), Zanjan (Mohiseni et al. 1998), Isfahan (Bagheri and
Emami 1998), Qazvin (Mohammadbeigi 2000), Fars (Fallahzadeh et al. 2000, 2006;
Fallahzadeh and Hesami 2004), Lorestan (Ansari pour and Shakarami 2011;
Biranvand et al. 2014), Alborz (Ansari pour 2012). Fallahzadeh et al. (2011)
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reported this species from vine mealybug, Planococcus ficus (Signoret) (Hemiptera:
Pseudococcidae).

2.2.31 Exochomus undulatus (Weise 1878)

Kerman (Yazdani and Ebrahimi 1993), Chaharmahal va Bakhtiari (Bagheri and
Mossadegh 1995), Golestan (Montazeri and Mossadegh 1995), Kohkiloyeh va
Boyer Ahmad (Saeedi 1998), Isfahan (Bagheri and Emami 1998), Fars (Fallahzadeh
et al. 2000), Khorasan (Farahi and Sadeghi Namghi 2009), Lorestan (Ansari pour
and Shakarami 2011; Biranvand et al. 2014), Tehran (Ghanbari et al. 2012),
Kermanshah (Gholami Moghaddam et al. 2014).

2.2.32 Hippodamia (Adonia) variegata (Goeze 1777)

This Palearctic famous species is quietly common in different parts of Iran and
mostly has been reported from Alfalfa fields. Tehran province (Vojdani 1965),
Kerman (Koohpayezadeh and Mossadegh 1991), Khorasan (Yaghmaee and Kharazi
Pakdel 1995), Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Golestan
(Montazeri and Mossadegh 1995), Kohkiloyeh va Boyer Ahmad (Saeedi 1998),
Hamedan (Sadeghi and Khanjani 1998), Guilan (Haji-Zadeh et al. 1998), Moghan
plain (Ardebill province) (Lotfalizadeh 2002; Razmjou and Hajizadeh 2000), West
Khorasan (Kalantari and Sadeghi 2000), Qazvin (Mohammadbeigi 2000), Fars
(Alemansoor and Ahmadi 1993; Fallahzadeh et al. 2000), Isfahan (Haghshenas
et al. 2004; Seifollahi et al. 2000), Khuzestan (Ebrahimzadeh and Mossadegh
2004), Sistan and Baluchestan (Modarres Najaf Abadi et al. 2008a, b), Lorestan
(Ansari pour and Shakarami 2011, 2012; Biranvand et al. 2014) Alborz (Ansari pour
2012), Arak, Markazi province (Ahmadi et al. 2012), Tehran (Ghanbari et al. 2012),
Varamin and vicinity (Samin and Shojai 2013), Kermanshah (Gholami Moghaddam
et al. 2014).

2.2.33 Hippodamia tredecimpunctata (Linnaeus 1758)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Kohkiloyeh va Boyer
Ahmad (Saeedi 1998).
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2.2.34 Hyperaspis duvergeri (Fursch 1985)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.35 Hyperaspis concolor (Suffrian 1843)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.36 Hyperaspis marmottani Fairmaire

Khorasan (Yaghmaee and Kharazi Pakdel 1995).

2.2.37 Hyperaspis polita Weise

This species reported from unknown mealybug species (Asadeh and Mossadegh
1991; Novin et al. 2000) from Khuzestan province. Moreover, it has been recorded
from Kerman province (Koohpayezadeh and Mossadegh 1991) and Golestan
(Montazeri and Mossadegh 1995). Furthermore, it was reported on vine mealybug,
Planococcus ficus (Fallahzadeh et al. 2011), pink Hibiscus mealybug,
Maconellicoccus hirsutus (Greenblatt) (Hemiptera: Pseudococcidae) (Fallahzadeh
and Hesami 2004), different mealybug species (Fallahzadeh et al. 2006) from Fars
province and on M. hirsutus from Khuzestan province (Sadat Alizadeh et al. 2013).

2.2.38 Hyperaspis quadrimaculata (Redtenbacher 1844)

Lorestan (Jafari and Kamali 2007; Ansari pour and Shakarami 2011, 2012).

2.2.39 Hyperaspis reppensis (Herbst 1783)

Alborz (Ansari pour 2012), Yazd (Zare Khormizi et al. 2014).
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2.2.40 Hyperaspis syriaco (Weise 1885)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.41 Hyperaspis vinciqerrae Capra

This species was firstly reported by Sadat Alizadeh et al. (2013) as a new report on
M. hirsutus from Ahvaz, Khuzestan Province (Southwest of Iran).

2.2.42 Nephus arcuatus Kapur

Ahvaz, Khuzestan province on pink Hibiscus mealybug M. hirsutus (Greenblatt)
(Hemiptera: Pseudococcidae) (Sadat Alizadeh et al. 2013).

2.2.43 Nephus bipunctatus (Kugelann 1794)

Kerman (Koohpayezadeh and Mossadegh 1991), Zanjan (Mohiseni et al. 1998),
Guilan (Haji-Zadeh et al. 1998) and Chahar Mahal va Bakhtiari (Esfandiari et al.
2002). On top of this, this species reported on cotton whitefly and Vine mealybug,
P. ficus from Fars province (Alemansoor and Ahmadi 1993; Fallahzadeh et al.
2011, respectively).

2.2.44 Nephus biguttatus

Golestan (Montazeri and Mossadegh 1995).

2.2.45 Nephus bisignatus etesiacus Fursch

Khorasan (Yaghmaee and Kharazi Pakdel 1995).
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2.2.46 Nephus fenestratus Sahlberg

Khuzestan (Novin et al. 2000), Jahrom, Fars Jahrom (Fallahzadeh et al. 2006;
Fallahzadeh and Hesami 2004).

2.2.47 Nephus includes Kirsch

It has been reported as a predator of mealybugs from Khuzestan province (Asadeh
and Mossadegh 1991; Novin et al. 2000), Jahrom, Fars province (Fallahzadeh et al.
2004).

2.2.48 Nephus nigricans (Weise 1879)

Lorestan (Biranvand et al. 2014).

2.2.49 Nephus quadrimaculatus (Herbst 1783)

This species formerly known as Scymnus quadrimaculatus has been reported on
several mealybugs and Coccids from North provinces of Iran (Vojdani 1965) and
Kermanshah (Gholami Moghaddam et al. 2014).

2.2.50 Nephus ulbrichi (Fursch 1977)

This species firstly reported by Jalilvand et al. (2012) on Planococcus vovae
(Hemiptera: Pseudococcidae).

2.2.51 Oenopia conglobata (Linnaeus 1758)

Kerman (Koohpayezadeh and Mossadegh 1991), Khorasan (Yaghmaee and Kharazi
Pakdel 1995), Golestan (Montazeri and Mossadegh 1995), Chaharmahal va
Bakhtiari (Bagheri and Mossadegh 1995), Kohkiloyeh va Boyer Ahmad (Saeedi
1998), Hamedan (Sadeghi and Khanjani 1998), Guilan (Haji-Zadeh et al. 1998),
West Khorasan (Kalantari and Sadeghi 2000), Qazvin (Mohammadbeigi 2000),
Moghan region (Ardebill province) (Lotfalizadeh 2002), Fars province (Alemansoor
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and Ahmadi 1993; Fallahzadeh et al. 2000, 2006; Fallahzadeh and Hesami 2004),
Lorestan (Jafari and Kamali 2007; Ansari pour and Shakarami 2011, 2012;
Biranvand et al. 2014), Alborz (Ansari pour 2012), Tehran (Ghanbari et al. 2012),
Varamin and vicinity (Samin and Shojai 2013).

2.2.52 Oenopia oncina (Olivier 1808)

This species reported from Tehran, Khuzestan, Hormozgan provinces (Vojdani
1965), Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Golestan
(Montazeri and Mossadegh 1995), West Khorasan (Kalantari and Sadeghi 2000),
Isfahan (Seifollahi et al. 2000), Fars province, Jahrom (Alemansoor and Ahmadi
1993; Fallahzadeh et al. 2006; Fallahzadeh and Hesami 2004), Lorestan Province
(Ansaripour and Shakarami 2011, b, 2012; Biranvand et al. 2014), Arak, Markazi
province (Ahmadi et al. 2012), Kermanshah (Gholami Moghaddam et al. 2014).

2.2.53 Pharoscymnus brunneosignatus (Marder 1949)

It has been reported from Khorasan Razavi (Ebrahimi et al. 2012).

2.2.54 Pharoscymnus ovoideus Anthor, P. arabicus Anthor
and P. setulesus Chevrolat

These three species have been reported by Ahmadi and Yazdani (1991) from Fars
province feeding on scale insects (Diaspididae) especially Parlatoria blanchardi.
The first one has been reported by Haji-Zadeh et al. (1998) from Guilan.

2.2.55 Pharoscymnus pharoides Marseul

It was reported by Ahmadi et al. (1993b) from Fars province on Diaspidid scale
insects firstly. Then Bagheri andMossedegh (1995) reported it from Chaharmahal va
Bakhtiari.

2.2.56 Pharoscymnus cf. smirnovi (Dobzhansky l927)

Yazd (Zare Khormizi et al. 2014).
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2.2.57 Propylea quatuordecimpuctata (Linnaeus 1758)

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Khorasan (Yaghmaee
and Kharazi Pakdel 1995), Golestan (Montazeri and Mossadegh 1995), Kohkiloyeh
va Boyer Ahmad (Saeedi 1998), Hamedan (Sadeghi and Khanjani 1998),
Mazandaran (Maafi et al. 1998), Guilan (Haji-Zadeh et al. 1998), Moghan plain
(Ardebill province) (Lotfalizadeh 2002; Razmjou and Hajizadeh 2000), East
Azerbaijan (Sadaghian et al. 2000), Isfahan (Haghshenas et al. (2004), Lorestan
(Jafari and Kamali 2007; Ansari pour and Shakarami 2011, 2012; Biranvand et al.
2014), Alborz (Ansari pour 2012).

2.2.58 Psyllobora vigintiduopunctata (Linnaeus 1758)

Karaj, Alborz Province (Vojdani 1965), Kerman (Koohpayezadeh and Mossadegh
1991), Golestan (Montazeri and Mossadegh 1995), Golestan (Montazeri and
Mossadegh 1995), Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995;
Esfandiari et al. 2002), Khorasan (Yaghmaee and Kharazi Pakdel 1995), Kohkiloyeh
va Boyer Ahmad (Saeedi 1998), Hamedan (Sadeghi and Khanjani 1998), Zanjan
(Mohiseni et al. 1998), Guilan (Haji-Zadeh et al. 1998), West Khorasan (Kalantari
and Sadeghi 2000), Fars (Fallahzadeh et al. 2000), East Azerbaijan (Sadaghian et al.
2000), Lorestan (Jafari and Kamali 2007; Ansari pour and Shakarami 2011, 2012;
Biranvand et al. 2014).

2.2.59 Rodolia cardinalis (Mulsant 1850)

It is one of the most successful ladybeetle species that have been arrived in Iran in
1912. Now this species is well established in many citrus orchards (Vojdani 1965).
Golestan (Montazeri and Mossadegh 1995) and Guilan (Haji-Zadeh et al. 1998) are
recorded as the main sites of distribution of this predator.

2.2.60 Rodolia fusti Weise

Khorasan (Yaghmaee and Kharazi Pakdel 1995).

2.2.61 Scymniscus biflammatus (Motschulsky 1837)

Lorestan (Biranvand et al. 2014).
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2.2.62 Scymnus argutus Mulsant

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.63 Scymnus araraticus (Iablokoff-Khnzorian 1969)

Fars province (Yazdani and Ahmadi 1991), Guilan (Haji-Zadeh et al. 1998), Loretan
(Biranvand et al. 2014).

2.2.64 Scymnus araxicola (Fleischer 1900)

Kermanshah (Gholami Moghaddam et al. 2014).

2.2.65 Scymnus apetzi (Mulsant 1846)

Fars province (Alemansoor and Ahmadi 1993; Yazdani and Ahmadi 1991),
Golestan province (Montazeri and Mossadegh 1995), Chaharmahal va Bakhtiari
(Bagheri and Mossadegh 1995), Mazandaran (Maafi et al. 1998), Isfahan (Bagheri
and Emami 1998; Haghshenas et al. 2004), Guilan (Haji-Zadeh et al. 1998), Lorestan
province (Jafari and Kamali 2007; Ansari pour and Shakarami 2011, 2012;
Biranvand et al. 2014), Alborz (Ansari pour 2012).

2.2.66 Scymnus auritus (Thunberg 1795)

Fars province (Yazdani and Ahmadi 1991), Chaharmahal va Bakhtiari (Bagheri and
Mossadegh 1995), Guilan (Haji-Zadeh et al. 1998).

2.2.67 Scymnus flavicollis (Redtenbacher 1844)

Fars province (Alemansoor and Ahmadi 1993; Yazdani and Ahmadi 1991),
Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Isfahan (Bagheri and
Emami 1998; Haghshenas et al. 2004), Guilan (Haji-Zadeh et al. 1998), Khuzestan
(Ebrahimzadeh and Mossadegh 2004), Lorestn province (Ansari pour and
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Shakarami 2011, 2012), Arak, Markazi province (Ahmadi et al. 2012), Varamin and
vicinity (Samin and Shojai 2013).

2.2.68 Scymnus frontalis (Fabricius 1787)

Khorasan (Yaghmaee and Kharazi Pakdel 1995).

2.2.69 Scymnus impexus (Mulsant, 1850)

West Khorasan (Kalantari and Sadeghi 2000).

2.2.70 Scymnus levaillanti (Mulsant 1850)

This species has been reported from Kerman (Koohpayezadeh and Mossadegh
1991), Fars (Alemansoor and Ahmadi 1993; Yazdani and Ahmadi 1991), Khuzestan
(Ebrahimzadeh and Mossadegh 2004).

2.2.71 Scymnus mongolicus Weiser

Isfahan (Bagheri and Emami 1998), Khuzestan (Ebrahimzadeh and Mossadegh
2004).

2.2.72 Scymnus nubilus (Mulsant 1846)

Lorestan province (Biranvand et al. 2014).

2.2.73 Scymnus pallipediformis (Gunther 1958)

Arak, Markazi province (Ahmadi et al. 2012).
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2.2.74 Scymnus pallipes (Mulsant 1850)

This species was reported from Chaharmahal va Bakhtiari (Bagheri and Mossadegh
1995), Golestan (Montazeri and Mossadegh 1995), Khorasan (Yaghmaee and
Kharazi Pakdel 1995), Isfahan (Bagheri and Emami 1998), and from Alfalfa fields
of Lorestan province (Ansari pour and Shakarami 2012).

2.2.75 Scymnus quadriguttatus (Fürsch and Kreissl 1967)

Fars (Yazdani and Ahmadi 1991), Khorasan (Yaghmaee and Kharazi Pakdel 1995),
Golestan (Montazeri and Mossadegh 1995), Guilan (Haji-Zadeh et al. 1998), Sistan
and Baluchestan province (Modarres Najaf Abadi et al. 2008a).

2.2.76 Scymnus rubromaculatus Goeze

Fars (Alemansoor and Ahmadi 1993; Yazdani and Ahmadi 1991), Guilan (Haji-
Zadeh et al. 1998), Isfahan (Seifollahi et al. 2000), Moghan region (Ardebill
province) (Lotfalizadeh 2002), Fars province (Fallahzadeh et al. 2004), Kermanshah
(Gholami Moghaddam et al. 2014), Lorestan (Biranvand et al. 2014).

2.2.77 Scymnus schmidt Fürsch

Khorasan Razavi (Ebrahimi et al. 2012).

2.2.78 Scymnus subvillosus Goeze

Kerman (Koohpayezadeh and Mossadegh 1991), Mazandaran (Agha-Janzadeh et al.
1995; Maafi et al. 1998).

2.2.79 Scymnus suffrianioides (Sahlberg 1913)

Lorestan (Biranvand et al. 2014).
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2.2.80 Scymnus suffrianioides apetzoides (Capra
and Fursch 1967)

Yazd (Zare Khormizi et al. 2014).

2.2.81 Scymnus syriacus (Marseul 1868)

Fars (Alemansoor and Ahmadi 1993; Yazdani and Ahmadi 1991), Chaharmahal va
Bakhtiari (Bagheri and Mossadegh 1995), Golestan (Montazeri and Mossadegh
1995), Khorasan (Yaghmaee and Kharazi Pakdel 1995), Zanjan (Mohiseni et al.
1998), Isfahan (Bagheri and Emami 1998), Guilan (Haji-Zadeh et al. 1998), Moghan
plain (Ardebill province) (Lotfalizadeh 2002; Razmjou and Hajizadeh 2000), Fars
province (Fallahzadeh et al. 2004), Ahvaz, Khuzestan province (Ebrahimzadeh and
Mossadegh 2004; Sadat Alizadeh et al. 2013), Arak, Markazi province (Ahmadi
et al. 2012), Varamin and vicinity (Samin and Shojai 2013), Lorestan (Biranvand
et al. 2014).

2.2.82 Scymnus testaceus (Motschulsky 1837)

Lorestan province (Biranvand et al. 2014).

2.2.83 Serangium montazerii Fursch

Golestan (Montazeri and Mossadegh 1995), Zanjan (Mohiseni et al. 1998), Guilan
(Haji-Zadeh et al. 1998).

2.2.84 Sidis (Nephus) biflamulatus

Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995).

2.2.85 Stethorus gilvifrons (Mulsant 1850)

Kerman (Koohpayezadeh and Mossadegh 1991), Golestan (Montazeri and
Mossadegh 1995), Khorasan (Yaghmaee and Kharazi Pakdel 1995), Chaharmahal
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va Bakhtiari (Bagheri and Mossadegh 1995), Isfahan (Bagheri and Emami 1998),
Guilan (Haji-Zadeh et al. 1998), Moghan plain, Ardebill province (Razmjou and
Hajizadeh 2000), Lorestan province (Jafari and Kamali 2007; Ansari pour and
Shakarami 2011; Biranvand et al. 2014), Alborz (Ansari pour 2012), Varamin and
vicinity (Samin and Shojai 2013).

2.2.86 Stethorus punctillum (Weise 1891)

Firstly, it was reported from Tehran province (Vojdani 1965) on pear trees infested
to spider mites. Chaharmahal va Bakhtiari (Bagheri and Mossadegh 1995), Guilan
(Haji-Zadeh et al. 1998), Lorestan (Biranvand et al. 2014).

2.2.87 Stethorus siphonulus (Kapur 1948)

It has been reported first time from Lorestan province (Ansari pour and
Shakarami 2011).

2.2.88 Sympherobious elegans Stephens

Mazandaran (Maafi et al. 1998).

2.2.89 Synharmonia conglobata L.

Zanjan (Mohiseni et al. 1998).

2.2.90 Thea vigintiduopunctata L.

Hamedan (Ahmadi 2000).

2.2.91 Tytthaspis gebleri (Mulsant 1850)

Lorestan province (Biranvand et al. 2014).
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2.2.92 Vibidia duodecimguttata (poda, 1761)

East Azerbaijan (Mohammadi et al. 2013).
Perhaps, the outstanding publication of Iran’s lady beetles written in Persian with

French abstract is one of the earliest publications about the ladybird fauna of Iran
(Vojdani 1965). Afterward, Many faunal studies have been conducted which there is
not enough space to point to all of them. Parvizi et al. (1987) published a revision on
the ladybird fauna of the West Azerbaijan province. They reported 19 species from
14 genera, which all but one (Bulea lichatchovi Humn.) collected species were
predators of aphids, coccids, whiteflies (Bemisia) and herbivorous mites.

Koohpayezadeh and Mossadegh (1991), during a two-year study on lady beetle
fauna of Kerman Province (South of Iran), reported 24 species. Ahmadi and Yazdani
(1991) reported three new ladybird species for Iran’s fauna on Diaspidid scale
insects. Yazdani and Ahmadi (1991) reported eight species of genus Scymnus
from Fars province which two species, S. quadriguttatus and S. auritus were new
records for Iran’s fauna of lady beetles. Yaghmaee and Kharazi Pakdel (1995) and
Bagheri and Mossadegh (1995) reported 24 and 28 species in a faunistic survey on
Coccinellidae from Mashhad (Khorasan) and Chaharmahal va Bakhtiari regions,
respectively. From those, four species, including Scymnus palipediformis Gunther,
Scymnus polyps, Exochomus melanocephalus Zoubk and Rodolia fausti Weise and
five species including Hyperaspis duvergeri (Fursch), H. concolor (Suffrian),
H. syriaco (Weiser) and Coccinula redemita (Weiser) were reported for the first
time from Iran. In a study carried on from 1993 to 1994 in Gorgan plain (North of
Iran), 27 species reported which Serangium montazerii Fursch was a new world
record (Montazeri and Mossadegh 1995).

Some faunistic studies have been conducted on the species fauna of lady beetles
in a specific crop, e.g., Sadeghi and Khanjani (1998) and Saeedi (1998), who
reported 10 ladybird species of alfalfa from Hamedan and Kohkiloyeh va Boyer
Ahmad (Southwest of Iran) provinces of Iran respectively. They stated the varie-
gated lady beetle, Hippodamia variegata could be an important species suppressing
the aphid population, especially at the second and third harvesting of alfalfa (Sadeghi
and Khanjani 1998). Maafi et al. (1998) recorded five Coccinellids as natural
enemies of P. citri from Mazandaran province. Mohiseni et al. (1998), in a four-
year study, stressed on the role of some species against olive psyllid (Euphyllura
olivina Costa) (Zanjan Province). Three species of lady beetles have been reported
from Hamedan province as natural enemies of Russian wheat Aphid (Ahmadi 2000).
Razmjou and Hajizadeh (2000) reported eight species in Moghan Plain (Northwest
of Iran, Ardebill province) from cotton fields, of which C. septempunctata and
H. variegata played an essential role in reducing cotton aphid populations. Besides
aphidophagous, Coccidophagous lady beetles have been studied in different parts of
Iran. Kalantari and Sadeghi (2000) listed 13 lady beetle species in dry almond
orchards, while the Adonia (Hippodamia) variegata was the dominant species in
spring and A. bipunctata was the most abundant in summer and autumn. Addition-
ally, Mehrnejad (2000a) recorded the four important lady beetle species, Oenopia
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conglobata, Exochomus nigripennis, Coccinella spetempunctata and
C. undecimpunctata as predators feeding on pistachio psylla, Aganoscena pistaciae
in Kerman province. Among them, theO. conglobatawas an active psyllids predator
and all others preyed upon aphids and scales. Lady beetle species of other preys
except aphids and coccids also have been considered e.g., Fallahzadeh et al. (2000)
reported nine lady beetles preyed on olive psylla from Fars province.

In terms of habitat, most studies about lady beetle fauna have been carried on in
fruit orchards and crop fields. As a rare case, Seifollahi et al. (2000) reported four
lady beetle species as predators of Gaz psyllid, Cyamophila dicora Lognivora,
from which H. variegata was the most dominant.

In a study on natural enemies of Ash whitefly, Siphoninus phillyreae conducted in
Shiraz, Nephus (Sidis) hiekei collected and reported as a new species (Fallahzadeh
et al. 2003). This species is thermophilous and has been reported previously from
different countries of the Middle East (Fallahzadeh et al. 2003).

Mossadegh and Aleosfoor (2004) recorded 16 lady beetle species feeding on
oleander aphid in Shiraz and Khuzestan provinces (two Southern provinces of Iran).
Surprisingly, they reported aphidophagy of Chilocorus bipustulatus, Rodolia
cardinalis and Stethorus sp. despite their different feeding regime. Hesami and
Fallahzadeh (2004) reported eight species as natural enemies of citrus mealybug
from Fars province and noted to the potential of Hyperaspis polita Weise and
Exochomus nigripennis Erichson. Haghshenas et al. (2004) stated that the
H. variegata contributed 65.8% lady beetle complex of Isfahan province wheat
fields, which was a dominant species in that region.

Lady beetle faunistic of Lorestan province (West of Iran) was surveyed during
2003–2006 (Jafari and Kamali 2007). They reported 28 species from 14 different
genera collectively, which Aphidecta obliterata (Linnaeus) 1758 and Scymnus
mediterraneus Iablokoff-Khnzorian, 1977 were new reported for the first time
from Iran. (Jafari and Kamali 2007). Those species were collected on oak, spear
thistle, Cirsium vulagare and Almond. Similar to many related studies, they reported
C. septempunctata is the dominant among the collected species.

Modarres Najaf Abadi et al. (2008a, b) in two different studies, reported five and
four lady beetle species on cabbage aphid (Brevicoryne brassicae) and green wheat
aphid in the Sistan province while the seven spotted ladybird, C. septempunctata
with 58.3% and 70.1% contribution was the dominant species among them.

Jafari et al. (2012) reviewed the lady beetle fauna of the Zarand Region (Kerman
province, South of Iran). They recorded 13 species from nine genera from this
region. They have been collected on different crops, vegetables, rosaceous fruit
trees, pomegranate and pistachio. Among the collected species, H. variegata was a
dominant species with a 52% contribution in collecting species composition.

Jafari and Kamali (2007) reported 19 ladybugs from Lorestan province, which
Hyperaspis quadrimaculata (Redtenbacher 1843) was a new species for Iran. This
species has been collected from the alfalfa field fed on cowpea aphid as prey (Ansari
pour et al. 2011).

Urban lady beetles have been studied scarcely. As a rare case, 16 lady beetle
species reported from Chitgar Park (Northwest of Tehran) which O. conglobata was
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the dominant species with 34.1% of species composition. All species predating on
aphids, Coccids and the dominant species also feed on elm leaf beetle eggs and
larvae (Xanthogaleruca luteola (Müller 1766)) (Coleoptera: Chrysomelidae) (Abdi
et al. 2013). Mohammadi et al. (2013) reported the Vibidia duodecimguttata as a
new record for Iranian fauna. They collected this species from East Azerbaijan
province (46� 340 2700 N, 38� 470 000 E) and 47� 210 5800 N, 38� 510 200 E). This is a
fungivorous species that feeds on powdery mildew fungi.

The Pharoscymnus brunneosignatus Marder and Scymnus schmidt Fürsch were
reported for the Iran’s fauna for the first time (Ebrahimi et al. 2014) in a collection
program took from 2011 through 2012 on Mashhad (Northeast of Iran). This species
is a coccidophagous one and was reported from France, Brazil, China, India,
Pakistan, Yemen, Nepal before. In another study, Nephus ulbrichi Fursch was
recorded on Planococcus vovae (Hemiptera: Pseudococcidae) on cypress trees for
the first time in Iran (Jalilvand et al. 2012).

Sadat Alizadeh et al. (2013) reported the most important natural enemies of pink
hibiscus mealybug (PHM),M.hirsutus and recorded five species which among them,
the Hyperaspis vinciquerrae Capra was a new record for Iran. They reported that
among described lady beetle species as expected, N. arcuatus had a high density
during a relatively long period and thus, it could be the main predator of PHM in
Ahvaz. Referring to the thermophilous nature of this species, this result was entirely
predictable.

Most studies about the Iranian ladybird fauna are limited to recording new species
or dealing with the lady beetle fauna of a specific region or province. Although
recently, subfamily of Iranian Scymnine was reviewed as a checklist (Jafari et al.
2013).

In a checklist of scymninae of Iran, Jalilvand et al. (2014) surveyed natural
enemies of mealybugs in Kermanshah province. Besides, Biranvand et al. (2016)
published a checklist of subfamily Microweiseinae of Iran. They recorded 11 species
or this subfamily and presented host plant and prey data for those species.

2.3 Life History and Demography

Reviewing the papers and other records published in Iran, shows that perhaps the
most studied aspect of lady beetles is their life history and biology which have been
studied extensively. Most of the studies have been done under laboratory conditions
on one or several prey types. In most of these studies, main life table parameters like
intrinsic rate of increase (r), net reproductive rate (R0), mean generation time (T ),
finite rate of increase (λ) and gross reproductive rate (GRR) have been estimated.
However, earlier studies only included simple descriptive data about reproduction or
mean duration of different life stages. Recently, some researchers used life table data
to show the effect of different factors on the survival and fecundity of lady beetles
more efficiently. Development of age-stage, two-sex life table theory which
includes the role of both males and females in population increase and consumption,
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helped create a progress in life table studies and many Iranian researchers rearrange
their studies based on this new analysing method. However, still, there are some
publications that use the traditional female-based method. In this period, many
similar studies evaluated different suitability of aphids or even other prey (Pistachio
psylla) (Mehrnejad et al. 2011) to the development and survival ofH. variegata. One
of the serious deficiencies of life history studies of lady beetles is that nearly all of
them have been conducted under very artificial conditions, at constant temperature
and humidity. Obviously, these results could not be extrapolated to real conditions
and need to be validated. Most of these invesstigations have been done at 25� 1 �C,
but a few researchers tested different temperatures too.

Like functional response studies, an important part of life history researches has
been devoted to variegated lady beetle species as an ubiquitous dominant species in
Iran. For conciseness, demographic values of different species of genus Hippodamia
were summarized in Table 2.1 separately. Mollashahi et al. (2002) reported the life
table parameters of H. variegata by feeding on melon aphids. Mollashahi et al.
(2004a) revealed that the product index ofH. variegata and C. septempunctata could
be influenced by temperature and prey species; as such, this index of both species
was highest at 30 �C when that were fed on Aphis craccivora. Studying the
temperature - dependent development of H. variegata revealed that the minimum
temperature threshold needed for growth of first instar larvae and pupae was 2.47
and 14.63, respectively. Furthermore, this species needs 346.4 degree- days (DD) to
complete its development (Jafari and Vafaei Shoushatri 2010).

Stored moth egg as factitious prey has been suggested for the rearing of different
lady beetle species. It has been stated that the Mediterranean flour moth was the best
diet for rearing and mass production of Pharoscymnus ovoideus (Hajizadeh 1993).
Furthermore, Tavoosi Ajvad et al. (2011) showed that H. variagata could complete
its life cycle on Mediterranean flour moth (MFM) eggs and adult longevity on cotton
aphids, pea aphids and Ephestia kuehniella were 53.83, 52.43 and 67.75 days. Thus
the use of MFM eggs reduced the use of natural prey and labor needed.

Recently, tritrophic relationships became as a significant field of interest for
Coccinellids studies and many researchers studied the basic biology of ladybirds
under this context. In a tritrophic study, it was proved that host plant resistance could
be effective on consumption rate of C. septempunctata and resulted in higher feeding
rate of adults than feeding on aphids on susceptible crops (Barkhordar et al. 2012).
Ghafouri Moghaddam et al. (2013) showed the premature period and survival of
H. variegata significantly influenced by host plants. Thus, the Sitobion avenae
Fabricius reared on wheat was more profitable for this lady beetle species. Similarly,
it has been shown that Mustard plants affected on laboratory biology of this lady
beetle via feeding on cabbage aphid (Nikan Jablou et al. 2013). Accordingly,
the suitability of cereal aphids reared on different host plants for mass rearing of
H. variegata has been evaluated by a few studies. Asgharian et al. (2014) showed the
higher suitability of barley for this species among the four host plant tested of
Russian wheat aphid. Another related research considered the effect of two resistant
and susceptible wheat cultivars to Diuraphis noxia (Kurdjumov) on basic biology
and life history of H. variegata (Zanganeh et al. 2015). They found a

2 Lady Beetles; Lots of Efforts but few Successes 45



T
ab

le
2.
1

T
he

lif
e
hi
st
or
y
tr
ai
ts
of

H
ip
po

da
m
ia

va
ri
eg
at
a
un

de
r
di
ff
er
en
t
tr
ea
tm

en
ts

P
re
y
sp
ec
ie
s

D
ev
el
op
m
en
ta
l

tim
e
(d
ay
s)

F
em

al
e

lo
ng
ev
ity

(d
ay
s)

F
ec
un
di
ty

(e
gg
s/
fe
m
al
e)

A
P
O
P

T
P
O
P

r
(d
ay

�
1
)

R
0
(e
gg
s)

λ
(d
ay

�
1
)

T
(d
ay
s)

R
ef
er
en
ce
s

A
ph
is
go
ss
yp
ii

–
–

–
–

–
0.
23

–
–

–
Ja
la
li
et
al
.(
20
02
)

A
ph
is
go
ss
yp
ii

–
53
.4

�
4.
44

19
16

�
12
7

5.
6
�

0.
27

–
0.
25
4

38
7.
9

–
23
.4
6

M
ol
la
sh
ah
i
et
al
.

(2
00
4b
)

A
ph
is
fa
ba
e

–
–

94
3.
9
�

53
.5
3

6.
2
�

0.
13

–
0.
28
7

50
9

–
21
.7

Ja
fa
ri
et
al
.(
20
08
a)

Sc
hi
za
ph
is
gr
am

in
um

–
–

–
–

–
0.
19
5

31
0.
5

29
.4
2

M
ol
la
sh
ah
i
an
d

S
ab
oo
ri
(2
01
0)

A
go
no
sc
en
a
pi
st
ac
ia
e

12
.5
1
�

0.
4

–
–

–
–

0.
21

–
–

–
M
eh
rn
ej
ad

et
al
.

(2
01
1)

A
ph
is
go
ss
yp
ii

11
.6
9
�

0.
7

–
–

–
–

0.
23

–
–

–
M
eh
rn
ej
ad

et
al
.

(2
01
1)

A
ph
is
fa
ba
e

16
.3

�
0.
07

44
.9

�
3.
1

11
39
.2

�
67
.8

3.
4
�

0.
16

19
.6

�
0.
15

0.
20
3
�

0.
00
5

38
9.
0
�

54
.0

1.
22
5
�

0.
00
7

29
.4

�
0.
4

F
ar
ha
di

et
al
.(
20
11
)

A
go
no
sc
en
a
pi
st
ac
ia
e

–
–

–
6.
1

–
0.
14
9

70
.6
4

1.
16

28
.8
8

A
sg
ha
ri
et
al
.(
20
11
)

A
ph
is
go
ss
yp
ii

–
–

–
–

–
0.
03
3
�

0.
01
2

3.
01
1
�

1.
15
8

1.
03
3
�

0.
01
3

33
.4
64

�
0.
89
4

M
oh
aj
er
iP

ar
iz
ie
ta
l.

(2
01
2)

A
cy
rt
ho
si
ph
on

pi
su
m

–
–

–
–

–
0.
14
3
�

0.
00
7

11
8.
51
1
�

19
.7
34

1.
15
4
�

0.
00
9

33
.4
22

�
1.
07
6

M
oh
aj
er
iP

ar
iz
ie
ta
l.

(2
01
2)

A
.f
ab
ae

–
64
.7
5
�

0.
87

79
9.
65

�
29
.5
1

3.
15

�
0.
11

–
0.
18
1
�

0.
00
4

23
6.
54

�
15
.5
9

1.
19
8
�

0.
00
4

30
.2
3
�

0.
39

G
ol
iz
ad
eh

an
d

Ja
fa
ri
-B
eh
i(
20
12
)

A
ph
is
go
ss
yp
ii

–
72
.5
0
�

1.
61

58
7.
75

�
38
.1
0

3.
00

�
0.
10

–
0.
18
3
�

0.
00
2

29
0.
97

�
12
.7
9

1.
20
1
�

0.
00
2

31
.0
2
�

0.
26

G
ol
iz
ad
eh

an
d

Ja
fa
ri
-B
eh
i(
20
12
)

M
ac
ro
si
ph
um

ro
sa
e

–
73
.1
0
�

1.
20

44
6.
95

�
11
.4
9

3.
05

�
0.
14

–
0.
15
6
�

0.
00
3

18
3.
23

�
7.
52

1.
16
9
�

0.
00
4

33
.3
7
�

0.
61

G
ol
iz
ad
eh

an
d

Ja
fa
ri
-B
eh
i(
20
12
)

A
ph
is
fa
ba
e

–
60
.8
6
�

3.
0

70
9.
3
�

59
.6
9

3.
53

�
0.
15

18
.0
3
�

0.
18

0.
18

�
0.
00
7

23
2.
49

�
39
.4
4

1.
20

�
0.
00
8

29
.0
3
�

0.
49

R
ah
m
an
ia
nd

B
an
da
ni

(2
01
3a
)

A
ph
is
go
ss
yp
ii

13
.6
5
�

0.
09

94
.3
1
�

2.
04

13
32
.2

�
57
.6

5.
67

�
1.
19

19
.8
9
�

1.
19

0.
18
7
�

0.
00
9

62
1.
09

�
11
6.
56

1.
20
56

�
0.
01
1

34
.3
9
�

1.
26

D
av
oo
di

D
eh
ko
rd
i

et
al
.(
20
13
b)

A
ph
is
go
ss
yp
ii

–
–

–
–

–
0.
17
8
�

0.
00
5

26
2.
66

�
39
.6
7

1.
19
5
�

0.
00
6

31
.3
3
�

0.
44

B
ig
de
lo
u
(2
01
2)



A
go
no
sc
en
a
pi
st
ac
ia
e

(H
ex
afl
um

ur
on

tr
ea
tm

en
t)

–
–

–
–

–
0.
08
6
�

0.
00
6

23
.1
7
�

0.
34
6

1.
09

�
0.
00
7

39
.2
5
�

2.
46

A
lim

oh
am

m
ad
i

D
av
ar
an
i
et
al
.

(2
01
3)

A
go
no
sc
en
a
pi
st
ac
ia
e

(S
pi
ro
di
cl
of
en

tr
ea
tm

en
t)

–
–

–
–

–
0.
10
8
�

0.
00
4

53
.2
3
�

0.
51

1.
11

�
0.
00
5

37
.5
7
�

1.
52
5

A
lim

oh
am

m
ad
i

D
av
ar
an
i
et
al
.

(2
01
3)

A
ph
is
fa
ba
e

(t
hi
am

et
ho
xa
m
-L
C
1
0
)

58
.1
5
�

6.
32

65
6.
5
�

80
.3
8

2.
92

�
0.
07
6

18
.8
46

�
0.
33
7

0.
15

�
0.
01
2

11
4.
60

�
31
.5
7

1.
16

�
0.
01
4

30
.5
6
�

1.
51

R
ah
m
an
ia
nd

B
an
da
ni

(2
01
3b
)

A
ph
is
fa
ba
e

(t
hi
am

et
ho
xa
m
-L
C
3
0
)

–
56
.5
8
�

7.
13
5

52
4.
8
�

93
.8
1

3.
40
0
�

0.
22
1

19
.1
0
�

0.
45
8

0.
13

�
0.
01
3

68
.5
1
�

21
.5
8

1.
14

�
0.
01
5

31
.2
4
�

1.
58

R
ah
m
an
ia
nd

B
an
da
ni

(2
01
3b
)

D
iu
ra
ph
is
no
xi
a

(o
n
O
m
id

w
he
at
c.
v.
)

–
–

17
16

–
–

0.
24

�
0.
01

39
9.
35

�
53
.0
1

1.
27

�
0.
01

24
.6
7
�

0.
28

Z
an
ga
ne
h
et
al
.

(2
01
5)

D
iu
ra
ph
is
no
xi
a

(o
n
S
ar
da
ri
w
he
at
c.
v.
)

–
–

14
80

–
–

0.
20

�
0.
01

22
1.
56

�
34
.6
8

1.
23

�
0.
01

26
.5
0
�

0.
41

Z
an
ga
ne
h
et
al
.

(2
01
5)

Si
to
bi
on

av
en
ae

(o
n
W
he
at
)

14
.8
9
�

0.
13

48
.4
0
�

1.
60

47
0.
34

�
19
.0
8

4.
32

�
0.
28

19
.3
6
�

0.
35

0.
18
1
�

0.
00
6

23
5.
05

�
36
.1
5

1.
19
9
�

00
7

29
.9
5
�

0.
41

G
ha
fo
ur
i

M
og
ha
dd
am

et
al
.

(2
01
6)

Si
to
bi
on

av
en
ae

(B
ar
le
y)

16
.3
1
�

0.
15

44
.4
0
�

1.
27

43
2.
79

�
14
.3
8

4.
27

�
0.
24

20
.7
3
�

0.
33

0.
16
2
�

0.
00
6

18
3.
97

�
33
.3
7

1.
17
6
�

0.
00
7

32
.0
3
�

0.
44

G
ha
fo
ur
i

M
og
ha
dd
am

et
al
.

(2
01
6)

Si
to
bi
on

av
en
ae

(C
or
n)

15
.8
9
�

0.
14

53
.2
8
�

1.
31

58
7.
31

�
15
.7
1

3.
88

�
0.
21

19
.7
6
�

0.
23

0.
17
9
�

0.
00
6

29
1.
14

�
46
.6
6

1.
19
7
�

0.
00
8

31
.4
8
�

0.
40

G
ha
fo
ur
i

M
og
ha
dd
am

et
al
.

(2
01
6)

Si
to
bi
on

av
en
ae

(S
or
gh
um

)
16
.0
2
�

0.
09

39
.1
0
�

1.
54

36
2.
47

�
16
.4
2

4.
63

�
0.
29

20
.6
8
�

0.
33

0.
16
3
�

0.
00
6

13
4.
30

�
23
.6
6

1.
17
7
�

0.
00
8

29
.8
7
�

0.
33

G
ha
fo
ur
i

M
og
ha
dd
am

et
al
.

(2
01
6)



significant positive relationship between wheat resistance to Russian wheat aphid
and effect on developmental time, fecundity, survival and predation rate of
H. variegata. Suppose this synergistic effect is shown to be occurred and confirmed
by more real field experiments, in that case, there is a big step towards combining
biological control and host plant resistance against Russian wheat aphid. Corre-
spondingly, the effect of four host plants of English grain aphid, S. avenae on life
table parameters of H .variegata has been assessed (Ghafouri Moghaddam et al.
2016). They suggested that the wheat (c.v. Tajan) was the most suitable among four
host plants tested while the barley (c.v. dasht) was the least suitable for H. variegata
as a host plant of S. avenae. This difference could be chemical-based; indeed
semiochemicals of different host plants or even different cultivars might affect
growth, development and reproduction of lady beetles indirectly.

One of the major applications of life table is the mass rearing of predator and
parasitoids. Mass rearing of lady beetles, especially H. variegata have been noted in
many Iranian kinds of literature. Most of those studies have been carried out by using
natural aphid species as prey. Talebi et al. (2014) tested the basic biology of
H. variegata on three cereal species and in terms of female body weights, the
S. avenae was the most profitable species to feed. As a rare study, it has been
shown that the use of canola pollen with black bean aphid significantly reduced the
larval period and improved the rearing of H. variegata (Mirkhalilzadeh Ershadi et al.
2013). Besides, they tested the effect of different artificial diets on survival and
fecundity of H. variegata and concluded that it completed life cycle on some
artificial diet albeit with a lower rate (Mirkhalilzadeh Ershadi et al. 2013). However,
they did not assess the effect of feeding from artificial diets on fecundity of
H. variegata. It seems that there is still a big gap between suitability of natural
prey species and artificial diets in terms of Hippodmia fecundity. As a novel
case study, Davoodi Dehkordi et al. (2013) proved that with increasing prey
densities, the fecundity and intrinsic rate of increase of H. variegata raised while
the developmental time and preoviposition period decreased. This study stressed the
role of prey biomass quantity that a lady beetle receives to reach the development
and reproduction potentials. Optimization of lady beetle sex ratio in mass rearing
project is an ignored aspect which was addressed (Aldaghi et al. 2013). They showed
that despite common belief, the fecundity of H. variegata is not reduced with
decreasing male to female ratio; therefore they recommended sex ratio could be
manipulated in laboratory rearings of variegated lady beetle in such a way that saves
labor and maximizes reproduction output.

Demographic toxicology studies have been started recently in Iran. Some
researchers studied the effects of different pesticides and acute or sublethal effects
of many compounds with different modes of action assessed on life history and
reproduction of different lady beetles especially Hippodamia variegata (Table 2.1).
Possible use of H. variegata with pesticide application surveyed by evaluating the
sublethal effect of pesticides on life history and demography of lady beetles.
(Alimohammadi Davarani et al. 2013; Rahmani and Bandani 2013b). For instance,
the safety of Spirodiclofen to larval stages of H. variegata was revealed; however, it
was not safe for eggs (Alimohammadi Davarani et al. 2014). This information
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certainly would improve the concomitant use of insecticides and lady beetles under
an IPM framework.

Another important lady beetle species that has been noted largely by Iranian
researchers is C. septempunctata. The demography and life table parameters of this
species similar to H. variegata have been reported under different conditions and
presented briefly in Table 2.1. As a case study, some life history parameters of this
species have been addressed on several combinations of mustard aphid, Lipaphis
erysimi (Kaltenbach 1843) (Hemiptera: Aphididae) and two-spotted spider mite
(Kianpour et al. 2011). Their study showed that diet including two-spotted spider
mite only could not be used as an effective alternative diet for seven spotted lady
beetle adults; however life table analysis would give a better insight.

Many Iranian pertinent studies considered the effect of different temperatures,
and some others took into account the effects of quantity and quality of prey on
ladybird biology. Hajizadeh et al. (1995) concluded that the 25–30 �C was the
optimum range for activity and reproduction of an acarophagous lady beetle,
Stethorus givifrons on two-spotted spider mite, but at 40 �C, the reproduction of
S. gilvifrons was stopped. Moreover, the effect of seven constant temperatures on
development and life table parameters of S. gilvifrons has been reported (Taghizadeh
et al. 2008a, b). In this regard, they estimated 222.72 degree-days and 12. 47 �C as
thermal constant and low temperature threshold for S. gilvifrons entire developmen-
tal time on T. urtice. This is not surprising because it is a thermophile species and has
been collected from Iran’s hot and arid regions. Jalali et al. (2002) reported theoret-
ical lower threshold and thermal constant for H. variegata, C. undecimpunctata,
O. conglobata contaminata and E. nigripennis. They also reported the intrinsic rate
of increase of those four lady beetle species reared on psyllid or aphid prey in another
study. The degree-days and lower temperature threshold for the complete life cycle
ofO. conglobata was estimated as 270.32 DD and 10 �C (Mojib Hagh Ghadam et al.
2004). These values have been reported as 285.71 DD and 9.34 �C respectively by
feeding on pomegranate green aphid (Rounagh et al. 2014). Nazari et al. (2004)
reported the lowest developmental threshold of Exochomus nigromaculatus as 10.87
for fourth instar larvae. The optimum temperature for O. conglobata contaminata
rearing was estimated between 25–30 �C (Mokhtari and Samih 2014) and 27.5 to
32.5 �C (Rounagh et al. 2014) by feeding on M. persicae and A. punicae, respec-
tively. Their study showed the degree-day and thermal thresholds could be
impressed by prey species (Mokhtari and Samih 2014; Rounagh et al. 2014). The
effects of five constant temperatures intervaled by 5 �C on demography and popu-
lation growth of Nephus arcuatus has been presented at 25 �C (Table 2.1). Of five
temperature tested, the highest life table parameters (except mean generation time)
was highest at 30 �C. Thus, it has been suggested that this species shows the best
efficacy at 30 �C and active in hot regions when all other lady beetles may not
efficient (Zarghami et al. 2014b). In another study with cotton mealybugs, the 35 �C
has been reported as an optimum temperature for growth and reproduction of
N. arcatus (Table 2.1). The survey of the life table of C. montrouzieri at three
temperatures showed the maximum and minimum intrinsic rate of increase (r) and
mean generation time (T) at 27 �C and confirmed the earlier results. Therefore, 27 �C
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as an optimum temperature for mass production of this species was recommended
(Mortazavi Malekshah et al. 2015).

Apart from H. variegata and C. septempunctata, life table and population param-
eters of other ladybird species have been studied. Two-spotted lady beetle, Adalia
bipunctata is one of efficient species against different aphids, especially in orchards.
The reproduction parameters of this predator was evaluated against A. punicae
(Dehghan Dehnavi et al. 2008). Based on developmental time, immature survival
and life table parameters of A. bipunctata reveliereiMulsant E. kuehniella eggs was
the inferior diet compared to green peach aphid and pistachio psylla (Table 2.2)
(Mehrnejad et al. 2015). Meanwhile, it has been suggested that A. pistaciae was an
essential prey for A. bipunctata and this lady beetle could be used as a biocon-
trol candidate against pistachio psylla. Emami et al. (1998) showed that the total and
daily fecundity of Scymnus syriacus increased linearly with temperature. Another
Coccinellid which is well studied relatively is O. conglobata. Mojib Hagh Ghadam
et al. (2002a) in surveying the effect of three different aphid species on laboratory
biology of O. conglobata suggested the positive impact of suitable prey on predator
and prey populations. Additionally, they reported the least preimaginal development
rate, highest total fecundities and ovipositional duration of O. conglobata feeding
upon poplar shoot aphid (Chaitophorus populeti (Panz)) at 30 �C among three
distinct temperatures (20, 25 and 30 �C) tested (Mojib Hagh Ghadam et al.
2002b). The degree-day of this species was recorded as 217.3 DD. They also studied
the biology of this species on Timocallis saltans (Nev) (Mojib Hagh Ghadam et al.
2002c). Poplar aphid, Chaitophorus leucomelas (Koch) was another aphid that
serves as prey to study the laboratory biology of O. conglobata. The highest
mortality was occurred at the egg stage and afterward, the mortality has been
reduced. They also showed that fourth instar larvae was the most voracious stage
in terms of daily feeding rate (Sadeghi et al. 2004). Most studies of ecology and
predation rate of O. conglobata have been done in Rafsanjan region (Kerman
province), the main center of pistachio and pomegranate production of Iran, where
this species is one of the most dominant predators of pomegranate aphid (Aphis
punicae Pass) and pistachio psylla. As one of the earliest study, they estimated
descriptive biological parameters, prey preference and consumption rates of
O. conglobata on pistachio psylla, confirmed the superiority of pistachio psylla
than cotton aphid for development and reproduction of this species, however, it
should be considered the cotton aphid as an alternative prey when pistachio psylla is
unavailable (Mehrnejad and Jalali 2004). This study suggested that besides aphids,
O. conglobata could be considered as a main predator of other target pests like
psyllids. In this regard, the life table output of this predator showed the possible
efficiency of O. conglobata contaminata to bring pomegranate green aphid under
control (Table 2.2) (Rounagh and Samih 2014). The biology and consumption rate
of O. conglobata on Rhopalosiphum padi, Macrosiphum rosae and C. populi
showed that feeding of R. padi increased fecundity of O. conglobata significantly
(Ajam Hassani 2015). The effect of three diets including pistachio psylla, cotton
aphid and Meditteranean flour moth eggs on life table parameters and fitness of
O. conglobata and Cheilomenes sexmaculata (Fabricius, 1781) showed the best
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diets among these three is pistachio psylla for both species. However, using moth
eggs could be useful specifically for rearing premature life stages therefore, reducing
costs and labor needed (Mirhosseini et al. 2015). Furthermore, the age-stage,
two-sex life table of this species on green peach aphid and pistachio psylla showed
no difference between these two prey species in terms of suitability for reproduction
and growth of O. conglobata contaminata (Mokhtari and Samih 2016).

Regarding aphidophagous or cocidophagous lady beetles, the life table and
descriptive biological parameters of Acarophagous lady beetle have been studied
scarcely. Eslami Zadeh and Pourmirza (1998) reviewed the fecundity and predation
rate of Stethorus punctillum on red spider mite. Preadult duration and daily fecundity
of S. gilvifrons on the old world date mite,Oligonychus afrasiaticus (McGregor) was
reported as 18 days and five eggs at 27 �C, respectively. The survey of basic biology
and predation rate of S. gilvifrons on two-spotted spider mite showed this predator
kills 212.34 mites during its premature development averagely. The suitability of
two Tetranychid mite species, Tetranychus turkestani Ugarov and Nycolsky and
Eutetranychus orientalis Klein for development and reproduction of S. gilvifrons
revealed that both species could be used as essential and complete prey. Although,
the citrus brown mite seems more suitable than T. turkestani slightly (Imani et al.
2009)

Similar to aphidophagous lady beetles, Coccidophagous species have been stud-
ied fairly detailed. Mehdian et al. (1998) considered the rearing of Chilocorus
bipustulatus L. on Dictyospermum scale, black scale, the Mediterranean flour
moth eggs and the Angoumois grain moth eggs (Sitotroga cerealella (Olivier
1789)). Among them, C. bipustulatus did not complete its life cycle on S. cerealella.
Although, lack of significant differences between daily fecundity and preadult
development period of lady beetles reared on natural and factitious prey proved
that the E. kuehniella eggs could be used as alternative prey for mass rearing this
species. However, Mehrnejad (2000b) showed significant differences in pupal
mortality of Exochomus nigripennis reared on S. cerealella eggs and citrus mealy-
bugs, Pseudococcus citri. The natural prey made them significantly larger and
heavier than those reared on angoumois grain moth eggs. Similarly, Emmai et al.
(2002) showed the inadequacy of Ephestia and Sitotroga eggs compare to green
citrus aphid or Spirea aphid for reproduction and development of S. syriacus.
Ghanadamooz et al. (2010) reported the suitability of mulberry scale,
Pseudaulacapis pentagona Targioni cultivated on pumpkin and potato for rearing
of C. bipustulatus. Lotalizadeh et al. (2000) studied E. quadripustulatus (L.) biology
on cypress tree mealybug and reported total developmental time on Planococcus
vovae (Nasanov) was 34.47 days.

Perhaps the mealybug destroyer, Cryptolaemus montrouzieri Mulsant, 1850 is
the most known and efficient Coccidophagous lady beetle in Iran. Therefore, the
laboratory biology, life table parameters and consumption rate of C. montrouzieri
Mulsant, 1850 have been studied extensively on different prey species or at various
circumstances (Table 2.2). It has been revealed that this species is one of the main
predators of coccids and feeds on Pulvinaria ovisacs, especially on citrus trees. In a
choice test, the fourth instar larvae prefer cottony camellia scale, P. floccifera

https://en.wikipedia.org/wiki/Guillaume-Antoine_Olivier
https://en.wikipedia.org/wiki/%C3%89tienne_Mulsant
https://en.wikipedia.org/wiki/%C3%89tienne_Mulsant
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&cad=rja&uact=8&ved=0ahUKEwjIyMbAoLbOAhVGOhQKHbWoCJEQFggzMAY&url=http%3A%2F%2Fcontent.ces.ncsu.edu%2Fcottony-camellia-scale-pulvinaria-floccifera&usg=AFQjCNFJU07F0wnbiN-XuW9UCQT5mCKuig&sig2=AE67DW9Vuk-la38UdLxs1w&bvm=bv.129389765,d.d24


Westwood ovisacs to P. aurantii Cockerell ones (Khazaeipool et al. 2008). The
potential effects of Imidacloprid and Abamectin on life table and demography of
C. mountrouzieri showed that these two pesticides had some adverse effects on
fecundity and life table parameters of this lady beetle and could not be used together
(Ahmadi et al. 2010). Crypt ladybird is an Australian species well accommodated
with Mediterranean climate of Northern parts of Iran. Therefore, the thermal require-
ments and zero developmental temperature of C. montrouzieri was estimated as
441.09 DD and 10.46 �C for immature stages (Mortazavi Malekshah et al. 2010). It
also seems that this species tolerates critical high temperatures in such a way that
adult emergence and egg mortality (%) were estimated as 82 � 2.58 and 10 � 2.0 at
37.5 � C. (Saberi et al. 2013). Tritrophic surveys included crypt ladybeetle, orange
pulvinaria scale and citrus trees showed that the Grapefruit (c.v. Red blush) was the
best host tree for this scale in terms of population parameters (Bozorg-Amirkalaee
et al. 2015). Life table study also suggested that the obscure mealybug Pseudococcus
viburni Signoret is a more suitable diet than the citrus mealybug (Planococcus citri
Risso) as the C. montouzieri had higher rate of increase and net reproduction when
fed by obscure mealybugs (Abdollahi Ahi et al. 2015).

2.4 Miscellaneous Studies

Besides aphids, cooccids, and mites, as mentioned earlier, psyllids constitute a major
food item in the lady beetle food list. The thermal requirements and life table of
Coccinula elegantula by feeding on A. pistaciae was evaluated (Parish et al.
2012a, b). According to results, the theoretical lower threshold and thermal constant
(�D) required for complete premature development was estimated 14.9 �C and 256.4
DD (Parish et al. 2012a). The basic biology of C. bipustulatus on pistaschio psylla
has been surveyed repeatedly. (Atrchian et al. 2014). In a tritrophic study, it has been
shown that host plant species did not have any influence on life history and
demography of Serangium montazerii feeding on citrus whitfly unexpectedly
(Fotukkiaii et al. 2013). Although Bozorg-Amirkalaee et al. (2014) revealed the
superiority of clementine mandarin to Sour orange as a host plant of orange
pulvinaria scale, Pulvinaria auranti to survival and fecundity of C. montrouzieri
(Table 2.2).

Collectively, numerous studies about life table have been done in Iran. In most
cases, the effect of one or more factors on the population parameters of a few lady
beetle species under completely artificial conditions have been investigated. Inter-
estingly, from an extensive review of life table studies it has been cleared that from
16 studies of H.variegata in seven and five cases, cotton aphid and black bean aphid
have been used respectively (Table 2.1). This may impose repetition of results
without any further innovations. The other problem relates to data analysis. Many
of the earlier studies used traditional female-based life table, while in recent years,
the age-stage, two-sex life table have been used more frequently. This method
estimates population parameters more accurately however, the differences between
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these two methods seem negligible, still, because of the unrealistic assumptions of
traditional life table analysing method, the estimated outputs are unreliable. Another
deficiency of conducted studies is the small cohort size, which is so small that it
might produce an incorrect estimation of population parameters.

2.5 Predator-Prey Dynamics

2.5.1 Functional Response of Most Important Coccinellid
Species to Different Prey Types

The functional response (F.R.) assessment is one of the most commonly used criteria
evaluating predator efficiency. This is a quantitative description of a predator’s
ability to consume prey. Although Solomon (1949) introduced it initially, Holling
(1959) developed the concept in details and described quantitative methods for
measuring the functional response. It describes the relation of predation with
increasing prey densities. Basically, there are three types of functional response to
initial prey densities, the linear (type I), the curvilinear (type II) and the sigmoidal
(type III). The output parameters of functional response experiments are search rate
and handling time. Instantaneous search rate (or attack constant) is a function of
encounter rate between predator and prey. It could be defined as the extent of area
covered in a time unit by a predator (Holling 1961; Rogers 1972). Handling time is
the amount of time spent on non-searching activities (subduing, killing, eating a
prey and resting) (Juliano 2001). The type of functional response and values of
related parameters of different species of lady beetles, especially variegated lady
beetle, Hippodamia variegata towards different prey species has been addressed in
Iranian studies extensively (Table 2.3).

One of the earliest functional response studies of variegated lady beetle done in
Iran dates back to Jafari and Goldasteh (2009) who reported the functional response
of H. variegata females and males to different densities of black bean aphid. Farhadi
et al. (2010) considered the functional response of all life stages of H. variegata on
the same aphid species Aphis fabae. Both researchers reported a type II functional
response for H. vareigata. In spite of the shared prey type and similar equation used
for analysis, their results were very different (Table 2.3). They reported type II
response for all life stages, however, searching efficiency of females was more than
100 times higher than that reported by Jafari and Goldasteh (2009) although, the
handling time showed lesser difference (two times). Based on their results, males and
secondly, the fourth instar larvae have the highest searching efficiency among life
stages and the females and fourth instar larvae showed the shortest handling time.
Therefore, it seems that females are the most voracious stage. This has been
confirmed by Madadi et al. (2011), who reported the fourth instar larvae has the
lowest handling time compared to other stages tested in their study on the effects of
prey types and experimental set-ups on the functional response type of H. variegata.
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They showed that prey type did not have any impact on searching rate and handling
time of fourth instar larvae but did on third instar larvae and females. They postu-
lated the fourth instar larvae is the most voracious stage of this predator and in
addition to females it could be considered as releasing stages in an inundative
biocontrol project against cotton aphid. This speculation was confirmed again by
using Russian wheat aphid (RWA) as prey for H. variegata (Behnazar and Madadi
2015). Their results supported that fourth instar larvae and female adults had the
highest searching efficiency on Sardari c.v. of wheat, but instead, male adults was the
most voracious stage on Back cross c.v. of wheat (Table 2.3).

Virtually all of these F.R. studies on Coccinellids used the two-step analysis
method developed by Juliano (2001). This method determines the type of response
precisely and produces acceptable estimates of attack constant and handling time.
Collectively, studies conducted on functional response of H. variegata in Iran
showed different values for attack constant and handling time that makes compar-
ison difficult. The first point is that most of these studies (except three cases) have
been done on small artificial arenas like leaf disc or even more simple medium like
Petri dish that increases predator-prey encounter rate and therefore type II functional
response has been reported. However, large-scale experiments did not change the
response type (Madadi et al. 2011; Davoodi Dehkordi and Sahragard 2013a).
Indeed, small scale experiment only gives an insight into the predator’s maximum
predation potential and does not produce actual value of predation rate. Additionally,
extrapolating the results of these studies to real conditions is difficult. This point is
one issue that should be considered in future experiments and as possible as Petri
dish experiments should be discarded. Most of these studies exhibited no difference
in F.R. response type. Furthermore, searching efficiency and handling time did not
deviate from corresponding values of other studies substantially. Although, as a
novelty, Davoodi Dehkordi and Sahragad (2013a) used an open patch design to
study the functional response of H. variegata to the cotton aphid. The design
included the black eyed bean leaf’s petiole wrapped with a wet cotton wool and
was placed in an open larger plastic box (18 � 23 � 5 cm) which unlike Petri dish
arena allow the lady beetles to freely move across the experimental unit. Another
point is that many F.R. studies have been done with only one prey stage (mostly
fourth instar nymphs), while it is obvious that predators usually encounter with a
mixture of prey stages simultaneously while searching in nature. This deficiency
might be attributed to difficulties in data analysis that the number of killed prey from
different stages could not be incorporated in the analysis. The development of
multistage functional response models could be useful for analyzing this kind of
data. Similar to life table studies, among aphids, only five species have been used in
F.R. evaluations and cotton aphid was used more than other preys (Table 2.3),
meanwhile few fruit tree aphid species have been used as prey. This might be due
to difficulties in rearing fruit tree aphid pests under laboratory conditions, but
certainly, this is an apparent defect of F.R. studies of H. variegata conducted to
date in Iran.

All life stages of H. variegata have predatory habits and kill their prey, but in
many of F.R. studies, only a single life stage of H. variegata has been used
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individually. Although, this is a good approach to quantifying the predation potential
of a single stage of a species, all life stages should be employed to reach a right
conclusion. It has rarely been seen in nature that only one predatory stage kills
the prey.

The other artifact of this kind of experiment is that it does not permit detection of
mutual interference on number of prey killed. Actually, only in one case, two
predator individuals have been used in F.R. experimental unit. The results showed
it decreased searching efficiency but not handling time relative to the classic
F.R. experiments used only one predator individual. Moreover, in most cases, a
complex of aphidophagous predators present in a prey patch and compete with each
other for shared prey. Under experimental condition, the effects of intra- and
interspecific competition could not be clarified. Solving this problem could be
done with prey labeling, i.e., if possible, prey labeled with traceable colors, proteins,
or radioactive compounds in a way that number of killed prey by each stage could be
estimated. This design also improves the reality of experiments because the effect of
mutual interference among different predatory stages could be evaluated. Finally,
the spatial distribution of predator and prey is a crusial factor affecting the predation
rate that could not be simulated in Petri dish based experiments. Table 2.3 shows
there are some variations in searching efficiency and handling time with regard to
prey species and experimental arena. As would be expected, the immature stages of
H. variegata influenced more intensively by small experimental arena than adults.
This might be because adult body size is too large to be influenced by leaf area extent
or host plant physical traits. Only in one case (Jafari and Goldasteh 2009) the
searching rate was very small compared to other studies. This difference might be
attributed to size of experimental unit. In their studies the volume of three-
dimensional experimental arena searched by females was 1518 cm3 while in most
two dimensional experiments (leaf discs) the searching area volume was not more
than about 80 cm3 approximately.

Another F.R. parameter (the handling time) shows high variations among differ-
ent studies. It ranges from low and biologically unrealistic values as 1 � 10�8 h to
high value as 1.9 h. This variation seems inconceivable; because it means that one
third instar larva spents about 114 min in non-searching activities (pursuing, feeding,
digesting, grooming and resting) for a single prey. Conversely, in another study,
fourth instar larvae spent nearly zero time for handling the prey that clearly it is
unrealistic and resulting from artificial data gathering and analyzing. The handling
time of H. variegata female showed less variations and it was more congruent.

The one point that tended to be overlooked in some F.R. experiments is that some
lack any control to correct treatment mortality. Of course, control mortality is
negligible but considering control mortality would be increased results accuracy.

Other issue that should not be ignored in comparing the results of functional
response studies is that those studies conducted at different parts of Iran and lady
beetles used have been collected from different elevations and climates. It has been
shown that variegated lady beetle or spotted amber ladybird shows variations in their
wing size regarding their origins (Abdollahi Mesbah et al. 2015); therefore it is
possible that local populations composed of different morphs with diverse biological
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properties that may also vary in terms of searching efficiency or handling time.
However, this hypothesis needs to be validated.

The effect of different factors on searching efficiency and handling time of
H. variegata has been evaluated. Prey types, developmental stages of predator
(Bigdelou 2012; Farhadi et al. 2010; Madadi et al. 2011), experimental scale, host
cultivar properties (Behnazar and Madadi 2015), temperature (Asghari et al. 2012;
Ebrahimi Arfaa 2014), predator sex (Farhadi et al. 2010; Hassankhani and Allahyari
2013) and even some pesticides (Alimohammadi Davarani et al. 2012) are among
the factors that have been surveyed but still it seems that the influence of many other
traits (e.g. moisture, host plant qualities, feeding history and plant structure) on
functional response of H. variegata should be addressed.

H. variegata, as a dominant lady beetle species of most parts of Iran, attracted
most of attention to itself and it is more studied than any native lady beetle species. In
addition to this species, the sporadic researches have been done on functional
response of other species more or less. Similar to most H. variegata studies, it has
been reported that A. bipunctata (Linnaeus 1758) exhibited type II response, while
the fourth instar larvae had higher searching efficiency and lower handling time than
females to pomegranate aphids, A. punicae (Dehghan Dehnavi et al. 2007).

There are a few studies dealing with the functional response of lady beetles to
herbivorous mites. Most of these studies have been focused on functional response
studies with S. gilvifrons (Mulsant), a major predator of different aphid species
especially in South of Iran, mainly found in sugarcane and castor bean fields
(Hajizadeh 1995; Modarres Awal 2001; Afshari et al. 2007; Mehrkhou et al. 2008)
(Table 2.4). All such studies except Sohrabi and Shishehbor (2007), exhibited a type
II response for S. gilvifrons. This could be doubtful, mainly because they did not
specify the analysis method used for determining the type of response. The notice-
able point in S. gilvifrons studies is low attack constant and long handling time to
strawberry spider mite (Sohrabi and Shishehbor 2007). Imani et al. (2009) reported
the type II functional response of S. gilvifronsMulsant females to different life stages
of citrus brown mite, Eutetranychus orientalis Klein on leaf discs. Accordingly, they
reported that among stages, ladybeetle females had the lowest handling time for
citrus brown mite larvae. In another study, functional response of all predatory stages
of S. gilvifrons to E. orientalis (Klein) eggs assessed. Similarly, using the same prey,
the fourth instar larvae of S. gilvifrons showed the maximum predation rate relative
to females and third instar larvae. This was not unpredictable, but the striking point
in their results was that the instantaneous searching rate of S. gilvifrons female was
lower than all other tested stages, even the first instar larvae (Imani and Shishehbor
2011). Of course, they did not compare the results statistically, but 95% confidence
intervals of searching efficiency were overlapped, which might imply nonsignificant
difference in results. In terms of handling time, the fourth instar larvae and females
have the most voracious life stages of S. gilviforns similar to aphidophagous lady
beetles. Approximately all of these studies have been conducted under artificial
laboratory conditions. This might be inevitable because the size of predator and prey
mites is tiny and recording the number of killed prey is not possible easily without
examining under stereomicroscope. It should be noted that apart from S. gilvifrons
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other acarophagous lady beetle species have not been studied so far and this should
be considered in future researches in Iran.

In addition to those researches presented here, some studies have been done on
the functional response of S. gilvifrons to different prey types or under different
conditions but most of them mainly were unpublished MSc. thesis, so that access to
their results or experimental details is difficult or impossible.

Except those studies mentioned above, there are some sporadic investigations
about the functional response of other native or exotic lady beetles such as
Exochomus nigromaculatus (Goeze), Adalia bipunctata (Linnaeus 1758), Nephus
arccuatus Kapur, Serangium montazerii Fürsch, Cryptolaemus montrouzieri
Mulsant and Scymnus syriacus Marseul with different prey species (Table 2.5). In
most of these studies, the different life stages of ladybird showed type II that is
common among related documents (Table 2.5). Different aphid species have been
used as prey in most of F.R. studies. Below, we will review some of the most
relevant ones.

Exochomus nigromaculatus Goeze is one of the important but less known lady
beetles species showing type II functional response to two aphid species, oleander
aphid, A. nerii Boyer de Fonscolombe and cowpea aphid, A. craccivora Koch, 1854
(Nazari et al. 2005). They reported the higher suitability of oleander aphid relative to
cowpea aphid for E. nigromaculatus feeding according to searching efficiency.

Dehghan Dehnavi et al. (2007) again showed the superiority of fourth instar
larvae of A. bipunctata in predation of their prey relative to females. However, their
study duration was only six hours which makes the comparison of outcomes be more
complex, because typical F.R. experiments last about 24 hours.

Another native lady beetle species, Scymnus syriacus Marseul adults, exhibited
an inverse density- dependent response to black bean aphid density. As expected, the
females have higher instantaneous searching efficiency and lower handling time than
males (Sabaghi et al. 2011a ). Although, this species showed type III functional
response to increasing prey densities of A. craccivora. They showed the inverse
relationship of arena size and increasing prey densities with the searching efficacy of
S. syriacus. The handling time ranged from 0.494 to 0.687, depending on arena size
(Sabaghi et al. 2011b).

Fotukkiaii and Sahragard (2012, 2013) reported type II response of whitefly lady
beetle, S. montazerii females to different densities of citrus whitefly eggs, while the
kind of patch design (closed or open) did not have any influence on functional
response type. They also showed the patch time residence of S. montazerii was
inversely dependent on prey density (Fotukkiaii and Sahragard 2013). They stressed
higher efficiencies of fourth instar larvae than females of S. montazerii against citrus
whitefly that have been confirmed with another lady beetle species. Although, they
implied their control potential against D. citri.

The functional response of Cryptolaemus montrouzieri Mulsant (fourth Instar
larvae and females) to different stages of citrus mealybug Planococcus citri (Risso)
(second, third and females) was also investigated (Abdollahi Ahi et al. 2012). They
showed that fourth instar larvae of C. montrouzieri showed a type III response to
the second instar nymph of citrus mealybug suggesting that the earlier release of
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fourth instar larvae could be more profitable. The authors used Holling’s disc
equation and Roger’s random predator equation for estimating searching efficiency
and handling time for type II and III functional responses of C. montrouzieri,
respectively. The selection of each these two models for the data analysis does not
depend on the type of F.R. exhibited by the predator but the random predator
equation should have been used whenever there is prey depletion (Juliano 2001).

In a detailed study, the functional response of C. montrouzieri (third. instar larva,
female and male) to citrus mealybug (second and third instar nymphs) at seven
different temperatures ranged from 15 to 40 �C with 5 degrees intervals was
investigated (Mohasesian et al. 2015). They also showed type II response for all
predator stages except the third instar larvae at 40 �C exhibited type III. Moreover,
there is an increase in searching efficiency (from 0.004 � 0.015 to
0.008 � 0.031 h�1 for females) and decrease in handling time (from
0.279 � 2.314 to 0.216 � 1.821 h for females) of C. montrouzieri associated with
increasing temperature. This issue implies the greater potential of this predator at
higher temperatures, especially against mealybugs (Mohasesian et al. 2015).

Samih and Mokhtari (2014) worked on functional and numerical responses and
the predation rate of O. conglobata contaminata recommended use of this lady
beetle against green peach aphid in orchards.

As a case study, native lady beetle Nephus arcuatus Kapur functional response to
mealybug Nipaecoccus viridis (Newstead) matched Holling’s type III response
(Zarghami et al. 2014a, 2015). This result suggests this thermophilic species, mainly
found in South and Southwestern of Iran could regulate the citrus mealy-
bug populations. High consumption rate, long oviposition period, density-dependent
functional response, direct numerical response, high reproductive potential and
ability to survive under hot temperatures all contribute to its potential to reduce
the mealybug population.

It must be remembered that there were some other functional response studies
with different lady beetle species that did not contain specific values for searching
efficiency or handling time, so we could not consider them here (Bazyar et al. 2012).

Most of the functional response studies with different lady beetle species have
been carried on to crop pests. As an exception, Rounagh and Samih (2015) reported
the type of functional response of third. and fourth. instars larvae and females of
O. conglobata contaminata (Menetries) to pomegranate green aphids, A. punicae at
two different temperatures. They recorded type II response for all tested stages
except fourth instar larvae, which showed type III at 25 �C (Rounagh and Samih
2015). They showed the effect of increasing temperatures on searching efficiency
and handling time. As in many other studies, attack constant and handling time
demonstrate that release of fourth instar larvae of O. conglobata contaminata at
27.5 �C would be the most useful approach against pomegranate aphid. However,
referring to rearing storing and releasing difficulties of a large number of fourth
.instar larvae, the females seem to be the most appropriate releasing stage.

A common deficiency of some of the above F.R. studies is the low numbers of
used replicates. In some experiments, just five or six replicates have been used while
obtaining precise estimates of search rate and handling time needs at least
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15 replications or even more, especially at low initial densities of prey offered.
The low number of replicates can increase variations and in turn, standard error of
mean among different treatments lead to incorrect estimations of searching effi-
ciency or handling time. Additionally, again, the control treatment has not been used
to correct observed mortality. Moreover, in some outdated investigations, only the
Holling’s disc model was used before testing the Roger’s random predator equation,
which is more realistic and considers prey depletion during the experimental period.

2.5.2 Numerical Response

The numerical response is another crucial aspect of predation. By definition,
the numerical response is an increase in the number of predator densities in response
to increasing prey density (Holling 1959). It has three primary forms, direct, no
response and inverse (Solomon 1949).

Compare to functional response, there are very few numerical response studies
and these kinds of surveys have been done scarcely in Iran. Partially, this due
to complicated set-ups of numerical response experiments, which is more time
consuming than a short-term experiment. Another point is that there is not a standard
set-up or even standard data analysis method for these kinds of investigations. A
brief review revealed puzzling variations in data-analysis and set-ups. Most carried
out together with functional response studies concomitantly. Many researchers used
the same set-up of functional response with slight modifications (i.e., they used a
longer experimental duration for numerical response experiments instead of 24 h
commonly used for functional response (Zarghami et al. 2015). Actually, the func-
tional and numerical respons experimental set-ups are similar to each other appar-
ently, but the different point is that in numerical response experiments, the number of
eggs laid by predator in response to increasing prey densities is recorded. In contrast,
the functional response considers the number of killed prey in response to initial
different prey densities. Even though, there were more sophisticated studies with up
to two weeks or longer as experimental duration (Mokhtari and Madadi 2013;
Zarghami et al. 2015). Generally, at nearly all numerical response experiments, it
has been exhibited that oviposition increases with increasing prey density (Sabaghi
et al. 2011a ; Mokhtari and Madadi 2013). It has been suggested that the number of
eggs laid by H . variegata to A. fabae increases curvilinearly up to an asymptote and
then levelled up at density of 96 black bean aphids (Mokhtari and Madadi 2013).
Moreover, there was an inverse density-dependent relationship between increasing
prey density and premature developmental time. The numerical response of Nephus
arccuatus to Nipaecoccus viridis (Newstead) eggs was also curvilinear reached a
plateau at 115 spherical mealybugs (Zarghami et al. 2015). This value was 80 for
the reproductive numerical response of S. syriacus to black bean aphid (Sabaghi
et al. 2011a ). Sohrabi and Shishehbor (2007) showed a linear numerical response
between Tetranychus turkestani density and S. gilvifrons oviposition and the lower
egg production threshold was eight T. turkestani females.
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2.6 Population Fluctuations of Hippodamia variegata
and Other Lady Beetle Species

Insect populations like other organisms in response to different factors increase,
decline and oscillate profoundly. Clearly, different factors such as climatic factors,
competition, host quality and quantity, diseases, natural enemies and others might be
influential and arise or dampen insect populations. Population dynamics attempt to
find the causes of those fluctuations, their periods and strength. Although it seems
that many questions have not been answered yet. Undoubtedly, knowledge of
the population dynamics of aphids and their natural enemies leads us to a better
understanding of their associations and integrated pest management (Rakhshani
et al. 2009).

There are few studies that dealt with the population structure and fluctuation of
lady beetle in Iran. Usually, the population oscillations of aphids and lady beetle
have been presented across one or two consequent years. Sometimes, the relation of
different abiotic or biotic factors with prey and lady beetle populations has been
correlated. It has been expressed thatH. variegatawas an abundant species in central
plain of Iran and its population had two peaks yearly (May–July and early of
autumn) while the seven spotted lady beetle had just one dominant peak during
autumn (Rakhshani et al. 2009). The interesting point was that the lady beetle
population was positively correlated with aphid populations. This synchrony
increases the effectiveness of the lady beetle to suppress the aphid population.
Similarly, the main population peaks of these two lady beetles reached on May–
July and September in Alfalfa fields of Hamedan province (Soleimani and Madadi
2015; Tavoosi Ajvad et al. 2012). The H. variegata population varies significantly
with increasing temperatures, but unlike C. septempunctata, it was not correlated
with pea aphid population significantly. Farsi et al. (2010) reported the peak of
C. septempunctata in the middle of March following canola aphids rising in Ahvaz
(Southern Iran). Furthermore, Afshari et al. (2000) reported the highest density of
S. gilvifrons and Oligonychus sacchari McGregor, 1942 in late July and their
populations were positively correlated. This species emerged on sugarcane in early
summer and overwintered as an adult out of the sugarcane fields (Narrei et al. 2005).

2.7 Intraguild Predation Studies

Intraguild predation or predatory interference is a relatively new field in insect
ecology. This term was coined by Polis et al. (1989) firstly and afterward became
prevalent quickly. By definition, intraguild predation (IGP) is a combination of
predation and competition, i.e. two or more competitors that compete for a shared
prey involved in predation. In this interaction, one of the competitors is superior and
named IG or top predator while, other is inferior, called IG prey. The shared
herbivore prey often is extraguild prey (EXG). The outcome of IGP based on
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extraguild prey density, might be synergistic, additive, non-additive or even antag-
onistic Aphidophagous predators are a common guild which IGP occurs among
them frequently. Most IGP studies have been conducted by different member of this
guild. There are few published studies about intraguild predation in Iran, and many
of them have been undertaken with predatory mites as intraguild predators and preys.
In one of the earliest and most relevant records, the effect of IGP occurrence between
H. variegata (H.v.) and Episyrphus balteatus De Geer (Diptera: Syrphidae) on
cotton aphid population have been evaluated on a microcosm scale (Tavoosi
Ajvad et al. 2014). According to their results, the IGP between third instar larvae
of E. balteatus and H. variegata second instar larvae was asymmetrical, and the
former acts as IG predator against the second instar larvae of H. variegata. They
showed that the interaction of these two predators on the cotton aphid population
was non-additive or even antagonistic i.e. using both predators did not suppress
aphid population more efficiently than a single application of each predator stage.

Different attributes of predator and environment affect IGP outcome. It has been
proposed that density of extraguild prey substantially influences of IGP occurrence
(Hatami et al. 2013). However, the IGP interaction between H. variegata different
life stages and Aphidoletes aphidimyza (Rondani 1847) two-days old larvae was
antagonistic at highest density of extraguild prey (Hatami et al. 2013).

2.8 Applied Studies Employing Different Coccinellid
Species in Greenhouse and Field Environment

Unfortunately, most Iranian researches on lady beetles have been restricted to
laboratorical studies. Therefore, it is not easy to find practical studies with
coccinellids in a small field or even greenhouse scale. They have been done under
net covered cages which produce the illusive outcomes. It has been proposed that
releasing 20 seven spotted lady beetle females per m2 suppressed the cereal
aphid population up to 45% (Haghshenas et al. 2006). The possibility of Vedalia
beetle establishment in south citrus orchards despite hot summers considered
(Eslami Zadeh and Barzkar 2006; Mossadegh et al. 2008b). Among the lady beetles,
“Crypts” or “Mealybug destroyers” (C. montrouzieri) has been employed practically
more than any other species to control mealybugs as far as more than 6,000,000 and
4,000,000 individuals were released in 2008 and 2009 (Malkeshi et al. 2010). In this
regard, the possible application of this species against citrus spherical mealybug was
prospective, although, hot summers suppressed activity on July (Mossadegh et al.
2008a). Of course, keep in mind that this species is sensitive to low temperatures and
could not endure long-term storage (Shahriari et al. 2016).
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Chapter 3
Biological Control of Pests by Mites in Iran

Hamidreza Hajiqanbar and Azadeh Farazmand

3.1 Introduction

Acari (ticks and mites) along with spiders are the largest and most successful groups
of arachnids (Arthropoda: Arachnida) occupying a wide spectrum of habitats,
similar to insects. Nowadays, Acari are considered as rivals of insects in global
diversity and abundance, however, owing to their tiny size, are less known and
studied. The importance of mites is not hidden for anybody. A few taxa (some
tetranychoids and eriophyoids) imposed economic damage to agricultural crops,
some are useful natural enemies against pest insects and mites, some others are
animal (including human) parasites and many of them are fungivorous, saprophages
and decomposers (Krantz and Walter 2009; Rahmani et al. 2012).

Biological control has made great advances in the last decades in the identifica-
tion of natural enemies and development of commercial products, leading to the
major component of integrated pest management (Dogramaci et al. 2011). In
biological control point of view, predatory and parasitic mites can affect host
populations. Predatory mites are important agents in integrated management of
phytophagous mites and some insects for example thrips (Rahmani et al. 2009a;
Madadi et al. 2009), whiteflies, mealybugs and, also weeds (Gerson et al. 2003).
Predators are more effective than parasites particularly in classical biological control
programs however, role of parasites in natural control of their hosts is undeniable.
The use of mites for pests control was reviewed by Gerson et al. (2003), Gerson and
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Weintraub (2007, 2012), Gerson (2014), McMurtry et al. (2015), Hajizadeh and
Faraji (2016) and Fathipour and Maleknia (2016). Generally, predatory mites of the
family Phytoseiidae have received considerable attention because of their potential
as biological control agents of spider mites and other microarthropods (Daneshvar
and Denmark 1982; McMurtry and Croft 1997).

The following mite lineages have an association with invertebrates including
arthropod pests: the mesostigmatic, prostigmatic and astigmatine mites, the latter not
so professionally studied in Iran. Therefore, in this chapter, we discuss predatory and
parasitic Mesostigmata and Prostigmata. Regarding predatory mites, we mostly deal
with non-soil dwelling families in order to focusing on more effective and applicable
mites used as biocontrol agents. Systematic concepts follow those of Krantz and
Walter (2009), and a list of families are arranged based on their evolutionary trend
used in Lindquist et al. (2009) and Walter et al. (2009). The Parasitengonina are
treated as parasitic mites because of their parasitic life in the larval stage.

This chapter discusses mesostigmatic and prostigmatic families of predatory and
parasitic mites that are known or postulated to have an adverse effect on pests
including insects, mites and weeds in Iran and is focused on fundamental (faunistic)
studies, and if available, laboratory works and has been compiled mostly recent
works related to the application of predatory mites including behavioral aspects, life
table parameters, the effect of host plants on predatory mites, the side effect of
acaricides on biocontrol agents, interactions with other biocontrol agents and mass
rearing. We hope that this chapter will promote further researches on exploring,
developing and realizing the potential of mites in pests control. The bibliography
provided in this chapter is through 2016, and some selected 2017 and 2018 refer-
ences have been included.

3.2 Predatory Mites

3.2.1 Order Mesostigmata

3.2.1.1 Dinychidae

Like many uropodine mites, members of the family Dinychidae usually occupy
decaying organic material, some nidicolous and some others living in soil or humus.
Mites of the genus Uroobovella are mainly fungivorous and sometimes, along with
other uropodines, colonize in stored products however the Uroobovella marginata
(C.L. Koch) (formerly placed in Fuscouropoda) is the most important species of the
genus in biological control point of view. This mite may attack nematodes, other
mites and dipteran larvae including house flies (Gerson et al. 2003; Lindquist et al.
2009). U. marginata can also feed on the epidermis of slugs, causing necrotic and
finally killing the host (Raut and Panigrahi 1991). This useful mite is also recorded
from different parts of Iran available in soil, litter, humus, cow and sheep dung,
manure, and stored products (Kazemi and Rajaei 2013; Nemati et al. 2018) and
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although may not be considered as an effective biocontrol agent, more evaluation in
distributed regions would clear its role in control of mentioned pests.

3.2.1.2 Parasitidae

Thirty five genera and approximately 430 species of the Parasitidae are free-living
predators mostly on the ground, feeding on small arthropods and nematodes
(Lindquist et al. 2009). The genus Pergamasus prey actively upon Tyrophagus
mites (Acaridae) and springtails in soil habitats. Some Parasitus spp. (e.g. P.
bituberosus Karg, P. coleoptratorum L., P. gregarious Ito) are listed as natural
enemies of Rhizoglyphus robini Claparédè (Bulb mite) in soil and, early instars of
cecidomyiid and sciarid larvae in cultivated mushroom (Gerson et al. 2003; Castilho
et al. 2015). Several authors (e.g. Brown and Wilson 1992; Schwarz and Muller
1992; Gasperin and Kilner 2015) have repeatedly studied dynamics of symbiotic
relationships between carrion-feeding burying beetles of the genus Necrophorus
(Silphidae) and mites of the Poecilochirus spp. Typically, beetles carry mite
deutonymphs to the food resource (carrion) in order to mite feeding on nematodes
and fly larvae that are rivals of the beetles. This positive effect may be balanced by
predatory of mites on host beetles progeny. All of the genera mentioned above and
ten other ones have been recorded from Iran (Kazemi et al. 2013; Kazemi and Rajaei
2013; Nemati et al. 2018) however, their efficiency has yet to be done.

3.2.1.3 Macrochelidae

The cosmopolitan and speciose family Macrochelidae consists of about 20 genera
and more than 470 species, are primarily free-living predators attacking nematodes
and, eggs and early stages of small invertebrates including Diptera and other
arthropods in various habitats especially dung and manure (Lindquist et al. 2009;
Krant 2018). Their development is almost rapid and one generation is usually
completed in one week. It is well documented that some mites of the genus
Macrocheles such as M. muscaedomesticae (Scopoli) and M. merdarius (Berlese)
have a significant role in the control of synanthropic filth flies (Musca domestica L.,
Musca autumnalis DeGeer and Stomoxys calcitrans L.) (Gerson et al. 2003). How-
ever, these two useful species have been recorded from various regions of Iran,
unfortunately their effect on aforementioned nuisance flies has not yet evaluated.
Many other macrochelid genera and species are distributed in the country (Kazemi
and Rajaei 2013; Babaeian et al. 2015; Nemati et al. 2018).

3.2.1.4 Phytoseiidae

The phytoseiid mites are a large family of mesostigmatic mites that can feed on small
arthropods including mite groups, thrips, whiteflies and, as well as nematodes. Also,
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they can feed on fungi, plant exudates, pollen grains and some have the ability to
extract liquid from leaf cells (McMurtry et al. 2013). This family has received the
most attention since the 1950s when it became clear that they have economic
importance as natural predators of phytophagous mites and small insects, and
therefore are useful in the biological control of crop pests (Swirski et al. 1967).
Most phytoseiids usually develop within a week at 25 �C which make them effective
natural enemies of the pests (Hoy 2011). Adult females can oviposit throughout the
year in tropical and subtropical areas and also in greenhouses in the temperate area
(Zhang 1963). This family are now valued and 20 species of phytoseiid mites have
been commercially reared and sold in more than 50 countries all over the world
(Zhang 1963; Gerson et al. 2003) that provide effective pest control in greenhouses
and on agricultural crops (Bjornson 2008).

In the initial stage of biological control programs of pest mites with predatory
mites, Chant (1961) explained when Phytoseiulus persimilis Athias-Henriot was
periodically released in a greenhouse experiment, had ability to control T. urticae.
Similar results were obtained by Hussey et al. (1965) on greenhouse cucumbers and
Oatman and McMurtry (1966) as well as Oatman et al. (1977) in field-grown
strawberry plants. McMurtry and Croft (1997) demonstrated periodic releases of
predatory mites on cotton, hops and mint. In addition to types I and II predators,
other predators i.e. types III and IV can be effective in controlling the target pests.
McMurtry and Scriven (1971) demonstrated predation capacity of Amblydromalus
limonicus (Garman and McGregor), a type III predator, on Oligonychus punicae
(Hirst). Several studies have been shown the effect of Typhlodromus pyri Scheuten
on Panonychus ulmi (Koch) (Nyrop 1988) and Euseius hibisci (Chant), a type IV
predator, is the most abundant predaceous mite in the strawberry-growing area. It is
commonly associated with T. urticae, both on strawberries and castor bean (Ricinus
communis) surrounding the strawberry plants. This predaceous mite also feeds on
pollen and other insect pests such as various instars of whiteflies (Badii et al. 2004).

In 1988, a strain of P. persimilis was introduced into Iran from the Netherlands
(Department of Entomology, Wageningen Agricultural University) (Daneshvar
1989) and was a beneficial biocontrol agent in greenhouses and outdoors (Daneshvar
and Abaii 1994) and during the following three decades, other exotic species were
employed. In the last decade, more researches have dealt with life history, foraging
behavior and interactions and population dynamisms in laboratory conditions.

3.2.1.4.1 Introduced Phytoseiid Mites in Iran

Phytoseiulus persimilis According to McMurtry et al. (2013), this species is
classified as a specialized predator. This species has the ability to rapidly increase
and overcome outbreak populations of two-spotted spider mites (McMurtry and
Croft 1997). This predatory mite owing to its specificity on spider mites with
commercial name Spidex® is mass produced and is used in Iran and around the
world. Most early studies focused on the ability of this predaceous mite to rapidly
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increase and overcome outbreak populations of spider mites (McMurtry and Croft
1997).

Neoseiulus californicus (McGregor) Neoseiulus californicus is placed in type II
lifestyle because it is associated with tetranychid mites which produce heavy
webbing and also has the ability to feed and reproduce on eriophyids, tarsonemids,
tydeids, as well as pollen (McMurtry et al. 2013) and thrips (Rahmani et al. 2009a).
This species is introduced in Iran with Spical® name and can survive and be efficient
at high temperatures and low humidity (Weintraub and Palevsky 2008; Ahn et al.
2010).

Amblyseius swirskii Athias-Henriot The mites of the genus Amblyseius including
A. swirskii are classified as type III predators, which feed on the whiteflies Bemesia
tabaci and Trialeurodes vaporariorum, western flower thrips, Frankliniella
occidentalis, the broad mite, Polyphagotarsonemus latus and eggs of moths as
well as pollen (McMurtry et al. 2013; Nguyen et al. 2013). One advantage of this
predator is its ability to develop and reproduce on various kinds of pollen, which
allows the population of this predator to develop on plants before the appearance of
pests (Calvo et al. 2014). This species has been commercialized with Swiriskii-mite®

name and released as a biological control agent in more than 50 countries (Park et al.
2010; Calvo et al. 2012).

3.2.1.4.2 Native Phytoseiid Mites

Demite et al. (2014) in a phytoseiid database presented 76 species of phytoseiid
mites available in Iran. Some selected species are mentioned below.

Neoseiulus barkeri Hughes Neoseiulus barkeri is a worldwide species that is
reported from Asia, predator which feeds on storage mites, spider mites, thrips,
broad mites and whiteflies eggs, as well as plant pollen (Fan and Petit 1994). This
predator is an indigenous species in Iran that is reported by Kamali et al. (2001),
Hajizadeh et al. (2009) and Mahjoori et al. (2015). This species can be mass-reared
in wheat bran with storage mites and has been used for augmentative biological
control of Thrips tabaci Lind. (Hansen 1988).

Typhlodromus (Anthoseius) bagdasarjani Wainstein and Arutunjan According
to McMurtry et al. (2013), species of the genus Typhlodromus are considered as
type III predators. Typhlodromus bagdasarjani is a species native to the Middle
East with high abundance in orchards of Iran (Kamali et al. 2001). It feeds on
spider mites, eriophyoids, tydeids, thrips and whiteflies (Daneshvar 1993). It is an
effective biocontrol agent in high temperature regions (Ganjisaffar et al. 2011a)
and has a population growth rate equal or higher than its prey, T. urticae
(Khanamani et al. 2014). Generally, species in type III require more prey to
complete development than for species in type II (McMurtry and Croft 1997).
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Phytoseius plumifer (Canestrini and Fanzago) The mites of the genus Phytoseius
are classified as type III predators. Phytoseius plumifer is an important generalist
indigenous predator of tetranychid mites and is widely found on various crops in Iran
(Kamali et al. 2001; Hajizadeh et al. 2002). Generalists in the Phytoseiinae have a
lower mean reproductive potential than in the Amblyseiinae and are very small. Issa
et al. (1974) studied on the successive release of this predator for controlling spider
mites on the fig seedlings. Rasmy and El-Banhawy (1974) studied some diets
including Aceria ficus Cotte (Acari: Eriophyidae), Tetranychus arabicus Attiah
and the pollen grains of Caster-oil (Ricinus communis L.) on the development and
reproduction of P. plumifer. Prey consumption of P. plumifer on Rhyncaphytoptus
ficifoliae at six constant temperatures (15, 20, 25, 30, 35 and 37 �C) was investigated
and the highest and lowest values of prey consumption by adult female were
observed at 25 and 37 �C, respectively (Louni et al. 2014a).

Amblyseius herbicolus Chant Species of the genus of Amblyseius are considered
as type III predators (McMurtry et al. 2013). A. herbicolus is a native species to Iran
with high abundance in Guilan province (Northern Iran) which feeds on spider
mites, eriophyoids, teniupalpids and thrips (Argov et al. 2002). In a survey, Notghi
Moghadam et al. (2010) studied the influence of three diets on development and
oviposition of A. herbicolus under laboratory conditions and concluded that date
palm pollen can be an alternative food in absence of main prey. In another study,
Notghi Moghadam et al. (2014) studied biology and prey preference of this preda-
tory mite on T. urticae and showed that developmental time of egg, larva,
protonymph and deutonymph were 1.73 � 0.11, 1.4 � 0.12, 1 and
1.13 � 0.09 days per female, respectively. Mean generation time (egg to egg) was
6.86 � 0.16 days and mean adult female longevity was 30.46 days. During ovipo-
sition period (20.33 days), the average of fecundity was calculated 1.8 eggs per day
per female. In the prey stage preference experiment, predatory mites preferred
immature stages of two spotted spider mite.

3.2.1.4.3 Behavioural Aspects

Functional Response and Mutual Interference
Before starting a biological control program, the study of behavioural aspects of
natural enemies is essential. The performance of a predator depends on several
specification, two of them are functional response and mutual interference
(Fathipour et al. 2006). The functional response illustrates the relationship between
an individual’s consumption rate and prey density (Solomon 1949) and has been
classified into three types by Holling (1959). In terms of biological control, predators
which show the type III functional response are usually regarded as efficient
biological control agents (Fernandez-Arhex and Corely 2003; Pervez and Omkar
2006; Xiao and Fadamiro 2010). However, there are some examples of natural
enemies with the type II functional response which has been successfully released
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as biocontrol agents (De clercq et al. 2000; Reis et al. 2003; Badii et al. 2004; Xiao
and Fadamiro 2010).

The functional response of phytoseiids is influenced by a number of factors such as
temperature (Gotoh et al. 2004; Kouhjani Gorji et al. 2009; Jafari et al. 2012), host
plant (Cédola et al. 2001; Ahn et al. 2010), insecticides (Poletti et al. 2007), prey
stage (Farazmand et al. 2012) and age of predator (Fathipour et al. 2017, 2018).
Functional response can explain search efficiencies and predation rates of predators
and the evaluation of this behaviour of predators is a critical first step in determining
their ability to regulate the prey (Ahn et al. 2010; Xiao and Fadamiro 2010). Native
and exotic phytoseiids show type II functional response. Functional response param-
eters of some native and introduced phytoseiid mites are given in Table 3.1.

One of the most important aspects of interactions among multiple conspecific
predators is known as direct mutual interference. Hassell and Varley (1969) and
Hassell and May (1974) described the importance of this phenomenon. This behav-
iour results in a reduction in searching efficiency because of time wasted when
conspecifics encounter each other rather than handling (capturing) prey (Henne and
Johnson 2010). However, mutual interference can assist mass rearing of predatory
mites in laboratory conditions and also simplify the explanation of observed out-
comes in the field. This phenomenon has been studied in native phytoseiid mite,
Typhlodromus bagdasarjani and P. plumifer (Farazmand et al. 2012; Khodayari
et al. 2016) and an introduced mite Neoseiulus californicus (Farazmand et al. 2012).
In a survey, the effect of prey (spider mite) density on developmental time of
P. persimilis and N. californicus was investigated and demonstrated that increasing
the prey density did not effect on the development period of P. persimilis but there
was significant difference for N. californicus (Nadeali et al. 2012a, b). Also, Zahedi
et al. (2012) investigated the effect of prey density on oviposition rate of
P. persimilis and stated that there is a direct relation between prey density and
oviposition rate.

Prey Stage Preference
Prey stage preference may influence prey-predator population dynamics if the prey
stage affects the development and reproduction of the predator (Pandey and Singh
1999). Understanding the prey-stage preferences of a biological control agent is
necessary for the success of biological control programs as it assists with mass
rearing efforts and can facilitate prey-predator population dynamics in the field
(Pasandideh et al. 2015). Xiao and Fadamiro (2010) showed P. persimilis,
G. occidentalis and N. californicus preferred nymphs to eggs of Panonychus citri
(McGregor). Blackwood et al. (2001) stated adult females of P. persimilis preferred
eggs of T. urticae over the larvae, while G. occidentalis and N. californicus showed
no prey-stage preference. In another study, Badii et al. (2004) indicated that Euseius
hibisci (Chant) consumed significantly more prey eggs than other prey stages. In
contrast, Xiao et al. (2013) reported that N. californicus and A. swirskii equally
preferred to feed on both eggs and nymphs of T. urticae.
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Table 3.1 The functional response parameters of some phytoseiid mites

Species Prey
Prey
stage

T
(�C) a Th References

Amblyseius
swirskii

Trialeurodes
vaporariorum

Nymph 25 0.142 h�1 2.310 h Farhadi et al.
(2015)

A. swirskii T. urticae Egg 25 0.030 h�1 0.395 h Fathipour et al.
(2017)

Phytoseiulus
persimilis

T. urticae Egg 25 0.130 h�1 0.494 h Fathipour et al.
(2018)

Euseius
finlandicus

T. urticae Larva 24 0.0456 h�1 0.45 h Shirdel et al.
(2006)

Typhlodromus
kettanehi

T. urticae Larva 24 0.0466 h�1 0.30 h Shirdel et al.
(2004)

Neoseiulus
barkeri

T. urticae Nymph 20 0.036 day�1 0.921 day Jafari et al.
(2012)

N. barkeri T. urticae Nymph 25 0.064 day�1 0.824 day Jafari et al.
(2012)

N. barkeri T. urticae Nymph 30 0.073 day�1 0.597 day Jafari et al.
(2012)

N. californicus T. urticae Egg 25 0.0936 h�1 1.64 h Farazmand
et al. (2012)

N. californicus T. urticae Larva 25 0.0693 h�1 1.73 h Farazmand
et al. (2012)

T. bagdasarjani T. urticae Egg 25 0.0893 h�1 1.80 h Farazmand
et al. (2012)

T. bagdasarjani T. urticae Larva 25 0.0473 h�1 2.39 h Farazmand
et al. (2012)

A. swirskii T. urticae Nymph 25 0.113 h�1 0.33 h Khanamani
et al. (2017c)

Phytoseius
plumifer

T. urticae Nymph 15 0.027 h�1 0.492 h Kouhjani Gorji
et al. (2009)

Ph. plumifer T. urticae Nymph 20 0.037 h�1 0.506 h Kouhjani Gorji
et al. (2009)

Ph. plumifer T. urticae Nymph 25 0.059 h�1 0.651 h Kouhjani Gorji
et al. (2009)

Phytoseiulus
persimilis

T. urticae Larva 25 0.114 h�1 3.15 h Seiedy et al.
(2012)

T. bagdasarjani Panonychus
ulmi

Adult
female

24 0.0652 h�1
– Shirdel and

Arbabi
(2012a, b)

T. bagdasarjani P. ulmi Larva 24 0.0511 h�1
– Shirdel and

Arbabi
(2012a, b)

Eu. finlandicus P. ulmi Larva 24 0.0384 h�1 0.84 h Shirdel and
Arbabi
(2012a, b)

A. swirskii T. urticae Egg 30 0.43 h�1 0.48 h Rafizadeh
Afshar and
Latifi (2017)
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A few studies have been carried out in Iran regarding prey stage preference. For
example, Moghadasi et al. (2014a, b) demonstrated all stage of T. bagdasarjani
significantly preferred eggs of T. urticae over larvae and protonymphs. Comparing
the preference indices of Amblyseius swirskii, a study indicated a significant prefer-
ence of the predator on eggs and second instar nymphs of T. urticae than Bemesia
tabaci (Gennadius) (Soleymani et al. 2016). Other study, (Khodayari et al. 2016),
showed P. plumifer in no-choice tests consumed egg, larva, protonymph and male
stages of T. urticae more than deutonymph and female but in choice tests, the
predator significantly preferred immature stages of its prey. Prey preference of
A. swirskii on Trialeurodes vaporariorum and T. urticae were studied showing
that this predator had a significant preference for T. urticae (Heydari et al. 2016).

Olfactory Response
Plants infested and damaged with spider mites produce a variety of volatile
chemicals and release them from flowers, fruits, and foliage. The production of
mite-induced plant volatiles apparently can change based on the genetic character-
istics of the spider mite species, the plant cultivar, and the genetics of the predators.
Predatory mites are able to perceive these volatile chemical cues and even learn
about them (Hoy 2011). There are studies about the role of these chemical cues and
the responses by phytoseiids (Dicke and Sabelis 1988; Dicke et al. 1990; Janssen
et al. 1998; Maeda et al. 2001; De Boer and Dicke 2004). Shimoda et al. (2005)
showed that N. californicus responded to five volatiles produced by spider-mite-
infested plants, including linalool, methyl salicylate, (Z)-3-hexen-1-ol, (E)-2-
hexenal, and (Z)-3-hexenyl acetate. In another study, N. womersleyi responded to
mixtures of three synthetic compounds produced by tea plants infested by
T. kanazwai (Ishiwari et al. 2007). In Iran, Seiedy et al. (2013) showed
P. persimilis was able to discriminate between untreated and Beauveria bassiana-
treated T. urticae and proposed avoidance of the predator from the fungus
B. bassiana would reduce the impact of intra-guild interactions. Other study
conducted by Maleknia et al. (2014b) demonstrated that host plant experience and
different hunger periods affect the olfactory response of P. persimilis. Khosravi
Shastestani et al. (2014) stated the role of methyl salicylate as an important part of
volatile blends in searching behaviour of the predatory mite, P. persimilis. This
compound attracted the predatory mites (1 h starved) in a dose range of 0.02–20μg.
Bohloolzadeh et al. (2013) showed that the rearing condition of A. swirskii females
can affect their olfactory response. Mohammadi et al. (2012) compared the odor
responses of two different populations of P. persimilis on cucumber and bean plants
infested by T. urticae and showed a significant preference towards bean plants. In a
study, an olfactory response of N. californicus to the strawberry plants infested by
T. urticae and western flower thrips, Frankliniella occidentalis Pergande was com-
pared and showed that this predatory mite had not ability to identify volatiles from
strawberry infested with thrips (Rezaie et al. 2018).
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Mating and Oviposition Behavior
Defensive behaviors of prey can affect the success of a predator (Sabelis and Dicke
1985). Parents can use different strategies for protection of their offspring such as
change oviposition site, absorb the egg material or retain the eggs inside their body
and depositing eggs away from risky patches (Montserrat et al. 2007). In a study,
Askarieh Yazdi et al. (2015) used females of two forms of T.urticae, red and green
forms, to study whether they retain eggs in response to exposure to the predatory
mites P. persimilis and A. swirskii and showed egg development time of the green
form was significantly shorter than that of the red form after receiving cues related to
P. persimilis-prey interactions. The rate of predation, oviposition, and development
of the predatory mite N. californicus by Karami Badrbani et al. (2015) was studied
and showed that preying on red T. urticae and mixed (red+green) could be resulted
in the slowest development of the protonymph and deutonymph stages of T. urticae
than green form. Dehghani-Tafti et al. (2015) surveyed the effect of mating experi-
ence, on male individuals in P. persimilis and N.californicus and stated both naive
and experienced males were able to mate females equally.

Learning Behaviour
Learning is defined as changed behavior following experience and could affect many
important activities such as foraging, reproducing and social interactions and is
considered as an optimizing activity which assists the organism behaviors regarding
the varying environment (Walzer and Schausberger 2011; Strodl and Schausberger
2012). This phenomenon has been studied in predatory mites of the family
Phytoseiidae (Drukker et al. 2000; Rahmani et al. 2009b; Schausberger et al.
2010). Experienced predators wasted less energy in finding, attacking, and handling
prey and thus could retain their energy to egg production (Christiansen et al. 2016).
Also, they showed larvae and early protonymphs of A. swirskii like other predatory
mites, e.g. Neoseiulus californicus in foraging context and Phytoseiulus persimilis in
social and cannibalism contexts can learn.

Effects of immature experience on handling time of females of the predatory mite
N. californicus and P. persimilis were evaluated in laboratory conditions and have
been showed experience with two-spotted spider mite larvae in the immature stages
had no effect on the handling time of the predatory females on their prey. But
experience with heterospecific larvae of P. persimilis significantly decreased han-
dling time of N. californicus femalses (Asadi et al. 2014a, b). In another study, the
effect of rearing conditions on the leaving or residence tendency of N. barkeri on
bean leaf disc was investigated and described experienced predatory mites having
tendency to reside on bean leaf (Bohloolzadeh et al. 2014a, b). In a study,
Mohammadi et al. (2012) concluded that by increasing the reared generations of
P. persimilis on spider mite infested plants, the higher fraction of predators had the
ability to recognize their food patch. Rahmani and Hosseini (2012) demonstrated
social learning in noncolonial predatory mite, N. californicus and stated that experi-
enced predators attacked T. urticae more three times earlier than neutral predators
do. Borji et al. (2014) investigated repeatability of aggressiveness against con-and
heterospecific prey in N. californicus and declared this mite was more aggressive
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against both Th. tabaci and Te. urticae in choice tests than no-choice tests. Jalili
Zennozi et al. (2016) studied the effect of familiarity on group formation and
predation rate of A. swirskii. They declared that familiar individuals tend more to
create group and predation rate than unfamiliars.

3.2.1.4.4 Life Table Parameters

Life table is a useful method for summarizing the survival and reproductive potential
of a population, and its parameters can be used in the studies of population ecology
(Sakai et al. 2001), conservation (Wilcox and Murphy 1985), demographic ecotox-
icology (Stark and Banks 2003), harvesting theory (Chi 1994) and pest control
timing (Chi 1990). In the female age specific life table, only female individuals are
involved. Since most species are bisexual and there are many differences between
male and female individuals in longevity, survival rate, predation rate and pesticide
susceptibility, and neglecting the variable developmental rate and male population,
may cause errors in calculating demographic parameters (Chi and Liu 1985).
Therefore, an age-stage, two-sex life table theory was developed to resolve these
problems by including the stage separation and male population (Chi and Liu 1985;
Chi 1988). The two-sex life table can calculate the age and stage structure of a
two-sex population and helpful in timing pest management decisions (Chi 1990).
Demographic parameters are the best indicators of fitness of a population and
suitable criteria for comparing physiological states of different species, populations,
etc. or even as bioclimatic or nutritional indices (Dent and Walton 1997). Also, in
biological control programs, population growth rate is an essential criterion for
preliminary screening and choice of potential biocontrol agents (van Lenteren and
Woets 1988). As showed in Table 3.2, life table parameters can be affected by
several factors, such as temperature (Jafari et al. 2010; Ganjisaffar et al. 2011b;
Kouhjani-Gorji et al. 2012), host plant (Khanamani et al. 2015), type of prey
(Rahmani et al. 2009a; Khodayari et al. 2013) and sublethal effects of acaricides
(Hamedi et al. 2010, 2011; Alinejad et al. 2014, 2016; Maroufpoor et al. 2016a, b).

3.2.1.4.5 The Effect of Host Plants on Predatory Mites

Plants are the natural habitat where herbivores live, feed and meet their natural
enemies. The leaf surface in term of having domatia, trichomes, hairs and also
presence of volatile substances and toxic compounds can directly affect a natural
enemy’s success in searching for and controlling the herbivores (Hunter 2003; Ode
et al. 2004; Soufbaf et al. 2012) and interactions between phytophagous arthropods
and their biological control agents (including predators) can be impressed by
chemical and physical characteristics of their host plants (Cédola et al. 2001;
Madadi et al. 2008; Soufbaf et al. 2012; Khanamani et al. 2015; Alipour et al.
2016; Bahari et al. 2018). The secondary metabolites in plant tissues can directly
influence the growth of herbivores and they can indirectly affect the performance of
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their natural enemies, therefore herbivores on different host plants often differ in
their susceptibility to natural enemies (Lill et al. 2002; Zvereva and Rank 2003).
Combining biological control and host plant resistance can be a promising pest
management strategy (Fathipour and Sedaratian 2013).

There are some studies about the importance of host plants for spider mites and
their predators in Iran. For example, Khanamani et al. (2015) compared the efficacy

Table 3.2 The life table parameters of some phytoseiid mites

Species Prey
T
(�C)

r
(day�1) R0

T
(day) References

Neoseiulus
barkeri

Tetranychus
urticae

15 0.036 5.510 47.18 Jafari et al. (2010)

N. barkeri T. urticae 25 0.221 22.02 13.59 Jafari et al. (2010)

N. barkeri T. urticae 35 0.247 14.26 10.47 Jafari et al. (2010)

Phytoseius
plumifer

T. urticae 15 0.056 8.7011 48.75 Kouhjani-Gorji
et al. (2012)

Ph. plumifer T. urticae 25 0.187 24.25 17.06 Kouhjani-Gorji
et al. (2012)

Ph. plumifer T. urticae 35 0.244 19.98 11.02 Kouhjani-Gorji
et al. (2012)

Typhlodromus
bagdasarjani

T. urticae 20 0.065 7.101 28.80 Ganjisaffar et al.
(2011a)

T. bagdasarjani T. urticae 25 0.129 13.60 19.41 Ganjisaffar et al.
(2011b)

T. bagdasarjani T. urticae 30 0.156 13.04 16.60 Ganjisaffar et al.
(2011b)

T. bagdasarjani T. urticae 25 0.143 12.91 17.81 Moghadasi et al.
(2014b)

T. bagdasarjani T. urticae 25 0.153 7.550 12.97 Khanamani et al.
(2015)

Ph. plumifer Corn pollen 27 0.112 4.40 12.99 Khodayari et al.
(2013)

Amblyseius
swirskii

T. urticae 25 0.147 7.520 13.59 Alipour et al.
(2016)

Phytoseiulus
persimilis

T. urticae 25 0.217 20.45 13.83 Alipour et al.
(2016)

P. persimilis T. urticae 25 0.238 33.30 14.72 Bahari et al.
(2018)

N. californicus Thrips tabaci 25 0.041 1.950 18.62 Rahmani et al.
(2009a)

P. persimilis T. urticae 25 0.297 46.79 12.91 Saemi et al.
(2014)

Ph. plumifer T. urticae 27 0.11 7.75 18.62 Moghadasi et al.
(2011)

Ph. plumifer Rhyncaphytoptus
ficifoliae

25 0.154 17.99 18.78 Louni et al.
(2014a, b)
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of T. bagdasarjani against spider mites on resistant and susceptible cultivars of egg-
plant and found that the performance of this predator on resistant cultivar was more
than that on the susceptible one. The effect of susceptible and resistant rose cultivars
on demographic parameters of T. urticae and their predators P. persimilis and
A. swirskii was determined and showed the antibiotic resistance of the rose cultivar
negatively affect the population growth parameters of T. urticae and their both
predators (Alipour et al. 2016). Neoseiulus bakeri showed significant preference to
the cucumber leaves with fewer trichomes in order to lay their eggs and search for
the prey (Maleknia et al. 2014a). In a survey, life table parameters of P. persimilis
were determined on T. urticae reared on the resistant (HED) and susceptible (Beth-
Alfa) cultivars of greenhouse cucumber during the first and tenth generations and
demonstrated that long term feeding can decrease performance of P. persimilis
during ten generations on resistant cucumber cultivar than susceptible one (Bahari
et al. 2018). Hence, the study of interactions between host plant cultivars and
biocontrol agents is important in integrated pest management programs (Fathipour
and Sedaratian 2013).

3.2.1.4.6 The Side Effects of Acaricides on Biocontrol Agents

An understanding of the sublethal effects of pesticides on biological control agents is
important to successful augmentation and conservation programs (Hamedi et al.
2009). Lord (1949) and Lord and MacPhee (1953) were the first ones to assay the
effect of various spray programs on predatory mites. In the early 1990s,
neonicotinoid insecticides were introduced into the market (Nauen et al. 2001).
Among those, low toxicity of imidacloprid has been reported on adult females of
several species of phytoseiid mites such as Neoseiulus collegae (DeLeon),
Phytoseiulus macropilis (Banks), Proprioseiopsis mexicanus (Garman) (Mizell
and Sconyers 1992); Amblyseius womersleyi Schicha (Leicht 1993); Typhlodromus
doreenae Schicha, Typhlodromus dossei Schicha (James and Vogele 2001) and
Neoseiulus cucumeris (Oudemans) (Sangsoo et al. 2005). Although some studies
have indicated that imidacloprid is a low-risk pesticide to phytoseiid mites, James
(2003) demonstrated that this product to be extremely toxic to Galendromus
occidentalis Nesbitt and Neoseiulus fallacies Garman. Also, Poletti et al. (2007)
showed imidacloprid significantly affected the functional response parameters of
N. californicus. Many studies have demonstrated the adverse effect of abamectin on
fecundity of phytoseiid predators (Zhang and Sanderson 1990; Ibrahim and Yee
2000; Bostanian and Akalach 2006; Nadimi et al. 2009).

The effects of pesticides and their sublethal have been studied on native and
introduced predatory mites in Iran. For example, side effects of three commonly used
pesticides (eptenophos, malathion and primiphos-methyl) were evaluated on an
introduced predatory mite, Phytoseiulus persimilis and have been showed that
heptenophos was more selective for P. persimilis than the two other pesticides tested
and it could be used in integrated control programs (Kavousi and Talebi 2003). In a
study by Noii et al. (2008), the side effects of three pesticides (abamectin, malathion
and phosalone) were evaluated on P. plumifer in the laboratory and was showed
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these three pesticides cause 100% mortality within 24 h and were classified as
harmful for the predator.

Nadimi et al. (2008, 2009) showed hexythiazox is a harmless miticide to
P. plumifer and P. persimilis but fenpyroximate and abamectin were found harmful
to both predatory mites at the highest field recommended concentrations. They
suggested acaricide hexythiazox could be an appropriate substitute to
Fenpyroximate and abamectin in integrated pest management (IPM) programs.
Also, Sanatgar et al. (2011) expressed hexathiazox can be used against T. urticae
without causing the adverse effect on population growth parameters of its predator,
P. persimilis. While frequent applications of bifenazate influenced on biological
parameters of this predatory mite (Sanatgar et al. 2012). In a research, lethal and
sublethal doses of kingbo and azoxystrobin did not show a significant effect on
fecundities of P. persimilis and percentage of egg hatchability increased in
recommended dose of floramite in comparison with control treatment (Khajavi
et al. 2011).

Two studies carried out by Hamedi et al. (2010, 2011) demonstrated that suble-
thal concentrations of abamectin and fenpyroximate can significantly reduce the
population growth of P. plumifer and this should be considered in integrated pest
management programs. Also, in another study, Hamedi et al. (2009) showed prey
consumption of female mites was strongly affected by all concentrations of the two
acaricides. One study has been stated fenazaquin should not be used with predatory
mite A. swirskii in integrated management of T. urticae (Alinejad et al. 2014) while
in another study, Alinejad et al. (2016) showed sublethal dosage of spirodiclofen has
not adverse effect on population parameters of A. swirskii. Ghaderi et al. (2013)
exhibited fenpyroximate had a negative effect on life table parameters of
P. persimilis and should not be used simultaneously in integrated pest management
programs. Kaveh et al. (2013) investigated the effect of three botanical insecticides
on P. persimilis and showed these insecticides can be considered in the IPM of the
two-spotted spider mite. Aflaki et al. (2016) evaluated effects of two compounds
including azadirachtin and spirodiclofen on some biological parameters and preda-
tion rate of N. californicus and showed these pesticides did not have significant
adverse effects on the predatory mite and especially spirodiclofen could be used in
IPM programs. In another study, the effect of these both pesticides on biological and
predation characteristics of T. bagdasarjani was studied and demonstrated
that Azadirachtin was safer than spirodiclofen for this species (Seidpisheh et al.
2016). Therefore, integration of predatory mites with compatible acaricides could
reduce environment hazards, which is an objective of IPM programs (Hamedi et al.
2011).

3.2.1.4.7 Interactions among Biocontrol Agents

Intraguild Predation
When several predator species compete for the same prey, intraguild predation (IGP)
takes place (Gardiner and Landis 2007). IGP is seen as a common phenomenon
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among arthropod food webs (Polis et al. 1989) and may be unidirectional or
bidirectional. In unidirectional, one species feeds on the other and in bidirectional,
both predators feed on each other (Madadi et al. 2008).

IGP can be seen in a wide range of biological control agents, for example,
anthocorids and encyrtids (Erbilgin et al. 2004), coccinellids and coccinellids
(Noia et al. 2008), coccinellids, chrysopids and cecidomyiids (Gardiner and Landis
2007), phytoseiids and phytoseiids (Walzer and Schausberger 1999a, b; Hatherly
et al. 2005; Meszaros et al. 2007; Cakmak et al. 2009), phytoseiids and anthocorids
(Madadi et al. 2008; Chow et al. 2010), and phytoseiids and thripids (van der
Hoeven and van Rijn 1990; Faraji 2001; Janssen et al. 2002; Walzer et al. 2004;
Magalhaes et al. 2005; Walzer and Schausberger 2009) and can be impressed by
several factors such as environmental conditions, host plant characteristics (Madadi
et al. 2008), mobility of prey (Provost et al. 2006), vulnerability of prey (Noia et al.
2008), feeding specificity (Farazmand et al. 2015a) and presence of extraguild
(EG) prey (Lucas 2005; Farazmand et al. 2015a; Maleknia et al. 2016; Moghadasi
and Allahyari 2017).

Several studies have been shown the effectiveness of releasing two or more
predatory mite species versus single predatory mite species to control tetranychid
mites (Schausberger and Walzer 2001; Walzer et al. 2001; Barber et al. 2003;
Rhodes et al. 2006; Fitzgerald et al. 2007). The outcome of such interactions
depends on the competing species, such as their feeding types (generalist against
specialist). Recently, in Iran, some studies have been done about intraguild predation
between introduced phytoseiids and native ones (Bohloolzadeh et al. 2013;
Farazmand et al. 2015a; Haghani et al. 2015; Rahmani et al. 2015; Ghasemloo
et al. 2016; Maleknia et al. 2016), phytoseiid and predatory thrips (Farazmand et al.
2015a, b), phytoseiid and predatory bugs (Madadi et al. 2009). Their results showed
introduced phytoseiids were much more prone to IGP than native phytoseiids
(Farazmand et al. 2015a; Rahmani et al. 2015; Maleknia et al. 2016). In these
interactions, predation preferences of N. californicus and T. bagdasarjani on
Scolothrips longicornis Pergande and heterospecific phytoseiids have been studied
and both species tended to prey more on first instar larvae of the thrips compared
with the heterospecific phytoseiid (Farazmand et al. 2013). Haghani et al. (2015)
calculated the predation preference index (Manly’s index) of three phytoseiid spe-
cies (N. californicus, A. swirskii and P. persimilis) and indicated A. swirskii and
N. californicus were able to recognize con-heterospecific larva and preferred to feed
on heterospecific larvae but P. persimilis showed no preference between con- and
heterospecific larvae. In another study, Rahmani et al. (2015) showed that intraguild
predation is a weak force among N. californicus, T. bagdasarjani and P. plumifer
and at least in the presence of T. urticae, elimination of one by another did not occur.
Afshari et al. (2014) described larvae of A. andersoni had more nutritional value than
conspesific larvae for N. californicus females and they laid more eggs when con-
sumed on heterospecific larvae, while for A. andersoni females, the eggs of
N. californicus had more nutritional value than conspesific eggs.

Borji et al. (2014) determined the level of P. persimilis aggressiveness against
eggs of T. urticae (Extraguild prey) after feeding on eggs of the predatory mite
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N. californicus (intraguild prey). They showed that type of prey before adulthood in
P. persimilis did not have an effect on the level of its aggressiveness on spider mites
eggs. Also, in another study, the effect of starvation on aggressiveness against spider
mites and conspecific in N. californicus was studied and declared starved predators
attacked T. urticae after 30 � 0 min whereas satiated predators attacked only after
68 � 8 min. Also, attack on conspecific larvae was shorter in starved than satiated
predators (Borji et al. 2011).

Cannibalism
Cannibalism is defined as the consumption of conspecific individuals that was seen
in the animal kingdom (Schausberger 2003). In the case of prey scarcity, this
phenomenon can assist in conservation of predator population and has been shown
to occur in phytoseiidae (Schausberger and Croft 2000; Walzer et al. 2001;
Schausberger 2003; Zannou et al. 2005). The specialist predators act less as cannibal
in comparison with generalist predator (Walzer and Schausberger 1999b; Farazmand
et al. 2014; Ghasemloo et al. 2016). Schausberger and Croft (2000) demonstrated that
cannibalistic individuals have the ability to discriminate between kin and non-kin
and reported the specialist phytoseiids P. persimilis and P. macropilis are able to
discriminate between related and unrelated larvae and preferentially consumed
unrelated larvae when given a choice. Also, the effect of kinship on the mating
preference of P. persimilis by Dehghani Tafti et al. (2013) was studied and described
P. persimilis was not able to discriminate between kin and non-kin males. In another
study, the effect of kinship on oviposition patterns of P. persimiliswas discussed and
showed that kinship decreased the distance between first and second eggs (Zeraatkar
et al. 2013).

3.2.1.4.8 Mass Rearing

Mass rearing and releasing predatory mites, mostly phytoseiids, are one of the goals
of biological control programs (McMurtry and Croft 1997). Methods for mass
rearing of phytoseiids were proposed by McMurtry and Scriven (1971) and Gerson
et al. (2003). Specialist phytoseiids require spider mites for efficient mass-rearing
(McMurtry et al. 2015) and it is necessary to have a pure spider mite culture
(Morales-Ramos and Rojas 2014), while pollen and honeydew produced by green-
house whitefly can keep the generalist predators population in the absence of their
pests (Mortazavi et al. 2018). Recently, Nguyen et al. (2015) studied population
growth of four phytoseiids (N. californicus, N. cucumeris, A. andersoni and
A. limonicus) on natural and artificial diets and showed growth rate was lower on
artificial diet than on natural food, but survival was similar. These artificial diets may
be useful as food supplements to protect predator populations after release in the
crop (Wade et al. 2008). One of the cheap and effective sources for rearing some
phytoseiids is pollen (McMurtry et al. 2015). Shirdel et al. (2002) compared rearing
of Typhlodromus kettanehi Dosse and Euseius finlandicus (Oudemans) on two types
of arenas (plastic or bean leaf) and three diets (T. urticae, almond pollen + T. urticae
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and almond pollen) and demonstrated that T. bagdasarjani had the ability to grow on
both arenas and three diets but rearing of E. finlandicus inclusively on bean leaf and
pollen or mixture of pollen+T. urticae was possible.

In a study, Hajmohammadloo and Shirdel (2010) investigated the effect of
feeding of five pollen sources, apple, pear, almond, apricot and walnut on biological
parameters of T. bagdasarjani, and showed the pollen grains can be alternative foods
for development and reproduction of the predatory mite. The effect of three diets
including (maize pollen; maize pollen and T. urticae eggs; maize pollen, active
stages of T. urticae and all active stages of T. urticae) on the predation rate of
A. swirskii and P. persimilis in three patches (4, 9 and 16 cm2) was investigated and
demonstrated that patch size and diet could significantly impact the predation rate of
both mites (Sharifian et al. 2014). The nutritional value of seven different pollen
grains (almond, castor-bean, date-palm, maize, bitter-orange, sunflower and mixed
bee pollen) as a supplementary food source was evaluated on life table parameters of
N. californicus and revealed almond pollen (and after that the maize pollen) is a more
suitable diet than the others (Khanamani et al. 2017a). In this regard, the life table
parameters of N. californicus were assessed after 20 generations and showed an
extraordinary performance for this predator (Khanamani et al. 2017c). On the other
hand, high performance on almond pollen have also been proved for A. swirskii and
T. bagdasarjani (Riahi et al. 2016, 2017a, 2018a, b). Also, another related study by
Khanamani et al. (2017b) showed that an artificial diet enriched with arthropods
(Ephestia kuhniella Zeller or Artemia franciscana Kellogg cyst) as well as maize
pollen or bull sperm could improve population growth parameters of N. californicus.
Likewise, Riahi et al. (2017b) demonstrated adding Artemia cysts and maize pollen
to the same basic artificial diet was suitable for mass production of A. swirskii while
factitous preys (E. kuhniella, A. franciscana and Tyrophagus putrescentiae) and
artificial diets were not appropriate for mass rearing of T. bagdasrajani (Riahi et al.
2018a, b). In other studies, pistachio pollen created a supplementary diet for mass
production of N. californicus (Soltaniyan et al. 2018) and, Rezaei and Askarieh
(2016) declared corn, sunflower and date pollen grains are an alternative food for
N. barkeri.

There are limited studies on releasing method and long-term storage of the
phytoseiids in Iran. In a research under microcosm conditions on cucumber, pred-
ator: prey release ratios of 1:4, 1:10 and 1:20 of P. persimilis and T. bagdasarjani
were studied and observed the best ratio is 1:4 for two predators in controling of
T. urticae (Moghadasi and Allahyari 2018).

3.2.1.5 Blattisociidae

With 14 genera and about 370 species, blattisociids occupy a wide range of terres-
trial and semiaquatic habitats (Lindquist et al. 2009; de Moraes et al. 2016). The
genus Blattisocius is one of potential genera being important in biocontrol point of
view. Mites of this genus are usually found in stored products preying upon available
arthropods including moths, beetles and mites of the family Acaridae. One

3 Biological Control of Pests by Mites in Iran 105



generation is mostly raised in one week (Gerson et al. 2003). The B. tarsalis
(Berlese) is a wide spread species with considerable control effects on some major
stored product pests. Another useful species of the genus is B. keegani Fox.
Experimental data on life cycle and predation potential of this mite, provisioned
by eggs of Amyelois transitella (Walker) (Lepidoptera: Pyralidae), revealed about
9-day development time at 25 �C and 50–60% relative humidity with a maximum of
three eggs consumed during 24 h (Thomas et al. 2011). About five species of this
genus including B. tarsalis and B. keegani are found in Iran (Kazemi and Rajaei
2013; Shams et al. 2016; Nemati et al. 2018). Furthermore, the genus Lasioseius is
another beneficial genus considered to prey on small arthropods and nematodes. Of
22 reported species, the L. youcefi Athias-Henriot is the most abundant one in the
country.

It is noteworthy that the genera Proctolaelaps (Melicharidae) with 12 Iranian
species and Arctoseius (Ascidae) with seven species are known to be a predator
(sometimes predator-fungivores) and can feed on nematodes and some
microarthropods, nevertheless their impact on host populations has not been yet
evaluated.

3.2.1.6 Laelapidae

Many members of the ubiquitous and speciose family Laelapidae (with about
144 genera and more than 1300 species) are parasites of small mammals or associ-
ated with birds, arthropods and their nests. However, the subfamily Hypoaspidinae
often encompasses free-living aggressive predators including some biological con-
trol agents of the genera Stratiolaelaps and Gaeolaelaps (Lindquist et al. 2009).
Stratiolaelaps scimitus (Womersley) (wrongly known as Hypoaspis or
Stratiolaelaps miles) and Gaeolaelaps aculeifer (Canestrini) (wrongly placed in
Hypoaspis s.l.) are two species that attracted the attentions to be used as effective
biocontrol agents and even mass reared commercially against many soil-living pests
of greenhouses such as thrips, fungus gnats, acarid mites and nematodes (Walter and
Proctor 1999; Gerson and Weintraub 2007). Both mentioned species have been
found in Iran. In a very few limited studies carried out on the evaluation of G.
aculeifer as a biocontrol agent, this mite alone and in combination with disinfected
corms of gladiolus have had significant control results against Rhizoglyphus
echinopus that is an important mite pest of this ornamental plant (Hosseininia
et al. 2012, 2014). In another study, Amin et al. (2014) assessed effects of eight
constant temperatures on development and fecundity of G. aculeifer feeding on Rh.
echinopus showing the average of female life span as 102.40 days at 16 �C and
37.21 days at 32.5 �C. Also, the mean number of eggs laid per female per day
increased from 0.49 at l 6 �C to 3.76 at 30 �C and then decreased to 1.88 at 32.5 �C.

Some authors have reported that some species of Hypoaspis s.s. or Coleolaelaps
are parasites of the eggs or larvae of plant-feeding Scarabaeidae, and therefore may
have potential as biological control agents (Khanjani et al. 2013). According to
Damghani (2001), Hypoaspis elegans Joharchi, Ostovan and Babaeian was reared in
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the laboratory on all stages ofOryctes elegans Prell. for one year, however, no heavy
mortality observed during any stages of the host beetle. There was some mortality
(mortality rate not stated) of pupae, and Damghani (2001) suggested that this
mortality of pupae was caused by the mites’ feeding on exudates of the pupae’s
body. This has not been established experimentally, and it will be necessary to do
feeding experiments to establish the true ecological role of these mites (Joharchi
et al. 2014).

More than 20 genera and 100 laelapid species have been recorded from Iran (for
examples, see Kazemi and Rajaei 2013; Joharchi and Babaeian 2015; Nemati and
Gwiazdowicz 2016; Nemati et al. 2018).

3.2.2 Suborder Prostigmata

3.2.2.1 Bdellidae

This family, containing about 16 genera and more than 278 species, has a wide
distribution preying on nematodes, microarthropods or their eggs. Bdellids, also
known as snout mites due to conical rostrum, can produce silk strands in order to
secure prey (usually by circling the host and entangling body and the appendages
with silken net) and moulting (Walter et al. 2009; Hernandes et al. 2016). Some
species can be affect spider mites and springtails populations. For example, Bdella
depressa Ewing preys on Bryobia praetiosa Koch and, Bdellodes lapidaria
(Kramer) and Neomolgus capillatus Kramer on lucerne flea, Sminthurus viridis
L. (Gerson et al. 2003). Likewise, Bdella tropica Atyeo is evaluated as an effective
natural enemy of Xenylla longauda Folsom (Collembola; Hypogastruridae) which
attacks edible fungi (Ji et al. 2007). Many genera (e.g. Cyta, Neomolgus,
Hexabdella, Bdella, Bdellodes, Biscirus, Spinibdella) and species have been
described and recorded in Iran (see Ostovan and Kamali 1995; Eghbalian et al.
2014, 2016; Paktinat-Saeej et al. 2015a, b; Ueckermann et al. 2007) but their
biology, host range, and impact on host populations have yet to be studied in the
country.

3.2.2.2 Cunaxidae

Similar to its sister family Bdellidae, cunaxids (with 27 genera and about 330 spe-
cies) attack small arthropods and nematodes. They occupy various habitats including
soil and aerial parts of plants (Walter et al. 2009). Among six subfamilies, members
of the subfamily Cunaxoidinae occupy more habitats on plants than soil (Castro
2008; Skvarla et al. 2014). There are two strategies for prey capture, ambush
(Cunaxinae) and cruise (Coleoscirinae and Cunaxoidinae) ones, both observed in
soil and foliar taxa (Walter and Proctor 1999). One species of the genus Coleoscirus
feeds on Meloidogyne spp. in sugarbeet fields and can complete one generation in
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about two weeks (Rahmani et al. 2012). Some species are recorded as predators of
scale insects, eriophyids and spider mites. For example, Cunaxa setirostris
(Hermann) is considered as a potential biocontrol agent of Tetranychus ludeni
Zacher. This beneficial mite can complete its life cycle in about four weeks and
consumes averagely 287 mobile preys during 87% of the total lifespan predation
(Arbabi and Singh 2000). The most comprehensive taxonomic studies on Iranian
cunaxids are available in Den Heyer et al. (2011a, b, 2013), providing many
descriptions and records along with keys to Iranian species of the Cunaxoidinae,
Coleoscirinae and Cunaxinae. Their efficiency in the control of other small arthro-
pods is however unclear. It has to be noted that cannibalism is a negative factor that
can affect this family to be used as a biocontrol agent and, in turn, mass production
(Hernandes et al. 2015).

3.2.2.3 Tydeidae

The widely distributed members of the family Tydeidae with 30 genera and approx-
imately 340 species are predominantly not specialized feeders and, predatory is
mostly opportunistic in this family. The predators mainly prey on eriophyid mites.
In this regard, some Tydeus and Orthotydeus could be generic examples. Although
the fungivory is the main diet for this family, some may exhibit nematophagy
(Santos et al. 1981). One generation usually takes 2–3 weeks. It is proven that
some tydeids can play their role as alternative food for a number of predators
particularly phytoseiid mites (Hoy 2011).

Tydeids are one of the major arthropods residing in leaf domatia (sort of physical
and environmental structures on plants particularly leaves occupied by mostly useful
microarthropods). The domatia exploited by mites are referred as Acarodomatia that
mostly includes small invaginations and tufts of nonglandular trichomes at the
junctions of primary and secondary veins on the undersides of leaves in woody
dicots (Pemberton and Turner 1989; Walter and Proctor 1999). Predatory (such as
Phytoseiidae, Stigmaeidae and Bdellidae) and mycophagous (such as Tydeidae)
mites are frequently settled in Acarodomatia (Pemberton and Turner 1989; Norton
et al. 2000). Some references mention to a number of fungivorous tydeids reducing
the density of powdery mildews on plants like cucumber and grape for instance, the
mite Orthotydeus lambi (Baker) reported decreasing the population of Uncinula
necator (Schwein) in grapes by eating from its hyphae (English-Loeb et al. 1999).
High populations of Tydeus kochi Oudemans is observed in sugarbeet leaves
contaminated with powdery mildews in northwestern Iran (H. Hajiqanbar, pers.
obs.). More faunistic studies on Iranian wild and agricultural plant ecosystems are
highly recommended to access voracious fungivorous tydeids and evaluation of their
efficiency in consuming and controlling pestiferous fungi.

Sepasgosarian (1997) provided a list of subfamilies, genera and species of the
family Tydeidae. In recent years, many genera and species of Iranian tydeids are
recorded from soil and aerial parts of plants (e.g. Khanjani and Ueckermann 2003;
Andre et al. 2010; Darbemamieh et al. 2010; Sadeghi et al. 2012; Akbari et al. 2015).
For example, it is documented that T. caudatus (Duges) is very abundant and
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important species in Iranian orchards including Kermanshah province
(Darbemamieh et al. 2010; M. Darbemamieh pers. com.). This species is the most
common tydeid species in Italian vineyards (Castagnoli 1984), associated with grape
eriophyids during late winter and reported as a predator of Colomerus vitis
(Pagenstecher) in the laboratory (Camporese and Duso 1995). However, more
targeted studies are required to access beneficial predator and mycophagous
Iranian tydeid mites and, to evaluate their efficacy.

3.2.2.4 Iolinidae

The mostly omnivorous members of the family Iolinidae include 36 genera and more
than 125 species. There is an omnivorous species, Pronematus ubiquitus
(McGregor), reported as a predator on some eriophyids including Eriophyes ficus
Cotte and Aculops lycopersici (Massee) and tenuipalpids (Hernandes et al. 2015).
This predator species, along with Neopronematus neglectus (Kuznetzov), are
recorded as natural enemies of tetranychid mites on leaves of apple orchards in
northwestern Iran (Khodayari et al. 2008). Also, in this region, Shemshadian et al.
(2012) reported this mite as a potential predator of Panonychus ulmi (Koch). In
another study conducted on fig trees in central parts of Iran, maximum abundance of
P. ubiquitus populations recorded in October and December, simultaneous with
reduction of prey mobility, temperature and photoperiod (Baradaran and Arbabi
2008). Many Neopronematus species recorded in Iran from orchards (e.g. Sadeghi
et al. 2012; Darbemamieh et al. 2015) but there is no exact study on their diet and
foraging material.

Another well-known species is Homeopronematus anconai (Banker) feeding on
tomato russet mite (Aculops lycopersici) that can reduce population frequency of its
prey (Gerson et al. 2003; Hernandes et al. 2015). This species is also recorded from
Iran (Sadeghi et al. 2012; Darbemamieh et al. 2015). Some taxonomic studies on this
family have recently been initiated in Iran (for example, see Darbemamieh et al.
2015, 2016).

3.2.2.5 Anystidae

Fast moving and relatively large mites of the Anystidae including 18 genera and
about 110 species are general predators of many arthropods in soil and plant habitats.
The most important potentially biocontrol agent is the genus Anystis, members of
which attacking phytophagous insects and mites in many parts of the world (Gerson
et al. 2003; Walter et al. 2009). Many pests including tetranychid mites are being
preyed upon by familiar species Anystis baccarum (L.) and A. agilis (Banks).
Unfortunately, long development time, no prey preference, the low intrinsic rate of
increase and a predilection for cannibalism negatively affect the efficacy of these
mites to being a suitable candidate as a biocontrol agent. Some ubiquitous mites of
this family including A. baccarum have been recorded from various Iranian habitats
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that some of them are as follows. Mehrnejad and Ueckermann (2001) found A.
baccarum in colonies of Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera:
Psyllidae) on the foliage of Iranian pistachio orchards during May to September.
Khodayari et al. (2008) collected two anystids namely A. baccarum and
Erythracarus pyrrholeucus (Hermann) from leaves of apple orchards in northwest-
ern Iran. The A. baccarum and A. wallacei Otto were sampled from raspberry shrubs
in northern parts of the country (Tajmiri 2013).

3.2.2.6 Stigmaeidae

The worldwide family Stigmaeidae, in addition to soil and litter, is associated with
plants as active predators. After phytoseiid mites, the most important groups of
predacious mites are stigmaeids so that 35% of species are active predators on plants
(Fan and Flechtmann 2015). Also, these beneficial mites can assist phytoseiids in
suppressing pest mites, especially in unsprayed environments (Hoy 2011). The
family encompasses 34 genera and about 580 species (Fan et al. 2016) among
which the genera Zetzellia, Agistemus and Mediolata embrace the species with the
ability to prey on phytophagous mites in agricultural ecosystems especially orchards
(Walter et al. 2009). The wide spread Z. mali Ewing feeds on spider mites and
eriophyids in apple orchards (Gerson et al. 2003) however, in some parts of Iran
(Zanjan province) it has been evaluated as a not strong predator for spider mites
(Rahmani et al. 2010). This species has been recorded from various parts of Iran and
its different aspects have been examined in the country. Field observations in apple
orchards of Karaj, during 1999–2000 by Jamali et al. (2001) indicated that Z. mali
produces three generations per year and adult females lay one egg per day and,
survive without any other food on leaf discs for 10 days. Zahedi-Golpayegani et al.
(2007) stated that this mite is an important predator of the hawthorn spider mite,
Amphitetranychus viennensis (Zacher) (Acari: Tetranychidae) in black-cherry
orchards in Baraghan, and has ability to distinguish odors in olfactometers, with a
positive response to odors from A. viennensis and a negative one to odors containing
a conspecific predator Z. mali, implying that this predator may avoid competition
with other Z. mali.

Khodayari et al. (2008) showed that this species can develop and reproduce on
Tetranychus urticae Koch eggs in laboratory conditions. Spatial distribution pattern
of Z. mali and its preys Eotetranychus frosti (McGregor) and Tydeus longisetosus
Kuznetzov and Zapletina in unsprayed apple orchards of Maragheh, northwestern
Iran, were studied and revealed the peak density of E. frosti and T. longisetosus in
late August and mid-September. In addition, the peak density of their predator
(10.34) occurred in early July (Khodayari et al. 2010).

Some selected taxonomical studies on Iranian stigmaeids are mentioned below.
Khanjani and Ueckermann (2003) described seven new species and documented
some other records from Iran. Noei et al. (2007) found four species of Stigmaeidae
associated with stored rice and decayed rice bran in northern Iran. Beyzavi et al.
(2013) in their catalogue of Iranian Raphignathoidea and Tetranychoidea listed

110 H. Hajiqanbar and A. Farazmand



11 genera and 69 species of the family Stigmaeidae. Hajizadeh et al. (2013)
following an investigation in Guilan province (Northern Iran) increased the Iranian
stigmaeids to 76 species. Two species described from soil in Isfahan province
(Bagheri et al. 2014) and two others from the soil and litter in Kurdistan province
(Khanjani et al. 2014). From northwestern Iran, Fakhari et al. (2015) described a
species of the genus Stigmaeus, members of which are usually predators of scale
insects.

3.2.2.7 Cheyletidae

This family with 77 genera and over 440 species includes parasitic (mostly on
vertebrates) and free-living predator taxa, the latter feeding on small arthropods
and dwelling in soil, plants, nest of vertebrates and stored products. They usually
ambush their preys and some species exhibit subsocial mode of life. The subfamily
Cheyletinae contains primarily predators of many microarthropods preferably
Astigmatina. Some genera such as Cheyletus, Cheletomorpha, Cheyletia and
Acaropsis are predators of astigmatan mites in grain products and storages. Grain
mites e.g. Acarus siro L. were reported to be attacked by the cosmopolite species
Cheyletus eruditus (Schrank) (Walter et al. 2009).

A summary of the selected taxonomic studies on Iranian Cheyletidae is shown
below. Kamali et al. (2001) listed 14 genera and about 22 species from various regions
and habitats. Four years later, Bochkov et al. (2005) reviewed Iranian cheyletids and
provided a key to 18 genera and 28 recorded species in the country at that time.

Many cheyletid predators are recorded from stored products in Iran. For instance,
Ardeshir et al. (2000) in a survey on mites of stored grain in northern Iran, claimed
Cheyletus malaccensis Oudemans as the most common prostigmatic mites. Follow-
ing a study on mites associated with stored wheat in Tehran, the Acaropsellina
sollers (Kuzin) recorded as the most abundant predator mite (Ardeshir et al. 2008b).
Hajizadeh et al. (2011) collected six species including C. eruditus from stored rice
and decayed rice bran in Guilan province in northern Iran. The prey species of
cheyletid predators were a cluster of acarid mites such as Acarus siro, Tyrophagus
putrescentiae (Shrank) and Glycyphagus destructor (Schrank) to be included as
destructive stored products pests. In the current study, the Cheyletus malaccensis
was the most abundant species. During an investigation on mites of the factories
producing food for domesticated animals in Karaj, four cheyletids were collected
among which the Acaropsellina sollers and Cheyletus carnifex Zachvatkin consti-
tuted the most abundant species after Tyrophagus longior (Gervais) (Seiedy et al.
2012a, b). These two cheyletids were also collected in flour mills of Karaj (Seiedy
et al. 2009). In a recent study, Salarzehi et al. (2018) described one new species of
the genus Cheyletus collected from stored material in Guilan province.

Some other cheyletid mites have been documented living on plants. Mehrnejad and
Ueckermann (2001) in their study of mites associated with pistachio trees in Iran
declared that the Cheletogenes ornatus (Canestrini and Fanzago) was encountered in
scale insects colonies on twigs. Jalaeian et al. (2005) collected Cheletogenes ornatus
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from orchards in central parts of Iran. Tajmiri (2013) mentioned C. malaccensis, C.
eruditus and Cheletomorpha lepidopterorum (Shaw) from raspberry shrubs in Guilan
province. Jalilirad et al. (2013) reported Cheletogenes ornatus, C. berlesi Oudemans
and Hemicheyletia wellsi Summer and Price from citrus leaves in Guilan province.

Some others have been documented as associated species of insects that feed on
eggs and early stages of the hosts or other microarthropods dwelling in host habitats.
For instance, Ostovan and Kamali (1997) collected three cheyletid species
(Chelacheles michalskii Samsinak, Acaropsella kulagini (Rohdendorf) and
Hemicheyletia wellsi) from galleries of Scolytus multistriatus (Marsham) from
parks of Tehran. Ahadiyat et al. (2004) recorded Cheletogenes ornatus and one
species of Caudacheles associated with Scolytus amygdali Geurin-Meneville in
Karaj. Haghighi et al. (2011) collected Caudacheles khayae Gerson from galleries
of elm bark beetles in Fars province, southern Iran.

It is conceivable that conservation of free-living predatory cheyletids in their
various habitats can increase their efficiency as natural biocontrol agents.

3.3 Parasitic Mites

3.3.1 Order Mesostigmata

3.3.1.1 Otopheidomenidae

Contrary to its predatory sister family (Phytoseiidae), mites of the family
Otopheidomenidae are permanent parasites of insects in temperate and tropical
regions of the world. Ten genera and about 28 species are classified into three
subfamilies based on host preference and morphological traits parasitizing moths
(in wing bases and tympanic recesses), bugs (in the dorsum of the thorax and beneath
the hemielytra), katydids (in thoracic tracheae), termites and grasshoppers (Lindquist
et al. 2009). Under laboratory conditions, some species of the genus Hemipteroseius
showed unfavorable effects on the feeding and life history parameters, and even
death of the hemipteran hosts (Costa 1968; Banerjee and Datta 1980). One of the
species of the Hemipteroseius has been recently found in Iran (Joharchi and Saboori
2010) that could be promising regarding more systematical and biological studies on
these mites in future in the country.

3.3.2 Suborder Prostigmata

3.3.2.1 Eriophyidae

Eriophyoid mites feed on plant surfaces and cause stunting, brooming, leaf rolling,
gall formation and damage to vegetative and reproductive organs (Gerson et al.
2003). Nevertheless, some species of these mites have been considered to have a
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high potential for using as classical biological control agents of weeds and inflict
significant damage on their host plants or serving as prey for phytoseiid predators
(Smith et al. 2009; Skoracka et al. 2010). The role of some species of eriophyid mites
in control of weeds has been considered by Gerson et al. (2003) and Hoy (2011).

Lotfollahi et al. (2013) enumerated two genera and 12 species of eriophyid mites
associated with Compositae plants in Iran, some of which treated as weeds. Asadi
et al. (2013) showed Aceria chondrillae (Canestrini) fed and reproduced on
chondrilla plant. In a study based on material collected from Iran, Aceria acroptiloni
Shevchenko and Kovalev could imposed significant impact on the aboveground
biomass and particularly on the reproductive output of the invasive plant
Rhaponticum repens and reduced the biomass of R. repens shoots by 40–75%
(Asadi et al. 2014a, b). In the current study, infested seed heads from R. repens
plants were collected in a field margin 5 km NE of Shirvan, northeastern Iran.
Kamali (2016) listed 13 species of eriophyoids on various weeds collected from
different parts of Iran.

3.3.2.2 Erythraeidae

The large and ubiquitous family Erythraeidae with seven subfamilies, more than
55 genera and 770 species is typically parasite of many arthropods in larval stage and
predator in deutonymph and adult stages. Recently, Mąkol and Wohltmann (2012,
2013) provided an annotated checklist of the world terrestrial Parasitengona includ-
ing Erythraeidae. This family as other parasitengones is categorized as protelean
parasites meaning that they are parasitic only in one of the immature stages, i.e. larva
(Walter and Proctor 1999). They are usually red and live on the ground or aerial parts
of the plants. Some larvae are free-living and rarely parasite of vertebrates. Most
erythraeid species are uni- or bivoultine (Walter et al. 2009). Although the larvae do
not kill the host and mostly have no host specificity, parasitized insect host gets
weakened and can be easier preyed by other predators like birds and other insecti-
vores. There are several genera and species of this terrestrial parasitengone family
attacking some important insect and mite pests (see Gerson et al. 2003). For instance,
Balaustium putmani Smiley, 1968 in Nearctic realm is an active predator of many
arthropod pests like Panonychus ulmi, Aculus schlechtendali (Nalepa) (Acari:
Tetranychidae, Eriophyidae), Quadraspidiotus perniciosus (Comstock) and Aphis
pomi De Geer (Hemiptera: Diaspididae, Aphididae) (Putman 1970; Cadogan and
Laing 1977; Childers and Rock 1981). In Iran, among larvae of Leptus parasitizing a
wide range of insects and arachnids, L. esmailii Saboori and Ostovan has been
described as an ectoparasite of Eurygaster integriceps Puton, a serious pest of cereal
fields (Saboori and Ostovan 2000). Also, larvae of L. zhangi Saboori and Atamehr
are parasite of Hyponomeuta malinella Zeller, a pest of Iranian apicultures (Saboori
and Atamehr 1999). Table 3.3 provides some selective larval species of the Iranian
erythraeids parasitizing insect pests. The efficiency of these mites on their hosts is
not evaluated but conservation efforts could be recommended to increase the
efficacy of their natural control ability.
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3.3.2.3 Trombidiidae

The worldwide family Trombidiidae includes three subfamilies, 25 genera and more
than 253 species (Zhang et al. 2011). As other Parasitengonina, the larvae are a
parasite of many arthropods (protelean parasites) while, usually red and
hypertrichous deutonymphs and adults are predators of small invertebrates in various
habitats (Walter et al. 2009). Many parasitengone mites including this family are
usually long-lived so that one generation is often completed in one year or more. A
list of trombidiids and their hosts was prepared by Welbourn (1983) and later
updated by Zhang (1998). Makol and Wohltmann (2012, 2013) provided annotated
checklists of three superfamilies of terrestrial Parasitengona including

Table 3.3 Some selective larval species of the Iranian erythraeids parasitizing insect pests

Erythraeid mite Insect host References

Abalakeus gonabadensis
Ahmadi et al. (2012)

Aphis craccivora Koch (Hemiptera:
Aphididae); Dociostaurus cf. tartarus
(Stshelkanovtzev) (Orthoptera: Acrididae)

Ahmadi et al.
(2012)

Charletonia baluchestanica
Tashakor et al. (2015)

Ochrilidia sp. (Orthoptera: Acrididae) Tashakor et al.
(2015)

Charletonia behbahanensis
Haitlinger and Saboori 2008

Dociostaurus maroccanus (Thunberg)
(Orthoptera: Acrididae)

Haitlinger and
Saboori (2008)

Charletonia damavandica
Karimi Iravanlou et al. 2002a

Acrotylus insubricus (Scopoli); Mioscirtus
wagneri (Eversmann) (Orthoptera:
Acrididae)

Karimi
Iravanlou et al.
(2002a)

Charletonia mehranensis
Haitlinger and Saboori (2007)

Anacridium aegyptium (L.) (Orthoptera:
Acrididae)

Haitlinger and
Saboori (2007)

Charletonia nazeleae Karimi
Iravanlou (2002a)

Heliopteryx humeralis (Kuthy);
Ramburiella turcomana (Fischer von Wald
heim) (Orthoptera: Acrididae)

Karimi
Iravanlou et al.
(2002a)

Charletonia saboorii Karimi
Iravanlou et al. (2002a)

Heteracris littoralis (Rambur) (Orthoptera:
Acrididae)

Karimi
Iravanlou et al.
(2002a)

Erythraeus (Erythraeus)
populi Khanjani et al. (2012)

Stephanitis pyri (F.) (Heteroptera: Tingidae) Khanjani et al.
(2012)

Erythraeus (Erythraeus)
shojaii Saboori and
Babolmorad (2000)

Monosteira unicostata (Mulsant and Rey)
(Hemiptera: Tingidae)

Saboori and
Babolmorad
(2000)

Iraniella moharramipouri
Karimi Iravanlou et al.
(2002b)

Oedipoda miniata (Pallas) (Orthoptera:
Acrididae)

Karimi
Iravanlou et al.
(2002b)

Lasioerythraeus saboorii
Khanjani et al. (2011)

Aphis punicae Passerini (Hemiptera:
Aphididae)

Khanjani et al.
(2011)

Leptus kamalii Karimi
Iravanlou and Saboori (2001)

Dociostaurus hauensteini (Bolivar)
(Orthoptera: Acrididae)

Karimi
Iravanlou and
Saboori (2001)

Momorangia binaloudensis
Noei et al. (2015)

Apamea impedita (Christoph) (Lepidoptera:
Noctuidae)

Noei et al.
(2015)
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Trombidioidea. Saboori and Hakimitabar (2013) provided a checklist for Iranian
Trombidioidea and mentioned to five families, 22 genera and 32 species. Some
cosmopolite genera such as Trombidium and Parathrombium attack wide range of
arthropods but, undoubtedly, the genus Allothrombium is potentially the most
economic biocontrol agent in the family (Zhang 1991). One of the species, A.
pulvinum Ewing, parasitizes aphids in the larval stage and prey spider mites in
postlarval stages (Zhang 1992).

In Iran, there are some non-taxonomical studies on two representatives of the
Allothrombium namely A. shirazicum Zhang and A. pulvinum. Biology of
Allothrombium shirazicum as a potential biocontrol agent of Aphis punicae Passerini
and some other arthropods has been studied in central parts of Iran (Saboori and
Kamali 1999). The mite raises one generation per year. The eggs hatch in spring and
larvae usually do not show superparasitism. Nymphs emerge in summer and adults
appear in autumn when they prey on microarthropods and their eggs. Adults and
eggs can hibernate, and at late winter overwintered females produce eggs, mostly
hatched in spring. Regarding A. pulvinum, in Mazandaran province (northern Iran),
larvae emerge in mid-spring and reach to the most abundant population in late spring
(Saboori and Zhang 1996). Saboori et al. (2007) stated that larvae of A. shirazicum
constitute about 69% of natural enemies of pomegranate aphid in mid-spring with
maximum 13% parasitism in presence of coccinellids, syrphids, hymenopterans and
spiders.

A. pulvinum larvae prefers Hyalopterus amygdali (Blanchard) in presence of two
other aphids, Aphis gossypii Glover and Macrosiphum rosae (L.), showing that the
parasitic larvae mostly prefer host aphids with less defence ability, less activity,
more mildew productivity, thinner cuticle and more attractive body odor (Hosseini
et al. 2002). In northern Iran, A. pulvinum adults can prey on two pests of citrus trees,
Planococcus citri (Risso) and Pulvinaria aurantii Cockerell, with a preference on P.
citri (Saboori et al. 2003a, b). Results of experimental studies revealed that each A.
pulvinum adult can feed on 4.2, 2.8, 1.3, 0.8 and 0.8 of H. amygdali, Aphis gossypii,
Macrosiphum rosae, A. fabae Scopoli and T. urticae per day, respectively (Hosseini
et al. 2004). Experimental surveys conducted by Hosseini et al. (2005) showed that
A. pulvinum deutonymph can consume 6.5 and 2.2 eggs of T. urticae and
Amphitetranychus vienensis per day, respectively. In addition, 2.8 and 1.2 adult
females of the mentioned tetranychids could be feed per day, respectively. The
results of host preference studies proved T. urticae is preferred prey of A. pulvinum
deutonymphs. In current study, authors demonstrated type III functional response of
A. pulvinum deutonymphs on different densities of adult female individuals of T.
urticae and density-dependent in low densities.

The following table (Table 3.4) listed some selective larval species of the Iranian
trombidiids attacking insect pests. Conservation measures are also recommended as
erythraeids.
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3.3.2.4 Other Terrestrial Parasitengonina

There are some representatives of other parasitengone families in Iran with well
distribution and prevalence. One of them is a specified subelytral parasite
Neosilphitrombium tenebrionidum Saboori, Hajiqanbar and Hakimitabar
(Neothrombiidae) parasitizing Opatroides punctulatus Brullé (Coleoptera:
Tenebrionidae) (Saboori et al. 2011). The host beetle is a broadly distributed insect
in Europe, Africa and Asia, causing damage to some agricultural crops and the
parasitic mite, at least in Iran, could be a promising potential natural enemy.

Likewise, many larval species of the Eutrombidium (Microtrombidiidae) are
known to be included as parasites of some pestiferous grasshoppers or gryllids in
Iran (Saboori et al. 2007).

Recently a monogeneric family, Achaemenothrombiidae (Trombidioidea), with
three species has been described from Iran, two of which parasitizing noctuid genera
Catocala and Euxoa (Saboori et al. 2010, 2013). Mites of this family could be
potentially important as parasites of mentioned plant-feeding insects.

3.3.2.5 Aquatic Parasitengonina (Hydrachnidiae)

More than 6000 true water mite species, mostly freshwater, are classified in
subcohort Hydrachnidiae. Like other mites of the cohort Parasitengonina, they
have a life cycle with parasitic larvae and predatory post-larval stages (Walter
et al. 2009). In the larval stage, these mites parasitize the aquatic insects, some of
which economically and or medically significant such as Culicidae and
Chironomidae (Gerson et al. 2003). For example, Arrenuridae, Hydryphantidae,
Limnesiidae and Pionidae are among water mites considered as natural enemies of

Table 3.4 Some larval species of the Iranian trombidiids attacking insect pests

Trombidiid mite Insect host References

Allothrombium shirazicum
Zhang and Rastegari (1996)

Forda marginata Koch (Hemiptera: Aphididae) Zhang and
Rastegari
(1996)

Cicaditrombium weni
Saboori and Lazarboni 2008

Cicadatra ochreata Melichar (Homoptera:
Cicadidae)

Saboori and
Lazarboni
(2008)

Iranitrombium
miandoabicum Saboori et al.
(2003a, b)

Thrips tabaci Lindeman (Thysanoptera:
Thripidae)

Saboori et al.
(2003a, b)

Monotrombium simplicium
Zhang and Norbakhsh
(1995)

Schizaphis graminum (Rondani);
Metopolophium dirhodum (Walker); Sitobion
avenae (F.); Forda marginata Koch (Hemiptera:
Aphididae)

Zhang and
Norbakhsh
(1995)

Oskootrombium prasadi
Saboori et al. (2006)

Hyalopterus pruni (Geoffroy) (Hemiptera:
Aphididae)

Saboori et al.
(2006)
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mosquitoes and midges. In Iran, in addition to mentioned families, 21 other familes
(encompassing 43 genera and 186 species) have also been reported and distributed in
most provinces, however, this number is far from available water mites in the
country (Pešić et al. 2014). It seems water mites are well distributed in the country
and could play their role in the natural control of the hosts. Although the effect of
larva on the host can not be usually evaluated in natural habitat, conservation of
mites can increase their impact on the host insects.

3.3.2.6 Trochometridiidae

Mites of the family Trochometridiidae are associated with three orders of the insects,
including Coleoptera, Dermaptera and Hymenoptera, typically apoid bees of the
families Halictidae and Andrenidae (Cross and Bohart 1979; Lindquist 1985;
Hajiqanbar et al. 2009; Mortazavi et al. 2011). A study on the life cycle of one of
the species of the family, Trochometridium tribulatum Cross, showed that despite
fungivory of the mites, their impact on some hosts, especially the bees of families
Halictidae and Andrenidae is like a parasitoid. It occurs during a triple symbiotic
relationship among mite, fungus and bee host. The mites cause the death of the eggs
and young larvae of the host by carrying the fungus spores (via pairs of pouch-like
structures between base of the legs III and IV, named sporothecae) to the nest of the
host and contribute to the growth of the fungus. In other words, the next generation
of these mites feed on fungus mycelia that grow on the corpses of the host eggs and
young larvae (Cross and Bohart 1979; Lindquist 1985; Kaliszewski et al. 1995).

Hitherto, the family encompasses two genera, Neotrochometridium with one
species and Trochometridium with 6 species (Loghmani et al. 2014), all reported
from Iran except Trochometridium tribulatum that is distributed in Nearctic and
Afrotropical realms. The trochometridiids have not been demonstrated to be strong
biocontrol agents, however, at least they have a role in the natural control of their
insect hosts that their spectrum has been increased in recent years. In any case,
further collections and life history investigations are needed to clarify rate of their
mortality upon the host populations.

3.3.2.7 Pyemotidae

As in its sister family, Acarophenacidae, mites of the family Pyemotidae are the
parasitoid of eggs and immatures of many insect orders including Coleoptera,
Lepidoptera, Hymenoptera and Diptera. These mites have high fecundity due to
relatively short life cycle, and development of the many same aged progeny inside
mother’s physogastric body on one host. Some species like Pyemotes tritici
(LaGrèze-Fossat and Montagné) show one of the highest reproductive rates among
animals (Walter and Proctor 1999). Since only one host individual is enough for the
development of a single mite stage, and eventually host dies, Lindquist (1983)
considered these mites as a parasitoid.
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The family is currently consist of one genus, Pyemotes, with about 25 species that
are classified to two species groups, ventricosus and scolyti, based on their toxicity to
the host and degree of host specificity. P. ventricosus group has wide host spectrum
and occupies many habitats. Females are extremely venomous and attack all host
instars. Their injected toxin causes paralysis and death of the host, a factor that
makes these mites a pest in insect stalk cultures and stored products. It can also cause
grain itch, pruriginous dermatitis in people who have continuous contact with these
mites (Walter et al. 2009). The cosmopolitan P. triticiwith a high reproductive rate is
a mortality factor of lepidopteran larvae and pupae, and other stored products pests.
This mite attack over 150 insect species belonging to various orders and can be
easily reared in the laboratory. It has a control effect on Lasioderma serricorne (F.)
(Cigarette beetle), Anagasta kuehniella (Zeller) (Flour moth), Pectinophora
gossypiella (Saunders) (Pink bollworm), Vespa spp. and Solenopsis spp. but unfor-
tunately, unfavorable effects of the toxin of ventricosus species group on human is a
limited factor in order to use these mites as a biocontrol agent (Gerson et al. 2003).

P. scolyti group are restricted to their host habitat and are usually associated with
bark beetles, feeding host eggs, larvae and pupae. Females are not venomous and so,
do not make dermatitis and other health problems in people and animals come in
contact. Mites of this species group are one of the most successful natural enemies of
the bark beetles, sometimes eradicating host populations (Gerson et al. 2003).

Both mentioned species groups have been recorded in Iran (Kamali et al. 2001).
P. ventricosus (Newport) from xylophagous insects (Radjabi 1969), P. tritici from
Scolytus amygdali Guerin-Méneville, (Ostovan 1997; Ahadiyat et al. 2004), and P.
herfsi (Oudemans) from stored wheat (Mirfakhraii 1994; Ardeshir et al. 2008a) are
collected from various parts of Iran showing that these mites have a proper dispersal
in storages. It has to be noted that some mentioned species impose damage to
insectaria and workers with which they are in contact. In addition, P. scolyti
(Oudemans) is the only representative of the scolyti group reported from some
bark beetles (such as Scolytus amygdali) and their galleries (Ostovan and Kamali
1996; Ostovan 1997; Ahadiyat et al. 2004). Bioecology and population fluctuation
of this mite studied in some parks of Tehran by Ostovan and Kamali (2001). The
authors considered the P. scolyti as a potential biocontrol agent for S. amygdali
owing to being oligophage, having a short life cycle (8–10 days) with high repro-
ductive rate, an about 90% female-based progeny and ~ 50% immature parasitation.
Despite some limitations to utilize as biocontrol agents, members of this family need
to be conserved as natural control agents of some important pests.

3.3.2.8 Acarophenacidae

Members of the small family Acarophenacidae with about 35 species are regarded as
egg parasitoids of various insects. Among six extant genera, species of the genera
Aethiophenax, Paracarophenax, and some Acarophenax have been documented to
be associated with several beetle families such as Cerambycidae, Cucujidae,
Dermestidae, Nitidulidae, Curculionidae (subfamily Scolytinae) and Tenebrionidae
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(Magowski 1994; Goldarazena et al. 1999; Krantz and Walter 2009). All described
species of the genus Adactylidium are not only egg parasitoid of tubuliferous thrips
(Thysanoptera: Tubulifera) but some observations upon their penetrated mouthpart
into the body of their adult hosts’ bodies and feeding on haemolymph, suggest that
they can be also considered as ectoparasites (Goldarazena et al. 2001; Gerson et al.
2003; Khaustov 2007). Host association of other genera is unknown (Rady 1992;
Goldarazena et al. 1999).

In spite of the paucity of studies on the biology of most species of the family
Acarophenacidae and their capability in controlling their host population, the inev-
itable potential of some acarophenacids as useful biological control agents in closed
poultry houses and stored product situations, have provoked researchers to pay
proportionately more attention to this family (Rack, 1959; Bruce and LeCato
1980; Steinkraus and Cross 1993; Faroni et al. 2000; Gerson et al. 2003). However,
compared with the family Pyemotidae, acarophenacid mites feed only on the eggs of
their insect hosts and have no toxic effects on people or domesticated animals
(Steinkraus and Cross 1993). In one of the studies carried out by Steinkraus and
Cross (1993), the Acarophenax mahunkai Steinkraus and Cross, an egg parasitoid of
the tenebrionid pest Alphitobius diaperinus Panzer, imposed two-thirds mortality in
eggs. Also, Faroni et al. (2000) stated that Acarophenax lacunatus (Cross and
Krantz), an egg parasitoid of bostrichid major pest Rhyzopertha dominica F.,
could be a useful biocontrol agent specially in tropical regions.

Hitherto, four species of the genus Acarophenax, two species of the Aethiophenax
and one species of Adactylidium have been found or described from Iran (Ostovan
and Saboori 1999; Ardeshir et al. 2008b; Katlav et al. 2015; Rahiminejad and
Hajiqanbar 2015; Lotfollahi et al. 2016; Arjomandi et al. 2017). These mites have
been collected from storage or forest habitats on beetles of the families Nitidulidae,
Sphididae and Tenebrionidae (including Tribolium confusum Jacquelin du Val and
Alphitobius diaperinus that are two important pests of stored products), or on thrips.
Further researches upon the biology and life history of these mites and their hosts are
necessary to utilize them as effective and applicable biocontrol agents.

3.3.2.9 Podapolipidae

Mites of the highly specialized family Podapolipidae are external (and occasionally
internal) parasites of many insect orders including Coleoptera, Orthoptera,
Blattodea, Hymenoptera and Hamiptera. These mites are observed beneath elytra
and in the genital tract of the beetles, in the trachea and air sacs of Orthoptera and on
the body surface of grasshoppers and cockroaches (Kaliszewski et al. 1995; Walter
et al. 2009). Many genera of this family are host-specific. For example, mites of the
genus Coccipolipus exclusively parasitize ladybirds of the family Coccinellidae, a
factor that can affect feeding and reproductive efficiencies of the hosts. Podapolipid
mites have recently received considerable attention owing to the prospect of utilizing
some species as biological control agents of some pests in agricultural ecosystems
(Kenis et al. 2008; Rhule et al. 2010; Seeman and Nahrung 2013) like Coccipolipus
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epilachnae Smiley on Mexican bean beetle, Epilachna varivestis Mulsant (Riddick
et al. 2009). The genus Podapolipoides, attacking grasshoppers, is another genus
which is useful in the natural control of some acridid pests, mostly Oedipodinae and
Cyrtacanthacridinae (Hajiqanbar and Joharchi 2011). Mites of this family are pri-
marily transmitted during copulation and are one of the so-called Sexually Trans-
mitted Diseases (STDs) of insects that can have a negative effect on fecundity and
reproductive parameters of the host and or increase mortality during hibernation
(Knell and Webberley 2004). Presently, this family encompasses 32 genera and
262 species that hitherto, eight genera (Eutarsopolipus, Dorsipes, Ovacarus,
Regenpolipus, Coccipolipus, Podapolipoides, Podapolipus and Tarsopolipus) and
18 species have been reported from Iran on beetles of the families Carabidae,
Scarabaeidae, Coccinellidae, Tenebrionidae and grasshoppers of the Acrididae
(Hajiqanbar et al. 2007, 2008; Hajiqanbar and Khoshnevis 2011; Hajiqanbar and
Mortazavi 2012; Mortazavi and Hajiqanbar 2012; Hajiqanbar 2013). The efficiency
of mites of the family Podapolipidae on their hosts is mostly unclear so, evaluation of
this aspect and biological studies on these mites and their hosts can elucidate further
their ability as biocontrol agents in future.

3.4 Conclusion

The mesostigmatic and prostigmatic mites include the most successful acarine
lineages in biological control programs, the reason these two main groups are
focused in this chapter. In Mesostigmata, undoubtedly, the family Phytoseiidae
encompasses the most economic and effective biocontrol agents particularly in
classical programs because of their recognized potential to feed on mites as well as
thrips and whiteflies. Hence, this family has been the subject of intensive studies
about biology, behavior, ecology and interactions with other natural enemies and
recently efforts are doing for mass-rearing methods and finding appropriate strate-
gies for conservation of native species. There is a need to continue the further
identification of native species and extend studies about releasing methods in the
fields and particularly greenhouses. Some members of the family Laelapidae can be
used as augmentative releases. The impact of other species of mentioned
mesostigmatic mites has to be more studied regarding their biological and behavioral
traits. In Prostigmata, the family Stigmaeidae is potentially useful in orchards
specially unsprayed ones. Some families like Tydeidae and Iolinidae are partly
predators and also can play their role as alternative prey and sanitizing agents.
Usefulness of some families such as Anystidae has a limited value. Some other
species or families in the country require more studies like Trombidiidae,
Podapolipidae and Acarophenacidae. Generally, basic researches including faunis-
tic, as well as biological and ecological studies are needed to find and elucidate more
effective and promising natural enemies.
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Chapter 4
Applied Ecology of Some Predacious Mites
in Iran

Hossein Madadi and Hashem Kamali

4.1 Introduction

Acarology – the study of mites and ticks- is a young field of science especially in
Iran. History review of predatory mite researches in Iran shows that most studies
have been done from the perspective of faunistic. Therefore, this chapter was
prepared from scientific resources available regarding the use of predatory mites as
biological control agents chiefly in greenhouses. Herbivorous mites mostly belong to
the superorder Acariformes, order Trombidiformes and suborder
Prostigmata (Lindquist et al. 2009b). The most important plant-feeding pest mites
are spider mites (family Tetranychidae), false spider mites (family Tenuipalpidae),
Acarid mites (family Acaridae), Tarsonemids (family Tarsonemidae) and eriophyid
mites (superfamily Eriophyoidea) that injure vegetables and ornamental plants
(Zhang 2003).

Two-spotted spider mite, (Tetranychus urticae Koch) (TSSM) is undoubtedly the
most invasive species in Iran and worldwide (Zhang 2003). This species has a wide
host range and more than 1200 species have been recorded to serve as host plants
(Zhang 2003), posing a major threat in Iran and cause yield reduction in all
agricultural and greenhouse products (Arbabi 2010). For many years, the primary
tactic for controlling herbivorous mites relies on synthetic chemical pesticides (Hoy
2011). Although especially after the Second World War, it has been confirmed that
this tactic did not work well and mites should be controlled using a rationale
framework named integrated pest management (IPM), employed multiple
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compatible tactics (Hoy 2011). IPM could be defined as a systemic approach in
which interacting components act together to reduce pest population to tolerable
levels and minimizing the disadvantages of pest control programes (Fathipour and
Sedaratian 2013; Pedigo and Rice 2015). Among the different controlling methods,
biological control using natural enemies has a unique position. Although biological
control will not eradicate all pest individuals and actually, it is not the goal of
biological control, it could be served as a foundation for a more comprehensive
pest control strategy, i.e. IPM, which combines a variety of pest control methods.
Biological control can be effective, economical, and safe and it should be more
widely used than it is today (Mahr et al. 2008).

During the past few years, considerable researches on many aspects of predatory
mites have been carried on by Iranian scientists however, a few of them were
developed and put into practice. To improve biological control measures using
predatory mites, attempts should be made to eliminate constraints and strengthen
local research programs. The results of researches with the aim of using predatory
mites in greenhouse products primarily were reviewed in this chapter.

4.2 Important Mite Pests

During the recent half century, mites damages have become gradually a problem in
the qualitative and quantitative production of agricultural products in Iran, but still,
there is no clear estimation of yield loss by mite pests. In the next parts, we tried to
cite some of the studies carried on by Iranian researchers on these important pests.

4.2.1 Two- Spotted Spider Mite

Because of the short life cycle under optimal temperature, this species has a quick
developmental resistance capability against pesticides than any other greenhouse
pest. This necessitates the higher application of acaricide dosages or frequency,
which in turn causes other associated hazards like pest resistance, pest resurgence,
toxic residual contaminations on fresh greenhouse products, human poisonings and
mortality of natural enemies and pollinators. Therefore, these disadvantages make
other environmentally safe control tactics are necessary for effective management of
T. urticae, especially within greenhouses (Zhang 2003).

Many different natural enemies are associated with T. urticae under field and
greenhouse conditions. These enemies are either predators or pathogens, but there
are no known parasitoids of spider mites so far (McMurtry et al. 1970). There are two
categories of predacious species in greenhouses that feed on two-spotted spider
mites; those which occur naturally and those which are artificially introduced. The
predacious phytoseiid mite, especially Phytoseiulus persimilis Athias-Henriot is the
major specialist species used to control two- spotted spider mites in greenhouses.
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However, some other predatory mites and insects have been used with different
outcomes. Several attempts have been undertaken to manage T. urticae populations
in agricultural crops, such as the application of new safe acaricides with the lower
concentrations plus release of predacious mites such as P. persimlis in glasshouses
on cucumber (Arbabi 2007), bean, cotton and soybean (Daneshvar and Abaii 1994).

4.3 Important Predatory Mites

4.3.1 Order Mesostigmata

4.3.1.1 Family Phytoseiidae

In the nineteenth century, phytoseiid mites were considered and released locally as
potential predators. Up to 1951, only 45 species were introduced for the world fauna
(McMurtry et al. 2015), but especially in the past six decades; they were studied
intensely which their number by April 2014 is estimated as 2709 spe-
cies (Kostianinen and Hoy 1996; Arbabi et al. 2011; McMurtry et al. 2015).
However, predation capacity for many species is unknown and probably only
3–5% of them can be used effectively against pest species (Sabelis 1985; McMurty
1982).

Phytoseiidae, the most well-known predatory mites has been generally consid-
ered as the most promising predators of pest mites and tiny insects on different crops
and ornamentals. They feed on fungi, pollen and nectar as supplements (Helle and
Sabelis 1985; Zhang 2003; Lundgren 2009). Interestingly, several species within this
family may develop and reproduce by feeding exclusively on pollen (Ferragut et al.
1987; Zhimo and McMurtry 1990; Grafton-Cardwell et al. 1999; Nomikou et al.
2002; Ragusa et al. 2009; Khanamani et al. 2017). They are voracious predators and
some of them have a high reproductive rate. These features collectively make them
as appropriate candidates against greenhouse pests including mites and thrips
(Koehler 1999). About 20 species are now mass reared commercially for biological
control purposes (Gerson et al. 2003).

4.3.1.1.1 Phytoseiulus persimilis Athias-Henriot, 1957

One of the earliest biological control experiences on greenhouse productions was car-
ried out by the Iranian Research Institute of Plant Protection (IRIPP) with Gyah Bazr
Alvand Co’s cooperation. In this project, 16 commercial natural enemies were eval-
uated on 12.93 ha cucumber, tomato, strawberry and bell pepper greenhouses for
two cropping systems in Teheran, Isfahan, Markazi and Ghazvin provinces. Among
those biological agents, the predatory mite species Amblyseius swirskii Athias-
Henriot was used against thrips and greenhouse whitefly and two species,
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A. clifornicus and P. persimilis were used against two-spotted spider mite
(Baniameri and Farokhi 2011).

Compared to the other predatory mite families reported from Iran, the fauna of the
Phytoseiidae is well known. According to the literature, about 85 recorded and
described species are known from Iran (McMurtry 1977; Sepasgosarian 1977;
Daneshvar 1978, 1980, 1987; Daneshvar and Denmark 1982; Hajizadeh et al.
2002; Kolodochka et al. 2003; Faraji et al. 2007; Rahmani et al. 2010; Zare et al.
2012; Asali Fayaz et al. 2013; Hajizadeh and Mortazavi 2015). The unique monoph-
agous species of this family, P. persimilis firstly was introduced into Iran from the
Netherlands (Wageningen University) in 1988 (Daneshvar 1989) after its wide-
spread dispersal in European countries and the USA (Shirazi et al. 2011). This
species was proved to be effective in controlling spider mites under greenhouses
and outdoor conditions (Daneshvar and Abaii 1994). Since then, huge lots of studies
considered its biology, efficiency, functional and numerical responses, pesticide
tolerance, dispersal pattern, patch residence behaviour, chemical ecology, and
even mass rearing requirements.

Studying the chemical ecology of P. persimilis and olfactory response of this
predator is among the interesting research fields, which directly influence the
efficiency of this biocontrol agent. Regarding this point, the attractive response of
P. persimilis to common bean volatiles (from four cultivars) induced by T. urticae
feedings have been evaluated and confirmed that the quality and quantity of volatiles
released by different host plant species significantly influenced on attractiveness of
P. persimilis (Tahmasebi et al. 2012; Maleknia et al. 2012). Furthermore, experi-
enced predators showed a higher response to T. urticae infested red bean leaves than
naïve individuals (Mohammadi et al. 2012). However, further studies still should be
carried on to elucidate the role of HIPV (Herbivore-induced plant volatiles) as
an attracting source of P. persimilis toward infested host plants (Zahedi Golpayegani
et al. 2010).

This predator showed type III functional response to two- spotted spider mites;
however, it has been reported that according to handling time and age-stage con-
sumption rate, Typhlodromus bagdasarjani Wainstein & Arutunjan, 1967 is signif-
icantly more efficient in predation on T. urticae eggs than P. persimilis (Moghadasi
et al. 2013a, b). Interestingly, despite more predation efficiency, the intrinsic rate of
increase of T. bagdasarjani was significantly lower than the corresponding value of
P. persimilis on spider mite eggs (Moghadasi et al. 2013c). The possible outcome of
combined application of P. persimilis with other biocontrol agents (e.g. Beauveria
bassiana (Bals.-Criv.) Vuill. (1912)) on two- spotted spider mite population have
been studied (Seiedy and Tork 2013; Zamanpour et al. 2019) and it has been reported
that in some cases they were not compatible (Seiedy and Tork 2013). This claim was
proved when it has been shown that P. persimilis refused to attack to Beauveria
bassiana-infected spider mites (Seiedy et al. 2012). This finding could be important
in the simultaneous releasing of these two agents.

Recently, some researches studied the effect of different acaricide residues on life
table parameters, fecundity and demography of P. persimilis e.g., it has been shown
that Primphos methyl (Actellic®) did not have any hazardous effect for P. persimilis.
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However, this insecticide is no longer used to suppress whiteflies (Kavousi et al.
2000). Moreover, tondexir® and fenpyroximate were moderately and highly toxic
for P. persimilis according to field bioassay tests (Nadimi et al. 2006; Hamedi et al.
2010; Kabiri Raeis Abad and Zaree 2017), whereas, the Hexythiazox was found safe
(Nadimi et al. 2006; Ersin and Madanlar 2006). Sanatgar et al. (2011) assessed the
effect of hexythiazox spraying on the development, mortality and reproduction of
P. persimilis. The obtained results showed that various frequent sprayings of
hexythiazox (at 1, 7 and 15th generations) had no significant effect on the total
pre-imaginal developmental period of P. persimilis among multiple generations.
However, comparison of different stages revealed that frequent use of hexythiazox
caused a shorter development time for larvae and protonymphs. Their results showed
that frequent application of hexythiazox increased the pre-oviposition period of
P. persimilis, but the adult longevity decreased after 7 and 15 generations (the
second and third sprayings), means that the feeding period of P. persimilis declined.
Ultimately, they concluded that frequent sprayings with hexythiazox has no negative
impact on the biological characteristics of P. persimilis (Sanatgar et al. 2011).

In a comparative study, the effect of mineral spray oil (MSO) and imidacloprid
sprayings on some phytoseiid life stages were compared and less toxic effect of
MSO spraying on eggs and preimaginal stages of Phytoseiids was proved (Kord
Firozjaee and Damavandian 2018). A laboratory bioassay experiment also showed
the adverse impact of bifenazate on life table parameters of P. persimilis despite the
non-significant lethal effect on adults (Sanatgar et al. 2012). Despite many labora-
tory bioassays, a more detailed understanding of toxicity under field conditions is
required before any recommendations for their suitability or unsuitability of those
acaricides in IPM programs (Nadimi et al. 2008b). Prebloom application of insec-
ticidal oils has little or no effect on overwintered phytoseiid mites because of their
habit of seeking protected sites, still it can significantly reduce overwintering
European red mite (Panonychus ulmi (Koch, 1836)) eggs, allowing predator
populations to grow concerning the pest’s numbers. A single application of highly
refined petroleum oil sprayed after petal fall (“summer oil”), has little impact on
predators at rates of 1% or less. The combined use of this species plus Volk® oil
showed their compatibility in reducing T. urticae population (Hosseininia and
Arbabi 2008).

Most of Persian surveys on P. persimilis restricted to highly sophisticated studies
carried on under laboratory conditions, which it is so much challenging to extrap-
olate their outcomes to real situations. However, few studies have carried on
microcosm or more complex setups (Farid and Daneshvar 1995; Shirdel et al.
2000). As a rare case, the effect of three releasing densities of P. persimilis on
two- spotted spider mite populations has been evaluated on rose (Tavosi et al. 2017).
They concluded that 1:10 predator: prey ratio at the initial stages of spider mite
infestation gave the best results and could be used to control T. urticae population. In
this case, three predator-prey ratio of P. persimilis and T. bagdasarjani were tested
on cucumber seedlings and reported that 1:4 rate (predator: prey) reduced two-
spotted spider mite populations significantly (Moghadasi and Allahyari 2016).
Shirdel et al. (2000) and Farid & Daneshvar (1995) reported that four and five
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female of P. persimilis per cucumber seedling (at five leaves stage) and eggplants
respectively stopped the increasing trend of two- spotted spider mite (TSSM)
population but they did not record the number of T. urticae different developmental
stages. Contrary to previous documents, studying the different releasing method and
predator-prey ratio of P. persimilis against two- spotted spider mites showed that this
species even at high predator-prey ratio could not suppress T. urticae population on
strawberry, which might be assigned to leaf trichomes of host plant (Arbabi 2015).
Dispersal pattern studies on greenhouse roses showed the aggregated pattern for
T. urticae and P. persimilis (Ahmadi et al. 2017). Nearly all of these researches have
been done within greenhouse while as a special case, once release of P. persimilis
plus half recommended dose of Propal acaricide produced the good results in terms
of TSSM population suppression (Mohiseni et al. 2006).

P. persimilis is the most outstanding predatory mite species used in greenhouses,
but many other Phytoseiids feed on spider mites and other pests; possibly contrib-
ute to control them in greenhouses which some species would be reviewed as
follows.

4.3.1.1.2 Neoseiulus spp. Hughes, 1948

Neoseiulus genus sensu stricto is a large and well-known Phytoseiid group (By April
2014, 397 species had been identified, of which 355 species were valid) (Demite
et al. 2014). This genus contains many species some are among the major and
effective natural enemies of mites, whiteflies, and thrips. Here, we tried to address
some researches carried out on different species of this genus.

There are some Persian studies on life history, mass production, prey preference,
spatial distribution, feeding history, intraguild predation, predation rate and preda-
tion efficacy of this predator species commonly carried on leaf discs at unreal
laboratory conditions. For instance, it has been proved that feeding premature stages
of Neoseiulus californicus (McGregor) with different pollens and two- spotted spider
mite positively influenced this predator’s predation rate (Rezaie and Montazerie
2015). In a comparative survey, the superiority of N. californicus over
T. bagdasarjani according to daily fecundity and population size has been recorded
(Farazmand et al. 2013). Moreover, based on the attack rate and the handling time,
they reported N. californicus was more efficient biocontrol agent of T. urticae on
cucumber leaves than T. bagdasarjani (Farazmand et al. 2012a). Patch- leaving
behaviour of N. californicus has also been studied and the positive effect of
increasing prey density on patch residence and predator oviposition rate has been
shown (Nadeali et al. 2012).

In an applied study, the mold mite, Tyrophagus putrescentiae (Schrank) as a prey
and Agar oviposition substrate increased the predator’s fecundity and survival.
Furthermore, among pollens tested, the date palm and walnut ones fortified with
spider mite eggs produced the highest longevity (Rezaie and JavanNezhad 2018).

As stated above, there are few studies on N. cucumeris carried on real experi-
mental conditions. Microcosm setup, which is a semiartificial rather complex arena
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used to study the original behaviour of organisms while does not have many
deficiencies of artificial setups showed that N. californicus could be used with
Scolothrips longicornis Priesner simultaneously to suppress T. urticae population
(Farazmand et al. 2012b).

It has been shown that strawberry cultivars did not affect type of functional
response of N. californicus to Western flower thrips (Frankliniella
occidentalis (Pergande)) and on all tested cultivars, the predator showed type II
response (Rezaie et al. 2017). This predator was more efficient on Chandler’ and
‘Yalova’ cultivars could be assigned to glabrous surface of leaves. This point gets
more interesting when it has been reported that in olfactometer bioassay,
N. californicus preferred Chandler than other commercial cultivars (Rezaie 2016).
Host plant cultivars not only affect predation efficiency or prey preference but they
are influenced on spatial distribution of N. californicus (Rezaie et al. 2012).

Investigating the side effects of different acaricides and insecticides through
toxicological bioassays is one of common research fields in Iran as noted earlier.
In a toxicological bioassay, it has been demonstrated that two common acaricides,
spirodiclofen and spiromesifen residues was not harmful for N. californicus after
14 days past application and could be used within an IPM context against two-
spotted spider mites (Sarbaz et al. 2017). Besides, spirodiclofen could be considered
as a safe compound for N. californicus according to survival and predation rate data
(Aflaki et al. 2016). However, the undesirable effects of Thiamethoxam (Actara®)
sublethal doses on some demographic parameters of this predator makes it as an
unsuitable candidate (Havasi et al. 2017).

Neoseiulus barkeri Hughes is another known spider mite predator, which has
been considered e.g., it was cleared that the leaf trichomes of strawberry negatively
influences some biological parameters of N. barkeri, like intrinsic rate of increase,
generation time and net reproductive rate (Rezaie 2013). N. barkeri as a native
predator of Tetranychids and thrips pests and as a type II lifestyle species (McMurtry
et al. 2013) can survive and reproduce on alternative diets e.g. different pollens. This
species certainly drew less attention than N. californicus and Persian investigations
restricted to some laboratory life table, functional response, or predation rate studies.
Unlike most phytoseiids, higher temperature does not significantly reduce the preda-
tion rate of this predator and the highest daily prey consumption was recorded at
35 �C (Jafari et al. 2010a). Similarly, the upper thermal threshold and optimum
temperature for the development of N. barkeri were estimated as 38.8 and 33.29 �C,
respectively (Jafari et al. 2010b). The suitability of several different nutritional diets
and pollens to N. barkeri has also been studied (Rezaie 2010c, 2018; Rezaie and
Askari 2015). Those studies confirm that N. barkeri was able to complete its life
cycle and reproduce on onion thrips plus corn pollen, corn, walnut and date pollens
and these could be used as additional food regimes.

Neoseiulus (¼ Amblyseius) cucumeris as an important type III lifestyle predator
of thrips and two- spotted spider mite (McMurtry et al. 2013) have been considered
scarcely in Persian papers. To study its predation efficiency, it has been proved that
this predator showed the highest performance on glabrous leaves of sweet pepper,
while on hairy surfaces of cucumber it was not able to suppress pest population.
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Accordingly, leaf trichomes reduced the searching efficiency of N. cucumeris on
cucumber and eggplant than on sweet pepper (Madadi et al. 2007) (Fig. 4.1).

4.3.1.1.3 Typhlodromus bagdasarjani Wainstein and Arutunjan

Typhlodromus bagdasarjani Wainstein and Arutunjan is an widespread indige-
nous species of the Middle East with high abundance in orchards of Iran (Kamali
et al. 2001). It has been frequently reported on plants infested by spider mites,
eriophyids, tydeids, or insect pests such as thrips and whiteflies (Daneshvar
1993; Riahi et al. 2015). T. bagdasarjani is an effective biocontrol agent in green-
houses and outdoors when temperatures are above 20 �C (Ganjisaffar et al. 2011a, b)
and has a population growth rate equal to or greater than that of its prey, TSSM on
both susceptible and resistant eggplant cultivars (Khanamani et al. 2013, 2014) and
strawberry (Mortazavi et al. 2015b). According to Ganjisaffar et al. (2011a), tem-
perature affects the feeding capacity of all life stages of T. bagdasarjani, except the
larvae. Food consumption of immature stages increased with increasing temperature
from 15 �C to 25 �C. Therefore, it could conclude that the optimal temperature for
predation of this predator was about 25 �C. It has been reported that this species
showed type II functional response to Cenopalpus irani Dosse, 1971 (Acari:
Tenuipalpidae) P. ulmi and TSSM eggs and it may be a potential candidate against
C. irani especially at low densities (Shirdel and Arbabi 2012b; Mortazavi et al.
2015a; Bazgir et al. 2019a). However, T. bagdasarjani exhibited type III functional
response to TSSM eggs on rose leaf discs (Moghadasi et al. 2012b), might be
influenced by the physical properties of leaves, whereas all stages of this predator
preferred T. urticae eggs than other stages significantly (Moghadasi et al. 2012a).
The biology or life table of T. bagdasarjani have not been studied extensively in
Iran; however, in an investigation about the effect of seven pollen types on biological
parameters, almond pollen has been determined as the most suitable for growth and
reproduction of this predator (Riahi et al. 2015).

Fig. 4.1 Neoseiulus cucumeris feeding from first instar larvae of Thrips tabaci
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According to Farazmand and Fathipour (2015), three predator species
N. californicus, T. bagdasarjani and S. longicornis, in single-predator or
combined-predator releases, affected to control TSSM on cucumber plants. They
observed that TSSM control was at equivalent levels under different predator
combinations. Their study showed that the predator combinations did not increase
pest suppression inevitably compared with single application treatments. They
observed that the densities of two phytoseiids, N. californicus and T. bagdasarjani
were similar in the absence or presence of each other, suggesting that intraguild
predation may not occur between the two phytoseiid species and when extraguild
prey present, they did not engage in intraguild predation (Farazmand et al. 2012c).
Moreover, a combined release of the two species did not significantly impact TSSM
density than when each predator was released alone. It is noteworthy that
N. californicus is a specialist predator, but T. bagdasarjani is a generalist (McMurtry
et al. 2013). However, both species belong to Type III lifestyle and are able to
survive in the absence of main prey (T. urticae) (Farazmand et al. 2012c).

Their results showed that all three species are effective predators of T. urticae
under microcosm conditions and suggest that they can be used in combination
without decreased efficacy through intraguild predation. This study has implications
for the use of multiple species of predators in biological control programs. However,
because of the short experimental period, and a practical application of their findings
for biological control of TSSM, further comprehensive long-term studies in exper-
imental greenhouses are necessary for a full evaluation of the biocontrol efficiency of
the three predators (Farazmand and Fathhipour 2015).

Toxicological bioassay confirmed the negative effect of spirodilofen on survival,
daily oviposition and daily predation rate while Azadirachtin seems safe to this
predator (Seidpisheh et al. 2016). Besides laboratory assays, the aggregated spatial
distribution of this predator in relation to T. urticae on apple was shown. However,
a density-independence predation pattern on T. urticaemight create suspicions about
its efficacy (Darbemamieh 2008).

4.3.1.1.4 Amblyseius swirskii Athias-Henriot

Recently, this predator has been noticed as a candidate against mites, whiteflies and
thrips pests in Iranian greenhouses, which among them prefers spider mite than
greenhouse whitefly nymphs (Heydari et al. 2016a). However, quite unexpect-
edly, this species had higher predation on T. vaporariorum eggs than T. urticae
eggs on leaves heavily covered by fine silk webs of T. urticae (Mortazavi et al.
2017b). Different studies on life table, effect of pesticides, intraguild interactions,
cannibalism, predation rate, switching and prey preference, patch and oviposition
behavior, predator-prey dynamics of A. swirskii carried out during last decade in Iran
(Rezaie 2010a; Haghani et al. 2013; Askarieh Yazdi et al. 2015; Soleymani et al.
2015, Jalili Zenoozi et al. 2016; Heydari et al. 2016a, b; Mortazavi et al. 2017a;
Fadaei et al. 2018). This predator showed a type II response to young instar nymphs
(first and second instars) of greenhouse whitefly. Meanwhile, with increasing prey
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and decreasing predator densities, the predation rate increased (Farhadi et al. 2015).
Functional response of A. swirskii to untreated and Beauveria bassiana-infected
F. occidentalis larvae were surveyed under laboratory conditions after three intervals
past spraying. They showed time after spraying did not influence type of functional
response and at all intervals this predator exhibited type II response. However,
spraying with B. bassiana reduced attack rate and increased handling time in
24 and 36 hours treated than control (Heidarian Dehkordi et al. 2017).

Numerical response- an increase in predator numbers in response to increasing
prey densities – has been considered as an important factor affecting the number of
prey killed (Holling 1961). However, because of difficulties in doing such experi-
ments, predators’ numerical response have rarely been studied compared to func-
tional response. This is true for predatory mites. As a rare case, the numerical
response of A. swirskii to different developmental stages of Eotetranychus frosti
(McGregor) (Acari: Tetranychidae) showed the suitability of first instar nymphs than
other prey stages for predator reproduction (Bazgir et al. 2019b).

The suitability of different species as prey has been investigated through life table
studies. Accordingly, the life table of A. swirskii on different prey species has been
studied and different values were reported for demographic parameters under vari-
ous situations (Table 4.1). The non-hatchability process of mold mite eggs showed
this process significantly decreased the life history parameters of A. swirskii
(Pirayeshfar et al. 2017a) (Table 4.1). The life table of A. swirskii on Phyllocoptes
adalius Keifer, an important pest of roses plants, showed that A. swirskii developed
successfully on this pest species and could be used as a biological control agent
(Maroufpoor 2016). Additionally, the temperature-dependent two-sex life table of
A. swirskii was studied using dried fruit mite Carpoglyphus lactis L. (Astigmata:
Carpoglyphidae). Hence, the intrinsic rate of increase (r), net reproductive rate (R0)
and finite rate of population increase (λ) were significantly higher at 25 �C than other
temperatures and the highest population growth of A. swirskii occurred at this point
(Jafari et al. 2016). Life table studies confirmed that cattail and olive pollens as
supplemental food sources increased the fecundity and intrinsic rate of increase of
A. swirskii (Pirayeshfar et al. 2017b).

The effect of different temperatures on oviposition and development showed the
highest fecundity was occurred at 25 �C. Moreover, using linear and non-linear
models, temperature threshold (T0) and thermal constant (K) were estimated
(Farazmand and Amir-Maafi 2019; Farazmand 2019).

Besides life table studies, the effects of different rearing beds on fecundity and
developmental time showed that mulberry leaves were the most suitable for mass
rearing of A. swirskii (Rezaie 2010b).

4.3.1.1.5 Other Phytoseiid Species

In addition to the above-mentioned species, there are scatter publications on other
less important phytoseiid species commonly published in conference proceedings.
One of the major species from this list is Phytoseius plumifer Canestrini and
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Fanzago. The temperature dependent functional response of P. plumifer to
Rhyncaphytoptus ficifoliae Keife adults confirmed that temperature did not affect
the type of response but did on searching efficiency and handling time (Kouhjani
Gorji et al. 2009). According to functional response parameters, the optimum
temperature for P. plumifer was 25 �C associated with the highest attack rate and
lowest handling time (Louni et al. 2016), while the maximum gross fecundity and
fertility values were recorded at 25 and 30 �C (Kouhjani Gorji et al. 2010).
Conclusively, they recommended 25–30 �C as the best temperature for using
P. plumifer (Kouhjani Gorji et al. 2008). Moreover, in a laboratory bioassay,
according to residue tests of IOBC recommendation, proved that two acaricides
fenpyroximate and abamectin was harmful for this species (Nadimi et al. 2008a). In a
field research, Baradaran Anaraki and Arbabi (2008) claimed that P. plumifer could
not control fig spider mite successfully, which could be allocated to late emergence
and inability to feed on adults.

Table 4.1 The demographic parameters of Amblyseius swirskii fed by different regimes

Prey species
Temperature
(�C)

r
(day�1)

R0

(offsprings)
Λ
(day�1) References

T. urticae (Preimaginal
stages)

25 0.224 12.14 1.252 Soleymani et al.
(2015)

Bemisia tabaci
(Preimaginal stages)

25 0.12 3.90 1.128 Soleymani et al.
(2015)

T. urticae (without silk
webs)

25 0.141 12.66 1.152 Mortazavi et al.
(2017a)

T. urticae (with silk
webs)

25 �0.0076 0.87 0.992 Mortazavi et al.
(2017a)

Trialeurodes
vaporariorum
(Westwood) on honey-
dew free leaves

25 0.132 8.46 1.141 Mortazavi et al.
(2017a)

Trialeurodes
vaporariorum
(Westwood) on honey-
dew infested leaves

25 0.171 18.64 1.186 Mortazavi et al.
(2017a)

Phyllocoptes adalius 25 0.172 12.59 1.18 Maroufpoor
(2016)

Carpoglyphus lactis L. 25 0.304 33.82 1.35 Jafari et al.
(2016)

Tyrophagus
putrescentiae live eggs

Not indicated 0.343 60.03 1.409 Pirayeshfar et al.
(2017a)

Tyrophagus
putrescentiae
non-hatchable eggs

Not indicated 0.3 23.94 1.39 Pirayeshfar et al.
(2017a)

Soybean pollen 25 0.09 2.27 1.09 Fadaei et al.
(2018)
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Another phytoseiid species reported from Iran is Amblydromella kettanehi Den-
mark and Daneshvar (Acari: Phytoseiidae) (Mossadegh 1995). The population
fluctuations of A. kettanehi in response to temperature, humidity, frost duration
and rainfall were studied in Tehran Province on Pinus eldarica Medw. The results
showed the significant positive effect of increasing temperature while rain, snow and
the number of freezing days influenced negatively (Arbabi and Baradaran 2001).
Laboratory study showed females need 10.7 days to complete their developmental
time averagely (Shirdel et al. 2006b), while Arbabi and Baradaran (2000) reported
5.5 � 1.5 days for this period. This predator showed the type II functional response
to all stages of T. urticae (Shirdel et al. 2004a) and by feeding on stored product
mites, it might be responsible for hive hygiene (Mossadegh 1995).

Euseius finlandicus as a type IV lifestyle species has scarcely been considered
and there is little information about its biology or efficacy, especially under field
conditions. Searching into Persian documents revealed that females and males’
developmental time is 7.71 and 7.21 days respectively (Shirdel et al. 2004b). In
this regard, it has been shown that this predator showed type II functional response to
different densities of two- spotted spider mite and European red mite larvae and
females (Shirdel et al. 2006a; Shirdel and Arbabi 2012a). However, this study
carried on apple leaf discs under artificial climate chamber conditions and might
be difficult to extend to real conditions.

Amblyseius herbicolus Chant as generalist predator of T. urticae Koch and
mulberry thrips Pseudodendrothrips mori Niwa has wide distribution in North
parts of Iran (Guilan province) (Notghi Moghadam et al. 2008). This predator
preferred T. urticae to mulberry thrips under laboratory conditions when encoun-
tered with these two pests simultaneously (Notghi Moghadam et al.
2010). Abbasipour et al. (2012) indicated that the predatory mites fauna associated
with tea plants includes many species in Northern parts of Iran, especially Guilan
and Mazandaran provinces. Among these, A. herbicolus was highly distributed with
very diverse hosts; feeds on different phytophagous mites and small insects
(Hajizadeh 2007). It might be exploited as a beneficial species in the tea gardens,
but, still its rearing procedure is obscure. It is one of the beneficial species respon-
sible for keeping scarlet tea mite, Brevipalpus obovatus Donnadieu populations
under control in tea plantations.

In addition to the cited species, there are sporadic and preliminary documents
about other less well- known phytoseiid species, which are mostly restricted to
laboratory biology or bionomics. The preliminary study on Phytoseius tropicalis
Daneshvar (Acari: Mesostigmata) showed this species completed its life cycle on
TSSM eggs and larvae (Nemati et al. 2008).

According to Rafatifard et al. (2004), Typhlodromips caspiansis Denmark and
Daneshvar is a common predator of plant mites in Guilan province and has a wide
range in the whole region. Regarding daily oviposition rate, developmental time and
adult longevity of T. caspiansis by feeding from three related prey species
(Panonychus citriMcGregor, T. urticae andOligonychus bicolor Banks) this species
can be exploited as an efficient natural enemy against spider mites, especially
O. bicolor in Guilan province (Rafatifard et al. 2004).
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A survey by Javadi Khederi and Khanjani (2014) in western Iran (mainly
Hamedan Province) showed that large number of natural enemies are associated
with the leaves infested by grape erineum mite, Colomerus vitis (Pagenstecher)
(Acari: Eriophyidae). The main predators were dipteran Cecidomyiids, Tydeid and
Phytoseiid mites, while Typhlodromus (Anthoseius) khosrovensis Arutunjan and
T. bagdasarjani abundance was as low as 11% of the total natural enemies complex.

4.3.1.2 Family Tydeidae

Tydeidae family have been reported by different authors to prey on eriophyid mites,
including Tydeus caryae Khanjani and Ueckermann on the walnut leaf gall mite,
Aceria tristriata (Nalepa) (Khanjani and Ueckermann 2003). Reports indicating
tydeids feeding on pests are rare. As a case, the spatial distribution pattern of Tydeus
longisetosus El-Bagoury &Momen have been determined as random and aggregated
on Golden delicious and Go-lab apple varieties, respectively (Khodayari et al. 2009).

4.3.1.3 Family Ascidae

Mites of this diverse family constitute an important group of predatory arthropods
common in soil, on plants and stored products, fungi, nests of rodents, birds and even
under the elytra of ground beetles. Some species are in close association with
humans and animals (Hajizadeh et al. 2010a, b). They are also among the gamasine
mites, which are useful as biological indicators of soil conditions and changes in soil
ecosystems (Minero et al. 2009; Kazemi and Moraza 2013) and feed on a variety of
nematodes, small arthropods like astigmatid mites and springtails. In the catalogue
of Ascidae (Acari: Mesostigmata) from Iran (Nemati et al. 2012) based on the
information gathered from the published studies, nine genera and 26 ascid species
in total are known to inhabit the various parts of country. No information about their
efficiency and effectivenes as biological control agents against pests is not available
yet in Iran.

4.3.1.4 Family Laelapidae

This family belongs to superfamily Dermanyssoidea, which includes free-living and
parasitic mites (Moreirea and de Moraes 2015; Lindquist et al. 2009a). Due to the
predatory importance of Laelapid mites and their crucial role in the natural control of
injurious edaphic pests such as arthropods and nematodes, a faunistic study was
carried out for the identification of laelapid mites associated with olive orchards in
Guilan province, Iran. During this study, 18 species belonging to nine genera were
collected and identified. All species are new for olive orchards mite’s fauna of Iran
(Mahjoori et al. 2014).
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There are not so many documents about the role of Laelapids in pest popula-
tion suppression in Iran despite the recognized potential of those mites for the control
of soil pests. There are only some preliminary studies on basic biology and life table
of the most prominent species of this group,Gaeolaelaps aculeifer (Canestrini). This
species extracted and reported from many parts of Iran including saffron fields of
Khorasan Razavi. The role of commercial species G. aculeifer and its preference
aginst Sciarid fungus gnats (Lycoreilla auripila Winn., a key pest of button mush-
rooms) and its interaction with entomopathogenic fungi have been studied recently
(Tavoosi ajvad et al. 2020). Additionally, some investigations about the possiblity of
mass rearing this predator have been done (Baradaran et al. 2014). To rear this
predatory mite, four methods were used, Tashiro and Hufaker cages, cultured cells
and culture PDA. It has been confirmed that this species is nematophagous, thus as a
result, it could be breed on thin potato slices with a diameter of less than 5 mm
infected with Cephalobidae nematodes were used as a food source and oviposition
substrate (Baradaran Anaraki et al. 2013).

The single study about the biology of this species pertains to Amin et al. (2014)
who considered the life table of Hypoaspis (¼Gaeolaelaps) aculeifer fed by bulb
mite, Rhizoglyphus echinopus (Fumouze & Robin, 1868). Moreover, there are some
unpublished informal documents about the introducing G. aculeifer to gladiola or
other bulbous host plants in Mahalat (Iran, Markazi Province).

4.3.1.5 Family Parasitidae

The cosmopolitan mites of the family Parasitidae are free-living predators. The
family generally feeds on a wide variety of microarthropods and nematodes, with
individual species usually having a narrower range of prey. The Parasitidae group
has poorly been studied in Iran. Up to now, 24 species have been reported. (Rahmani
2011; Kazemi et al. 2013; Nazari and Hajizadeh 2013).

4.3.2 Order Prostigmata

4.3.2.1 Family Trombidiidae

The mites of the family Trombidiidae are the large red velvet mites commonly found
in soil, litter and other terrestrial habitats.

The biology of two species of Allothrobium genus, Allothrombium pulvinum
Ewing and A. shirazicum Zhang, 1996 has been studied (Saboori and Kamali
1995, 1998). Research carried out in Iran showed that the A. pulvinum is a common
natural enemy of spider mites, aphids, and other arthropods (Saboori and Kamali
1995; Hosseini et al. 2002a). It is univoltine and overwinters as adult under the
tree barks or in the soil. After mating in spring, females lay their eggs on weeds or the
soil surface. The eggs hatch in May, larvae population reaches its peak value in
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June, nymphs emerge in early summer, and adults appear in autumn under the
Northern climatic conditions of Iran (Saboori and Kamali 1995). Larvae are ecto-
parasites of aphids, whereas deutonymphs and adults are free-living predators of
aphids and spider mites. In Northern Iran, A. pulvinum was found on many plants
such as apple, walnut, forest trees and primarily citrus trees (Zhang and Faraji 1994).
They are fast-runners and have high searching abilities (Saboori and Zhang 1996);
adults are most abundant in citrus orchards from September to June (Saboori and
Zhang 1996). Feeding on the eggs of Planococcus citri (Risso) (Hemiptera:
Pseudococcidae) and Pulvinaria aurantii Cockerell (Hemiptera: Coccidae) by
A. pulvinum adults observed for the first time in citrus orchards at the end of spring.
The predation was mostly observed between early May and mid-June when the main
prey population (nymphs and adults of aphid species, such as Toxoptera aurantii
Boyer de Fonscolombe and Macrosiphum rosae L.) was low or absent in citrus
orchard. Noteworthy, P. citri and P. aurantii are the most important pests of citrus in
this region.

High humidity is the most critical factor for A. pulvinum oviposition and devel-
opment (Saboori and Zhang 1996). Host species selection, host size selection, and
superparasitism with mite larvae was studied with two-choice test. Three aphid
species used were Macrosiphum rosae, Aphis gossypii Glover, 1877 and
Hyalopterus amygdali (Blanchard, 1840). In multiple-choice tests, larvae of
A. pulvinum did not show any significant preference for any aphid-plant association
when confronted with M. rosae on rose, A. gossypii on cucumber and H. amygdali
on apricot simultaneously. Two-choice tests showed that larvae preferred
H. amygdali to A. gossypii, but had no preference when offered a choice between
A. gossypii andM. rosae or betweenH. amygdali andM. rosae. In host size selection
and superparasitism tests, significantly more mites selected the larger host
(M. rosae). Furthermore, parasitized H. amygdali preferred to unparasitized ones
(Hosseini et al. 2002b). Therefore, it seems that data on the host preferences of this
predator could be helpful for predicting its potential in the biological control of those
pests. Due to the wide occurrence and abundance of A. pulvinum in citrus orchards in
the North of Iran, and because they have high searching abilities, they could be
effective biocontrol agents of some citrus pests (Saboori and Zhang 1996). P. citri
and P. aurantii have a synchronized presence in citrus orchards and ornamental
plants in this region, and at the same time (mid to late spring, from early May to
mid-June) A. pulvinum adults are at the end of their annual cycle, after mating and
ovipositing. Thereupon, this mite can act as a biocontrol agent that could reduce the
populations of these two pests by consuming their eggs. These eggs could serve as
an alternate diet and may increase the adult’s longevity from early May to mid-June.
Because P. citri and P. aurantii are important pests of citrus trees and ornamental
plants in this region, the use of this mite should be taken into account and efforts
should be made to conserve its populations in natural habitats. Furthermore, some
integrated pest management (IPM) programs, incorporating the use of this mite with
other biocontrol agents in citrus orchards such as Cryptolaemus montrouzieri
Mulsant and Chilocorus bipustulatus Gordon (Col.: Coccinellidae) to reduce the
populations of these important pests recommended (Saboori et al. 2003).
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4.3.2.2 Family Cunaxidae

The members of the family Cunaxidae are cosmopolitan and free-living predatory
mites that ambush their prey; Overall, few data are available about the effectiveness
of Cunaxidae to control key plant pests in Iran (Den Heyer et al. 2011a, b).

4.3.2.3 Family Stigmaeidae

The Stigmaeids belongs to the superorder Acariformes, order Trombidiformes,
suborder Prostigmata, (Lindquist et al. 2009b). Members of this family have been
collected from diverse habitats including foliage, buds and flowers, soil, litter mosses
and lichens, fallen leaves, nests of birds and rats (Zhang 2003).

The genus Stigmaeus Koch, 1836 recorded from most parts of the country. To
date, 27 species of the genus have been recorded and described from Iran (Fakhari
et al. 2015). More than 35% of the species are free-living predators on plant leaves
and branches. These species are mainly from two genera, Agistemus and Zetzellia
(Gerson 1972). Agistemus and Zetzellia usually prefer to feed on immatures than
adults of spider mites. Zetzellia mali (Ewing) prefered to feed on active apple rust
mite, Aculus schlechtendali than eggs of European red mite, Panonychus ulmi; and
eggs more than quiescent nymphs of P. ulmi (Clements and Harmsen 1993). It also
has been recorded as a predator of C. irani (Rashki et al. 2004). This species showed
aggregative spatial distribution pattern and density-dependent predation on C. irani
and Bryobia rubrioculus Scheuten (Acari: Tetranychidae) in Kermanshah province
(Darbemamieh 2008; Darbemamieh et al. 2009) but, despite of aggregated dispersal
pattern, it showed density independent reaction to its prey, P. ulmi on apple trees
(Rahmani et al. 2008).

Few number of the Iranian Stigmaeidae has been identified and for a long time,
researches were restricted to Z. mali (Ewing) and A. macrommatus Gonzales. These
mites can live in the soil and organic matter (Khanjani and Uckerman 2003;
Khodayari et al. 2008). However, they could also survive on pollen, fungal spores
and plant sap (Khodayari et al. 2008). Three species of Zetzellia including Z. mali
(Ewing), Z. kamali Kheradmand, Fathipour and Ueckerman, and Z. pourmirzai
Khanjani and Ueckerman are recorded from Iran. Z. pourmirzai, a near species to
Z. mali, has been found in Kermanshah province (Khanjani and Ueckermann 2008).
This species has been considered as a predator with the same foraging regimes
(Darbemamieh 2008), and has the ability of surviving for a long time on low
prey densities (Villanueva and Harmsen 1998). Quantitative knowledge of spatial
distribution patterns of plant feeding mites and their natural enemies is essential for
understanding their interactions and developing reliable sampling plans for moni-
toring pest and predator abundance (Onzo et al. 2005; Athanassiou et al. 2005). The
results of a study by Darbemamieh et al. (2011) showed that the spatial distribution
indices of the Z. pourmirzai and its two preys (C. irani and B. rubrioculus) can be
used in designing sampling programs as well as in the proper estimation of their
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population densities in apple orchards. Although frustrating results showed the
density independent predatin by Z. mali on two main preys E. frosti and Tydeus
longisetosus (ElBagouy and Momen) in apple orchards (Khodayari et al. 2009).

The intraguild interaction response between Z. mali as intraguild prey and
predatory thrips, S. longicornis as intraguild predator was studied. It has been
confirmed that the simultaneous presence of thrips and hawthorn spider mite,
Amphitetranychus viennensis (Zacher) on upwind plants led to a withdrawal of
Z. mali toward higher parts of host trees (Zahedi Golpayegani et al. 2019).

4.3.2.4 Family Anystidae

A survey of mites associated with pistachio tree, Pistacia vera (Linnaeaus) and
Pistacia mutica Fischer and Meyer (Sapindales, Anacardiacae) was carried on in one
of the main pistachio-production region of Iran (Kerman province) (Mehrnejad and
Ueckermann 2001). Fourteen mite species belonging to eleven families reported
from cultivated and wild pistachio trees. One of the most abundant predator species
found was Anystis baccarum (Linnaeus). This mite is predacious on other mites and
small insects, although because of highly cannibalistic habit, it is difficult to rear. In
the pistachio orchards, this species was found in psyllid colonies, Agonoscena
pistaciae Burckhardt and Lauterer, (Hemiptera: Psyllidae). Besides, A. baccarum
is one of the active natural enemies on Coccidae, Diaspididae and Eriococcidae
(Hemiptera: Sternorrhyncha) in Kermanshah province (Jalilvand et al. 2014). This
species is also active predator of grape erineum mite, C. vitis in western Iran (Javadi
Khederi and Khanjani 2014). It has not been studied intensively and there are few
documents about its predation efficiency or life history. Khanjani et al. (1995)
reported a type II functional response of A. baccarum females to different life stages
of T. turkestani however; they did not report any values for searching efficiency or
handling time.

The other reported species of this family are Erythracarus pyrrholeucus
(Hermann) collected on spider mites by Jalaeian et al. (2005) from Isfahan province
and A. wallacei Otto collected on raspberry shrubs in the central area of Guilan
province (Tajmiri 2013; Jalaeian et al. 2005).

4.3.2.5 Family Cheyletidae

This family mostly common and abundant in stored products, nests of birds and
rodents, granaries, warehouses and barns. Most cheyletids are free-living predators
of various micro-arthropods associated with stored-products, including insect eggs
and in association with Acariformes mites (Zdarkova 1979, 1998; Hajizadeh et al.
2011). According to Ardeshir et al. (2007), they are among the dominant species of
mites collected from wheat stored infected with Acarus siro Linnaeus, 1758,
T. putrescentiae and Caloglyphus sp. Acaropsellina sollers and Cheyletus
malaccensis are the beneficial dominant cheyletids in most of the silages in Iran.
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4.4 Contribution to Research Development

The Regional IPM Programme in the Near East in collaboration with the Research
Institute of Plant Protection (IRIPP) is working on IPM for reducing pesticide
hazards and increasing biodiversity, established a technical training site on IPM,
Biological Control and Good Agriculture Practice (GAP) at the Biological Control
Research Department, IRIPP. In 2009, the Iranian Research Institute of Plant
Protection (IRIPP) requested the FAO Regional IPM Programme National Project
Director in Iran to set up a unit for National and Regional Training on Biological
Control at Farm Level. Accordingly, the unit was designed and constructed taking
into account all the basic needs for such a unit, including greenhouses, labs, preys
and predators propagation sites, classrooms, and other requirements. This site has
become a major reference facility conducting comprehensive research on IPM
science and technology (Fathi et al. 2011).

4.5 How Can Improve the Biological Control by Mites in
Iran?

The faunistic and floristic richness of Iran could be an excellent opportunity for the
biological control. Most of the biological control agents in agricultural products are
available in the Iran ecosystems. Faunistic studies in the agro-ecosystems are in
progress at the fields, gardens, forests, grasslands, and pastureland ecosystems.
Considering cultural and economic conditions, the employing beneficial agents in
greenhouses is more feasible than in other ecosystems because in an enclosed space
release of several natural enemies is more controllable. In spite of some preliminary
attempts for Phytoseiids and Laelapids, predatory mite mass production has not been
conducted in Iran extensively. Only some studies were conducted with personal
goals or trainings in the field. The country needs to large and organized insectariums
as well technical knowledge with skilled experts and equipments. They should be
designed based on the biological and behavioral characteristics of the predatory
mites. The last step is the evaluation and quality control methods according to
international standards. Imperfect identification of predatorry mite fauna in different
ecosystems and insufficient attention to the suppressing role of predatory mites in
fields and greenhouses are major hindering factors that have reduced the rate of
progression of biological control by predatory mites in Iran. Development of bio-
logical control requires long-term financial supported applied researches on different
aspects of predatory mites, their compatibility and performance, especially relying
on the results of applied researches in other countries (Ashouri 2011).
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4.6 Conclusions

In the recent two decades, knowledge about the predatory mites’ morphology and
taxonomy has been increased remarkably in Iran. However, the few experiments
conducted under field conditions, despite many researches on the systematic and
faunistic, lead to a limited use of these mites to control plant pests. The potential use
of predatory mites still needs to be investigated, although several promising native
species have been identified. Most of the experimental studies were restricted to
laboratory evaluations of their life cycle and little has been addressed the practical
efficacy of predatory mites. To apply these mites effectively by growers, efforts
should be focused on fieldworks to validate promising laboratory results. Knowl-
edge about the diversity of predatory mites is still limited, which should be supported
to increase the chances of finding species potentially useful as native biological
control agents.

Currently, no native species are commercialized as biological control agent yet.
The majority of imported commercial products are used in greenhouses while most
of these species can not acclimatize to climatic and environmental conditions in the
long term. Some biological control programs using imported P. persimilis to control
T. urticae on greenhouse rose, cucumber and strawberry were carried out during past
years. Generally, before any predatory species is being proposed for release, the data
about its biology, ecology, response to different environmental conditions and the
range of potential prey organisms in the habitat should be collected. The results of
experimental studies and greenhouses should be implemented in fields and then
recommended to farmers.
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Chapter 5
Lacewings: Research and Applied Aspects

Mahdi Hassanpour, Mohammad Asadi, Ali Jooyandeh, and Hossein Madadi

5.1 Introduction: Why Lacewings Are Important?

The Order Neuroptera encompasses 17 families, three of which includ-
ing Chrysopidae (green lacewings), Hemerobiidae (brown lacewings), and
Coniopterygidae (dustywing lacewings) are considered as the most important fami-
lies. These families are highly effective agents in augmentative biocontrol programs
to control a wide variety of target pests such as aphids, scales, thrips, leafhoppers,
and mites (New 1999). Based on a review of literature, 217 species from this order
are found in Iran, among which 46, 4, and 25 species belong to Chrysopidae,
Hemerobiidae, and Coniopterygidae families, respectively, covering 25 out of
31 provinces of Iran (Mirmoayedi 2002a, b; Mirmoayedi 2008; Farahi et al. 2009).
Green lacewings are an important group of insect predators. The adults of most
chrysopids are not predaceous; rather, they feed on pollen, plant nectar, and insect
honeydew (e.g., aphid or coccid honeydew; Fig. 5.1a); however, the larvae
(Fig. 5.1c) feed on a wide range of small soft-bodied insects, mites as well as eggs
and young caterpillars (Canard and Principi 1984). They have hollow, sickle-shaped
mandibles used for sucking fluids from their victims. Pupation takes place inside a
silken cocoon (Fig. 5.1d). Green lacewing eggs (Fig. 5.1b) are available from
commercial insectaries and may be purchased for augmentative releases (Uddin
et al. 2005; Woolfolk et al. 2007). The importance of green lacewings as natural
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enemies of several important pests along with ease of production have led to
considerable researches on this useful group within the last two decades in Iran.
Lacewing populations often lag behind their prey and may not be able to satisfac-
torily reduce heavy infestations of pests.

5.2 Review on Taxonomy of Neuroptera

The Order Neuroptera represents one of the oldest lineages of endopterygota undergoing
complete metamorphosis. Neuroptera comprises three suborders divided into 17 extant
families containing more than 6000 species (Mansell 2002). The families
Myrmeleontidae with more than 2000 species and Chrysopidae with over 1200 species
are the most species-rich families, followed by Hemerobiidae (ca. 550 species) and
Ascalaphidae (ca. 400 species). The suborder Nevrorthiformia with the single family
of Nevrorthidae represents the most basal group, which is sporadically found in

Fig. 5.1 Life stages of Chrysoperla carnea. (a) adult, (b) eggs, (c) larva while feeding on prey, (d)
pupa (Permission from Jooyandeh A)
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Australia, Japan, Taiwan and Europe (Mirmoayedi 2002a). The suborder
Myrmeleontiformia contains five families, namely Myrmeleontidae, Ascalaphidae,
Nemopteridae, Psychopsidae, and Nymphidae. It is a well-defined group of lacewings
with soil-dwelling or arboreal larvae. The suborder Hemerobiiformia contains 11 fam-
ilies including Ithonidae, Rapismatidae, Polystoechotidae, Osmylidae, Chrysopidae,
Hemerobiidae, Coniopterygidae, Mantispidae, Rachiberothidae, Dilaridae, and
Berothidae, many of which have highly specialized life cycles (New 1985; Monserrat
2002; Cannings and Cannings 2006).

5.3 Reports on Chrysopidae Species from Iran

Studies have been conducted to identify the Iranian green lacewings from early
1970s. The first checklist of Iranian fauna of Chrysopidae was published by
Farahbakhsh in 1961 (Mirmoayedi 2008), in which the major agricultural pests of
Iran have been listed.

The Chrysopidae fauna of Iran was studied by Hölzel (1966, 1967, 1982) who was
the first European neuropterologist to study Iranian Chrysopidae fauna in detail. He
never visited Iran and the specimens he studied were collected mainly by A. Vartian
and E. Vartian, an Austrian-Armenian couple and amateur insect collectors visiting
Iran as tourists. The total number of Chrysopidae from Iran reported by them and
others were 45 species (Mirmoayedi 2002a). Mirmoayedi (1993) investi-
gated Chrysopidae fauna from different regions of Kermanshah province and iden-
tified six species, including C. carnea, Chrysopa septempunctata Linnaeus,
Chrysopa viridana Schneider, Chrysopa dubitans McLachlan, Suarius nanus
(McLachlan), and S. fedtschenkoi (McLachlan). Later, he reported three previously
unrecorded species from this province, namely Mallada derbendica Hölzel, Suarius
paghmana Hölzel and Suarius vartianae (Hölzel) (Mirmoayedi 1995). Mirmoayedi
and Yassayie (1998) studied the fauna of Neuroptera in Golestan National Park
located in northeastern Iran and reported seven species of Chrysopidae, namely
Anisochrysa amseli Brauer, Anisochrysa flavifrons (Brauer), Anisochrysa prasina
Burmeister, C. dubitans, C. viridana, S. nanus, and C. carnea. Mirmoayedi (1998)
published a checklist of Neuroptera in Iran comprising 39 species collected and
identified between 1991 to 1996 from different regions such as Tehran, Guilan,
Hormozgan, Markazi, Kermanshah, Khuzestan, and Ilam provinces. Among
them, 11 species were belong to Chrysopidae (C. dubitans, C. septempunctata,
C. viridana, Chrysopa iranica (Hölzel), C. carnea,M. derbendica,Mallada prasina
(Hölzel), S. fedtschenkoi, S. nanus, S. paghmana and S. vartianae (Mirmoayedi
1998)). One year later, he published a list of seven species of Chrysopidae from
Kermanshah and Kurdistan provinces (Mirmoayedi 1999a). In the same year,
Mirmoayedi studied the Neuroptera fauna in Shiraz (Fars province) and identified
seven species (Mirmoayedi 1999b).
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Hölzel (1966) published records of 11 chrysopid species for the fauna of Iran.
One year later, he published a list of Chrysopidae species comprising 23 species and
described their morphological features, presented identification keys and recorded
data on collecting dates as well as localities of each species (Hölzel 1967). A
few years later, Mirmoayedi described two new Chrysopidae species, namely
Anisochrysa mira (Hölzel) and Suarius ressli (Hölzel). In 1982, Hölzel described a
new chrysopid, Suarius laristanus Hölzel, which was collected previously by Ressl
in southern Iran. Aspöck et al. (1980) also worked on Chrysopidae fauna of Iran. In
their book “Die Neuropteren Europas”, Aspöck et al. mentioned four species of
Anisochrysa, six species of Chrysopa, one species of Chrysoperla, and one species
of Suarius as forming part of Chrysopidae fauna of Iran. Asadi (2010) reported
11 species of Chrysopidae including C. dubitans, Chrysopa pallens (Rambur),
C. viridana, Dichochrysa prasina (Burmeister), C. carnea, Chrysoperla kolthoffi
Navas, Chrysoperla lucasina (Lacroix), Chrysoperla sillemi Esben-Petersen,
I. vartianorum, M. derbendica and S. nanus for Kermanshah province. Farahi
et al. (2009) studied different species of Chrysopidae and Hemerobiidae from
northeastern and eastern provinces of Iran and reported 12 species, seven of which
were new for the investigated regions, including one new species for Iran
(Hemerobius stigma Stephens). A brief literature review regarding Chrysopidae
fauna of Iran (from 1961 to 2000) was carried out by Mirmoayedi (2002a).
Mirmoayedi et al. (2014) studied new species of Neuroptera from West
Azerbaijan province. They concluded that between the collected materials, there
were 24 species belonging to six families of the Order Neuroptera and that all the
species (except C. carnea) were recorded for the first time for the fauna of this
province. Six species were new recordings for the fauna of Iran.

Surveys and collections of Iranian Neuroptera fauna have shown that C. carnea is
a dominant species (Heydari 1995; Sharififard and Mossadegh 2006). However,
several reports have indicated that other species such as Chrysopa formosa Brauer
(Daniali et al. 1995; Ghadiri-Rad et al. 2004) and C. lucasina (Farahi et al. 2009;
Kazemi and Mehrnejad 2011) were more abundant than C. carnea in some regions.
It is clear that C. carnea contains several cryptic species comprising the so-called
“carnea group” (Henry 1985; Haruyama et al. 2008). This group includes a complex
of about 20 cryptic species distributed throughout the northern hemisphere and
Afrotropics (Henry et al. 2002). The morphological similarities between species
make it difficult to differentiate among them. The results of studies conducted on
courtship behaviors of the cryptic species in “carnea group” have demonstrated that
the unique courtship song of each cryptic species ensures reproductive isolation
(Wells and Henry 1992; Henry et al. 2002). Therefore, further studies are required to
identify the real species of “carnea complex” in Iran.

The list of Chrysopidae species of Iran is presented as follows:
Anisochrysa amseli (Brauer)
Anisochrysa flavifrons (Brauer)
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Anisochrysa genei (Rambur)
Anisochrysa mira (Hölzel)
Anisochrysa prasina (Burmeister)
Chrysopa caviceps (McLachlan)
Chrysopa derbendica (Hölzel)
Chrysopa dubitans (McLachlan)
Chrysopa formosa (Brauer)
Chrysopa nigricostata Brauer
Chrysopa pallens (Rambur)
Chrysopa perla (Linnaeus)
Chrysopa septempunctata (Linnaeus)
Chrysopa sogdianica (McLachlan)
Chrysopa viridana (Schneider)
Chrysopa vulgaris (Hölzel)
Chrysopa walkeri (McLachlan)
Chrysoperla carnea (Stephens)
Chrysoperla iranica (Hölzel)
Chrysoperla kolthoffi (Navas)
Chrysoperla lucasina (Lacroix)
Chrysoperla mutata (McLachlan)
Chrysoperla rotundata (Navas)
Chrysoperla sillemi (Esben-Petersen)
Chrysopidia ciliata (Wesmael)
Chrysotropia ciliata (Wesmael)
Cunctochrysa albolineata (Killington)
Dichochrysa derbendica (Hölzel)
Dichochrysa prasina (Burmeister)
Dichochrysa zelleri (Schneider)
Mallada derbendica (Hölzel)
Mallada prasina (Hölzel)
Italochrysa italic (Rossi)
Italochrysa stgmatica (Rambur)
Italochrysa vartianorum (Hölzel)
Suarius caviceps (McLachlan)
Suarius fedtschenkoi (McLachlan)
Suarius laristanus (Hölzel)
Suarius mongolicus (Tjeder)
Suarius nanus (McLachlan)
Suarius paghmana (Hölzel)
Suarius ressli (Hölzel)
Suarius vartianae (Hölzel)

5 Lacewings: Research and Applied Aspects 179



5.4 Reports on Coniopterygidae Species from Iran

Mirmoayedi (1995) recorded two Coniopterygidae species from Hormozgan prov-
ince, among which Coniopteryx desertaMeinander was reported for the first time in
Iran. Mirmoayedi (1998) also described Coniopteryx (Xeroconiopteryx) loipetsederi
Aspöck and Hemisemidalis pallida (Withycombe) from Golestan National Park, of
which Co. (X.) loipetsederi was newly recorded for Iranian fauna. To extend the
knowledge of neuropteran fauna of Iran, collections were performed in the provinces
of Tehran, Guilan, Hormozgan, Markazi, Kermanshah, Khuzestan, and Ilam. In this
survey, the species belonging to Coniopterygidae family were Aleuropteryx ressli
Rausch, Aspöck and Ohm (from Kermanshah and Ridjab cities), Coniopteryx
(Metaconiopteryx) lentiae Aspöck and Aspöck, Co. (X.) deserta, Hemisemidalis
kasyi (Aspöck and Aspöck), and Nimboa vartianorum Aspöck and Aspöck (all from
Ridjab in Kermanshah province), Co. (X.) unicef Monserrat and Co. (X.) venustula
Rausch and Aspöck (from Gazir in Hormozgan province), Helicoconis pseudolutea
Ohm (from Bandar-e-Khamir in Hormozgan province and Ridjab in Kermanshah
province), and Semidalis aleyrodiformis (Stephens) (from Minab in Hormozgan
province) (Mirmoayedi 1998).

Mirmoayedi (1999b) described two new species of this family from Fars prov-
ince, namely Coniopteryx manka Aspöck and Aspöck and Coniopteryx farsi Aspöck
and Aspöck. These two species were reported as new records for Iranian fauna; the
last species was a newly described one (Mirmoayedi 1999a). In the same year,
Mirmoayedi reported H. kasyi and H. pallida from Kurdistan province. The species
Nimboa asadeva Rausch and Aspöck, Co. (H.) drammonti Rousset and Co. (X.)
furcata Meinander were reported from the provinces of Kurdistan, Hormozgan,
Khorasan, and Hamedan, respectively (Mirmoayedi 1999b), and later, these species
were identified as new records for Iran (Mirmoayedi 2002a). Overall, nearly 25
species of the family Coniopterygidae have been described from Iran (Mirmoayedi
2002b). Co. (X.) furcata and Co. (X.) israelensis Meinander (from Israel) and Co.
(X.) hastata Meinander (from Iran) were described as new species, and
N. vartianorum, Co. drammonti, Co. lentiae, Co. (X.) unicef and H. kasyi were
new for the fauna of Iran (Meinander 1998). Asadi (2010) reported one species of
Coniopterygidae, A. ressli, as a new record for fauna of Kermanshah province.
Sziráki and Mirmoayedi (2012) prepared an annotated checklist of Iranian
Coniopterygidae and stated that it encompassed all 24 species from Coniopterygidae
family that were reported up to that time in Iran. Among them, five species were
reported from the country for the first time. In addition, a number of species
including Aleuropteryx vartianorum Aspöck and Aspöck, Co. (C.) borealis Tjeder,
Co. (X.) arenicola Sziráki, Co. (X.) kerzhneri Meinander, Co. (X.) latigonarcuata
Meinander and Hemisemidalis hreblayi Sziráki were new records for the Iranian
fauna. Additionally, geographical distribution of a species (i.e. N. asadeva) was
corrected in this report.
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The list of Coniopterygidae species of Iran is given as follows:
Subfamily: Aleuropteryginae Enderlein
Aleuropteryx ressli Rausch, Aspöck and Ohm
Aleuropteryx vartianorum (Aspöck and Aspöck)
Helicoconis (Ohmopteryx) pseudolutea (Ohm)

Subfamily: Coniopteryginae Burmeister
Coniopteryx (Coniopteryx) borealis (Tjeder)
Coniopteryx (Holoconiopteryx) drammonti (Rousset)
Coniopteryx farsi Aspöck and Aspöck
Coniopteryx (Metaconiopteryx) lentiae (Aspöck and Aspöck)
Coniopteryx (Xeroconiopteryx) arenicola (Sziráki)
Coniopteryx (Xeroconiopteryx) atlasensis (Meinander)
Coniopteryx (Xeroconiopteryx) deserta (Meinander)
Coniopteryx (Xeroconiopteryx) furcata Meinander
Coniopteryx (Xeroconiopteryx) hastata (Meinander)
Coniopteryx (Xeroconiopteryx) kerzhneri (Meinander)
Coniopteryx (Coniopteryx) latigonarcuata (Meinander)
Coniopteryx (Xeroconiopteryx) loipetsederi (Aspöck)
Coniopteryx (Xeroconiopteryx) manka (Aspöck and Aspöck)
Coniopteryx (Xeroconiopteryx) martinmeinanderi (Sziráki)
Coniopteryx (Xeroconiopteryx) orba (Rausch and Aspöck)
Coniopteryx (Xeroconiopteryx) unicef (Monserrat)
Coniopteryx (Xeroconiopteryx) venustula (Rausch and Aspöck)
Hemisemidalis hreblayi (Sziráki)
Hemisemidalis kasyi (Aspöck and Aspöck)
Hemisemidalis pallida (Withycombe)
Nimboa asadeva (Rausch and Aspöck)
Nimboa macroptera (Aspöck and Aspöck)
Semidalis aleyrodiformis (Stephens )

5.5 Reports on Hemerobiidae Species from Iran

Mirmoayedi recorded six species of Hemerobiidae (Hemerobius zernyi (Esben-
Petersen), Sympherobius pygmaeus (Rambur), Wesmaelius navasi (Andreu),
Wesmaelius saudiarabicus (Hölzel), Hemerobius humulinus L. and Micromus
variegatus (Fabricius)) from different regions of Iran, among which
W. saudiarabicus was recorded for the first time from Iran (Mirmoayedi 1998).
Asadi (2010) reported three species of Hemerobiidae, i.e. W. navasi, S pygmaeus,
and Psectra maculata (Burmeister), from Kermanshah province; P. maculata was
recorded as a new species for fauna of Iran. Hemerobiidae species (Fig. 5.2) differ
from Chrysopidae species not only in the usual color, but also in the wing venation.
Hemerobiidae species have numerous long veins that are absent in chrysopids.
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The list of Hemerobiidae species of Iran is given below:
Hemerobius humulinus (Linnaeus)
Hemerobius stigma (Stephens)
Hemerobius zernyi (Esben-Petersen)
Micromus angulatus (Walker)
Micromus variegatus (Fabricius)
Psectra maculata (Bermeister)
Sympherobius pellucidus (Walker)
Sympherobius pygmaeus (Rambur)
Wesmaelius fassnidgei (Andreu)
Wesmaelius mongolicus (Bermeister)
Wesmaelius navasi (Andreu)
Wesmaelius saudiarabicus (Hölzel)

5.6 Rearing of Green Lacewings

From among the several chrysopid species reported from Iran, C. carnea has
received the most attention as a biological control agent for research and release.
Mass rearing of C. carnea adults for commercial purpose to obtain eggs or larvae for
augmentative release in field or greenhouse conditions requires certain processes
such as the provision of food, harvesting of eggs, and cleaning of cages containing
C. carnea adults in an insectary. As a food source, the eggs of Ephestia kuehniella
Zeller and Sitotroga cerealella (Olivier) (Lepidoptera: Pyralidae) are generally used
to feed and rear larvae. However, Ephestia eggs have more positive effects than
Sitotroga eggs on larval and pupal weight of C. carnea (Jooyandeh 2009).

Lacewing larvae are highly predaceous and cannibalistic, making it difficult to
maintain and feed the larvae in crowd cultures. Jooyandeh (1999 and 2000) devel-
oped group rearing techniques of C. carnea larvae. The larval stages of C. carnea
were reared in rectangular feeding units (25 � 25 � 6 cm; Fig. 5.3a) where
development occurred until adult emergence. Two larval feeding methods were

Fig. 5.2 Brown lacewing
from family Hemerobiidae
(© Magnolia Press.
Reproduced with
permission from copyright
holder)
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Fig. 5.3 (a) larvae of
Chrsysoperla carnea
collected from container, (b)
rearing unit for Chrysoperla
carnea adults, (c)
ChrysoCard, (d) the
ChrysoCard
containing Chrysoperla
carnea eggs on pear tree
(Permission from
Jooyandeh, A)
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assessed. The best initial density was 600 and 1000 C. carnea eggs per rearing unit
using the eggs and freezed adults of S. cerealella as food sources, respectively. A
cylindrical PVC container (25 cm height and 20 cm diameter; Fig. 5.3b) was a
convenient oviposition-feeding unit for C. carnea adults where they had access to
water and a diet consisting of brewer’s yeast, honey, and sugar. Water was supplied
through a saturated sponge placed on top of the container. The eggs were removed
using nylon netting loosely rolled into a ball and rubbed across the substrate on
which the eggs were attached. The adult stage is much less expensive to produce, as
it can be maintained on a mixture of honey, sugar, and brewer’s yeast (1: 1: 1 by
weight) (Jooyandeh 1999). Jooyandeh (1995) found that C. carnea females fed on
yeast and sugar paste 1:1 laid on average a total of 554.6 eggs in 30 days while
oviposition was high until 20 days, after which egg-laying gradually declined. In this
reserach, the green lacewings were reared at 25 � 2 �C, 60 � 10% RH, and a
photoperiod of 16: 8 (L: D) h.With some changes in the method of Vogt et al. (2000),
the adult stage of C. carnea was reared on an artificial diet consisting of brewer’s
yeast, honey, and distilled water in a 4: 7: 5 ratio smeared as a paste on transparent
plastic tape inserted in the cylindrical plastic containers (15.5 cm diameter; 25 cm
height) (Hassanpour, 2011). He also reared C. carnea larvae in containers (17.5 cm
diameter; 7.5 cm height with screen-covered ventilation holes in the lid), which held
several layers of paper towel to reduce cannibalism among the larvae.

5.7 Life History of Green Lacewings

The lacewing species hibernate as pupal stage in protected areas of the soil cracks,
under tree barks, and also in trash. In warm climates, the adults can be found
throughout the year. They emerge in early spring and the females lay eggs on plants
infected by their prey, which are commonly different species of aphids. A female
may lay about 30 eggs a day and several hundred eggs during her total lifetime.
They have five or six overlapping generations in each season (Uddin et al. 2005;
Nasreen et al. 2007; Asadi 2010).

5.8 Research on Green Lacewings in Iran

Several studies on lacewings have been conducted, most of which have examined
the ecological aspects of green lacewings such as demography and prey suitability,
functional response, tritrophic interactions, intraguild predation, and the effects of
different insecticides on life history parameters.

Fekrat et al. (2006) studied the effects of different densities of the first instar
larvae of C. carnea feeding on the eggs of S. cerealella or E. kuehniella. Their results
indicated that the searching efficiency of the first instar larvae of the predator
decreased with increasing larval densities.
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Nipaecoccus viridis (Newstead) (Hemiptera: Pseudococcidae) is a major inva-
sive pest of citrus as well as other plants in tropical and sub-tropical regions of the
world. This economically important pest was reported from Fars, Hormozgan, and
Khuzestan provinces (South and Southwest of Iran). Damage of this pest severely
affects citrus trees in Jahrom region from Fars province. High potential of reproduc-
tion, widespread distribution, and difficulty of chemical control demanded urgent
application of natural enemies against this pest within an IPM program. Zakerin et al.
(2009) studied the efficiency of C. carnea in control of N. viridis in citrus orchards of
Jahrom during 2004 to 2005. First instar larvae of C. carnea were released based on
a specific design. Moreover, movement of ants on treated citrus was banned using
sticky band, and infection rate of fruits was considered as an index. The results
showed that this pest can be controlled substantially by releasing the green lacewing
larvae (500 larvae per citrus tree) in three releasing times at 30 April, 10 May and
20 May.

Hassani-sadi et al. (2010) studied the effects of diet and temperature regimes on
the development and reproduction of green lacewing as a natural enemy of the
common pistachio psyllid, Agonoscena pistaciae Burckhardt and Lauterer
(Hemiptera: Psyllidae) and concluded that the larvae of C. lucasina fed 1016 fourth
psyllid nymphs and 315 third instar cowpea nymphs through the whole larval period
at 30 �C. The diets had a significant influence on fecundity and longevity of adult
green lacewings. Furthermore, the reproduction of the green lacewing was reduced
by increasing the temperature from 22.5 �C to 32.5 �C. The intrinsic rate of natural
increases (rm) of this insect was 0.11 and 0.09 day

�1 when it was reared using fourth
instar pistachio psyllid nymphs and flour moth eggs at 25 �C through the larval stage,
respectively.

Hassanpour et al. (2011) investigated the functional response of three larval
instars of C. carnea to the eggs and first instar larvae of H. armigera under
laboratory conditions. First and second instar larvae of predator showed type II
functional responses on both prey stages. However, third instar lacewing larvae
exhibited type II and III functional responses to the first instar larvae and eggs of
H. armigera, respectively. Maximum observed predation (�SE) rate of first, second
and third larval instars of C. carnea was 8 (�0.26), 27.5 (�1.49), and 81.6 (�1.96)
eggs, and 7.5 (�0.37), 24.4 (�0.64), and 51.1 (�1.48) larvae, respectively.
According to the prey consumption rate and functional response parameters, the
researchers confirmed that the larvae of C. carnea, especially the third instar, have a
high potential for control of eggs and first instar larvae of H. armigera. However,
field-based studies are needed for a comprehensive estimation of the capacity of
C. carnea in biological control of H. armigera.

Hesami et al. (2011) studied the effects of different host plants of Sitobion avenae
(Fabricius) (Hemiptera: Aphididae) on feeding rate and longevity of C. carnea under
laboratory conditions. There was significant difference between two host plants
(wheat and oleander) in feeding rate and longevity of the green lacewing. Mean
feeding rate of second instar larvae of C. carnea on the aphids fed on wheat and
oleander plants was 40.3, and 30.6, respectively. Additionally, the developmental
time of second instar larvae of the green lacewing was 3.7 and 6 days when fed on
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the aphids on these plants, respectively. The results indicated that the biological
parameters of C. carnea larvae can be affected by the quality of prey.

Various species in carnea complex of the common green lacewing are predators
of common pistachio psylla, A. pistaciae in cultivated as well as wild pistachio plants
in Iran. Kazemi and Mehrnejad (2011) studied the seasonal occurrence and trends in
the abundance of green lacewings on pistachio orchards during 2007 and 2008.
Moreover, the effect of different temperatures on preimaginal development, survival
rate, and prey consumption of C. lucasina in feeding on A. pistaciae nymphs was
investigated. The adults appeared on pistachio trees in mid-April and were abundant
in early July; subsequently, they decreased in summer and increased again in
October. The relative density of green lacewing in pistachio orchards was higher
when the ground was covered by weed plants. C. lucasina females laid about 1085
eggs during 60 days at 22.5 �C. The C. lucasina larvae consumed up to 1812 fourth
instar nymphs of A. pistaciae during their total larval period at 35 �C. The net
reproductive rate (R0) and intrinsic rate of increase (rm) of predator were estimated to
be 286.90 female/female/generation and 0.11 female/female/day, respectively.
Degree-day requirement for the development of C. lucasina (egg to adult) was
estimated 385 �D.

Naderian et al. (2012) investigated the fauna of natural enemies in corn fields
and surrounding grasslands of Semnan province. Among fifty-four predator and
parasitoid species from 12 families, there were one species of Chrysopidae and
Trichogrammatidae; two species of Chalcididae; three species of Asilidae and
Eulophidae; four species of Tachinidae; five species of Coccinellidae; six species of
Syrphidae; seven species of Braconidae, Carabidae and Staphylinidae and eight
species of Ichneumonidae.

Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is one of the most impor-
tant pests of different crops, and lacewings are widely used as predatory species in
biological control programs against this pest. Baghdadi et al. (2012) investigated
the biological parameters of C. lucasina on this pest in laboratory. In this study,
the gravid females of C. lucasina were collected from Sarepol-e Zahab in western
Iran. The larvae were offered different diets consisting of a silver leaf whitefly
B. tabaci, green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae), and
also lyophilized powder of drone honeybee (Apis mellifera L.). The results showed
that the larvae had maximum duration of 27 � 0.33 days when fed on honeybee
lyophilized powder, followed by M. persicae (25 � 0.27 days) and B. tabaci
(17.9 � 0.3 days). Furthermore, they showed a prey preference for M. persicae
compared with B. tabaci as the former has a larger body size and is thus more easily
found and captured by the predator larvae. There was a significant difference in the
number of preys consumed by the predator larvae. The results showed that when the
predator larvae had been fed on B. tabaci, their developmental times were shorter
and their adult fertility was increased. The results indicated that the suitable prey not
only accelerated developmental stages of the predator but also promoted the fecun-
dity of the resulting adults through increasing the pupal weight.
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Ahmadzadeh and Hatami (2014) investigated the predatory potential of C. carnea
on Trialeurodes vaporariorum West (Hemiptera: Aleyrodidae) under laboratory
conditions and concluded that a single C. carnea larva consumed an average of
215 different nymphal instars of T. vaporariorum during its total larval period.
However, all of the third instar larvae died before reaching the adult stage.

Sarailoo and Lakzaei (2014) investigated the effects of artificial diets on biolog-
ical parameters of C. carnea. The predator was reared for seven generations to
provide a homogenous population under laboratory conditions. The impact of six
different diets [a mixture of 30% concentrations of glucose, fructose, and sucrose
(in a ratio of 1:1:1); glucose, fructose, sucrose plus extract of S. cerealella eggs (in a
ratio of 1:1); glucose, fructose, sucrose plus extract of Anagasta kuehniella eggs (in a
ratio of 1:1); a mixture of honey, yeast, and distilled water (in a ratio of 1:1:1);
honey, yeast plus extract of S. cerealella eggs (in a ratio of 1:1:1), and honey, yeast
plus extract of A. kuehniella eggs (in a ratio of 1:1:1)] was assessed on biological
parameters of the predator. The results showed that the artificial diet including
mixture of honey, yeast and extract of A. kuehniella eggs had more positive effects
on biological parameters of the predator than the other diets.

The effects of different starvation levels of C. carnea larvae on functional
response of the predator to nymphs of Aphis fabae (Scopoli) (Hemiptera: Aphididae)
were investigated (Hassanpour et al. 2015). At three hunger levels (4, 12, and 24 h),
the functional response types of first and second instar larvae of the predator were II,
II, III and III, III, II, respectively. At 2, 4 and 8 h hunger levels, the third instar larvae
of C. carnea showed types II, II and III functional response, respectively. For the
first instar larvae of predator, the handling times were not significantly different
among various hunger levels. However, for the second and third instar larvae, there
was significant difference in handling times estimated at different hunger levels. This
study indicated that predator hunger level can change its functional response type as
well as the parameters. The last instar larvae of C. carnea killed approximately
150 third and fourth nymphal instars of A. fabae during 8 h, showing its high
potential in biological control of the aphid.

Prey type is an important element for suitable mass rearing of the predators in
IPM programs. Takalloozadeh (2015) investigated the effect of some prey species on
biological attributes of C. carnea. Their findings revealed that pre-imaginal and total
developmental times of C. carnea were significantly influenced by prey species.
Total developmental time was estimated to be 19.63 � 0.125, 20.63 � 0.180,
22.06 � 0.183, 22.35 � 0.120, and 23.81 � 0.356 days on Aphis gossypii (Glover),
M. persicae, Aphis punicae (Passerini), A. fabae and Aphis craccivora
(Koch) (Hemiptera: Aphididae), respectively. The fecundity of C. carnea was
highest on M. persicae (478.50 � 8.38 eggs) and lowest on A. craccivora
(242.78 � 7.37 eggs). The highest female longevity of the predator was on
M. persicae. According to the results, nymphs of M. persicae and Ap. gossypii
were more appropriate preys than others because the preimaginal developmental
period of C. carnea was shorter with higher adult longevity, fecundity and survival
percentage.
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Farrokhi et al. (2017a) studied the effects of different artificial diets on some
biological parameters of C. carnea adults under laboratory conditions. Their results
showed that a mixture of 1:1:1:1 egg yolk, soluble vitamins, yeast, and honey
positively affected the biological traits of the predator. In this research, mean male
and female longevities, oviposition period, post oviposition period, and fecundity
were calculated 34.86, 43.53, 26.26, 10.46 days, and 618.07 eggs, respectively. In
another study, Farrokhi et al. (2017b) investigated host plant-herbivore-predator
interactions in C. carnea andM. persicae systems on four plant species in laboratory
conditions. Accordingly, peach plant was found to be a more appropriate host than
the other plants for development and predation fitness of C. carnea. These results
revealed that awareness of tritrophic interactions and subsequent life table evalua-
tions of natural enemies improves IPM programs.

Moradi et al. (2019) studied the prey preference of second and third instar larvae
of C. carnea to Aphis spiraecola Patch and Ap. gossypii on orange leaves under
laboratory conditions. Their findings showed that when A. spiraecola or Ap. gossypii
were separately offered to the predator larvae, the predation rate was higher on Ap.
gossypii compared to A. spiraecola. The values of Manly’s preference index in equal
ratios of Ap. gossypii: A. spiraecola (30:30 and 40:40 for second and third instar
larvae, resp.) were calculated 0.632:0.368 and 0.647:0.353, respectively, indicating
the preference of C. carnea larvae for Ap. gossypii.

The influence of experimental complexity and initial prey density (A. fabae) on
consumption rate of green lacewings was investigated by Zarei et al. (2019) who
reported that a more complex microcosm arena significantly weakened the predation
rate of C. carnea. Moreover, the predator life stages (second versus third instar
larvae) differed significantly in terms of prey consumption rate.

5.9 Applied Studies of Lacewings for Pest Management

Despite extensive faunistic research on lacewings, the applied surveys are limited,
which can be partially attributed to executive and financial problems. Some of the
release programs for controlling A. pistaciae in Kerman province showed promising
results in pistachio orchards. The use of green lacewings along with imidacloprid
spray showed good ability to control T. vaporariorum on potato farms; neverthe-
less, few studies have examined techniques of applying C. carnea for commercial
purposes. Supplementary experiments have been conducted to use the eggs and
larvae of C. carnea for biological control of various pests in field and greenhouse
(Jafari-Nadoushan 1998; Jooyandeh 1999; Rafiee-Karahroudi and Hatami 2003;
Ahmadzadeh and Hatami 2006; Jooyandeh 2009).

The development of efficient methods for commercial release of natural ene-
mies is crucial to the success of augmentative biological control. Jooyandeh (1999)
reported that a mechanical applicator (atomizer sprayer model ECHO DM9) can be
used for distributing the eggs and larvae of C. carnea. Using this method, C. carnea

188 M. Hassanpour et al.



eggs in an agar solution and second larval instars mixed with sawdust were released
for controlling the most important cotton pests.

Four releases of second instar larvae of C. carnea at release rates of
10,000–12,000/ha resulted in 63.1%, 72.0%, 82.3%, and 60.0% reduction in
Acyrthosiphon gossypii Mordvilko (Hemiptera: Aphididae), B. tabaci, Ap. gossypii,
and Tetranychus urticaeKoch (Acari: Tetranychidae) populations, respectively. Egg
releases of C. carnea did not contribute to satisfactory reduction in cotton pests
(Jooyandeh 1999). Although lacewings are commonly released as eggs, larval
releases may sometimes be more effective. However, larval release is more expen-
sive than egg release.

C. carnea eggs were released to control the pear psylla, Cacopsylla pyricola
(Foerster) (Hemiptera: Psyllidae), which is one of the most important pests of pear
trees in Iran. Mature lacewing eggs were glued together with S. cerealella eggs on
cards (Fig. 5.3c). Satisfactory reduction of pear psylla was achieved using 200 eggs/
tree (two ChrysoCards for each tree; Fig. 5.3d) at proper time points. The cards are
easy and safe to install and protect the beneficial organisms against rain and radiation
(Jooyandeh 2009).

In a greenhouse experiment on cucumber plants in ventilated cages, the effec-
tiveness of two different lacewing release methods against Ap. gossypii were com-
pared. A small net bag and sawdust were used as carriers of C. carnea eggs. The
results showed that small net bags were more effective than sawdust (Rafiee-
Karahroudi and Hatami 2003).

Several species of parasitoids attack Chrysoperla eggs and larvae, and parasit-
ism rate can be high, especially at the end of the season. Telenomus acrobats Giard
(Hymenoptera: Scelionidae) is a factor contributing to decreasing efficiency as well
as population changes of C. carnea under natural conditions in Varamin region
(Shahpouri-Arani et al. 2005). In some cases, release of mature eggs can greatly
reduce parasitism (Tauber et al. 2000).

Pesticides play an essential role in alleviating Iranian farmer pest problems, albeit
temporarily. By combining the advantages of both chemical and biological methods,
greater pest suppression may be obtained. In situations where natural enemies are not
present in sufficient numbers to provide adequate control, it may be helpful to release
mass reared predators/parasitoids or combine them with other tactics suppressing
pest arthropods more efficiently. By far, the greatest concern about the combined
release of C. carnea and pesticide spraying is related to lethal effects (mortality
assessed as LD50, LC50, etc.); however, few cases have considered sublethal effects
such as changes in developmental rates, fecundity, and fertility.

Saber et al. (2018) stated that emamectin benzoate and spinosad at recommended
field concentrations had negligible toxicity on second instar larvae of C. carnea. In
two other stidies, the lethal effects of four insecticides (imidacloprid, lufenuron,
thiamethoxam, and thiodicarb) were examined on male and female adults (Ayubi
et al. 2014) as well as eggs and first instar larvae of C. carnea (Ayubi et al. 2013).
The findings showed that males were more susceptible than females and that
thiamethoxam was highly toxic on adults and immature stages whereas lufenuron
proved to be the least toxic.
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Sublethal effects of endosulfan, imidacloprid, and indoxacarb were investigated
on C. carnea adults using a demographic toxicology method at concentrations of
317, 46, and 9 mg AI/lit (as LC25), respectively. The net reproductive rate (R0)
and intrinsic rate of natural increase (rm) of the predator were estimated 125, 93 and
61 female/female/generation, and 0.161, 0.157 and 0.136 female/female/day in
imidacloprid, endosulfan and indoxacarb-treated insects, respectively. The results
revealed that indoxacarb was more toxic to adult stage of this predaor than the other
two compounds (Golmohammadi et al. 2013).

Ahmadzadeh and Hatami (2006) investigated the effects of single and combined
use of 0.3 ml/l confidor (35% SC) and C. carnea against different nymphal instars of
T. vaporariorum on tomato plants. Egg releases of the predator at a 1:1 predator-prey
ratio caused inadequate reduction of the pest population. Nonetheless, pest elimina-
tion was observed after three releases of the predator beginning 20 days after
spraying.

5.10 Conclusion

Among several species of chrysopids that have been reported from Iran, C. carnea
has received the most attention as a biological control agent for research and
practical purposes. Despite the unique potential of C. carnea, it has not yet been
used as a commercial biological control agent in Iran. Rearing systems for C. carnea
are kept at small-scale educational/research level; consequently, few studies have
been conducted to increase C. carnea production commercially. Low-cost and
mechanized methods for mass rearing larvae and appropriate inundative release
techniques are still needed. There are not enough producers for lacewing production
in Iran. Continuous production with desirable quality and quantity of lacewings and
other natural enemies is necessary for successful application of these biocontrol
agents in the fields and greenhouses. By employing natural enemies including
C. carnea in IPM programs, the use of pesticides will be reduced and the utilization
of higher doses of insecticides will be avoided.
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Parasitoids



Chapter 6
Egg Parasitoids: Chalcidoidea
with Particular Emphasis
on Trichogrammatidae

Shahzad Iranipour and Nahid Vaez

6.1 Introduction

Superfamily Chalcidoidea is one of the most important and richest groups of
Hymenoptera. Chalcids are often small and shiny insects. They immediately can
be recognized by a reduced wing venation. Maximum four longitudinal veins are
present in front wings (Fig. 6.1). Venation of platygastrids may resembles this
general pattern, but chalcids may easily be recognized by quadrate pronotum in
lateral view and a distinct distance between tegula and pronotum which sometimes
filled by a sclerit namely prepectus or post-spiracular sclerit (Fig. 6.1). Some minute
specimens like members of Trichogrammatidae and Aphelinidae are without metal-
lic coloration and metasoma fused to mesosoma by a thorough contact. Chalcids are
sometimes very strange in appearance.

Due to such vast diversity, very miscellaneous life styles have been evolved
among them. Some species are phytophagous like agaonids that are pollinators of
Ficus spp. and some eurytomids. Eurytoma amygdali Enderlein, Eurytoma
plotnikovi Nikolskaya and Megastigmus pistaciae Walker (Hym., Torymidae) are
important pests of almond and pistachio respectively (Behdad 1991). But the major
fame of the superfamily is due to presence of a vast kind of parasitoid of numerous
insect species. Almost all stages of insects are attacked by chalcids. Both primary
parasitoids and hyperparasitoids are present in this family. They are the most
important group of parasitoids in applied biological control. Many insect orders
may be attacked by chalcids. In this chapter we focused only on egg parasitoids. In
this regards the most important family is Trichogrammatidae. Except a few species,
all remaining trichogrammatids are egg parasitoids of moths and seldom other
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insects. There are also some egg parasitoids distributed in other families, while other
members of those families are parasitoids of the other stages. In Iran, records of egg
parasitoids are present from Encyrtidae, Eupelmidae, Eulophidae, Torymidae, and
Mymaridae. Mymarids all are egg parasitoid of the other insects but their importance
is very lower than trichogrammatids.
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Fig. 6.1 Structure of mesosoma, metasoma and fore wing in Chalcidoidea (http://mx.speciesfile.
org/projects/77/public/site/chalcidkey/home/glossary, access date: 24 Feb. 2014) (Courtesy of
USDA)
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6.2 Family Trichogrammatidae Foerster, 1856

The family Trichogrammatidae involves the smallest members of the order Hyme-
noptera, superfamily Chalicidoidea. Adults are mate without metallic shine, often
less than 1 mm in length (mostly 0.18–1.5 mm), without narrow stem between
mesosoma and metasoma, and are distinguished by their 3-segmented tarsi from the
other Chalcidoidea (Pinto and Stouthamer 1994). The native species of
Trichogramma in Iranian plateau are commonly small (0.2–0.4 mm), with yellow,
brown or black body. Trichogramma spp. have been spread in humid southern
coasts of the Caspian Sea (Guilan, Mazandaran and Golestan provinces), the south-
ern foothills of the Alborz Mountains, the Zagros mountains, central provinces and
even borderlines of the central desert of Iran (Shojai 1987).

This family consists of about 800 species in ca. 83 genera which are dispersed
worldwide. Most genera of the Trichogrammatidae have few species (55 genera
have only five species or less) and only 14 genera have more than 10 species. Almost
all species of Trichogrammatidae are primary, solitary or gregary endoparasitoids of
other insects’ eggs belonging to various orders. There is only one report of parasit-
ism on a stage other than egg; that is related to Cecidomyiidae (Diptera) pupa
(Viggiani 1981). The trichogrammatids have a broad host range. At least 400 species
in 11 orders of insects are targets for trichogrammatids, including Homoptera
(29 genera), Coleoptera (11 genera), Lepidoptera (8 genera), Hemiptera (6 genera),
Orthoptera (4 genera), Diptera (3 genera), Odonata (2 genera), Hymenoptera
(1 genus), Thysanoptera (1 genus) and Neuroptera (1 genus) (Hassan et al. 1988;
Ciochia 1991; Nikonov et al. 1991; Pintureau 1991a; Pinto and Stouthamer 1994;
Romeis and Shanower 1996; Ebrahimi 2004). Among these hosts, both agricultural
pests and beneficial insects are observed (Pintureau 1991b). The most common hosts
in Iran are moth eggs particularly belonging to Noctuidae, Pyralidae, Tortricidae,
Pieridae, Crambidae etc. (Shojai 1987).

The species of Trichogrammatidae are used in miscellaneous agroecosystems
throughout the world. They have been used against 28 insect pests in more than
30 million hectares of products such as corn, rice, sugarcane, cotton, vegetables,
sugar beet, fruit trees and softwoods at 30 countries (Li 1994; van Lenteren and
Bueno 2003). More recent estimates show that currently 15 million hectares are
treated with Trichogramma spp. in globe (Bueno and van Lenteren 2010). The
features that make these wasps good biocontrol agents are numerous generations,
polyphagy, adaptation to various weather conditions and easy way of rearing on
factitious hosts. Russia, China, Mexico, Europe, the United States and some central
Asian countries, are the major consumers of trichogrammatids in the world (Li 1994;
Bueno and van Lenteren 2010).

Trichogramma Westwood is the largest and a well-known genus of
Trichogrammatidae with more than 200 species around the world (Pinto 2006).
Trichogramma and Oligostia (with 110 species), include 40% members of this
family. Trichogramma spp. are the most widely studied and successfully used
natural enemies regarding their short generation time, easy mass rearing in
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insectaries and voracious parasitizing habit on eggs of target hosts (Cônsoli et al.
2010). More than 70 species of Trichogramma are used in the world, but only
20 species are mass reared to use in agroecosystems. In Europe, just five species out
of 126 are artificially produced (Pintureau 1991b) while, in Iran only T. brassicae is
augmented and limitedly used in field scale. Trichogramma species are used in
biological control programs of some known insect pests including cotton bollworm,
Helicoverpa armigera Hübner, European corn borer, Ostrinia nubilalis (Hübner),
rice stem borer, Chilo suppressalis Walker, fall armyworm, Spodoptera frugiperda
Smith, cactus moth, Cactoblastis cactorum (Berg), cabbage looper, Trichoplusia ni
(Hübner), codling moth, Cydia pomonella Linnaeus, carob moth, Spectrobates
ceratoniae Zeller and some related species (Doyon and Boivin 2005; Cônsoli et al.
2010; Altoé et al. 2012; Paraiso et al. 2012).

In Iran, extensive application of Trichogramma spp. was conducted at past two
decades. Trichogramma spp. mainly used against rice stem borer, C. suppressalis
eggs in North of Iran. An estimate of the released area by Trichogramma spp. in Iran
is not straightforward. Based on the available data, nowadays up to 187,000 hectares
of seven field crops and fruit orchards are treated by them against rice stem borer,
cotton bollworm, European corn borer, carob moth and codling moth (Attaran and
Dadpour-Moganlou 2011).

6.3 Importance of Egg Mortality

Trichogrammatidae and other egg parasitoids are idiobionts (Wajnberg and Hassan
1994). They kill their hosts at commence of development prior to any damage to
vegetation. An attacked host egg lives only in early stage, and dies soon while host
egg reduces to a developmental substrate for Trichogramma larvae. This is a big
advantage for a natural enemy to reduce pest population before injury. This sequence
of impact may also allow proper timing of sequential application of larvicidal
insecticides and/or larvivorous predators or parasitoids following to Trichogramma
release programs.

6.4 Iranian Species and Their Target Moths

Faunistic studies on Trichogramma in Iran began by Shojai and his colleagues in
1984 (Shojai et al. 1990). They collected and identified a rich fauna of native
Trichogramma species in vast agricultural ecosystems such as rice, corn, cotton,
pomegranate, cabbage etc. in north, center and west of Iran by an essential cooper-
ation of Dr. Voegele. Supplementary studies on morphological and enzymatic
characteristics of Trichogramma species was then conducted by Kahani (1998)
and Ebrahimi (1991). Just four genera of Trichogrammatidae were identified in
Iran. Trichogramma is the richest one in terms of number of species. Furthermore,
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OligostiaWalker was reported on Arboridia kermanshah Dlabola eggs from Urmia,
Paracentrobia Howard on Sesamia nonagrioides Lefebvre and Uscana Girault on
Caryedon acaciae Gyllenhal eggs both in Khuzestan province respectively
(Mostaan and Akbarzadeh-Shoukat 1995). There are evidences that show some
other genera exist in Iran but because of small size and difficulty in collecting and
identifying have been neglected (Ebrahimi 2004).

Unfortunately, a serious challenge in faunistic studies on Trichogrammatidae in
Iran and evaluation of contribution of each species in natural control of hosts is
turbulence caused by augmentative releases, which may perturb both richness and
evenness of species in a region. Release programs often neglected natural role of the
parasitoid reservoirs and probable impacts of the released individuals on the already
established fauna. Before and after release, evaluations are needed in this regards
(van Driesche and Bellows 1996).

First time, Afshar in 1938 noticed the importance of Trichogramma in pest
control and the possibility of mass production of them in Iran (Behdad 1996).
Then in the 70’s, following to invasions of the C. suppresalis to Northern provinces,
two species of Trichogramma, were introduced from Germany by Dr. Nikjou who
neglected rich native fauna of Trichogramma spp. in broad Iranian plateau. Rearing
efforts was begun immediately and restricted areas in Northern Iran were treated by
inundative release during 1976–1978 (Ebrahimi 2004).

So far, 11 species of Trichogramma have been identified in Iran by using
morphological characteristics as well as enzymatic analysis (Shojai et al. 1988,
1990; Ebrahimi 1996; Kahani 1998; Ebrahimi et al. 1998; Alizadeh et al. 2002;
Poorjavad 2011, 2012; Mahrughan et al. 2015). The species are as below:

Trichogramma brassicae Bezdenko, T. embryophagum Hartig, T. pintoi
Voegelé, T. evanescens Westwood, T. sembilidis (Aurivillius), T. tsumokave
Sorokina, T. principium Sugonjaev & Sorokina, T. euproctidis Giraulf,
T. ingricum Sorokina, T. cacoeciae Marchal, T. dendrolimi Matsumura.

Identification of Iranian trichogrammatids by foreign experts has been question-
able in some cases. For example, Agamy and Hassan (see Ebrahimi 2004) have been
diagnosed T. poliaeNagaraja and T. minutum Riley from Tehran, while these species
are rather known as Oriental and Australian fauna and Nearctic and Oriental fauna,
respectively and these diagnoses may need further revision.

The most abundant species collected in different regions is Trichogramma
brassicae Bezdenko. In fact, anywhere one can find some Trichogramma speci-
mens, this species will be present. T. brassicae has higher density in flat and dry
areas. This species so far reported from northwestern (Zanjan, East and West
Azarbaijan, Ardabil), northern (Guilan, Mazandaran, Golestan), central (Markazi,
Alborz, Tehran, Isfahan, Yazd), northeastern (Khorasan) and Western (Shahr-e
Kord) provinces (Shojai et al. 1990; Ebrahimi et al. 1998; Ebrahimi 1999, 2004;
Fig. 6.2). Therefore, T. brassicae is the most important and best biocontrol agent for
management of some serious insect pests in Iran (Shojai et al. 1998; Ebrahimi 2004).
Ease of access to the T. brassicae has caused this species to be used in most
augmentation and release programs. Ebrahimi et al. (1998) collected T. brassicae
from C. pomonella, Lobesia botrana Denis and Schiffermüller (Tortricidae),
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H. armigera, Mamestra brassicae L. (Noctuidae), Scrobipalpa ocellatella Boyd
(Gelechiidae), Papilio demoleus L. (Papilionidae), O. nubilalis and C. suppressalis
(Crambidae) eggs.

Trichogramma evanescens Westwood is the second most common species that
has been collected on O. nubilalis, C. suppressalis, H. armigera, C. pomonella,
Ectomyelois ceratoniae Zeller and Naranga aenescens Moore eggs from Isfahan,
Alborz, Markazi, East Azarbaijan, Khorasan-e-Razavi and Northern provinces
(Ebrahimi et al. 1998; Ebrahimi 1999, 2004; Fig. 6.2). In different parts of Iran,
T. evanescens is observed alongside with T. brassicae, with higher densities in
northern slopes of central Alborz Mountains (Shirazi et al. 2010; Mahrughan et al.
2015).

Trichogramma embryophagum (Harting) has reported from Guilan, West and
East Azerbaijan, Mazandaran, Tehran, Markazi, Isfahan and Yazd provinces on eggs
of Archips rosanus L., C. pomonella, Ocnerogyia amanda Staudinger and
E. ceratoniae (Ahmadi and Basiri 1991; Ebrahimi 2004; Shiri et al. 2012; Fig. 6.2).

Fig. 6.2 Provincial distribution of Trichogramma in Iran, br ¼ brassicae, cc ¼ cacociae,
dr ¼ dendrolimi, em ¼ embryophagum, ev ¼ evanescense, ig ¼ ingricum, pr ¼ principum,
pt. ¼ pintoi, sm ¼ semblidis, ts ¼ tshumakovae
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Trichogramma dendrolimi Matsumura was observed first time on eggs of
C. pomonella from northeastern, Razavi Khorasan province (Fig. 6.2). However, it
may also be found in other areas (Ebrahimi et al. 1998). A thelytokous population of
this species has been collected recently (Ebrahimi 2004).

Trichogramma semblidis (Aurivillius) was collected from apple orchards of West
Azerbaijan, and on C. suppressalis and O. nubilalis eggs from rice fields of Guilan
and Zanjan (Fig. 6.2). This species has the widest host range among other species
and it can attack different orders of insects.

Trichogramma principium Sugonjaev and Sorokina was collected fromWest and
East Azerbaijan and Mazandaran provinces on C. suppressalis eggs (Fig. 6.2). A
broader distribution range is possible for this species in Iran.

Shojai et al. (1990) reported the Trichogramma pintoi Voegele from Golestan
province on H. armigera eggs. Then Ebrahimi (1999) collected this species from
Khorasan on C. pomonella eggs (Fig. 6.2). Subsequent investigations revealed wider
host range including Pieris brassicae L., Euproctis chrysorrhoea L., Agrotis
segetum Denis and Schiffermüller, M. brassicae, Plusia sp. Ochsenheimer,
O. nubilalis, L. botrana, Prays oleae Bernard, Cassida nebulosa L. and Acantholyda
posticalisMatsumura eggs (Ebrahimi et al. 1998; Pinto 1999; Poorjavad et al. 2012;
Ranjbar-Aghdam and Ataran 2014). Surely, this species can also be found in other
regions of Iran.

Trichogramma tshumakovae Sorokina was collected in Northern forests of Iran.
This species has been reported from Iran (Ebrahimi et al. 1998) and Kyrgizstan
(Sorokina 1984) on C. suppressalis and M. brassicae, respectively.

Trichogramma ingricum Sorokina first time recorded by Ebrahimi and
Akbarzadeh-Shoukat (2008) from C. pomonella and L. botrana in West and East
Azarbaijan and C. suppressalis in Mazandaran (Fig. 6.2). This species resembles
T. embryophagum morphologically and some recent reports of T. ingricum may be
related to T. embryophagum.

Ebrahimi (2004) collected Trichogramma cacoeciae Marchal only from Yazd.
However, Shojai et al. (1998) reported it from Markazi, Isfahan and Yazd provinces
on E. ceratoniae eggs in pomegranate orchards (Fig. 6.2). Furthermore, it was
reported from Varamin (Tehran province). It is difficult to distinguish T. cacoeciae
from T. embryophagum and some researchers considered them as synonyms
(Pintureau 1997).

Poorjavad et al. (2012) and Karimi et al. (2012) collected Trichogramma spec-
imens from parasitized eggs of several lepidopteran pests in Northern and Central
Iran. They recognized seven Trichogramma species based on the morphological
characteristics and some molecular facts including nucleotide sequence, size and
restriction profile of the internal transcribed spacer 2 (ITS2) region of the rDNA
(Table 6.1). They ascertained first record of T. euproctidis Girault on Pieris
brassicae L. and Plutella xylostella L. eggs in Iran.

Overall, Iranian fauna of Trichogramma can be considered intermediate between
East and West Palearctic regions, as T. dendrolimi, the most common species in
China and widespread one in Japan and Taiwan, was collected from Khorasan as
well. On the other hand, T. brassicae, T. evanescens and T. embryophagum was
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Table 6.1 Geographic range, host and number of Trichogramma specimens examined by
Poorjavad et al. (2012)

Name of species Geographic origin (latitude, longitude) na Host

T. brassicae (203)b Sangtop (36.55212 N, 52.330627E) 50 Ostrinia nubilalis on
Xanthium sp.

Kasgarmahal (36.533916 N, 51.933746E) 13 Chilo suppressalis on
Oryza sativa

Lekode (36.521777 N, 52.277069E) 6 O. nubilalis on Xanthium
sp.

Rasht (37.259572 N, 49.536324E) 3 C. suppressalis on
O. sativa

Sote (36.64611 N, 52.540741E) 9 C. suppressalis on weed

Tonekabon (36.815881 N, 50.873566E) 6 C. suppressalis on
O. sativa

Varaz deh (36.452218 N, 52.2000165E) 4 C. suppressalis on
O. sativa

Hosein abad (36.51957 N, 52.26059E) 39 C. suppressalis on
O. sativa

Sharam kala (36.536123 N, 52.441177E) 51 C. suppressalis on
O. sativa

Taleb amoli (36.619386 N, 52.265396E) 7 C. suppressalis on
O. sativa

Gand yab (36.539433 N, 52.036228E) 4 O. nubilalis on Xanthium
sp.

Posht nesha (37.374523 N, 49.888916E) 2 C. suppressalis on weed

Velisde (36.458983 N, 52.271404E) 6 C. suppressalis on
O. sativa

Chaboksar (36.95291 N, 50.541573E) 3 C. suppressalis on
O. sativa

T. cacoeciae (6)b Qum (34.657569 N, 50.911589E) 6 Ectomyelois ceratoniae

on Punica granatum

T. evanescens
(46)b

Aktij mahale (36.559015 N, 52.667942E) 12 O. nubilalis on X. sp.

dasht-naz sari (36.662636 N,
53.262749E)

10 O. nubilalis on Zea mays

Gorgan (36.82234 N, 54.425583E) 3 C. suppressalis on
O. sativa

Salma, Gorgan (36.913666 N,
54.574585E)

3 C. suppressalis on
O. sativa

Semnan (35.57943 N, 53.387547E) 3 E. ceratoniae on
P. Granatum

Keteshest (37.213925 N, 49.850464E) 2 C. suppressalis on
O. sativa

Bishe kala (36.660432 N, 52.376289E) 9 O. nubilalis on X. sp.

Qum (34.670488 N, 50.887642E) 1 E. ceratoniae on
P. granatum

Nokade (36.249672 N, 53.369865E) 2 O. nubilalis on X. sp.

Shiraz (29.773914 N, 52.715149E) 1 E. ceratoniae on
P. granatum

(continued)
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spread from Europe to Iran. Moreover, existence of T. ingricum, T. tshumakovae and
T. pintoi, represents the relationship between Iranian fauna to Russia and Eastern
Europe.

It should be noted that a high differential sensitivity of Trichogramma spp. either
to physical conditions or hosts has led ecotypes to be evolved. For example, high
ecological difference among T. brassicae populations in different parts of Iran has
led to evolution of numerous host-related regional ecotypes (Ebrahimi 2004).

6.5 Laboratory Rearing on Factitious Hosts

Chambers (1977) defined mass rearing as “Production of insects competent to
achieve program goals with an acceptable cost/benefit ratio and in numbers exceed-
ing ten-thousand to one-million times of the mean productivity of the native popu-
lation female”. A very large number of Trichogramma is needed to be released in a
limited area. Flanders (1927, 1929, 1930) described the first mass-production system
for Trichogramma on S. cerealella eggs that was a significant step in mass

Table 6.1 (continued)

Name of species Geographic origin (latitude, longitude) na Host

T. embryophagum
(25)b

Saryazd (31.35636 N, 54.29777E) 6 E. ceratoniae on
P. granatum

Ashkezar (31.56531 N, 54.10496E) 6 E. ceratoniae on
P. granatum

Varamin (35.357696 N, 51.992798E) 8 E. ceratoniae on
P. granatum

Neyriz (29.11293 N, 54.16297E) 5 E. ceratoniae on
P. granatum

T. euproctidis
(13)b

Nahalestan (35.483005 N, 50.58534E) 7 P. brassicae &
P. xylostella

on Brassica oleracea

Golestanak (35.774372 N, 50.904465E) 6 P. brassicae &
P. xylostella

on B. oleracea

T. pintoi (3)b Ghochhesar (35.546195 N, 51.441422E) 2 P. brassicae on
B. oleracea

Charbagh (36.032442 N, 50.565948E) 2 P. brassicae on
B. oleracea

T. tshumakovae
(5)b

Kheyrod (36.584658 N, 51.556091E) 5 Egg trap in forest

Source: Data retrieved from Pourjavad et al. (2012)
aNumber of collected wasps
bTotal number of collected eggs parasitized by Trichogramma spp.
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production of these wasps. Initial efforts on mass rearing of Trichogramma in Iran,
were conducted at 1981 by Iranian Research Institute of Plant Protection and Iranian
Research Organization for Science and Technology. Two factitious hosts were used
in this regards. Limited efforts also have been done by artificial diets (Attaran and
Dadpour-Moganlou 2011). Several hosts such as Mediterranean flour moth,
Anagasta kuehniella Zeller, angoumois grain moth, Sitotroga cerealella Olivier,
rice moth, Corcyra cephalonica Stainton, Indian meal moth, Plodia interpunctella
Hübner and greater wax moth, Galleria mellonella Linneaus are examined for
rearing of Trichogramma spp. (Shojai 1987). Angoumois grain moth, S. cerealella
eggs were used for mass-rearing of various Trichogramma species in Iran (Vaez
2007). For host rearing purpose, barley seeds are fumigated by Aluminum phos-
phide, washed and dried in room air. Then they are infested to the moth eggs
(4 g S. cereallella eggs for 3 kg barley). The larvae penetrate into the seeds and
develop for 7–10 days depending on temperature and relative humidity. Adults are
transferred to funnels as soon as they begin to fly within containers. Both sides of the
funnel are covered with cloth net (50 mesh) to prevent adults to escape. The funnel is
inversely put on a piece of white paper. Adults lay their eggs on paper sheets where
are harvested every day. Then the harvested eggs are exposed to female parasitoids.

This moth usually is grown on barley, but it may grow on other cereals as well.
The barley variety can affect the quality of the produced moths, but it does not take
into account in Trichogramma mass rearing systems because suitable varieties are
not easily accessible for producers and they have to use the existing varieties that
sometimes are very inappropriate (Vaez 2007). There are major defects in host
rearing in insectaries. The average efficiency of S. cerealella production in Iran is
about 4–5 g Sitotroga eggs per 1 g introduced to production system (Attaran and
Dadpour-Moganlou 2011). This is so, while a female can lay 100–150 eggs during
her life (Behdad 1996). A minor increase in efficiency from 5 to 6 will cause to a
considerable saving in costs in a specified period. Indeed, price of produced agents is
major limiting factor in biological control programs.

Additional to the barley varieties, seed size and problems arose by infestation of
barley seeds to Sitotroga larvae, there are serious problems in preparation of the
moth eggs. Brushing method, lace texture and the mesh size, the surface on which
funnels are settled, the duration of the egg harvesting, moth density and physical
conditions are factors affecting the egg production rate. Storage condition and
duration of egg storage can affect the production’s efficiency. Eggs of different
ages often are pooled and kept in refrigerator for subsequent use. Such pooling
strategy and bulking the harvested eggs (that reduces egg quality), poor storage
conditions, inappropriate ventilation and fault of insectaries are the factors that affect
Trichogramma production (Attaran and Dadpour-Moganlou 2011). Many
manufacturing units in Iran are without the required standards. In a mass-rearing
system all requirements cannot be met together. On the other hand, economic and
cultural aspects and governmental support policy have caused the producer fails to
achieve the required standards. These are true for mass rearing of Sitotroga, but it
can be extended for A. kuehniella as well. The mass production system of
A. kuehniella is more efficient than S. cereallella and eggs can be produced by a
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ratio of 1–20 per one (Attaran and Dadpour-Moganlou 2011). Because A. kuehniella
can be easily used for mass rearing of Habrobracon hebetor Say as well, requires
minimal rearing facilities and is suitable enough for wasps, can be considered in
Trichogramma mass rearing systems. Nevertheless due to higher labor required,
should be improved. More than 517 kg parasitized eggs of S. cereallella were
purchased by Plant Protection Organization of Iran from manufacturers of
Trichogramma in 2011 (Attaran and Dadpour-Moganlou 2011). In the current
mass rearing system in Iran, production efficiency is three per one. In order to
increase efficiency and have a cost-effective production, one have to choose the
higher quality hosts and thelytokous Trichogramma populations with higher toler-
ance to temperature and pesticide-resistant ones.

6.6 Quality Control and Parasitoid Efficacy Studies

One challenging object in mass-rearing of Trichogramma spp. in Iran is quality
control of the produced wasps. Quality control is a process that begins with choosing
agents for initiating mass culture and continues to final steps of efficacy evaluation.
The most common definition of mass production is easy way of rearing of large
number of insects over the existing number to use in control unit (Shorey and Hale
1965). Several criteria are used in monitoring the quality of the produced agents to
ensure continuity of production. Criteria such as viability, survival rate, adult size,
density dependence, performance, sex ratio, life span and adaptation to environmen-
tal conditions. Dutton et al. (1996) divided the qualitative factors of trichogrammatid
production in two categories. First-one is parameters affecting the number of
released females such as percentage of adult emergence, percentage of malformed
females and sex ratio. The second one is suitability and preference parameters of
trichogrammatids, such as longevity and fertility both on factitious and target hosts,
acceptability and suitability of target host for parasitoids that developed on factitious
host and flight ability. According to Etzel and Legner (1999) the most important
factor in mass rearing is fertility. The main factor limiting widespread use of
Trichogramma on a global scale is lack of necessary information on the quality of
produced Trichogrammatidae (Losey and Calvin 1995).

The International Organization of Biological Control (IOBC) has offered stan-
dards for mass rearing of Trichogramma spp. The sex ratio above 50%, fertility rate
above 40 progeny per week, female mortality below 20% after 7d, parasitized at least
10 host eggs within 4 h, adult emergence above 80% and malformed females below
5% are standard indices of trichogrammatids in this instruction (Bigler et al. 1991;
Singh et al. 2001; van Lenteren 2003). A comprehensive quality control guideline
has not been published in Iran yet. However, problem is not lack of information but
is rather its implementation. A qualitative evaluation of Iranian insectaries in 2006
showed that 30–40% of them are out of a standard range. An evaluation revealed that
it is mainly due to low percentage of adult emergence as well as high percentage of
malformed females (Shirazi et al. 2006). Low rate of adult emergence can be caused
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by storage system and/or mortality during transportation. Storage of Trichogramma
spp. has received less attention than what is required. In production units, the wasps
are directly transferred to refrigerator in the fifth or sixth day of their life, which
causes to mortality increase and quality reduction. In traditional method, the wasps
are repeatedly exposed to thermal shock and not stored at the right time. The
temperature varies by insectary and therefore determining the right time of storage
is difficult (Attaran and Dadpour-Moghanlou 2011). The similar problem exists in
host egg storage. Abroon et al. (2014) stated that fresh eggs (�24 h) should be kept
in refrigerator for 24 h. This action has no undesirable effect on parasitism while
prevent host egg hatch. Lengthening the cold storage duration, will result in quality
loss. Several reviews and research papers both in Iran and other countries emphasize
on the importance of the quality of mass-produced Trichogramma in which various
parameters such as longevity, survival rate, sex ratio, fecundity, life table parame-
ters, functional response parameters, host preference etc. have been considered as
quality parameters (see the next subsections).

6.6.1 Longevity

Female longevity is a quality indicator of Trichogramma spp. in field scale (Bigler
1994). It is also an important criterion in preliminary screening of ecotypes or
species of Trichogramma in order to consider in pest management programs
(Vasquez et al. 1997; Gomez et al. 1995, 2005). Longer longevity of a parasitoid
provides more contact fortune to host (Steidle et al. 2001). This may increase the
success of biological control (Nadeem 2010). Different scientists reported different
values for longevity of Trichogramma females ranging from 6 to 9d. The longevity
was 9.19 and 7.27d for T. chilonis on C. cephalonica and H. armigera respectively
(Shirazi 2004), 6.79d for T. pintoi on S. cerealella eggs (Alizadeh and Ebrahimi
2004), 7, 8.12 and 9.16 for T. brassicae on A. kuehniella, S. cerealella and
H. armigera respectively (Vaez et al. 2009).

6.6.2 Fecundity

Fecundity is an important indicator of efficiency of a parasitoid. It directly deter-
mines number of parasitized hosts (Roitberg et al. 2001). The average fecundity of
Trichogramma spp. is recorded in laboratory and usually is used to determine quality
of them prior to release. Of course, such criterion may not be adequate in field
condition, because a large number of wasps may die before oviposition (Dutton et al.
1996). Shirazi (2004) stated that T. chilonis has a higher daily fecundity on
C. cephalonica compared to its natural host, H. armigera. Fathipour and Dadpour-
Moghanlou (2003) reported that the fecundity of T. pintoi on A. kuehniella and
S. cerealella eggs were 97.3 and 71.6, respectively. Fecundity of T. brassicae on
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A. kuehniella, S. cerealella and H. armigera were 79.17, 92.90 and 57.72 respec-
tively (Farazmand et al. 2007; Vaez et al. 2009). Some external factors affect
fecundity of these wasps. The size of host egg determines the available resources
and ultimately the size, fecundity and fitness of the emerging parasitoid. On the other
hand, fecundity of Trichogramma spp. depends on size and quality of host egg
(Bulut 1990). Larger T. brassicae females with higher fecundity were obtained when
reared on the angoumois grain moth compared to the Indian meal moth (Hosseini
Bai et al. 2006). Temperature and photoperiod are the other factors that affect
fecundity. Shirazi (2006) reported daily fecundity of T. chilonis on C. cephalonica
at 25 and 30 �C to be 6.69 and 12.73 respectively. He also mentioned that more eggs
were laid at a photoperiod of 14: 10 h (L: D). Fecundity of T. embryophagum was
16.61, 26.33 and 26.46 and that of the T. pinoti was 12.33, 30.93 and 28.50 eggs at
22, 24 and 26 �C respectively (Ranjbar-Aghdam and Attaran 2014).

Feeding prior to release, markedly increased fecundity and longevity of
Trichogramma (Southard and Houseweart 1982; Bigler 1994; Reznik et al. 1997;
Soares et al. 2012). Attaran et al. (2004) reported that fecundity of starved
T. brassicae were 20.57 and 19.60 on A. kuehniella and S. cerealella, while that
of the fed wasps by honey reached to 71.35 and 56.7 respectively. Karimi-Malati and
Hatami (2005, 2010) also showed that nutrition plays an important role in increasing
of longevity of T. brassicae, as honey supplement led to 8d-increased longevity.
Yeast had no effect on longevity.

6.6.3 Life Table Parameters

According to Andrewartha and Birch (1954) demographic parameters are the best
indicators of fitness of a population and are suitable criteria for comparing physio-
logical states of different species, populations, etc. The most common demographic
parameters are intrinsic rate of increase (rm), finite rate of increase (λ), gross
reproductive rate (GRR), net reproductive rate (R0), mean generation time (T) and
doubling time (DT) (Carey 1993; Ebert 1999). Local populations of
trichogrammatids were compared in regards of life table parameters in a few studies.
However, in many studies estimation of parameters such as intrinsic rate of increase
or net reproductive rate was neglected due to difficulty of calculations. These
parameters are used for monitoring fitness of the parasitoid at successive generations
(Table 6.2).

Direct comparison among different works may be misleading because the para-
sitoids are very sensitive to physical conditions. On the other hand, punctuality
among different researchers in treating the wasps is not similar. Data analysis
methods also can cause some deviations. Disregarding such sources of variation,
T. brassicae seems to be partially superior to the T. pintoi and T. embryophagum.
This is deducible from higher intrinsic rate of increase and reproductive rates and
shorter generation time. However, role of host seems to be crucial. For example,
P. interpunctella is a poor host while S. cereallella is a suitable one for T. brassicae.
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On the other hand, superiority of S.cereallella does not so impressive in two other
species of Trichogramma. Similar order in host suitability is not present among
various Trichogramma species. All these species are of applied value for integrated
pest management of different pests.

6.6.4 Functional Response

Functional response is a key concept to understand how parasitoids/ predators
influence population dynamics of their hosts/preys and how they affect the structure
and hence stability of the communities in which they are living (Jervis and Kidd
1996; Reay-Jones et al. 2006; Wajnberg et al. 2008). Functional response experi-
ments may be conducted to evaluate parasitoid/ predator potential in suppressing the
different prey/host densities and can be helpful in preliminary screening of natural
enemies as well as predicting the results of their release in field (Moezipour et al.
2008; Carneiro et al. 2010). Functional response of a natural enemy is indicated by
two parameters: the handling time (Th), the time taken for a parasitoid to chase,
overcome and handle a single host; and the attack rate or searching efficiency (a or
b), the rate of encounter to new hosts (Holling 1966; Hassell 1978). The parameter
“a” is rather a constant value while the “b” shows density dependence. Estimation of
these parameters has been object of a few studies in Iran (Table 6.3).

The same factors that influence life table parameters may affect functional
response parameters as well. Among them age (Sahragard 1989; Asadi et al.
2012), density (Tahriri et al. 2007), strain (Farrokhi et al. 2010), host age and density
(Chen et al. 2006), host developmental stage (Gonza’lez-Herna’ndez et al. 2005),

Table 6.3 Functional response parameters of Iranian populations of Trichogramma spp.

Species Host
Shape of functional
response

a or b
(h�1) Th (h) References

T. pintoi A. kuehniella III 0.48 0.965 Fathipour et al.
(2002)S. cerealella III 0.16 1.169

T. brassicae S. cerealella III 0.168 1.468 Arbab Tafti et al.
(2004)

A. kuehniella III a a Lashkari et al.
(2004)S. cerealella III a a

H. armigera II 0.051 1.20

A. kuehniella III 0.0042 0.601 Farazmand and
Iranipour (2009)P. interpunctella III 0.0022 1.344

S. cerealella II 0.049 0.42 Farrokhi et al.
(2010)

H. armigera III 0.031 1.134 Vaez et al. (2013)

S. cerealella III 0.0037 0.831 Nikbin et al. (2014)
aData is not available
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temperature and relative humidity (Parajulee et al. 2006; Shojaei et al. 2006;
Moezipour et al. 2008) were considered.

Both type II and type III functional responses are seen in Trichogramma spp.
Fathipour et al. (2002, 2003), Arbab Tafti et al. (2004), Farazmand and Iranipour
(2009), Vaez et al. (2013) and Nikbin et al. (2014) reported that functional response
of Trichogramma species to their hosts has been type-III. In contrast, in some studies
(Karimian 1998; Farrokhi et al. 2010), type-II functional response also was observed
in these parasitoids. In all experiments, total time of exposure was 24 h. Host and
parasitoid species or populations, rearing conditions (temperature and relative
humidity) etc. are the sources of variation.

Shape of the functional response curve can be affected by some factors such as
temperature, species, size and physiological state of host/prey (Juliano and Williams
1985; Coll and Ridgway 1995; Runjie et al. 1996; Messina and Hanks 1998; Wang
and Ferro 1998; De Clercq et al. 2000; Mohaghegh et al. 2001; Sagarra et al. 2001).
Moezipour et al. (2008) reported type-II functional response of T. brassicae to
S. cerealella eggs at 25 �C and type III at 20 and 30 �C. Functional response of
T. brassicae was age-specifically changeable, as female parasitoids were more sever
and more efficient during their early adult life (Nikbin et al. 2014).

6.7 Targets and Inundative Programs

So far, Trichogramma spp. were used against C. suppressalis, O. nubilalis,
S. ceratoniae, H. armigera and C. pomonella in seven crops in Iran. Overall
187896 hectare of the mentioned crops was treated by Trichogramma spp. by
Plant Protection Organization of Iran in 2010. The released area in mentioned
crops during 1995 to 2010 is shown in Figs. 6.3, 6.4, 6.5, 6.6, 6.7, 6.8 and 6.9
(Attaran and Dadpour-Moghanlou 2011). Plant Protection Organization of Iran
published an executive instruction for control of the above pests. Unfortunately,
theoretical base of the following instructions is not known. Region for which this
instruction was provided is also unknown. For example, date of release or number of
generation differs by region, but this instruction does not provide regional informa-
tion. At last, no data is available about evaluation of the results of releases. There-
fore, it is likely an empirical rather than a scientific note.

6.7.1 Codling moth, Cydia pomonella L.

Here, biological control of codling moth by Trichogramma spp. has been
considered.

First generation Release of Trichogramma against the first generation was
recommended to be carried out in three stages by releasuing 15g parasitized eggs
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per hectare. This is done by hanging paper sheets (Tricocards) bearing 0.01 g
parasitized eggs from tree branches in three stages. The first stage will be done
48 h after oil spraying at the peak of the moth emergence with the highest release rate
in this stage. The second stage will continue by releasing additional 5g parasitized
eggs per hectare one week later. The final stage will continue a week later by
reaching total release rate of all stages to 15 g.

Second generation The first phase of release is a week before the peak of adult
emergence with the rate of 5g (500 Tricocard) per hectare. The exact time is
determined by summing degree days accumulated for the pest. The second release
will be done at the peak of the codling moth flights, with the highest release rate.
Finally, one week later a supplementary release will be done to achieve 15g release
rate as before.

Fig. 6.3 Release area of Trichogramma spp. against codling moth, C. pomonella in apple orchards
of Iran (Attaran and Dadpour-Moghanlou 2011)

Fig. 6.4 Release area of Trichogramma spp. against carob moth, S. ceratoniae in pomegranate
orchards of Iran (Attaran and Dadpour-Moghanlou 2011)
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Intermediate of the second and the third generations Depending on regional
weather conditions, two additional releases between two generations may be neces-
sary. If adult catches by traps show an increase after the second generation, which
represents overlap with the next generation, one or two releases will be conducted.
The first one 7d after the last release of the previous generation followed by the
second one 7d later, both at the rate of 5g per hectare.

Third generation Three additional releases will be carried out during the third
generation at a rate of 15g per hectare in three stages whether generations overlap or

Fig. 6.5 Release area of Trichogramma spp. against cotton bollworm, H. armigera in cotton fields
of Iran (Attaran and Dadpour-Moghanlou 2011)

Fig. 6.6 Release area of Trichogramma spp. against tomato fruit worm, Helicoverpa zea Boddie in
tomato fields of Iran (Attaran and Dadpour-Moghanlou 2011)
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not. In those regions where the second and third generations are overlapped, the
release against the 3rd generation will continue within 7d after the second phase of
the previous stage, whereas in non-overlapping ones, it will began 25-28d after the
peak of the second generation relying on traps’ catches. This coincides to while one
week remains to peak of the third generation. The two additional releases will
continue every other week. Release areas of apple orchards covered by Tricocards
have been shown in Fig. 6.3.

Fig. 6.7 Release area of Trichogramma spp. against H. armigera in soybean fields of Iran (Attaran
and Dadpour-Moghanlou 2011)

Fig. 6.8 Release area of Trichogramma spp. against European corn borer, O. nubilalis in corn
fields of Iran (Attaran and Dadpour-Moghanlou 2011)
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6.7.2 Carob moth, Spectrobates ceratoniae Zeller

An overall 8–10 times release of 600 Tricocards (0.01g parasitized eggs each) per
hectare with regular intervals of 10–15 days between any two successive releases
was recommended (Alizadeh et al. 2007). The first round will begin at early June and
the subsequent ones will continue as follow: The 2nd time: late June, The 3rd time:
early July, The 4th time: late July, The 5th time: the mid-August, The 6th time: early
September, The 7th time: mid-September, The 8th time: late September, The 9th
time: early October, The 10th time: mid- October.

Note: The adult emergence of overwintering generation of carob moth is gradual
and occurs in a long horizon of time, with an apparent peak at mid-June when is
considered the best time for the first release. Since the developmental time of carob
moth at the first generation may take 50-55d, sometimes the second release is
delayed and then one or two releases may be removed. Furthermore, in precocious
cultivars and early harvest regions, one additional release also may be excluded.
Release areas of pomegranate orchards have been shown in Fig. 6.4.

6.7.3 Cotton Bollworm, Helicoverpa armigera Hübner

6.7.3.1 Release in Cotton Fields

The first release of Trichogramma spp. is carried out by a rate of 200 Tricocards per
hectare (0.01 g parasitized egg each) when the first moths are trapped by pheromone
traps in cotton fields. An additional release of 3 g (300 Tricocards) is done 5–7 days

Fig. 6.9 Release area of Trichogramma spp. against rice stemborer, C. suppressalis in rice fields of
Iran (Attaran and Dadpour-Moghanlou 2011)
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later followed by the third release of 1 g Trichogramma together 1000 Habrobracon
hebetor females per hectare 5 days after that. Releases against the second generation
will continue 10–15 days later at a rate of 2 g Trichogramma per hectare followed by
another release of the same rate together 1000 H. hebetor females after a week.
Release areas of cotton fields have been shown in Fig. 6.5.

6.7.3.2 Release in Tomato Fields

The first release of 1 g Trichogramma spp. against H. armigera occurs in tomato
fields providing that the following requirements meet together in a field:

(a) One moth is observed in traps in tomato fields
(b) The first bollworm eggs is observed in tomato fields
(c) The tomato field is at early blooming stage

The subsequent releases continue by the rate of 2 and 1 g per hectare one week
and 5 days later respectively. Release areas of tomato fields have been shown in
Fig. 6.6.

6.7.3.3 Release in Soybean Fields

The first release of 200 Tricocards per hectare is done when the first moth is trapped
within each of two traps settled in each region and the first eggs are visited on
soybean leaves. Two subsequent releases will be done at the same rate 5–7 days later
(Amini and Vafayi-Oskouyi 2007). Release areas of soybean fields have been shown
in Fig. 6.7.

6.7.4 European Corn Borer, Ostrinia nubilalis (Hubner)

In corn fields of Khuzestan Province, the Trichogramma spp. are released at the rate
of 100 Tricocards per hectare against the second generation of Ostrinia nubilalis
when the first female was observed. The subsequent releases will be done at 50%
pupation and peak of the O. nubilalis flights by the rates of 100 and 200 Tricocards
respectively (Amir Nazari 2007; Amir Nazari et al. 2015). Release areas of corn
fields have been shown in Fig. 6.8.

6.7.5 Rice Stemborer, Chilo suppressalis Walker

The norm of Trichogramma release in rice farms is 4.5 g per hectare in Mazandaran
province and 4 g in Golestan province. Realese of Trichogramma against the first
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generation of C. suppressalis is done at the rate of 100 Tricocards per hectare at the
second half of April in field or nursery based on the peak of flight. For the second
generation, two releases are performed; One at the peak of pupation or as soon as the
first eggs or female oviposition was recorded and the second when C. suppressalis
catches maximize (7–10d after the first release and before dough stage). When the
second and third generations overlap, release is done at the peak flights of the second
generation or when the curve begins to rise at the third generation (Anonymous
2006). Release areas of corn fields have been shown in Fig. 6.9.

Above Figs. (6.3, 6.4, 6.5, 6.6, 6.7, 6.8 and 6.9) show that the wide spread use of
Trichogramma spp. in Iran was begun 6–17 years ago depending on crop. The
release area in some products such as tomato and corn have been exponentially
increasing while in other crops such as rice remained constant following a sudden
decline or even in some others like apple have had decreasing trend. Total release
area does not exceed 0.8% of the grown lands, which distributed mainly in three
Northern provinces of Iran (Attaran and Dadpour-Moghanlou 2011). This suggests a
potential market for the future.

6.8 Comparison Between Iran and the World Status
of Trichogramma Research and Application

Study on flight speed of Trichogramma spp. showed that the Iranian populations are
weaker flyers than other populations. This may be an intrinsic difference or other-
wise arises by poor rearing methods (Attaran 2009; Moosavian et al. 2010). Despite
low price of Trichogramma production in Iran (260,000 IRR� 2 US $ per gram) the
release of these wasps is still very limited. Some of the most important restrictions
are lack of investments, lack of workforce, lack of organization for on-time access to
required numbers of wasps, lack of governmental support, insurance, low accept-
ability among farmers due to inadequate control and so on.

Trichogramma application initially received higher attention by farmers but
gradually a large number of farmers refused it and believed that biological control
is not efficient enough (Attaran and Dadpour-Moghanlou 2011). Numerous reasons
caused it to happen. One main challenge in Trichogramma use has been extra
reliance on one species and neglecting local populations. Ease of access caused
T. brassicae released in many situations and replaced to natural fauna. This is while
T. brassicae is not suitable to control carob moth (Table 6.2). One possible solution
to overcome this problem is construction of a Trichogramma bank of natural source.
This bank may assist to conserve natural diversity and provide suitable founders for
augmentative programs adapted to local conditions. The other fault in
Trichogramma production is lack of data related to efficacy evaluation of the
released wasps. This negates having a true insight about the results of our measure-
ments. This may cause to expend unnecessary effort and cost.
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More ecological studies are needed for optimum use of all biological control
agents including Trichogramma spp. Quality control measurements also are neces-
sary in all steps of production. Unfortunately, no serious attention was paid to this
important task in Iran. Packing, storage and release methods also need to further
attention. Apparently, we are at initial steps of biological control by Trichogramma
in Iran despite two decades of application. We need to revise our past efforts once
again to set up a sufficient system.

6.9 Other Chalcids

Among Chalcids (Superfamily Chalcidoidea) there are some other families that have
members which parasitizes egg of insects. For example some members of families
Encyrtidae, Eupelmidae, Eulophidae, Torymidae, and Mymaridae attack insect eggs.
The other members of these families attack other stages of insects. The following
species were reported as egg parasitoids in Iran (Shishehbor and Rasekh 2015):

6.9.1 Family Encyrtidae

Blastothrix sericea (Dalman) and Metaphycus punctipes (Dalman) are egg parasit-
oids of Eulecanium coryli L. (Hem. Coccidae) (Ebrahimi 1993). The former species
has a wider range of distribution. Northern and central provinces are the regions in
which this species was reported (Radjabi 1989). This species was the most abundant
parasitoid on E. coryli with 1/3 of the collected specimens (Davoodi et al. 2004).

Ooencyrtus spp. egg parasitoids of bugs and moths: One species was reported as
Ooencyrtus sp. near to masii Mercet upon Ocneria terebinthina Stgr (Lep.
Lymantridae) in Fars province in southern Iran (Sabahi 1996). In addition, three
species of O. telenomicida (Vassiljev), O. nigerrimus Ferriere & Voegele and
O. fecundus Ferriere & Voegele was reported on common sunn pest Eurygaster
integriceps Puton (Hem. Scutelleridae). All these species are gregarious parasitoids
and up to four wasps can emerge from a single host egg (Iranipour 1996). In the case
of Ooencyrtus sp. egg parasitoid of Ocneria, it is three wasps per a single host
(Sabahi 1996). The recent species is active on all generations of the target host but
parasitism rate of the first generation was very low (less than 6%). Therefor Sabahi
(1996) suggested that supplementary release should be carried out at peak of the first
generation of the host. Negative geotaxis, positive phototaxis, tendency to RH’s
around 30–40% and temperatures around 24–26 �C and finally host aggregation
causes the wasps tend to crowd on upper canopy.

In a laboratory study, Safavi (1970) described oviposition and mating behaviors
of O. telenomicida and O. pityocampae. He showed that O. telenomicida is a
gregarious arrhenotokous parasitoid. Up to nine parasitoid eggs, four nymphs and
three adult wasps were counted in a single host egg. Iranipour (1996) and
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Ahmadpour et al. (2013) obtained four adults of both species of O. telenomicida and
O. fecundus emerged from an egg. In contrast O. pityocampae is rather a solitary and
telytokous species. Male progeny is very rare and just one male was recorded among
152 adult wasps. Also seldom more than one wasp can emerge from a single egg of
Eurygaster integriceps. The adults of the recent wasp are larger and it may be the
reason of solitary development of immature stages. Development in larger hosts has
not been examined. Majority of Ooencyrtus species are not host-specific and can
attack large number of moths’ and true bugs’ eggs. However, their host range is not
studied enough. Hyperparasitism on Trissolcus species also was reported (Safavi
1970). This is considered an undesirable property that may restrict application of
Ooencyrtus spp. against the cereal bugs. Furthermore Ooencyrtus species are poorer
parasitoids in comparison to platygastrid egg parasitoids of cereal bugs (see Chap. 8
for comparative biostatistics of both groups). This is due to lower fecundity, slower
development and polyphagy, which reduce overall impact of these wasps on target
hosts particularly E. integriceps. Often natural parasitism of these species does not
exceed 5% (Iranipour et al. 2011), although egg traps may be attacked by a higher
rate late season (Shafaei et al. 2011; Nozad-Bonab and Iranipour 2011). An expla-
nation may be role of the other hosts during massive oviposition of the target host. In
other words, Ooencyrtus species may have other hosts that prefer them to target host
and just switch to target host late season when the other hosts are going to become
rare. In fact, except in West Azarbaijan province (Shafaei et al. 2011), no place else
Ooencyrtus species was observed early season and their early season activity inWest
Azarbaijan province was very limited and ceased for a month. On the other hand,
cereal bugs also are going to terminate their oviposition late season. Hence, only few
eggs are available for parasitism.

Rafat et al. (2013a, b), Iranipour et al. (2013a, b) and Ahmadpour et al. (2013)
studied effects of superparasitism and gregarious development on life history,
functional response and aggregation of O. telenomicida and O. fecundus respec-
tively. Life history studies on O. telenomicida revealed that two progenies within a
single host develop by the same rate that one progeny develops in similar unit. They
also have similar fecundity and no difference is present between twins and singletons
(Rafat et al. 2013a). Ahmadpour et al. (2013) extended this arguement to higher
superparasitism rates by O. fecundus i. e. triplets and quadruplets. Except develop-
ment time and generation time, other statistics were affected by number of progenies
that shared a host egg. However, no difference was observed between twins and
singletons again.

Functional response studies revealed that parasitism rate was inversely density
dependent in O. telenomicida (Rafat et al. 2013b). On the other hand, superparasit-
ism rate decreases by increasing host density. Taking into account that four proge-
nies can develop in a single host egg, one can expect to achieve this extreme in lower
host/parasitoid rates. However, such a capacity never realizes. Safavi (1970) stated
that the reason is host feeding behavior of this parasitoids that pierce egg shells for
feeding and those eggs with several holes on egg shell became useless. In
O. fecundus, Iranipour et al. (2013a) showed that parasitism rate was 100% as
long as host density remained eight or less and only slightly decreased at density
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of 16. However, it deeply declined at higher densities. A vast number of parasitoids
were permitted to oviposit on a few host egg clutches (14 eggs per clutch). Then
individual eggs were separated from the clutches and developed singly in glass vials
to emerge. Number of progeny per a single host egg was divided to four groups;
singletons, twins, triplets, and quadruplets. Females of each group were singly
confined in vials containing different number of host eggs for five hours. Parasitized
eggs were maintained in laboratory and number of progeny was recorded after
emergence. As expected, per capita progeny number was decreased by parent size
(singletons to quadruplets) in all host densities. Nevertheless, per capita number of
progeny unexpectedly did not decrease continuously. It means that number of
progeny per a single egg reduced in densities below four for singleton and twin
parents and remained unchanged for triplets and quadruplets. This may occur due to
larval competition, host injury during handling, or interference during oviposition.
Direct observations do not support contention of competing females. Difference
among the parents in terms of total number of progeny was also lower than
expectation. A maximum 1.74 times more progeny (10.6 vs. 6.0) was recorded at
density of four host eggs in singleton mothers compared to quadruplets. This
difference declined to 1.12 times at density 32. It seems that 12% difference in
fertility between singleton and quadruplet wasps is insignificant. In a similar study
onO. telenomicida both host numbers and parasitoid numbers varied (Iranipour et al.
2013b). Maximum daily fecundity was 21. So no resource limitation was expected
until host/parasitoid ratio remains 20:1. It was true with one exception. In all
treatments in which resource limitation was present parasitism rate was 100%.
Superparasitism rate was higher than O. fecundus; it reached 14.7–29.4% at H/P
ratios above 20:1. A sudden increase in per capita number of progeny occurred at
ratios below 10:1. Maximum progeny was 3.06 per host at the lowest H/P ratio,
which exceeded that of the O. fecundus. The results suggested that female parasitoid
responds to host deficiency by reduction in fecundity rather than increasing
superparasitism.

6.9.2 Family Eupelmidae

Anastatus bifasciatus Forcroy was reported on sunn pest eggs (Iranipour et al. 1998).
Just males were reared in host eggs. The females also collected later from larger eggs
of an unknown moth.

6.9.3 Family Eulophidae

Tetrastichus xanthonelanae Rond was collected from eggs of Galerucella luteola
Mull. (Col. Chrysomelidae) (Azmayesh-Fard and Esmaili 1981). This is a serious
pest of elm trees in landscapes of some regions. Larvae defoliate elm trees and

6 Egg Parasitoids: Chalcidoidea with Particular Emphasis on Trichogrammatidae 221



damage is so intensive that leaves begin to drop mid-summer some years. New
vegetation causes trees to weaken. A female wasp can parasitize 200 eggs. In
addition, it can also feed on a few eggs prior to parasitism. In 1977 and 1978 the
first adults emerged early May. This wasp as well as another pupal parasitoid
T. brevistigma Gahan has considerable effect on theG. luteola of the first generation.
A non-persistent insecticide application between the first and second generation
satisfy pest control up to the end of season without significant effect on the
parasitoid.

6.9.4 Family Torymidae

Oopristus safavii Stephan was collected from Apodiphus amygdalii Germar (Hem.
Pentatomidae) in Tehran in 1966 (Safavi 1973). After half a century, no other report
is present about this species.

6.9.5 Family Mymaridae

A few species of Mymaridae was reported in Iran. All of them are egg parasitoids of
other insects. Anaphes (Patasson) sp. attacks eggs of Hypera postica (Col.
Curculionidae) in Southwestern (Yasuj) alfalfa fields. Parasitism rate is as low as
3% (Saeedi 2007). Anagrus atomus L. is the most known species of this family. It
attacks a few species of plant hoppers including Arboridia Kermanshah (Hem.
Cicadellidae) in Isfahan (Latifian 1998; Latifian and Soleymannezhadian 2008;
Hesami et al. 2001) and Khorasan vineyards (Triapitsyn 1998), Circulifer tenellus
in sugarbeet fields of Karaj (Walker et al. 1997) and Empoasca decipiens in bean
fields of Tehran (Naseri et al. 2007). It is also a parasitoid of a few planthoppers in
Europe and Turkey. For example Empoasca vitis (Arno et al. 1987; Chiappini et al.
1996) E. decipiens (Schmidt 2000) and Arboridia adanae (Yigit and Erkilic 1987)
are attacked by it. This parasitoid switches to alternate hosts (other planthoppers’
eggs) at winter in vineyards because target host E. vitis hibernate as stage other than
egg. This parasitoid is not able to control E. vitis although it has an important role in
its population reduction (Latifian and Soleymannejadian, 2008). Naseri et al. (2007)
observed density independent mortalirty of E. decipiens in four bean varieties. Those
varieties with dense trichoms did not colonized by the parasitoid at all. In contrast,
Agboka et al. (2004) reported an inverse density dependent relationship between
mortality and host population density.

Erythmelus panis Enocl attacks Stephanitis pyri F. (Hem. Tingidae) eggs
(Akbarzadeh-Shoukat 1998). This is a specific pest of pear trees with low impor-
tance. Parasitism rate achieves 6–32%.
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Chapter 7
Parasitic Wasps: Chalcidoidea
and Ichneumonoidea

Hossein Lotfalizadeh and Abbas Mohammadi-Khoramabadi

7.1 Introduction

Chalcidoidea and Ichneumonoidea are the most diverse superfamilies of Hymenop-
tera. They contain the main groups of biological control agents of insect pests in both
agricultural and forest ecosystems throughout the world (Quicke 2015). They affect
immature stages of their hosts by using different biological traits (solitary and
gregarious, endoparasitoid and ectoparasitoid, koinobiont and idiobiont).

Iran constitutes a large part of the Iranian plateau. It covers an area of
1,623,779 km2 which is located between the eastern Mediterranean area and the
Oriental region, and contains elements of rich fauna so the diverse topography and
climate of Iran, from cool and humid mountains (Alborz in the north, Zagros in the
west, North Khorasan in the northeast and Jebal Barez and Baluchistan mountains in
the south and southeast of Iran) to hot and dry deserts (Zehzad et al., 2002). Iran also
located at the crossroad of the Palaearctic, Afrotropical and Oriental biogeographic
realms; therefore, it is one of the most diverse regions of the world that this is
reflected in its insect fauna especially in parasitoid Hymenoptera or parasitoid wasps.

A review of available literature clearly shows that the majority of studies on
parasitoid wasps of Iran prior to the 1960s were undertaken by foreign experts and
that those by Iranian taxonomists mostly started more recently.

International projects and cooperating well-known specialists and professional
laboratories accelerated the process of identifying hymenopterous parasitoids and
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assessment of their potential for biological control of pests by these parasitoids.
Prospaltella berlesei Howard (Aphelinidae) was imported and established for bio-
logical control of Pseudaulacaspis pentagona (Targioni) (Hem.: Diaspididae) in the
north of Iran, Guilan province (Habibian 1981). An unknown Iranian species of
Gonatocerus (Mymaridae) was introduced to the US to use it as a biocontrol agent
(Triapitsyn 2013). Exploring parasitoids of Hypera postica (Gyllenhal) (Col.:
Curculionidae) was conducted from 1973 to 1975 in Iran and nearby countries and
resulted in finding two larval parasitoids of the pest, Bathyplectes anurus (Thomson)
and Bathyplectes curculionis (Thomson) (Hym.: Ichneumonidae, Campopleginae)
(Gonzalez et al. 1980). Abaei studied the natural enemies of Lymantria dispar (Lep.:
Lymantriidae) a destructive pest of forest in Iran by cooperating with the parasitol-
ogy laboratory of France under the supervision of Dr. Herard during 1975–1976
(Abai 2011; Herard et al. 1979).

Augmentation biological control programs by mass-rearing and releasing of some
species of Braconidae and Trichogrammatidae have been started from the early
recent century in Iran. Habrobracon hebetor (Say) (Hym.: Braconidae, Braconinae)
is a polyphagous biological control agent of several crop pests (Amir-Maafi and Chi
2006; Forouzan et al. 2008, 2009; Taghizadeh and Basiri 2013). It is widely
distributed in the Holarctic and Oriental regions and reported as a parasitoid of
several species of Coleoptera and Lepidoptera (Yu et al. 2012).

7.2 The Superfamily Chalcidoidea

7.2.1 Some Chalcidoids Parasitoids of Major Pests in Iran

Agricultural stored products threaten by several storage insect pests with a loss of
about 6–10% reduction in Iran (Maroof 2002). These storage pests mostly belong to
Coleoptera and Lepidoptera attacked by several species of natural enemies espe-
cially hymenopterous parasitoids.

Five pteromalid species have been reared as parasitoids of stored product pests in
Iran: Anisopteromalus calandrae (Howard), Dinarmus vagabundus (Timberlake),
Lariophagus distinguendus (Förster), Theocolax elegans (Westwood), Theocolax
formiciformis (Westwood). Within these parasitoids, A. calandrae is a well known
cosmopolitan parasitoid of Anobiidae and Bruchinae (Coleoptera) associated with
stored products and widely distributed in Iran (Lotfalizadeh and Hosseini 2013). It
has been shown that A. calandrae prefers fourth instar larvae of Callosobruchus
maculatus than other stages and exhibited type II functional response to this stage
(Kazemi et al. 2004).
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7.2.2 Parasitoids of Stored-Product Pests

Four species of fruit flies (Dip.: Tephritidae), including Acanthiophilus helianthi
(Rossi), Chaetorellia carthami Stackelberg, Terellia luteola (Wiedemann),
Urophora mauritanica Macquart, and the safflower gall wasp, Isocolus tinctorius
Melika & Gharali (Hym.: Cynipidae) are serious pests of safflower fields in Iran.
Twelve species of hymenopterous parasitoids of these pests were reared and some of
their morphological and biological data were presented. These parasitoids belong to
the families Eulophidae, Eurytomidae, Ormyridae, Pteromalidae, and Torymidae
(Lotfalizadeh and Gharali 2014). Colotrechnus viridis (Masi), Microdontomerus
annulatus (Bouček), Pronotalia carlinarum (Szelényi & Erdös), and Pteromalus
albipennis Walker are associated with safflower fruit flies, and Ormyrus gratiusus
(Förster) are associated with cynipid gall wasp in Iran (Table 7.1) (Lotfalizadeh and
Gharali 2014).

7.2.3 Safflower Seed Pests Parasitoids

Study of parasitic wasps received from different localities in Iran 2008–2012,
showed that there are 10 hymenopterous parasitoids on diamondback moth
(DBM), Plutella xylostella (Linneaus) (Lep.: Plutellidae) in Iran (Lotfalizadeh
et al. 2013). The larval parasitoid, Oomyzus sokolowskii (Kurdjumov) (Hym.:
Eulophidae) is the most important parasitoid of DBM reported from Iran (Golizadeh
et al. 2008a, b, c) but Brachymeria excarinata (Gahan) (Hym.: Chalcididae) attacks
pupae (Afunizadeh et al. 2010). Two petromalid species, Mokrzeckia obscura
(Graham) and Pteromalus sp. were reported as hyperparasitoids of DBM. Regarding
adaptation with relatively high temperatures, it has been suggested that
O. sokolowskii is the only chalcidoid species, which has the capacity to control
DBM in tropical and semi-tropical conditions (Golizadeh et al. 2008a, b, c). Alter-
natively, the parasitism rate of this species in the south of Tehran was estimated too

Table 7.1 Chalcidoid para-
sitoids of Safflower seed pests
in Iran (after Lotfalizadeh and
Gharali 2014)

Family Parasitoids

Eulophidae Aprostocetus sp.

Pronotalia carlinarum (Szelényi & Erdös)

Eurytomidae Eurytoma acroptilae Zerova

Sycophila submutica (Thomson)

Ormyridae Ormyrus gratiosus (Förster)

Ormyrus orientalis Walker

Pteromalidae Colotrechnus viridis (Masi)

Pachyneuron muscarum (Linnaeus)

Pteromalus albipennis Walker

Torymidae Adontomerus crassipes (Bouček)

Microdontomerus annulatus (Spinola)
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low to control the DBM efficiently (it was 7.93% and 1.8% on Boris and S-J
cultivars, respectively) (Hasanshahi et al. 2012b).

7.2.4 Diamondback Moth Parasitoids

Study of parasitic wasps received from different localities in Iran 2008–2012,
showed that there are 10 hymenopterous parasitoids on diamondback moth
(DBM), Plutella xylostella (Linneaus) (Lep.: Plutellidae) in Iran (Lotfalizadeh
et al. 2013). The larval parasitoid, Oomyzus sokolowskii (Kurdjumov) (Hym.:
Eulophidae) is the most important parasitoid of DBM reported from Iran (Golizadeh
et al. 2008a, b, c) but Brachymeria excarinata (Gahan) (Hym.: Chalcididae) attacks
pupae (Afunizadeh et al. 2010). Two petromalid species, Mokrzeckia obscura
(Graham) and Pteromalus sp. were reported as hyperparasitoids of DBM. Regarding
adaptation with relatively high temperatures, it has been suggested that
O. sokolowskii is the only chalcidoid species, which has the capacity to control
DBM in tropical and semi-tropical conditions (Golizadeh et al. 2008a, b, c). Alter-
natively, the parasitism rate of this species in the south of Tehran was estimated too
low to control the DBM efficiently (it was 7.93% and 1.8% on Boris and S-J
cultivars, respectively) (Hasanshahi et al. 2012b).

7.2.5 Xylophagous Beetles Parasitoids

Nineteen species of Chalcidoidea have yet been recorded as parasitoids of Coleop-
teran xylophagous pests in Iran. They are belonging to six families including
Chalcididae, Encyrtidae, Eulophidae, Eupelmidae, Eurytomidae and Pteromalidae
each with 5, 1, 1, 2, 4 and 7 known species, respectively (Table 7.2) (Lotfalizadeh
and Khalghani 2008; Lotfalizadeh and Jafari-Nadushan 2015). Lotfalizadeh et al.
(2012) tabulated the hosts of Iranian species of the family Chalcididae and reported
three species as parasitoids on Coleopterans of the family Buprestidae.

7.2.6 Alfalfa Leaf Miners Parasitoids

The most important alfalfa leaf miners in Iran include two dipterous and one
lepidopterous species as Liriomyza trifolii (Burgess), Chromatomyia horticola
(Goureau) (Dip.: Agromyzidae) and Phyllonorycter medicaginella (Gerasimor)
(Lep.: Gracillariidae). These species were parasitized with 23 hymenopterous para-
sitoids including 19 eulophids and four pteromalids species (Lotfalizadeh et al.
2015) (Table 7.3).
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Table 7.2 Chalcidoid parasitoids of xylophagous beetles parasitoids (Hym.: Chalcidoidea) in Iran

Family Parasitoid species Host References

Chalcididae Cratocentrus
tomentosus
(Nikol’skaya)

Chrysobothris parvipunctata
(Coleoptera: Buprestidae) on
Punica granatum

Lotfalizadeh and
Jafari-Nadushan
(2015)

Trigonura ninae
(Nikol’skaya)

Chrysobothris parvipunctata
(Coleoptera: Buprestidae) on
Punica granatum

Lotfalizadeh and
Jafari-Nadushan
(2015)

Trigonura ruficaudis
(Cameron)

Chrysobothris sp. (Col.:
Buprestidae)

Lotfalizadeh et al.
(2012)

Varzobia tibialis
(Nikol’skaya)

Buprestidae (Coleoptera) on pine Lotfalizadeh et al.
(2012)

Encyrtidae Heterococcidoxenus?
schlechtendali
(Mayer)

– Lotfalizadeh and
Khalghani (2008)

Eulophidae Entedon ergias
(Ratzeburg)

– Lotfalizadeh and
Khalghani (2008)

Eurytomidae Eurytoma morio
(Boheman)

Rogulascolytus mediterraneus
eggers and Scolytochelus
multistraiatus Marsham (Col.:
Scolytidae) on Biota orientalis

Lotfalizadeh and
Khalghani (2008)

Eurytoma arctica
(Thomson)

Smicronyx robustus (Fst.) (Col.:
Curculionidae), Xylopertha
reflexicauda (Lesne) (Col.:
Bostrychidae) and
Ruguloscolytus mediterraneus
(Col.: Scolytidae)

Lotfalizadeh and
Khalghani (2008)

Eurytoma iranicola
(Zerova)

Osphranteria coerulescens (Col.:
Cerambycidae)

Zerova et al.
(2004),
Lotfalizadeh and
Khalghani (2008)

Eupelmidae Eupelmus muellneri
(Ruschka)

Rogulascolytus mediteraneus
(Col.: Scolytidae) and buprestid,
Sphenoptera davatchii
Descarpentries

Lotfalizadeh and
Khalghani (2008)

Eusandalum inerme
(Ratzeburg)

Buprestidae on Ficus carica Lotfalizadeh and
Khalghani (2008)

Pteromalidae Callocleonymus
pulcher (Masi)

Rogulascolytus mediteraneus
(Col.: Scolytidae) and Xylopertha
reflexicauda (Lesne) (Col.:
Bostrychidae)

Lotfalizadeh and
Khalghani (2008)

Chalcedectus
balachowskyi
(Steffan)

Osphranteria coerulescens
(Redtenbacher) (Col.:
Cerambycidae) on Rosa

Lotfalizadeh and
Khalghani (2008)

Cheiropachus
quadrum (Fabricius)

Rogulascacheolytus
mediteraneus (Col.: Scolytidae)
and Xylopertha reflexicauda
(Col.: Bostrychidae)

Lotfalizadeh and
Khalghani (2008)

Dinotiscus colon
(Linnaeus)

Ruguloscolytus mediterraneus
and Phloeosinus bicolour
(Brulle)

Lotfalizadeh and
Khalghani (2008)

(continued)
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The diversity of hymenopterous parasitoids was studied in the northwest of Iran.
This study showed the most of these parasitoids belong to the family Eulophidae
(93%) including two subfamilies (Eulophinae and Entedoninae). Amongst reared
parasitoids, Diglyphus isaea (Walker) was the most common species and had the
highest frequency.

7.2.7 Grape Berry Moth Parasitoids

The hymenopterous parasitoids of grape berry moth Lobesia botrana (Denis and
Schiffermüller) (Lep.: Tortricidae) in Iran were studied sparsely. This aggregation
includes 12 species belong to five families Bethylidae, Braconidae, Ichneumonidae,
Pteromalidae and Trichogramatidae are listed as egg (two species), larval (nine
species) and pupal (four species) parasitoids (Table 7.4). During this study, two
species Dibrachys affinis Masi (Hym.: Pteromalidae, Pteromalinae) and Itoplectis
alternans (Gravenhorst) (Hym.: Ichneumonidae, Pimplinae) are new records for
Iranian insect fauna and larval parasitoid of L. botrana. Finally, all of the hymenop-
terous parasitoids of grape berry moth in Iran were reviewed.

Noyes (2018) listed 28 chalcidoid species as reported parasitoids of grape berry
moth worldwide. These parasitoids attack to different life stages of L. botrana.
About half of these attacks to larvae and are larval parasitoid and the rest attack
pupa (Akbarzadeh-Shoukat et al. 2008b). Based on Akbarzadeh-Shoukat et al.
(2008a), the rate of larval parasitism of L. botrana varied from 1% to 16.8% (average
6.33%). This parasitism was significantly different in other localities and the pest
generations, but the maximum rate of parasitism was in the first generation of
the pest.

Within this list, T. ingricum has not been reported as a parasitoid of L. botrana. It
is widely distributed in the north and north-west of Iran as parasitoid of L. botrana,
Cydia pomonella (L.) and Chilo supressalis Walker (Ebrahimi and Akbarzadeh-
Shoukat 2008). Suppressing potential of T. ingricum on L. botrana was assessed by
about 60% in Urmia vineyards (Akbarzadeh-Shoukat and Ebrahimi 2008). They
reported that it is widely distributed in this region with 40–50% parasitism rate in the
first generation of L. botrana.

Table 7.2 (continued)

Family Parasitoid species Host References

Heydenia pretiosa
(Forster)

Ruguloscolytus mediterraneus
and Phloeosinus bicolour on fruit
trees and Biota orientalis

Lotfalizadeh and
Khalghani (2008)

Rhaphitelus
maculatus (Walker)

R. mediteraneus (Col.:
Scolytidae) and X. reflexicauda
(Col.: Bostrychidae)

Lotfalizadeh and
Khalghani (2008)

Oxysychus sp. Sphenoptera davatchii and
S. kambyses (Col.: Buprestidae)

Lotfalizadeh and
Khalghani (2008)
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Table 7.3 Chalcidoid parasitoids of alfalfa leaf miners in Iran

Family Genus Species Host References

Eulophidae Baryscapus Baryscapus
impeditus (Nees)

Liriomyza trifolii Talebi et al.
(2011)

Chrysocharis Ch. albicoxis
(Erdös)

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Ch. crassiscapus
(Thomson)

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Ch. submutica
(Graham)

Phyllonorycter
medicaginella

Lotfalizadeh et al.
(2015)

Cirosspilus C. talitzkii
(Bouček)

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

C. vittatus
(Walker)

Liriomyza sativae,
Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015), Asadi
et al. (2006)

Closterocerus Cl. formosus
(Westwood)

Liriomyza sativae,
L. trifolii

Asadi et al. (2006)

Closterocerus sp. Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Diglyphus D. crassinervis
(Erdös)

Liriomyza sativae,
L. trifolii

Asadi et al. (2006)

D. isaea (Walker) Liriomyza sativae,
L. trifolii,
Chromatomyia
horticola

Lotfalizadeh et al.
(2015), Asadi
et al. (2006)

D. pachyneuron
(Graham)

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Diglyphus
sensilis
(Yefremova)

Chromatomyia
horticola

Ranji et al. (2015)

Hemiptarsenus H. zilahisebessi
(Erdös)

Liriomyza sativae,
L. trifolii,
Chromatomyia
horticola

Zahiri et al.
(2002), Asadi
et al. (2006)

H. wailesellae
(Nowicki)

Liriomyza sativae Zahiri et al. (2002)

Hemiptarsenus
sp.

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Pnigalio P. sp.
nr. pectinicornis

Liriomyza sativae,
L. trifolii

Asadi et al. (2006)

Ratzeburgiola R. cristatus
(Ratzeburg)

L. trifolii Dousti (2008)

(continued)
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7.3 Recent Improvements

7.3.1 Chalcididae

The family Chalcididae (Hymenoptera: Chalcidoidea) is a medium-sized family
within the Chalcidoidea superfamily, including more than 1500 species and 90 gen-
era worldwide (Noyes 2018). Some species are internal and external primary
parasitoids while several species are hyperparasitoids on a wide range of other
insects (Habu 1960; Narendran 1986; Fry 1989; Delvare and Bouček 1992; Noyes
2018).

Table 7.4 Chalcidoid parasitoids of grape berry moth in Iran

Parasitoids Host stage

Generation

1st 2nd 3rd

Chalcididae
Brachymeria minuta (L.) Pupae + + �
Hockeria unicolor (Walker) Pupae + + �
Pteromalidae
Coelopisthia pachycera (Masi) Pupae + + �
Coelopisthia sp. � + + �
Dibrachys affinis (Masi) Pupae ? ? ?

Pteromalus puparum (L.) Pupae � � +

Homoporus sp. Larvae ? ? ?

Trichogrammatidae
Trichogramma embryophagum (Hartig) Egg + � �
Trichogramma ingricum (Sorokin) Egg + � �

Table 7.3 (continued)

Family Genus Species Host References

Sympiesis S. xanthostoma
(Nees)

Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Sympiesis sp. Liriomyza trifolii and
Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Pteromalidae Cyrtogaster Cyrtogaster
vulgaris (Walker)

Chromatomyia
horticola

Lotfalizadeh and
Gharali (2008),
Lotfalizadeh et al.
(2015)

Halticoptera Halticoptera
andriescui
(Mitroiu)

Chromatomyia
horticola

Ranji et al. (2015)

Pteromalus Pteromalus sp. Chromatomyia
horticola

Lotfalizadeh et al.
(2015)

Sphegigaster Sphegigaster
ineus (Mitroiu)

Phyllonorycter
medicaginella

Lotfalizadeh et al.
(2015)
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Chalcidids are mostly parasitoids, although a few are hyperparasitoids on a wide
range of holometabolous insect hosts (Bouček 1952; Narendran 1986; Delvare and
Bouček 1992; Noyes 2018). In Iran, this group has not been studied systematically,
and only limited research on the taxon has been conducted (Delvare et al. 2011;
Rajabi et al. 2011; Lotfalizadeh et al. 2012; Tavakoli Roodi et al. 2016;
Falahatpisheh et al. 2018). The first information on Chalcididae from Iran was
published by Masi (1924), who described two new species. In the following years,
only a few species of this family were reported from the country (Bouček 1952;
Nikol’skaya 1952, 1978). Recently, Delvare et al. (2011) described three new
species from Iran. Later, Rajabi et al. (2011) and Lotfalizadeh et al. (2012) provided
novel information on the Iranian chalcidid fauna together with new data on the hosts
of the Chalcididae. Within five subfamilies, 68 species and 18 reported genera from
Iran (Tavakoli Roodi et al. 2016; Falahatpisheh et al. 2018), the biology of 29% of
species is known. Practically, this group has not been used extensively in biological
control but known species from Iran were reported on Lepidoptera, Coleoptera and
Diptera, respectively (Fig. 7.1). Twelve species (Brachymeria albicrus (Klug),
B. ceratoniae (Delvare), B. excarinata Gahan, B. femorata (Panzer), B. minuta
(Linnaeus), B. rugulosa (Förster), B. tibialis (Walker), Belaspidia nigra (Siebold),
Proconura caryobori (Hanna), P. nigripes (Fonscolombe), P. persica (Delvare) and
P. ceratoniae (Delvare) have been reared on lepidopterous pests. While they are
mostly unknown biologically (71%) (see Fig. 7.1).

7.3.2 Encyrtidae

The Encyrtidae (Hym.: Chlacidoidea) comprises two subfamilies Encyrtinae and
Tetracneminae with approximately 4000 nominal species in 483 genera (Noyes

Fig. 7.1 Biological association of the Chalcididae family in the Iranian fauna
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2018). There are more than 1270 described species of encyrtids in the Palaearctic
region (Yasnosh and Japoshvili 1999; Japoshvili 2007a, 2007b; Japoshvili and
Abrantes 2006; Japoshvili and Noyes 2005, 2006). Many encyrtids have been
used successfully for control of mealybugs (Pseudococcidae) and many soft scales
(Coccidae).

Iranian Encyrtidae includes 149 species representing 48 genera (Fallahzadeh and
Japoshvili 2010; Lotfalizadeh 2010a, 2010b; Fallahzadeh and Japoshvili 2013,
2017). Host information from Iran and distributional data are also provided.

Four new species, Gyranusoidea iranica Japoshvili and Fallahzadeh and
Microterys iranicus Japoshvili and Fallahzadeh, Metaphycus davoodii Lotfalizadeh,
Ooencyrtus ferdowsii Ebrahimi and Noyes are described and diagnostic characters
are provided for them (Fallahzadeh and Japoshvili 2010, 2013; Lotfalizadeh 2010a;
Ebrahimi et al. 2014).

Members of this family attack insect pests of the order Hemiptera (68% of hosts)
and the suborder Sternorrhyncha (Hemiptera) is the most important recorded hosts
with 56% records (see Fig. 7.2).

7.3.3 Eulophidae

Eulophidae is one of the largest families of Chalcidoidea, with over 297 genera and
4472 described species worldwide (Noyes 2018). The family has a total of 39 genera
and 122 species known in Iran (Hesami et al. 2010; Talebi et al. 2011).

Fig. 7.2 Biological association of the Encyrtidae family in the Iranian fauna
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It includes species which are parasitoids of insects from many orders and also
mites. Many eulophid wasps attack pests of several forests, agricultural and fruit
plants. They can regulate numbers of their hosts in natural conditions.

A review of the available literature of Iranian eulophids shows the majority of
them attack lepidopterous pests (46%). Within the Lepidoptera parasitoids, 50%
(25 spp.) were reared on the family Gracillariidae. While Diptera with 25% places in
the second position after Lepidoptera and the dipterous leafminers, Agromyzidae is
the most important host of eulophids (76% of 25%) in Iran (Lotfalizadeh et al. 2015)
(Fig. 7.3). A few species attack the other arthropods.

There are not so many Persian documents about the ecology and parasitism rate of
those parasitoids. Intensive searching leads us to a few documents about the life
history of the most famous eulophids,Diglyphus isaea (Walker). It has been reported
that just 3.3 days need to the population of D. isaea doubled (Asadi et al. 2006). The
possibility of successful suppressing of cucumber leafminer, Liriomyza sp. by
D. isaea has been investigated under greenhouse conditions (Dashtbani et al.
2013). It has been suggested that the activity and parasitism rate of this parasitoid
increase in response to increasing temperature (Dashtbani et al. 2012, 2013).
Accordingly, the maximum parasitism rate of this parasitoid reached up to 60%
(Bagheri et al. 2013). Ghasemzadeh et al. (2012) indicated that there is not any
synchrony between D. isaea and L. trifolii population peak, thus it is unlikely to
control American serpentine leafminer relying on natural parasitism.

Fig. 7.3 Biological association of the Eulophidae family in the Iranian fauna
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7.3.4 Eupelmidae

Eupelmidae have more than 900 species in 51 genera worldwide classified into three
subfamilies: Calosotinae, Neanastatinae and Eupelminae, (Noyes 2018). These
wasps are primary or secondary parasitoids and ecto or endoparasitoids of different
orders of insects (Gibson 1995).

Eupelmidae of Iran were revised based on the materials collected mainly from the
north-west of Iran. This family includes two subfamilies and six genera (Anastatus
Motschulsky, Brasema (Cameron), Calosota (Curtis), Calymmochilus (Masi),
Eupelmus (Dalman) and Eusandalum (Ratzeburg) and 29 species in Iran. These
species were listed within two subfamilies Calosotinae (one species) and
Eupelminae (28 species).

Eupelmidae has been considered as a relatively less well-known family in Iranian
fauna. The recently faunistic study demonstrated that most of the reported species
are the parasitoid of gall making wasps such as Cynipidae and Tenthridinidae
(Fig. 7.4) (Lotfalizadeh and Ghadirzadeh 2016).

More than half of the reported species (56%) related to cynipid gall making wasps
(Hym.: Cynipidae) as the following species were reared on them: Eupelmus
annulatus (Nees), E. azureus (Ratzeburg), E. bicolor (Gibson & Fusu), E. cerris
(Förster), E. confusus (Al khatib), E. fulvipes (Förster), E. impennis (Nikol’skaya),
E. martellii (Masi), E. mehrnejadi (Gibson & Fusu), E. urozonus (Dalman) and
E. vesicularis (Retzius) (Lotfalizadeh and Ghadirzadeh 2016). Eupelmus bicolor has
been reported as ectoparasitoid of maize caterpillar (Mythimna loreyi Duponchel) in
Iran. Its biological attributes have been studied under laboratory conditions. This
parasitoid under favourable conditions has one generation per month (Naseri et al.
1998).

Fig. 7.4 Biological association of the Eupelmidae family in the Iranian fauna
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7.3.5 Eurytomidae

The family is present and common in all zoogeographical regions. Eurytomids
exhibit a wide range of life histories, but the majority of the larvae are endophytic:
as seed feeders, gall formers, or parasitoids of phytophagous insects. Most
eurytomids are primary or secondary parasitoids, attacking eggs, larvae, or pupae
of various arthropods (Diptera, Coleoptera, Hymenoptera, Lepidoptera, Orthoptera,
and Araneae) (Lotfalizadeh et al. 2007a, 2007b).

Several studies on Iranian fauna, e.g. Hedicke (1921), Bouček (1952, 1970,
1977), Nikol’skaya (1952) and Burks (1971) contain some faunistic reports on
Iranian Eurytomidae. Modarres-Awal (1997) cited eight valid species of eurytomids
in his list of agricultural pests and their natural enemies in Iran. In recent years some
faunistic studies have been done on Iranian Eurytomidae and some new species have
been described (Narendran and Lotfalizadeh 1999; Zerova et al. 2004; Lotfalizadeh
et al. 2007a, 2007b; Zerova et al. 2008; Saghaei et al. 2018).

This family composited 89 species belonging to 8 genera Aximopsis,
Bruchophagus, Eurytoma, Exeurytoma, Macrorileya, Sycophila, Systole and
Tetramesa. Of the 8 genera, Eurytoma (41 species, 46.06%) and Bruchophagus
(19 species, 21.34%) are the most specious.

The majority of Iranian eurytomids are phytophagous (see Fig. 7.5) that include
the genera Bruchophagus, Eurytoma, Exeurytoma, Tetramesa and Systole. The main
phytophagous eurytomid species are seed feeder genera including Bruchophagus,
Eurytoma, Exeurytoma and Systole, which are mainly pests of various Fabaceae and
the genus Tetramesa is stem-miner in the family Poaceae.

Within phytophagous species, two species Eurytoma amygdali Enderlein and
E. plotnikovi Nikol’skaya are seed feeders associated with plant species of Rosaceae
and Anacardiaceae, respectively (Lotfalizadeh et al. 2007b). Bruchophagus roddi
Gussakovsky and B. gibbus (Boheman) are two serious pests of alfalfa fields and

Fig. 7.5 Biological association of the Eurytomidae family in the Iranian fauna
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these are widely distributed throughout all the alfalfa-producing areas of Iran (Arbab
2006, Eslamizadeh et al. 2008). Their damage is about 20–30% but it can reach up to
80% in a high population of the pest.

Most of the entomophagous eurytomids were reared on Cynipidae (gall maker
wasps) but three orders Coleoptera, Diptera and Lepidoptera known as hosts of
Eurytomidae in Iran. The main parasitic eurytomid wasps of Iran are associated with
Hymenoptera, especially the family Cyipidae (about 45%), followed by Coleoptera
(about 10%), Diptera (about 4%), Lepidoptera (about 3%). Most of the species
(about 62%) are parasitoids associated with galls induced by cynipid wasps and
tephritid flies (Saghaei et al. 2018). Nine species (about 10%) of Iranian fauna,
including Aximopsis ghazvini (Zerova), Bruchophagus iranicus Ozdikmen,
B. shohadae (Zerova), Eurytoma iranica Narendran and Lotfalizadeh, E. iranicola
Zerova, E. melikai Zerova, E. zerovai Ozdikmen, Tetramesa leucospae Zerova and
Madjdzadeh and T. persica (Hedicke) are originally described from Iran and are
possibly endemic to the country (Saghaei et al. 2018).

7.3.6 Mymaridae

The family Mymaridae includes some of the smallest known insects: the combined
lengths of three or even four adult individuals may not even equal 1 mm (Annecke
and Doutt 1961). More than 1400 species and 100 genera are known worldwide
(Noyes 2018). This family is one of the most distinctive of the superfamily
Chalcidoidea, to have the antennal toruli quite far apart (3–5 times their own
diameter), usually a reduced wing venation and distinctive fringed wings
(Nikol’skaya 1978). Its members are abundant and easily collected using a variety
of trapping methods. The hosts of Mymaridae include eggs of Hemiptera,
Psocoptera, Coleoptera, Orthoptera and some other insect orders (Huber 1986),
however, only about one-quarter of the genera have hosts reported for them. As in
the Trichogrammatidae, several mymarids attack eggs of the aquatic insects. Huber
(1986) published a comprehensive review of the known hosts of the mymarids
known to that date. A few species of mymarids have been reported as responsible
for successful biological control projects (Lin et al. 2007). In Iran, some biological
and ecological studies were made by Hesami et al. (2004, 2009), Latifian and
Soleyman-Nejadian (2009), and Akbarzadeh-Shoukat (1998). Hesami et al. (2001)
studied the morphology of Anagrus atomus (L.) that was reared from the grape
leafhopper, Arboridia kermanshah (Dlabola) (Hem.: Cicadellidae), in Isfahan.

Only biological information of four species of Iranian mymarids was known, that
Anagrus atomus (L.) on A. kermanshah (Hem.: Cicadellidae), Erythmelus panis
(Enock) on Stephanitis pyri (Fabricius) (Hem.: Tingitidae), Gonatocerus litoralis
(Haliday) on Zyginidia sohrab (Zachvatkin) (Hem.: Cicadellidae) and Gonatocerus
sp. on Circulifer tenellus (Hem.: Cicadellidae). The occurrence of overwintering
refuges for A. atomus had a positive influence on the parasitism rate of grape
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leafhopper and earlier emergence of parasitoids in vineyards (Hesami et al. 2002,
2009).

7.3.7 Pteromalidae

The Pteromalid wasps are the largest family in the Chalcidoidea including over 3506
species belonging to 588 genera (Noyes 2018). The pteromalids are primary or
secondary parasitoids attacking other insect groups such as Coleoptera, Diptera,
Lepidoptera, Hymenoptera, Hemiptera and some Arachnida at their various stages of
development (Bouček and Rasplus 1991). A few species of this family are phytoph-
agous (Farooqi and Menon 1972). Some of them develop in the seeds of plants, or
gall making and others develop as inquilines in galls created by other insects. They
play an important role in the control of pest insect and several species have been
employed successfully in biological control programs all over the world (Bouček
and Rasplus 1991).

The first list of Pteromalidae parasitoids provided by Davatchi and Chodjai
(1968) included only seven species. Goldansaz et al. (1996), Habibpour et al.
(2002), Jalilvand and Gholipour (2002), Mehrnejad (2002, 2003), Rezaei et al.
(2003), Sadeghi and Askary (2001), Sadeghi and Ebrahimi (2001), Sharifi and
Javadi (1971a, b), Steffan (1968), Lotfalizadeh (2002a, 2002b, 2004, 2015) and
Lotfalizadeh and Ahmadi (1998, 2000) added some new records to the list without
providing any additional information.

Lotfalizadeh and Gharali (2008) presented the first informative checklist which
reported 78 species of Pteromalidae from different parts of Iran including biological
and geographical distribution data. They compared the composition of species with
those of the world and the Palaearctic region. Most recently 129 species within
62 genera belonging to 11 subfamilies of Pteromalidae have been listed for Iranian
fauna (Abolhassanzadeh et al. 2017). Of which biological association of 40.8% is
known (Fig. 7.6).

Five species related to aphids including Asaphes suspensus (Nees), Euneura
lachni (Ashmead), Pachyneuron aphidis (Bouché), Pachyneuron leucopiscida
(Mani) and Pachyneuron solitarium (Hartig).

Fifteen species related to the beetles that 50% of them attack xylophagous beetles
in Iran. Ten species were reared on flies (Diptera) of Tephritidae, Muscidae and
Agromyziidae. Some biological aspects of Spalangia endius Walker, as a parasitoid
of some dipterous families, have been studied by Behbahani et al. (1995). They
revealed that the effect of temperature up to 30 �C has a positive influence on the
reproduction of S. endius. Five species were reported on Hymenoptera, Caenacis
inflexa (Ratzeburg), Cecidostiba fungosa (Geoffroy), Hobbya stenonota
(Ratzeburg), Mesopolobus amaenus (Walker) and Pteromalus bedeguaris (Thom-
son) attack gall wasps (Cynipidae), and eight species attack Lepidoptera. Three
pteromalids, Eunotus nigriclavis (Förster), Moranila californica (Howard) and
Pachyneuron muscarum (L.) are related to Coccoidea (Hemiptera).
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7.3.8 Torymidae

Some studies on Torymidae of Iran have recently been conducted by various local
and foreign scientists (Modarres-Awal 1997; Ebrahimi and Ahmadian 2002;
Rakhshani et al. 2003a, 2003b; Azizkhani et al. 2005; Delvare 2005; Lotfalizadeh
and Gharali 2005; Askew et al. 2006; Fallahzadeh et al. 2008; Hesami et al. 2008;
Lotfalizadeh and Khalghani 2008). The known Torymidae species of Iran belong to
14 genera and 45 species (Lotfalizadeh and Gharali 2005; Fallahzadeh et al. 2009).

Most of the collected species of Iranian torymids (76%) were reared on gall wasps
(Hym.: Cynipidae) (Fig. 7.7). Mantodea and Cecidomyiidae (Diptera) take the
second rank. The genus Megastigmus was reported as a phytophagous genus in
Iran that this genus was treated as an independent family, Megastigmidae (Jansta
et al. 2017). Rajabi et al. (2011) mentioned that a torymid species was the most
important parasitoid of the Rosaceous branch borer in Esfahan.

7.4 The Superfamily Ichneumonoidea

The superfamily Ichneumonoidea is the largest and the most species-rich superfam-
ily of the order Hymenoptera or perhaps of the class Insecta. Until 2016, 46,506
species of the superfamily were listed in the world catalogue of this superfamily
prepared by Yu et al. (2012). It has been estimated that the number of species in this
superfamily will exceed more than 100,000 species in the world. Almost all species
of this superfamily are parasitoids of holometabolous insects and thus regulates the
populations of their hosts in both agricultural and natural (forests and pastures)

Fig. 7.6 Biological association of the Pteromalidae family in the Iranian fauna
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ecosystems. This large superfamily consists of two rather well-known families,
Braconidae and Ichneumonidae.

The family Braconidae comprises more than 21,221 valid species classified into
45 subfamilies (Yu et al. 2012). Braconids parasitize larvae of holometabolous and
hemimetabolous insects and develop on or inside the body of their hosts as
ectoparasitoids and endoparasitoids, respectively. Ectoparasitoids can be found in
the subfamilies Braconinae and Doryctinae and endoparasitoids in the rest of the
subfamilies. Adults of ectoparasitoids search for larvae of mainly Lepidoptera or
Coleoptera in the cryptic places and after finding a larva, paralyze the larva by
injecting venoms from the poison glands located at the base of ovipositor and then
lay their egg(s) near or on the body of the host larva. Ectoparasitoids are not highly
hosted specific and can be developed on different hosts (polyphagous).
Endoparasitoids start their developing growth from egg, larva or even adult stages
of their hosts. They are known as egg-larval, egg-pupal or larva-pupal (Opiinae and
Alysiinae, parasitoids of Diptera), larval or adult parasitoids. Endoparasitoids use
both exposed and concealed hosts mainly in the orders Lepidoptera and Coleoptera.
Although parasitism of Diptera is very rare in the ectoparasitoids of Braconidae,
species of the two subfamilies, Opiinae and Alyssinae are mainly specialized in
dipterans of the families Agromyzidae and Tephritidae. Endoparasitoid braconids
have evolutionarily a narrow, taxonomic related host range. They are not polypha-
gous as seen in ectoparasitoids and many of them represent oligophagous or
monophagous life history. Members of the subfamilies Agathidinae, Cheloninae
and Microgasterinae are specialized in the Lepidoptera, Acaeliinae on the lepidop-
terous miners, Brachistinae on coleopterous weevils, Helconinae on cerambycid
beetles and Ichneutinae on sawflies (Tobias 1995).

The family Ichneumonidae contains more than 25,285 extant species classified
into 6 higher groups and 44 subfamilies (Yu et al. 2012). Ichneumon wasps comprise

Fig. 7.7 Biological association of the Torymidae family in the Iranian fauna
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about 1.4% and 2.3% of all described organisms and insects, respectively. Almost all
ichneumonids are parasitoids. Ichneumonids parasitize holometabolous insects and
less commonly egg sacs and adults of spiders. Ichneumonidae wasps represent
different life strategies in their life history, endoparasitism and ectoparasitism,
koinobiosis and idibiosis, solitary and gregarious, primary and secondary (Hyper-
parasitism) (Quicke et al. 2009).

7.5 The Superfamily Ichneumonoidea

7.5.1 Basic Research on the Superfamily Ichneumonoidea

Ichneumonoidea distributed universally and can be found in all ecosystems. The
greatest diversity of most subfamilies of Ichneumonoidea is in the northern hemi-
sphere where Iran is located. So far, 780 species in 141 genera and 26 subfamilies of
Braconidae and over 502 species of 189 genera and 26 subfamilies of
Ichneumonidae have been recorded from Iran (Barahoei et al. 2012; Farahani et al.
2016). Comparing the ichneumonoid fauna of Iran with some of its well-studied
neighbour countries like Russia and Turkey shows that the actual number of species
of these two large families in Iran will certainly increase by future studies. Also,
most species of ichneumonoids have been reported from the northern part of Iran
where most research centers are located. During the recent decade, extensive and
long-term samplings were carried out in different regions of Iran to identify regional
assemblages of Braconidae and Ichneumonidae (Ameri et al. 2014; Farahani and
Talebi 2012; Mohammadi-Khoramabadi et al. 2016a, 2016b; Mohammadi-
Khoramabadi et al. 2013). These studies substantially increased our knowledge of
the diversity, phenology and flight period of the parasitoid wasps of the two large
families in Iran.

The first step toward understanding the role of ichneumonoid parasitoids in
agricultural ecosystems is collecting and identifying the parasitoid assemblages
within and around crop fields. In alfalfa fields of Khorasan in the northeast of Iran,
2 years of sampling conducted by Barahoei et al. (2014) showed that 26 species of
25 genera and 12 subfamilies of Ichneumonidae were present.

Rearing is an accurate method for determining the host-parasitoid relationships
and assessment of the rate of parasitism of Ichneumonoidea. Many studies have been
conducted in Iran to the rear and evaluate the parasitism rate of ichneumonoids on
their hosts. Such studies have been focused on major pests of crops, fruit trees and
forest pests. Three lists of known ichneumonoid (Braconidae and Ichneumonidae)
parasitoids of major pests in Iran are presented in Tables 7.5, 7.6 and 7.7.
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7.6 The Known Hosts of Ichneumonoidea in Iran

Excluding the hosts recorded for the species of the subfamily Aphidiinae which are
specialized on Aphids, there have been yet reported 75 host-parasitoid associations
between parasitoid wasps of the family Braconidae and species from Lepidoptera,
Coleoptera and Diptera (Tables 7.5, 7.6 and 7.7) (Farahani et al. 2016).

From about 502 recorded species of Ichneumonidae from Iran, there have been
yet reported only 53 host-parasitoid associations for the parasitoid wasps of
Ichneumonidae and species of Coleoptera, Lepidoptera and Diptera (Tables 7.5,
7.6 and 7.7). Following the major pests in Iran and their known parasitoids in the
Braconidae and Ichneumonidae families are presented.

7.6.1 The Major Coleopteran Pests and their
Ichneumonoidea Parasitoids

Several families of the order Coleoptera are xylophagous and may appear as
economically important pests of fruit trees or forests. Rajabi et al. (2011) represented
98 coleopterans as pests of rosaceous fruit trees in Iran. From the families
Buprestidae and Cerambycidae there have been yet recorded 369 and 396 species
from Iran, respectively (Barimani Varandi et al. 2009; Tavakilian and Chevillotte
2012). The larva of the jewel beetle or metallic wood-boring beetles, Buprestidae
(Coleoptera) bores into roots, stems and branches of main trees and causes severe
damage to its host plant. Rajabi et al. (2011) provided bioecological and integrated
management of 30 important buprestid pest species in Iran. The long-horned beetles,
Cerambycidae (Coleoptera) is another diverse group of beetles distributed all over
the world. Their larvae bore into woods of living trees or unprotected lumbers. Some
of them are among the cosmopolitan and destructive pests of fruit trees in Iran. The
Rosaceous branch borer, Osphranteria coerulescens Redtenbacher is the most
economically important pest of many tree species of the family Rosaceae like
apple, pear, apricot, almond, plum and peach (Rajabi 2011). Several hymenopterous
parasitoids from the superfamilies Chalcidoidea and Ichneumonoidea were collected
on this pest in different regions of Iran (Steffan 1968; Sharifi and Javadi 1971a,
1971b; Rajabi 2011; Mohammadi-Khoramabadi and Lotfalizadeh 2011). The para-
sitism rate of Xorides corcyrensis Kriech. (Hymenoptera: Ichneumonidae) on larvae
of O. coerulescens fluctuated between 5% and 22% in different regions of Iran
(Rajabi 2011). Apparently, the larvae of X. corcyrensis may be attacked by a
hyperparasitoid, Leucospis dorsigera Fabricius (Hymenoptera, Leucospidae)
(Hesami et al. 2005). On pistachio, the longhorn beetle Calchaenesthes pistacivora
(Holzschuh), is a destructive xylophage of the weakened pistachio trees in
Rafsanjan, Kerman province. A project was conducted to find a biological control
agent for the pest and finally resulted in finding a solitary parasitoid belonging to the
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family Braconidae,Megalommum pistacivorae (van Achterberg &Mehrnejad) (Van
Achterberg and Mehrnejad 2011).

The bark beetles, Scolytinae Latreille (Coleoptera: Curculionidae), are an impor-
tant group of beetles in orchards and forests. Their larvae feed on barks and the
adults from the buds of their hosts. So far, 79 species of Scolytinae have been
recorded from Iran (Beaver et al. 2016). Table 7.5 shows that members of the family
Braconidae are the main parasitoids of the bark beetles in the superfamily
Ichneumonoidea in Iran. This is in congruence with other parts of the world. For
example, there have been globally recorded 27 parasitoid species of the superfamily
Ichneumonoidea on Scolytus rugulosus (Muller) just from the family Braconidae
(Yu et al. 2012).

Apple blossom weevil, Anthonomus pomorum (L.) (Col.: Curculionidae) is a
small beetle that distributed in all apple areas of Iran. The beetle mainly feeds on
apple but it can attack the pear. In Iran, the beetle has one generation a year and
overwinters as the adult stage. Adults feed on leaves, flowers and buds of apple trees
but the main damage caused by the larvae which feed on the inner tissues of the apple
flowers (Rajabi 2011). There have been established 66 species of Ichneumonoidea
associated with A. pomorum in the world (Yu et al. 2012) but only one species of the
family Braconidae, Apanteles sp. have been yet reported as a parasitoid of this beetle
from Iran (Rajabi 2011). There is no any documented information on the parasitism
rate of hymenopterous natural enemies of Apple blossom weevil in Iran.

The alfalfa weevil, Hypera postica (Gyllenhal) (Col.: Curculionidae) is the key
pest of alfalfa widely distributed in Iran. Adults and larvae of the alfalfa weevil feed
on leaves and apical meristem of alfalfa plants but the main damage caused by the
larval stage (Khanjani 2004). In order to find natural enemies of the pest, several
investigations have been carried on within Alfalfa fields of Iran which dates back to
about 1960 (Gonzalez et al. 1980; Mirabzadeh 1968). Some of the collected para-
sitoids were subject to classical biological of the alfalfa weevil (Barttlet et al. 1978).
So far, there have been identified four parasitoids on this pest in Iran (Table 7.5). The
alfalfa weevil has 29 parasitoids from the superfamily Ichneumonoidea and 26 par-
asitoids from the superfamily Chalcidoidea worldwide (Yu et al. 2012). Most of the
studies conducted on the Alfalfa weevil parasitoids have not gone beyond estimating
the natural parasitism rate of different species or reporting the adverse effects of
sublethal doses on survival and parasitism rate of its parasitoids. The parasitism rate
of Bathyplectes anurus (Hym.: Ichneumonidae) as a dominant species of alfalfa
parasitoids has been estimated as 56% in Maku and Chalderan region (West
Azerbaijan province, Northwest of Iran) (Alizadeh et al. 2000). Similarly, the
highest and lowest parasitism rate by B. anurus was estimated at 63% and 1.25%
in Chahar-Mahal va Bakhtiari province (Rowshandel 2000). The adverse effect of
phosalone spraying on B. cucrculionis showed that the residue level of phosalone
1 week after treatment is still harmful to B. curculionis and thus the treatment should
be used at least 7 days earlier (Sabahi and Talebi, 2006). Moreover, in a similar
study, the undesirable effects of etrimfos on the saurvival of B. anurus larvae and
life-history parameters of Oomyzus incertus (Ratzeburg) (Hym.: Eulophidae) had
been confirmed (Sabahi et al. 2002; Sabahi and Talebi 2004). Alioghli et al. (2012)
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reported higher value for natural parasitism rate and correlation with the host
population for B. annurus while the one of B. curculionis was negligible. Unlikely,
it has been reported that B. curculionis was the dominant species (ca 64.4%) of
alfalfa weevil parasitoid in Kurdistan province, in the west of Iran (Kamangar and
Ghazi 2006) They reported that the highest parasitism rate of B. curculionis and
B. anurus reached to 33.3% maximally, which seems could not keep the Alfalfa
weevil population build-up. The parasitism rate of near species, O. incertus as one of
the alfalfa weevil parasitoids in East Azerbaijan province was estimated as 18%
(Aligholi et al. 2012). As a rare case, the study of the spatial distribution of alfalfa
natural enemies showed a random distribution pattern of B. anurus at alfalfa fields of
Hamedan province (Zahiri et al. 2006).

The biology of a Persian race of Microctonus aethiopoides Loan (Hym.:
Braconidae) as an alfalfa weevil parasitoid has been investigated under laboratory
conditions which suggest that the low threshold temperature for egg and larvae was
9.8 �C and this parasitoid has two generations per year (Arbab 2011).

7.6.2 The Major Lepidopterous Pests and their
Ichneumonoidea Parasitoids

The order Lepidoptera comprises destructive and key pests of crops, fruit trees and
forests in Iran (Abai 2011; Khanjani 2004; Rajabi 2011). Table 7.6 shows the key
pests from the family Lepidoptera and their parasitoids from the families Braconidae
and Ichneumonidae in Iran.

The fall webworm, Hyphantria cunea (Drury) (Lep.: Arctiidae) distributed in the
Holarctic region and Iran in the northern slops of the Alborz Mountains. It is a very
polyphagous moth that has been reported on 636 plant species. The caterpillars of
these pests spin a tent web on the tree limbs and feed on leaves (Abai 2011).
Association of three species of the family Braconidae and four species of the family
Ichneumonidae with the pest has been yet established in Iran (Table 7.6).

The rice stem borer, Chilo suppressalis (Walker) (Lep.: Crambidae) is the key
pest of rice in Iran. A huge amount of pesticides was annually used for chemical
control of this pest. Biological control of this pest using natural enemies is an
environmentally safe method for decreasing of chemical applications and sustainable
control of the pest (Niyaki 2010). There have been globally reported 47 species of
Ichneumonoidea as a parasitoid of C. suppressalis (Yu et al. 2012) but in Iran, only
four species of Ichneumonoidea have been yet reported which are listed in Table 7.6.

The lesser bud moth, Recurvaria nanella (Denis & Schiffermuller) (Lep.:
Gelechidae) is a univoltine species feed on apple, pear, almond, apricot and many
other rosaceous fruits. It is widely distributed in the western Palaearctic and Nearctic
where it is probably introduced. In Iran, the lesser bud moth usually occurs in the
higher altitudes (Rajabi 2011). The larva of the pest feeds on the buds, flowers and
young leaves of its host at the beginning of the growing season (at early spring) and
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then mine the leaves. Damage of the pest in Iran reaches to 35–40% of the leaves of
its host (Rajabi 2011). Although there were reported 27 parasitoid species of the
superfamily Ichneumonoidea and six species of the superfamily Chalcidoidea on this
pest all over the world (Yu et al. 2012), there is not enough information on the
biological control agents on the lesser bud moth in Iran. The only reported parasitoid
of the lesser bud moth in Iran is Orgilus obscurator (Nees) (Hym.: Braconidae)
(Sabzevari 1968).

The peach twig borer, Anarsia lineatella (Zeller) (Lep.: Gelechiidae) is widely
distributed in Europe and North America where is believed to be introduced.
Apricot, peach, almond and plum have been recorded as main hosts of this pest in
Iran. It has two generations annually and three to four generations in North America.
The primary damage of the pest is that the larva burrows to tender shoots and kill
them. The larva also feeds on the fruits of its hosts (Rajabi 2011). There have been
recorded 25 species of the superfamily Ichneumonoidea and 16 species of the
superfamily Chalcidoidea as a parasitoid of the peach twig borer in the world
(Yu et al. 2012) among them one species of Chalcidoidea, Copidosoma varicorne
(Nees) (Hym.: Encyrtidae) (Rajabi 2011) and one species of the family Braconidae
have been collected in Iran, Apanteles xanthostigma (Haliday) (Hym.: Braconidae)
(Esmaili 1983).

Several species of lepidopterous leaf miners from the family Gracillariidae occur
in the apple orchards of Iran. They also feed on pear, quince, cherry, sour cherry,
plum and hawthorn. The leaf miners have important hymenopterous natural enemies
which may effectively regulate and suppress their host populations (Esmaili 1983;
Rajabi 2011). Four species of Braconidae have been reported as parasitoids of leaf
miners of the family Gracillariidae from Iran (Table 7.6).

The cutworm, Agrotis segetum (Denis & Schiffermuller) (Lep.: Noctuidae) is a
serious pest of many agricultural crops. The larva cut the young plants off near the
ground level and causes economic damage at the early stages of plant growth. Yu
et al. (2012) listed 78 species of Ichneumonoidea associated with A. segetum in the
world but in Iran, there have been reported just four species of Braconidae as
parasitoids of this pest (Table 7.6).

The cotton bollworm, Helicoverpa armigera (Hubner) (Lep.: Noctuidae) is a
polyphagous and worldwide crop pest that attacks to cotton, soybean, tomato,
sorghum and groundnut. The hatched larvae feed on leaves and in the later instars
enter to boll, square or fruits of their hosts and cause economic damage (Rafiee
Dastjerdi et al. 2008a). Yu et al. (2012) listed 182 host-parasitoid associations of
Ichneumonoidea and Chalcidoidea with the cotton bollworm. In Iran, there have
been five species of the superfamily Ichneumonoidea as a parasitoid of H. armigera
(Table 7.6). It has been suggested that natural enemies especially Cotesia kazak
(Telenga) reduce the population and thus being responsible of suppresing
H. armigera in tomato fields (Ghadiri Rad and Ebrahimi 2010). Besides, the mass
rearing of H. hebetor for control of H. armigera and Ostrinia nubilalis was initiated
from 2002 in Iran (Najafi Navaei et al. 2002). The functional response of H. hebetor
is also investigated in different aspects. The type III responses have been indicated
for females of H. hebetor to Indian meal moth (Plodia interpunctella Hubner), flour
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moth (Ephestia kuehniella Zeller) (Mostaghimi et al. 2010) and greater wax moth
(Vaez and Pourgoli 2016). According to b constant, H. hebetor females preferred the
flour moth. Although, type II response has been recorded for H. hebetor under
different cold storage duration and it has been recorded that cold storage at 4 �C
did not reduce the efficiency ofH. hebetor significantly (Abedi et al. 2016). The type
of host larvae affects on type of functional response and H. hebetor exhibits type II
functional response when cotton bollworm offered (Vaez and Pourgoli 2016).
Besides, the functional response parameters of H. hebetor could be influenced by
the type of flour used for the rearing of larvae and accordingly, the best flour type for
rearing H. hebetor provides from corn (Mostafazadeh and Mehrkhou 2016b). The
temperature has been considered as another influential factor in the functional
response type and parameters of H. hebetor (Alikhani et al. 2010). Additionally,
different insecticides and chemicals may change the type of functional response or
its parameters (Faal-MohamadAli et al. 2010a). Sublethal doses of some insecticides
can affect on functional response parameters of H. hebetor adversely (Rafiee
Dastjerdi et al. 2008b). According to functional response parameters, it has been
reported that pyriproxyfen was less toxic rather than phozalone and it might be
possible to use it with this biocontrol agent jointly (Rashidi et al. 2016).

The effect of host larvae density on the parasitism rate of H. hebetor showed that
the parasitism rate varies according to host density and quality and this issue could
be more considered in the mass rearing of H. hebetor (Mostaghimi et al. 2012;
Saadat et al. 2012a). It has been shown that the parasitism rate of H. hebetor
significantly influenced by the parasitoid population (Saadat et al. 2012d). Scarcely,
the parasitism rate of H. hebetor under real filed conditions has been estimated, but
in one rare case, the parasitism rate of this species on Helicoverpa armigera and
Spodoptera exigua on different tomato cultivars was not significantly different and
ranged from 25% to 49% maximally (Salehipour et al. 2017). Moreover, it has been
estimated that maximally 48% of late instars larvae of legume pod borer Heliothis
viriplaca parasitized by H. hebetor (Adldoost 2010). One of the other gaps in
Habrobracon- related studies in Iran is the researches on optimization mass rearing.
There are few documents about how it is possible to improve the efficiency of
rearing through modification and amendment of the rearing system according to
Iran’s conditions (Musavi et al. 2018). The results about the number of eggs,
dispersion ability and economic of rearing showed that the Aquarium method was
superior to other methods used to produce H. hebetor (Musavi et al. 2018).
Mousapour et al. (2015) showed that under short-term cold storage of this parasitoid
the biological parameters did not significantly influence, therefore, it is possible to
store females under temporary cold temperatures. The same is true and it has been
shown that 48 hours of cold storage of adults had a negative effect on the mean
number of egg production and sex ratio (Moody et al. 2004). Although, cold storage
of H. hebetor’s pupae and adults up to 1 and 2 weeks respectively did not have a
negative effect on the reproductive performance of H. hebetor (Dastmalchi et al.
2018a, 2018b).

Life table studies ofH. hebetor are fairly common and the effect of different diets,
supplements, physical conditions, different populations and even rearing duration on

7 Parasitic Wasps: Chalcidoidea and Ichneumonoidea 265



demographic parameters have been studied in different cases (Aleosfoor et al. 2004;
Shojaei et al. 2006a; Abdi Bastami et al. 2011; Alikhani et al. 2013b; Baradaran et al.
2016a). Quite expectedly, honey and honey solution had a very positive effect on the
fecundity ofH. hebetor (Shojaei et al. 2006a). Additionally, an interesting issue about
the rearing of H. hebetor is that the mass rearing efficiency of H. hebetor was greatest
under the white light than natural light (Aleosfoor et al. 2004). Tritrophic studies of
H. hebetor and its hosts have also been considered commonly (Dehghani et al. 2016).
For instance, the effect of susceptible and resistant tomato cultivars on the life history
of H. hebetor showed the possible compatibility of using resistant tomato to Tuta
absoulta and H. hebetor (Heidari et al. 2016). As another tritrophic case, the effect of
different flour composition and types as a diet for Mediterranean flour moth on the life
history of H. hebetor considered (Mehdi Nasab et al. 2014; Mostafazadeh and
Mehrkhou 2016a). Karimzadeh et al. (2016a, b) also studied the influence of rearing
on flour moth different instars and consecutive rearing on some biological parameters
of H. hebetor. They showed those fifth instar larvae were the best stages in terms of
parasitism rate, adult longevity and fecundity (Karimzadeh et al. 2016a, b). The effect
of pollen was investigated and it has been cleared that almond pollen increases the
finite rate of increase (λ) and birth rate (b) ofH. hebetor (Hadidi et al. 2018). Recently,
some studies about the suitability of different host larvae e.g. greater wax moth
(Galleria melonella (L.)) and Plodia interpunctella (Hubner) for rearing of
H. hebetor through demographic parameters have been carried on at laboratory
scale (Forouzan et al. 2008, 2009; Dastmalchi et al. 2017). Furthermore, the temper-
ature range 25–32 �C and more specifically 30 �C was the best rearing temperature in
terms of the intrinsic rate of increase and other demographical parameters (Forouzan
et al. 2008, 2009; Alikhani et al. 2013b). Those results are in line with other similar
studies which stated that 100% of eggs hatched at 30 �C (Shojaei et al. 2006b). In a
related study, 25 and 30 �C were reported as suitable temperatures for H. hebetor
reproduction (Alikhani et al. 2013a, 2013b); however, in earlier documents, the
25–28 �C and 60–70% relative humidity have been reported as the optimum condi-
tion for H. hebetor reproduction and rearing (Daniali 1993).

Host density influences on life table parameters of H. hebetor and investigated
that intrinsic rate of the increase was not significantly influenced by different host
densities. However, the highest parasitism rate was recorded at the lowest host
density (Atrchian et al. 2018). The effect of temperature on the life table showed
that the highest fecundity of H. hebetor has been recorded at 20 �C (Saadat et al.
2012b). Besides, the presence of males increased female sex ratio and the number of
eggs produced (Saadat et al. 2012c). Also, rearing duration influenced life table
parameters and fitness of H. hebetor and this issue should be considered in
insectarium where long-term rearing of this species has been carried on (Baradaran
et al. 2016a, b, 2017).

Moreover, the importance of sugar properties as a supplement on longevity and
fecundity of H. hebetor has been demonstrated (Yazdanian and Khabbaz Saber
2013; Yazdanian et al. 2014; Khabbaz Saber et al. 2010), e.g. it has been proved
that higher glucose concentration significantly affected on mean longevity of
H. hebetor females (Khabbaz Saber et al. 2010).
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Similar to other biocontrol agents, H. hebetor could be influenced by bottom-up
forces, which might be influence on parasitism rate and other biological characters.
For instance, it has been shown that resistant cultivars to tomato leafminer could be
used with H. hebetor simultaneously in terms of parasitism rate (Heidari et al. 2018).
The effect of host plant quality on life history and efficiency of natural enemies has
been documented in many cases. In a tritrophic study, it has been demonstrated that
there is a positive correlation between fecundity and longevity of H. hebetor with
increasing nitrogen fertilizers used in greenhouse tomato infested by tomato fruit
worm (Gharekhani 2018). The effect of ectosymbiont Wolbachia sp. demonstrated
that occurrence of this bacterium in H. hebetor contributed to sexual reproduction
and increases sex ratio in favour of females (Bagheri et al. 2017b; Nasehi et al.
2018), but crosses which females voided this symbiont therein, produced male
progenies (Bagheri et al. 2017a). This effects and consequently increases the trans-
ferring probability of this bacterium to the next generation (Bagheri et al. 2017b).

Furthermore, many demographic toxicological studies have been conducted to
evaluate the adverse effects of different classes of insecticides on H. hebetor life
history. The interesting point is that there are great variations in obtained results
e.g. some researchers addressed imidaclopride as a safe compound quietly compat-
ible in IPM programs (Mahdavi et al. 2010) while at the same time, others indicated
that it has a serious adverse effect on age parameters or functional response of
H. hebetor (Sarmadi et al. 2010). In one of those bioassays, it has been shown that
some insecticides e.g. indoxacarb, fenpropathrin and hexaflumuron sound to be less
toxic to H. hebetor and thus could be used in an IPM program (Rafiee Dastjerdi et al.
2008a; Sarmadi et al. 2010; Faal-MohamadAli et al. 2010b). Additionally, it has
been demonstrated that sublethal effect of flufenoxuron for H. hebetor was less toxic
than lufenuron in terms of tintrinsic rate of increase (Shishebor and Faal
Mohammadali 2012), Although Rezaei et al. (2014a) showed that flufenoxuhe ron
and diflubenzuron significantly influenced on life table parameters of H. hebetor
comparing to control. The same authors noted that the least intrinsic rate of increase
for H. hebetor has been gained with sublethal doses of Thiaclopride (Rezaei et al.
2014b). A bioassay study proved that recommended concentrations of pyriproxyfen
did not have a significant harmful influence on H. hebetor and this insecticide could
be used as a compatible compound with H. hebetor in IPM projects (Jarrahi, et al.,
2013). Another study indicated that sublethal doses of pyridalil did not have any
adverse effect on the adult emergence rate however the reproduction parameters and
mortality rate have been influenced by (Abedi et al. 2013). The demographic
parameters of H. hebetor were reduced by tomato methanolic extract (Deljavan
Anvari et al. 2016). In another related study, it has been indicated that Asafoetida
(Ferula assa-foetida L.) essential oil reduced stable population growth parameters of
H. hebetor and thus they could not be used simultaneously to control carob moth in
pomegranate (Hashemi et al. 2013). Among the insecticides used against tomato
pinworm, it has been proved that sublethal concentrations of thiocyclam (Evisect®)
significantly reduced life-history parameters of H. hebetor and care should be made
to use this compound (Rezaei et al. 2018a, b, c). Similarly, the negative effect of
sublethal concentrations of flubendiamide (Takumi) on intrinsic rate of increase and
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other life-history parameters of H. hebetor have been indicated (Fariborzi et al.
2018), while, absolutely opposed, it has been demonstrated that sublethal concen-
tration of Takumi did not have any adverse effect on sex ratio and fecundity of
H. hebetor (Rostami et al. 2016). Although, the sublethal effect of thiacloprid,
azadirachtin and red pepper extract reduces life-history parameters of H. hebetor
but the last two compounds were less toxic and they could be used within IPM
programs (Rezaei et al. 2018a). The safety of BioNeem® and Neem Guard®, two
commercial formulations of azadirachtin on fecundity and sex ratio of H. hebetor
also have been proved (Abedi et al. 2012). The bioassay study of some IGRs (Match,
Calypso and Lufox) on H. hebetor adults implied that among them Match is the least
toxic for this beneficial (Hooshmandi et al. 2012). A similar study by those authors
showed that botanical insecticide, sirinol® has the least toxicity toH. hebetor among
other insecticides tested (Rezaei et al. 2018b). Moreover, these botanical insecticides
did not have a significant negative effect on functional response parameters of
H. hebetor (Asadi et al. 2018). However, the toxic effect of galbanum, Ferrula
gummosa (Umbelliferae) essential oil on H. hebetor survival has been reported
(Seyedi et al. 2012). Another study showed that sublethal concentrations of Bacillus
thuringiensis significantly reduced the intrinsic rate of increase (Sedaratian et al.
2012).

There are not few behavioural studies of H. hebetor in Iran but among others,
more attention has been paid to olfactory studies. In one of them, it has been
indicated that H. hebetor used kairomones of fifth instar larvae of H. armigera to
locate hosts (Davoudi Dehkordi et al. 2018). Additionally, fifth instar larvae and its
feces were more attractive to H. hebetor in olfactometer assay and their components
were analyzed by GC-MS (Shafaghi et al. 2018a, 2018b).

Most of the above studies about H. hebetor bounds to artificial and sophisticated
experiments in laboratories while the number of field trials about H. hebetor effi-
ciency and parasitism rate is scarce. For instance, it has been estimated that
H. hebetor parasitized 64.44% of bollworm larvae (Helicoverpa sp.) in corn fields
of Moghan region (Northwest of Iran) after seven times of releases (Najafi Navai
et al. 2002). Accordingly, the natural parasitism rate of H. hebetor on Tuta absoluta
has been estimated as 1.2% which is too low to suppress tomato pinworm population
substantially and should be complemented with artificial releasing (Afshari et al.
2014).

The European corn borer (ECB), Ostrinia nubilalis (Hubner) (Lep.: Noctuidae) is
an important pest of corn in Iran as well as other corn cultivating regions of the
world. The insect is polyphagous and attacks many grains such as wheat, sugar cane,
cotton and soybean (Taghizadeh and Basiri 2013). There have been reported 104 and
41 species of the superfamilies Ichneumonoidea and Chalcidoidea, respectively
associated with O. nubilalis in the world (Yu et al. 2012). Mass rearing and releasing
of egg parasitoids of Trichogramma brassicae, T. pintoi (Hym.:
Trichogrammatidae) and larval parasitoid of H. hebetor (Hym.: Braconidae) have
been recommended for controlling the ECB as a part of IPM projects against it
(Najafi Navaei et al. 2002; Taghizadeh and Basiri 2013).
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The spiny bollworm, Earias insulana (Boisduval) (Lep.: Nolidae) is one of the
most economically important pests of cotton in Iran. It is widely distributed in the
world, but not in America (Hajatmand et al. 2014). The larva of the spiny bollworm
enters the tender shoots at the beginning of the growing season and causes the shoots
to dry. At the later generations, the larva enters the bolls and squares resulted in the
dropping of small squares or bad opening of ripening squares. There have been
recorded 23 species of the superfamily Ichneumonoidea and 25 species of the
superfamily Chalcidoidea associates with the pest all over the world (Yu et al.
2012). In Iran, Bracon lefroyi (Dudgeon & Gough) was the first known parasitoid
of the pest (Hussain et al. 1976). Habrobracon hebetor was another reported
parasitoid of the pest (Gadallah and Ghahari 2015; Modarres-Awal 1997).

Diamondback Moth (DBM), Plutella xylostella L. (Lep.: Plutellidae) is one of the
most important pests of crucifer crops throughout the world. This pest shows a high
resistance to different classes of insecticides which makes that chemical control of
diamondback moth difficult in many regions. Thus, many attempts have been
conducted to control the pest using biological control agents. There have been
reported about 120 species of Ichneumonoidea associated with P. xylostella in the
world (Yu et al. 2012). So far, six species of the families Braconidae and
Ichneumonidae have been reported as parasitoids of this pest in Iran (Table 7.6).
Cauliflower fields of the south of Tehran were searched in a faunistic survey of DBM
parasitoids and their parasitism percentages were estimated based on different
regions and sampling dates (Hasanshahi et al. 2012a). In a comprehensive study,
nine parasitoid species of DBM larvae and pupae have been reported in four regions
which among them Diadegma semiclausum (Hellen) reported from Alborz, Isfahan
and Khuzestan provinces was dominant species and could be used as a potential
candidate against DBM in biocontrol projects (Pourian et al. 2015). Diadegma
anurum (Thomson) is also collected from DBM larvae (Golizadeh et al.
2008a, b, c) which is a misidentification of D. semiclausum (Karimzadeh and
Broad 2013).

Bioecology, demography and potential of the most important braconid and
ichneumonid parasitoid of P. xylostella have been studied for biological control
program and integrated management of the pest in Iran (Afunizadeh et al. 2010;
Alizadeh et al. 2011; Ebrahimi et al. 2013; Fathi et al. 2012; Heidary et al. 2012;
Karimzadeh Esfahani et al. 2013; Kazemzadeh et al. 2014). Fathi et al. (2012)
showed that using resistant cultivars integrating with its ichneumonid parasitoid
Diadegma majale (Hym.: Ichneumonidae) would result in effective and sustainable
control of DBM in canola fields. D. semiclausum is another important parasitoid of
DBM in Iran. Several researches have been carried on about the ecology and
efficiency of this parasitoid to control DBM. In one of them, it has been shown
that D. semiclausum preferred third instar larvae of P. xylostella than other larval
stages (Pourian et al. 2013a). This study provides hints for the mass rearing of
D. semiclausum on the laboratory scale. Moreover, the reproductive biology of
D. semiclausum showed that this parasitoid could be considered as a synovigenic
species (Pourian et al. 2013b). The crucifer-DBM-Cotesia tritrophic system has been
studied deeply both in the greenhouse and under real field conditions and it has been
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shown that host plant susceptibility and releasing rate significantly affected on DBM
and C. vestalis population size and parasitism rate of DBM by Cotesia vestalis
(Karimzadeh et al. 2006, 2012; Heidari and Karimzadeh 2012a, 2012b; Karimzadeh
and Heidary 2012; Soufbaf et al. 2012). Unfortunately, some olfactory studies
confirmed that C. plutella was not been compatible with host plant resistance and
thus they could not be used simultaneously (Karimzadeh et al. 2006). Accordingly, it
has been suggested that using C. vestalis (Haliday) and Bacillus thuringiensis in an
IPM program framework could be may successfully suppress the diamondback moth
population and reduce unnecessary sprayings (Karimzadeh Esfahani and Besharat
Nejad 2017). Moreover, the insect growth regulator precocene has been proved to
interfere in the immune system of P. xylostella thus it might be possible to use this
compound with C. vestalis simultaneously (Alizadeh et al. 2012). The effect of three
mass rearing procedures on life-history parameters of C. vestalis has been also
investigated (Rabiei et al. 2017). Additionally, the effect of different mass rearing
procedures on the fertility of C. vestalis and its quality control has been examined
(Karimzadeh et al. 2016a, b).

The carob moth (pomegranate neck worm), Apomyelois ceratoniae (Zeller) (Lep.:
Pyralidae) is a polyphagous moth widely distributed in tropical and subtropical
regions of the world. It attacks to many fruit trees such as citrus, almond, date,
pistachio and fig. The carob moth is the key pest of pomegranate in Iran, which can
cause serious damage up to 80% of pomegranate fruits in Iran (Shakeri 2004).
Pesticide applications did not effectively control the pest due to the special feeding
habits of larvae, which feed on the internal tissues of the pomegranate fruit and
protected from exposure to insecticides. Therefore, mechanical control by collecting
and destroying infested fruits and biological control mainly using the egg parasitoids
of the family Trichogrammatidae are recommended methods for controlling the pest.
In the biological control program of the pomegranate neck worm, several studies
were carried out to collect, identify and evaluate the parasitism rate and the conser-
vation of native parasitoids of the superfamily Ichneumonoidea in different regions
of Iran (Kishani Farahani et al. 2010a, b, 2012a, b; Kishani-Farahani and Goldansaz
2013; Norouzi et al. 2009). In a survey carried on three regions of pomegranate
production, it has been reported that The braconid, Apanteles myeloenta Wilkinson
(Hym.: Braconidae) was the dominant species attacking larvae and preferred second
instars. They reported that the parasitism rate reached its peak value in September at
all three selected regions (Kishani Farahani et al. 2008, 2010a, b). In the world, Yu
et al. (2012) listed 15 species of the superfamily Ichneumonoidea and 10 species of
the superfamily Chalcidoidea as a parasitoid of the pomegranate neck worm. Delvare
et al. (2011) reported three new species of the family Chalcididae from Iran:
Brachymeria ceratoniae Delvare, Proconura persica Delvare and Psilochalcis
ceratoniae Delvare, as parasitoids of A. ceratoniae. The reported Braconidae and
Ichneumonidae parasitoids of the pomegranate neck worm in Iran are presented in
Table 7.6.

The pistachio fruit hull borer moth (PFHBM), Arimania komaroffi (Ragonot)
(Lep.: Pyralidae) was not a pest until early 2000 but it changed gradually to an
important pest of pistachio trees in Rafsanjan county, Kerman province, the largest
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area of pistachio plantations in Iran. The larva of this moth feeds on pistachio fruit
hull and causes the dropping of young fruits. The moth has 3–4 generations annually
(Basirat et al. 2015). The main control method of this pest currently based on the
application of insecticides. However, some studies have been recently conducted to
find natural enemies of the pest and to evaluate the potential of natural enemies in
natural biological control of PFHBM (Mehrnejad and Speidel 2011; Mehrnejad
2010, 2012). Table 7.6 presented the known parasitoids of PFHBM in Iran.

The pistachio twig borer moth (PTBM), Kermania pistaciella (Amsel) (Lep.:
Tineidae) is an important pest of pistachio in Iran (Mehrnejad 2001). The pest is
univoltine. The adult moth lays their eggs in flower and fruit clusters in early spring
and then the newly hatched larva bores into the flower tissue and continue its
penetration to twigs. Chemical control cannot effectively control the pest. Biological
control agents on the PTBM were studied which are listed in Table 7.6 to evaluate
their role in controlling the pest. Van Achterberg and Mehrnejad (2002) studied the
parasitism rate of the PTBM in different localities of Rafsanjan and showed that the
most common parasitoid of this pest was Chelonus kermakiae (Tobias) which was
responsible for 37–50% parasitism of the cocoons of the pest. Mehrnejad and Basirat
(2009) in an extensive cocoon sampling of the PTBM showed that Chelonus
kermaniae was the most abundant parasitoids in all studied sites.

The codling moth, Cydia pomonella (L.) (Lep.: Tortricidae) is the key pest of
apple orchards throughout Iran as well as other apple cultivated areas of the world.
The codling moth also damages economically the Asian pear, walnut fruits and less
apricot, plum and peach. It passes one to four generations per year and overwinters
as a fully grown larva within thick pupa under the bark of apple trees (Rajabi 2011).
So far, an association of 151 species of Braconidae and Ichneumonidae has been
established with the codling moth in the world (Yu et al. 2012). Many studies have
been done in order to collect and identify the hymenopterous natural enemies of the
codling moth in Iran and to determine the parasitism rate and their potential for
biological control or integrated management of the pest. In Table 7.6, a list of
ichneumonoid parasitoids of the codling moth in Iran is provided. The bioecology
and parasitism rate of Dibrachys boarmiae (Walker) (Hym.: Pteromalidae) showed
that this ectoparasitoid of codling moth overwinters as fully grown larvae (Mashhadi
Jafarloo and Talebi Chaichi 2002). Different values have been reported as parasitism
rates of this species which ranges from 7.2% in Karaj region (Habibi 1977) to a peak
value at 21.4% in Tabriz, East Azarbaidjan (Mashhadi Jafarloo and Talebi Chaichi
2002). Rajabi et al. (2011) reported three ichneumonid parasitoids on the codling
moth and mentioned that the parasitism rate of Pimpla turionella (L., 1758) was
higher among them. Ranjbar-Aghdam and Fathipour (2010) collected three
ichneumonoid parasitoids on the codling moth in the East-Azarbaijan province
and showed that the parasitism rate of them varied between 0.88% and 9.47%
depends on the studied regions.

The grape berry moth, Lobesia botrana (Denis & Schiffermuller) (Lep.:
Tortricidae) is a key pest of vineyards in Iran. It is also an economically important
pest of grape in the Palaearctic and northern Africa. Feeding of the larvae on flowers
and unripped and ripening berries of grape cause severe damage and favored the
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growth of rot fungi. This moth passes three generations annually in Iran
(Akbarzadeh-Shoukat 2012). In the world, more than 80 species have been reported
of the superfamily Ichneumonoidea and 31 species of the superfamily Chalicoidea
associated with Grape berry moth (Yu et al. 2012). Biological control of Grape berry
moth by natural enemies is based on the mass rearing and releasing of egg parasit-
oids of the family Trichogrammatidae but there have been reported several larval or
pupal ichneumonoid parasitoids in Iran which are listed in Table 7.6. In the studied
areas of Urmia, a parasitism rate of hymenopterous larval parasitoids varied from 1%
to 16.8% during 2004–2006 (Akbarzadeh-Shoukat 2012).

The eye-spotted bud moth, Spilonota ocellana (Denis & Schiffermüller) (Lep.:
Tortricidae) is a univoltine moth, feed on the lower surface of leaves of apple trees.
This moth is not an important pest of apple in Iran (Rajabi 2011). The eye-spotted
bud moth has a large complex of parasitoids in the superfamily Ichneumonoidea
(101 species) in the world (Yu et al. 2012). Although, just one species, named
Lytopylus rufipes (Nees) on this pest has been reported from Iran (Shojai 1998).

The oak leaf roller moth, Tortrix viridana (L.) (Lep.: Tortricidae) is the most
serious pest of the oak trees in the western Palaearctic. The moth takes one gener-
ation a year and passes most of the year from July to March in the egg developmental
stage. The larvae of the moth feed on buds and leaves of the oak trees and in high
populations can completely defoliate their tree host. This pest distributed in the north
and west parts of Iran. Populations of T. viridana has been affected by different
species of Braconidae and Ichneumonidae. There have been yet identified 142 spe-
cies of Ichneumonoidea associated with the oak leaf roller moth in the world
(Yu et al. 2012). A recent study in the west of Iran showed that four species of
Ichneumonidae parasitized the larval and pupal stages of the pest (Table 7.6)
(Mohammadi-Khoramabadi et al. 2016a).

The apple ermine, Yponomeuta malinella Zeller (Lep.: Yponomeutidae) is a
univoltine species distributed in Europe, Asia and North America. The larvae of
the apple ermine feed gregariously on leaves and can severely defoliate apple trees
(Rajabi 2011). Rajabi et al. (2011) reared 13 parasitoid species of Hymenoptera and
2 parasitoid species of Diptera on the larvae and pupae of the apple ermine. There
have been globally reported 32 species of Chalicidoidea and 86 species of
Ichneumonidae associated with the apple ermine (Yu et al. 2012). The known
parasitoids of the apple ermine in Iran belonging to the superfamily Ichneumonoidea
are listed in Table 7.6. The rate of parasitism of these ichneumonoid parasitoids was
not documented.

Etiella zinckenella (Treitschke) parasitizes with six chalcidoids species including
three Eulophidae (Aprostocetus arrabonicus (Erdös), Elasmus biroi Erdös and
E. platyedrae Ferrière), two Eurytomidae (Aximopsis augasmae (Zerova) and A.
near ghazvini (Zerova)) and one Pteromalidae species (Cyrtoptyx lichtensteini
(Masi)) (Lotfalizadeh and Hosseini 2014). Although this pest has nine Braconidae
and eight Ichneumonidae species in Iran (see Table 7.6).
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7.6.3 The Major Dipterous Pests and Their Ichneumonoidea
Parasitoids

Within the order Diptera, two families Agromyzidae and Tephritidae comprise the
most important and key pests of crops and fruit trees in Iran (Esmaili 1983; Khanjani
2004; Rajabi 2011).

The family Agromyzidae is a species-rich family of Diptera commonly known as
leafminers. In Iran, there have been known 26 species of the family Agromyzidae
and most of them have agricultural importance and known as pests (Dousti 2010).
Chromatomyia horticola (Goureau) is a polyphagous pest of vegetable crops in the
families Asteraceae, Brassicaceae and Fabaceae like tomato and cabbage and dis-
tributed in temperate and tropical regions of the world. So far, four species of
Braconidae have been reported as parasitoids of C. horticola from Iran (Table 7.7)
(Hazini et al. 2015). Globally, 35 species of the family Braconidae and 40 species of
Chalicidoidea have been associated with C. horticola (Yu et al. 2012). Liriomyza is
another genus of the family Agraomyzidae contains more than 300 species world-
wide. Species of the genus injures to a wide range of vegetables and ornamental
plants. One Braconid parasitoid has been reported on Liriomyza cicerina from Iran
(Table 7.7).

Tephritid fruit flies (Dip.: Tephritidae) comprise more than 4400 phytophagous
species in the world feeding on the reproductive organs of plants. Some species such
as Ceratitis capitata (Wiedemann), Bacterocera oleae (Rossi) and Rhagoletis cerasi
(L.) are among well-known and economically the most important pests of fruit crops
around the world as well as Iran (Rajabi 2011). A wide effort has been made on the
implementation and releasing the biological control agents as an ecologically safe
and long term integrated pest management programs of tephritid fruit flies. For
example, Phygadeuon wiesmanni (Sachtleben) (Hym.: Ichneumonidae) is a major
parasitoid of European cherry fruit fly, R. cerasi and released against R. pomonella
(Walsh) from 1985 in Ontario (Hagley et al. 1993). Recently, Pourhaji et al. (2016)
studied the Ichneumonidae parasitoids of tephritid fruit flies on the plants of the
family Asteraceae in the west of Iran and found five ichneumonid species on four
species of tephritid fruit flies (Table 7.7). The biology and parasitism rate of Fopius
carpomyiae as a parasitoid of the fruit fly, Carpomyia vesuviana Costa (Dip.:
Tephritidae) showed that naturally 20–26% of larvae were parasitized by this species
(Farar et al. 2002).

7.7 Conclusion and Future Directions

Research on the collecting, rearing, identification and possibility of application of
parasitoid wasps of the superfamilies Chalcidoidea and Ichneumonoidea have been
accelerated during two recent decades in Iran. Future studies on different agricultural
and forest ecosystems especially intact ones will introduce valuable native
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parasitoids that are adapted to local environmental conditions. We need to investi-
gate more intensively the parasitoid assemblages of pests and their trophic relation-
ships for a successful biological control program.

Demography and biological attributes of some parasitoid wasps of these two
superfamilies have been studied recently under laboratory conditions. Our next
programs are to assess, to establish, to colonize, to evaluate and to increase the
efficacy of the biocontrol candidates at natural field conditions.

Conservation of hymenopterous biological control agents is another issue that
should be more considered in Iran. Several studies in Iran showed that a rich
complex of Chalcidoidea and Ichneumonoidea presented in agricultural and natural
ecosystems. Although we do not have in many cases an accurate assessment of the
parasitism rate of them, we certainly protect them by decreasing the application of
chemical and nonselective pesticides.
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Chapter 8
Superfamily Platygastroidea: Natural
Enemies of True Bugs, Moths, Other
Insects, and Spiders

Shahzad Iranipour

8.1 Introduction

In previous classifications, both families of Scelionidae and Platygastridae included
in superfamily Proctotrupoidea (Kozlov 1988). Later these families separated from
Proctotrupoidea and appeared as superfamily Platygastroidea (Triplehorn and John-
son 2005). However, more recently, both families merged as a single family of
Platygastridae and hence subfamilies of Scelioninae, Teleasinae and Telenominae
account as subfamilies of platygastridae (Aguiar et al. 2013). These are minute
(at most a few millimetres), and often blackish wasps with reduced venation
particularly in platygastrins. Maximum four longitudinal veins namely submarginal,
marginal, post-marginal and radial or stigmal veins appear in forewings. Such
venation resembles those of the chalcids (superfamily Chalcidoidea), but
platygastrids can easily be separated with the structure of thorax. The triangular
shape of mesonotum in lateral view, an absence of post-spiracular sclerite
(prepectus) and tegulae touching mesonotum are characteristics separating the
members of Platygastridae from those of the Chalcidoidea. Former Scelionidae is
endoparasitoids of insect eggs (mainly Hemiptera, Lepidoptera and Orthoptera in
Iran) as well as spiders. Former Platygastridae is also mainly parasitoids of larvae of
gall midges (Cecidomyiidae) (Triplehorn and Johnson 2005) that are not the subject
of this chapter.

The most important target pests of these egg parasitoids in Iran are true bugs of
cereals and pistachio; serious pests of their host plants. Pistachio is exported to
different Asian and European countries. On the other hand, wheat is a strategic crop
in Iran that constitutes the highest item in the food basket of Iranian people. Self-
sufficiency in wheat production is the first priority of Iran’s Ministry of Agriculture,
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but unfortunately, it depends mostly on environmental factors including rainfall and
also pest loss. Iran located at one of the driest areas of the world, so wheat
importation is unavoidable some years. Common sunn pest Eurygaster integriceps
Puton is the most serious insect pest of cereals and control measurements mainly
focused on this key pest. However, the economic importance of the pest is not the
same everywhere. It seems that the central plateau of Iran is the main hotspot of the
pest throughout the world. The most serious invasions occur in central provinces
such as Tehran (Varamin is a typical infested area), Markazi, Isfahan, Fars and rain-
fed fields of western Iran such as Kermanshah, Hamedan, Kordestan and Lorestan
(Radjabi 2000). Unfortunately, both groups are direct pests of grain and kernels.
Considering the strategic and economic importance of these crops in Iran, the role of
any control agent of key pests (such as the egg parasitoids) to suppress those pest
populations will be obvious. Furthermore, the role of the egg parasitoids is outstand-
ing among other natural enemies because pest suppression occurs prior to damage
stage.

8.2 Iranian Platygastroidea

More than 70 species of this family were reported by researchers in Iran (Table 8.1)
which Telenomus spp. and Trissolcus spp. are prevalent genera. Nevertheless, a
comprehensive revision is needed. Some references in Table 8.1 (for example,
Modarres-Awal 1997 and Ghahari et al. 2015) are checklists that just reflect reports
of the other researchers, so they may repeat some incorrect data. As an early work,
Safavi (1973), published an identification key to distinguishing six species of
Trissolcus using some simple characters such as the presence of parapsidal grooves
(notauli) and leg coloration. This identification key probably was used by subse-
quent users and lead to some mistakes in identifications because the key was very
simplified. For example, all the species with yellowish legs in semistriatus species-
group were distinguished as T. basalis. Consequently, some reports of T. basalis
may be belonging to relative species such as T. djadetshkoe, T. pseudoturesis, etc.
Just following to translation of Kozlov’s (1988) key to English and further to Persian
by Radjabi (2000) a more comprehensive key to Palearctic Platygastroidea became
available. But this did not meet requirements of an intact identification because often
access to holotypes or other type specimens was impossible to most Iranian
researchers. As another example, the distinction of T. semistriatus from T. grandis
commonly has been based on yellowish hind tibiae in former species. But one should
not forget that T. grandis specimens tend to present lighter hind tibiae in warmer
seasons (particularly in males) and separation of these two species with highly
emphasize on leg coloration may be misleading. Finally, the absence of enough
familiarity with key characters and different interpretations about one character by
different users may be another source of the mistake. The present identification keys
are ancient and relatively confusing for separating characters such as a relative ratio
of the post marginal vein (pm) to the stigmal vein (st). For example in Kozlov’s key
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Table 8.1 Iranian Platygastroidea and their hosts and distribution in Iran

Taxon Host
Area in Iran
(Province) References

Family
Platygastridae
(Haliday, 1840)

1. Subfamily
Scelioninae (For-
ster, 1856)

1.1. Genus Anteris
(Forster, 1856)

1.1.1. Anteris
simulans (Kieffer,
1908)

– 1. Kerman Samin et al. (2011a, b) and
Ghahari et al. (2015)2. West

Azarbaijan

1.2. Baeus
(Haliday, 1833)

1.2.1. Baeus
seminulum
(Haliday, 1833)

– East
Azarbaijan

Shamsi et al. (2014a)

1.3. Baryconus
(Foerster, 1856)

1.3.1. Baryconus
europaeus (Kieffer,
1908)

– East
Azarbaijan

Shamsi (2014)

1.4. Calliscelio
(Ashmead, 1893)

1.4.1. Calliscelio
ruficollis (Szeleyi,
1941)

– East
Azarbaijan

Shamsi (2014)

1.5. Genus Gryon
(Haliday, 1833)

1.5.1. Gryon
fasciatum (Priesner,
1951)

Eurygaster
integriceps Puton
(Hem. Scutelleridae)

Golestan Sakenin et al. (2008a), Samin
et al. (2010c) and Ghahari et al.
(2015)

1.5.2. Gryon
monspeliense
(Picard, 1924)

1. Eurygaster
integriceps Puton

1. Alborz Radjabi and Amir-Nazari
(1989), Iranipour et al. (1998a),
Samin et al. (2010c), Samin and
Asgari (2012b) and Ghahari
et al. (2015)

2. Dolycoris
baccarum L. (Hem.
Pentatomidae)

2. Hamadan

3. Isfahan

4. Lorestan

5. Markazi

6. Tehran

1.5.3. Gryon
muscaeformis
(Nees, 1834)

– East
Azarbaijan

Shamsi (2014)

(continued)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

1.5.4. Gryon
pedestre (Nees,
1834)

1. Dolycoris
penicillatus Horváth
(Hem. Pentatomidae)

1. Isfahan Samin et al. (2010c), Samin and
Asgari (2012b) and Ghahari
et al. (2015)

2. Eurygaster
integriceps Puton
(Hem. Scutelleridae)

2. Tehran

1.5.5. Gryon
solutus (Kononova
& Petrov, 2001)

– East
Azarbaijan

Shamsi (2014)

1.6. Idris (Foerster,
1856)

1.6.1. Idris
aureonitens
(Szabo, 1965)

– East
Azarbaijan

Shamsi et al. (2014b)

1.6.2. Idris
clypealis (Huggert,
1979)

– East
Azarbaijan

Shamsi et al. (2014b)

1.6.3. Idris
desertorum
(Priesner, 1951)

– East
Azarbaijan

Shamsi et al. (2014b)

1.6.4. Idris diversus
(Wollaston, 1858)

– East
Azarbaijan

Shamsi et al. (2014b)

1.6.5. Idris
rufescens (Kieffer,
1908)

– East
Azarbaijan

Shamsi et al. (2014b)

1.7. Genus Scelio
(Latreille, 1805)

1.7.1. Scelio
flavibarbis (Mar-
shall, 1874)

Locusta migratoria
(L.) (Orth. Acrididae)

1. Golestan Khajehzadeh and Ghazavi
(2000), Khajehzadeh (2002,
2004), Sakenin et al. (2008b),
Ghahari et al. (2009, 2015),
Samin et al. (2011a, 2012) and
Samin and Asgari (2012a, b)

2. Isfahan

3. Khuzestan

1.7.2. Scelio nitens
(Brues, 1906)

Locusta migratoria
(L.) (Orth. Acrididae)

Isfahan Sakenin et al. (2008b) and
Ghahari et al. (2009, 2015)

1.7.3. Scelio
poecilopterus
(Priesner, 1951)

– Sistan-and-
Baluchestan

Samin et al. (2011b) and
Ghahari et al. (2015)

1.7.4. Scelio
remaudierei
(Ferrière, 1952)

Locusta migratoria
(L.) (Orth. Acrididae)

1. Golestan Ghahari et al. (2009, 2015),
Samin et al. (2011a, 2012) and
Samin and Asgari (2012b)

2. Isfahan

3.
Kermanshah

4. Khuzestan

1.7.5. Scelio
rugosulus(Latreille,
1805)

– East
Azarbaijan

Shamsi et al. (2015a)

(continued)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

1.7.6. Scelio
zolotarevskyi
(Ferrière, 1930)

Locusta migratoria
(L.) (Orth. Acrididae)

Mazandaran Sakenin et al. (2008b) and
Ghahari et al. (2009, 2015)

1.8. Genus
Sparasion
(Latreille, 1802)

1.8.1. Sparasion
emarginatum
(Kieffer, 1906)

– Khorasan Samin et al. (2011b) and
Ghahari et al. (2015)

1.8.2. Sparasion
punctatissimum
(Kieffer, 1906)

– Khorasan Samin et al. (2011b) and
Ghahari et al. (2015)

1.8.3. Sparasion
subleve (Kieffer,
1906)

– Khorasan Samin et al. (2011b) and
Ghahari et al. (2015)

2. Subfamily
Telenominae
(Thomson, 1860)

2.1. Genus
Paratelenomus
(Dodd, 1914)

2.1.1.
Paratelenomus
saccharalis (Dodd,
1914)

– Khuzestan Samin et al. (2012) and Ghahari
et al. (2015)

2.1.2.
Paratelenomus
striativentris
(Risbec, 1950)

– Khuzestan Samin et al. (2012) and Ghahari
et al. (2015)

2.2. Genus Psix
(Kozlov & Lê,
1976

2.2.1. Psix
abnormis (Kozlov
& Lê, 1976)

– 1. Golestan Samin et al. (2011b), Samin and
Asgari (2012a) and Ghahari
et al. (2015)

2. Khorasan

2.2.2. Psix
lacunatus (Johnson
& Masner, 1985)

– 1. Isfahan Samin et al. (2011b), Samin and
Asgari (2012b) and Ghahari
et al. (2015)

2. Kerman

2.2.3. Psix
saccharicola
(Mani, 1941)

Acrosternum
arabicum Wagner,
(Hem. Pentatomidae)

Kerman Mehrnejad (2013) and Ghahari
et al. (2015)

Brachynema
germari (Kolenati)
(Hem.
Pentatomidae)

(continued)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.2.4. Psix
striaticeps (Dodd,
1920)

1. Acrosternum
heegeri Fieber (Hem.
Pentatomidae)

1. Kerman Hashemi-Rad et al. (2002),
Hashemi-Rad (2008), Samin
et al. (2011a) and Ghahari et al.
(2015)2. Brachynema

signatum Jakovlev,
(Hem. Pentatomidae)

2. Kordestan

3. Croantha
ornatula (Herrich-
Schaeffer) (Hem.
Pentatomidae)

4. Graphosoma
lineatum (L.) (Hem.
Pentatomidae)

2.3. Genus
Telenomus
(Haliday, 1833)

2.3.1. Telenomus
acrobates (Giard,
1895)

Chrysoperla carnea
(Stephens) (Neur.
Chrysopidae)

1.
Chaharmahal–
o-Bakhtiari

Talebi et al. (2005), Shahpouri-
Arani et al. (2005), Ghahari
et al. (2010, 2015), Samin et al.
(2010a, d) and Samin and
Asgari (2012b)

2. East
Azarbaijan

3. Isfahan

4. Tehran

2.3.2. Telenomus
angustatus (Thom-
son, 1860)

Chrysops
(Petersenychrysops)
hamatus Loew (Dip.
Tabanidae)

1. East
Azarbaijan

Samin et al. (2011b) and
Shamsi (2014)

2. Sistan–and-
Baluchestan

2.3.3. Telenomus
benefactor
(Crawford, 1911)

– Khorasan Samin et al. (2011b) and
Ghahari et al. (2015)

2.3.4. Telenomus
beneficiens
(Zehntner, 1896)

Scirpophaga novella
(F.) (Lep. Pyralidae)

Kerman Samin et al. (2010d, 2011b) and
Ghahari et al. (2015)

2.3.5. Telenomus
busseolae (Gahan,
1922)

1. Sesamia
nonagrioides
Lefevbre (Lep.
Noctuidae)

1. East
Azarbaijan

Abbasipour et al. (1991) and
Abdul Razzagh (1995),
Sharififar (2000), Abbasipour
(2004), Narehi et al. (2004),
Jamshidnia et al. (2009), Samin
et al. (2010a, d, 2011a, 2012),
Samin and Asgari (2012a, b),
Sayad Mansour et al. (2011)
and Ghahari et al. (2015)

2. Sesamia cretica
Lederer (Lep.
Noctuidae)

2. Golestan

3. Isfahan

4. Khuzestan

(continued)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.3.6. Telenomus
chloropus (Thom-
son, 1861)

1. Eurygaster
integriceps Puton
(Hem. Scutelleridae)

1. Alborz Shojai (1968), Mohaghegh-
Neyshabouri (1993), Modarres-
Awal (1997), Samin (2010),
Samin et al. (2010a, b, c, d,
2011b, c), Samin and Asgari
(2012b) and Ghahari et al.
(2015)

2. Eurygaster
testudinaria
(Geoffroy) (Hem.
Scutelleridae)

2. East
Azarbaijan

3. Dolycoris
baccarum L. (Hem.
Pentatomidae)

3. Isfahan

4. Khorasan

5.
Mazandaran

6. Tehran

2.3.7. Telenomus
chrysopae
(Ashmead, 1893)

1. Chrysoperla
sp. (Neuroptera:
Chrysopidae)

1. East
Azarbaijan

Rakhshani et al. (2008), Samin
et al. (2010a, d) and Ghahari
et al. (2015)

2. Catolaccus
sp. (Hymenoptera:
Pteromalidae)

2. Golestan

3. Isfahan

2.3.8. Telenomus
dignus (Gahan,
1925)

Scirpophaga
sp. (Lepidoptera:
Pyralidae)

Kerman Samin et al. (2010d, 2011b) and
Ghahari et al. (2015)

2.3.9. Telenomus
harpyiae (Mayr,
1879)

– East
Azarbaijan

Shamsi (2014)

2.3.10. Telenomus
heydeni (Mayr,
1879)

Lixus incanescens
Boheman (Coleop-
tera: Curculionidae)

1. West
Azarbaijan

Parvizi and Javan Moghaddam
(1988), Samin et al. (2010d,
2011a), Samin and Asgari
(2012b) and Ghahari et al.
(2015)

2. Isfahan

2.3.11. Telenomus
hofmani (Matr,
1879)

– East
Azarbaijan

Shamsi (2014)

2.3.12. Telenomus
minimus
(Ashmead, 1893)

– 1. Guilan Modarres-Awal (1997), Samin
et al. (2010d) and Ghahari et al.
(2015)

2.
Mazandaran

2.3.13. Telenomus
pentopherae
(Mayr, 1879)

– East
Azarbaijan

Shamsi (2014)

2.3.14. Telenomus
phalaenarum (Nees
& Esenbeck, 1834)

– Kermanshah Samin et al. (2010d, 2011a) and
Ghahari et al. (2015

2.3.15. Telenomus
politus (Thomson,
1861)

Eurygaster
integriceps Puton

1. Isfahan Modarres-Awal (1997), Samin
et al. (2010c, d), Samin and
Asgari (2012b) and Ghahari
et al. (2015)

2. Tehran
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.3.16. Telenomus
punctatissimus
(Ratzeburg, 1844)

– East
Azarbaijan

Shamsi (2014)

2.3.17. Telenomus
remus (Nixon,
1937)

– Sistan-and-
Baluchestan

Samin et al. (2011b) and
Ghahari et al. (2015)

2.3.18. Telenomus
sechellensis
(Kieffer, 1910)

– Khuzestan Samin et al. (2010d, 2011a,
2012) and Ghahari et al. (2015)

2.4. Genus
Trissolcus
(Ashmead, 1893)

2.4.1. Trissolcus
agriope (Kozlov &
Lê, 1976)

Hemiptera:
Pentatomidae:

Kerman Hashemi-Rad et al. (2000a, b,
2002), Hashemi-Rad (2008),
Ghahari et al. (2011, 2015) and
Mehrnejad (2013)

1. Brachynema sp.

2. Acrosternum
arabicum Wagner

3. Brachynema
germari (Kolenati)

2.4.2. Trissolcus
basalis (Wollaston,
1858)

Hemiptera:
Pentatomidae:

1. East
Azarbaijan

Shojai (1968), Martin et al.
(1969), Radjabi and Amir-
Nazari (1989), Iranipour et al.
(1998a), Taghaddosi and
Radjabi (1998), Mehravar et al.
(2000), Samin (2010), Samin
et al. (2010a, c, 2011a, b, c,
2012), Ghahari et al. (2011,
2015) and Samin and Asgari
(2012a, b)

1. Aelia acuminata
(L.)

2. Golestan

2. Apodiphus
amygdali (Germar)

3. Hamadan

3. Carpocoris
fuscipinus
(Boheman)

4. Lorestan

4. Dolycoris
baccarum (L.)

5. Markazi

5. Eurygaster
integriceps Puton

6. Isfahan

6. Eurygaster maura
(L.)

7.
Kermanshah

7. Nezara viridula
(L.)

8. Khorasan

9. Khuzestan

10. Tehran

11. Zanjan

2.4.3. Trissolcus
cantus (Kozlov &
Le, 1977)

– East
Azarbaijan

Shamsi (2014)

2.4.4. Trissolcus
cephalotes (Kozlov
& Le, 1977)

– East
Azarbaijan

Shamsi (2014)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.4.5. Trissolcus
circus (Kozlov &
Lê, 1976)

– Tehran Samin et al. (2010b) and
Ghahari et al. (2015)

2.4.6. Trissolcus
crypticus (Clarke,
1993)

Nezara viridula (L.) Sistan–and-
Baluchestan

Samin et al. (2011b) and
Ghahari et al. (2011, 2015)

2.4.7. Trissolcus
delucchii (Kozlov,
1968)

1. Sesamia
nonagrioides
Lefevbre (Lepidop-
tera: Noctuidae)

1. Alborz Modarres-Awal (1997),
Iranipour et al. (1998b), Samin
et al. (2010c) and Ghahari et al.
(2011, 2015)

2. Eurygaster
integriceps Puton

2. Khuzestan

3. Eurygaster maura
(L.) (Hemiptera:
Pentatomidae)

3. Tehran

2.4.8. Trissolcus
djadetshko
(Rjachovsky, 1959)

1. Eurydema ornatum
(L.)

1. Ardabil Sakenin et al. (2008a), Nozad-
Bonab and Iranipour (2010),
Samin (2010), Samin et al.
(2010a, b, c, 2011a, b, 2012),
Hejazi et al. (2011), Shafaei
et al. (2011), Ghahari et al.
(2011, 2015) and Samin and
Asgari (2012a, b)

2. Eurygaster
integriceps Puton
(Hem: Pentatomidae)

2. East
Azarbaijan

3. Golestan

4. Isfahan

5. Kerman

6. Khuzestan

7.
Mazandaran

8. Tehran

9. West
Azarbaijan

2.4.9. Trissolcus
dryope (Kozlov &
Lê, 1976)

Hemiptera:
Pentatomidae:
1. Acrosternum sp.

1. Isfahan Hashemi-Rad et al. (2000b,
2002), Ghahari et al. (2011,
2015) and Samin and Asgari
(2012b)2. Brachynema sp. 2. Kerman

2.4.10. Trissolcus
esmailii (Radjabi,
2001)

Hemiptera:
Pentatomidae:
1. Dolycoris
baccarum L.

1. Fars Radjabi (2001), Samin et al.
(2010c), Ghahari et al. (2011,
2015) and Samin and Asgari
(2012b)

2. Eurygaster
integriceps Puton

2. Isfahan

2.4.11. Trissolcus
festivae (Viktorov,
1964)

Hemiptera:
Pentatomidae:
1. Eurydema ornatum
L.

1. Alborz Radjabi (1994), Modarres-
Awal (1997), Iranipour et al.
(1998a), Samin (2010), Samin
et al. (2010a, b, c, 2011b, c),
Ghahari et al. (2011, 2015) and
Samin and Asgari (2012a, b)

2. Eurygaster
integriceps Puton

2. Ardabil

3. Golestan

4. Isfahan

5. Kerman
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

6. Markazi

7. Qazvin

8. Zanjan

9. Tehran

2.4.12. Trissolcus
grandis (Thomson,
1861)

Hemiptera:
Pentatomidae:
1. Aelia acuminata
(L.)

1. Alborz Zomorrodi (1962), Shojai
(1968) and Martin et al. (1969),
Radjabi and Amir-Nazari
(1989), Asgari et al. (1995,
Noorbakhsh and Razavi (1995),
Iranipour et al. (1998b),
Allahyari and Azmayeshfard
(2002), Haghshenas (2004),
Nozad-Bonab and Iranipour
(2010), Samin (2010), Samin
et al. (2010a, b, c, 2011a, b, c,
2012), Fathi et al. (2011),
Ghahari et al. (2011, 2015),
Hejazi et al. (2011), Noori et al.
(2011), Shafaei et al. (2011)
and Samin and Asgari
(2012a, b)

2. Apodiphus
amygdali (Germar)

2. Ardabil

3. Eurygaster
integriceps Puton

3.
Chaharmahal–
and-Bakhtiari

4. Graphosoma
lineatum (L.)

4. East
Azarbaijan

5. Carpocoris
fuscipinus
(Boheman)

5. Golestan

6. Dolycoris
baccarum (L.)

6. Ilam

7. Eurygaster maura
(L.)

7.
Kermanshah

8. Podisus
maculiventris (Say)

8. Kordestan

9. Andrallus
spinidens (F.)

9. Isfahan

10. Perillus
bioculatus (F.)

10. Kerman

11. Khorasan

12. Sistan-
and-
Baluchestan

13. Khuzestan

14.
Mazandaran

15. Qazvin

16. Tehran

17. West
Azarbaijan

2.4.13. Trissolcus
manteroi (Kieffer,
1909)

Hemiptera:
Pentatomidae:

1. Mazandaran Sakenin et al. (2008a), Samin
et al. (2010c, 2011a) and
Ghahari et al. (2011, 2015)1. Carpocoris

coreanus iranus
(Tamanini)

2. West
Azarbaijan

2. Dolycoris
penicillatus Horváth
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.4.14. Trissolcus
mentha (Kozlov &
Lê, 1977)

Hemiptera:
Pentatomidae:

1. Alborz Iranipour et al. (1998b),
Hashemi-Rad et al. (2002) and
Samin et al. (2010c)1. Eurygaster

integriceps Puton
2. Kerman

2. Apodyphus
amygdali (Germar)

3. Tehran

2.4.15. Trissolcus
sp. near mitsukurii
(Ashmead, 1904)

Hemiptera:
Pentatomidae:
Brachynema spp

Kerman Hashemi-Rad et al. (2000b)

2.4.16. Trissolcus
pseudoturesis
(Rjachovsky, 1959)

Hemiptera:
Pentatomidae:

1. Khuzestan Sakenin et al. (2008a), Samin
et al. (2010c, 2011a, 2012) and
Ghahari et al. (2011, 2015)1. Eurygaster

integriceps Puton,
2. Kordestan

2. Eurygaster
testudinaria
(Geoffroy)

3.
Mazandaran

2.4.17. Trissolcus
radjabii (Iranipour,
2010)

Hemiptera:
Pentatomidae:
Apodiphus amygdali
Germar

1. Alborz Iranipour and Johnson (2010)
and Ghahari et al. (2011, 2015)2. East

Azarbaijan

3. Kerman

4. Tehran

2.4.18. Trissolcus
rufiventris (Mayr,
1908)

Hemiptera:
Pentatomidae:

1. Alborz Shojai (1968), Martin et al.
(1969), Radjabi and Amir-
Nazari (1989), Modarres-Awal
(1997), Iranipour et al. (1998b),
Mehravar et al. (2000), Samin
(2010), Samin et al.
(2010a, b, c, 2011a, b, c, 2012),
Hejazi et al. (2011), Ghahari
et al. (2011, 2015), Shafaei
et al. (2011), Samin and Asgari
(2012b) and Shamsi (2014)

1. Aelia furcula
Fieber

2. East
Azarbaijan

2. Dolycoris
penicillatus Horváth

3. Hamadan

3. Eurygaster
integriceps Puton

4. Lorestan

5. Markazi

6.
Mazandaran

7. Isfahan

8. Kerman

9.
Kermanshah

10. Khuzestan

11. Tehran

12. West
Azarbaijan

2.4.19. Trissolcus
saakowi (Mayr,
1903)

Apodiphus
sp. (Hemiptera:
Pentatomidae)

Alborz Iranipour et al. (1998a) and
Ghahari et al. (2011)
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

2.4.20. Trissolcus
semistriatus (Nees,
1834)

Hemiptera:
Pentatomidae:

1. Alborz Alexandrov (1948a, b), Vaezi
(1950), Zomorrodi (1962),
Martin et al. (1969), Safavi
(1973), Radjabi and Amir-
Nazari (1989), Modarres-Awal
(1997), Iranipour et al. (1998b),
Taghaddosi and Radjabi
(1998), Noori and Asgari
(2000), Asgari and Sahragard
(2002), Haghshenas (2004),
Sakenin et al. (2008a), Nozad-
Bonab and Iranipour (2010),
Samin (2010), Samin et al.
(2010a, b, c, 2011a, b, c, 2012),
Ghahari et al. (2011, 2015),
Hejazi et al. (2011), Noori et al.
(2011), Shafaei et al. (2011)
and Samin and Asgari
(2012a, b)

1. Aelia acuminata
(L.)

2. Ardabil

2. Apodiphus
amygdali (Germar)

3.
Chaharmahal–
and-Bakhtiari

3. Dolycoris
baccarum L.

4. East
Azarbaijan

4. Eurygaster
integriceps Puton

5. Fars

5. Carpocoris
fuscipinus
(Boheman)

6. Hamadan

6. Eurygaster maura
(L.)

7. Lorestan

7. Graphosoma
lineatum (L.)

8. Markazi

8. Carpocoris
pudicus (Poda)

9. Golestan

9. Holcostethus
sphacelatus (F.)

10. Ilam

10. Carpocoris
pudicus (Poda)

11.
Kermanshah

11. Holcostethus
sphacelatus (F.)

12. Kordestan

13. Isfahan

14. Kerman

15. Sistan–
and-
Baluchestan

16. Khorasan

17. Khuzestan

18.
Mazandaran

19. Qazvin

20. Tehran

21. West
Azarbaijan

22. Zanjan

2.4.21. Trissolcus
simoni (Mayr,
1879)

Hemiptera:
Pentatomidae:

1. Alborz Shojai (1968), Modarres-Awal
(1997), Iranipour et al. (1998b),
Sakenin et al. (2008a) and
Samin (2010), Samin et al.
(2010a, b, c, 2011a, b, c, 2012),
Ghahari et al. (2011, 2015) and
Samin and Asgari (2012b)

1. Aelia acuminata
(L.)

2. Ardabil

2. Dolycoris
baccarum L.

3. Golestan
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Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

3. Aelia melanota
(Fieber)

4. Isfahan

4. Apodiphus
amygdali (Germar)

5. Kerman

5. Carpocoris
fuscipinus
(Boheman)

6. Khuzestan

6. Eurydema ornatum
L.

7.
Mazandaran

7. Eurygaster
integriceps Puton

8. Tehran

2.4.22. Trissolcus
tumidus (Mayr,
1879)

Hemiptera:
Pentatomidae:

1. Fars Zomorrodi (1962), Shojai
(1968), Modarres-Awal (1997),
Samin et al. (2010c, 2011a) and
Ghahari et al. (2011, 2015)

1. Aelia acuminata
(L.)

2. Isfahan

2. Apodiphus
amygdali (Germar)

3. Tehran

3. Carpocoris
fuscipinus
(Boheman)

4. Zanjan

4. Dolycoris
baccarum (L.)

5. West
Azarbaijan

5. Eurygaster
integriceps Puton

2.4.23. Trissolcus
vassilievi (Mayr,
1903)

Hemiptera:
Pentatomidae:

1. Alborz Alexandrov (1948a, b), Vaezi
(1950), Zomorrodi (1962),
Shojai (1968), Martin et al.
(1969), Safavi (1973), Farid
(1985), Radjabi and Amir-
Nazari (1989), Asgari et al.
(1995), Modarres-Awal (1997),
Iranipour et al. (1998b),
Taghaddosi and Radjabi
(1998), Mansour-Ghazi and
Radjabi (2000), Noori and
Asgari (2000), Haghshenas
(2004), Sakenin et al. (2008a),
Samin (2010), Samin et al.
(2010a, b, c, 2011a, b, c, 2012),
Ghahari et al. (2011, 2015),
Hejazi et al. (2011), Shafaei
et al. (2011) and Samin and
Asgari (2012a, b)

1. Aelia acuminata
(L.)

2.
Chaharmahal–
and-Bakhtiari

2. Apodiphus
amygdali (Germar)

3. East
Azarbaijan

3. Carpocoris
fuscispinus
(Boheman)

4. Fars

4. Dolycoris
baccarum L.

5. Hamadan

5. Eurygaster
integriceps Puton

6.
Kermanshah

6. Graphosoma
lineatum (L.)

7. Lorestan

7. Eurygaster maura
(L.)

8. Markazi

8. Carpocoris
mediterraneus
(Tamanini),

9. Golestan
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one may decide if pm is twice as long as st or 1.8 times longer than it. A small error in
measurement may lead to an erroneous decision and misidentification. We need a
more precise key and might be necessary to add molecular traits and more detailed
morphological characters in future work. This may necessitate a comprehensive
study and revision of previous works.

Among platygastroid species, just some species, of Trissolcus were used for
control of sunn-pests’ complex (Eurygaster spp. and on a smaller scale Aelia spp.,
Dolycoris spp., Carpocoris spp. etc) in cereal fields (Alexandrov 1948a, b; Martin
et al. 1969; Safavi 1973; Radjabi 2000). A potential target pest complex also may be
true bugs related to pistachio, with a rich fauna of these parasitoids upon them

Table 8.1 (continued)

Taxon Host
Area in Iran
(Province) References

9. Graphosoma
semipunctatum (F.)

10. Isfahan

11. Kerman

12. Khorasan

13. Khuzestan

14. Kordestan

15.
Mazandaran

16. Qazvin

17. Tehran

18. West
Azarbaijan

19. Zanjan

2.4.24. Trissolcus
volgensis
(Viktorov, 1964)

Hemiptera:
Pentatomidae:

Kerman Mehrnejad (2013) and Ghahari
et al. (2015)

1. Acrosternum
arabicum (Wagner)

2. Brachynema
germari (Kolenati)

3. Subfamily
Teleasinae
(Ashmead, 1902)

Rahnemaye-Shahsavari et al.
(2011)

3.1. Genus
Proteleas (Kozlov,
1961)

3.1.1. Proteleas
rugosus (Kozlov,
1961)

– East
Azarbaijan

Shamsi (2014)

3.2. Genus Teleas
(Latreille, 1805)

3.2.1. Teleas
rugosus (Kieffer,
1908)

– East
Azarbaijan

Shamsi et al. (2015b)
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reported in Kerman province (Hashemi-Rad et al. 2000a, b, 2002). Although Nezara
viridula L.-Trissolcus basalis (Wollaston) system is also a successful biological
control system in some parts of the world (Jones 1988), and records of both species
are present in Iran (see Modarres-Awal 1997), but no attempt was done by Iranian
researchers for studying this system, maybe due to lower importance in comparison
to bollworm Helicoverpa spp.

8.3 Egg Parasitoids of Sunn Pests

Several species of true bugs belonging to Eurygaster (Hem. Scutelleridae), Aelia,
Dolycoris, and Carpocoris (Hem. Pentatomidae) attack cereals in Iran (Salavatian
1991; Radjabi 2000). Undoubtedly, Eurygaster species are the most important
among them. Three species of Eurygaster exist in Iran including E. integriceps
Puton, E. maura L. and E. testudinaria Geoffroy. The latter species so far reported
from Tabriz (north-west of the country; Brown & Eralp, 1962) and Mazandaran
(Northern Iran; Mohaghegh-Neyshabouri, 1993) which is a rare species without
economic importance. Just a single species of egg parasitoids namely Telenomus
chloropus (Thomson) was reported upon it (Mohaghegh-Neyshabouri 1993). The
European sunn pest E. maura L. is distributed in Northern provinces (predominantly
Golestan, followed by Mazandaran, Guilan, East and West Azarbaijan; Radjabi
2000), although it seems that it has displaced by E. integriceps at recent years in
north-western provinces (East and West Azarbaijan). The economic importance of
this species is lower than the more virulent species of E. integriceps that known as
common sunn pest or sunn pest and is prevalent in the central plateau of Iran. At least
four species of Aelia (A. furcula Fieb., A. melanota Fieb, A. virgata Klug, and
A. accuminata L.), two species of Dolycoris (D. baccarum (L.) and D. penisilatus
(Horvath)), and Carpocoris fuscispinus (Boh.) also attack cereal fields in Iran.

Two groups of natural enemies are important in the sunn-pest complex. The first
one egg parasitoids belonging mainly to Platygastroidea and a few species distrib-
uted in some families of Chalcidoidea mainly Encyrtidae. The second one nymph-
adult parasitoids belonging to Phasiinae flies (Dip. Tachinidae) (Radjabi 2000).
However, our focus is on the most important of them platygastroid egg parasitoids
in this chapter. A rich fauna of Platygastroidea, as well as, encyrtids are active on
sunn pest eggs. Regional diversity of sunn pests’ egg parasitoids has been studied by
many researchers (Table 8.1). These studies show that in different parts of the
country, miscellaneous species established and there is spatial and temporal hetero-
geneity among regions, and even among adjacent localities (Radjabi and Amir-
Nazari 1989; Shafaei et al. 2011). For example in 20 places out of 37 places of
five provinces (Tehran, Alborz, Hamedan, Markazi and Lorestan) studied by Radjabi
and Amir-Nazari (1989), Trissolcus grandis was dominant in number followed by
T. semistriatus (13 places), T. vassilievi (3 places) and T. basalis just at one place.
These four species, as well as T. rufiventris and Ooencyrtus telenomicida (Hym.
Encyrtidae) are common species that are encountered in major parts of Iran.
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However, just three species of T. grandis, T. semistriatus and T. vassilievi are
considered as main candidates for biological control of the sunn-pest complex.

8.3.1 Factors Influencing Species Richness and Distribution

Weather condition is the most important factor that influences geographical distri-
bution and the parasitism rate. For example, the parasitism rate is very low in dry
regions and increases around water resources like irrigation channels. In addition,
parasitism rate is always lower in rain-fed fields (Martin et al. 1969; Radjabi 2000).
On the other hand, lower parasitism was recorded in colder regions like
Chaharmahal-o-Bakhtiari and East Azarbaijan provinces (Haghshenas 2004;
Nozad-Bonab and Iranipour 2010). In a laboratory study, an equal number of three
species of T. grandis, T. semistriatus and T. vassilievi was released on E. integriceps
eggs at 25, 30 and 34 �C and 10, 33, 55 and 85% RH regimes. T. semistriatus
preceded other species just at 30 �C and 85% RH, while it declined to zero at 34 �C.
In other RH regimes at 30 �C T. vassilievi preceded the others and T. grandis
preceded at all RH regimes at extreme temperatures (Radjabi 2000). This may
imply a wider thermal range of the recent species. In fact, T. grandis is a prevalent
species in many regions in Iran. It can found equally in cold and warm conditions or
dry and humid ones. This species recorded as prevalent species in Golestan province
on E. maura (Iranipour et al. 1998a), which is one of the most humid regions of the
distribution of sunn pest in Iran. It is also dominant species in cold regions such as
northwestern provinces (Shafaei et al. 2011; Nozad-Bonab and Iranipour 2013) as
well as warmer and drier region such as Varamin (Iranipour et al. 2011). In recent
place, however, T. vassilievi and T. grandis precede the other species at different
years. This is mainly due to temporal density dependence of T. vassilievi that led this
species to exceed T. grandis in those years that outbreak occurs. T. grandis caused
density independently 19.5–29.2% egg mortality, while T. vassilievi killed density
dependently 0–59.7% at different place-years. Although Iranipour et al. (2011)
observed no temporal reaction of T. grandis in this study, spatial density dependence
was recorded in another study (Amir-Maafi and Parker 2002). T. vassilievi was the
second key factor with a very weaker impact on host population compared to adult
mortality in diapause phase, which was the first key factor in population dynamics of
the sunn pest in Varamin fields (Iranipour et al. 2011).

Safavi (1973) believes that T. vassilievi is prevalent species of southern provinces
of Iran and has a tendency toward the dry and warm condition. However, In Isfahan
with a similar climate to Varamin, T. vassilievi has not reported yet. On the other
hand, in colder provinces such as East and West Azarbaijan, this species is an
occasional parasitoid of sunn pest (Shafaei et al. 2011; Nozad-Bonab and
Iranipour 2010).

Hence, different combinations of species are active in different regions. For
example, in Alborz wheat fields, T. grandis reported as prevalent species and
seven other species (T. semistriatus, T. vassilievi, T. basalis, T. rufiventris,
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T. festivae,Gryon monspeliensis andOoencyrtus telenomicida) also parasitized sunn
pest eggs. T. grandis emerges prior to the remnant species, but often leaves wheat
field late spring and before harvesting. Except for T. grandis, the other species had
no determined trend and some were rare (Such as T. festivae and particularly
G. monspelinsis). T. basalis, T. rufiventris and O. telenomicida often were seen
late spring and predominated in number when T. grandis left the cereal fields toward
other crops, adjacent orchards, and shade trees at June. Harsh condition of June (dry
and warm) lead T. grandis to leave cereal fields and inferior species become
prevalent. The majority of these species also trapped in other field crops later.
Three species also were added in orchards and shade trees including T. delucchii,
T. radjabii and Anastatus bifasciatus Forcroy (Hym.: Eupelmidae). The latter
species included only males. Although, these species can successfully develop
within sunn pest eggs, they never have seen in cereal fields. Their target hosts are
other bugs and moths (Iranipour et al. 1998b).

The richness of parasitoids in East Azarbaijan province is poorer. In this province,
just five species collected in fields; T. grandis is prevalent again, followed by
T. djadetshkoe, with late emergence of O. telenomicida and O. fecundus.
T. vassilievi also is an occasional parasitoid (Nozad-Bonab and Iranipour 2010).

In Golestan province during spring, T. grandis (60%) followed by T. simoni
(40%) was observed by sweeping in a single sampling date (Iranipour et al. 1998a).
This record is important because T. simoni seems has a very restricted distribution in
Iran (northern province of Golestan with relatively high precipitation and relative
humidity). The previous record from Varamin with a hot and dry climate (Shojai
1989) is not confirmed by a subsequent study in a four-year interval (Iranipour et al.
2011). The mentioned record may be related to a relative species, T. festive with an
elegant difference in scutellar sculptures. This species is a specific parasitoid of
Eurydema spp. and seldom attack sunn pest eggs and two records of it are present in
other parts of Tehran province and adjacent Alborz province (Radjabi 1994;
Iranipour 1996). Another important record is T. agriopae by Mehravar et al.
(2000). This was the first record of a species from oobius group of Kozlov and
Kononova (1983) in Iran. One probable explanation for observed difference among
different regions is thermal requirements of different species (see Sect. 8.5.1.3).

8.3.2 How Competing Parasitoids Co-exist?

Different thermal requirements may be also a possible mechanism of co-existence
and avoiding competitive displacement, although other separation mechanisms such
as host range, density dependence, etc. also can be involved. Shafaei et al. (2011)
showed that T. grandis and T. djadetshkoe are only species that continuously present
in West Azarbaijan fields during the growing season. Three overlapping generations
of the former embedded two mainly separate generations of the latter. Peaks of the
T. djadetshkoe population coincides T. grandis declines. Thus, T. djadetshkoe
appears later and terminates its activity sooner or simultaneously and therefore
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have a shorter duration of parasitism. This sequence of generations let the two
species co-exist.

Co-existence mechanisms need further be studied. Salavatian (1991) believed
that 5–6 generation a year spent by wasps which 2–3 of them spent on other bugs.
Two to three generations in cereal fields accepted by authors (Safavi 1973;
Zatyamina and Kletchkovsky 1974; Radjabi 1994, 2000).

8.3.3 Aestivation

The parasitic wasps leave cereal fields and emigrate toward adjacent habitats at the
end of growing season and even prior to it while cereals are going to ripe and are
often semi-green. Other crops, green weeds around the channels, orchards and shade
trees are the places where parasitoids inhabit (Safavi 1959; Viktorov 1967; Martin
et al. 1969; Zatyamina et al. 1976; Radjabi and Amir-Nazari 1989; Salavatian 1991;
Asgari 1995; Iranipour 1996). More temperate and shaded climate, presence of
nectar, honeydew and water sources as well as alternative hosts such as Apodiphus,
Brachynema, Carpocoris, Chroanta, Dolycoris, Eurydema, Graphosoma,
Holcostethus, Piezodorus, Stollia, . . . are crucial for survival during aestivation.
Alfalfa fields are among the most desirable habitats within which parasitoids spend
considerable time even during spring (Zatyamina and Burakova 1980). Parasitism
rates higher than cereal fields were recorded by egg traps tied to plants (Iranipour
1996). Many species of parasitoids are common among cereal fields and aestivation
sites but they are observed in fewer number and discontinueously in resting sites. In
addition, some species only inhabit trees and often emerge late-spring or early
summer coincides to the arrival of sunn pest parasitoids. Alternative hosts have an
important role in the enrichment of overwintering populations. No reproductive
diapause was recorded in these wasps. However, in some regions such as Isfahan,
parasitism was not observed in aestivation sites at all (Safavi 1973).

8.3.4 Hibernation

The parasitoids hibernate inside bark clefts of different trees close to ground level
situated in vicinity of cereal fields. What kind of tree is not important, the only
physical trait of bark is crucial. Elder trees with thicker barks are preferable. In such
places, parasitoids hibernate alone or in small groups including 10–30 virgin or
inseminated females of different species (Safavi 1973). Romanova (1953) and
Radjabi and Amir-Nazari (1989) showed that the presence of trees is not a necessity
in overwintering and parasitoids can survive in perennial weeds, soil crevices etc. A
small reservoir of parasitoid passes into the next year and often emerges prior to host
(Martin et al. 1969; Popov and Paulian 1971; Safavi 1973; Iranipour 1996).
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8.3.5 Host-Parasitoid Synchrony Problem

The wasps emerge when the temperature reaches to 13 �C in spring, begin to feed on
wild flowers around fields, and then enter cereal fields. Up to three weeks later, their
hosts arrive (Şimşek 1986; Şimşek and Yaşarakinci 1990). Such a delay has a
negative impact on parasitoids. Effect of such a delay studied by Bazavar et al.
(2015; see Sect. 8.5.2). Discontinuous access may occur when the density of host is
scarce and female wasp has to spend some time to find an egg mass. Delayed access
followed by subsequent unlimited access is possible when the delay in host arrival
occurs. Salavatian (1991) also believed that pioneer eggs are not attacked due to
colder condition of early spring. In fact, early-season parasitism or parasitism in the
colder regions is always low (Amir-Maafi 2000; Haghshenas 2004; Nozad-Bonab
and Iranipour 2010; Iranipour and Kharrazi-Pakdel 2011). Unfortunately, pioneer
eggs have a more important role in crop damage compared to subsequent ones
(Radjabi 1995). Some other reasons also are present to explain the low rate of
parasitism early season. For example, a longer pre-oviposition period of host and
density dependence of parasitoid may decrease the attack rate. In a multi-patch
experiment, it was shown that a female T. vassilievi spent 4.3, 13.0, 19.1, 23.9,
and 18.4% of her time in patches with 1, 2, 4, 8 and 15 clutches and 21.3% out of
patches. Corresponding parasitism rate in those patches was 4.0, 13.3, 22.5, 34.2 and
25.9% respectively. When parasitoid was alone no one-clutch patch was met. Other
patches were met equally. This may suggest a threshold density of two clutches,
which parasitoid can detect chemical cues. Lower amount of signals are neglected
and thus parasitoid avoids exploitation in low-density patches except in random
encounters. Inclusion of additional foraging females in this experiment caused the
parasitoids disperse more severly among the patches and hence, the one-clutch patch
also was met. This is clearly due to mutual interference among foraging parasitoids.
Pseudo-interference had a stronger influence on per capita attack rate. Actual
interference had only a minor role in per capita exploitation. These results suggest
that interference is an unimportant force in sunn pest-egg parasitoid systems
(Iranipour et al. 2020). The parasitoids encounter other kinds of problems late
season. They will encounter low quality hosts (parasitized eggs or developed host-
embryogenesis).

8.3.6 Indirect Effects of Parasitism

In addition to direct mortality, parasitic wasps can disturb synchrony between most
vulnerable stage of the crop (ripening seeds) and most injurious stage of the pest
(adults and higher instar nymphs). Radjabi (1995) showed that higher parasitism rate
disturbs this synchrony. In those years or places where parasitism is high, stage-
structure of the pest tend to consist of younger stages at ripening. In this regards,
early-season parasitism is very crucial. So in the future, our attempts should be
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focused on enhancemant of early-season parasitism. In this regards selection or
breeding parasitoids with the lower thermal threshold for reproduction and devel-
opment may be useful. Iranipour et al. (2010, 2015) compared two populations of
T. grandis and T. vassilievi respectively in terms of their thermal phenotypes. The
more detectable difference was observed in T. grandis. Reciprocal crosses between
two populations of the latter species revealed that thermal phenotypes are inheritable
and a maternal effect was observed. This may show that we can find, select or breed
parasitoids with superior traits among different populations and enhance early
season parasitism.

8.4 Augmentation Efforts

Applied biological control against sunn pest started in Varamin in 1941. An Iranian
entomologist (Kowsari) harvested parasitized eggs from an infested field in Garmsar
and then released them in an uninfested field in Varamin. The first augmentative
effort was carried out at 1947 in Varamin. However, due to inappropriate conditions
in Varamin (drought and absence of wide spread orchards and/or shade trees), the
control measurements was ceased and re-established in Isfahan. Reports showed
successful control in Isfahan in a time interval as long as nine years (1951–1959).
During this interval, pest density declined from 8 to 0.25/m2 by releasing �779 mil-
lion T. semistriatus (Safavi 1960). No artificial diet introduced for mass culture of
Trissolcus spp. Therefore, natural rearing method has been an obvious choice
(Alexandrov 1948b; Vaezi 1950). However, there was not a straightforward method
for the rearing of the host. Initial efforts were concentrated on rearing on grown
wheat plants. Sunn pest adults were collecting from their resting sites in altitudes
(2300 m ASL, Qara-aghach Mountains, Tehran province, 30 km distant to Varamin
wheat fields) which flew to find their resting sites during June in Varamin. Formerly
it was believed that such a flight is necessary for maturation of ovarioles. Hence,
scientists waited for migration toward mountains and then arranged a trip for
collecting aestivating adults in autumn. The collected individuals were kept in
boxes among debris to spend the remaining of their diapause. Finally, they were
reared on grown wheat and the obtained eggs were offered to parasitoids. Parasitized
eggs, as well as, adult wasps themselves were released in wheat fields at a rate of
10,000 wasps/4–5 adult bugs per m2. Furthermore, close field cages were used for
rearing both the host and parasitoids in wheat fields and then parasitoids were
released via small windows with fine mesh to permit wasps only to leave the cage.
Approximately 500,000 parasitoids per a cage (2 � 1.2 � 0.3 m) can be reared and
this quantity adequate pest control in 50–100 ha. Next efforts showed that flight is
not a necessity in terminating reproductive diapause and starting oogenesis.
Collecting from resting sites was difficult and this small modification accounted as
a large success (Safavi 1960). Adult bugs are collected in larger number and by
lower labour in wheat fields prior to emigration. Another improvement was rearing
on kernels instead grown plants. Higher reproductive output, lower costs and

312 S. Iranipour



smaller-scale facilities are advantages (Zomorrodi 1962). However, the main prob-
lem in natural rearing method has been obligatory reproductive diapause of sunn pest
and annual life cycle of the pest. This means that the host is available for a short
period (at most two months). This is also a restriction in laboratory studies on
parasitoids. One can partially overcome such a restriction by some foresees. For
example, one can search for adults in the resting site during January–March. In this
period, reproductive diapause terminates and bugs begin to oviposit if they are
maintained in warm condition. They need only spend a short pre-oviposition period
as long as one week (Martin et al. 1969; Abdollahy 1989; Iranipour 2008). Thus,
eggs will be available three months before arrival of immigrant bugs. Another way
for overcoming the problem is collecting from different regions with different
thermal patterns. A three-month difference is present among different regions in
terms of seasonal activity of sunn pest (Radjabi 2000). For example, one can sweep
bugs upon cereal ears during February in southern regions of country such as Jiroft
(Kerman province), Darab (Fars province) or Saravan (Sistan-and-Baluchestan
province). On the other hand in colder regions such as Ardabil and Meshkinshahr
(Ardabil province) and Faridan (Isfahan province), bugs only leave their resting sites
during May. In both areas, the duration of reproductive phase takes two months. A
third way to overcome the problem has been manipulating of diapause by JH mimics
such as pyriproxyfen (Zarnegar and Noori 2006). Unfortunately, this method has not
been entirely flawless. Parasitoids can attack and successfully develop in the major-
ity of eggs deposited by JH-treated bugs (Iranipour 1996), but bug embryo cannot
develop (Zarnegar and Noori 2006). In some cases, using factitious hosts may be a
solution. Safavi (1973) had limited studies on the possibility of parasitoid rearing
upon Aelia, Dolycoris and Brachynema species, but unfortunately, no report of
success degree or probable obstacles has published. Some attempts also were done
for the rearing of egg parasitoids on Graphosoma lineatum (Asgari 1995; Shahrokhi
et al. 1998), Podisus maculiventris (Allahyari et al. 2002) and Andralus spinidens
(F.) (Mohaghegh-Neyshabouri and Amir-Maafi 2000; Najafi-Navaei et al. 2000).
None of these hosts has been comparable to a target host. P. maculiventris is not a
native species of Iran fauna and no effort was done for an establishment in Iran. It
just introduced from Canada and investigated in the laboratory for a short time.
Among other species, G. lineatum has been a promising factitious host. An easy way
for rearing, the absence of diapause, the suitable rate of development and reproduc-
tion, and high acceptance by parasitoids are positive properties that make this species
a good candidate for biological control programs. Nevertheless, inundative release
programs of late 1940s and 1950s finally were abandoned for unknown reasons. No
published article explained the reasons for such avoidance of inundation. Afterward,
only some restricted efforts in research scale were done for using these parasitoids
(T. vassilievi in Asgari’s 2011 study with acceptable results) in biocontrol programs.
Nowadays chemical control is the main control measurement used against sunn
pests. In the last 10 years, governmental incorporation in applications using aircraft
were replaced by farmer applications.
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8.5 Biostatistics of the Egg Parasitoids of Sunn Pest

Many criteria are used for preliminary screening of natural enemies. Searching
efficiency, attack rate, reproductive potential, population growth rate, host specific-
ity, and synchrony to host are among the most important of them. Synchronization is
not important in inundation programs (van Driesche and Bellows 1996). Many of
these criteria are examined by functional and numerical response, life table, and host
preference studies in laboratory. These parameters and effect of different environ-
mental factors such as host quality, temperature, host density, and other competitors
as well as the intrinsic difference among geographical populations and species were
evaluated on egg parasitoids in numerous studies.

8.5.1 Effect of Internal Factors

The intrinsic difference among species, populations, individuals, subspecies, bio-
types etc. was studied in different works. Comprehensive comparison among species
hardly is feasible. This is because there are few studies in which two species or more
were studied simultaneously. On the other hand, comparison among different studies
is not an intact and flawless work. Different scientists obtained very different results
even for a single species because parasitoids are very sensitive to physical condi-
tions. A small difference in experiment condition or regional populations reflects a
large discrepancy in biological parameters. For example, total fecundity of
T. grandis showed three-fold difference between Amir-Maafi (2000) and Bazavar
et al. (2015) researches. Physical conditions, as well as, the intrinsic difference
between populations may be responsible for these variations. In order to separate
these sources of variation, comparisons should be done only under the same physical
conditions and at the same time. Unfortunately, few studies provide this require-
ment. Hence, we can do only some comparisons among species by referring to
different works.

8.5.1.1 Effect on Life History

In a moderate temperature of 24–26 �C, by providing unlimited resources, least
value for the intrinsic rate of increase (rm) among egg parasitoids of sunn pest was
recorded as 0.14–0.21 d�1 for T. djadetshkoe (Abdi 2014), raised to 0.366 d�1 in
T. grandis (Amir-Maafi 2000). The value of this statistic for the other species is
0.3–0.314 for T. vassilievi (BenaMolaei 2014), 0.266–0.272 for T. semistriatus
(Asgari et al. 2001; Kivan and Kiliç 2006a), 0.205 to 0.252 for Ooencyrtus fecundus
(Ahmadpour et al. 2013), 0.224–0.234 for O. telenomicida (Rafat et al. 2013).

Reproductive parameters such as total fecundity, gross and net reproduction rates
(GRR and R0 respectively) showed the highest variability among the other life
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history parameters. It seems that reproduction is more sensitive than the other fitness
components to environmental variables. For example, 136.4, 85.4 and 36.2 daugh-
ters per a female T. grandiswere recorded during a generation in researches of Amir-
Maafi (2000), Bazavar et al. (2015) and Nozad-Bonab et al. (2014) respectively. The
same parameter was estimated as 198 and 63 for O. fecundus in studies of
Ahmadpour et al. (2013) and Bazavar et al. (2015) respectively, 76–82 for
O. telenomicida (Rafat et al. 2013), 130 for T. semistriatus (Asgari et al. 2001),
167–216 for T. vassilievi (BenaMolaei 2014) and 20–40 for T.djadetshkoe (Abdi
2014). The highest recorded value for total fecundity is 355.5 eggs for O. fecundus
(Ahmadpour et al. 2013), but a low value for sex ratio (0.55) caused R0 fall within
the range of T. vassilievi in BenaMolaei’s (2014) study. Total fecundity of the recent
species was 180–280 progenies per female with a strong female biased sex ratio of
0.8–0.95. The sex ratio of sunn pest’s egg parasitoids generally is female biased and
often exceeds 0.7, but the least value was recorded for T. djadetshkoe and
O. fecundus with 0.57 and 0.55 respectively. The GRR value is often closely related
or even is equal to R0 because survivorship curves of these parasitoids generally are
convex (Type I) and mortality occurs mainly at senescence.

Development and therefore generation time are very homoscedastic variables
among life-history parameters. The difference between individuals and hence vari-
ance of these variables is negligible. Some external factors like temperature, how-
ever (see Sect. 8.5.3) can create large discrepancies among treatments. Nevertheless,
within-group variation is always small. Hence, these are good indicators for quality
control and comparing physical, nutritional and other rearing conditions. Develop-
ment time is sensitive to temperature and always shorter in males (protandry).
Therefore, a comparison among species is possible only at the same temperature
and optimum temperature of 25–26 �C will be recommendable due to the conver-
gence of developmental rate in different treatments. It means that effect of external
factors such as host quality etc. minimizes (Nozad-Bonab and Iranipour 2013).
Development time was 9.6 � 0.07 for T. grandis disregarding gender (Nozad-
Bonab et al. 2014), 13.5 � 0.1 for males and 14.6–15.0 � 0.04 for females of
T. vassilievi (Iranipour et al. 2015), 15–16 days for T. djadetshkoe (Abdi 2014),
14.4 � 0.17 for O. telenomicida (Rafat et al. 2013) and 13.4 � 0.05 for males and
14.2 � 0.06 d for females of O. fecundus (Ahmadpour et al. 2013). Small value of
SE in all studies is very interesting. Generation time differs between 10–21 days in
different species at similar temperature regims.

8.5.1.2 Effect on Foraging Behaviour

Searching efficiency, handling time and maximum attack rate are functional
response parameters that may represent the efficiency of a parasitoid, predict density
dependence and also can use for calculating number of parasitoids required for
release. Numerical and aggregation studies also may enhance our knowledge
about the results of release.
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There is a clear relationship between maximum attack rate of a parasitoid in a
functional response study and daily parasitism of a parasitoid in life table studies.
Daily parasitism in an unlimited environment may reflect maximum daily attack rate
of a parasitoid of age x. Unfortunately, in many functional response studies,
age-specific attack rates were neglected. Amir-Maafi’s (2000) study is an exception.
In most studies, the functional response of newborn females or those of a specific age
only included. However, life table studies reveal that parasitism often varies
age-dependently. A general pattern is not obvious in different studies, but except
T. grandis in Amir-Maafi’s (2000) study in which a gradual decrease occurred, in
other studies, a sudden decline in parasitism occurred (Nozad-Bonab et al. 2014;
BenaMolaei 2014; Abdi 2014). Hence, parasitism of the first day is often the highest.
Sometimes parasitism reaches the maximum at the second or third day because all
females do not emerge on the same day. Maximum of oviposition occurs at the first
week of oviposition (62.8% in T. grandis and 63–84% in T. vassilievi (Amir-Maafi
2000; BenaMolaei 2014). After the 10th day, only 10–20% of total fecundity
realizes. Oviposition often terminates at the end of the third week of oviposition
and seldom continues at 4th week. Therefore, one week old or younger females are
the best candidates not only in functional response studies but also in releasing
programs. Oviposition pattern is somewhat different in Ooencyrtus spp. It takes
longer and with the lower daily rate. It is high at initial 10 days with limited
fluctuations, but often reaches a maximum at the 3rd–7th day of oviposition and
then suffers a sharp decline (Rafat et al. 2013; Ahmadpour et al. 2013).

A comparison among different species is not a straightforward task. At first
physical conditions, particularly temperature and host quality must be similar.
Secondly, parameter estimation based on classic fixed-time single-patch experiments
bears heavy biases. Direct observation on handling time, comparisons among exper-
iments with equal total times or comparison among daily attack rates (24 h-based
estimates of T/Th i.e. 24/Th) is a solution.

Type III functional response seems to be the most common among sunn pest’s
egg parasitoids (Abdi et al. 2015). This is true for T. vassilievi (BenaMolaei et al.
2018b) and O. fecundus (Iranipour et al. 2013a) on E. integriceps eggs, and four
species of Trissolcus spp. on Echistus hero F. (Laumann et al. 2008). The response
of O. telenomicida to sunn pest eggs was type II (Iranipour et al. 2013b), and that of
the T. grandis and T. semistriatus was host-dependent. The response of the
T. semistriatus to E. integriceps and Graphosoma lineatum L. was type II and III
respectively (Asgari et al. 2001). The response of T. grandis to both E. integriceps
and Podissus maculiventris Say was type III (Allahyari et al. 2004), while the
functional response of 2–11 day old females of T. grandis was type II (Amir-
Maafi 2000).

In a few studies, direct observations were done upon parasitoid’s behaviour, but
whenever such observations are made, a comprehensive conclusion is possible. For
example, Amir-Maafi (2000) showed that the actual handling time of T. grandis is
three mins, whereas model estimate was 17 mins. Furthermore, the maximum attack
rate estimated to be 85 d�1 where the actual rate was 28. This is because parasitoid is
egg-limited rather than time-limited. Similar handling time was recorded for
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T. vasslievi (BenaMolaei et al. 2018c), while that of the O. fecundus was very longer
(11.4–14.3 with an average of 12.7 min; Iranipour et al. 2013a). In addition, the
maximum attack rate was 42–48 in T. vassilievi and < 21 in O. fecundus. This may
imply that total time of 2.5 and 4.5 h is adequate for a complete daily clutch by those
species respectively. Considering further time will increase handling time estimates
unrealistically. In similar 6 h lasted experiments, the higher slope of searching
efficiency (parameter b of the type III functional response) in T. vassilievi compared
to T. djadetshkoe (Abdi et al. 2015) shows a stronger density-dependent response of
the former. In addition, the constant value of searching efficiency in type II response
of T. grandis and O. telenomicida imply that these species find host eggs more
rapidly than T. djadetshkoe in densities below 4–8 host eggs whereas in higher
densities the status is the reverse. This suggests an advantage of type III response in
higher densities.

8.5.1.3 Effect on Thermal Requirements

Thermal requirements may determine distribution range of a species, can use for
predicting the result of competition in different climates and estimate species
evenness in a guild. In a few studies, the thermal requirements of Trissolcus spp.
were studied. Safavi (1973) suggests that species with parapsidal grooves have
overall longer development time than those one lacking them. This statement
confirmed by later works (see discussion by Iranipour et al. 2015). As an instant,
T. brochymenae has the longest development among Trissolcus species (214.7 DD;
Torres et al. 1997; Cividanes et al. 1998). Furthermore, the shortest one recorded for
T. rufiventris (125.0 and 111.1 DD for females and males respectively; Kivan and
Kiliç 2006b). Comparison between T. vassilievi (Iranipour et al. 2015) and
T. grandis (Iranipour et al. 2010) also show 10–40% lower DD for the latter. In
both cases, two populations were studied simultaneously. Despite the closer dis-
tance, T. grandis populations showed larger differences. Two degrees Celsius
difference in thermal threshold (12.5 vs. 14.5 �C) and 27–38 DD in thermal constant
(116.9 vs. 143.8 in males and 124.6 vs. 162.9 DD in females) was observed in
T. grandis. Similar statistics for T. vassilievi was 13.0–13.8 �C and 12.2–12.6 �C for
the threshold and 192.2–204.2 and 164.0–173.9 for thermal constant of females and
males respectively. The authors concluded that higher phenotypic plasticity in
T. grandis enables it to develop in wider ranges and adapt to colder regions.

8.5.2 Effect of External Factors – I. Biotic Factors

Host Plant
Host plant mainly affects sunn pest itself, but some indirect effects may be expected.
For example, often barley is more developed when parasitoids and hosts come in
fields. It may attract a higher number of them and cause density-dependence effects.
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Furthermore, a change in functional response from type II to III was observed
depending on wheat cultivar in T. grandis (Fathipour et al. 2000).

Host Access Among external factors, host availability and quality are among the
most important of them. There are many reports of host escape early season due to
lack of synchrony between host eggs and egg parasitoids (Kaitazov 1968; Popov and
Paulian 1971; Safavi 1973; Kartavtsev et al. 1975; Şimşek 1986; Şimşek and
Yaşarakinci 1990; Asgari 1995; Iranipour 1996; Radjabi 2000). Egg parasitoids
come sooner and encounter to lack of the host. This event causes a negative effect on
parasitoid. Such an effect was investigated by Bazavar (2013) and Bazavar et al.
(2015) on O. fecundus and T. grandis. Five treatments of the experiment were
(1) unlimited access to host after one-week deprivation (2) access every other day,
(3) access every third days (4) access once a week, and (5) control (unlimited
access). Interrupted access had worse effect while effects were enhanced by access
intervals. A partial compensation occurred in access dates. The O. fecundus had a
slower and longer rhythm of oviposition. Oviposition rate was slow at the first and
second day, increased at the third day of oviposition, remained unchanged between
third and eighth days, and continued by a lower rate untill 23rd day. In T. grandis
oviposition rate was highest on the first day, continued by a high rate for a few days,
and then declined to zero at 19th day. Overall fecundity also was higher. Cumula-
tively 75 and 95% of oviposition occurred at first and second weeks of oviposition
respectively in T. grandis and 44 and 84% in O. fecundus. Compensation in
T. grandis was more considerable but did not extend to older ages. In O. fecundus
however, it was slower and extend to older ages. Final reproductive output in first
treatment (one-week deprivation followed by full access) was 78 and 92% of control
in O. fecundus and T. grandis respectively. It was 2/3 and 90% of control in every
other day treatment. In two other treatments, it was 54 and 38% of control in
O. fecundus, 68, and 47% in T. grandis.

Host Quality Many factors contributed to host quality. Host species and therefor
biochemistry of egg (factors like total protein and contents of aminoacids and other
compounds), the size of host egg, the degree of host embryogenesis, previous
parasitism, duration of cold storage etc. are among the most important of them.

Host Species Earlier in this chapter, I mentioned species examined as factitious
hosts. Among them, Graphosoma lineatum has a unique position. Different works,
however, show advantages of target pest E. integriceps to factitious hosts. For
example, Asgari (2004a) showed that T. semistriatus prefer E. integriceps eggs to
G. lineatum. Handling time on the latter was three times as much as the former.
Maximum daily attack rate was 63.5 and 20.3 on the two hosts respectively (Asgari
et al. 2001). The wasps emerged from E. integriceps eggs showed higher parasitism
and population growth rate (Asgari. 2004b). Furthermore, temperature-dependent
developmental rate of T. grandis has a steeper line slope when developed on
G. lineatum, G. semipunctatum, and E. integriceps respectively. Such a pattern led
to higher estimates of thermal threshold and smaller thermal constant in above-
mentioned hosts respectively. Those lines intersect around 26.5 �C that may be
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considered as an optimal temperature in which development time is independent of
host quality. Total protein content could properly explain variations (Nozad-Bonab
and Iranipour 2013).

Host Size It is considered as an effective factor in host quality. Often larger hosts
are preferable although this statement is not always true. In gregarious parasitoids
such as Ooencyrtus spp. the size of the wasp depends on number of broods within a
single host egg (Iranipour et al. 2013b; Ahmadpour et al. 2013). In Solitary parasit-
oids, however, it depends on other factors. BenaMolaei et al. (2018a) showed that
between two populations of E. integriceps, Varamin population has slightly heavier
eggs than Tabriz population (0.81 vs. 0.75 μg), although the diameter of eggs was
very close (1.07 vs. 1.06 mm). Such a small difference led to slightly larger
parasitoids with corresponding detectable although often insignificant advantages.
Females affected slightly more than males but the size difference was significant in
both. Allahyari et al. (2002) obtained 7 and 11% smaller T. vassilievi and T. grandis
respectively on Podissus maculiventris compared to E. integriceps eggs. In contrast,
Asgari et al. (2001) observed no significant difference in T. semistriatus obtained
from either E. integriceps or G. lineatum eggs.

Host Age In some cases, parasitoid size is a function of other factors like host age.
Host age determines embryogenesis level and it determines in turn host quality. In an
experiment, 0–5 day old eggs of E. integriceps were offered to two populations of
T. vassilievi (BenaMolaei et al. 2015a). No parasitoid, but six males developed
within 5-day old eggs. Number of the parasitized eggs, emergence rate, sex ratio,
total fecundity and wasp size was similar in 0–2 day old eggs but declined in older
eggs. This allows harvesting done every third day that may decrease costs in mass
cultures. Tabriz population was smaller and therefore suffered more seriously from
host age than Varamin population. For example, the sex ratio was 44–47% in
3–4 day old eggs in the former population vs. 61–68% in the latter one. However,
the difference was only in females and males were of the same size. This suggests
that more vigor parasitoids should be selected for mass culture initiation. Develop-
ment time differed as small as 0.6 days or less, although such minor differences were
significant. Fecundity also was affected by host age. Fecundity was 40–60% higher
at commence in control compared to wasps emerged from 2–4 d old eggs. However,
a partial compensation in subsequent days occurred. Nasiri et al. (2020) studied
functional response and host preference of O. fecundus among three kinds of hosts.
Fresh host eggs, 6 d old developed host eggs and 8 d old paerasitized eggs by
T. grandis. Effect of development of host embryo was very worse than previous
parasitism. Females of O. fecundus preferred parasitized eggs to developed ones and
fresh eggs to both. No swithing was observed in lower rates of preferred hosts. It was
concluded that O. fecundus can play a minor negative role on host/parasitoid ratio,
because it often parasitizes late season eggs that often are parasitized or developed
and therefore kill more Trissolcus than E. integriceps offspring. Similar results by
different Platygastroid egg parasitoids and different host species was obtained. For
example T.semistriatus on E. integriceps, G. lineatum, Dolycoris baccarum,
Eurydema ornata (L.), and Holcostethus vernalis (Wolff) (Kivan and Kiliç 2004),
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T. vassilievi and T. grandis on E. integriceps (Sheikhmoss 2009),
T. megallocephalus on Nezara viridula (Awadalla 1996), Telenomus isis (Polaszek)
on Sesamia calamistis Hampson (Chabi-Olaye et al. 2001).

Host Storage Cold-stored host eggs also may decrease parasitoid efficiency in a
similar manner. In a similar study 0, 1, 2, 4, 6 and 8 week stored eggs were offered to
T. vassilievi females (BenaMolaei et al. 2015b). Many statistics remained unchanged
up to two weeks, but storing for longer times caused undesirable effects. Parasitism
decreased somewhat linearly at a rate of one less host egg parasitized per 8.5 days
storing at 4 �C. Such trend predicts ceasing parasitism after 4 months. This predic-
tion was true in Kivan and Kiliç’s (2005) studies on T. semistriatus. Cold-storage
had a stronger effect than fetal development on the development time of the
parasitoid. It caused four days (32%) delay in emergence following eight weeks
storing at the cold condition. Effect on emergence rate was more moderate (maxi-
mum 12% lower emergence). This trend also is true in T. semistriatus (Kivan and
Kiliç 2005), T. grandis and Telenomus chloropus (Asgari 1995). Sex ratio was high
(80–90%) prior to the first month of storage but beyond a month, it declined to
50–60%. Higher allocation of low-quality hosts to male progeny is a known
phenomenon among parasitoids (Wage 1986), particularly in T. grandis and
T. semistriatus (Gusev and Shmettser 1975). Anastatus bifasciatus Forcroy lay
only male eggs within E. integriceps eggs (Iranipour et al. 1998b). This is due to
the small size of these eggs. Total fecundity of T. vassilievi reached to 2/3 of control
(182 vs. 118) in eggs stored for 1.5 months at refrigerator. The detectible difference
was observed in the second week of storage. A continuous reduction in age-specific
oviposition was observed in fresh eggs and one week stored ones, whereas in
remaining treatments oviposition reached to a maximum at the end of the first
week (BenaMolaei et al. 2015b). Such pattern resembles those of the developed
host eggs (BenaMolaei et al. 2015a). The wasp size reduced -steeper in females- as
the duration of storage increased. The results of this research showed that host eggs
can store and used for two months with undesirable effects on parasitoids. The
higher rate of release (up to twice as many as parasitoids developed on fresh eggs)
may overcome the problem in inundation programs, but in research programs, it is
recommended to avoid more than two week stored eggs. Two week stored eggs may
cause biases <10%. Gusev and Shmettser (1975) obtained similar results with
T. grandis and T. semistriatus in response to cold-stored eggs. After 1.5 months,
sex ratio was affected and after 2 months emergence rate declined suddenly. In
addition, egg stored at 6 and � 20 �C were suitable for two and four months
respectively (Kivan and Kiliç 2005). Previous works on telenomin wasps showed
that cold storage of wasps themselves had poor results (Asgari 1995; Foerster et al.
2004; Kodan and Gürkan 2004; Foerster and Doetzer 2006).

Competition
The behaviour of the parasitoid in a single-patch experiment cannot show all
behavioural components of a host-parasitoid system. A better understanding
achieves when experiments are conducted in conditions nearer to the real world.
Natural enemies often are foraging in a multi-patch environment while other
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competitors of the same species or relative or homologue species that are foraging
simultaneously. Hence, the presence of choice among patches of different densities
as well as competitors is near to what occurs in nature. In a multi-patch experiment,
Iranipour et al. (2020) released 1–16 T. vassilievi females into an arena with five
patches of 1 to 15 egg clutches (14 eggs/clutch). They observed that one-clutch patch
was avoided by a single wasp, while other patches were visited equally. The
motivation threshold was concluded to be two clutches i. e. 28 eggs. In no-choice
experiments however, the wasp handled majority of eggs in tubes containing 4–28
eggs. This may suggest that the parasitoid can avoid poorer patches when it accesses
better ones. However, their results also revealed that the parasitoid seldom leaves a
poorer patch of its first choice. This led to lower exploitation in some cases in the
experimental arena. Although such behaviour may seem maladaptive in the exper-
imental arena, it may be adaptive in a natural situation with scarce host and high risk
of leaving a worse situation hoping to find a better one. As soon as they added
number of foraging females within an arena, the restlessness of the parasitoids
increased. They left their situations repeatedly and even one-clutch patch also was
visited. This is due to interference between them. Time allocation to different
patches, however, was not equal. Both parasitism and time spent increased from
1 to 8 clutch patches, but then decreased at the highest density of 15 clutches. This
may be due to kairomone saturation and therefore habituation and confusion of the
parasitoid around the highest host density. The high correlation between patch-time
and parasitism suggests unimportance of interference because aggregation of wasps
in a patch did not lead to lower exploitation. Nevertheless, a significant negative
correlation was observed between searching efficiency and parasitoid density. This
may suggest the presence of mutual interference that divided into two components of
actual interference and pseudo-interference. The latter component was more impor-
tant than the former one. Pseudo-interference arises from aggregation in some
patches (often denser ones) and avoiding the others that final result will be lower
exploitation. Therefore, parasitoid’s fidelity to a discovered patch benefits its host. In
this case, per capita parasitism declined as the number of foraging wasps increased
from 1 to 16 by a rate of 0.4. Inundation may be a solution. Results also showed that
the parasitoid responds to the presence of other individuals by accelerating its
handling and more efficient utilization of time. The total response (functional plus
numerical) of the parasitoid was type III and parasitism rate reached a maximum at
28 eggs. A similar study by Amir-Maafi (2000) had somewhat similar results by a
larger slope of decrease (coefficient m of Hassell and Varley, 1969) in searching
efficiency by wasp density (0.37 compared with 0.18–0.24). Iranipour et al. (2018a)
studied reaction of two species of T. vassilievi and T. grandis to each other and to
presence of conspecifics in a multipatch environment. Densities of 1, 8 and 16 par-
asitoids of single species with combinations of the same number of two species
(either 4 vassilievi + 4 grandis or 8 vassilievi + 8 grandis) were released on the same
arrange of host clutches. Results revealed that competition among T. grandis females
was more burdensome as it caused a strong decline in searching rate. Effect of
T. vassilievi females on conspecifics was moderate, but interspecific confrontation of
the two species had interesting results. T. grandis reduced intra-specific interference
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and searching rate of this species enhanced compared to equal numbers of conspe-
cifics in a single species arena. In contrast, T. vassilievi could not handle more than¼
of the total parasitized eggs. This may imply that T. grandis is more aggressive than
T. vassilievi, however, in muti-species situations, it neglecs presence of conspecific
more frequently than the other species. Larval competition between the two species
was studied by Najafipour et al. (2018). Overall, first invador will be win the contest
disregarding species and interval between attacks (3–48 h), however success rate of
T. vassilivi decreases as second attack delays.

8.5.3 Effect of External Factors – II. Abiotic Factors

Temperature
Among abiotic factors, the temperature is the most influencing one. Insects are
poikilothermic animals and their body temperature is the function of their environ-
ment. Body temperature determines the speed of biochemical reactions and activity
of enzymes. Temperatures in which development occur can be wider than temper-
atures within which reproduction realizes. There is a thermal threshold for develop-
ment above which development and biochemical reactions accelerate up to an
optimal temperature. In colder temperatures, all activities stop. Beyond optimal
temperature, reactions slow down. This range of temperature may determine the
fundamental niche and distribution pattern of an insect. In optimum temperature,
speed of reactions is the maximum and hence handling time is the shortest, the
searching rate is highest, development is most rapidly and reproduction occurs in the
shortest interval. Both in colder and warmer temperatures speed of these events
decreases. Parasitoids often experience colder than optimum temperatures in fields.
In this condition, daily attack rate reduces. Total fecundity is lower and parasitism
occurs with a lower daily rate but in a longer period. Lower parasitism rates in colder
regions were reported (Haghshenas 2004; Nozad-Bonab and Iranipour 2010). On the
other hand, cold springs can limit the activity of some species with higher thermal
threshold and heat requirements such as T. vassilievi in colder provinces (Iranipour
et al. 2015). The main problem in natural biological control of sunn pest complex is
early season low parasitism due to higher reproductive requirements of parasitoids
compare to hosts (Salavatian 1991). In previous sections, detailed effects of temper-
ature were discussed.

Effect of low temperatures on survival of T. grandis and T. vassilievi was studied by
Iranipour et al. (2018b). Females of both species were introduced to 4 �C after a
10 day acclimatization in 10 �C. They were confined individually or in batches of
3–30 individuals among shelters constructed from the paper balls. Their mortality
then was monitored weekly in room air. In all duration of the experiment, mortality
of T. vassilievi was higher than T. grandis. On the other hand, aggregation in higher
numbers protected females from higher mortalities observed in lower batches. An
advantage of 1.35, 3.04 and 6.24 times more T. grandis survivors was predicted by
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dose-response curves after 1, 2 and 3 months storing in cold condition respectively.
This may explain the reason of scarceness of T. vassilievi in colder provinces.

Both T. grandis and O. fecundus showed tendency to temperature of 26 �C in a
confined container in which a gradient between 15 and 50 �C was created (Nozad-
Bonab et al. 2014; Ahmadpour et al. 2014). More than 85% of the former crowded in
spaces with temperatures between 20 and 32 �C and 90% of the latter between
20 and 30 �C.

Other Factors
Effect of the other factors like light intensity, photoperiod and relative humidity was
not extensively studied. A single observation shows that parasitism by T. grandis has
limited to days longer than 13: 11 h (L: D) photoperiod (Iranipour 1996). Quanti-
tative measurements, showed limited effects of both photoperiod and light intensity
on T. grandis (Teimouri et al. 2019). Females reproduced and larvae developed even
in darkness. Foerster et al. (2004) found that cold temperatures in short days may
induce overwintering in T. basalis and Telenomus podisi.

Some species like T. simoni and Telenomus chloropus are distributed only in
more humid Northern provinces. This may show their dependence on moisture.
Relation to humidity must be studied in close connection to temperature.

8.6 Future Prospect

It seems that the future of sunn pest IPM must be constituted of integration of
different tactics. If other measurements do properly, it may lead to a reduction in
spraying area and also the complete omission of insecticides in some regions.
Biological control measurements will constitute an inseparable component of future
sunn pest management strategy. Both conservation and early season inundation will
be central in this program. The major actions in order to conserve natural enemies
and primarily egg parasitoids are exact timing and SSIPM (Karimzadeh et al.
2011a, b). This measurement avoids insecticide application in throughout a field
and spraying was done only in those places where the population exceeds ET. Other
places remain untreated as refugees for natural enemies. Choosing low-persistent
selective insecticides that benefit parasitoid/host ratio also is very important. An
early-season release program upon pioneer eggs will strengthen the crop protection.
In order to enhance parasitoids, habitat modification also will be very useful. Among
other measurements, vicinity of cereal fields to orchards, shade trees, other crops and
especially alfalfa fields seems to be very effective. This vicinity help parasitoids to
reproduce, feed, overwinter and find alternative hosts. Also, the vicinity of barley to
wheat cause sunn pest to attract to barley and do not attend in wheat. This has some
advantages. First barley is cheaper crop and has no tolerance level because only is
used as feed for livestock. On the other hand, infested crops can consume by
livestock. Second, barley always is in a more developed stage when pest comes in
and then the parasitoid-pest system can colonize sooner in barley and then spread in
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wheat fields. Finally, leaving weeds around fields where is possible, and avoiding
unnecessary applications are the other actions.
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Chapter 9
Aphid Parasitoids: Aphidiinae (Hym.,
Braconidae)

Ehsan Rakhshani and Petr Starý

9.1 Introduction

As a valuable ecological model, the aphid parasitoids (Hymenoptera, Braconidae,
Aphidiinae) are among the well known group of insects, exclusively associating with
the aphids (Hemiptera, Aphididae). They are a small group of parasitic wasps
comprises a number 420–505 species worldwide, mainly distributed in the Holarctic
region (Žikić et al. 2017). Among the aphid natural enemies, the Aphidiinae have an
important position as biological control agents, which are targeted for both conser-
vation programs and introduction into the new areas for control of invasive pest
aphids. Some species are mass reared as commercial products and successfully used
for control of important aphids on protected crops. The aphid parasitoids can be
found both in natural and agricultural ecosystems, in association with their preferred
host aphids. It is believed the aphid parasitoids co-evolved by the divergence of their
respective host aphids (Starý 1981), as strictly specific to generalist parasitoids.
Species in both confidences were used as successful biological control agents. A
complex trophic web is suggested for community structure of insects associated with
aphids including parasitoids, predators and pathogens may have in direct and
indirect interactions (van Veen et al. 2008).

In biological view, Aphidiine are solitary koinobiont endoparasitoids. The for-
aging female lays a single egg inside the body of host aphid, which manifest various
ovipositing behavior and structure adaptations on its ovipositor depending on the
route of co-evolution. The ovarian fluid, as well as the venom are also injected to
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aphid haemolymph for subsequent regulation of the host development (Falabella
et al. 2000). The larva starts feeding the internal body of its host and the aphid will
then being killed upon final feeding steps by the mature mandibulate larva. At the
end, only the cuticle of host remains which is known as “mummified aphid”
(Fig. 9.1). Shape and color of the mummies may even differ based on the species
of the parasitoid within or under which spins a cocoon and pupates. The aphid
mummy is usually attached to the plant substrate from which the adult parasitoid
emerges in few days. Small round exit hole is cut by the emerging parasitoid usually
at the posterior part of the mummy, which is different from those cutted by the aphid
hyperaparasitoids, the latter manifesting irregular margins.

Various aphids have been considered as pest species in Iran, as well as in other
parts of the world. Majority of these aphids are naturally controlled by the native
aphid parasitoids in various field crops, fruit orchards and urban areas. The common
aphids in greenhouses, Aphis gossypii Glover and Myzus persicae (Sulzer), need
further attention, since they have selected protected habitats and can easily escape
from their natural enemies, including parasitoids. Some aphid parasitoids including
Aphidius colemani Viereck, Aphidius matricariae Haliday, Aphidius ervi Haliday
and Lysiphlebus testaceipes (Cresson), are commercially produced mainly for bio-
logical control of the pest aphids on protected crops (Boivin et al. 2012). The recent

Fig. 9.1 Various parasitized aphids, which their empty bodies turned into the mummies: (a) Aphis
craccivora Koch – Lysiphlebus fabarum (Marshall); (b) Sipha flava (Forbes) – Adialytus ambiguus
(Haliday); (c) Hyalopterus amygdali (Blanchard) – Aphidius transcaspicus Telenga; (d) Aphidius
matricariae Haliday – Dysaphis plantaginea (Passerini); (e) Chaitophorus populialbae (Boyer de
Fonscolombe) – Adialytus salicaphis (Fitch); (f) Pterochloroides persicae (Cholodkovsky) –

Pauesia antennata (Mukerji); (g) Cinara tujafilina (Del Guercio) – Pauesia hazratbalensis Bhagat
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attempts in reducing the amount of pesticides in the protected crops in Iran led to
limited application of these biological agents, which are essentially not produced in
Iran. Few attempts have been done for evaluation of the efficiency of endemic
species that needs to be organized within a more robust organization for subsequent
steps until commercial production of efficient aphid parasitoids.

In this chapter, the background information on the aphid parasitoids in Iran,
including basic and applied aspects are provided. Taxonomic studies both on
primary and secondary aphid parasitoids in Iran have been reviewed that provided
a rich database of trophic associations. Such an approach is necessary for the
subsequent biological studies, which provide the framework for selection of poten-
tial candidates in various biological control programs. Similarly, the significance of
conservation programs on the basis of adequate knowledge about habitat manipula-
tion is discussed. Many aphids in this respect are economically unimportant, but may
have a critical role, when positioned inside the host range of the parasitoid species,
those parasitized the economically important aphids in the course of growing season.
Finally, the preliminary attempts on the potential mass rearing of efficient parasitoids
are reviewed and compared.

9.2 Recent Advances in Taxonomy of Aphid Parasitoids

9.2.1 Knowledge About Taxonomy of Aphid Parasitoids in
Iran

Research on the Aphidiines has been fortunate due to several reasons in Iran.
Whereas Iran has prevailingly been focused as an area of “developing world”
yielding promising biocontrol agents within a framework of biocontrol programmes
in the abroad (namely for USA aphids on alfalfa, walnut aphids), later fundamental
studies have been authorized by sound research fellows in Europe, with more or less
participation of the Iranian specialists, and this phenomenon has increased in the
subsequent years. The co-work has been realized between specialists on the hosts-
the aphids, together with the parasitologists. Both the local and foreign workers
closely participated in the research. Additionally, many foreign specialists have had
personal experience in the research on the targets. The basal approach of field studies
has been initiated from the sampling of tritrophic associations (plant-aphid-parasit-
oid) in various ecosystems and agroecosystems. Such an approach has allowed later
elaboration of databases which have been useful in faunal studies, determinations of
the associations including those on the pest species and ecosystem relation. At last,
increase of knowledge of molecular methods not only in the world but also in the
local research institutions has allowed up-dated use resulting in DNA studies and
their application in the taxonomy, population studies compatible with the world
levels and interactions.
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The early evidences on fauna of Aphidiinae in Iran have been summarized in
Starý et al. (2000) which includes 49 species belonging to 13 genera. Since then,
many other attempts have been done on biosystematics of the aphidiine parasitoids,
including tritrophic associations in different parts of Iran (Starý et al. 2005;
Rakhshani et al. 2005a, b, 2006a, b, 2007a, b, 2008a, b, c, d, 2012a, b, 2013;
Nazari et al. 2012; Tomanović et al. 2007; Kazemzadeh et al. 2009; Barahoei et al.
2012, 2013; Jafari and Modarres Awal 2012; Mossadegh et al. 2011; Rakhshani
2012; Alikhani et al. 2013; Farahani et al. 2015; Hadadian et al. 2016). Iran includes
a diverse array of habitats and seems to be the most explored country in the Middle
East, concerning the aphid parasitoids. Barahoei et al. (2014) listed 78 species of
17 genera from Iran which includes some suspicious records/and unidentified
species. The last up-dated list of Aphidiinae of Iran (Farahani et al. 2016) includes
73 species and 15 genera, in which the genus Toxares Haliday is excluded. Species
of the genus Euaphidius Mackauer (Euaphidius cingulatus and Euaphidius setiger)
are also classified within Aphidius Nees. By including the missing record of
Lysiphlebus cardui (Alikhani et al. 2013), as well as the newly recorded species,
Monoctonia pistaciaecola (Kargarian et al. 2016), number of Aphidiinae in Iran
reached to 75. Yet, it is expected many more species are occurring in several
unexplored areas of the country. Many aphids have not yet the recorded parasitoid
in Iran and no aphid parasitoid is known in association with root aphids (Rakhshani
et al. 2019).

9.2.2 Importance of Accurate Identification

For a successful biological control program, it is critical to search for effective
natural enemies, including a very careful and accurate identification, which some-
times led to complete failure. This is important both on the host aphid and its
parasitoid, especially at classical biological control, where a huge amount of
resources are spending for laboratory and field experiences (Rosen 1986). The
situation is more complicated about closely related taxa. Concerning the aphids, it
is critically important to find the identity of the host plants, too. It will give a very
useful perspective about the aphids living on these plants based on the literature. In
his comprehensive handbooks, Rezwani (2001, 2004, 2010) provided reliable data
on the host range of aphids, as well as the key for identification at the species level.
In general, there is considerable amount of available data for the aphids of economic
importance, but in the course of biological control programs, it is needed to have an
expanded knowledge about the host range of the parasitoids, to be identified as much
as possible. It is sometimes necessary to have a medium to large scale rearing for the
parasitoid species on the alternative aphid host which should be very carefully
selected and identified. In every case, an expert aphidologist should confirm the
identifications.

Like many other braconids, identification of Aphidiinae species are very difficult.
Beside the occurrence of intraspecific variabilities on morphological characters,
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lacking the reliable characters in some genera made several inconsistencies. The
identification is mainly based on the female specimens and it is necessary to separate
them very carefully. The male specimens generally have a stout and apically
truncated gaster, and their body is darker than females. They have more number of
antennal segments that bearing more pubescence, comparing the females. In the
genus Ephedrus, both male and females have 11-segmented antennae. There is a
series of identification keys on the aphidiinae of Iran, segregating species of various
genera (Rakhshani et al. 2007a, 2008a, 2012a), specific guilds (Rakhshani et al.
2006a, b, 2007b, 2011) or regional fauna (Rakhshani et al. 2012b; Barahoei et al.
2012, 2013). Identification at the generic level is better to be done based on the keys
covering a broader area (Starý 1976, 1979). There are many morphological charac-
ters used for identification at generic/species level in Aphidiinae. The characters in
the head (antennae, maxillary and labial palpomeres) as well as on mesosoma
(forewings, propodeum) and metasoma (petiole, female genitalia) bearing the main
diagnostic criteria (Fig. 9.2).

Normally the female genitalia acquired the adaptive evolution for best handling
of the specific host aphids. The generalist parasitoids have also their own adaptations
to cover a more general range of host aphids (Völkl and Mackauer 2000). Therefore,
it has the most value for the expert taxonomists on Aphidiinae, as well as a few other
characters combined. It is needed in many cases to make slide at least from the most
important characters. Usually the coloration has a least value for identification of
Aphidiinae because of intraspecific variability and also great dependence to the
environmental factors, including temperature (Shu-Sheng and Carver 1982).

According to the moderately well-defined host range pattern of the aphid para-
sitoid, it is possible to do the identification in an easier way. In the case of some
genera including Aphidius and Praon, it is almost impossible to have a trustful
identification without host data. Information about host plants and habitat give also
very useful insights helping the identification. For example, a well-known assem-
blage of the aphid parasitoids inhabiting alfalfa fields and it is also possible to predict
the occurring species based on the regions they were collected in Iran (Rakhshani
et al. 2006a, 2007b). Species-specific molecular markers have also been used for
identification of complicated species like Lysiphlebus fabarum (Marshall) (Rahimi
et al. 2012; Farrokhzadeh et al. 2014), Aphidius transcaspicus Telenga (Jafari et al.
2011) and Ephedrus persicae Froggatt (Farrokhzadeh et al. 2014). The complicated
species, Lysiphlebus fabarum is believed to be a young and under evolution lineage
(Rakhshani et al. 2013) including many cryptic species (Starý et al. 2014). The
recent surveys on the taxonomy of the genus Lysiphlebus resulted in identification of
some new species as well as clarifications on the taxonomy of some cryptic species
(Starý et al. 2010; Tomanović et al. 2018). Aphidius colemani Viereck was known in
Iran for several years (Starý et al. 2000; Rakhshani et al. 2008a, b, c, d), as a common
and efficient aphid parasitoid. Great biological variations in ecology and host range
of A. colemani led to confusion on its taxonomy including a long list of synonyms
(Starý 1972a, b, 1973; Takada 1998; Kavallieratos and Lykouressis 1999). Recent
molecular and morphological analyses (Tomanović et al. 2014) have concluded the
Iranian specimens all belong to Aphidius platensis Brethes and true Aphidius
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colemani is distributed in the Mediterranean area (Kavallieratos et al. 2004;
Rakhshani et al. 2015b). Re-examination of the voucher specimens used in studies
on the biology of Aphidius colemani in Iran (Zamani et al. 2006, 2007, 2012; Talebi
et al. 2006) is necessary to confirm the recorded data, as they most probably belong
to Aphidius platensis Brethes.

Fig. 9.2 A schematic view of the two main diagnostic characters in Aphidiinae: Fore wing
venation and female genitalia. (a, j) Adialytus ambiguus (Haliday); (b, k) Aphidius platensis
Brethes; (c, l) Binodoxys acalephae (Marshall); (d, m) Diaeretiella rapae (M’Intosh); (e, n)
Ephedrus persicae Froggatt; (f, o) Lipolexis gracilis (Förster); (g, p) Lysiphlebus fabarum (Mar-
shall); (h, q) Monoctonia vesicarii Tremblay; (i, r) Praon barbatum Mackauer
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9.2.3 Host Associations, Parasitoid Assemblages

In many cases, exact identification of the aphidiinae parasitoids is not possible
without host data, both aphid and its host plant. There are many aphidiinae species
described without host data (Rakhshani et al. 2012c; Davidian 2016), but further
identification would need comparison with the type specimens. Data about host
associations greatly helps by search through a narrow assemblage of species and
generally gives more reliable identification. Based on these requirements, many
researchers tried to work on the reared material, which their host aphids and plants
are already identified. Aphids are group of insects with mostly very simple rearing
methods and their colonies consisting parasitized individuals can be easily kept
inside the plastic boxes at room temperature. In order to increase the rate of
parasitoid emergence, it is recommended to remove all other insects, which are
associated with the same plant material. It is critically important with the predators
like coccinellids, chrysopids, anthocorids, etc. Ignoring other insects can also have
led to emergence of the parasitoid species, which were incorrectly assigned as aphid
parasitoids (see Samanta et al. 1983). Many aphid species occur on the same host
plant and at same time with mixed or overlapped colonies. Rearing the mixed aphid
colonies result to incorrect host association records (see Jafari and Modarres Awal
2012).

The pattern of host specificity was preliminarily classified based on their host
aphid phylogeny (Starý 1981), by which five subgroups were defined. It ranges from
the parasitoids associated with single host aphid species to those parasitizing the
species from several genera in two or more aphid subfamilies. In the recent most
comprehensive analysis, Žikić et al. (2017) suggested three groups including spe-
cialists, generalist and oligophagous species. The latter group was also subdivided
into three subgroups of narrow, moderate and broad oligophagous species.

The aphids occur on various host plants, both in natural and agro-ecosystems
manifesting a heterogeneous parasitoid complex of different genera (Rakhshani et al.
2005a, 2007b, 2011). On the other hand, there are aphids with only a single
parasitoid species or even without parasitoids, at least in Iran and adjacent countries.
Some parasitoid species can be found in the colonies of many common aphids in
ago-ecosystems and their nearby areas, which have a great potential to shift their host
aphid, when the environments is changing. In general, it is important to have the
parasitoid species with a narrow and preferably single host specific behavior in
biological control programs. It is expected that the specific parasitoids are more
successful in control of their host aphid, since they will not disperse around on the
other non-target host aphids. In such a way, the environmental risk of ecological
interference can also be minimized. Surprisingly, the important parasitoid species are
seldom host specific, especially those are commercially produced. Among them,
Lysiphlebus testaceipes is known as a parasitoid with unbelievably wide host range
pattern (Starý et al. 2004). It was found occasionally in Iran, reared from Aphis
craccivora (Rakhshani et al. 2005a), but never recovered again. It could be an
occasional application of commercially reared specimens by the local peoples or
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an invasion through the neighbouring countries (Iraq, Turkey). Further exploration is
needed to find the source and the reasons, which disclosed the expansion of this
opportunistic species into Iran. More than 500 parasitoid-aphid associations are
recorded in various regions of Iran (Barahoei et al. 2014; Farahani et al. 2016)
including the data about parasitoid complex of many pest aphids. Further investiga-
tions with emphasis on the natural habitat and especially on the area surrounding the
field crops and orchards is needed to realize the host range pattern of the known
species throughout the season, as well as to determine the rare parasitoids, which
strictly attack the aphids on their natural and intact environments.

9.2.3.1 Host Specific Aphid Parasitoids

There are many monophagous species of aphid parasitoids, which are mainly
considered as rare species with unknown significance in biological control. Host
specificity in the aphid parasitoids is believed to be a result of parallel evolution,
apart of their phylogeny. The host plant distribution has a signification attribution in
this respect (Žikić et al. 2017). Strict host specificity increased to cost of ecological
interaction for the parasitoid species and it needs to acquire additional adaptations,
which are not necessary for other species, in general. The well-known species is
Monoctonia vesicarii Tremblay which is specific parasitoid of Pemphigus species on
poplars (Rakhshani et al. 2015a). It has only one generation per year and spending
most of the year as diapausing pupa inside the mummified aphid (Tremblay 1991).
The term “monophagous” should be re-defined in the case of aphid parasitoids,
referring the species which are associated with aphids in less diverse genera or even
monotypic. So that the parasitoids have no chance to find an appropriate host among
the related aphid taxa. Beside this, there are groups of specialized parasitoids
evolved within the more diverse aphid taxa, which can parasitize the closely related
aphids within the small genera. The border of their host range seems to be defined
ecologically by the habitat properties and host plant diversity. It means the parasitoid
can find its specific hosts only on the host plants of the same family level. According
to this explanation, this group of parasitoids can be categorized in a group named as
“narrow oligophagous” species.

There are some species that are very specific or have a very narrow host range.
They are mainly targeted in classical biological control programs of the invasive
aphids of economically important. The list of species exported from Iran are shown
in Table 9.1, among them, the specific parasitoids are dominant. Trioxys pallidus
(Haliday) is a specific parasitoid of Chromaphis juglandicola (Kaltenbach), but it is
also recorded in association with closely related aphids on different host plants,
including Eucalipterus tiliae L., Myzocallis coryli (Goetze), Tuberculoides
annulatus (Hartig) (Starý 1978), Pterocallis alni (De Geer) (Babaee et al. 2000)
and some other species. So, how it can be a specific parasitoid? and why many other
similar cases have been considered as generalist?. Trioxys pallidus is native to Iran
and can be found with its host aphid throughout the country. The association with
others, but closely related aphids has been confirmed and discussed for this species
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(Starý 1978). While, it is clearly evidenced that the host range/host specificity of the
aphid parasitoid can be changed by the different races (Antolin et al. 2006; Henry
et al. 2008), they exhibit a distinct preference for some aphid hosts (Starý 1978).

Table 9.1 The representative parasitoid species with narrow host range, in Iran

Parasitoid species Host aphid Host plants

Adialytus ambiguus (Haliday) Sipha spp Cereals

Adialytus salicaphis (Fitch) Chaitophorus spp. Poplars and willows

Adialytus thelaxis (Starý) Thelaxes spp. Oaks (Quercus spp.)

Aphidius absinthii Marshall Macrosiphoniella spp. Wormwoods (Artemisia
spp.)

Aphidius eadyi Starý, González &
Hall

Acyrthosiphon pisum Alfalfa and clover

Aphidius hieraciorum Starý Nasonovia spp. Asteraceae, etc..

Aphidius funebris Mackauer Uuroleucon spp. Asteraceae

Aphidius popovi Starý Amphorophora
catharinae

Rosa spp.

Aphidius persicus Rakhshani & Starý Uroleucon spp.
Macrosiphoniella spp.

Asteraceae

Aphidius rosae Haliday Macrosiphum rosae Rosa spp.

Aphidius smithi Sharma & Subba
Rao

Acyrthosiphon pisum Alfalfa and clover

Aphidius salicis Haliday Cavariella spp. Salix and crucifers

Aphidius transcaspicus Telenga Hyalopterus spp. Prunus spp.

Areopraon lepelleyi (Waterson) Eriosoma lanuginosum Ulmus spp.

Betuloxys hortorum (Starý) Tinocallis spp.,
Myzocalis spp.

Ulmus, Castanea, Corylus

Euaphidius cingulatus Ruthe Pterocomma spp. Poplar and willows

Euaphidius setiger Mackauer Periphyllus spp. Maples (Acer spp.)

Pauesia antennata (Mukerji) Pterochloroides persicae Prunus sp.

Praon absinthii Bignell Macrosiphoniella spp. Wormwoods (Artemisia
spp.)

Praon barbatum Mackauer Acyrthosiphon pisum Alfalfa, clover

Praon exsoletum (Nees) Therioaphis trifolii Alfalfa, clover

Praon pubescens Starý Nasonovia spp. Asteraceae

Praon yomenae Takada Urolecuon spp. Asteraceae

Trioxys asiaticus Telenga Acyrthosiphon spp. Sophora spp.
Glycyrrhiza spp.

Trioxys cirsii (Curtis) Drepanosiphum
platanoidis

Maples (Acer spp.)

Trioxys complanatus Quilis Therioaphis trifolii Alfalfa, clover

Trioxys pallidus (Haliday) Chromaphis juglandicola
Hoplocallis pictus
Pterocallis alni
Eucalipterus tiliae
Tinocallis spp.

Walnut (Juglans spp.)
Oak (Quercus spp.)
Alder (Alnus spp.)
Linden (Tilia spp.)
Elms (Ulmus spp.)
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Therefore, Trioxys pallidus has been considered as the most important biological
control of the walnut aphid, Chromaphis juglandicola, but it can be found rarely on
other species. The same pattern is recorded from many other Trioxys species (Starý
1978), while Trioxys complanatus can be an exceptional case, which showed a great
preference both on its specific host aphids, Therioaphis trifolii and the host plants,
alfalfa and clover (Rakhshani et al. 2006a – alfalfa aphids). It is a good representative
of successful classical biological control program, when introduced into USA at
1956 and it is now distributed in the North America (van den Bosch 1957; Flint
1980) and in Australia (Hughes et al. 1987).

The number of the narrow oligophagous species therefore covers the majority of
Aphidiinae species both in Iran and other parts of the world. The representative
species with their confirmed specific host range is presented in Table 9.1.

9.2.3.2 Broadly Oligophagous Aphid Parasitoids

Assigning the term “polyphagous” to the aphid parasitoids is essentially incorrect.
Almost all parasitoids indicated some patterns of host specificity. Aphidiines are
exclusively parasitoids of the aphids, which means a natural definition opposite to
polyphagy. There is no absolute criterion to separate “narrow” and “broadly”
oligophagous groups, based on the dynamic and poorly known biology and evolu-
tionary history of the aphids and their parasitoids. The main aspect of this catego-
rization is the rate of diversification in the aphid lineages. This statements might be
more simplified by some examples, but clearly referring to association of a known
parasitoid with aphid species of single highly diverse genus or several related genera.
On the other hand, there are some parasitoids species, like Praon volucre (Haliday)
acquired a more expanded host range. It was found in association with aphids of the
genera, Acyrthosiphon Mordvilko (2 species), Amphorophora Buckton (1), Aphis
L. (8), Brachycaudus van der Goot (4), Diuraphis Aizenberg (1), Dysaphis Börner
(1), Hyalopterus Koch (2), Hyperomyzus Börner (1), Macrosiphum Passerini (1),
Macrosiphoniella del Guercio (1), Metopolophium Mordvilko (1), Myzus Passerini
(2), Phorodon Passerini (1), Rhopalosiphum Koch (2), Schizaphis Börner (1),
Sitobion Mordvilko (1) and Uroleucon Mordvilko (4) in Iran. Lysiphlebus fabarum
(Marshall) has been known as a parasitoid with a vast number of recorded host
aphids, at least 65 species in Iran (Farahani et al. 2016). But surprisingly, its real host
range is limited to few closely related aphid genera, Aphis, Brachycaudus andMyzus
(Rakhshani et al. 2013). Other host records contributed to occasional associations or
possibly separated but cryptic species inside the Lysiphlebus fabarum complex.
There are many important aphid parasitoids including Aphidius ervi Haliday,
Aphidius platensis Brethes, Aphidius matricariae Haliday, Diaeretiella rapae
(M’Intosh) and Ephedrus persicae Froggatt, of which some of them are now the
biological control products, commercially sold.

An important aspect on the biology of these species is that their host range covers
many aphid pests on the field crops, fruit trees and greenhouses. Near to hundred
aphid species infesting 180 plant species (43 families) are listed as hosts of
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Diaeretiella rapae throughout 87 countries (Singh and Singh 2015). The cabbage
aphid, Brevicoryne brassicae (L.) as its preferred and frequently encountered host
aphid is considered as ancestral association for Diaeretiella rapae (Némec and Starý
1994; Pike et al. 1999). This aphid has no other parasitoid, indeed and other records
seem to be the result of the observations on the mixed colonies (especially with
Myzus persicae). Diaeretiella rapae has also a strong affinity to the Russian wheat
aphid,Diuraphis noxia (Mordvilko) in cereal fields (Rakhshani et al. 2008b). It is yet
unclear how this parasitoid species is able to overcome the host range barriers, while
the genetic differences bearing not enough insights and correlations with its diver-
sification and host range pattern (Baer et al. 2004).

9.3 Biology of Aphid Parasitoids

The followed fundamental research approach requires basically a good level of
identification of all the food-web participants. A useful respective identification
co-work net has to be organized as a background interacting with the database
development. Many studies are contributed to various aspects of ecology and
biology of the important aphid parasitoids including their seasonal occurrence
(Monajemi and Esmaili 1981; Rakhshani et al. 2000, 2004b, 2009; Ghotbi Ravandi
et al. 2017), life history and demography (Talebi et al. 2002, Tahriri et al. 2010;
Tazerouni et al. 2012a, b, 2013; Zamani et al. 2007, 2012; Pourtaghi et al. 2016;
Ameri et al. 2015), functional response and foraging behavior (Takalloozadeh et al.
2004b; Fathipour et al. 2006; Zamani et al. 2006; Tahriri et al. 2007; Rasekh et al.
2010a, b, c, d; Bazyar et al. 2012; Farhad et al. 2011; Tazerouni et al. 2011, 2012c,
2016, 2017; Ameri et al. 2013; Pasandideh et al. 2015) and host preference
(Rakhshani et al. 2004a; Takalloozadeh et al. 2004a; Talebi et al. 2006; Tahriri
et al. 2007; Pasandideh et al. 2015; Najafpour et al. 2016). These surveys are
generally focused on the economically important aphids and their parasitoids in
laboratory conditions, and in the field to a lesser extent. There are yet many
important aphid parasitoids for which almost no biological data are available.
Valuable data were achieved on the basis of laboratory experiments that should be
expanded in the natural conditions, too.

9.3.1 Seasonal Occurrence

Aphid communities are characterized by their complicated trophic interactions and
the associated natural enemies, among them the parasitoids have usually more
dependence and adaptations to the host population. There is a moderately wide
spectrum of the aphid parasitoids in the field crops, represented by the wheat
(Rakhshani et al. 2008b) and alfalfa (Rakhshani et al. 2006a). Very few studies on
the population dynamics and seasonal occurrence of the aphid parasitoids were
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realized in Iran (Rakhshani et al. 2000, 2004b, 2009; Monajemi and Esmaili 1981;
Amini et al. 2012). Usually the population of both narrow and broadly oligophagous
parasitoids fluctuate with their host aphid, where they are living in. Specific parasit-
oids are generally more adapted to the seasonal dynamics in the population of their
host to reduce the risk of starvation. They need also the same preferred host for
summer hibernating and overwintering within its empty body, as mature larva or
pupa. The local survey on the seasonal occurrence of Trioxys pallidus on walnut
orchards (Rakhshani et al. 2004b) is a good representative for the adaptation of the
specific aphid parasitoids. The general scheme of seasonal activity for this species is
an early emergence in the spring together with its host aphid, Chromaphis
juglandicola, which sharply declined in early summer, so that no aphids and
parasitoids were observed during the summer. Rearing the mummies collected in
early summer did not give adults in subsequent weeks, indicating existence of an
aestival diapause, which is expected to prolong until next spring. On the other hand,
the weak resurgence of aphid population in early autumn led to appearance of few
parasitoids, which successfully parasitized even the sexual form of C. juglandicola.
There is no evidence explained, what was happened for the mummies went into the
aestival diapause, and led to emergence in autumn, partly. Preservation of the
mummies collected during autumn in natural condition confirmed existence of an
adaptive diapause, which synchronize the emergence of the parasitoids with its
specific host in walnut orchards. The mid-season crash in the host aphid populations
is believed to be the consequence of some natural phenomena including decline in
plant nutritional quality, increased natural enemy pressure and extreme temperature
(Karley et al. 2004) directly affecting the population of the specific parasitoids.

Similar adaptation can be found in the complex environments as in alfalfa field,
where each parasitoid allocated a specified niche including the preferred ecological
or physiological host aphids. There is a well-known group of aphids associated with
alfalfa including, Acyrthosiphon kondoi Shinji, A. pisum (Harris), Therioaphis
trifolii (Buckton) and Aphis craccivora in many parts of Iran. Each aphid species
manifests a specific parasitoid complex, which seems not to have interference on
each other. Among the parasitoid of the alfalfa aphids, two species, Aphidius ervi
and Lysiphlebus fabarum are known as broadly oligophagous species, but they act as
locally specific parasitoids in alfalfa ecosystem, associating only with their preferred
hosts, Acyrthosiphon pisum (A. kondoi, as well) and Aphis craccivora, exclusively.
Praon volucre was also found commonly in association with Acyrthosiphon aphids
and very rarely on Aphis craccivora (Rakhshani et al. 2006a). The general trend of
the seasonal dynamics of the parasitoid species is well representative of their host
aphid, while the maximum rate of parasitism and occurrence of summer decline
differ according to the climatic adaptation of the aphid/parasitoid species (Rakhshani
et al. 2010). In the case of Therioaphis trifolii, two parasitoid species, Praon
exsoletum Nees and Trioxys complanatus Quilis occurred simultaneously in major
parts of the country, except few desertic areas in early summer. High populations of
both species are generally active during spring, but Trioxys complanatus showed
more activities in early summer, when Praon exsoletum disappeared. These obser-
vations need supplementary investigation to be confirmed and clarified. It is also
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necessary to investigate the capacity of aphid parasitoids in suppressing aphid
populations under field conditions (Khajehzadeh et al. 2010), as well as surveys
targeting to find how to manipulate the habitats for achieving the highest rate of
parasitism and survival of the parasitoids.

9.3.2 Reproduction and Life Table Statistics

Among the natural enemies of a given pest aphid, those with greater specific
association have higher priority in biological control programs. In the basic theory,
the parasitoids have to combat against continuous impacts of the adverse environ-
ments even in their native area. So, they should acquire enough natural capacity to
compensate mortalities and to establish the next generation. Rate of reproduction is
the key element, which is closely connected to the survival of the populations
through long term adaptations. Two non-equal terms fertility and fecundity are
used for assessing the potential of growth rate in population of both pests and their
natural enemies (Jervis and Kidd 1996). The reproduction of natural enemies
generally defined with a statistical parameter known as “Intrinsic rate of increase
¼ r” which is assessing in a set of laboratory conditions. Wide range of laboratory
setup and analytical method are commonly used (Carey 1993; Chi and Su 2006) for
the life table construction of the natural enemies including the aphid parasitoids. The
various parameters within the life table statistics are the simple translation of a
complicated reproductive strategy, including host selection, competition, rate of
oviposition, survival, superparasitism, developmental time, sex ratio, mutual inter-
ference etc., which affects the fitness and dynamics of the host–parasitoid interac-
tions (Roitberg et al. 2001). The intrinsic rate of increase of a parasitoid related to its
hosts play an important role in biological control programs (Khatri et al. 2017).
Parasitoids with the greatest value for the intrinsic rate of natural increase are
obviously better candidates in biological control program. At the same way, it is
very important that the selected parasitoid has a greater value comparing its host
aphid (Bigler 1989).

The progeny sex ratio as main factor among the life table statistics, also affects the
stability of the host parasitoid interactions and rate of controlling efficiency for the
aphid parasitoids, and other natural enemies, as well. Various parameters including
host aphid (Mackauer and Kambhampati 1988a; Pandey and Singh 1999; Jarosik
et al. 2003; Kairo and Murphy 2005; Sidney et al. 2011), temperature (Pandey and
Singh 1998; Singh et al. 2000; Zamani et al. 2007, 2012; Tazerouni et al. 2012b;
Silva et al. 2015), intraspecific competition (Mackauer and Völkl 2002; West, 2009),
and maternal effects (Hofsvang and Hägvar 1975; Godfray 1994), significantly
affect the progeny sex ratio and life history parameters of the aphid parasitoids.
Virgin female produce only male offspring, a phenomenon that frequently happened
in the mass rearing and also in the aged females (Talebi et al. 2002; Sequeira and
Mackauer 1993; Chi and Su 2006). Reproduction is a high temperature dependent
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process among insects inevitably alters their population dynamics, which has broad
evolutionary and ecological consequences (Frazier et al. 2006).

Few studies were done on the reproductive life table of the aphid parasitoids in
Iran, mainly focusing on the species associated with most common and economi-
cally important aphid species. Talebi et al. (2002) compared the reproductive rate of
the walnut aphid, Chromaphis juglandicola (Kaltenbach) with its specific parasitoid,
Trioxys pallidus (Haliday). The parasitoid showed a greater intrinsic rate of increase
comparing its host aphid and can be an efficient biological control agent in its native
area, which was already confirmed by introduction of this species in the in North
America (van den Bosch et al. 1962, 1979), too. The subsequent studies were done
on the parasitoids that have potential for mass rearing and an augmentation biolog-
ical control (Zamani et al. 2007, 2012; Bagheri-matin et al. 2009; Tahriri et al. 2010;
Tazerouni et al. 2012a, b, 2013; Pourtaghi et al. 2016; Mottaghinia et al. 2017). As a
tritrophic study, the effect of soil media containing different vermicompost compo-
sitions on life history parameters of A. matricariae was also investigated
(Mottaghinia et al. 2017). Those results confirmed the significant effect of soil
composition on population parameters of A. matricariae. Both Aphidius colemani
Viereck (¼Aphidius platensis Brethes in Iran) and Aphidius matricariae Haliday are
well-known parasitoids of the pest aphids on protected crops (Aphis gossypii Glover
and Myzus persicae (Sulzer)) and their life tables were evaluated with more details
(Zamani et al. 2007, 2012; Pourtaghi et al. 2016; Tazerouni et al. 2017), but yet
many other aspects including the effects of host aphid size, inter and intra-specific
competition (host aphid density), food plant species, semiochemicals, host aphid
resistance, microbial symbiosis and genetics need further attention. Accordingly, it
has been revealed that the interspecific interaction between A. matricariae and
P. volucre on M. persicae influenced on biological traits of both parasitoids and
their population size (Tazerouni et al. 2016, 2017). It is recently reported
(unpublished) that commercially produced race of Aphidius matricariae (Koppert
B.V.) did not accept Aphis gossypii, while this is a serious pest in the greenhouses. It
might be a local drift of the reared population, sourced in Europe, but the Iranian
population successfully parasitized this aphid both in natural (Rakhshani et al.
2008a) and laboratory condition (Zamani et al. 2012). It has worth to re-emphasize
that the second commercially produced species, Aphidius colemani Viereck did not
occur in Iran and the previous records (Rakhshani et al. 2008a, b, c, d; Zamani et al.
2007, 2012) all refer to Aphidius platensis Brethes (Tomanović et al. 2014), which
seems not to be distributed in Europe. The specimens which were used in the studies
by Hofsvang and Hägvar (1975) might also being originated from the area outside
Europe, i.e. South America.

In environmental view, life table studies providing important data for the ecosys-
tem management in the course of conservation biological control programs. There is
no space to ignore the importance of reproduction rate and sex allocation strategies at
the time of mass rearing for the aphid parasitoids. Considering the general problems
exist in the practical mass rearing of the aphid parasitoids, the greater value of
reproduction under controllable sex determination mechanisms (Heimpel and de
Boer 2008; Singh et al. 2014) is rather critical. Beside the crucial parameters
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affecting the sex ratio, the food plant on which the host aphids are propagating, is
also important (Prasad et al. 2005).

9.3.3 Functional Response and Foraging Behavior

The behavioral characteristics of the aphid parasitoids have certainly a great impact
on their efficiency for the successful aphid biocontrol (Berryman 1999). Assessing
the foraging behavior and functional response of the aphid parasitoids in one of the
important criteria for selecting the effective species. It generally indicated how the
parasitoid influence the population dynamics of its host species (Jervis and Kidd
1996). In the simplest definition, functional response is the number of hosts that
successfully attacked per each parasitoid, depending to the host density (Solomon
1949). Various models are developed for clarification of the functional response of
the parasitoids. The host exploitation by the aphid parasitoids may fall into Holling’s
type II or the type III with a sigmoid response (van Steenis and El-Khawass 1995).
Parasitoids with type II functional response are not density dependent and their
parasitism rate does not increase with host density (Hassell 1978). The parasitoids
with a type III functional response, can regulate the population of their host to a
definite density, since they can increase the rate of parasitism with increases in host
density increase (Holling 1959). This behavior maximizes the exploitation of dense
patches (Stilmant 1996). It was suggested that the parasitoids with a type II func-
tional response are able to control the pest aphid more effectively on the protected
crops, where the parasitoid can reach its hosts even at low densities (Lopes et al.
2009). The parasitoids with type III functional response are likely more successful in
the field conditions, especially in classical biological control program, where such a
density dependent regulation provide a stable and long term control (Fernandez-
Arhex and Corley 2003).

In many cases, a type II functional response was recorded (Table 9.2), but few
species of the aphid parasitoids showed the type III functional response (Rakhshani
et al. 2004a; Jokar et al. 2012; Tazerouni et al. 2016, 2017). Various factors directly
affect the functional response or its attributed parameters (Jervis and Kidd 1996). It
has been shown that temperature has no effect on the type of functional response but
may change some of its parameters (Zamani et al. 2006; Farhad et al. 2011;
Tazerouni et al. 2012c; Moayeri et al. 2013; Hajrahmatollahi et al. 2015). Handling
time is defined as the time used for handling and parasitizing the host, including the
time for resting, feeding and cleaning (Jervis and Kidd 1996). Significantly higher
handling time was recorded at the lowest temperature, which is likely a result of
non-searching activities including resting (Moayeri et al. 2013; Hajrahmatollahi
et al. 2015). The higher temperatures were also found to negatively affect the
handling time (Farhad et al. 2011). The host plant can also change the foraging
behavior and functional response of the parasitoids (Price 1986). It was shown that
the host plant variety has also significant effect on the type of functional response in
aphid parasitoids (Bazyar et al. 2012).
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Few attempts were made to clarify the effect of aging in foraging behavior of the
aphid parasitoids. Age specific functional response has received little attention
(Pasandideh et al. 2015; Tazerouni et al. 2016). Functional response of Aphidius
matricariae showed a fluctuated pattern between II and III by aging the foraging
female (Tazerouni et al. 2016, 2017). The similar experiences by the same authors
indicated no changes in type of functional response for Praon volucre.

Table 9.2 The functional response of aphid parasitoids surveyed in Iran

Parasitoid Host aphid Host plant Type References

Aphidius colemani
[¼platensis Brethes]

Aphis gossypii Cucumis
sativus

II Mottaghinia et al.
(2017)

Aphidius ervi Haliday Sitobion avenae Triticum
aestivum

II,
III

Bazyar et al.
(2012)

Aphidius matricariae
Haliday

Aphis gossypii Cucumis
sativus

II Zamani et al.
(2006)

II,
III

Tazerouni et al.
(2017)

Aphis fabae Beta
vulgaris

II Tahriri et al.
(2007)

Myzus persicae Capsicum
annuum

II,
III

Tazerouni et al.
(2016)

Solanum
melongena

III Rashki et al.
(2013)

Myzus persicae
nicotianae Blackman

Nicotiana
tabacum

II Rezaei et al.
(2019)

Schizaphis graminum Triticum
aestivum

II Hajrahmatollahi
et al. (2015)

Aphidius platensis
Brethes

Aphis gossypii Cucumis
sativus

II Zamani et al.
(2006)

Diaeretiella rapae
(M’Intosh)

Brevicoryne brassicae Brassicae
olearcea

II Fathipour et al.
(2006)

Brassica
oleracea

II Moayeri et al.
(2013)

Diuraphis noxia Triticum
aestivum

II Tazerouni et al.
(2011, 2012c)

Schizaphis graminum Triticum
aestivum

III Jokar et al. (2012)

Lipaphis erysimi Brassica
napus

II Rezaei et al.
(2014)

Praon volucre (Haliday) Aphis gossypii Cucumis
sativus

II Tazerouni et al.
(2017)

Myzus persicae Capsicum
annuum

II Tazerouni et al.
(2016)

Sitobion avenae Triticum
aestivum

II Farhad et al.
(2011)

Trioxys pallidus
(Haliday)

Chromaphis
juglandicola

Juglans
regia

III Rakhshani et al.
(2004a)
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Learning in foraging female can change the parameters in the functional response
of aphid parasitoids (Byeon et al. 2011). Within a series of experimental assays,
Rasekh et al. (2010a, b, c, d) surveyed the effects of various parameters on the
foraging behavior of Lysiphlebus fabarum (Marshall), as parasitoid of black bean
aphid, Aphis fabae Scopoli. They found no significant differences between young
and old females, suggesting that age had also no effect on proportional time
allocation to various activities during patch exploitation (Rasekh et al. 2010b). On
the same way, encounters with con-specific females had no effect on foraging
behavior of this species, which was interpreted as a consequence of cuticular
camouflage interferes with conspecific recognition (Rasekh et al. 2010d).

Several different factors, e.g. interactions with other natural enemies, soil media
composition, etc. have also been used to study the functional response of aphid
parasitoids (Rashki et al. 2013; Mottaghinia et al. 2017). Considering the complica-
tion and considerable number of the factors affecting the functional responses, there
are yet some ambiguities in the relevance of the experiments dealing in this respect
(Hassell et al. 1977). It should be point out that these kinds of experiments are
conducting under laboratory condition, where parasitoids are forced to remain in the
patch (van Steenis and El-Khawass 1995), that is not consistent with the real
conditions. Therefore, the functional response may simply have altered in natural
condition, but the basic consequences can be predicted, at least (Houck and Strauss
1985). Recently, the effect of interspecific interactions on parasitism rate and
efficiency of different species have been investigated. Accordingly, it has been
revealed that interspecific interaction negatively affecting the parasitism rate of
A. matricariae and P. volucre against second and third instars of green peach
aphid (Tazerouni et al. 2016).

9.3.4 Host Stage Preference

An important aspect of behavioral and physiological ecology of the aphid parasitoids
is the host preference which guarantees the survival of the next generation. In a broad
sense, it includes various definitions ranging from habitat preference to host instar
selection. The host range pattern of the aphid parasiotids discussed in a separate
section, is a matter of their evolutionary history connected with their host aphid’s
evolution and host plant distribution (Žikić et al. 2017). Ignoring the expanded
definition, the behavioral host preference including the host nymphal instar selec-
tion, has been considered as important criteria in selecting the efficient aphid
parasitoids, both at the time of mass rearing and in their practical application for
achieving a successful biological control. In general, the larvae of aphid parasitoids
can successfully develop in all nymphal instars, while their size is highly variable,
which means different value of the food resources. The early nymphal instars may
even be smaller than the ovipositing female parasitoid (Mackauer 1986; Mackauer
and Kambhampati 1988b). However, the female parasitoid mainly foraging within
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the mixed-aged aphid colonies of its adapted host and do what the natural selection
already defined.

The female parasitoids generally try to decrease the risks for their progenies by
selecting the most appropriate host stage (Pyke 1984), while it may be affected by
the various factors (Jervis and Kidd 1996). The size of the host aphids, depending to
the nymphal instar influences directly biological characteristics of the adult emerg-
ing parasitoids, including size (Sequeira and Mackauer 1992b), developmental time
(Sequeira and Mackauer 1992a), fecundity (Hägvar and Hofsvang 1990) and sex
ratio (Cloutier et al. 2000) that can be defined by the behavior of foraging female at
the time of ovipostion. The aphid parasitoids showed a moderately different pattern
of host stage preference in laboratory conditions (Rakhshani et al. 2004a;
Takalloozadeh et al. 2004a; Talebi et al. 2006; Tahriri et al. 2007; Tazerouni et al.
2011; Farhad et al. 2011; Jokar et al. 2012; Pasandideh et al. 2015; Najafpour et al.
2016), which may be altered in natural condition (Sequeira and Mackauer 1993).
Both preference for younger and older nymphal instars are reported (Table 9.3), that

Table 9.3 The preferred developmental stages of the host aphids for the aphid parasitoids in
laboratory conditions

Parasitoid Host aphid Host plant
Preferred
instars References

Aphidius
matricariae
(Haliday)

Aphis gossypii Glover Cucumis
sativus

3rd, 4th Talebi et al.
(2006)

Aphis fabae Scopoli Beta
vulgaris

3rd Tahriri et al.
(2007)

Myzus persicae
nicotianae Blackman

Nicotiana
tabacum

3rd, 4th Rezaei et al.
(2019)

Schizaphis graminum Triticum
aestivum

3rd Hajrahmatollahi
et al. (2015)

Aphidius colemani
Viereck

Aphis gossypii Glover Cucumis
sativus

3rd Talebi et al.
(2006)

Diaeretiella rapae
(M’Intosh)

Diuraphis noxia
(Mordvilko)

Triticum
aestivum

3rd, 4th Tazerouni et al.
(2012c)

Schizaphis graminum
(Rondani)

Triticum
aestivum

2nd Jokar et al. (2012)

Lysiphlebus
fabarum (Marshall)

Aphis fabae Scopoli Vicia faba 3rd Ameri et al.
(2013)

2nd Najafpour et al.
(2016)

Aphis craccivora Koch Medicago
sativa

3rd Takalloozadeh
et al. (2004a)

Praon volucre
(Haliday)

Acyrthosiphon pisum
(Harris)

Vicia faba 1st, 2nd Pasandideh et al.
(2015)

Praon volucre
(Haliday)

Sitobion avenae
(Fabricius)

Triticum
aestivum

2nd Farhad et al.
(2011)

Trioxys pallidus
(Haliday)

Chromaphis
juglandicola
(Kaltenbach)

Juglans
regia

3rd, 4th Rakhshani et al.
(2004a)
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may have its own advantages in the variable environment with different host aphid
inhabited therein.

The surveys on the behavior of Lysiphlebus fabarum (Marshall) on the black bean
aphid, Aphis fabae Scopoli indicated different strategies under choice and no-choice
host accessibility (Najafpour et al. 2016). No preference for specific nymphal instar
was documented, when the female parasitoids were offered different host instars
separately, while host instar preference progressively decreased with host age. On
the other hand, the host stage preference in the aphid parasitoids are known as a
constitute in the network of host aphid – parasitoid interaction (Henry et al. 2005). It
means the generalist parasitoids may show a variable host stage preference on
different host aphid species. Preference for the older nymphal instars can normally
led to a greater reduction in the population growth rate of the host aphid (Lin and
Ives 2003), then the population will be stabilized with the rest non-preferred instars.
On the other hand, preference on the younger nymphal instars (Perdikis et al. 2004)
is also suggested as an advantage for the aphid parasitoids enabling them to control
the more numerous fraction (Kouame and Mackauer 1991) of the aphid populations
in early stages of their increase (Perdikis et al. 2004). Defensive behavior of the
aphid in late instars (third and fourth) may also result in the lower preference for
some parasitoids (Kouamé and Mackauer 1991; Kairo and Murphy 1999; Wyckhuys
et al. 2008), which increases the handling time of the foraging female (Kant et al.
2008). The parasitoids develop at a slower rate in the smaller aphid hosts (Henry
et al. 2005; Najafpour et al. 2016). This prolonged developmental time is necessary
in order to acquire additional resources while the host is developing. Theoretically, a
preference for the younger nymphal instars may increase the yield of mass rearing
efforts, since it is easier to provide a large number of first and second nymphal
instars. Najafpour et al. (2016) recommend a synchronous population of second
nymphal instar of Aphis fabae for mass rearing of Lysiphlebus fabarum. Rearing on
the younger nymphal instars may result to a significantly male –biased population,
since the female parasitoids have preferentially a sex allocation behavior through
which they lay the unfertilized eggs into the smallest aphids (Pandey and Singh
1999; Cloutier et al. 2000).

9.3.5 Ant Associations

The aphid colonies are frequently attracting the ants (Fig. 9.3), which may range
from an occasional encounter to highly evolved coexistence, as bilateral mutualism
(Starý 1966). Interactions between ants and aphids as common honeydew-producing
insects are widespread and abundant, but their ecological consequences are very
poorly known. One of the more advanced relationships is the transportation of the
aphid nymphs by ants into the suitable parts of the host plant, then achieving more
honeydew secretions. Some aphid species alter their feeding behavior and the
composition of their honeydew in the presence of the attending ants (Yao et al.
2000). The ants are known also protecting the aphid colonies from the natural

9 Aphid Parasitoids: Aphidiinae (Hym., Braconidae) 351



enemies by different level of adaptations (Addicott 1979). In the case of some aphid
parasitoids, higher rate of oviposition was observed in ant attended colonies (Völkl
and Novak 1997) indicating they could overcome this protection by some adapta-
tions. The root aphid parasitoid, Paralipsis enervis (not recorded from Iran) is a
highly evolved species co-existing in the ant attended aphid colonies. The ants may
mutilate large portions of its wings, but leave it alive, dispersing flightless (Starý
1970a, b). The parasitoid is believed to acquire some of the ants cuticular hydrocar-
bons by rubbing her legs and body on them, and become readily accepted to the ants
(Takada and Hashimoto 1985).

Lysiphlebus fabarum has taken more stages of adaptation. It might be unique in
soliciting honeydew secretion from the aphid host by the ant mimicry. Conse-
quently, aphids serve both as hosts and as a source of necessary hydrocarbon for
the adult females. Experienced female parasitoid also performing an ant-like
antennation to reduce the defensive behavior of the host aphid (Aphis fabae),
which is mainly the frequent kicking by the hind legs. In such a peculiar case, the
mutualisms seem to evolve between L. fabarum and the ants instead of the aphids, so
that the progeny of L. fabarum also receive ant protection against the predators and
secondary parasitoids (Rasekh et al. 2010e). Other parasitoids of the same aphids
greatly suffered from the hyperparasitism caused by lack of the ants in the colonies
that the female parasitoids preferred for oviposition (Völkl 1992). The same behav-
ior has also been recorded in some other Lysiphlebus species (Kaneko 2002), but ant
attendance had a negative effect on the efficiency of Lysiphlebus testaceipes

Fig. 9.3 Ant associated
aphid colony: (a) Myrmica
sp. attended to Aphis fabae
Scopoli; (b) Behavior of
Lysiphlebus cardui
(Marshall) female for
soliciting honeydew by
antennation on Aphis fabae.
(Courtesy of Jan Havelka)
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(Cresson) (Vinson and Scarborough 1991). Many aphid species are recorded as
attended by ants, which are also parasitized by Lysiphlebus fabarum in Iran
(Rakhshani et al. 2013).

9.4 Aphid Parasitoids in Various Ecosystems

9.4.1 Aphid Parasitoids in Farmlands and Orchards, Host
Range and Economic Importance

The best model of aphid parasitoid association with economic importance can be
found in the farmlands and fruit orchards as the main source of food production for
the human society. The agro-ecosystem is generally referring to a simplified eco-
system, in which the core lies on the agricultural activity by human. It is not an
appropriate situation to open the big problems occurred in the ecosystems by these
modifications, but an escape to the changes in natural aphid-parasitoid association
would be useful enough. Cereals are the main crop that has occupied the vast
majority of the agricultural fields. There are many other field crops, which more or
less suffering from the aphid infestation, but no concern was paid on the cereal
aphids in Iran, comparing other parts of the world, especially in Europe and North
America. A series of researches arbitrarily targeted the aphid parasitoids in farm-
lands and fruit orchards, but a valuable amount of data from the surrounding areas
were also compiled (Rakhshani et al. 2012b; Nazari et al. 2012; Alikhani et al. 2013;
Barahoei et al. 2013). A moderately common and well known aphids are associated
with cereals throughout the world, with some relevant differences on their biology
and economic importance (Dixon 1987). They may occur irregularly in various
regions or with some gradient patterns (Rakhshani et al. 2008b). Depending on the
host plants, different aphids may be more frequent than others, i.e. Rhopalosiphum
maidis (Fitch) is rather common in corn fields comparing other aphids. Ignoring the
host plant associations, an efficient group of aphid parasitoids can be found in cereal
fields, each of them have its own preference, when encountering various host aphids.

The rare and non-economic Sipha aphids are associated with Adialytus ambiguus
(Haliday), which has no other host aphid in such environment, was occurred. Other
aphids including Diuraphis noxia (Mordvilko), Sitobion avenae (Fabricius),
Schizaphis graminum (Rondani), Metopolophium dirhodum (Walker),
Rhopalosiphum padi (L.) and Rhopalosiphum maidis (Fitch), all can be parasitized
by Praon volucre (Haliday). The cabbage aphid parasitoid, Diaeretiella rapae
(M’Intosh) has a significant affinity to Diuraphis noxia (Mordvilko) (Rakhshani
et al. 2008b), but the records (Pike et al. 1999; Singh and Singh 2015) indicating it
does not have limit for the host association at least in the cereal fields. At the same
way, Aphidius uzbekistanicus Luzhetzki is mainly in association with Sitobion
avenae (Rakhshani et al. 2008a), the preferred host for Aphidius ervi Haliday,
which is not so common in cereal fields in Iran.
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There is a good example of local adaptation for the generalist parasitoid,
Ephedrus persicae Froggatt in Sistan plain with extreme temperature in mid spring.
The most common cereal aphid in this area is Schizaphis graminum, which never
find opportunity to escape from the highly efficient parasitoid. No live aphids were
found in field observations during 10 years at the time of ripening, while high
population of the emerged parasitoids swarming around the fields. It is widely
distributed in the Palaearctic region and other parts of the world and has a wide
range of the host aphids (Žikić et al. 2009). Diuraphis noxia is one of the most
important aphid pest of cereals in many parts of the world, but no serious damage
was recorded in Iran, as the native area for this aphid (Liu et al. 2010). The
occasional outbreak of the other aphids is most probably because of the chemical
treatments done especially against sun pest, Eurygaster integiceps Puton, that
disrupt the efficiency of aphid parasitoids. Excluding the occasional, but important
member of cereal aphid parasitoids in Iran, Aphidius platensis Brethes and Aphidius
matricariae Haliday, other Aphidius species (Aphidius rhopalosiphi De Stefani-
Perez and Aphidius uzbekistanicus Luzhetzki) seem having a permanent occurrence
in the cereal fields throughout the country (Rakhshani et al. 2012b; Nazari et al.
2012; Alikhani et al. 2013; Barahoei et al. 2013). Praon gallicum Starý and Praon
necans Mackauer have also recently been recorded as members of cereal aphid
parasitoid guilds in western part of Iran (Bagheri-Matin et al. 2010; Nazari et al.
2012). In total, existence of a complete assemblage of the efficient parasitoids in
cereal fields of Iran never allowed the dangerous pest aphids outbreaks. All of these
parasitoids lose their habitat by the time of harvesting and have to migrate to the
surrounding weeds. Therefore, a simple conservation program including the avoid-
ance of the complete harvesting of the plant material, irrigation after harvesting,
ignoring the unimportant graminaceous weeds around the fields and most impor-
tantly avoiding the chemical treatments, as much as possible can greatly help
protection of the aphid parasitoids.

The aphid parasitoid complex in alfalfa fields of Iran has been very well studied
throughout several years (Van den Bosch 1957; Monajemi and Esmaili 1981;
Rakhshani et al. 2006a, b, 2009, 2010). The associated aphids are discussed in
other sections. Similar to cereals, there is no problem of aphid population in alfalfa
fields of Iran, because of the efficient native aphid parasitoids. The large populations
of Acyrthosiphon pisum (Harris) in humid regions was observed after unnecessary
treatments for control of the alfalfa weevil. A rich complex of parasitoids including
Aphidius ervi Haliday, Aphidius smithi Sharma & Subba Rao, Aphidius eadyi Starý,
Gonzales & Hall, Praon barbatumMackauer and Praon volucre Haliday are strictly
associated with this aphid in alfalfa fields across the various regions of Iran
(Rakhshani et al. 2006a). Additional species, Aphidius urticae Haliday was also
recorded from this aphid, which comprises a complex species including Aphidius
banksae Kittel, that occurred in Turkey, but its existence has not been confirmed in
Iran, yet. Majority of these species, excluding Praon volucre are specific and
permanent members of alfalfa fields and related legume crops. Aphidius ervi is
considered as one of the most generalist species in this group, but it showed the
highest rate of parasitism of Acyrthosiphon aphids (Rakhshani et al. 2010; Alikhani
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et al. 2013). Other important aphid on alfalfa is Therioaphis trifolii (Monel), which
has two specific parasitoids, Trioxys complanatus Quilis and Praon exsoletum
(Nees). Other parasitoids are host specific with slightly different population fluctu-
ation along the season, whole the country. Both species can be found together in
many parts of the country, but Trioxys complanatus is more common in late spring,
when the temperature starts the increasing. Aphis craccivora Koch is a permanent
member of alfalfa aphids in early season, has its own parasitoid complex (Rakhshani
et al. 2005a), which some of them, especially Lysiphlebus fabarum are rather
common in alfalfa fields. Other parasitoids including, Aphidius platensis Brethes
and Diaeretiella rapae (M’Intosh) can be found in association with this aphid, but as
occasional member with less value of regulatory effect. Ephedrus persicae Froggatt
was also found parasitizing this aphid in Sistan plain (Rakhshani et al. 2006a),
sourcing from the nearby cereals fields.

Sporadically researches have been done on the aphid parasitoids in fruit orchards
in various regions of Iran (Rakhshani et al. 2005b, 2008a; Jafari et al. 2011; Jafari
and Modarres Awal 2012; Nazari et al. 2012; Barahoei et al. 2013), supplemented by
an additional compilation on the aphid parasitoids, which occurred in pome and
stone fruit trees (Rakhshani 2012). The latter contribution supplied the major list of
the known parasitoid species attacking common aphids on various host plants
categorized as economically important species grown in commercial orchards. The
pesticide application is impartible element of the agricultural operations in fruit
orchards, but the aphid parasitoid could survive in very small areas, escaped from
the treatments. Parasitoids of the leaf curling aphids may also be protected from the
contact insecticides. Numerous species of the aphids belonging to various genera are
feeding on the leaves, branches and even trunk of the fruit trees, which differ in
biology and associated parasitoids. Many of them have also shared host plants inside
the same orchard or within the neighboring areas. In the ecological view, it should be
considered as important colonizing patches for the aphid parasitoids, too. Pauesia
antennata (Mukerji) is a strictly specific parasitoids of the giant brown peach aphid,
Pterochloroides persicae (Cholodkovsky) on its Prunaceae host plants (Rakhshani
et al. 2005b). The aphid appeared in the high populations with economically
injurious situation, which is a consequence of chemical treatment with wide spec-
trum insecticides. According to field observation, both parasitoid and predatory
coccinellids are rather common in the orchards without chemical treatments. List
of the parasitoids and their common host aphids in pome and stone fruit trees of Iran
is presented in Table 9.4. There are yet some unknown parasitoid species in pome
and stone fruit orchards of Iran, which seems having an obligative diapause in main
part of season. Attempts for rearing adult specimens was failed and only existence of
peculiar mummies is documented (Rakhshani 2012). Many other aphids are also
known with other fruit trees (Rezwani 2001, 2004), with or without known parasit-
oids. The pomegranate aphid, Aphis punicae Passerini has also a well-known group
of the common parasitoids, including Lysiphlebus fabarum, Aphidius platensis,
Binodoxys angelicae, Aphidius matricariae and Ephedrus persicae (Rakhshani
et al. 2008a; Talebi et al. 2009; Farrokhzadeh et al. 2014).
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9.4.2 Aphid Parasitoids in Urban Areas

Urban ecosystems are significantly influenced by an area and settlement intensity,
and green area size. In a milder zone, city parks, arboretums, road line shading
groves, and small private gardens yield a lot of plant mixes composed from orna-
mentals, shady species, fruit trees, and vegetable crops. More or less, various kinds
of weeds are present, everywhere yield a usually rich aphid and parasitoid fauna, to
be considered even what their interactions and possible management concerns

Table 9.4 Aphid parasitoids and their hosts in pome and stone fruit trees in Iran

Parasitoids species Host aphids

Aphidius matricariae
Haliday

Aphis pomi de Geer; Aphis spiraecola Patch; Brachycaudus
amygdalinus (Schouteden); Brachycaudus cardui (L.); Brachycaudus
helichrysi (Kaltenbach); Brachycaudus persicae (Passerini); Myzus
cerasi (Fabricius); Myzus persicae (Sulzer); Ovatus insitus (Walker);
Rhopalosiphum padi (L.)

Aphidius platensis
Brethes

Brachycaudus amygdalinus (Schouteden); Myzus persicae (Sulzer);
Phorodon humuli (Schrank)

Aphidius transcaspicus
Telenga

Hyalopterus amygdali (Blanchard); Hyalopterus pruni (Geoffrey)

Binodoxys acalephae
(Marshall)

Aphis pomi de Geer; Aphis spiraecola Patch

Binodoxys angelicae
(Haliday)

Aphis pomi de Geer; Aphis spiraecola Patch

Diaeretiella rapae
(M’Intosh)

Myzus persicae (Sulzer)

Ephedrus cerasicola
Starý

Dysaphis plantaginea (Passerini); Myzus cerasi (Fabricius); Myzus
persicae (Sulzer)

Ephedrus persicae
Froggatt

Brachycaudus amygdalinus (Schouteden); Brachycaudus helichrysi
(Kaltenbach); Dysaphis plantaginea (Passerini); Dysaphis pyri (Boyer
de Fonscolombe); Dysaphis reaumuri (Mordvilko); Hyalopterus
amygdali (Blanchard); Myzus cerasi (Fabricius); Myzus persicae
(Sulzer); Phorodon humuli (Schrank)

Ephedrus plagiator
(Nees)

Brachycaudus helichrysi (Kaltenbach); Dysaphis pyri (Boyer de
Fonscolombe)

Lysiphlebus fabarum
(Marshall)

Aphis pomi de Geer; Aphis spiraecola Patch; Brachycaudus
amygdalinus (Schouteden); Brachycaudus helichrysi (Kaltenbach);
Brachycaudus persicae (Passerini); Dysaphis plantaginea (Passerini)

Pauesia antennata
(Mukerji)

Pterochloroides persicae (Cholodkovsky)

Praon abjectum
(Haliday)

Brachycaudus cardui (L.)

Praon volucre
(Haliday)

Aphis pomi de Geer; Brachycaudus amygdalinus (Schouteden);
Brachycaudus cardui (L.); Brachycaudus helichrysi (Kaltenbach);
Brachycaudus persicae (Passerini); Dysaphis pyri (Boyer de
Fonscolombe); Hyalopterus amygdali (Blanchard); Hyalopterus pruni
(Geoffrey); Myzus persicae (Sulzer)
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(Fig. 9.4). In the subtropical zone and up to the semi desert and desert zones the plant
diversity may even be very rich up to respectively reduced, the same with the aphid
and parasitoid associations (Pons and Lumbierres 2004; Mossadegh et al. 2011,
2016). The composition of plants, aphids and parasitoids is usually reduced to some
mostly common pests on the cultivated plants and weeds.

Fig. 9.4 The common aphids and their parasitoids on poplar and willows: (a, b) Chaitophorus
salijaponicus nigerMordvilko and Chaitophorus leucomelas Koch on Salix sp. and Populus nigra,
respectively parasitized by Adialytus salicaphis (Fitch); (c) Aphis farinosa Gmelin on Salix
sp. parasitized by Lysiphlebus confusus Tremblay & Eady; (d) Pterocomma sp. on Salix
sp. parasitized by Euaphidius cingulatus (Ruthe); (e) colony of Tuberolachnus salignus (Gmelin)
on Salix sp.; (f) Pemphigus spirothecae Passerini parasitized by Monoctonia vesicarii Tremblay
(and including hyperparasitoid) inside the leaf galls; (g) Colony of Eriosoma lanuginosum (Hartig)
on leaves of Ulmus carpinifolia parasitized by Areopraon lepelleyi (Waterson)
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Poplar and willows are the major ornamental trees both in urban areas and natural
bio-corridors in Iran. They are plants of the same family, and share the pest aphids of
at least same genera, Chaitophorus Koch and Pterocomma Buckton. Many other
aphids belonging to the genera Aphis Linnaeus, Cavariella del Guercio,
Tuberolachnus Mordvilko and Plocamaphis Oestlund are exclusively associated
with willows. Two latter genera have not known parasitoids in Iran, while the rest
encompass a moderately rich parasitoid assemblage (Rakhshani et al. 2007b).
Chaitophorus aphids both on poplars and willows have known to be parasitized in
early season by a well-adapted parasitoid, Adialytus salicaphis (Fitch). The parasit-
oid indicated the ability to handle whole the colonies on a single patch. There are no
studies on the biology of this species and the existence of separate species on poplars
and willows is not accepted. Euaphidius cingulatus (Ruthe) is the parasitoid of
Pterocomma aphids on both group of host plants and occasionally has been observed
in urban areas. It is a moderately large species that can parasitized the large
individuals of Pterocomma aphids, but never found in association with
Tuberolachnus aphids, even where it was colonized on the nearby branches.

The poplars host also other aphids of the genera Pemphigus Hartig and
Phelomyzus de Horváth in Iran. No parasitoid species is recorded from the latter
species in the world. Pemphigus species were found heavily parasitized by
Protaphelinus nikolskayae (Yasnosh) (Hymenoptera: Aphelinidae) in north central
part of Iran with parasitism rate of 50–98% (Rakhshani et al. 2007b). It is a specific
parasitoid of Pemphigus species inside the galls as a closed micro-ecosystem. A rare
parasitoid,Monoctonia vesicarii Tremblay was found in association with Pemphigus
spirothecae Passeriini on Populous nigra in the area from north central to north
western parts of the country (Ghafouri-Moghaddam et al. 2012; Rakhshani et al.
2015a). It is a parasitoid of many Pemphigus species in Europe and is known having
only one generation per year (Starý 1968; Tremblay 1991; Rakhshani et al. 2015a).
Despite lacking the information about efficacy and parasitism rate of Monoctonia
vesicarii, it can be expected as main bio-control agent of Pemphigus species both in
natural and urban area. It is a very specific and ecologically adapted parasitoid,
emerging from the diapaused mummies early in the season to find the fundatrix
aphid before enclosing inside the galls. The fundatrix aphid will lose its reproduction
capacity or possibly produce very few progenies, then it becomes mummified. The
parasitoid remains inside the mummy until the next spring as mature diapaused larva
or pupa.

Various species of coniferous plants are the main elements of the evergreen areas
in urban ecosystems. Pines (Pinus spp.), cypress (Cedrus, Cupressus spp.,
Juniperus, Thuja), and spruce (Picea) are the well-known conifers planted as
ornamental trees in the cities. The Lachninae aphids are associated with these plants
and can be the serious pests in the absence of their natural enemies, especially the
parasitoids. Aphid species of the genera Cinara Curtis are frequently active on these
plants, and Eulachnus spp. are living on pines, as well. Majority of these aphids have
been considered as invasive species imported along with the seedlings of their host
plants. Therefore, except a few cases, no parasitoid species was detected (Starý et al.
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2005). The large populations of Cinara cedri Mimeur make a considerable amount
of honeydew around the tree and greatly disrupt its ornamental values.

The situation is worse, in the case of Eulachnus species on pines, where the aphid
honeydew makes a sticky surface on glass of the cars stopped under the trees. All of
these aphids have their own specific parasitoids at their area of origin. Species of the
genus Pauesia Quilis are the most common and well known parasitoids of Cinara
aphids on conifers in (Europe, Far East, Oriental region, North America). A single
species Pauesia hazratbalensis Bhagat is detected on Thuja orientalis in association
with its common aphid, Cinara thujafilina (Del Guercio) in north central (Starý et al.
2005) and north eastern (Rakhshani et al. 2012b) parts of Iran. It is necessary to
make program for introduction of some efficient parasitoid species for the rest of
coniferous aphids, especially Eulachnus species. Diaeretus leucopterus (Haliday) is
a taxonomically closely related species to Pauesia and known as the specific
parasitoid of Eulachnus aphids. It is widely distributed in Europe (Kavallieratos
et al. 2004) and even in North Africa (Ben Halima et al. 2020). Rose (Rosa spp.),
including a number of famous and popular flowering shrubs, which categorized as
the most common ornamental plants in gardens and outdoors. Many aphids are
known attacking various commercial rose (Rezwani 2001) causing defoliation,
reducing the ornamental value of the flowers and transmitting the viral diseases.
Among them, some species including Macrosiphum rosae (L.), Amphorophora
catharinae (Nevsky), Aphis craccivora Koch, Aphis gossypii Glover,Wahlgreniella
nervata (Gillette) are frequently encountered in the urban areas. Fortunately, there
are active parasitoids associated with all of this aphid species in their local area of
plantations (Table 9.5). The application of chemical pesticides is restricted in both
urban areas and where commercial varieties for the scent extraction (Golab, Rose-
water) are planted. However, no attempt is done for application of the aphid
parasitoids, even at higher level of infestations, which most probably may have an
economical basis. Amphorophora catharinae (Nevsky) and its specific parasitoid,
Aphidius popovi Starý seems not endemic to Iran, and accidentally arrived together
with host plant material (Rakhshani et al. 2008a). Betuloxys hortorum (Starý) and
Praon flavinode (Haliday) are known as parasitoids of Tinocallis aphids on elms

Table 9.5 The common aphids and their parasitoids associated with Rosa spp. in Iran

Aphids Parasitoids

Metopolophium dirhodum
(Walker)

Aphidius platensis Brethes; Praon volucre (Haliday)

Wahlgreniella nervata
(Gillette)

Aphidius ervi Haliday; Aphidius matricariae Haliday

Amphorophora
catharinae (Nevsky)

Aphidius popovi Starý; Praon volucre (Haliday)

Macrosiphum rosae (L.) Aphidius rosae Haliday; Praon rosaecola Starý; Praon volucre
(Haliday)

Aphis gossypii Glover Lysiphlebus fabarum (Marshall)

Aphis craccivora Koch Lysiphlebus fabarum (Marshall); Binodoxys acalephae (Marshall);
Aphidius platensis Brethes
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(Ulmus spp.) (Starý et al. 2000; Barahoei et al. 2013). Trioxys pallidus was also
reared from Tinocallis species on elms in urban areas.

Furthermore, there are many gall making aphids of the genera Eriosoma Leach,
ColophaMonell, Kaltenbachiella Schouteden, Tetraneura Hartig are living on elms
(Rezwani 2001, 2004), free of parasitoid. Areopraon lepelleyi (Waterson), is
recently recorded as a parasitoid of Eriosoma lanuginosum (Hartig) on Ulmus
carpinifolia (Kazemzadeh et al. 2009; Rakhshani et al. 2012b). Because of various
reasons, especially activity of the predatory bugs, these aphids have no economic
importance.

9.4.3 Aphid Parasitoids in Natural Ecosystems, Economically
Indifferent Species

It has already been confirmed that the majority of species can be found in natural
ecosystems with considerably higher rate of diversity both in flora and fauna
(Alikhani et al. 2013; Nazari et al. 2012; Barahoei et al. 2013; Taheri and Rakhshani
2013). It is critically important to understand the species diversity and the trophic
networks for both aphids and their parasitoids in the simple or complex natural
environments. Many aphid species are strictly associated with the host plant, which
never considered for the economic purposes by the human. From the same group,
there are even very rare species, which has not even a single recorded parasitoid. It is
clear that the phrase of economically indifferent species directly refers to the
importance of the host plant. The point is on the other hand, aphids which are the
host of parasitoid species manifesting a broader host range including the economi-
cally important aphids. These group of parasitoids can colonize on these alternative
hosts out of growing season, then they can recover their population on the aphids on
crops. A list of economically indifferent aphid species with their parasitoids is
presented in Table 9.6. There are two groups of parasitoid species: a) the species
that are associated with aphids living solely on few non-economic host plants; b) the
parasitoids species associated with the aphids that encountered on various host plant
including economic species (Agricultural, ornamental, etc..). The second group are
generally the parasitoids with broader host range that can occasionally be considered
as economically important species. In some cases, the aphid may have different
parasitoids on different host plants. The similar consequences can be simply hap-
pened for the holocyclic aphids living on two different host plant groups. Generally,
parasitoids are dispersing, where the alate aphids migrate in the late season.
Depending on preference of the parasitoids, they may share the same host aphid in
two different habitats or even move to the colony of second aphid species, living on
the secondary host plant. As it is shown in Table 9.6, Macrosiphoniella aphids are
not economically important species. They are generally associated with Artemisia
and do not have any direct connection with crops, as well as their aphidiine
parasitoids (Kavallieratos et al. 2004; Starý 2006).
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The same situation is also known for the Uroleucon aphids, which manifest a
similar parasitoid assemblage, in part (Rakhshani et al. 2006a, b). Ephedrus niger
and Binodoxys centaureae (European species) are the most common parasitoids
attacking aphids of both genera. Praon unitum Mescheloff & Rosen is also an
uncommon parasitoid of the same group (Fig. 9.5).

There are also some generalist parasitoids, especially Praon volucre (Haliday)
which have a considerably wider host range (Rakhshani et al. 2007a, b). Except a
few cases, the parasitoid complex of Macrosiphoniella aphids is a good

Table 9.6 Aphid parasitoids associated with economically indifferent aphids and the representa-
tive host plants in Iran

Parasitoid Host aphids Host plant Importance

Aphidius absinthii
Marshall

Macrosiphoniella
spp.

Artemisia spp. Indifferent

Aphidius asteris Haliday Macrosiphoniella
spp.

Artemisia spp. Indifferent

Aphidius funebris
Mackauer

Uroleucon spp. Acroptilon, Centaurea,
Chondrilla, Conyza, Sonchus,
Tragopogon

Important

Aphidius iranicus
Rakhshani & Starý

Coloradoa spp. Artemisia spp. Indifferent

Aphidius persicus
Rakhshani & Starý

Uroleucon spp. Artemisia, Chondrilla,
Lactuca, Launaea, Picnomon,
Sonchus

Indifferent

Aphidius stigmaticus
Rakhshani & Tomanović

Macrosiphoniella
spp.

Tanacetum polycephalum Indifferent

Aphidius urticae Haliday Microlophium
carnosum

Urtica dioica Indifferent

Ephedrus niger Gautier,
Bonnamour & Gaumont

Macrosiphoniella
spp.
Uroleucon spp.

Chysanthemum, Chondrilla,
Acroptilon, Sonchus, Conyza

Important

Lysiphlebus desertorum
Starý

Protaphis spp. Artemisia spp. Important

Praon absinthii Bignell Macrosiphoniella
spp.

Artemisia spp. Indifferent

Praon orpheusi
Kavallieratos, Athanassiou
& Tomanović

Hyperomyzus
lactucae (L.)

Sonchus spp. Indifferent

Praon unitum Mescheloff
& Rosen

Uroleucon spp. Acroptilon, Sonchus Indifferent

Praon yomenae Takada Uroleucon spp. Acroptilon,Centaurea,
Cichorium, Launaea,
Picnomon, Sonchus

Important

Trioxys metacarpalis
Rakhshani & Starý

Chaitaphis
tenuicaudata
Nevsky

Kochia scoparia Indifferent

Trioxys panonnicus Starý Titanosiphon sp. Artemisia spp. Indifferent

Trioxys tanaceticola Starý Coloradoa spp. Artemisia spp. Indifferent
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representative of the Western Palaearctic region. Aphidius absinthii Marshall
(including Aphidius asteris Haliday) can be considered as a the most adapted
parasitoid species attacking about 30 species of Macrosiphoniella del Guercio,
followed by Ephedrus niger Gautier, Bonnamour & Gaumont (10 species) in the
Palaearctic region (Fig. 9.6). Aphidius phalangomyzi Starý and Praon absinthii
Bignell are also the strictly specific parasitoids of Macrosiphoniella aphids on
Artemisia, but Trioxys pannonicus Starý is a parasitoid of Titanosiphon Nevsky
aphids on the same host plant and its association with Macrosiphoniella seems
erroneous and needs further investigations. The same problem is also existing for
Aphidius arvensis (Starý) – a parasitoid of Coloradoa Wilson as well. Since their
Asteraceae host plants represent an important part of environmental structure, both
Macrosiphoniella and Uroleucon Mordvilko aphids are very common around agro-
ecosystems and can play important role in association with broadly oligophagous
parasitoids, as well as the predatory insects.

9.5 Negative Agents on the Efficieny of Aphid Parasitoids

9.5.1 Hyperparasitoids

Hyperparasitoids, which are commonly known as “secondary parasitoids” are group
of insects which their progeny develops on a primary parasitoid (Sullivan 1987).
Many studies have been conducted on the various aspect of the biology (Höller et al.
1993; Brodeur and McNeil 1994), ecology (Mackauer and Völkl 1993; Völkl et al.

Fig. 9.5 Categorization of parasitoids ofMacrosiphoniella aphids based on their host range. (Data
from Rakhshani et al. 2011)
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1994), behavior (Völkl and Kranz 1995; Hübner and Völkl 1996; Völkl and Sullivan
2000) and taxonomy (Ferrer-Suay et al. 2013a, b, c, 2014a, b, 2015) of the aphid
hyperparasitoids, worldwide. The relevant classification of the aphid
hyperparasitoids, as well as their general ecology can be found in Sullivan (1987)
and in Sullivan and Völkl (1999). Aphid hyperparasitism is evolved within three
superfamily of hymenoptera including Chalcidoidea, Ceraphronoidea and
Cynipoidea. Few genera of the large families within Chalcidoidea are the aphid
hyperparasitoids including Asaphes Walker, Coruna Walker, Euneura Walker and
Pachyneuron Walker (Pteromalidae), among them the Pachyneuron aphidis
(Bouché) is rather common in association with many aphid parasitoid complexes
(González et al. 1978; Talebi et al. 2009; Rakhshani et al. 2004b, 2005b, 2009; Farsi
et al. 2010; Darsoei et al. 2011; Amini et al. 2012; Jahan et al. 2013; Nematollahi
et al. 2014). Pachyneuron solitarium (Hartig) has recently been recorded as
hyperparasitoid of Monoctonia vesicarii Tremblay, a parasitoid of the gall making
aphid, Pemphigus spirothecae Passerini on Populus nigra (Ghafouri-Moghaddam
et al. 2014). Asaphes suspensus (Nees) is another common aphid hyperparasitoid in
Iran (Lotfalizadeh and Gharali 2008; Mitroiu et al. 2011), known to occurs across the
entire Holarctic region (Noyes 2019). There is no record of the genus Conura in Iran
and no host data is also documented for Euneura lachni (Ashmead), except in
association with Pauesia antennata/Pterochloroides persicae (Rakhshani et al.
2005b). A single record of aphid hyperparasitism within the genus Tetrastichus

Fig. 9.6 Comparison of host ranges for the member ofMacrosiphoniella-parasitoid complex in the
Palaearctic region. (Data from Rakhshani et al. 2011)
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Walker (Eulophidae) has also presented in the aforementioned citation. Many
Pteromalidae hyperparasitoids are considered in general association with various
host aphids and their parasitoids (Kamijo and Takada 1973; Sullivan 1987). Among
the chalcidoids, an aphelinid, Marietta picta (André) has generally been known as a
hyperparasitoid of the mealy bugs (Talebi et al. 2010; Fallahzadeh et al. 2011),
coccids (Arnaoudov et al. 2006) and even the psyllids (Mehrnejad and Emami
2005), but it is also found as aphid hyperparasitoid.

One of the most common aphid hyperparasitoids is Syrphophagous aphidivorus
(Mayr) belonging to the large family Encyrtidae. The female parasitoid has a distinct
preference on the mummified aphid, in which the host aphid is killed and the primary
parasitoid is already pupated (Buitenhuis et al. 2004). It can be a competitive
behavior to other hyperparasitoids (Matejko and Sullivan 1984) and may reduce
the risk of later attack of the host by other female hyperparasitoids (Roitberg and
Mangel 1988). On the other hand, it can be rather destructive in the mass reared
colonies of aphid parasitoids, where a single foraging female can destroy several
mummies in few hours.

Dendrocerus carpenteri (Curtis) is also a common aphid hyperparasitoid that has
been recorded in various regions of the country both in field crops and fruit orchards
(Rezaei et al. 2006; Rakhshani et al. 2009; Darsoei et al. 2011; Jafari and Modarres
Awal 2012; Rakhshani 2012; Farsi et al. 2014). Members of the superfamily
Cynipoidea are known as phytophagous group, but surprisingly majority of them
are parasitoids of other insects. The genera Alloxysta and Phaenoglyphis from the
subfamily Charipinae (Figitidae) are obligatory endo-hyperparasitoids of aphids
(Carver 1992). While some patterns of host specificity are recorded for the
Charipinae aphid hyperparasitoids (Rakhshani et al. 2001; Lotfalizadeh and van
Veen 2004), it seems as only a local isolation and greatly depending on the host plant
community and ecological niches. Qualitative analysis of the trophic association for
aphid, primary parasitoids and their Alloxysta hyperparasitoids were indicated to
manifest no pattern of host specificity, but some species have few or only one host
record (Ferrer-Suay et al. 2014a).

The recent revision of Charipinae aphid hyperparasitoids in Iran revealed exis-
tence of many species occurred within a wide range of natural habitats and agro-
ecosystems (Khayrandish-Koshkooei et al. 2013; Ferrer-Suay et al. 2013a, b, 2014b,
2015). A summary of the recorded Charipinae from Iran as well as their host
associations is presented in Table 9.7. As a general framework for the future studies
both on host associations and biological control programs, it is necessary to pay
enough attention to the associated hyperparasitoids.

In the native area, the hyperparasitoids are believed to have a regulatory role of
the population dynamic of both aphids and their parasitoids (Bennett 1981;
Mackauer and Völkl 1993), but long-term, multi-generation experiments are needed
to test the hypothesis of stabilizing effects by the hyperparasitoids on the herbivore-
parasitoid interaction (Rosenheim 1998).
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Table 9.7 Charipinae aphid hyperparasitoids and their host associations in Iran

Hypeparasitoids
Primary
parasitoids Host aphids

Alloxysta arcuata
(Kieffer)

Adialytus
ambiguus

Sipha maydis

Aphidius ervi Sitobion avenae

Aphidius
matricariae

Aphis craccivora; Brachycaudus helichrysi;
Capitophorus similis

Aphidius
rhopalosiphi

Schizaphis graminum

Aphidius
rosae

Macrosiphum rosae

Binodoxys
acalephae

Aphis craccivora; Aphis fabae

Diaeretiella
rapae

Aphis fabae; Brevicoryne brassicae; Rhopalosiphum padi

Ephedrus
persicae

Aphis fabae

Lysiphlebus
fabarum

Aphis craccivora; Aphis fabae; Aphis gossypii; Aphis
idaei; Aphis nerii; Aphis rubiae; Aphis urticata;
Brachycaudus tragopogonis

Praon
exsoletum

Therioaphis trifolii

Praon volucre Aphis fabae; Uroleucon sonchi

Alloxysta brevis
(Thomson)

Adialytus
ambiguus

Sipha elegans

Adialytus
salicaphis

Chaitophorus sp.

Aphidius ervi Sitobion avenae

Aphidius
matricariae

Aphis craccivora, Aphis fabae, Aphis umbrella, Aphis
solanella

Aphidius
salicis

Cavariella sp.

Binodoxys
acalephae

Aphis fabae

Diaeretiella
rapae

Aphis fabae, Aphis gossypii

Ephedrus
persicae

Aphis fabae

Lysiphlebus
fabarum

Aphis craccivora; Aphis punicae; Aphis fabae, Aphis
umbrella; Aphis origani; Aphis gossypii, Aphis solanella;
Aphis terricola

Praon volucre Aphis fabae

Alloxysta castanea
(Hartig)

Trioxys
asiaticus

Acyrthosiphon gossypii

Aphidius
persicus

Uroleucon sonchi

(continued)
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Table 9.7 (continued)

Hypeparasitoids
Primary
parasitoids Host aphids

Alloxysta
circumscripta
(Hartig)

Ephedrus
niger

Uroleucon sp.

Praon
yomenae

Uroleucon sp.; Uroleucon sonchi

Alloxysta citripes
(Thomson)

Trioxys
pallidus

Chromaphis juglandicola

Alloxysta darci
(Girault)

No host
record

No host record

Alloxysta
erythrothorax
(Hartig)

Praon volucre Aphis fabae

Alloxysta
fuscicornis
(Hartig)

Aphidius
platensis

Aphis fabae

Lysiphlebus
fabarum
Diaeretiella
rapae

Aphis fabae
Brevicoryne brassicae

Alloxysta
macrophadna
(Hartig)

Aphidius
uzbekistanicus

Sitobion avenae

Alloxysta
melanogaster
(Hartig)

Aphidius ervi Sitobion avenae

Alloxysta mullensis
(Cameron)

Aphidius ervi Sitobion avenae

Aphidius
matricariae

Aphis craccivora; Aphis umbrella

Binodoxys
acalephae

Aphis umbrella

Diaeretiella
rapae

Aphis sp.

Lysiphlebus
fabarum

Aphis craccivora; Aphis fabae; Aphis gossypii; Aphis
umbrella

Trioxys
pallidus

Chromaphis juglandicola

Alloxysta pleuralis
(Cameron)

Unknown Aphis gossypii

Alloxysta pusilla
(Kieffer

Lysiphlebus
fabarum

Aphis nasturtii Kaltenbach; Aphis fabae

Alloxysta
ramulifera
(Thomson)

Adialytus
ambiguus

Sipha maydis

Alloxysta ruficollis
(Cameron)

Aphidius
platensis

Aphis nerii

Alloxysta tscheki
(Giraud)

Aphidius ervi Sitobion avenae

Aphidius
uzbekistanicus

Sitobion avenae

(continued)
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Table 9.7 (continued)

Hypeparasitoids
Primary
parasitoids Host aphids

Alloxysta ullrichi
(Giraud)

Aphidius
funebris

Uroleucon sonchi

Alloxysta victrix
(Westwood)

Aphidius
absinthii

Macrosiphoniella abrotani

Aphidius
salicis

Cavariella sp.

Lysiphlebus
fabarum

Aphis craccivora; Aphis fabae; Aphis urticata

Phaenoglyphis
villosa (Hartig)

Adialytus
ambiguus

Sipha maydis

Adialytus
salicaphis

Chaitophorus pakistanicus

Adialytus
veronicaecola

Aphis gossypii

Aphidius
persicus

Uroleucon sonchi

Aphidius
platensis

Aphis fabae; Schizaphis graminum;

Aphidius
rosae

Macrosiphum rosae

Aphidius
smithi

Acyrthosiphon pisum

Aphidius ervi Sitobion avenae

Aphidius
matricariae

Aphis craccivora; Aphis solanella; Capitophorus similis;
Myzus persicae; Schizaphis graminum

Aphidius
transcaspicus

Hyalopterus pruni

Binodoxys
acalephae

Aphis fabae

Binodoxys
angelicae

Aphis fabae

Diaeretiella
rapae

Aphis craccivora; Aphis fabae; Brevicoryne brassicae;
Rhopalosiphum padi; Lipaphis pseudobrassicae; Myzus
persicae; Schizaphis graminum

Ephedrus
niger

Uroleucon sp.

Ephedrus
persicae

Aphis fabae

Lysiphlebus
fabarum

Aphis affinis; Aphis craccivora; Aphis fabae; Aphis nerii;
Aphis origani

Praon
abjectum

Aphis solanella

Praon
barbatum

Acyrthosiphon pisum

(continued)
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9.5.2 Predators

Despite the relative trophic simplicity in the agroecosystems, the associated aphids
generally have a series of multiple natural enemies (Dixon 1998), interacting with
each other in various ways including predation (Snyder and Wise 1999; Symondson
et al. 2002). Direct and indirect interactions may occur through shared natural
enemies (predators and parasitoids) of the aphids, which may have various conse-
quences both on community structure and biocontrol impact (van Veen et al. 2008).
The natural sequence of the parasitism on an aphid species starts usually prior to the
peak and increases in the population peak-decrease state. At this state, also the effect
and interactions with the other natural enemies becomes important. Immature stages
of the aphid parasitoids may be attacked by hyperparasitoids and the predators, as
well (Al-Rawy et al. 1969). This is a common trophic relation within the insect
communities (Rosenheim et al. 1995). The predatory insects normally kill the other
members of the same guild, therefore they reduce the potential competition and also
benefited by them as a food source. It is generally known as intra-guild predation
(Brodeur and Rosenheim 2000). The generalist predators like carabids interrupting
aphid population control by the specialist parasitoids. They are able to climb into
plants and prey upon the mummies, actively (Snyder and Ives 2001). The effects of
intra-guild predation cannot be defined in a simple way, since it is capable to produce
diverse impacts on biological control of herbivorous insects (Diehl 1993).

The aphids attacked by the parasitoids, usually remain active on the host plants
and continue feeding and even producing few number of progenies. The parasitized
aphids becoming less active with growth of the parasitoids, while staying among the
colonies or leaving for the nearby branches/leaves, being mummified. The dead
aphids containing the mature larva or pupa of parasitoid may be more vulnerable
comparing to the healthy aphids. Larvae and adults of various species of
coccinellids, larvae of the lacewings, adults and nymphs of the anthocorids and
nabids, as well as the larvae of syrphid flies and chamaemyiids are the major
predatory guild members associated with aphid colonies, many of them are gener-
alist and are not strictly dependent to their host. The predatory insects like

Table 9.7 (continued)

Hypeparasitoids
Primary
parasitoids Host aphids

Praon
rosaecola

Macrosiphum rosae

Praon volucre Aphis fabae; Schizaphis graminum; Uroleucon cichori;
Uroleucon sonchi

Praon
yomenae

Uroleucon sonchi

Trioxys
pallidus

Chromaphis juglandicola

Data compiled from Ferrer-Suay et al. (2013a, b, 2014b, 2015)
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ceccidomyiid larvae and coccinellids showed no preference for healthy or parasit-
ized (mummified) aphids (Colfer and Rosenheim 2001; Brodeur and Rosenheim
2000). The mummy provides not enough protection for the parasitoid, since it can
easily be torn by the mandibles of the coccinellids or pierced by the stylets of
predatory bugs and lacewings. The small bite can also result in fatal effects of the
pupa or led to emergence of a defective adult. It is not always easy to recognize the
attacked mummies of the second group, indicated only by small holes with darkened
margins. Dense aggregations of aphidiine mummies may be preyed upon through
sucking by the mandibles of the chrysopid larvae, which results in the presence of
two very small apertures in a mummy which is but actually dead and empty
(Al-Rawy et al. 1969). The larvae of syrphid flies are likely have less preference
on the parasitized aphids, since they are either unable to open the mummy with their
mouthparts or they could not recognize the mummies as suitable food source/pray
(Meyhöfer and Klug 2002).

It is evident that the parasitized aphids produce more honeydew, that is likely
attracting the aphid predators (Carter and Dixon 1984), therefore the parasitized
aphids are more vulnerable to the attacks by predators which use honeydew as
contact kairomone. Predation on the mummies by the coccinellids can be very
heavy in the field (Colfer and Rosenheim 2001). The heavy predation may disrupt
regulation of host aphid populations by the parasitoids. On the other hand, the
successful results of the combined effects by the aphid parasitoids and predators
(Rosenheim et al. 1997) cannot be overlooked. The effects of natural enemies in this
system are non-additive (Snyder and Ives 2003). Ecologically, the competitive
interaction of the predator-parasitoid can suppress efficiency of parasitoid, but the
predator can regulate the population of the pest aphid, solely (Costamagna et al.
2007) or within a diverse assemblage of the predators (Snyder et al. 2006). In the
positive view, the predators may have a regulatory effect on the parasitoids on the
same way that suggested for the hyperparasitoids. The negative effect of predation
has a dynamic nature and can be affected by the habitat complexity (Janssen et al.
2006), migrations (Briggs and Borer 2005), or the availability of alternative
resources (Daugherty et al. 2007).

The adult parasitoids can also be preyed by the predatory insects. It is not a rare
phenomenon, when the anthocorids feed on the adult aphid parasitoids among the
aphid colony. The carabids, lady beetles and staphylinid beetles as well as the
spiders are known as predators of the adult aphid parasitoids (Traugott et al.
2012). There are some evidences indicated the existence of some behavioral or
chemical defensive behavior in the adult parasitoids against the generalist predators
(Godfray 1994; Völkl 1997; Wells et al. 2001), but it needs to be further investigated
in the case of aphid parasitoids. The situation is more complicated in the case of
some parasitoids, like Lysiphlebus fabarum (Marshall), which adapted in the
ant-attending aphid colonies. The ants act as effective guards for the tended aphids
in warding off the predators (Jiggins et al. 1993). In the absence of protecting ants,
all developmental stages of L. fabarum suffered from a high risk of predation.
Foraging females of L. fabarum did not show an effective defence behavior even
in direct confrontations with the predator species, while they are able to kill the adult
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parasitoid, readily (Meyhöfer and Klug 2002). Foraging female of Aphidius ervi
make patch leaving decisions according to both the relative requirements for ovipo-
sition and avoidance of intraguild predation, which may be adjusted by adult
experiences (Nakashima and Senoo 2003). The parasitoid is able to utilize indirect
cues of the predator, which has recently been removed (Taylor et al. 1998). This
might have a chemical basis that left either by the predator or even the alarm
pheromones of the reacting aphids. The spiders are group of generalist predators,
the adult parasitoids caught within their web, and even have been eaten as prey.
These interactions were studied in the case of some aphidiine, partly (Völkl and
Kraus 1996), but may have a large impact on the efficiency of parasitism, where the
spiders are rather common.

9.5.3 Agricultural Activities

The naturally heterogeneous and complex environments including grasslands, for-
ests, hedgerows, and other semi-natural habitats are well-balanced in the propor-
tions. The agricultural activities, transforming these habitats into homogeneous and
simple landscapes dominated with preferred field crops. Agro-technical activities
greatly change the insect community structure and may significantly interrupt the
population-relations between the aphid and parasitoids. The simplified agro-
ecosystems cannot maintain high populations of the natural enemies (Perović et al.
2010; Jonsson et al. 2012), while common agricultural practices including applica-
tion of pesticides, tillage, habitat isolation, and harvesting, require arthropods to
frequently recolonize crops (Wissinger 1997) and make severe reductions on their
population density. Disturbance caused by the agricultural activities by the human
and the habitat isolation resulting the significant decreases in biodiversity and disrupt
the structure of resident communities (Andrade et al. 2015). Aphid parasitoids are
very susceptible to environmental changes, and simply lose their natural habitat or
any transformation in the farmlands (Brewer et al. 2008; Lohaus et al. 2013).
Population of the aphid parasitoids sharply disappear after each harvesting step
and they can start with delays, after the successful establishment of their hosts.
Periodic harvesting of alfalfa affects adversely the aphid population as well as the
number of their parasitoids. Strip-cutting program might be adapted in
respective time.

The effects of fertilizers, as a common agricultural element on efficiency of the
aphid parasitoids surveyed partially (Garratt et al. 2010). Changes on the host plant
volatiles can affect the heterogeneity and size of the associated insect community
including aphid parasitoids (Krauss et al. 2007). Suitability of the host can also be
affected through fertilizer treatment and subsequently influences on fitness and
abundance of the aphid parasitoids. Results of the experiments conducted by Garratt
et al. (2010) indicated fertilizer treatments that improve fitness of the cereal-aphid
(Metopolophium dirhodum Walker) will also improve the fitness of parasitoid
(Aphidius ervi Haliday), measured by parasitoid size, but may not influence
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percentage of parasitism. Applications of both fertilizers and pesticides is believed to
result in losses in the biodiversity and habitat degradation.

There is yet great debate about how the agricultural activities affect the species
diversity (Tylianakis et al. 2007; Vollhardt et al. 2008; Gagic et al. 2012). Currently
the definition of “Agricultural landscape” is largely accepted in the pest management
strategies. In such system, there are habitats that provide alternative food sources,
shelter and overwintering sites for the aphid parasitoids according to their compo-
sition (Landis et al. 2000; Roschewitz et al. 2005; Bianchi et al. 2006; Liu et al.
2013). In some cases, the positive effects of managed agricultural activity on the
species diversity have been evidenced (Hole et al. 2005). In the local survey by
Alikhani et al. (2013), greater values of species diversity for the aphid parasitoids
were found comparing the non-cultivated areas. In the small scale it was interpreted
as negative effects of the desertic climate in the non-cultivated areas (in Markazi
province), which is not favourable for the development of both plants and aphids.
The agricultural activities, on the other hand provide enough irrigated areas
favouring the environments for growth of many host plants the aphids and their
parasitoids.

Application of pesticides has also significant effect on the efficiency of the aphid
parasitoids, and other natural enemies, as well (Bacci et al. 2009). Conventional
insecticides readily kill majority of the foraging female parasitoids and reduce their
survival rate. Sub-lethal effects of the pesticides led to further changes in the life
history parameter of the aphid parasitoids including developmental time, fecundity,
longevity, egg viability, sex ratio, host selection, foraging behavior and habitat
preference (Desneux et al. 2004, 2006; Rezaei et al. 2014). Indirect exposure to
spray droplets, or through contact with residue of insecticides on the host plant
foliage, as well as feeding on contaminated honeydews are the common routes,
negatively affecting the foraging female aphid parasitoids. Feeding on the extra-
floral nectars of the plants, which their seed was treated with insecticide was found
inducing some changes in sex ratios of the offspring (Moscardini et al. 2014). Adult
parasitoids migrate into the treated area or emerge from the mummies and they can
subsequently be exposed to the insecticides, because the parasitoids spend much of
their life time foraging for food and host aphids for oviposition on the contaminated
plants.

The residue of chemical insecticides may alter behavior of the parasitoids through
disrupting activity of the central nervous system even at very small doses (Haynes
1988; Elzen 1989). The low doses of lambda-cyhalothrin was found to impair the
orientation and oviposition behaviors of Aphidius ervi (Haliday), when allocating its
host aphid, Myzus persicae (Sulzer) (Desneux et al. 2004). A single application of
insecticide is enough to destroy the whole population of the adult parasitoids;
however, the immature stages are more protected inside the body of their host
aphid. It was believed that the late developmental stages of the aphid parasitoids
inside the mummified bodies of their aphid hosts have the least susceptibility to the
conventional insecticides (Starý 1970a, b). Considering the importance of ecological
selectivity (Ripper et al. 1951) for the broad–spectrum insecticides, this period can
be an opportunity of the pesticide applications, which should be timed so that the
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major parts of parasitoid populations are in pupal stage within the mummified aphids
(Newsom et al. 1976). Even at this situation, the sub-lethal effects on the emerging
adults can be detrimental (Desneux et al. 2006; Sabahi et al. 2011; Purhematy et al.
2013; Mardani et al. 2016). Mortality of the emerging parasitoids was observed in
the case of treatment by dimethoate or deltamethrin and has assumed caused by
ingestion of insecticide residues, when the adult parasitoid was trying to cut a hole in
the mummy with its mandibles (Polgar and Sagi 1983). Aphids in alfalfa fields of
Iran have a complex of efficient parasitoids (Rakhshani et al. 2006a), which occa-
sionally help in biocontrol of the aphids in neighbouring fields, too. Normally no
chemical treatments are needed for alfalfa even at the period of outbreak in popu-
lation of its key pest, Hypera postica (Gyllenhal). It has also been strongly
prohibited because of foraging value for the livestock. Occasional application of
chemical insecticide directly reflecting the emergence of large aphid populations
represented by Acyrthosiphon pisum (Harris).

The adult parasitoid leaves the treated patches and avoid oviposition in these
areas (Longley and Jepson 1996). The catastrophic aphid mortality following insec-
ticide treatment can also result migration of the parasitoids to the nearby areas, where
they may fail to find suitable food resources. This phenomena is quite common in
isolated monocultures and cause a longer delay in establishing the new generation of
the parasitoids on the growing population of the survived aphids. Organic farming is
an alternative to the conventionally managed farms, in which a higher proportion of
semi-natural habitat are exist (Langer 2001). Inter-cropping as a model that enhances
the plants diversity (Gibson et al. 2007) and the pesticide application is prohibited
(Lampkin 1999) to improve colonization of aphid parasitoids. Within such environ-
ment, pest control process is naturally occurring by the same predators and parasit-
oids, but very efficiently in absence of the insecticides. Presence of alternate aphid
hosts, as well as food resources for the adult parasitoids enhance their efficiency in a
complex organic farming system (Langer 2001; Macfadyen et al. 2009).

9.6 Conservation of the Aphid Parasitoids

9.6.1 Concept of Refugiums for the Aphid Parasitoids

The term “refugia” has been originally used for a site or area where some rare/
endangered species have succeeded to survive. It has been used for the endemic
species, “living relics”, and potentially also for rare species which required conser-
vation and environmental protection. In this respect, the meaning still has been
respectively used. However, diversification of the landscape and namely, the devel-
opment of agroecosystems has determined some situations, where the pests as well
as useful natural enemies are concentrated and/or surviving after unfavourable
periods of the season, and may again re-expand in the environment. In the natural
plant community conservation programmes, it is easy to join it with the aphid and
parasitoids associations, as each aphid and a parasitoid is generally capable to find a
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certain trophic association in an environment, even at very low population level.
Thus, aphid-parasitoid conservation reflects the conservations of both the insect
groups. There are explicit, but small-scale evidences indicating that parasitoids
benefit from the resources in non-crop habitats and then spill over into adjacent
agricultural areas to parasitize their host insects (Starý 1975; Rand et al. 2006). Such
situations have become common today in the cultivated landscape, from the fields,
meadows, orchards, up to the urban ecosystems. A special attention also represents
so-called non-cultivated habitats such as wastelands, hedges and fallows as well as
their interactions with the nearby occurring forests. However, some crops and their
respective management may themselves also represent refugia of natural enemies
(parasitoids). The occurrence of a particular refugium can be short- or long-termed,
respectively, as well as its environmental interactions. There are different refugiums
derivable from the target enemies. For the aphidiine parasitoids, the host spectrum
and associations are important.

A target aphid-parasitoid association works also in the refugium, but sometimes
there are differences between the aphids and parasitoids. The aphids are generally
followed by the parasitoids in all the environments, but, on the other hand, the
parasitoids manifest also more or less other interactions derivable from their host
range, i.e. attacking other aphid/plant associations, apart from the target pest species.
These situations are perhaps best to be exemplified, as follows: Alfalfa is attacked by
Acyrthosiphon pisum throughout the season, with respective seasonal population
fluctuation. There is an almost obligate association with Aphidius ervi (Rakhshani
et al. 2006a), thus alfalfa works as a semi-perennial seasonal refugium of this
parasitoid, which can disperse through the other preferred host in favourable condi-
tion. However, alfalfa may be cut off- and the population association are temporarily
more or less broken until the autumn. Acyrthosiphon pisum looks for the legumes
(other alfalfa fields, peas), the parasitoid (Aphidius ervi) may find also other hosts but
both in other legumes fields or in the cereals (cereal aphids). In the annual cereals,
which are temporary refugia, the population of cereal aphids and their parasitoids
colonize on the crop (Rakhshani et al. 2008b; Tomanović et al. 2009), but seasonally
affected by crop ripening causing subsequent leave of the parasitoids and aphids into
the surrounding environment including alfalfa fields, where merely Aphidius ervi
can survive on A. pisum.

However, the situation is different for Therioaphis trifolii, another pest aphid on
alfalfa. The aphid is holocyclic on alfalfa, manifesting a different seasonal popula-
tion peak than A. pisum, both the parasitoids, P. exsoletum and T. complanatus are
specific to Therioaphis, and cannot find other host species on nearby cereals. The
only refugium are alfalfa fields in nearby areas or possible associated with same host
aphid the weeds. Strip-harvesting system is a conservation method that provided two
separate stages of alfalfa in the same field throughout the growing season (Stern et al.
1964). The more stable environment prevents emigration of the natural enemies
(Summers 1976) and provide a local refugium as expected (Hossain et al. 2000;
Rakhshani et al. 2010). In a refugium, there may be a set of other plant-aphid
associations which may be but economically indifferent if related to a target pest
aphid., i.e. wild grasses related to alfalfa likeMelilotus spp.. The effect of a refugium
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is doubtlessly also definable by the number of finding prey availability, hence more
diversified communities may also increase the role of refugium for target parasitoids.

Another aspect of a refugium is dealing with the aphids migrating to their
secondary host plant in late season. The parasitized alate aphids may also transfer
the parasitoids into the colonies in the refugium, where they can multiply for the rest
of season. Hyalopterus aphids are good example, which migrates from the weeds
(Phragmites) to plums, peaches, apricots, where it is a pest. The parasitoid,
A. transcaspicus is associated with the aphid in both these systems. So, it is not far
expected to find this parasitoid in the wetlands, where it can attack the secondary
host aphid, Melanaphis donacis (Passerini) on Arundo donax (Tomanović et al.
2012). Inter-cropping is a new agro-technical approach, which believe to increase
the diversity and population of the natural enemies and should be considered in
insect pest management programs. The alternative host plant for both pest aphid and
its parasitoids known as “reservoir” can be provided both within and outside of the
field. Preservation of the naturally growing plants (not the persistent weeds) provide
shelter and food source for the aphid parasitoids during and after the growing season.
The parasitoids can also multiply their populations on the innocuous aphid species
living on the surrounding plants (Starý 1972b; Tylianakis et al. 2004). According to
the database of the host records, it is possible to select the alternative host plants,
which can act as the best reservoirs at each agro-ecosystem. Such reservoirs of the
beneficial aphid parasitoids are investigated by various authors (Perrin 1975; Starý
1982, 1983, 1986a, b; Kavallieratos et al. 2002, 2008; Havelka et al. 2012).

9.6.2 Importance of Conservation Programs

Aphid parasitoids play an important role in natural control of the aphid population in
various habitats (Starý 1970a, b). Fauna of Iran includes a number of endemic plants
and associated food webs composed also from aphids and their parasitoids. Primar-
ily, such food webs are associated with plants and, therefore, all the conservation
programmes targeting the plants simultaneously conserve the associated webs of
aphids and parasitoids. This concerns namely the important, often endemic, but
possibly less known natural ecosystems of Iran, from the mountains to the semi-
deserts (Barahoei et al. 2013; Nazari et al. 2012; Alikhani et al. 2013; Taheri and
Rakhshani 2013). These evidences are important in the cases, where the aphid
species have their native home and are in association with their native parasitoids.

Conservation is one of the major aspect of biological control strategies that has
received the least attention, at least in the case of aphid parasitoids. It has been
defined as increase the effectiveness of natural enemies through manipulation of the
environment and agricultural landscapes, which led to enhancing the longevity,
fecundity and survival rate of the natural enemies (Cortesero et al. 2000; Landis
et al. 2000). Many farming practices can be categorized as conservation methods,
even those can relieve the unfavourable factors. Providing the supplementary food
resources, shelters and refugium within or outside the arable crop are the most
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common conservation efforts. The plant habitat manipulations (Fiedler et al. 2008)
including production of nectars (Zhao et al. 1992), attractiveness to natural enemies
(Patt et al. 1997) and phenology of the flowering period (Rebek et al. 2005) have
direct impact on the parasitoids. The objective of conservation programs is to ensure
about proper occurrence of the parasitoid with its resource requisites including the
preferred host, so maximizing plant species diversity may accomplish the matter in
its own way. The complexity of the plant community, as an element of the sustain-
able agriculture may has benefits for both specialist and generalist aphid parasitoids,
providing the shelter and protect them against hyperparasitoids and extreme weather
conditions. The situation is different in the case of broadly oligophagous aphid
parasitoids, which has different host aphids in various habitats (Barbosa and Benrey
1998). The result of an experimental survey on the rate of complexity and its effect
on conservation biological control (Jonsson et al. 2015) suggested that conservation
programs are most effective in moderately simple agricultural landscapes, and less
effective in either very simple (no capacity for response), or in highly complex
landscapes (already saturated in responses). In general, the effect of plant diversity
on the efficiency of conservation biological control is complicated, since the host
aphid may also benefit from the same modifications. Inter-cropping and other
practices that increase the plant species diversity bring further modification both
on intraguild predations, as well as hyperparasitism that is hard to find a clear
assessment. The hydrocarbon resources including nectars can be supplied by the
various flowering plants in surrounding area. Effect of hyperparasitism has generally
been ignored in the context of conservation biological control (Polis and Winemiller
1996). The surveys by Araj et al. (2011) indicated the searching efficiency of
primary and secondary parasitoids of Acyrthosiphon pisum was enhanced, when
accessing floral nectar. They concluded that nectar provision can potentially have
positive or negative effects, depending on the relative proportion of each species.
Various plants of the same or different family supporting the host aphids of the
parasitoid, which primarily attacking the pest aphid. Further details about reservoir
host plants in the field conditions, and in similar way to the “banker plants” in the
greenhouse are presented in previous section. Surprisingly that is an important
aspect of conservation program for biological control of the pest aphids (Brown
and Mathews 2007) with the same definition of increase in plant diversity. No need
for additional efforts in plantation of these plants in many cases, since they are
growing naturally, around or inside the arable crops and especially in fruit orchards.

The continuous application of the chemical insecticides in large scale caused
many environmental and ecological problems including development of resistance
in serious pest aphids (Ghadamyari et al. 2008) and subsequent resurgence of their
populations in the absence of their natural enemies which destroyed by the direct and
indirect effects of the pesticides (Hardin et al. 1995). The lethal and sub-lethal effects
of insecticides on the aphid parasitoids can be reduced in different ways, mainly by
decreasing the doses and frequency of applications. Achieving the ecological selec-
tivity by timing treatments is likely to be impractical within the current situation of
agriculture in many parts of Iran. Simultaneously, problems with the other key pests
are the major reason prohibiting the scheduled treatments for the aphids, when their
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parasitoids are inside the mummies. Nonetheless, the frequency and efficiency of the
native aphid parasitoids in the field condition, make enough sense for eliminating the
unnecessary chemical treatments, and performing local patch applications, where the
aphids and other pests are colonized. The selective aphicides (Sabahi et al. 2011;
Mardani et al. 2016) with least negative effects on the natural enemies, especially
aphid parasitoids are preferred over the broad spectrum insecticides. These practices
will certainly give enough chance to the aphid parasitoid to recover their population
and provide enough control on the aphid population below the economic injury
level. Conducting the supplementary field surveys in the various agro-ecosystems
with plant suffering from aphid infestations are necessary to clarify the status of
current natural biological control in Iran.

9.7 The Aphid Parasitoids Imported from Iran
for Biological Control of Pest Aphids

The area of Iran, because of the rich faunal and floral composition, as well as of the
respective associations of insects including aphids and their parasitoids become
doubtlessly as an outstanding area, where a number of aphids have their native
home. For this reason, many researches have been centred to search and find
potentially useful parasitoids to be used in the biocontrol of some pest aphids in
other countries, especially in the North America. Often, Iran has been covered within
a framework of search over the Central Asian and the Mediterranean area. The
definition of “Classical Biological Control - CBC” can be explained as purposeful
introduction of an exotic natural enemy of an invasive pest from its area of origin, in
order to suppress the abundance of the pest in the newly invaded region (DeBach
1964). Many aphids have known as alien species, invaded the new area together with
plant material transported for various purposes. Aphis illinoisensis Shimer is a
grapevine originally distributed in North, central and South America (Blackman
and Eastop 2006) is now widely distributed in the Mediterranean countries including
North Africa (Havelka et al. 2011). The native parasitoids (Aphidius colemani,
Aphidius matricariae and Lysiphlebus testaceipes) indicated that they are able to
successfully parasitize the aphid (Havelka et al. 2011). There are some
non-confirmed field evidences of this aphid in Saudi Arabia, too (Zubair Ahmad,
pers. com.). Many Lachninae aphids of the genera Cinara and Eulachnus achieved
the pest status in Iran in the absence of their parasitoids. It can be expected a long
history of invasion for this aphids, but the frequent chemical treatments seem to have
more disrupting effect of their endemic predatory insects and led to the occasional
outbreaks in the urban areas. There is no attempt for introduction of the aphid
parasitoids into Iran, whereas many successful species in CBC originated from
Iran. The best representative attempts for aphid biological control programs are the
search for parasitoids of alfalfa and walnut aphids in Iran (Mediterranean countries,
as well).
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Trioxys pallidus was imported into California, where is an area with similar
climate to Iran and it became quickly established in all walnut-growing areas, and
led to a very successful biological control of the walnut aphid (van den Bosch et al.
1962, 1979). Simultaneous explorations were done for the parasitoid of the spotted
alfalfa aphid, Therioaphis trifolii in Iran and some other countries in the Middle East
(van den Bosch 1957). Among the collected parasitoids, Trioxys complanatus
showed the greatest activity during hot periods and successfully established in
California (Schlinger and Hall 1959). Further investigations indicated that Iranian
strain of Trioxys complanatus is highly tolerant to the extreme temperatures (Flint
1980). Praon exsoletumwas also among the imported species from Iran to California
which was subsequently produced in very large numbers and colonized at many
localities throughout the alfalfa growing areas and successfully established (van den
Bosch 1957; van den Bosch et al. 1959).

Recently, because of unknown reasons the ability T. pallidus significantly
decreased to provide sufficient pest suppression (Hougardy and Mills 2009; Walton
et al. 2009). The evidences for hybridization of various strains of Trioxys pallidus in
California (Messing and Aliniazee 1988) has considered as potential reason of this
failure, but further investigations indicated that the “inbreeding depression” may be
contributing to the breakdown of biological control by T. pallidus (Andersen and
Mills 2016). Through the connection between the aforementioned researchers in
California (Andersen and Mills), Ilania Astorga, a specialist from Division of
Agricultural Protection and Forestal del SAG, Chile, tried for a fresh introduction
of Trioxys pallidus from Iran to the southern hemisphere, in 2013 & 2014. It was
expected that through program, the walnut producers will no longer need to make
exclusive applications of pesticides. The introduction is believed to be successful
(unpublished data). Aphidius transcaspicus Telenga is specialized parasitoid of
Hyalopterus aphids on Prunus spp. and widely distributed in central and western
Asia (Iran), as well as Mediterranean basin (Starý 1976, 1979). It has recently been
targeted for use as a biological control agent against the mealy plum aphid
Hyalopterus pruni (Geoffroy) in prune orchards in California (Latham and Mills
2010).

González et al. (1978) reviewed the geographical distribution of the imported
parasitoid to California for biological control of Acyrthosiphon aphids on alfalfa.
The area of explorations were some countries in the southeastern Europe and the
Middle East. Four species including Aphidius ervi Haliday, Aphidius smithi Sharma
& Subba Rao, Aphidius urticae Haliday and Praon barbatum Mackauer were
collected from Iran (and Afghanistan) that showed a different rate of parasitism in
the field condition. A considerable effort was also done to find the exotic parasitoids
of the Russian Wheat aphid (RWA) in Iran and some other countries (González et al.
1990, 1992). The most recent activity is introduction of Pauesia antennata (Mukerji)
for the biological control of the giant brown peach aphid, Pterochloroides persicae
(Cholodkovsky) from Iran to Tunisia (Mdellel et al. 2015), that is yet in evaluation
process.

It should be emphasized that search for potentially useful aphid parasitoid species
has reflected the urgent need to obtain some parasitoid targets, but often with a lack
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of the broader ecological data on the respective guild members and their ecosystem
interactions (such as host range). A clear centring to a target-aphid parasitoid
associations did not include description of a more or less complete host species
spectrum and corresponding interactions with the other (agro)- ecosystems. This is a
feature which might affect adversely the predicted/realized interactions of the target
species in an area of destination. In some cases, a parasitoid biocontrol agent might
affect even populations of a non-target (pest) aphid in the area. A more or less
successive respective research on such targets has been also obtained in a framework
of an up-dated and on-going research derived basically from the tri-trophic associ-
ations realized in Iran (Nazari et al. 2012; Barahoei et al. 2013; Rakhshani et al.
2012b; Mossadegh et al. 2011, 2016). Last but not least, exportation-successive
information has contributed also to the detection and elucidation of some species-
complexes earlier classified as “species exported” in the abroad (L. testaceipes,
A. colemani, etc.).

9.8 Potential Aphid Parasitoids for Mass Rearing

The sufficiently elaborated and supplemented databases allow an easy derivation of
all the required tritrophic combinations such as lists of parasitoid-host aphids, aphid-
plant combinations up to the determination of the individual assemblages and their
habitats. Successful mass rearing of the aphid parasitoids is a crucial element of the
aphid biological control especially in glasshouses. Various aphids are known to have
the pest status in the glasshouses, of which two species,Myzus persicae (Sulzer) and
Aphis gossypii glover are more common on the vegetable and ornamental plants in
Iran. The augmentation (inundative) application of the aphid parasitoid requires
mass production of thousands adults. It is also necessary to have small scale mass
rearing, when the aphid parasitoids are introduced into the new environment in the
course of classical biological control programs (Persad et al. 2007). The procedures
are the same in general, but the major difference is the designation of economically
affordable practices. The long term benefits from introduction of a successful aphid
parasitoid justify the costs for mass rearing, but it should be very carefully balanced,
when the parasitoids are commercially produced. In this way, the simple procedures
should be changed into rearing on the cost-effective methods, which include rearing
on the alternative host aphid/plants, appropriate storage and packing the biological
products.

Among several potentially effective aphid parasitoids, few species are commer-
cially produced, including Aphidius matricariae Haliday, Aphidius ervi Haliday and
Aphidius colemani Viereck (Leppla 2013). Some other species have also been
successfully produced in smaller scale, like Lysiphlebus testaceipes (Cresson) that
may have the same or greater potential. In the simplest definition, the selected
parasitoids must be easy to rear both on the main and/or on alternative host and
applicable for control of a wide range of aphids.Myzus persicae (Sulzer) is known as
a generalist aphid that can feed on over 400 plant species (Weber 1985), of which
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some plants species like peppers can be grown throughout the year in greenhouses. It
is a very good direct and alternative host for mass rearing of the various generalist
aphid parasitoids (Wei et al. 2005; Silva et al. 2011; Vafaie et al. 2013).

Ignoring the type of application, i.e. glasshouses or open field, further aphid
parasitoids species can be listed for mass rearing on the basis of the importance of
their preferred host aphid and also their efficiency (Table 9.8). A good knowledge
about biology, host preference and behavior of the candidate aphid parasitoids is
necessary for assembling the mass-rearing techniques. An excellent review for mass
rearing of the aphid parasitoid is provided by Boivin et al. (2012). There are many
important factors affecting the efficiency of the mass reared products (Leppla 2013).
The host plants directly affect the host aphids, which can be considered as unit of the
products. The host aphid quality and its size are two factors affecting the efficiency
of the produced parasitoids, through its survival and reproductive rate (Henry et al.
2008). The genetic composition of the maternal populations is rather important and
should be kept far from the artificial disorders like drifts and inbreeding which are
common in laboratory reared populations (Steiner and Teig 1989). The adult

Table 9.8 Potential species for mass rearing and area of applicability in Iran

Parasitoid
species

*Hosts
records Preferred Target host aphids Target plant Score

Adialytus
salicaphis

9 Chaitophorus spp. Poplars
willows

Medium

Aphidius ervi 9 Acyrthosiphon pisum; Myzus persicae;
Sitobion avenae

Field crops
Greenhouses

High

Aphidius
matricariae

51 Aphis craccivora; Brachycaudus
helichrysi; Myzus persicae

Field crops
Greenhouses

High

Aphidius
platensis

28 Aphis fabae; Aphis gossypii;
Brachycaudus helichrysi; Myzus persicae

Field crops
Greenhouses

High

Aphidius
smithi

1 Acyrthosiphon pisum Alfalfa,
Clover

High

Aphidius
transcaspicus

2 Hyalopterus spp. Prunus spp. Medium

Binodoxys
acalephae

13 Aphis craccivora; Aphis fabae; Aphis
gossypii

Field crops
Greenhouses

Medium

Binodoxys
angelicae

16 Aphis craccivora; Aphis fabae; Aphis
gossypii

Field crops
Greenhouses

Medium

Diaeretiella
rapae

24 Brevicoryne brassicae; Diuraphis noxia;
Myzus persicae

Rapeseed
Cereals
Greenhouses

High

Ephedrus
persicae

30 Brachycaudus spp.; Schizaphis graminum Cereals
Prunus spp.

High

Lysiphlebus
fabarum

65 Aphis craccivora; Aphis fabae Field crops
Greenhouses

High

Praon
volucre

35 Acyrthosiphon spp.; Aphis fabae;
Hyalopterus spp.

Legum
crops
Prunus spp.

Medium

*Total number of the host aphids in Iran including pest and non-pest species
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experiences and learning opportunity are also important factors, which contributed
to the host preference and behavior of the produced adult parasitoids (Pungerl 1984;
Powell and Wright 1992; Vafaie et al. 2013). Several technical methods are
suggested (Halfhill 1967; Halfhill and Featherstone 1967; Starý 1970b; Hägvar
and Hofsvang 1990) for the mass rearing of the common aphid parasitoids. A general
scheme is presented in Fig. 9.7.

Depending on ability of the aphid parasitoid species, cold storage can be applied
to enhance the durability of product by keeping the mummies at low temperatures
(Hofsvang and Hägvar 1977). Like many other commercial activity, it is necessary

Fig. 9.7 General procedure for mass production of Aphidius colemani/platensis (a, b) colony of
parasitized host aphids on their food plants – (a) Phaseolus vulgaris, (b) Triticum vulgare; (c, d),
separating the detached mummies containing live pupae of the aphid parasitoids; (e) cold storage;
(f) packing the boxes for transportation to the field and/or to the costumers
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for a mass propagation program to have an effective storage protocol, which include
even the pre-storage practices. The sold products also need to be used in appropriate
time, to avoid unfavorable weather conditions and perfect synchrony with the host
aphid outbreaks (Frère et al. 2011).

The mummy is known as best stage for cold storage (Starý 1970a, b). In optimal
condition the mummies can be keep alive for over 1 month (Archer et al. 1973;
Polgar 1986; Hofsvang and Hägvar 1977; Rabasse and Ibrahim 1987; Frère et al.
2011; Mahi et al. 2014; Al-Antary and Abdel-Wali 2016). The mummies of
Acyrthosiphon pisum (Harris), containing mature larvae and pupae of Aphidius
ervi Haliday were kept under 3–10 �C for 196–202 days without significant effect
on fecundity and viability (He et al. 1983). On the other hand, the low temperatures
can have a detrimental effect on the emergence rate, sex ratio and adult behavior
(Ismail et al. 2010; Frère et al. 2011; Bourdais et al. 2012). The quality control is a
necessary step in mass rearing (van Lenteren, 2003) of the aphid parasitoids, which
may use various indicators including sex ratio (Silva et al. 2011), Adult size (Pavlik
1993; Ameri et al. 2014) and morphometrics (Ameri et al. 2013; Mohammadi et al.
2015), rate of emergence (Frère et al. 2011), fecundity (Portilla et al. 2013), adult
longevity and ovipostion period (Rezaei et al. 2020). Thorough inspecting of the
colonies for possible contamination with the hyperparasitoids both at the time of
rearing and in products is necessary, since they can destroy all the colonies.
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Chapter 10
Progress on the Bacterium Bacillus
thuringiensis and Its Application Within
the Biological Control Program in Iran

Ayda Khorramnejad, Javad Karimi, and Gholamreza Salehi Jouzani

10.1 Introduction

Microbial pest control has been considered as an appropriate substitution for chemical
insecticides because of its potential for controlling agricultural and household pests,
vectors of human and animal diseaseswithout introducing non-biodegradablematerials
to the environment. Among the microbial control agents, entomopathogenic bacteria
are of crucial importance due to the ease of their application, the low-cost of production,
environmental persistence, specificity and their speed of action. Insects and bacteria are
associated based on the wide variety of relationships from symbiosis to pathogenesis
(Feldhaar 2011; Ruiu 2015). Insecticidal bacteria have an invasive power to colonize
the insect gut. From the standpoint of the utilization of bacteria in biological control of
pests, families of Bacillaceae, Paenibacillaceae and Streptococcaceae belonging to the
group of Gram-positive bacteria, Enterobacteriaceae and Neisseriaceae belonging to
Gram-negative bacteria, have been considered substantially (Jurat-Fuentes and Jackson
2012).However, themicrobial control market has been dominated by the bacteria in the
genus Bacillus, notably Bacillus thuringiensis (Bt). The application of insecticidal
proteins produced by B. thuringiensis is highly desirable, due to its high specificity,
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great efficiency, environmental safety, and lack of harmful effects on mammals and
non-target organisms. In Iran, likewise in other parts of the world, due to the success of
Bt in biological control, research on this bacterium is being continued to discover novel
Bt strains and toxins, find a broader spectrum of activity and eventually develop
efficient bio-pesticide based on Bt.

10.2 Insect Pathogenic Bacteria

Based on the industrial activities and/or scientific interests’ point of view, the most
important entomopathogenic bacteria in the biological control of pests are mainly in
the genera of the family Bacillaceae (B. thuringiensis and Lysinibacillus sphaericus),
Paenibacillaceae (Paenibacillus spp. and Brevibacillus lateropporous),
Entrobacteriaceae (Photorhabdus spp., Xenorhabdus spp., Serratia spp. and Yersinia
entomophaga), Pseudomonaceae (Psedomonas entomophila) and Neisseriaceae (Jurat-
Fuentes and Jackson 2012; Ruiu 2015). Among the mentioned entomopathogenic
bacteria, the most widely used and well-studied is the Bacillus genus.

10.3 The Genus Bacillus

Bacterial species within the genus Bacillus represent the most successful microbial
control agents to date. B. thuringiensis with other bacteria such as B. mycoides,
B. pseudomycoides, B. weihensteohanensis, B. cereus and B. anthracis belong to the
B. cereus group (Helgason et al. 2000). Due to the high degree of genetic similarity,
B. cereus sensu stricto, Bt, B. anthracis are allocated into the B. cereus sensu lato
group (Helgason et al. 2000; Bavykin et al. 2004). The presence of the insecticidal
genes in the Bt plasmids differentiates this bacterium from the other members of the
B. cereus sensu lato group, B. anthracis (the causative agent of anthrax) and
B. cereus (an opportunistic human pathogen causing food poisoning) (Thorne
1993). Although the insecticidal activity of some B. cereus isolates has been
previously reported (Strongman et al. 1997; Selvakumar et al. 2007; Chatterjee
et al. 2010), due to the presence of some toxins toxic to vertebrates, the commer-
cialization of this bacterium in biological control of pests has not yet been devel-
oped. Different strains of L. sphaericus produce mosquitocidal toxins toxic to
Dipterans (Baumann et al. 1991). Commercial products based on the L. sphaericus
target mosquitos and black files (Jurat-Fuentes and Jackson 2012). In the Bacillus
genus, different strains of B. thuringiensis showed great potential for control of
agricultural, forestry, medical and veterinary pests. Thus, Bt is the most commonly
commercialized and used bio-insecticide worldwide.
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10.4 Bacillus thuringiensis (Bt): Brief History, Ecology,
and Biology

The discovery of B. thuringiensis dates back to over a century ago, in 1901, which
had been isolated by a Japanese biologist, Shigetane Ishiwata, from the diseased
larvae of Bombyx mori (Lep.: Bombycidae) (Ishiwata 1901) and named B. sotto.
Afterward, in 1911, Bt was isolated from the flour moth, Ephestia kuehniella (Lep.:
Pyralidae) infected larvae in the Thuringia region of Germany, described and
denominated B. thuringiensis by Ernest Berliner (Berliner 1915). In 1928, Bt
crystals for the first time were used to control the European corn borer, Ostrinia
nubilalis Hüber (Lep.: Crambidae). Sporine was the first commercial Bt-based
product produced in France in 1938 and used to control the flour moth. The
identification and characterization of Bt toxins led to a revolution in genetically
modified crops expressing cry genes and subsequently the introduction of transgenic
plant resistant to different insect pests (Lambert and Peferoen 1992; Letourneau et al.
2003). Since 1996, the cultivation of Bt crops has been expanded worldwide (Kleter
et al. 2007). Since the discovery of Bt, intensive research has been conducted to
study profoundly different aspects of this bacterium. Amongst these, a long history
of studies has been performed in Iran to isolate, characterize and mass-produce local
Iranian Bt strains.

B. thuringiensis is a ubiquitous bacterium widely distributed in diverse environ-
ments and can be isolated from soil, water, plant surface, insect feces, dust, and
storage products (Federici et al. 2006). When the food is sufficient for its growth, the
spores germinate, begin the growth stage and reproduce through duplicate repro-
duction. The bacteria continue to proliferate while food sources are sufficient to
sustain vegetative growth. Under adverse conditions, Bt sporulates and produces one
or more insecticidal crystal proteins (de Maagd et al. 2003).

The endogenous crystalline inclusions produced during the sporulation phase,
also called δ-endotoxins, are predominantly comprised of one or more Crystal (Cry)
and Cytolytic (Cyt) proteins. These proteins have a specific insecticidal activity to
certain groups of insects mostly within Lepidoptera, Diptera and Coleoptera, but also
from other orders; Hymenoptera, Hemiptera, Orthoptera and Mallophaga. Beyond
the insect worlds, Bt toxins are also found to be toxic to mites, nematodes, protozoa
and human cancer cells (Schnepf et al. 1998; van Frankenhuyzen 2009; Ohba et al.
2009). The insecticidal activity of Bt strains also relies on the other toxins and
virulence factors such as β-exotoxin, Vip (vegetative insecticidal protein), Sip
(secreted insecticidal protein) and enzymes (phospholipase, protease, chitinase,
AHL-degrading enzyme) (Regev et al. 1996; Jurat-Fuentes and Jackson 2012; Salehi
Jouzani et al. 2017).
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10.5 Mode of Action of Bt

Different models have been proposed for the mode of action of insecticidal Cry
toxins (Vachon et al. 2012). The commonly accepted mode of action of Bt toxin
(Fig. 10.1) relies on the ingestion of Bt crystal proteins by a susceptible host and
solubilization of the crystals. Bt crystals are solubilized in the alkaline environment
of the insect gut and converted to protoxins. The digestive proteases in the insect gut
cleave the protoxins to the activated toxin as a stable core. The activated toxin
interacts with the receptors on the midgut epithelial cells. This binding leads to toxin
insertion, pore formation, cell lysis and eventually insect death (Bravo et al. 2007).

Fig. 10.1 Representation of the commonly accepted mode of action of Bt Cry toxins (adapted from
Pinos and Hernández-Martínez 2019). Spores and crystals of Bt are ingested by a susceptible larva
(1). Bt crystals are solubilized in the midgut of insect and convert to protoxin (2). The protoxins are
processed by the proteases to yield the stable core (3). The activated toxins traverse the peritrophic
membrane (4) and bind to the specific receptors on the brush border epithelial cells of insect midgut
(5). The insertion of toxin to the membrane leads to pore formation and cell lysis (6). Due to the
disruption of midgut epithelial cells, Bt spores enter the insect haemolymph, germinate and
replicate, eventually leading to septicaemia (7). The insect cadaver is the main reservoir of the
infection transmission and the dispersion of Bt spores (8)
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10.6 Research Studies in Iran

Due to the importance of Bt in biological control of agricultural and medical pests,
many countries have attempted to investigate novel Bt strains. The purpose of this
research is to discover new toxins with a different mode of action, increased potency
against pests, and a wider spectrum of activity. In Iran, researchers over the past
decades have attempted to study different aspects of this entomopathogenic bacte-
rium. An overview of studies for the application of local Bt strains in the biological
control programs of Iran is summarized in Fig. 10.2. These studies are mainly
concentrated on the isolation of Bt from diverse environmental sources (Keshavarzi
2008; Salehi Jouzani et al. 2008b, c; Seifinejad et al. 2008; Nazarian et al. 2009;
Aramideh et al. 2010; Senfi et al. 2012; Shojaaddini et al. 2012; Moazamian et al.
2016; Khorramnejad et al. 2018), characterization of Bt strains and crystal morphol-
ogy (Keshavarzi 2008; Senfi et al. 2012), protein profile (Salehi Jouzani et al.
2008b), gene content (Salehi Jouzani et al. 2008b, c), insecticidal activity (Hanafi-
Bojd et al. 2006; Amiri-Besheli 2008; Seifinejad et al. 2008; Deilamy and
Abbasipour 2013), cytocidal activity (Moazamian et al. 2018; Khorramnejad et al.
2018), nematicidal activity (Salehi Jouzani et al. 2008c; Ramezani Moghaddam et al.
2014; Baghaee and Moghaddam 2015), insect resistance mechanism to Bt toxins
(Talaei-Hassanloui et al. 2014), Bt toxin mode of action (Khorramnejad et al. 2020),
Bt crops (Ghareyazie et al. 1997; Tohidfar et al. 2005; Salehi Jouzani et al. 2005;
Mousavi et al. 2007; Kiani et al. 2009a, b, 2012), optimization of Bt mass production

Fig. 10.2 General outline of research studies performed on application of local Bt strains in
biological control programs in Iran
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(Keshavarzi et al. 2005; Shojaaddini et al. 2010; Marzban 2012a; Sarrafzadeh 2012;
Salehi Jouzani et al. 2015b; Marzban et al. 2014, 2016; Maghsoudi and Jalali 2017),
and utilization of Bt in IPM programs (Moazami 1997, 2004, 2005; Marzban et al.
2009; Magholli et al. 2013; Kalantari et al. 2014; Abedi et al. 2014; Nazarpour et al.
2014). These studies led to the development and application of Bt-based products in
Iran. Based on the national Plant Protection Organization (PPO) report, the annual
use of Bt-based bio-insecticides in Iran was about 200,000 ha (Personal communi-
cation). In the following sections, the significant research studies on Bt in biological
control in Iran are listed and discussed.

10.7 Isolation, Natural Occurrence, and Geographical
Diversity

Regarding the importance of Bt in biological control, several studies have focused
on the isolation of Bt from diverse sources in different geographical regions world-
wide (Bravo et al. 1998; Bel et al. 1997; Uribe et al. 2003; Djenane et al. 2017;
Boonmee et al. 2019). In Iran also, researchers have attempted to collect native Bt
strains from different habitats (Keshavarzi 2008; Salehi Jouzani et al. 2008b, c;
Seifinejad et al. 2008; Nazarian et al. 2009; Aramideh et al. 2010; Senfi et al. 2012;
Shojaaddini et al. 2012; Khojand et al. 2013; Moazamian et al. 2016; Khorramnejad
et al. 2018). It has been clearly demonstrated that Bt is a ubiquitous bacterium. In this
context, several Iranian authors attempted to correlate the natural occurrence of
Iranian Bt strains isolated from diverse environments with ecological distribution.

The extensive screening program performed in different parts of Iran led to the
establishment of many Bt collections at universities or research institutes. In 2008,
Keshavarzi isolated 127 Bt strains from 514 samples collected from soil and dead
larvae in diverse environments including high altitude mountains, non-cultivated
lands, beaches, agricultural lands, urban locations, and forests, in Khorassan,
Lorestan, Tehran, Ghazvin, East Azarbaijan, West Azarbaijan, Mazandaran and
Hamedan Provinces. The relationship of Bt occurrence with vegetation was
addressed. It was found that a high level of vegetation is not a requisite for high
Bt occurrence. B. thuringiensis subsp. kurstaki was reported as the most frequent Bt
strain in the studied Bt collection (Keshavarzi 2008). In the same year, a massive
screening program funded by the Iranian Agricultural Research and Education
Organization (AREO) was carried out as a collaboration between different Iranian
institutes (Agricultural Biotechnology Research Institute of Iran (ABRII) and Plant
Protection Institute of Iran) and universities (Zanjan University and University of
Tehran). In this screening, 2292 soil samples from agricultural fields in 28 provinces
located in the different geographic and climatic regions were collected (Salehi
Jouzani et al. 2008b). This is one of the most important countrywide screenings
carried out in Iran in terms of the number of provinces, samples and more impor-
tantly, the identification of different cry genes. Based on the isolation results, 128 Bt
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isolates have been isolated from the collected samples (Salehi Jouzani et al. 2008b).
Most of the Bt isolates were from the humid region of Iran, particularly the Caspian
zone, and fewer isolates were found in the dry and the semidry zones. The Bt
distribution based on the plant flora showed that the largest number of Bt isolates
was collected from cotton and sunflower fields. In 2010, samples were collected
from the forest, grassland, and agricultural field soils, stored products, and insect
cadavers in West Azerbaijan province. Out of 740 samples, 48 Bt strains were
isolated (Aramideh et al. 2010). These isolates were characterized based on the
morphology of crystal proteins, the biochemical types (aesculin utilization, lecithin-
ase production and acid formation from salicin and sucrose), and the insecticidal
activity against Pieris brassica (Lep.: Pieridae) and Culex pipiens. This study
introduced the potent Iranian Bt strains for controlling P. brassica and C. pipiens.

In another screening, the natural occurrence of Bt strains in apple orchards was
investigated collecting 180 soil samples from apple orchards in West Azerbaijan
Province (Iran) (Senfi et al. 2012). Based on the sodium acetate selective method and
the observation of parasporal crystals in bacterial cells, 40 Bt isolates were isolated
and characterized. Investigations on the crystal morphology and insecticidal activity
of Bt strains against E. kuehniella and P. brassicae showed that the majority of Bt
strains produced bipyramidal crystals and a few had toxicity greater than
B. thuringiensis subsp. kurstaki (Senfi et al. 2012). The isolation of Bt from infected
larvae has resulted in the discovery of highly potent local Bt strains. A new
B. thuringiensis subsp. aizawai strain EF495116 isolated from an infected Plodia
interpunctella (Lep.: Pyralidae) larva was thoroughly characterized based on sero-
logical identification, protein pattern, PCR-based analysis, sequencing of 16S rDNA
and gyrB genes, and insecticidal activity against P. interpunctella and Plutella
xylostella (Shojaaddini et al. 2012). Bt strain EF495116 was the cause of several
epizootic outbreaks in the insect colonies, P. interpunctella and E. kuehniella, reared
at Tabriz University, Iran. Different cry genes and virulence factors, namely cry1Aa,
cry1Ab, cry1Ac, cry1Ad, cry1B, cry1C, cry1D, cry1E, cry1F, cry1I, cry2A, cry9,
cry39, cry40, plcR, chit, vip1, vip2, vip3, and inhA2 were traced in this Bt strain
using general and specific primers. P. interpunctella and P. xylostella were found to
be highly susceptible to Bt strain EF495116 in laboratory bioassays. This suggests
that this strain has great potential to be used as an active ingredient in a
bio-insecticide (Shojaaddini et al. 2012).

By focusing on a specific ecological niche, a total of 37 Bt strains were isolated
from dead and infected Helicoverpa armigera Hüber (Lep.: Noctuidae) larvae in the
cotton fields without a history of Bt application in Khorasan Razavi province, Iran
(Keshavarzi 2008; Khojand et al. 2013). A high infestation rate of H. armigera and
also considerable biodiversity of Bt strains in the cotton field were found (Khojand
et al. 2013). A total of 100 soil samples from seven provinces, Guilan, Tehran,
Isfahan, Yazd, Kerman, Fars, and Hormozgan, in Iran were collected and 60 Bt
strains were isolated from these samples (Moazamian et al. 2016). The Bt isolates
were characterized based on the crystal morphology of parasporal crystals, biochem-
ical experiments, and SDS-PAGE analysis. The majority of Bt strains produced
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bipyramidal crystals and a relationship between crystal protein production and the
geographical origin of Bt strains was found (Moazamian et al. 2016).

Altogether, the results of the screening program, whether on a vast or small scale,
showed that Bt was predominantly isolated from diverse ecological habitats in
different geographical regions of Iran. The high abundance of Bt isolates in the
samples points to the richness of the selected habitats, which consequently led to the
building of several local Bt collections.

10.8 Characterization

The characterization of novel Bt strains may lead to the identification of effective and
highly potential Bt strains for application in the biological control of pests. The
characterization of Bt strains is performed by different methods. The morphological
characterization is initially carried out to somehow reflect the possible insecticidal
activity of the Bt strains (Lecadet et al. 1999). Biochemical experiments (Martin
et al. 1985) are used to identify the biochemical types of Bt strains. PCR-based
characterization is utilized as a rapid means of Bt gene identification and prediction
of insecticidal activity (Carozzi et al. 1991; Juárez-Pérez et al. 1997). Afterward, the
expression of the detected genes in PCR is initially investigated by SDS-PAGE
analysis, and subsequently, the protein composition can be detected by LC-MS/MS
analysis. As the most important step of characterization, the biological activity of Bt
strains against susceptible targets, from insect orders, mites, nematodes or even plant
pathogens, has to be evaluated. Recently, the characterization of the insecticidal
activity spectrum of Bt strains is performed following the in vitro toxicity assays
using the insect cultured cell lines (Smagghe et al. 2009; Soberón et al. 2018).
Indeed, insect cell lines have been considered as an easy, rapid and accurate
technique for studying the spectra activity of Bt toxins and their mode of action.

The Iranian Bt collections have undergone different means of characterization in
order to describe the local Bt strains and determine their biological activity. The most
commonly used methods for characterization of Bt strains in Iran are
mentioned here.

10.8.1 Crystal Morphology

B. thuringiensis isolates are characterized based on the presence of parasporal
inclusions in the sporangium of the sporulating cell (de Maagd et al. 2001). Micro-
scopic observations (Fig. 10.3) were performed in several Iranian laboratories to
detect the Bt isolates based on the presence of parasporal inclusions and to study the
Bt crystal morphology as the initial description of newly isolated Bt strains (Salehi
Jouzani et al. 2008b; Keshavarzi 2008; Seifinejad et al. 2008; Nazarian et al. 2009).
The majority of Bt strains isolated by Salehi Jouzani et al. (2008b) produced the
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bipyramidal crystal and very few produced spherical parasporal inclusions. The
shape of Bt crystals was correlated with the gene content, and based on the results
of this correlation, the Bt strains harboring dipteran-active genes (cry and/or cyt) had
cuboidal, rhomboidal and spherical parasporal inclusions (Salehi Jouzani et al.
2008b). The morphology of parasporal crystals was studied both based on shape
and size (Keshavarzi 2008). Based on the crystal morphology studies, the bipyra-
midal crystals are the most frequent crystals in most of the Iranian Bt collections.

10.8.2 Biochemical Tests

Different biochemical experiments were carried out for the determination of
B. thuringiensis sub-species. The esculin utilization, acid formation from salicin
and sucrose, lecithinase production were performed to characterize the biochemical
types of Bt strains (Keshavarzi 2008). Different biochemical characteristics of 37 Bt
strains were examined for classification of Bt isolates such as hydrolysis of starch
and gelatin, fermentation of glucose, sucrose, salicin, cellobiose, mannose, ADH and
urease, and production of indole and H2S. The reaction of Bt strains to biochemical
discriminative tests differed and classified in the diverse groups (Khojand et al.
2013). Based on the biochemical experiments, B. thuringiensis subsp. kurstaki has
been reported as the most abundant sub-species in Iran.

10.8.3 PCR-Based Screening

The identification of Bt insecticidal genes by PCR-based methods is a quick and
useful method, with some limitations, for characterization and somehow prediction

Fig. 10.3 Different stages of an Iranian Bt strain growth cycle (original images, taken by phase
contrast microscopy, by Khorramnejad). Panel (a) shows the vegetative growth stage, panel (b)
indicates the stationary (sporulation of Bt cells) phase and panel (c) points out to the death phase,
bacterial cell lysis and releasing of Bt spores and crystals. The crystal morphology of Bt strains are
studied during the stationary phase in the sporulating cells (Panel b). Letters “S” and “C” point to
spore and crystal, respectively

10 Progress on the Bacterium Bacillus thuringiensis and Its. . . 411



of the Bt isolates toxicity spectrum (Juárez-Pérez et al. 1997; Ferrandis et al. 1999).
To date, different cry, cyt, sip, vip and ps genes were screened in the Iranian Bt
collections. Correspondingly, the toxicity spectrum of Bt strains has been predicted
based on the different δ-endotoxin genes. The presence of different lepidopteran-,
coleopteran-, and dipteran-active genes, as well as Bt genes active against nema-
todes, was investigated in an Iranian Bt collection (Salehi Jouzani et al. 2008b, c;
Seifinejad et al. 2008; Nazarian et al. 2009). Iranian Bt strains were characterized
based on their gene content and the presence of lepidopteran-active genes, namely
cry1Aa, cry1Ab, cry1Ac, cry1Ad, cry1B, cry1C, cry1D, cry1E, cry1F, cry1G, cry1H,
cry1I, cry1J, cry1K, cry2Aa, cry2Ab, cry2Ac, cry9A, cry9B, cry9C, cry9D and
vip3Aa (Seifinejad et al. 2008). Based on the PCR analysis, the Bt strains harboring
lepidopteran-active genes were selected for the bioassays (Seifinejad et al. 2008).
The presence of cry1B, cry1I, cry3A, cry3B, cry3C, cry7A, cry8A, cry8B, cry8C,
cry14, cry18, cry26, cry28, cry34 and cry35 genes, coleopteran specific cry genes
were determined (Nazarian et al. 2009). Afterward, the Bt strains containing cole-
opteran active cry genes were bioassayed against the elm leaf beetle,
Xanthogaleruca luteola Muller (Col.: Chrysomellidae), first instar larvae (Nazarian
et al. 2009). The number of 22 dipteran-active cry and cyt genes, including; cry2Aa1,
cry1Ab2, cry2Ac, cry4Aa, cry4B, cry10, cry11Aa, cry11Ba, cry11Bb, cry17Aa1,
cry19Aa1, cry19Ba1, cry21Aa1, cry21Aa2, cry21Ba1, cry24Ba1, cry29, cry30,
cry32Aa, cry32Ba, cry32Ca, cry32D, cry39, cry49Aa, cyt1Aa, cyt1Ab1, cyt1Ba,
cyt2Aa, cyt2Ba, cyt2Bb and cyt2Ca, were traced in the 128 Iranian local Bt strains
(Salehi Jouzani et al. 2008b). The cry2 gene family was the most frequent in this Bt
collection. According to the PCR analysis and the gene content of the studied Bt
strains, high potent Bt strains active against mosquitoes can be introduced from this
collection. Besides the Bt genes targeting insects, the presence of cry genes active
against parasitic or free-living nematodes, has been assessed (Salehi Jouzani et al.
2008c). The Bt strains were screened for the presence of cry5, cry6, cry12, cry13,
cry14 and cry21 as the nematode-active genes. The presence of the nematode-active
genes were found and these strains were bioassayed against nematodes. Although,
there is a correlation between the gene profile and the geographical origin of Bt
strains, the most frequent and common Bt genes found in different Bt screenings all
over the country are, cry2, cry1 and vip3Aa genes families.

10.8.4 Protein Profile

The PCR-based technique rapidly determines the presence or absence of genes,
while it does not necessarily identify the expression of the identified gene. Therefore,
protein electrophoresis of Bt crystal proteins is helpful for characterization and also
for comparison of the protein profile. Based on the molecular masses of the observed
band in SDS-PAGE analysis, the insecticidal activity of Bt strains is predicted. The
protein profile of Bt isolates with dipteran-active cry and cyt genes was assessed by
Salehi Jouzani et al. (2008b). Regardless of the origin of Bt strains, diverse protein
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profiles have been observed in this study. The molecular weight of the observed
bands in SDS-PAGE was correlated with the molecular weight of dipteran active
proteins. Based on this comparison, several protein profiles corresponded to the
specific Cry or Cyt proteins toxic for dipterans (molecular masses of 17–28 kDa
correspond to Cry17 and Cyt, 50 kDa to Cry2Ab, 65–75 kDa to Cry2Aa, Cry2Ac,
Cry4D, Cry17A, Cry19 and Cry24, 80 kDa to Cry4C and Cry11B, and 128–140 kDa
correspond to Cry4A, Cry4B, Cry32). The protein profile analysis revealed a great
diversity of protein patterns within the Iranian Bt collections.

10.8.5 Biological Activity

All the mentioned means of characterization; parasporal crystal morphology, bio-
chemical experiments, PCR-screening and SDS-PAGE analysis, are being used to
predict the insecticidal activity of newly isolated Bt strains. Therefore, performing
bioassays provides complementary information on the biological activity of the
isolated Bt strains. Moreover, the final goal of these studies is to introduce a highly
potent and effective Bt strain for biological pest control. Therefore, many studies
were carried out to evaluate the insecticidal activity of Iranian Bt strains or Iranian
commercial Bt-based products.

The bioassays with the Bt strains harboring genes encoding proteins active for
lepidopterans were carried out against the cotton bollworm, Helicoverpa armigera
Hüber (Lep.: Noctuidae). Several strains with high insecticidal activity have been
introduced as good candidates for biocontrol of this pest (Seifinejad et al. 2008). The
Bt strains containing coleopteran-active cry genes, were bioassayed against the elm
leaf beetle, X. luteola first instar larvae (Nazarian et al. 2009), leading to the
identification of novel cry genes based on the PCR analysis and also the introduction
of potent Iranian Bt strains for biological control of coleopteran insect pests,
particularly X. luteola. With the aim of finding the nematicidal Bt strain, 70 Bt
isolates available in the Bt collection of Agricultural Biotechnology Research
Institute of Iran (ABRII) were characterized. Based on the presence of the cry
genes active against nematodes, the nematicidal activity of these Bt strains against
Meliodogyne incognita, Chiloplacus tenuis and Acrobeloides enoplus were evalu-
ated (Salehi Jouzani et al. 2008c). Based on the bioassays, two strains YD5 and
KON4 were toxic to M. incognita, and two studied free-living nematodes, C. tenuis
and A. enoplus, were susceptible to strains SN1 and KON4 (Salehi Jouzani et al.
2008c).

In several cases, the screening and characterization studies led to the introduction
of potent Bt strains to industrial sections for mass production. The Iranian strains
isolated from soil and infected larvae were thoroughly characterized (Khorramnejad
et al. 2018). Bt strains with diverse larvicidal activity against Indian meal moth,
P. interpunctella, were selected and characterized by employing different tech-
niques. The insecticidal activity of selected Bt strains was investigated against
different lepidopteran pest species; Spodoptera exigua, Mamestra brassicae,
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Grapholita molesta and Ostrinia nubilalis. The cytotoxicity of the strains was
evaluated against four lepidopteran cell lines from Trichoplusia ni (Hi5),
Helicoverpa zea (HzGUT), S. exigua (UCR-SE) and S. frugiperda (Sf21). The
results of the mentioned study (Khorramnejad et al. 2018) led to the introduction
of three Iranian Bt strains (AzLp, IE-2 and IP-2), highly toxic for lepidopterans, as
appropriate candidates for developing a Bt-based bio-insecticide. Indeed, based on
the result of Khorramnejad et al. (2018) and complementary studies, AzLp Bt strain
is being employed in the production of Rouin-2 as a Bt-based insecticide by Green
Biotechnology Company of Iran (Karimi et al. 2019).

10.8.6 Determination of β-exotoxin Production

β-exotoxin, a non-proteinaceous and thermostable toxin, toxic to insects, nematodes,
mites and mammals (Levinson et al. 1990; Liu et al. 2014), is secreted by some Bt
strains, which has to be determined prior to the introduction of a Bt strain for mass-
production. The β-exotoxin is secreted during the vegetative growth phase of some
of the Bt strains. This non-proteinaceous toxin is an analog of ATP and inhibits
DNA-dependent RNA polymerase activity (Farkas et al. 1976). Due to the toxicity
of β-exotoxin to vertebrates, the production of Bt-based products with the ability of
producing β-exotoxin is prohibited by law in many countries (McClintock et al.
1995; Meadows 1993). Therefore, Khorramnejad et al. (2018) determined the
production of β-exotoxin in Iranian Bt strains using liquid chromatography and
tandem mass spectrometry (LC-MS/MS) analysis. Based on their findings, none of
the studied Bt strains produced β-exotoxin, thus these strains can be considered safe
for the development of Bt-based insecticides.

10.9 Laboratory, Greenhouse and Field Experiments

Prior to the application of a microbial control agent in the greenhouse or field, the
efficiency of the desired agent has to be evaluated under laboratory conditions.
Therefore, numerous studies have been carried out to assess the biological activity
and efficiency of local Bt strains or commercial formulations. Here, some examples
of the extensive studies performed in the laboratories of different Iranian universities
and institutes, greenhouse studies and field trials, are given.

It is truly worthy to mention the significant research studies performed by
Dr. Nasrin Moazami the founder of the Biotechnology Research Centre at the
Iranian Research Organization for Science and Technology in Tehran, and also
Persian Gulf Biotechnology Research Center in Qeshm Island. Moazami (1997,
2004, 2005) has studied the potential and the feasibility of application of
B. thuringiensis MH-14 to control malaria vectors.
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The susceptibility of the citrus leafminer, Phyllocnistis citrella Stainton (Lep.:
Gracillariidae) to the commercial B. thuringiensis formulation (Bithiran®, Mehr
Asia Biotechnology Company, Iran) was determined under laboratory conditions
(Amiri-Besheli 2008). The studied Bt formulation demonstrated great insecticidal
activity against this pest and can be used in combination with bio-rational insecti-
cides to increase the efficiency of leafminer management. The insecticidal activity of
certain Bt strains available in the Iranian Bt collection with lepidopteran-active genes
were assessed against the cotton bollworm, H. armigera. The toxicity of spore and
crystal mixtures of Bt strains was evaluated against the first instar larvae of
H. armigera. Two Bt strains (YD5 and KON4) were detected with great insecticidal
activity against the cotton bollworm (Seifinejad et al. 2008). Under laboratory
conditions, the insecticidal activity of spore and crystal suspensions of Iranian Bt
strains was assessed against P. brassica and C. pipiens. Some of the studied Bt
strains caused mortality higher than 75% on P. brassica and C. pipiens (Aramideh
et al. 2010). So, these Bt strains, can be considered for biological control of insect
pests. The insecticidal activity of four Iranian Bt strains isolated from soil were
assessed against P. xylostella, one the major pests of cruciferous crops, especially
cabbage fields in Tehran, and compared to that of Dipel as a commercial Bt based
insecticide (Deilamy and Abbasipour 2013). The pathogenicity of the spore and
crystal suspensions of Bt strains were investigated against third instar larvae of
P. xylostella, with Bt strain 87 found to be highly toxic for diamondback moth
(Deilamy and Abbasipour 2013).

The sub-lethal effects of B. thuringiensis subsp. kurstaki were evaluated on the
fitness and the biological parameters of H. armigera (Sedaratian et al. 2013).
Developmental time, fecundity, egg hatching percentage, net production rate (R0),
intrinsic (rm) and finite (λ) rates of increase, mean generation time (T ), mean
generation doubling time (DT) were adversely affected in the H. armigera treated
with sub-lethal concentrations of Bt. Sedaratian et al. (2013) concluded that biolog-
ical performance and fitness of H. armigera were affected by exposing to the
sub-lethal concentrations of Bt.

Beyond the insect world, the biological activity of Iranian Bt strains has also been
assessed for nematodes (Salehi Jouzani et al. 2008c). The nematicidal activity of the
mixture of spores and crystals of Bt strains harboring nematode-active cry genes was
determined against three nematode species, M. incognita (plant parasite), C. tenuis
and A. enoplus (free-living nematodes). The bioassays showed that two strains, YD5
and KON4, previously shown great insecticidal activity against lepidopteran pests
(Seifinejad et al. 2008), also have a great potential to control M. incognita. There-
fore, these two Iranian Bt strains can be considered as appropriate candidates for the
development of bio-insecticides based on Bt. In another study, the nematicidal
activity of Iranian Bt strains isolated from soil in the tomato fields was evaluated
against M. javanica, root-knot nematode under in vivo and greenhouse conditions
(Ramezani Moghaddam et al. 2014). The Bt strains prohibited nematode egg
hatching and were toxic for M. javanica. The toxicity of two Bt strains containing
Cry14 protein was also evaluated against M. javanica under laboratory and green-
house conditions (Baghaee and Moghaddam 2015). These Bt strains could reduce
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the nematode population, kill the juveniles, prohibit the nematode egg hatching and
also decrease the number of galls (Baghaee and Moghaddam 2015).

These results highlight the importance and the success of Bt in the biological
control of pests under the laboratory conditions. Although the successful application
of Bt is dependent on various factors such as applied dose, weather conditions and
time of application, the efficacy of the desired Bt strain, Bt formulation or Bt crop
has to be clearly determined under greenhouse and field conditions.

B. thuringiensis subsp. israelensis (serotype H14) is commonly used in the
southern part of Iran to control the vectors of malaria, A. dthali, A. fluviatilis and
A. stephensi (Hanafi-Bojd et al. 2006; Shahi et al. 2013). B. thuringiensis subsp.
israelensis H14 effectively controls the dipterans and this success is due to the
expression of insecticidal proteins, Cry4A, Cry4B, Cry11A and Cyt1A, in this
serotype (Höfte and Whiteley 1989; Dulmage et al. 1990). The larvicidal activity
of B. thuringiensisH14 has been studied and indeed demonstrated against Anopheles
dthali and A. fluviatilis. Besides the application of chemical insecticides, these
malaria vectors are being controlled by the utilization of Bt in the mosquitoes
breeding sites in the south part of Iran (Hanafi-Bojd et al. 2006).

The effect of Bt and Azadirachtin individually and in combination against tomato
leaf miner, Tuta absolutaMeyrick (Lep.: Gelechiidae) was evaluated under the field
conditions. Due to the significant reduction in the population of T. absoluta in the
tomato field after treating with Bt and Azadirachtin, the application of these two
insecticides whether alone or in combination, has been strongly recommended by
Nazarpour et al. (2014).

The possibility of simultaneous application of Trichogramma spp. and a com-
mercial Bt formulation (Biolep®) based on the B. thuringiensis subsp. kurstaki for
the control of tomato leafminer, T. absoluta, has been examined under greenhouse
conditions (Alsaedi et al. 2017). Moreover, the effect of this commercialized
Bt-based product was assessed against the non-target organism, Trichogramma
spp., the egg parasitoids of T. absoluta. Based on the greenhouse observations, the
number of mines detected in the treatment of the combination of Bt and
Trichogramma, were significantly lower than the individual application of these
two biological control agents. More importantly, following the application of Bt, no
negative effect was observed on the biological parameters of Trichogramma spp.
(Alsaedi et al. 2017).

10.10 Fermentation Optimization

Due to the importance of Bt in microbial pest control, the appropriate and economic
production of Bt-based bio-insecticides is critical. Therefore, many studies have
investigated optimization of the fermentation conditions. B. thuringiensis strains
have special requirements during the fermentation process. Sporulation and germi-
nation of Bt are dependent on the available nutrition. Therefore, investigation of the
nutritional requirements of Bt is of importance in Bt production. A summary of
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research studies on the appropriate and economic production of Bt-based
bio-insecticides and the parameters assessed to determine Bt product quality in
Iran is presented in Fig. 10.4.

The necessity of nutrition, minerals and oxygen rate has been questioned in
different studies. Several studies have focused on different aspects of Bt mass
production. Keshavarzi et al. (2005) investigated the cultural conditions and the
nutritional requirements of B. thuringiensis subsp. kurstaki with the aim of optimiz-
ing growth conditions (pH and aeration), active biomass yield and designing the
economic culture media, by using different agricultural materials and by-products.
The effect of total carbohydrate, total protein, carbohydrate/protein ratio and amino
acid content were also investigated. The results indicated that the highest biomass
was obtained with carbohydrate/protein ratio of 0.4–0.5, 13.9% glutamic acid and
pH of 7–8 (Keshavarzi et al. 2005). The oxygen transfer rate is an important
parameter in Bt fermentation and the effect of the oxygen supply on the sporulation
phase, δ-endotoxin synthesis and toxicity was also investigated by Sarrafzadeh and
Navarro 2006.

Salehi Jouzani et al. (2011) tried to optimize the growth conditions for two native
Bt strains KH4 and YD5 using economic media. At the first step, different kinds of
available agricultural and food industry wastes such as carbon, nitrogen and mineral
sources for Bt strains mass production, were selected. The selection was based on the
cost, chemical composition, and physiological characteristics. Finally, molasses
(lactose) and starch liquor (polysaccharide) were used as carbon sources. Corn
steep liquor and sea minerals were used as nitrogen and mineral sources, respec-
tively. Based on the different designed treatments as economic media, the growth
kinetic and the spore-crystal production were evaluated. The results showed that the

Fig. 10.4 An overview of the studies on mass-production of Iranian Bt strains
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optimum pH for YD5 & KH4 strains were 6.5 and 7 and the optimum temperature
was 30 �C. The best medium for YD5 strain contained 3% hydrolyzed starch, 3%
corn steep liquor and sea minerals. The best medium for strain KH4 contained 2%
molasses, 3% corn steep liquor and sea minerals (Salehi Jouzani et al. 2011). Later
on, the mass production of strains YD5 and KH4 was optimized under batch
fermenter conditions. The previous optimized economic media were used under
fermenter conditions, and the effects of different factors, including quantity of
primary inoculation, aeration and pH were evaluated on the growth rate, and spore
and crystal production. The pre-culture concentration of 2% and the oxygen rate
ranging from 50 to 90%, were found to be optimal. Moreover, aeration during the
growth and spore-crystal production was necessary. Finally, following the optimized
growth condition, the maximum growth and the highest yield of spores and crystals
were achieved for KH4 (6.2 � 109 CFU/ml) and YD5 (5.5 � 109 CFU/ml) isolates
(Salehi Jouzani et al. 2011).

The success of a commercial bio-insecticide effectively depends on the optimi-
zation of the fermentation process (Fig. 10.5). Therefore, several studies have
focused to improve the production of Bt based insecticides. The nutritional param-
eters, nitrogen carbon and mineral sources of Bt strain H14 medium have been
modified to study their effects on Bt growth phase, sporulation and germination
(Sarrafzadeh 2012). The effect of different nutritional components such as glucose,
glycerol, sodium acetate, corn steep liquor, yeast extract, hydrolyzed casein,
(NH4)2SO4, Ca

2+, Mg2+ and Mn2+ were assessed. The effect of corn steep liquor
on bacterial growth, spore production and spore germination were more important
than other elements (Sarrafzadeh 2012). Marzban (2012b) optimized the solid
fermentation of three local Iranian Bt strains, KON3, KN3, KD2 using four solid
culture media: rice bran, wheat bran, rice flour and barley supplemented with mineral
salts, MnSO4, MgSO4, ZnSO4 and FeSO4. The number of Bt spores and the
insecticidal activity of produced bacteria against H. armigera were investigated
and compared with that of HD-1 as a reference. Wheat bran was the best media
for Bt production (Marzban 2012b).

The cost of raw materials used in the mass production of a bio-insecticide is one
of the main expenditures in the production process. Therefore, there is a growing

Fig. 10.5 The fermenters of the Nature Biotechnology Company, Biorun, for microbial control
agents’ production
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interest in the economic production of bio-insecticides with low-cost materials,
industrial by-products and even waste materials (Shojaaddini et al. 2010).
Shojaaddini et al. (2010) focused on the economic production of Bt based insecticide
by developing fermentation media based on food barley as a substitution of com-
mercial starch. They investigated different carbon and nitrogen sources; hull-less
barley grain, commercial soybean cake, and groundnut, for fermentation of newly
isolated Iranian Bt strain and B. thuringiensis subsp. kurstaki HD-1 as a reference.
To determine the best substitution, different parameters such as biomass,
δ-endotoxin concentration and the number of Bt spores (CFU/ml) were estimated.
The use of barley in Bt fermentation media led to faster sporulation, similar final
biomass, shorter fermentation time and more importantly economic production.

Previously it was reported that KH4 Bt strain from the Bt collection of Agricul-
tural Biotechnology Research Institute of Iran (ABRII) is highly toxic for coleop-
teran species namely X. luteola and Leptinotarsa decemlineata (Nazarian et al. 2009;
Salehi Jouzani et al. 2015a). Due to the great potential of this Bt strain Salehi Jouzani
et al. (2015a) attempted to optimize the growth condition and develop a cost-
effective medium for its mass production. Different temperatures and pH conditions
were examined to determine the appropriate growth conditions. A pH of 6.5 and
temperature of 30 �C were found to be the optimum. Available agricultural waste
sources were used as carbon and nitrogen sources, and sea salt was utilized as a
cheap source of minerals. Molasses and corn steep liquor were the appropriate
sources of carbon and nitrogen. These findings (Salehi Jouzani et al. 2015a) could
be used to successfully develop an appropriate fermentation condition and design a
cost-effective medium for mass production of a local high potent Bt strain. An
economic fermentation medium and an appropriate condition for mass production
of YD5 Bt strain toxic for lepidopterans was designed and examined by Salehi
Jouzani et al. (2015b). The optimum reported pH and temperature for mass produc-
tion of YD5 Bt strain were estimated at 7 and 30 �C. The utilization of different cost-
effective materials from wastes of agriculture and industry led to discovery of an
economical medium for mass production of YD5 Bt strain. The highest number of
spores and crystals were obtained in the medium containing 3% hydrolyzed starch,
3% corn steep liquor and 0.003% sea minerals (Salehi Jouzani et al. 2015b).

It is important to recover Bt spores and crystals from the fermentation medium as
the last step of Bt mass production. Several methods such as precipitation, absorp-
tion, evaporation and centrifugation (Brar et al. 2006a, b; Adjalle et al. 2007; Naseri
Rad et al. 2016), have been suggested and indeed used for recovery of the Bt spores
and crystals. Amongst them, Marzban et al. (2014, 2016) investigated the
membrane-based filtration method. Based on their observation, microfiltration and
ultrafiltration were found to be effective for the separation of Bt spores and crystals
from the medium.
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10.11 Enhancing the Efficiency and the Durability of Bt
Products

Ultra Violet (UV) radiation affects the survival and activity of Bt spores and
δ-endotoxins (Frye et al. 1973; Liu et al. 1993; McGuire et al. 2000) which leads
to instability of Bt-based products in the environment and inconsistency of the pest
control. Therefore, protectants need to be added to the formulations. The efficiency
of different materials in the protection of Bt spores and crystals from UV radiation
have been evaluated (Zareie et al. 2003; Moxtarnejad et al. 2014; Maghsoudi and
Jalali 2017; Jalali et al. 2020). In 2003, the efficiency of 16 formulations of Bt after
mixing with molasses and henna as the protectants from sunlight, particularly
ultraviolet radiation, were determined (Zareie et al. 2003). In the group I, Bt
formulations were not exposed to UV light, while group II and III were exposed to
UV for 1 and 2 days. The insecticidal activity of all these Bt formulations were
assessed against5th instar larvae of Galleria mellonella (Lep.: Pyralidae). The
highest mortality was observed in the formulations of group I. In group II, the
highest insecticidal activity was recorded in the molasses and henna encapsulated
formulations, as in group III. The efficiency of the Bt formulations decreased with
increasing exposure to UV. Interestingly, the addition of sugar increased the stability
of the tested Bt formulation (Zareie et al. 2003). The role of UV-protection of
different compounds such as henna, Congo red, rhodamine B, active carbon, molas-
ses, conventional coal, sodium alginate, gelatin, starch, methyl green and gelatin
were evaluated by Moxtarnejad et al. (2014) under laboratory and field conditions.
The insecticidal activity of B. thuringiensis subsp. kurstaki strain ABTS-315 was
assessed alone and in combination with protectants against P. brassicae. Henna and
starch powder protected the Bt strain from UV radiation and can be suggested for
commercial use in mass production. In another study (Maghsoudi and Jalali 2017),
the protective effect of graphene oxide (GO) and olive oil from UV radiation was
examined. The spore viability and the toxicity were considered as the indicators for
evaluating the efficiency of the selected protectants. The mixture of GO and olive oil
was found to effectively protect Bt spores and retain the insecticidal activity of Bt
against E. kuehniella (Maghsoudi and Jalali 2017). In the next research, Jalali et al.
(2020) studied the effect different polymorphs of titanium dioxide (TiO2)
nanoparticles on the viability of Bt after exposure to UV radiation. Afterward the
biological activity of UV-exposed Bt was evaluated against E. kuehniella second
instar larvae. Based on their results, some polymorphs of titanium dioxide could
enhance the stability of Bt against UV radiation (Jalali et al. 2020). Salehi Jouzani
et al. (2011) prepared an optimized wettable powder formulation for two Bt isolates
(YD5 and KH4) in order to enhance their efficiency against lepidopteran and
coleopteran pests, and increase the durability of the bio-products. Mass production
of these strains was done in the batch fermenter based on the optimized conditions.
To improve the formulation for two Bt strains, different adjuvants including fillers,
surfactants, materials enhancing durability, UV protectants, suspensors, moisteners,
palatability materials and antimicrobials were mixed with 25 grams of spores and
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crystals mixture of Bt strains (containing 6� 109 CFU/mg). After drying and milling
by jet mil, the quality indexes including suspensability, wettability, durability and
the LC50 values against pests were measured for different treatments. The best
treatment for YD5 and KH4 strains had 73 and 71% suspender, and 25 and 24%
wettable agents, respectively. The LC50 values of the selected formulations for YD5
and KH4 strains against cotton bollworm larvae were 550 and 510 ng/cm2, indicat-
ing the efficiency of the selected formulations (Salehi Jouzani et al. 2011).

10.12 Bt Based Bio-insecticides

The most widely produced microbial control agents in Iran are based on different
strains of B. thuringiensis (Moosavi and Zare 2016). Several Bt-based products have
been registered and developed in Iran with the aim of controlling agricultural pests
and also mosquitoes as the vectors of human diseases. Three Iranian companies;
Nature Biotechnology Company (Biorun), Mehr Asia Biotechnology Company, and
Green Biotechnology Company, produce Bt-based bio-insecticides in Iran (Karimi
et al. 2019). The registered products are mainly based on the spores and crystals of
B. thuringiensis subsp. kurstaki, lepidopteran active bio-insecticide. Other Bt-based
insecticides composed of B. thuringiensis subsp. israelensis active against dipterans,
B. thuringiensis subsp. tenebrionis and B. thuringiensis subsp. morrisoni toxic for
coleopterans have also been developed in Iran (Karimi et al. 2019). The commercial
bio-pesticides based on Bt are reviewed here.

Bactospein is the first local bio-insecticide, registered in Iran based on Bt and
formulated as 90% wettable powder. This bio-insecticide preliminarily used against
the forest insect pests (Marzban 2012a). Later, the insecticidal activity of Bactospein
was evaluated against different lepidopterans including, Tortrix viridana (Lep.:
Tortricidae), H. armigera, Ostrinia nubilalis (Lep.: Crambidae), Lymantria dispar
(Lep.: Erebidae) and P. interpunctella (Marzban 2012a).

Bithiran® is based on the B. thuringiensis subsp. tenebrionis, produced and
registered by Mehr Asia Biotechnology Company. The effect of this commercial
Bt-based product has been evaluated against the elm leaf beetle, X. luteola, as one of
the most important pests of elm trees in Iran. The bioassay results showed that
Bithiran could effectively control third instar larvae and adults of X. luteola under the
laboratory conditions (Hajialiloo et al. 2016). Bithurin® is another bio-insecticide
based on the B. thuringiensis subsp. kurstaki, produced byMehr Asia Biotechnology
Company. This bio-insecticide is active against lepidopteran larvae (Karimi et al.
2019).

The Nature Biotechnology Company with the Biorun brand has been registered
and indeed produces two important Bt-based bio-insecticides; Biolep® suspension
concentrate and Biolep® wettable powder formulations. Both of these products are a
mixture of spores and crystals of B. thuringiensis subsp. kurstaki, but formulated in
two different formulations. Biolep is active against different lepidopteran pests
including agricultural and forest pests. BioBeet® is also produced by the same
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company, based on the B. thuringiensis subsp. tenebrionis, active against coleop-
teran larvae. This product has not yet been registered (Karimi et al. 2019). Different
studies have evaluated the efficiency of Biolep under laboratory, greenhouse and
field conditions (Alsaedi et al. 2017). Bioflash® is a local bio-insecticide based on
the B. thuringiensis subsp. israelensis (MH14) also produced by Nature Biotech-
nology Company (Biorun) in Iran. It is composed of a mixture of spores and crystals
of B. thuringiensis subsp. israelensis (MH14) and manufactured as wettable powder
and granular formulations. The B. thuringiensis subsp. israelensis (MH14) was
isolated from an A. stepehensis larva by a research group led by Nasrin Moazami.
The larvicidal activity of B. thuringiensis subsp. israelensis (MH14) has been
evaluated in the Qeshm Island (Moazami 1997). The efficiency of Bioflash® was
assessed against the immature stages of Anopheles spp. and Culex spp. under
laboratory, semi-field and field conditions (Gezelbash et al. 2014). The laboratory
assays resulted in 100% mortality of A. stephensi larvae at the concentration of
512 ppm after 24 h. While, the results of, semi-field and field tests indicated a
reduction in efficiency of Bioflash® granule and wettable powder formulations.
Therefore, further investigations are needed to improve the efficiency of this local
bio-insecticide (Gezelbash et al. 2014).

Rouin-2 is another Bt-based insecticide produced as a wettable powder by Green
Biotechnology Company. This formulation is based on spores and crystals of
B. thuringiensis subsp. kurstaki (AzLp Bt strain) isolated from infected lepidopteran
larvae by Khorramnejad et al. (2018).

The commercially available Bt insecticides are claimed by the respective com-
panies to control many lepidopteran insect species including; H. armigera,
H. viriplaca, O. nubilalis, Spodoptera spp., Pieris spp., Plutella xylostella,
T. absoluta, Chilo suppressalis, Yponomeuta malinellus, Lobesia botrana, Porthesia
melania, Leucoma wiltshirei, Lymantria dispar, Batrachedra amydraula,
Hyphanteria cunea and Cydalima perspectalis.

10.13 Bt Crops

Management of agricultural pests solely relying on the sprayable products based on
Bt is insufficient due to several constraints. Bt formulations are generally sensitive to
UV radiation and have limited activity against boring and sucking insects. These are
the main restrictions of Bt sprays. The incorporation of Bt genes into agricultural
crops has resulted in the production of insect-resistant crops providing an effective
strategy to control the agricultural pests. In Iran, as shown in Fig. 10.6, different Bt
synthetic genes have been transferred into the different plants, mainly rice
(Ghareyazie et al. 1997; Mousavi et al. 2007; Kiani et al. 2009a, b, 2012), cotton
(Tohidfar et al. 2005), potato (Salehi Jouzani et al. 2008a), sugar beet (Jafari et al.
2007, 2009a; Norouzi et al. 2011), alfalfa (Zare et al. 2008), maize and date
(Tohidfar et al. 2008) by the aim of developing the transgenic plants with enhanced
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resistance to insects. In 2004, the first filed experiments for evaluating the efficiency
of Bt rice was carried out in Iran (Tohidfar and Salehi Jouzani 2008).

Rice as one of the most important food crops is widely produced and indeed
consumed in Iran. Iran is also one of the pioneers in the development of transgenic
lines of rice (James 2007). Many studies have focused on the development of
transgenic rice lines with enhanced resistance to lepidopterans (Ghareyazie et al.
1997; Alinia et al. 2000). Bt-transformed Tarom Molaii rice, a high quality aromatic
rice, expressing cry1Ab Bt gene, showed resistance to the major rice pests in Iran,
striped stem borer, C. suppressalisWalker (Lep.: Crambidae) and yellow stem borer,
Scirpophaga incertulasWalker (Lep.: Pyralidea) (Ghareyazie et al. 1997). Different
field and greenhouse studies indicated the efficiency of this transgenic rice line. Bt
rice was the first genetically modified (GM) crop grown in Iran and the first GM rice
released worldwide was generated by one of the most important Iranian agricultural
biotechnology institutes, the Agricultural Biotechnology Research Institute of Iran
(ABRII) with collaboration with the International Rice Research Institute (Mousavi
et al. 2007). The Bt rice line expressing cry1Ab gene has undergone different risk
assessments and safety analyses. Moreover, different physiological characteristics
have been studied in Bt rice and compared with non-transgenic rice. The incorpo-
ration of Bt cry1Ab gene in rice has not adversely affected the plant features. Many
studies have focused on the efficiency of Bt crops under field conditions.

Field trials were conducted to evaluate the efficiency and safety of genetically
modified rice lines in Iran (Mousavi et al. 2007). Resistance of Bt rice lines was

Fig. 10.6 Bt crops with insect resistance traits, under study in Iran. The transformed plants, the
corresponding transgene and the target pest are indicated
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assessed against C. suppressalis (Kiani et al. 2009a). Symptoms of stem borer
damage, like dead hearts and white heads, were recorded. The Iranian Bt rice
resistant to lepidopterans, “Tarom Molaii expressing cry1Ab” was developed by
the Agricultural Biotech Research Institute (Iran) and submitted in GM approval
database of International Service for the Acquisition of Agri-biotech Applications
(ISAAA) (www.isaaa.org). Three Iranian lines of Bt rice, Khazar, Neda and Nemat,
expressing cry1Ab gene were developed and showed significant resistance to rice
pests, particularly C. suppressalis. Different physiological properties of Bt rice such
as; plant height, number of tillers, panicle length, the number of panicles per plant,
maturity time, weight of 1000-grain and tone of yield per hectare, were recorded
under field conditions and compared with non-transgenic rice. Prior to field exper-
iments, the quality of rice grain was assessed in the laboratory (Kiani et al. 2009b).
Transgenic rice lines, especially Neda and Nemat lines, showed better physiological
properties compare to non-transgenic ones. Moreover, all three Bt rice lines showed
significant resistance to C. suppressalis.

The stable inheritance and the level of transgene expression in transgenic crops
are of crucial importance. Therefore, the inheritance of cry1Ab in Bt rice lines was
studied under field conditions, moreover, the inheritance of cry1Ab gene in crosses
between transgenic and non-transgenic rice varieties has been evaluated (Kiani et al.
2009b). The stable integration of cry1Ab gene was shown in the three transgenic rice
lines (Tarom Molaii, Neda and Nemat). These transgenic lines showed resistance to
stem borer infestations and also could be employed as a donor source of the
transgene in recombination breeding (Kiani et al. 2009b). Three Bt rice lines,
Neda, Nemat and Khazar, expressing cry1Ab gene were generated by Rice Research
Institute (Amol, Iran). After evaluating the quality of transgenic rice grains in the
laboratory, under the field conditions at Sari University of Agricultural Sciences and
Natural Resources (Sari, Iran), the physiological properties of transgenic rice
expressing synthetic cry1Ab gene and field resistance to insect were recorded and
compared to that of non-transgenic plants (Kiani et al. 2009b). Neda and Nemat
transgenic lines showed better physiological properties based on height and maturity
time, and all three transgenic lines showed a high degree of resistance to
C. suppressalis. The development of a second-generation transgenic plant
pyramided with different genes relating to resistance to insects and rice quality
was carried out as a part of the cultivar development program in Iran (Kiani et al.
2012). Two Iranian Br rice lines (Neda and Nemat) expressing cry1Ab gene were
crossed with an aromatic variety to develop insect-resistant (cry1Ab gene) and
aromatic rice ( fgr gene) in F2 plants. Gene pyramiding was successfully carried
out and resistant and aromatic rice with favorable agricultural characteristics were
detected (Kiani et al. 2012).

Cotton is one of the most important crops in the northeast of Iran deals with a high
level of yield loss due to insect damage. The major cotton pest that threatens cotton
production in Iran is the cotton bollworm, H. armigera. Developing transgenic
cotton expressing Bt gene is one of the strategies employed to enhance the plant
resistance to insect pests. The cotton var. Coker has been transformed with the
synthetic cry1Ab gene to enhance resistance towards the cotton bollworm (Tohidfar
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et al. 2005, 2008). The presence of the transgene and the Cry1Ab protein were
determined in the transgenic cotton by PCR and western immunoblot analysis.
Cotton transgenic line, namely line 61, was developed and showed a high level of
resistance to H. armigera (Tohidfar et al. 2008). Afterward, the effect of Iranian Bt
cotton was assessed on the cotton secondary pest, Bemiscia tabaci, and also
Encarsia formosa, its parasitoid (Azimi et al. 2012). The Bt cotton negatively
affected E. formosa in terms of parasitoid developmental time and weight.

The collaboration between the Vavilov Institute of General Genetics, Russian
Academy of Sciences, and Agricultural Biotechnology Research Institute of Iran,
resulted in the development of transgenic potato plants expressing the modified
cry3A gene (Salehi Jouzani et al. 2008a). The hybrid cry3aM-licBM2 gene was
synthesized by Salehi Jouzani et al. (2005). The transgenic potatoes showed a high
level of resistance to Colorado potato beetles, L. decemlineata (Col.:
Chrysomelidae).

The alfalfa weevil, Hyper postica (Col.: Curculionidae) is one of the most
destructive pests of alfalfa in Iran. The transgenic alfalfa expressing cry3A gene
was developed and the efficiency of these plants was evaluated in the greenhouse
(Zare et al. 2008).

The transgenic line of sugar beet plants resistant to lepidopteran pests was
developed and generated by the Agricultural Biotechnology Research Institute of
Iran (ABRII) and Sugar Beet Institute of Iran (SBSI). The sugar beet, Beta vulgaris
L., transformed with the synthetic cry1Ab gene from Bt showed enhanced resistance
to S. littoralis (Jafari et al. 2007). Probably due to the low expression level of
Cry1Ab, the full protection of sugar beet against S. littoralis was not achieved and
only the enhancement of resistance was observed, ranging from 37 to 70% mortality
within the first week of infestation (Jafari et al. 2009b). The inheritance of synthetic
cry1Ab gene to the next generation of sugar beet was successfully carried out (Jafari
et al. 2009a). After demonstrating the successful inheritance of cry1Ab gene to F1
progeny, the morphological properties and the resistance of transgenic sugar beet to
S. littoraliswere evaluated (Norouzi et al. 2011). As a result, the morphological traits
of transgenic sugar beet did not differ compared to controls, while, the transgenic
plants showed enhanced resistance to S. littoralis.

Although GM crops expressing cry genes is considered as the successful substi-
tute for chemicals, evaluation of potential hazards or in general, risk assessment is
required before deployment of this technology. A significant study has been devoted
to the investigation of the environmental and human health effects of Bt rice
production vs. non-transgenic rice in Iran (Dastan et al. 2019). This study was
performed by the Agricultural Biotechnology Research Institute of Iran in the
paddy fields of three northern cities, Amol, Sari and Rasht (Mazandaran and Guilan
provinces), under the control of Rice Research Institute of Iran (RRII). Four trans-
genic rice lines were employed. Different parameters such as climate change, ozone
layer depletion, terrestrial acidification, freshwater eutrophication, marine eutrophi-
cation, human toxicity, photochemical oxidant formation, particulate matter forma-
tion, terrestrial eco-toxicity, freshwater eco-toxicity, marine eco-toxicity, ionizing
radiation, agricultural land occupation, urban land occupation, natural land
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transformation, water depletion, soil depletion, metal depletion, carcinogens and
non-carcinogens, water footprint, ecological footprint, greenhouse gases emission,
cumulative energy demand, and global warming, were measured as life cycle
assessment. Briefly, some parameters, particularly the level of energy consumption
and greenhouse gas emission, the non-transgenic rice affected the ecosystem
adversely two times more than the transgenic rice. Since, in the Bt rice fields no
chemical insecticides were used, the ecological impact of chemical application had
to be taken into consideration. Moreover, the emission of heavy metals in air, water
and soil in transgenic cultivars was less than in non-transgenic lines. Therefore, due
to the lower consumption of agricultural machinery and management practices in the
Bt rice fields, fewer pollutants were emitted into the environment (Dastan et al.
2019).

10.14 Implementation of Bt in IPM Programs

To increase the activity spectrum of a microbial insecticide, effective management of
insect pests, application of lower numbers of microbial agents, and more impor-
tantly, overcoming or at least delaying the emergence of resistance, integration of
microbial insecticides with other means of insect pests management have been
suggested. Therefore, many studies focused on the compatibility of Bt formulation
with other control practices. Indeed, the interaction and the possible combination of
Bt toxins with other insect pathogens (Marzban et al. 2009; Marzban 2012b;
Magholli et al. 2013; Kalantari et al. 2014; Allahyari et al. 2019), parasitoids
(Sedaratian et al. 2014; Alsaedi et al. 2017; Allahyari et al. 2019), other
bio-insecticides such as Azadirachtin and Spinosad (Abedi et al. 2014; Nazarpour
et al. 2014; Hosseinizadeh and Aramideh 2014; Nouri-Ghnbalani et al. 2016), and
also plant extracts or essential oils (Ghassemi-Kahrizeh et al. 2014), have been
studied. Based on the findings, the combination of Bt with biological control agents,
bio-insecticides and plant materials may increase the efficiency of the insect pest
management.

Due to the emergence of resistance in P. xylostella to several chemical insecti-
cides (Sarfraz et al. 2005) and also in some cases to Bt (Tabashnik et al. 1990), the
application of two different microbial control agents might improve the efficiency of
P. xylostella management. Therefore, the feasibility of using B. thuringiensis subsp.
kurstaki in combination withH. armigera single polyhedrosis virus, HaSNPV, under
laboratory conditions was investigated (Magholli et al. 2013). A synergistic effect
was observed when the lowest concentrations of Bt (2.4 � 101 spores/ml) and
HaSNPV (2.3 � 103 OB/ml) were used together. Moreover, the biological param-
eters of P. xylostella were negatively affected due to the simultaneous application of
Bt and a baculovirus (Magholli et al. 2013). Further experiments are needed to show
the applicability of this combination in the field.

The simultaneous application of Bt strain and nucleopolyhedrovirus (NPV) in
integrated pest management programs of cotton bollworm, H. armigera, was
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questioned. Both microbial control agents, the bacterium and the virus, have to be
ingested to exert the insecticidal activity. The interaction between Bt and HaSNPV
in biological control of H. armigera was assessed with the aim of solving the insect
resistance problems, using a low concentration of bio-insecticides and more impor-
tantly, increasing the efficiency of cotton bollworm management (Kalantari et al.
2014). Three Iranian Bt strains, KD-2, 20 and 6R, and H. armigera single polyhe-
drosis virus (HaSNPV) provided from the national collection of Iranian Research
Institute of Plant Protection, were employed. The virulence of Bt strains and
HaSNPV were investigated individually and in combination at different concentra-
tions of bacterium and virus. KD-2 Bt strain and HaSNPV were highly toxic to
H. armigera. The joint use of Bt and HaSNPV led to significant differences in
H. armigera larval mortality. Depending on the concentration, all three possible
interactions, antagonism, additive, and synergism, were observed when two micro-
bial control agents were used jointly. The application of Bt at a concentration lower
than LC50 value in combination with HaSNPV at the concentration equal to LC50,
resulted in a synergistic effect. Kalantari et al. (2014) showed that the simultaneous
application of Bt and HaSNPV adversely affected the growth and development of
H. armigera, therefore, the appropriate combination of these two microbial control
agents may increase the efficiency in H. armigera control.

The interaction between Bt and Azadirachtin, a tetranortriterpenoid compound
derived from the neem tree, Azadirachta indica, in biological control of pests have
been investigated against different insect species under laboratory and field condi-
tions (Abedi et al. 2014; Nazarpour et al. 2014; Nouri-Ghanbalani et al. 2016). The
combination of B. thuringiensis subsp. kurstaki strain ABTS-351 and Azadirachtin
for the control of H. armigera under laboratory conditions has been assessed (Abedi
et al. 2014). The combination of Bt and Azadirachtin had a synergistic effect on the
mortality of third instar larvae of H. armigera, therefore, after field trials, the joint
use of these two insecticides can be suggested (Abedi et al. 2014).). The same results
were obtained by Nouri-Ghanbalani et al. (2016) showing synergistic interaction
between Bt and Azadirachtin on the mortality of P. interpunctella third instar larvae.

Under laboratory conditions, the combined effect of Bt and spinosad against beet
armyworm larvae, S. exigua, was studied (Hosseinizadeh and Aramideh 2014).
Combination of Bt and spinosad resulted in a high S. exigua neonate mortality,
therefore, the simultaneous application of Bt and spinosad is recommended in the
biological control of beet armyworm (Hosseinizadeh and Aramideh 2014).

The susceptibility of Colorado potato beetle larvae, L. decemlineata (Col.:
Chrysomelidae), to B. thuringiensis subsp. tenebrionis alone and in combination
with henna powder and cinnamon extract were investigated (Ghassemi-Kahrizeh
et al. 2014). The synergistic effect on L. decemlineata mortality was observed
following combination of both Bt with henna powder and also Bt with cinnamon
extract.

The compatibility of Bt application simultaneously with chemical insecticides has
been also studied. The interaction between B. thuringiensis subsp. kurstaki with
abamectin, azadirachtin, indoxacarb, chlorantraniliprole, dichlorvos and
metaflumizone, in the control of T. absoluta were investigated (Amizadeh et al.
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2015). The colonization of Bt was affected by metaflumizone. Moreover, both
antagonism and synergism effects were observed based on the time of application
of Bt treatment and concentration of chemical insecticides. When Bt was applied
immediately after chemical insecticides, an antagonistic effect was observed.
Whereas, synergistic activity was detected when Bt was used 12 and 24 h after
treatment at a concentration equal to LC25 value of chlorantraniliprole, dichlorvos,
and abamectin. The simultaneous use of Bt and chemical insecticides was not
recommended by Amizadeh et al. (2015).

The possibility of simultaneous application of parasitoid wasps and Bt has been
questioned (Sedaratian et al. 2014; Alsaedi et al. 2017). The braconid, Habrobracon
hebetor Say (Hym.: Braconidae) and B. thuringiensis subsp. kurstaki were selected
to control the larval stages of H. armigera (Sedaratian et al. 2014). Prior to the
integration of H. hebetor with Bt, the effect of Bt on the wasp or in general, natural
enemies has to be precisely assessed. Sedaratian et al. (2014) studied some of
biological parameters of H. hebetor parasitizing the Bt-infected H. armigera larvae.
Bt negatively affected the development of H. hebetor wasps, suggesting that risk
assessment is required to evaluate the side effects of Bt on natural enemies. In
another study, the possibility of application of the egg parasitoid, Trichogramma
spp., with a commercial Bt formulation (Biolep®) based on the B. thuringiensis
subsp. kurstaki for the control of tomato leafminer, T. absoluta, was examined under
greenhouse conditions (Alsaedi et al. 2017). Moreover, the effect of this commer-
cialized Bt-based product was assessed against the non-target organism,
Trichogramma spp. Based on greenhouse observations, the infestation rate was
significantly lower in the treatment of the combination of Bt and Trichogramma,
compared to the individual application of these two biological control agents.
Interestingly, Bt had no negative effect on the biological parameters of
Trichogramma spp. (Alsaedi et al. 2017), suggesting the simultaneous application
of these two biological control agents. The combined use of two insect pathogens, Bt
and HaNPV, targeting the first instars of H. armigera larvae with the larval parasit-
oid, H. hebetor, was evaluated under field conditions (Allahyari et al. 2019).
Synergistic interaction between the applications of insect pathogens with releasing
the larval parasitoid in the control of H. armigera in chickpea field was found.
Therefore, the simultaneous applications of these biological control agents in the
IPM program of H. armigera in chickpea field is suggested.

10.15 Challenges

About five microbial pesticides have been registered in Iran (Karimi et al. 2019).
Biological control by the means of insect pathogens faces different challenges in
Iran. The development of the bio-insecticide mass production, finding a wider
spectrum of activity, improvements in Bt formulation, application strategies, persis-
tence in the environment, preserving shelf-life, effective delivery system to all
agricultural sections in Iran, cost-effective production, registration of microbial
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pesticides, and optimizing the quality of Bt formulations are the main concerns
regarding microbial control in Iran. Although Bt-based insecticides effectively
control the target insect species, they still have not significantly substituted the
application of chemical insecticides. Moosavi and Zare (2016) have comprehen-
sively discussed the limitations of bio-insecticide application or applying microbial
control. The major restrictions are that the available commercial Bt products do not
target all major pests of strategic Iranian crops. These Bt products are not available in
all agricultural regions, the cost is high, farmers lack knowledge, and more impor-
tantly, chemical pesticides have a raid speed of action and in some cases chemicals
have greater effectiveness. Therefore, in the market, bio-insecticides cannot compete
with chemical insecticides. Moreover, the efficiency of microbial pesticides is not
stable, limited shelf-life and specific requirements for storage are other constraints
that restrict their application.

On the other hand, the proper application of Bt definitely leads to successful pest
management. Several parameters affect the efficiency of Bt-based insecticides and
subsequently change the result of pest control. As it has been previously mentioned,
the spores and crystals of Bt have to be ingested by the susceptible larvae to exert
toxicity. Therefore, the coincidence of applying Bt in the field and the emergence of
susceptible larvae is a critical factor directly affecting the efficiency of a Bt product.
The instability of Bt formulations under field conditions threatens their effectiveness.
Additives such as protectants, dispersants, surfactants, and attractants, are required
in Bt formulation for their success in biological control. The limited shelf-life is
another constraint that has been considered for Bt formulation. All of the mentioned
parameters affect the efficiency of biological control based on Bt.

Further, the difficulties of microbial pesticide registration has to be taken into
consideration. In general, the registration of microbial bio-pesticides is a time and
money consuming process, although attempts have been made in Iran to simplify the
process (Moosavi and Zare 2016). Development and mass production of
bio-insecticides receive less attention and inadequate financial support compared
to what is dedicated to chemical insecticides.

The development and application of Bt crops is another controversial issue. The
possible adverse effects of transgenic crops on human and other non-target organ-
isms, and also the environmental potential risks of these genetically modified crops
have been the matter of debate for at least the last decade. It seems that it is necessary
to repeatedly shed light on the side effects of chemical insecticides and to raise the
question: does the application of chemicals as an alternative have less environmental
and health hazards compare to transgenic crops? Based on these challenges, GM
crops have not been commercially released in Iran yet. Therefore, more scientific-
based studies including biosafety regulation, risk assessment, field experiments, and
regulatory considerations are needed (Salehi Jouzani 2012).
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10.16 Future Research Direction

Biological control by means of Bt has proven to be an effective and valuable strategy
for insect control and also for diminishing the application of chemical insecticides.
Moreover, due to the multifunctional role of Bt, as it has been comprehensively
discussed in Salehi Jozanai et al. (2017) review, this bacterium has a great potential
to be applied in different areas. Therefore, the search for discovering novel Bt strains
and toxins with improved efficiency, wider insecticidal toxicity, antagonistic activity
against plant pathogens and plant growth-promoting function, has to be continued.
After discovering novel Bt toxins, in the next step, the appropriate formulation of
bacterial products that enhance both survival and efficiency of the organisms is
needed. Bt products are not cost-effective, though the effectiveness of Bt based
insecticides has to be improved and the cost of production has to be lowered.
Evidently, optimization of the growth conditions leads to the highest yields, while
utilization of locally available materials, low-cost materials, agricultural and indus-
trial by-products, improves the local cost-effective production. Undoubtedly, this
issue needs more sufficient techniques in the fermentation, quality control, formu-
lation and delivery system of Bt. Finally, the current registration protocols of the
Plant Protection Organization (PPO) needs to be revised to facilitate the procedures.
Decreasing the costs related to the Bt-based mass-production and supporting native
Bt products could be helpful in the development of local production and the
application of these products in the country.

Understanding the mechanism of action of Bt toxins would definitely lead to the
development of high potent and more efficient Bt-based products and Bt crops. On
the other hand, pyramiding two or more Bt toxins with different modes of action has
been considered as an effective strategy for delaying resistance (Ferré et al. 2008).
Therefore, future studies can be focused on the mode of action and binding behavior
of Bt toxins in the midgut of susceptible larvae. Genetic manipulation of the Bt
toxins with enhanced and broadened insecticidal activity must be taken into
consideration.

10.17 Conclusion

B. thuringiensis as one the most successful microbial control agents for controlling
agricultural, forestry, medical and veterinary pests, is being used as part of integrated
pest management strategies. Commercial Bt products are used worldwide, as well as
in Iran. Based on the several extensive Bt screening projects carried out in Iran, the
high rate of Bt recovery from different ecosystems, depending on the geographical
region, demonstrates the richness and variability of biological control agent
resources. In these screenings, Iranian Bt isolates were found to be highly toxic to
different species within Lepidoptera, Coleoptera, and Diptera, pointing to the fact
that the Iranian Bt strains have a huge potential to control different agricultural pests.
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Based on the literature, many studies as master thesis, PhD dissertation and projects
have been performed in Iran and focused on the discovery of new Bt strains with
potent pesticidal activity. The final aim of all these studies is to introduce an
appropriate candidate for the development of future Bt-based products. While so
far, only a few of these candidates have been developed as Bt-based bio-insecticides
(Karimi et al. 2019). Indeed, more considerations have to be given to bio-insecticide
production in order to develop the microbial pest control. Definitely, innovative
production techniques, optimization of mass production protocols, assessment of
product quality and quantity, preserved shelf-life and high biological activity are
required for the commercialization of bio-insecticides based on Bt. Undoubtedly,
financial support and simplification of microbial insecticide registration lead to the
development of bio-insecticide production. Finally, the consistency of microbial
agents’ effectiveness and low prices of commercialized bio-insecticides encourage
the farmers to substitute Bt-based products for chemicals.

Bt has been predominantly isolated from soils of different regions of Iran. In
different studies, B. thuringiensis subsp. kurstaki was reported as the most abundant
Bt serovar, although it highly depended on the geographical region and the envi-
ronment where sampling was carried out. The bipyramidal crystalline inclusions
were commonly observed in different Bt screening projects. Due to the economic
and environmental benefits, several companies produce Bt-based insecticides. The
bacterial formulations registered as bio-insecticides in Iran are mainly based on
B. thuringiensis subsp. kurstaki following by B. thuringiensis subsp. israelensis.
Different kinds of formulations are used in Iran for bacterial production, including
suspension concentrates, wettable powders and granular formulations.

B. thuringiensis synthetic genes were transferred into different plants, mainly
rice, cotton, potato, sugar beet, alfalfa, maize and date with the aim of developing
transgenic plants with enhanced resistance to insects. Although GM crops
expressing cry genes have been considered as the successful substitute for
chemicals, risk assessments are performed before their deployment.

Overall, the screening and characterization studies performed in Iran have intro-
duced native Bt strains with high potential for controlling agricultural, household
and medical insect pests. These Bt strains are appropriate candidates for application
as commercialized biocontrol agents. The complementary research is certainly
necessary under laboratory, greenhouse, semi-field and field conditions for evaluat-
ing the efficiency of Bt products and Bt crops. The effect of Bt products and Bt crops
has to be assessed on non-target organisms (i.e. parasitoids, predators and pollina-
tors). Optimization of mass production, fermentation, and formulation is critical for
development of successful commercial products for us in biological control and
providing a healthier environment.
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Chapter 11
Fungal Entomopathogens of Order
Hypocreales

Hassan Askary, Sepideh Ghaffari, Mina Asgari, and Javad Karimi

11.1 Introduction

Insect pathogenic fungi are a great group of microorganisms that attack a wide range
of insect and mite species. Some species and strains of the fungi are very specific.
Generally, the fungi produce spores which infect their host by germinating on their
body surface and entering into its hemocoel. Entomopathogenic fungi have the
greatest potential for controlling sucking insect pests because they have the contact
mode of action, infecting through the cuticle rather than requiring ingestion (Vega
and Kaya 2012; Chandler 2017).

Early research on entomopathogenic agents started about 50 years ago in Iran,
firstly by Dr. Aziz Kharazi Pakdel, emeritus professor of entomology, Tehran
University. His experiences on Nosema sp. (Microsporidia: Microsporea) and
Beauveria bassiana (Ascomycota: Hypocreales) were the basis of researches and
thesis of his students. Since the 1990s, researchers have been paid more attention to
insect fungal pathogen. Isolation of native fungal isolates and their bioassay on
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different hosts were the basis of most research area. In recent years, more researches
have been realized to develop suitable culture media, determine optimal condition
for mass production and development an effective formulation (Karimi et al. 2018).

In last decades, few commercialized insect pathogenic fungi have been registered
in Iran. These commercial mycopesticides are B. bassiana (Naturalis-L®) for
Bemisia tabaci (Hemiptera: Aleyrodidae) in cotton, Akanthomyces dipterigenus
(Petch) Spatafora, Kepler, Zare & B. Shrestha (¼ Verticillium lecanii, Lecanicillium
longisporum) (Vertalec®) (Ascomycota: Hypocreales) for aphids and Akanthomyces
lecanii (¼ Verticillium lecanii, Lecanicillium lecanii) (Mycotal®) (Ascomycota:
Hypocreales) for whitefly larvae in glasshouses.

A number of researchers have tried collecting fungi related to insects and mites
from the ecological regions of Iran (Ghazavi 2009; Nouri-Aiin et al. 2014;
Asadalapour et al. 2011). The most important species of EPFs are stored in the
Iranian fungal culture collection. This collection is founded in 1968, placed in
Iranian Research Institute of Plant Protection and known as IRAN WDCM 939 in
“World Federation of Culture Collections: WFCC”. Totally, the ninety-one isolates
of entomopathogenic species belonging to twenty-six species and fifteen genera are
collected and conserved in this collection from 1995 (Table 11.1).

11.2 Mode of Action

The infectious propagules of insect pathogenic EPFs are generally aerial conidia and
blastospores, both commonly referred to as “spores”. When these fungal bodies
attach to host cuticle, a cascade of recognition and germination events happen during
a few hours. Charnley (1989); Boucias and Pendland (1991); Ortiz-Urquiza and
Keyhani (2013) reviewed the infection process of the fungi on their hosts. In this
process, Pr1 serine protease enzyme has a prominent role during infection by
B. bassiana Safavi (2012). Talaei-Hassanloui et al. (2007) emphasized a significant
role of nutrient media in germination of B. bassiana. Additional aspects for the
fungal mode of action by ultrastructural and cytochemical characterization of the
host invasion by the V. lecanii have been documented by Askary et al. (1997) and
Askary et al. (1999).

The process of infection in Macrosiphum euphorbiae (Hemiptera: Aphididae)
and Sphaerotheca fuliginea (Ascomycota: Erysiphales) by V. lecanii follows a
sequence of events from the exposure of the host to conidia to the production of
conidiophores on host cadavers. These events include initial adherence of conidia to
the host, then germination of the conidia and production of either germ tubes or
branched hyphae that colonize the surface of the cuticle or powdery mildew body.
Generally, V. lecanii hyphae colonize host structures by tight adhesion, apparently
mediated by a thin mucilaginous matrix. Subsequent penetration by germ tubes
involves mechanical pressure and production of cuticle-degrading enzymes, such
as chitinases, as confirmed by the pattern of labelling obtained with the WGA/
ovomucoid-gold complex (Askary et al. 1997). The next phase involves extensive
‘lateral’ colonization of the procuticle in aphid and hyphaea cell wall of powdery
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Table 11.1 Iranian isolates of insect pathogenic fungi stored in national fungal culture collection

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1229 C

Acremonium
alternatum (cf.)

Ommatissus lybicus M. Aminaei Kerman

IRAN
1168 C

Acremonium
egyptiacum
(F. H. Beyma)
W. Gams

Agrilus aurichalceus
(Coleoptera:
Buprestidae)

M. M. Aminaei Kerman

IRAN
1167 C

Sarocladium kiliense
(Grütz) Summerbell
(¼ Acremonium
kiliense)

Hartigia trimaculata
(Hymenoptera:
Cephidae)

M. M. Aminaei Kerman

IRAN
2213

Actinomucor elegans
(Eidam) C. R. Benj.
& Hesselt.

Acythopeus
curvirostris (pupa)

N. Sepasi Birjand

IRAN
2234

Aspergillus flavus
Link

Acythopeus
curvirostris persicus
(adult)

N. Sepasi Nehbandan

IRAN
187 C

Beauveria bassiana
s.l. (Bals.-Criv.)
Vuill.

Leptinotarsa
decemlineata Say

R. Zare Ardabil

IRAN
428 C

Beauveria bassiana
s.l.

Chilo suppressalis
Walker

M. Ghazavi Guilan, Rasht

IRAN
429 C

Beauveria bassiana
s.l.

Chilo suppressalis M. Ghazavi Hassan Rud

IRAN
1395

Beauveria bassiana
s.l.

Zeuzera pyrina on
Juglans regia

M. M. Aminaee Kerman

IRAN
441 C

Beauveria bassiana
s.l.

Rhynchophorus
ferrugineus Olivier

M. Ghazavi Saravan

IRAN
789 C

Beauveria bassiana
s.l.

Melolontha
melolontha

R. Zare Gorgan-Alang
Darreh forest

IRAN
923 C

Beauveria bassiana
s.l.

Chilo suppressalis R. Zare Babol –
Golmahalleh

IRAN
2240

Beauveria bassiana
s.l.

Agrilus coxalis
(adult)

? Ilam

IRAN
1217 C

Beauveria bassiana
s.l.

Leptinotarsa
decemlineata

M. Hadayegh &
H. Asgari

Ardabil

IRAN
1228 C

Beauveria bassiana
s.l.

Ommatissus lybicus M. Aminaei Kerman

IRAN
1025 C

Beauveria
brongniartii (Sacc.)
Petch

Coccinella
septempunctata

M. H. Ghasemi Tehran-
Varamin

IRAN
2214

Cunninghamella
echinulata var.
nodosa R. Y. Zheng

Acythopeus
curvirostris (pupa)

N. Sepasi &
M. R. Mirzaei

Birjand,
Mohammadieh

IRAN
934 C

Cylindrocarpon sp. Chilo suppressalis R. Zare Mazandaran –

Babol

(continued)
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Table 11.1 (continued)

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1218 C

Fusarium
cf. proliferatum
(Matsush.) Nirenberg
ex Gerlach &
Nirenberg

Lixus sp. on Beta
vulgaris

M. Ghazavi Ghazvin,
Hezarjolfa
farm

IRAN
1193 C

Fusarium
incarnatum
(Roberge) Sacc. (¼
Fusarium
semitectum)

Pulvinaria sp. R. Zare Behshahr

IRAN
1220

Fusarium lateritium
s.l.

Pulvinaria sp. R. Zare Tonekabon
(Khorramabad)

IRAN
1285

Neocosmospora
solani (Mart.) L.
Lombard & Crous
(¼ Fusarium solani)

Zeuzera pyrina on
Juglans regia

M. M. Aminaee Kerman

IRAN
1638

Neocosmospora
solani

Zeuzera pyrina on
Juglans regia

M. M. Aminaee Kerman

IRAN
2193

Neocosmospora
solani

Larvae of Zeuzera
pyrina

M. R. Mirzaei South Khora-
san, Sarayan,
Fathabad

IRAN
2040

Neocosmospora
solani

Coccinella
septempunctata

Fakhredini Tehran, Bustan
Besat

IRAN
739 C

Neocosmospora
solani

Euzophera bigella
Zeller

? Mazandaran

IRAN
2028

Hirsutella
cf. versicolor Petch

Beetle larva
(Amphimalon sp.)

M. Ghazavi Kermanshah,
Bilvar

IRAN
1216 C

Cordyceps farinosa
(Holmsk.) Kepler,
B. Shrestha &
Spatafora (¼ Isaria
farinosa)

Euproctis
chrysorrhoea L.

H. Asgari &
P. Molaei

Arasbaran
forest

IRAN
1782

Cordyceps farinosa Overwintering pupae
of Hyphantria sp.

M. Salehi Guilan,
Rezvanshahr

IRAN
2257

Cordyceps farinosa Galleria mellonella
on Astragalus sp.

M. Nori Ilam, Sarable,
Karezan

IRAN
2260

Cordyceps farinosa Galleria mellonella
on Astragalus sp.

M. Nori Ilam, Sheshdar

IRAN
1823

Lecanicillium sp. Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1282 C

Lecanicillium
aphanocladii Zare &
W. Gams (cf.)

Pulvinaria aurantii
Cockerell

M. Davudi &
A. Khazaeipour

Noshahr

IRAN
1750

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis
(L.) Osbeck

F. Sahbanian Mazandaran,
Abbasabad

(continued)
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Table 11.1 (continued)

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1751

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Chaboksar

IRAN
1754

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan,
Chaboksar

IRAN
1756

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Ramsar

IRAN
1757

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Abbasabad

IRAN
1758

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud

IRAN
1759

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Ramsar, Liasar

IRAN
1760

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud,
Leilakuh

IRAN
1761

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Chaboksar

IRAN
1762

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus nobilis var.
unshiu

F. Sahbanian Guilan,
Chaboksar

IRAN
1763

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Chaboksar

IRAN
1773

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus grandis

F. Sahbanian Guilan,
Chaboksar

IRAN
1775

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud,
Leilakuh

IRAN
1776

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud,
Komele

IRAN
1777

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud,
Leilakuh

IRAN
1778

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus grandis

F. Sahbanian Guilan, Malat

IRAN
1779

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Ramsar

IRAN
1770

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Chalus

IRAN
1764

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Chaboksar

IRAN
1765

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan,
Chaboksar

IRAN
1767

Lecanicillium
aphanocladii

Pulvinaria aurantii
on Citrus nobilis var.
unshiu

F. Sahbanian Guilan,
Chaboksar

(continued)

11 Fungal Entomopathogens of Order Hypocreales 443



Table 11.1 (continued)

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1030 C

Lecanicillium
aphanocladii

Aphids in glass-
house, vectors of
viruses

A.-H.
Mohammadi

Shiraz-College
of Agriculture

IRAN
1032 C

Lecanicillium
aphanocladii

Aphids in glass-
house, vectors of
viruses

A.-H.
Mohammadi

Shiraz-College
of Agriculture

IRAN
1787

Lecanicillium
cf. dimorphum
(J. D. Chen) Zare &
W. Gams

Bemisia tabaci T. Safari Hamedan

IRAN
1649

Akanthomyces
lecanii (Zimm.)
Spatafora, Kepler &
B. Shrestha (¼
Lecanicillium
cf. lecanii)

Pulvinaria floccifera Naeim Amini Mazandaran,
Tonekabon,
Balaband

IRAN
1822

Akanthomyces
lecanii

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1825

Akanthomyces
lecanii

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1826

Akanthomyces
lecanii

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1827

Akanthomyces
lecanii

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1828

Akanthomyces
lecanii

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1650

Akanthomyces
muscarius (Petch)
Spatafora, Kepler &
B. Shrestha (¼
Lecanicillium
cf. muscarium)

Pulvinaria floccifera Naeim Amini Mazandaran,
Tonekabon,
Balaband

IRAN
1766

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan,
Langrud

IRAN
1768

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Katalem

IRAN
1769

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud

IRAN
1824

Akanthomyces
muscarius

Scale insect S. Aghajanzadeh Mazandaran,
Ramsar

IRAN
1163 C

Akanthomyces
muscarius

Hartigia trimaculata
(Hymenoptera:
Cephidae)

M. M. Aminaei Kerman

IRAN
1352

Akanthomyces
muscarius

Zeuzera pyrina on
Juglans regia

M. M. Aminaee Kerman

(continued)
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Table 11.1 (continued)

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1774

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan,
Kalachai

IRAN
1771

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Rahimabad

IRAN
1772

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Guilan,
Langrud,
Leilakuh

IRAN
1752

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan,
Lisserud

IRAN
1753

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus aurantium

F. Sahbanian Guilan, Liasar

IRAN
1755

Akanthomyces
muscarius

Pulvinaria aurantii
on Citrus sinensis

F. Sahbanian Mazandaran,
Abbasabad

IRAN
250 C

Akanthomyces
muscarius

Pulvinaria aurantii Mirabzadeh –

IRAN
1157 C

Lecanicillium
psalliotae
(Treschow) Zare &
W. Gams

Eurygaster
integriceps

D. Zafari Lorestan,
Kuhdasht

IRAN
437 C

Metarhizium
anisopliae s.l.
(Metschn.) Sorokīn

Chilo suppressalis – Rasht

IRAN
715 C

Metarhizium
anisopliae s.l.

Locust A. Dehghan Ahwaz

IRAN
1018 C

Metarhizium
anisopliae s.l.

Parandra caspia
(Coleoptera)

M. Ghazavi Mazandaran –

Nour Forest

IRAN
2252

Metarhizium
anisopliae s.l.

Galleria mellonella
on Quercus sp.

M. Nori Ilam, Sarable,
Ghalaje

IRAN
1020 C

Metarhizium rileyi
(Farl.) Kepler, S. A.
Rehner & Humber
(¼ Nomuraea rileyi)

Lasiocampidae S. Zanganeh &
M. Ghazavi

Mazandaran –

Haraz road,
15 km to Amol

IRAN
2039

Paecilomyces
cf. cinnamomeus
(Petch) Samson &
W. Gams

Dead larvae of
Ospheranteria
coerulescens

H. Mahmoudi &
M. R. Mirzaee

Iran

IRAN
1026 C

Purpureocillium
lilacinum (Thom)
Luangsa-ard,
Houbraken, Hywel-
Jones & Samson (¼
Paecilomyces
lilacinus)

Lymantria dispar A. Abaei Iran

(continued)
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mildew, followed by production of blastospores and massive invasion of the aphid
hemolymph and other internal tissues, or suppressing growth and spore production
of S. fuliginea. Pathogenesis is caused by direct assimilation of nutrients and
accumulation of lipids. Finally, the fungus, when environmental conditions are
permissive, produces conidiophores pushed through the host barrier and release of
conidia from host cadavers or dead cells of the plant pathogen. One typical feature of
the developmental process of V. lecanii is the overlap of certain stages of infection.
For example, under favorable environmental conditions, the fungus may proliferate
simultaneously both on the surface and/or within the host body. As a consequence,
sporulation may originate from conidiophores emerging from the host barrier or
from those produced by hyphae developing on the host.

Askary et al. (2008), Benhamou and Brodeur (2000, 2001) and Benhamou (2004)
showed that Akanthomyces muscarius (¼ Lecanicillium muscarium) (Ascomycota:
Hypocreales) is an opportunistic antagonist for some plant pathogenic fungi such as
Penicillium digitatum (Ascomycota: Eurotiales) and Pythium ultimatum (Oomycota:
Peronosporales). Results of their studies provide that antagonism, triggered
A. muscarius, is a multifaceted process in which antibiosis, with alteration of the
host hyphae prior to contact with the antagonist, appears to be the key process in the
antagonism against the mentioned plant pathogenic fungi.

Table 11.1 (continued)

Accession
N. Taxonomic Name Substrate Isolated By

Region and
place

IRAN
1019 C

Cordyceps tenuipes
(Peck) Kepler,
B. Shrestha &
Spatafora (¼
Paecilomyces
tenuipes)

Lymantria dispar S. Zanganeh &
M. Ghazavi

Kordkoy

IRAN
2237

Mucor circinelloides
Tiegh. (¼
Rhizomucor
regularior)

Acythopeus
curvirostris persicus
(adult)

N. Sepasi South Khora-
san, Birjand,
Mohammadieh

IRAN
1274 C

Verticillium sp. Cuticle of
Leptoglossus
occidentalis
Heidemann, hiber-
nating adult speci-
men in a pine wood

Marta Mossenta –

IRAN
2189

Verticillium
epiphytum Hansf.

Larvae of Zeuzera
pyrina

Baradaran Kerman, Rabar

IRAN
2191

Verticillium
epiphytum

Thrips tabaci T. Safari Mashhad

IRAN
2192

Verticillium
epiphytum

Thrips tabaci T. Safari Mashhad

Source: Database of IRAN WDCM 939 in World Federation of Culture Collections: WFCC
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11.3 Development of Entomopathogenic Fungi in Iran

Previous research activity on entomopathogenic fungi in Iran occurred 50 years ago,
mostly concerning bioassays of some insect fungi with different hosts. Since that
early work, more researchers and students have conducted studies on insect patho-
genic fungi. But to date, except the introduction of different fungal strains. We still
cannot claim registration of any commercial product from native strains of
entomopathogenic fungi.

There are many reasons that have prevented the development of
entomopathogenic fungi products. Iran is a vast country with different types of
climate: wet and mild on the coast of the Caspian Sea, continental and arid in the
plateau, cold in high mountains, desert and hot on the southern coast and the
southeast. However, this climate variation can be a cause for genetic variation in
microorganisms, but because of lower humidity, the occurrence of naturally epi-
demic entomopathogenic fungi and their applied use is inhibited.

– Most regions of the country are sunny, especially from mid-spring, summer and
until mid-autumn. Also, ultraviolet radiation is high in most areas which situation
is destructive for fungal propagules.

– There is a perception among farmers that compared to conventional chemical
products, biologicals are not as fast acting, lose their effectiveness more rapidly,
have a narrower host spectrum and require more knowledge to use effectively
(St. Leger and Screen 2001).

– In a general view, few joint-type researches have been attended by a group of
entomologist, microbiologist and chemist to develop the entomopathogenic fun-
gal products. In addition, the relationship between researchers and businesses has
been poor for commercialization of products.

11.4 Application of Entomopathogenic Fungi with Other
Natural Enemies

In most cases, successful biological control of sucking insect pests, especially in
greenhouses, needs the combined use of parasitoids, predators and/or fungal path-
ogens (Mesquita and Lacey 2001). In this complex, both deleterious and beneficial
aspects in host-natural enemies’ relation should be taken into account to recognize
the efficiency of biological control agents (Hochberg and Lawton 1990; Memmott
et al. 2000). Therefore, studies on their relationships can provide basic knowledge in
integrated pest management.

Overall, many studies have shown that EPFs with broad host ranges can interact
antagonistically with arthropod natural enemies either under environmental condi-
tions that are optimal for the fungus or field condition. Laboratory studies often
accentuate the adverse effect of a fungus on a beneficial insect while in nature,
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ecological barriers can minimize the exposure to fungus (James and Lighthart 1994;
Lacey et al. 1997; Askary and Brodeur 1999; Jaronski et al., 2004). Also, deleterious
effects of insect pathogenic fungi have various effect on predators and parasitoids
(Ashouri et al. 2004; Danfa and Van der Valk 1999; Hall 1981). For example,
exposure of parasitic wasp, Bracon hebetor (Hymenoptera: Braconidae) and
Apoanagyrus lopezi (Hymenoptera: Encyrtidae) to Metarhizium anisopliae
(Ascomycota: Hypocreales) and B. bassiana, resulted in 100% mortality of the
parasitoids. However, no infection was observed in the tenebrionid, Pimelia
senegalensis (Coleoptera: Tenebrionidae) and Trachyderma hispida (Coleoptera:
Tenebrionidae), exposed to high doses of the same isolates (Danfa and Van der
Valk 1999). There are a number of papers since the mid-2000s that indicate
behavioral barriers, whereby a parasitoid can detect mycosis and not oviposit.
Deleterious effect of EPFs on natural enemies especially on parasitoids depends
strongly to fungal isolate and its concentration, inoculation time of host and para-
sitoid, life stage of host and parasitoid and their behaviors (Askary and Brodeur
1999). Brooks (1993) listed parasitoids that are unable to complete their develop-
ment due to premature deaths by fungus-infection.

The studies of Askary and Ajam Hassani (2009) on A. muscarius (¼ V. lecanii
isolate DAOM 198499) and Aphidius nigripes (Hymenoptera: Aphidiidae) on potato
aphid, M. euphorbiae clarified some of these host-parasitoid-pathogen relations.
They showed that both A. nigripes males and females were infected by high
concentrations of A. muscarius, however, females were three times less susceptible
than males. Adult wasps were also infected by fungus spores of inoculated plants;
however, the mortality of parasitoid was less than that of direct infection (sprayed on
adults). However, development of fungus mycelium was observed on mummies, but
mortality of parasitoid pupae was significantly lower than its larval stages (Askary
et al. 2007; Askary and Ajam Hassani 2009).

Results demonstrated that there was no transmission of fungus from infected to
healthy individuals during mating. Also, survival of healthy females, parasitism rate
and sex ratio of progeny are same of control, when infected males mated with
healthy females. Whereas, survival, the ability to mating and parasitism rate of
infected females decrease when a heavy concentration of fungi infects them. The
sex ratio and other biological traits of progeny were normal (Askary and Ajam
Hassani 2009).

In order to determine the possible role of Myzus persicae (Homoptera:
Aphididae) treated with B. bassiana on patch time allocation of the parasitoid
wasp, Aphidius matricariae (Hymenoptera: Aphidiidae), Rashki et al. (2009)
found that there was no significant difference in patch leaving time of the parasitoid,
either in presence or absence of fungus. Interaction between presence of eggplant
volatile and fungus did not have effect on patch time allocation. Moreover, they
observed A. matricariae has significant effect on transmission of B. bassiana from
M. persicae sporulating cadavers to non-treated aphids.

Fazeli-Dinan et al. (2016b) investigated virulence of three isolates of
A. dipterigenus (LRC190, LRC216 and LRC229) on third-instar nymphs of green-
house whitefly, Trialeurodes vaporariorum (Hemiptera: Aleyrodidae), as well the
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virulence of the most effective isolate, LRC216 on its parasitoid, Encarsia formosa
(Hymenoptera: Aphelinidae). The results indicated that the larval stage of the
parasitoid was more susceptible than the pupa to fungus application; the adult
parasitoid had low susceptibility to fungus treatment. Also they found the parasitoid
displayed a preference for the healthy whitefly nymphs. So a negative effect of
simultaneous application of fungus and parasitoid within integrated pest manage-
ment for T. vaporariorum could be reduced (Fazeli-Dinan et al. 2016a).

In another survey, Jarrahi and Safavi (2016) examined effect of two native
isolates ofM. anisopliaeM14 and DEMIOO1 on biological parameters of parasitoid
wasp, Habrobracon hebetor (Hymenoptera: Braconidae) attacking larval stage of
cotton bollworm, Helicoverpa armigera (Lepidoptera: Noctuidae). Bioassay exper-
iment revealed that M14 isolate caused higher mortality than DEMIOO1, but its
sub-lethal effect on the intrinsic rate of population growth (rm), finite rate of increase
(λ) and net reproductive rate (R0) weren’t affected by this fungal isolate. Therefore,
Ml4 isolate had no negative effect on biological parameters of H. hebetor and can be
used within integrated pest management program.

These results could be useful for design the management programs for susceptible
pests to fungi, especially for pests in greenhouses. Due to an increasing trend of
greenhouse areas in most provinces of the country, which have reached to about
15,000 ha, the combined use of EPFs with other agents will be a promising manner
for greenhouse management.

11.5 Researches on Entomopathogenic Fungi on Crops

11.5.1 Cereal (Wheat) Pests

11.5.1.1 Sunn Pest

Sunn pest, Eurygaster integriceps (Hemiptera: Scutelleridae) is the key pest of
cereals in Central and West Asia and East Europe (Javahery 1995). During spring
and early summer, E. integriceps attack cereals especially wheat by feeding on
leaves, stems and grains, reducing yield and injecting a toxin into the grains which
reduce the quality of flour (Hariri et al. 2000; Brown 1965).

In the absence of control measures, infestations can lead to 100% crop loss
(Javahery 1995; Amir-Maafi et al. 2007). During spring and early summer, the
pest feeds on wheat and barley in the fields and then migrates to the hills and
mountains for the rest of the year which is called overwintering period (Brown
1965). The Sunn pest spends a dormant period of some nine months at overwintering
sites, under some plants such as Astragalus sp., Artemisia sp., Acantholimon
bracteatum, Quercus sp., Amygdalus sp. and Crataegus aronia. After hibernation,
adult migrates again to farms at early spring, feed, mate and lay eggs on cereal leaves
and weeds (Amir-Maafi et al. 2007; Schuh and Slater 1995).
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Control of Sunn pest is mainly based on chemical control in farms which is
widely used in different countries. In recent years, chemical control of Sunn pest
spanned more than 1,500,000 ha in Iran. Chemical insecticides have negatively
affected many beneficial insects, wildlife, waters and causing even more harm to
humans (Javahery 2004). In general, a few parasitoids, predators and pathogens are
known as natural enemies of Sunn pest. However, the scelionid wasp, Trissolcus
grandis (Hymenoptera: Scelionidae), has shown considerable promise due to its
ability to regulate Sunn pest populations in farm (Amir-Maafi 2000; Amir-Maafi and
Parker 2002, 2003). The entomopathogenic fungi have demonstrated a favorable
potential to affect this pest when other natural enemies are not present especially
during its diapause in overwintering sites (El-Bouhssini et al. 2004; Nouri-Aiin et al.
2014). Parker et al. (2000, 2003) collected EPFs on Sunn pest from some parts of
Syria, Turkey, Iran, Uzbekistan, Kazakhstan, Kyrgyz Republic and Russia. The most
common species was B. bassiana, followed by other species such as Verticillium and
Paecilomyces. Skinner et al. (2007) obtained more than 220 isolates of fungi from
the soil of hibernating sites of Sunn pest in Russia, East and central part of Asia. In
addition, Kazemi Yazdi et al. (2011) and Nouri-Aiin et al. (2014) isolated more than
170 strains of different fungal species from overwintering sites of Sunn pest in
various regions of Iran. Some of these isolates preserve in the fungal culture
collection of IRIPP. In other studies, Parsi and Mohammadipour (2017) collected
different isolates of B. bassiana from overwintering areas in the center of Iran. They
collected 510 soil samples and cadavers from overwintering sites of Sunn pest in
Semnan, Qom, Kerman and Markazi provinces in three elevation classes (1900,
2100 and 2300 m), in late summer and winter 2015 and 2016. Their results indicate
that from 250 samples in winter, 50.4% and from 260 samples in summer, 17% had
B. bassiana spores. The result showed more isolates were found at 2300 meters
elevation although some were present at 1900 to 2100 meters.

Furthermore, B. bassiana and M. anisopliae have been subjected to bioassays on
different developmental stages of Sunn pest. Rastegar et al. (2006) evaluated the
virulence of eight Iranian isolates of B. bassiana and also the American GHA isolate
on adult Sunn pest by immersion of insects in spore suspensions. The lowest LC50
was 3.78 � 103 spores ml�1and lowest LT50 was 8.55 days with isolate DEBI002
and the highest LC50 (5.06 � 105 spore ml�1) and LT50 (17.96 days) recorded for
DEBI008, respectively. In another work, Bandani and Esmailpour (2006) proved
that an oil formulation of B. bassiana against the Sunn pest increased fungal
virulence. Oil formulation enhances the adhesion of spore to the insect cuticle,
especially epicuticle, through hydrophobic interaction between the spore and cuticle
surface.

A study was conducted by Tork et al. (2008) to determine the virulence and
enzyme production of two isolates of M. anisopliae (4556 and M187) on Sunn pest.
Comparison of the LC50s of these isolates showed that the 4556 isolate, with LC50
of 3.38 � 105 spores ml�1, was more virulent than isolate M189, with an LC50 of
7.70� 105 spores ml�1. The assays also demonstrated that enzyme production in the
4556 isolate was more than M198. Therefore, there may be a direct relationship
between enzyme production and virulence, at least with these two isolates. Also,
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Haji Allahverdi Pour et al. (2008) evaluated the virulence of four native isolates and
two foreign isolates of B. bassiana on fifth instar nymphs and adults of E. integriceps
using dipping and topical, micro-application techniques, respectively. Nymphs were
highly susceptible to the isolates without a significant difference among the isolates.
For adults, however, the native DEBI 002 isolate showed the lowest LD50 value
among the others (Fig. 11.1).

Another aspect of entomopathogenic fungi is their ability for horizontal trans-
mission after the initial treatment, epizootic spread. The first such study was
designed by Talaei-Hassanloui et al. (2009). They reported no significant difference
among the E. integriceps adults in different treatment (inoculated males +
non-inoculated males and treatment with inoculated females + non-inoculated
males). Due to the mating behavior, this kind of horizontal transmission did not
evidently occur. Among the five body-part treatments, however, there was a signif-
icant difference among adult mortality, ranging from 16.6% to 48.9%, with the
lowest mortality for pronotal application of spores and the highest mortality for total
body treatment. This trait could be useful for possible auto-dissemination programs.

Another important issue in using fungi to control insect pests is their ready mass
production on natural media. Roshandel et al. (2013) evaluated the effect of culture
substrate on virulence ofM. anisopliae conidia and blastospores against Sunn pest in
2011 and 2012. There were significant differences between virulence of both
propagule types, conidia and blastospores produced in different media and also
there was a significant difference between different developmental stages. For
blastospores, the lowest LT50 recorded (2.33 days) on the wheat bran + yeast extract
medium was on second instar nymphs and the highest LT50 recorded (10.18 days)
on the wheat bran + rice bran extract on fifth instar nymph. For conidia, the lowest

Fig. 11.1 Infected Sunn
pest by entomopathogenic
fungi, Beauveria bassiana
(Haji Allahverdi Pour et al.
2008)
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LT50 recorded 4.68 days on the rice bran extract for second instar nymph and the top
LT50 (13.13 days) was recorded on rice grain versus fourth instar nymphs. Suscep-
tibility of overwintered adults to conidia and blastospores of M. anisopliae was
greater than the aestivated Sunn pest adult.

Bioassays clearly indicate that E. integriceps is susceptible to infection by
M. anisopliae s.l. and the nymphal stages more susceptible than the adults (Sedighi
et al. 2014). Variable susceptibility of different nymphal stages could be attributed to
cuticle structure and molting, but this relationship needs elucidation. Ghamari Zare
et al. (2014) showed significant differences between diapause and summer adult
susceptibility to fungi. Diapausing populations were more susceptible than summer
populations, presumably because of reduced food storage and reduced fat body.

Large scale application of B. bassiana to overwintering sites in winter (before the
immigration of adults) showed high fungal epizooty among Sunn pest populations
especially in the year following treatment (Askary, unpublished data) (Fig. 11.2). On
the basis of results, finding fungal isolates for biological control of Sunn pest in
overwintering sites or farms is promising.

The entomopathogenic fungi have considerable potential for managing the Sunn
pest in wheat fields, in a general sense, but the suitability of these agents for using in
wheat crop lands is questionable. Most of the wheat fields are dry farming, which
situation needs special formulations. An additional issue conservation of fungi in
hibernating sites of the Sunn pest. Maintaining plant diversity in those sites and
avoiding any disruption should increase the fungal prevalence, which can have a
significant role in regulating the Sunn pest density.

Fig. 11.2 Infected Sunn pest by entomopathogenic fungi in hibernate site (Askary, H)
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11.5.1.2 Locusts and Grasshoppers

Locusts and grasshoppers are known to be one of the important phytophagous
insects in different agricultural, forests and rangeland ecosystems of Iran. Dericorys
albidula (Orthoptera: Dericorythidae) is an important monophagous pest of saxoul
trees, Haloxylon sp. (Chenopodiaceae) (Adeli and Abaei 1989; Moniri 1998).
Haloxylons spp. are shrubs found or planted in the desert regions of Iran. In the
past two decades, most outbreaks of D. albidula grasshopper likely developed
mainly due to the expansion of cultivated Haloxylon trees. The main control
strategies for D. albidula are based on the use of chemical insecticides or mechanical
methods. But Metarhizium acridum (as Green Muscle® which is now licensed by
and produced by Elephant Vert in Morrocco, along with their own strain, as
Novacrid) which applied at the rate of 50 g ha�1 to control D. albidula nymphs on
Haloxylon in different regions of Isfahan and Qom Province by Farsi et al. (2009).
Experiments were conducted on Haloxylon plantation in which trial conidia were
suspended in diesel fuel and sprayed on nymphs by ULV and electrostatic sprayers.
Plants were subsequently enclosed in cages. Results showed that this product can
control successfully D. albidula nymphs by spraying methods in low relative
humidity (less than 30% RH). Field application of Green Muscle® on D. albidula
in Halocxylon plantation was successful in controlling pest populations on a large
scale (Fig. 11.3). The other important grasshopper is Esfandiara obesa (Orthoptera:
Acrididae) that feeds on oak in the southwest, Khuzestan Province. Oak trees are the
most important species in Zagros Mountains from North-West to South-West of the
country. In recent years, E. obesa has caused heavy damage on oak by feeding on the
leaves. Despite considerable damage by E. obesa, there was no effective method for

Fig. 11.3 Dericorys albidula infected by Metarhizium anisopliae (Askary, H)
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its control. The results of field observations on E. obesa showed that Green Muscle®

was more effective than other treatments when it had been sprayed on oak trunks or
foliage, where the nymphs feed. Dimilin® with oil carrier was the second effective
product (with 70–83.8% mortality) whereas, B. bassiana did not cause any consid-
erable mortality on the nymphal stage. It seems that Green Muscle® with oil carrier
can be applied within management program of this pest.

Furthermore, one of the important aspects of EPFs is their impact on immune
defenses of their host. Ghazavi et al. (2004) evaluated the cellular immune response
of Locusta migratoria (Orthoptera: Acrididae) to Fashand isolate of B. bassiana.
Their results indicated that the total hemocyte count (THC) and differential hemo-
cyte count (DHC) increased during the first three days of infection but subsequently
decreased. The phagocytic potential of blood cells decreased with the development
of the fungus. Although the hemocytes were able to phagocytize the aerial conidia
injected to insects’ hemocoel at the beginning of infection and blastospores produced
in the course of fungal proliferation, these fungal elements were not killed and after
germination or multiplication, they destroyed the cells, in which they were enclosed
and colonized the host hemocoel.

One of the important criteria in applying fungi is their persistence post applica-
tion. Bagheri and Tajvand (2006) designed an experiment to control E. obesa with
M. acridum with application to foliage. There were significant differences among
different time intervals, including immediately after application, one day after
application, three days after application, seven days after application, ten days
after application, and with no application as a control treatment. They also addressed
the effect of Green Muscle® on survival and feeding behavior of praying mantis,
Mantis religiosa (Mantodea: Mantidae), the most important natural enemy for
E. obesa in Khuzestan province. Mortality of mantis was not observed in any
treatment but also mantid nymphs continued to feed and molt, however there was
a decrease in feeding behavior, from 78% to 54% (Bagheri and Tajvand 2008).

Finally, another important and harmful pest of field crops in Sistan and
Blouchistan province is the sugarcane grasshopper Chrotogonus trachypterus
(Orthoptera: Pyrgomorphidae). This insect has high populations in this province
and is one of the most important pest in early stages of wheat growth and other crops,
especially in seedling stage. Mirshekar et al. (2004) evaluated effects of two native
isolates of B. bassiana and M. anisopliae and also Green Muscle® on
C. trachypterus. Comparison between LD50s of the isolates indicated that native
isolate of M. anisopliae had the lowest LD50 and was more effective than others.
Also, native isolate of B. bassiana was more virulent than a commercialized
formulation of M. anisopliae, also Green Muscle®.

Trichoderma harzianum (Ascomycota: Hypocreales) is a fungus which also has
an important role in pest management. Hamzehei et al. (2018) reported the patho-
genicity of native isolate of T. harzianum on the grasshopper, C. trachypterus under
laboratory conditions with a calculated LC50 of 1.01 � 106 conidia ml�1.
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11.5.1.3 Aphids

Several species of aphid, including Schizaphis graminum and Rhopalosiphum padi
(Hemiptera: Aphididae), are the most abundant species in the wheat fields
(Shayesteh et al. 2015; Karami et al. 2016). Also, Russian wheat aphid, Diuraphis
noxia (Hemiptera: Aphididae), has been reported as an endemic pest in the majority
of the wheat producing areas of Iran (Rezwani 2010). Aphids are harmful in wheat
due to their effect on the grain protein by feeding on wheat and injecting toxic
enzymes into plants during feeding (Shayesteh et al. 2015). Application of EPFs can
be an ideal management tool to reduce the spread and incidence of these group of
pests because of inadequate efficiency of the parasitoids on aphids in cereal fields.
Also, exploring different aspects are recommended to evaluate the fungus applica-
tion in field conditions.

Initially, under the laboratory conditions, efficacy of Iranian isolates of
M. anisopliae, A. muscarius, Lecanicillium aphanocladii (Ascomycota: Hypocreales)
and B. bassiana against D. noxia were demonstrated by Mohammadipour et al.
(2009). Several surveys were also conducted to evaluate the effect of different isolates
of EPF on bird cherry oat aphid, R. padi in different conditions. The first such study
(Sedighi et al. 2012) examined the effects of seven Iranian isolates of B. bassiana
(DEBI001, DEBI002, DEBI003, DEBI004, DEBI008, DEBI010, DEBI015,) on the
adult R. padi, under laboratory conditions. The lowest and the highest LC50s were
0.059 and 162.28 spores ml�1, respectively, and the shortest and longest LT50s were
2.08 and 4.57 days, respectively, with DEBI001 and DEBI002 isolates.

Fadayivatan et al. (2014) found significantly different susceptibilities between
two cereal aphids, Sipha maydis and Metopolophium dirhudum (Heteroptera:
Aphididae) to A. dipterigenus isolate LRC 190 under greenhouse conditions. The
results indicated that both aphid populations were significantly decreased, and the
estimated LC50 and other parameters indicated that A. dipterigenus was more
virulent to S. maydis than to M. dirhudum.

Recently, Mossavi et al. (2016) evaluated the effect of different isolates of
B. bassiana including IRAN429C, IRAN108 and LRC127 on the life table param-
eters of adult S. graminum under laboratory conditions. Adult death percentages had
significant difference among all isolates; IRAN429C caused the highest death rate of
adults. As expected, with increasing the fungal concentration, death rate increased.
Life expectancy (ex) in adults for control, IRAN429C and IRAN108 isolate were
28.25, 13.65 and 17.1 day, respectively. Net reproductive rate (R0) among aphids in
the IRAN429C and IRAN108 treatments were 19.9 and 25.5 (females/female/
generation), which decreased significantly compared to the control (61.6). There is
no difference among the finite rate of increase (λ) for those two isolates of fungus.

Moreover, Ebadollahi et al. (2017) studied A. muscarius effects on the melon
aphid, Aphis gossypii (Hemiptera: Aphididae) under laboratory conditions. The
pathogenic fungus and both essential oils had useful toxicity against A. gossypii.
Aphid mortality also increased when the essential oils were combined with
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A. muscarius, although the phenomena was additive rather than synergistic. Mycelial
growth inhibition of A. muscarius exposed to the essential oils was also very low.

The overall data on efficacy of fungi for aphids shows their potential, but aphid
damage on wheat and other cereals rendeers them less important as major pests. Here,
it is important to consider natural infection of aphids by Entomophthoromycota and
also some hypocrealean fungi, and improve the environment for the conservation.

11.5.2 Rice Pests

Rice (Oryza sativa L.) is one of the most important agricultural crops in the north of
Iran (Lotfalizadeh et al. 2016). Within four decades (from 1980 to 2010), Iran has
changed from the leading rice importing country to the eleventh rice producer of the
world (Poor Amiri et al. 2017). Some main important rice pests are Chilo
suppressalis (Lepidoptera: Pyralidae) and Naranga aenescens (Lepidoptera:
Noctuidae). These pests highly damage this strategic crop annually (Lotfalizadeh
et al. 2016). Chemical insecticides have been the most common tools for manage-
ment of these two rice pests. The integrated pest management (IPM) concept pro-
poses the use of environmentally friendly strategies to decrease the rapid
development of pesticide resistance by these pests and also combat with the envi-
ronmental pollution, human health risks, and negative affect of pesticides beneficial
organisms (Poor Amiri et al. 2017).

Several surveys have been conducted to determine the effect of EPFs on rice pests
in Iran. Initially, laboratory evaluation of pathogenicity of six B. bassiana isolates on
the striped stem borer, C. suppressalis had been done by Majidi-Shilsar et al. (2004).
Among the isolates, there were significant differences and the Mcb18 isolate caused
greater mortality than other isolates. Subsequently, Majidi-Shilsar et al. (2008) tested
combined effect of this fungus isolate and diazinon on the pest in rice fields. The
trials were carried out during 2003 and 2004 in Rasht, Guilan province. Not only did
the B. bassiana cause mortality in the first generation of C. suppressalis but also in
the second generation. Evidently, spores of B. bassiana could persist in rice and
cause mortality of C. suppressali larvae. On the other hand, diazinon was effective
on just the first generation.

The biochemical assessment and the virulence of B. bassiana, M. anisopliae,
Isaria fumosorosea (Ascomycota: Hypocreales) and A. lecanii on the larvae of
C. suppressalis were determined by Ramzi and Zibaee (2014). They recorded the
highest amounts of total protein and hydrophobin for the isolate BB3 (B. bassiana)
and I. fumosorosea. TheM anisopliae isolates and BB3 showed the highest activities
of chitinases and lipases. The fungi presumably had different virulence for the larvae
by producing extracellular enzymes and adhering protein. Overall, they concluded
that larvae of C. suppressaliswas more susceptible to BB2 isolate. To investigate the
effect of fungi on the immune system of the larvae, Zibaee and Malagoli (2014)
determined fluctuation in cell populations, nodule formation and phenoloxidase
activity at 1, 3, 6, 12, 24, 48 and 72 h after injection of different isolates of
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B. bassiana, M. anisopliae, I. fumosorosea and A. lecanii. Within 6 h spores of
B. bassiana had the highest effects on the number of circulating hemocytes, although
the highest number of granulocytes and plasmatocytes were observed 3–6 h post
injection. The B. bassiana induced the highest increase in phenoloxidase activity
between 1 and 12 h post injection. Finally, they detected antimicrobial peptide
activity in the hemolymph of larvae.

Virulence of ten fungal isolates consisting of eight Iranian isolates and two
foreign isolates of B. bassiana on Ostrinia nubilalis (Lepidoptera: Pyralidae) larvae
was determined by Safavi et al. (2010). Their BEH isolate had the greatest mortality,
a mean of 57.7%. Other isolates, such as EVIN I and DEBI007, were scored lower,
with 42.7% and 53.4% percent mortality, respectively.

More recently, Fazeli-Dinan et al. (2012) investigated the pathogenicity of four
Iranian B. bassiana isolates (DEBI001, DEBI003, DEBI007 and DEBI008) on rice
green semi looper (N. aenescens) using two methods, dipping and spraying. In
dipping method, DEBI003 isolate at concentration of 1 � 107 (spores ml�1) caused
the highest rate of mortality, at 50.8%, compared to other treatments. In spraying,
DEBI003 isolate had the most impact on N. aenescens larvae with a 41.3%mortality.
So with both methods, this isolate showed the greatest efficacy. With older larval
instars, mortality decreased; the LC50 of DEBI003 on second instar larvae was
8.1 � 107 spores ml�1. Due to importance of N. aenescens on rice where its larval
feeding causes the reduction of photosynthesis levels and thereby reducing plant
efficiency, Aboutalebian et al. (2017) evaluated the mortality of N. aenescens at
different larval instars with Bacillus thuringiensis var. kurstaki, B. bassiana and
M. anisopliae and control (water) in field conditions on Tarom rice variety. Based on
their result, B. thuringiensis and B. bassiana had high impact in controlling the pest
in the field and can be used within pest management program.

Overall, fungal application in rice is promising due to suitable conditions namely
humidity. Moreover, the rice farmers are familiar with biocontrol because most of
them have experience in application of Trichogramma as an initial biocontrol. Based
on recent national standards for organic farming, appropriate formulations and
application methods could be potential research line for this area.

11.5.3 Beet Pests

The sugar beet armyworm, Spodoptera exigua (Lepidoptera: Noctuidae), is a major
pest of many agricultural crops in tropical and semitropical areas of the world. The
intensive feeding of larvae on leaves can cause significant yield loss and defoliating
small plants and frequently causing economic damage (Talaee et al. 2017; Darsouei
et al. 2018).

Ajamhassani (2014) investigated cellular immune response of fourth-instar larvae
of S. exigua to two isolates of B. bassiana (Fashand and 566). Total number of
plasmatocytes, granulocytes and vermicytes reached a maximum in 3–6 h post
injection. Then total hemocyte decreased gradually. Prohemocytes decreased within
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3 h post injection. Plasmatocytes, granulocytes and vermicytes engulf foreign
particles to form phagocytosis and nodule. Phagocytosis occurred within less than
1 h after injection, but nodulation happened in 3–6 h post injection. There was a
correlation between phenoloxidase activity and total hemocyte count. Phenoloxidase
activity was the highest in 3–6 h post injection.

In another work, for the first time Darsouei et al. (2018) reported Beauveria
varroae (Ascomycota: Hypocreales) isolated from S. exigua through an extensive
sampling during 2014–2015 in the Mashhad region, Khorasan Razavi province
(Fig. 11.4). More research is needed to exploit fungi against this pest in future.

11.5.4 Cotton Pests

Cotton bollworm, H. armigera, is the most destructive pest on economically impor-
tant plants such as cotton, tomato and chickpea in Iran and throughout the world.
Applying insecticides with different mode of action and from different classes causes
resistance in cotton bollworm and leads to reduction in the efficacy of some
conventional insecticide groups such as pyrethroids, organophosphates and carba-
mates. Using different management tools such as microbial control is necessary for
solving this resistance problem (Naseri et al. 2011; Bagheri et al. 2019).

The first such study, Javar and Kharazi-Pakdel (2004) assessed the pathogenicity
of some native isolates of B. bassiana, including IRAN 440C, IRAN403C, IRAN
441C and KCF105, against third instar H. armigera. Because the mortality rate of
IRAN 441C isolate was significantly higher in both tests and had high spore
production, it was identified as the most effective one among those tested.

Because of the importance of sublethal effects caused by EPFs on pest population
dynamics, Kalvandi et al. (2018) evaluated sublethal impact of B. bassiana DC7
isolate on cotton bollworm. Life table analysis indicated that B. bassiana had a
negative effect on total developmental time by elongation of larval development
period and reducing reproduction and egg laying duration in females. Also, this
fungus has a great potential to reduce the fitness of H. armigera populations, thus it
could be considered as a good candidate for biological control program of
H. armigera.

11.5.5 Subterranean Termites

Subterranean termites are one of the most important pests of buildings, historic
monuments and agricultural crops in some parts of Iran. These termites are cryptic
insects and reside underground, inside trees and remain hidden which make their
control very difficult. In agriculture, termites’ attacks occur at different development
stages of crops, particularly at seedling and maturity stages. In general, damage is
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Fig. 11.4 Scanning
Electron Micrographs of
spore of Beauveria varroae.
(a) Arrangement of conidia
on conidiogenous cell, (b)
Conidia germination, (c)
Appressorium and germ
tube. (Courtesy of Reyhaneh
Darsouei, Ferdowsi
University of Mashhad)
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greater in rain-fed than irrigated crops and during dry periods than periods of regular
rainfall so rainfall affect the termite’s geographical distribution very well.

A number of physical, chemical and biological control measures are used to
prevent termite attack. During a preliminary study, Rahimzadeh et al. (2006) con-
firmed the potency of four isolates of M. anisopliae to cause mortality on
Microcerotermes gabrielis (Isoptera: Termitidae) under laboratory conditions.
Later, Rahimzadeh et al. (2012) evaluated the pathogenicity of M. anisopliae
(DEMI 001) isolated from Rhynchophorus ferrugineus (Coleoptera: Curculionidae)
against two subterranean termites, Amitermes vilis (Isoptera: Termitidae) and
M. gabrielis under laboratory conditions. The LC50 values for A. vilis and
M. gabrielis were 8.5 � 103 and 0.2 � 102 spores ml�1, respectively. According
to the results of the bioassay, M. anisopliae was more effective for controlling
M. gabrielis than that for A. vilis. Due to increasing concern of termites in urban
habitats, there is increasing interest in environmentally friendly tools against termites
including fungal insecticides. An information deficit concerns the behavior of most
destructive Iranian termite species. The most important factor is the behavior of
termite population when encountering a fungal pathogen. Based on this finding, an
optimal application tactic could be designed, based on direct mortality and repel-
lency of fungal pathogen.

11.6 Fruit Trees, Forests and Riparian Area Pests

Some main wood borer pests from Lepidoptera, (Zeuzera pyrina), Coleoptera
(Osphranteria coerulescens, Capnodis spp., and species of Scolytinae) and Hyme-
noptera (Synanthedon tabaniformis) cause significant crop losses annually in the
country, with increasing damage in the past two decades, mostly correlated to
climate change issues and water crises. Application of chemical treatment for
management of these pests has some restrictions, including overlapping of life
stages, the issue of sufficient translocation of pesticides in infested trees and other
known concerns which has led to a restriction of available tactics. Among biocontrol
agents, entomopathogenic fungi are an accepted group for use against this group.
Here we can recommend to design plans for incorporating EPFs within management
program of each mentioned species of the wood borers. The main question is the best
method for applying these agents, including injection a spore suspension, or a paste
form by mixing the fungal conidia with waste molasses and sweet potato starch and
smearing into excretion hold of larva (Huang et al. 1990). Alternatively the fungi
could be applied using a fungus-impregnated cloth band around the trees (Hajek and
Bauer 2007). These approaches could be effective in regulating population density
of those pest groups along with pheromone trapping. Several studies have been
conducted on efficiency of EPFs as biocontrol agents for the control of a number of
important fruit tree pests (Table 11.2). In general, these studies have shown prom-
ising results, indicating that these fungi could developed for using within manage-
ment program for some important pest in the country.
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One such study, conducted by Karimi et al. (2010), surveyed the effect of
Heterorhabditis bacteriophora (isolate Iran3) (Rhabditida: Heterorhabditidae) and
M. anisopliae applied simultaneously on second instar larva of white grub,
Polyphylla adspersa (Coleoptera: Scarabaeidae). Results revealed that application
of both pathogens had an additive effect.

Another pest targeted for field trials with fungal entomopathogens was the
rosaceous longhorn beetle, Osphranteria coerulescens (Coleoptera: Cerambycidae).
Mohammadyani et al. (2016) found high mortality in various larval stages of the
beetle. Their results also implied a potential of fungi against the larvae within
galleries. The challenge remains an application method for field usage to maintain
the fungal viability in extreme environmental condition. Another work investigated
the immunological response of the larvae to B. bassiana (Fashand and Ir-k40
isolates) and Cordyceps (Isaria) farinosa (1872c isolate) (Ascomycota:
Hypocreales) (Ajamhassani 2019). There was a variable cellular and enzymatic
response of larvae to different isolates of fungi.

11.6.1 Date Palm Pest

Microcerotermes diversus (Isoptera: Termitidae) is considered as a major pest of
date palm (Phoenix dactylifera L.) trees, in Iran, Iraq and Saudi Arabia. This pest
attacks root, trunk, stem, petiole and cluster of palm. Because M. anisopliae is
considered to be a suitable agent for biological control of this pest Cheraghi et al.
(2012b) investigated whether social behavior of M. diversus, such as grooming, can
be effective in promoting epizootic outbreaks of M. anisopliae in a colony. The
highest mortality of recipient workers was observed after 14 days after being treated
with the concentration of 3.5� 108 conidia ml�1 with a donor: recipient ratio of 1:1.
The mortality of recipient workers was less than 20% at all concentrations at a donor:
recipient ratio of 1:9.

Cheraghi et al. (2012a) performed a field experiment in order to evaluate the
efficiency of M. anisopliae (DEMI001) to control a M. diversus population. After
introduction of wooden blocks treated with M. anisopliae, mean density of termites
decreased from 1756 to 691 individuals compared to the control. Mean percentage of
feeding decreased from 59.75 to 27.81 g. They concluded that treatment of wooden
blocks with M. anisopliae is a suitable control method for M. diversus.

Proliferation and virulence of EPFs can be affected by exposure to pesticides.
Shaabani et al. (2015) tested the compatibility of M. anisopliae (DEMI 001) with
imidacloprid (IMI) for control of M. diversus under laboratory conditions. IMI had
no negative effect on conidial germination or mycelial growth. However, sporulation
was progressively reduced as IMI concentrations increased. According to these
results, IMI is reasonably compatible with isolate of DEMI001. In addition, mortal-
ity of M. diversus in combined treatments was significantly higher than
non-combination treatments, indicating possible synergistic effects. Dastbarjan
et al. (2016) assessed viability ofM. anisopliae conidia in vegetable oil formulations
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and their virulence on the termite,M. diversus.Olive oil formulations had the highest
average conidial germination while the sesame oil formulation had the lowest
germination. The highest mean termite mortality (91.25%) was obtained with the
sesame oil formulation and the lowest (58.33%) with control formulation. The
lowest LT50 and LC50 occurred with the sesame oil formulation in contrast to
other treatments.

11.7 Vegetable and Greenhouse Pests

Vegetable and greenhouse production is very common in Iran, but allows for a rapid
spread of different pests such as aphids. Chemical pesticides are the most commonly
used methods in vegetable farms and greenhouses, but environmental concerns as
well as adverse effects on human health and other organisms, while public desire for
vegetables and fruits with minimal pesticide application has restricted pesticide
usage in vegetable farms. To date, various isolates of A. muscarius, A. lecanii,
B. bassiana and M. anisopliae have been tested to control aphids and other pests
in Iran (Table 11.3). In general, these studies have shown promising results for some
important pest in the country.

Rashki and Kharazi-Pakdel (2010) studied the behavior of the green peach aphid,
M. persicae when it encountered B. bassiana conidia. Green peach aphid was able to
recognize and avoid B. bassiana conidia. However, fungus transmission did occur.
Numbers of recovered aphids on eggplants containing fungus between undamaged
and damaged eggplants were significantly different. Fungus transmission occurred
during aphid colonization. There was no significant difference in proportion of
sporulating cadavers on damaged and undamaged eggplants. Mean number of
sporulating cadavers on damaged and undamaged plants were 5.25 and
4, respectively.

Biological control of Aphis fabae (Hemiptera: Aphididae) and B. tabaci with
Ferula assa-foetida extract and entomopathogenic fungus A. muscarius was
performed by Zamani et al. (unpublished). After 5, 7 and 9 days, the percentage
mortality in treatments with A. muscarius (1 � 108 conidia ml�1) were 17.3%, 25%,
36% for A. fabae and 24%, 28.8% and 40.7% for B. tabaci, respectively. Sprays with
F. assa-foetida suspension caused 18.6%, 27.1% and 40.96% for A. fabae, and 32%,
35.7% and 38.1% for B. tabaci after 5, 7 and 9 days.

Biocontrol efficiency of Planococcus citri (Hemiptera: Pseudococcidae) by
A. dipterigenus and A. lecanii under laboratory and greenhouse conditions was
studied by Ghaffari et al. (2017). Nymphal stages of P. citri were more susceptible
than adults to fungal infection. Susceptibility at all stages was dose dependent. This
study indicated that the entomopathogenic fungi A. dipterigenus and A. lecanii are
potentially useful biological control agents for the citrus mealybug.

Valizadeh et al. (2017) investigated the responses of a new cell line from
hemocytes of rose sawfly Arge ochropus (Hymenoptera: Argidae) to spores of
B. bassiana. The changes in cell number and morphology in response to treatment
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with B. bassiana were repeatable and readily observed. The immune response of the
fourth instar larvae of Phthorimaea operculella (Lepidoptera: Gelechiidae) to two
isolates of B. bassiana (Fashand and 47) were investigated by Pourali and Ajam
Hassani (2017). Total hemocyte count for plasmatocytes and granulocytes increased
significantly after three hours post infection compared to control. This increase in the
number of hemocysts in in response to Fashand was clearly seen. The total hemocyte
count, Plasmatocytes and granulocytes number decreased gradually at six and ten
hours after injection.

11.8 Stored Product Pests

Stored products are vulnerable to infestation by many species of insects and mites.
The impact of pests is not only direct in terms of weight loss or expense of sanitation,
but also indirect because of toxic effects, allergy or environmental problems from
excessive use of chemical treatments. Effective protective pest management
approaches should be frequently applied to prevent stored pest infestation. To be
efficient and environmentally safe, stored product production should be accom-
plished by different pest management programs (Akbari Asl et al. 2009; Forghani
and Marouf 2015). Several studies have been conducted on efficiency of EPF as
biocontrol agents for control of stored product pests (Table 11.4). These studies have
shown promising results indicating that these fungi could developed for integrated
pest management of some important pest in the country.

Selection of the most virulent isolate from three isolates of B. bassiana (IRAN
441C, IRAN 403C and IRAN 440C) and the effect of temperature on germination
and radial growth and virulence were studied on larvae and adult stages of
Oryzaephilus surinamensis (Coleoptera: Silvanidae) (Latifian et al. 2009). There
were significant differences in germination and radial growth among the isolates at
different temperatures. IRAN 441C had the greatest germination and radial growth at
wide range of temperatures. Khashaveh and Sakenin Chelav (2013) evaluated the
pathogenicity of Iranian isolates of M. anisopliae against Sitophilus granarius
(Coleoptera: Curculionidae), Tribolium castaneum (Coleoptera: Tenebrionidae)
and O. surinamensis. All isolates were virulent for these species and mortality
increased with increasing concentration and time. The cumulative mortality
10 days after treatment varied from 62.8% with IRAN715C for O. surinamensis to
90% with IRAN1081C for T. castaneum. In conclusion, S. granarius is the most
susceptible of the species. Masoudi et al. (2013) surveyed the virulence of 66 isolates
of Beauveria spp. and the role of conidial count on biocontrol efficiency of
Sitophilus oryzae (Coleoptera: Curculionidae). Out of the 66 isolates tested, 65 iso-
lates demonstrated a mean mortality rate greater than 22% in 12 days post inocula-
tion. The number of produced spores on culture media had significant differences
among isolates. There seemed to be direct correlation between virulence and conidial
production; isolates with more conidial production were more virulent. In contrast,
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Jokar et al. (2013) reported only a moderate association between pathogenicity and
spore count for T. castaneum treated with different isolates of M. anisopliae.

In 2017, Chehri reported incidence of Fusarium keratoplasticum and Fusarium
proliferatum by molecular method on Tribolium species and found high suscepti-
bility of the Tribolium confusum to those fungi (Figs. 11.5 and 11.6).

The role of temperature on the pathogenicity of B. bassiana against
O. surinamensis fed on stored date fruits had been investigated by Latifian et al.
(2018). Results showed that the mean death rate under 15, 20, 25, 30 and 35 �C
temperatures was 0.89, 1.15, 1.40, 1.21, and 1.11 larvae/day, respectively: while the
values for adults were 0.99, 1.38, 1.47, 1.18 and 1.16 insects/day for adults,
respectively.

Hoseinizadeh et al. (2018) tested the interaction of botanical insecticides,
Tondexir (pepper extract) and Palizin (Eucalyptus extract), with B. bassiana,
M. anisopliae and A. lecanii on G. mellonella. The B. bassiana germination was
not affected by either insecticide. However, A. lecanii germination was negatively
affected by both Tondexir and Palizin. This study showed that while Tondexir and
Palizin as plant-based insecticides, were effective against G. mellonella larvae; the
levels of control achieved did not increase by the mixture of these insecticides and
fungi, and in fact, were usually lower than when fungi were used alone.

In an evaluation of the behavioral response and conidia transmission of
B. bassiana by T. castaneum on different wheat cultivars including Chamran,
Chamran2 and Pishtaz, Ghayeb et al. (2019) observed that the flour beetle could
distinguish the presence of the fungus. However, the seed condition (damaged or

Fig. 11.5 Fusarium proliferatum as natural pathogen of Tribolium confusum. (a) Polyphialides,
(b) Macroconidia, (c) Microconidia. (Permission from Elsevier, License number 4802110578427)
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undamaged) did not have any influence on the interaction between the beetle and the
fungus. The fungus was transmitted properly through the beetle colony. The authors
declared the efficiency of the sporulating-cadavers can be a remarkable reservoir in
grain stores.

The major concern about these research is an issue about target niche of stored
product pests. EPF can kill the pests in these niches, but there are limitations to their
use in storage facilities. In all cases, the insects were treated directly, not within the
infested grains. So there is a gap among this aspect for usage of EPF in storage
facilities and more work needs to be done elaborating practical applications.

11.9 Household Pests

High level of insecticide resistance in hygienic pests and public demand for reducing
broad pesticide usage has developed an interest in biocontrol strategies of these
pests.

Initially, Sharififard et al. (2011) found an interaction between M. anisopliae and
sublethal doses of Spinosad and indicated a synergistic effect on mortality of house
fly, Musca domestica (Diptera: Muscidae) as well as reduction in the speed of
mortality. Afterward, effect of temperature (15, 20, 25, 30, 35 �C) and humidity
(45 and 75%) on the pathogenicity of B. bassiana (isolate Iran 187C) and
M. anisopliae (isolate Iran 437C) in controlling the house fly under laboratory
condition was examined by Sharififard et al. (2012). The result indicated Bb 187C

Fig. 11.6
Entomopathogenic
Fusarium keratoplasticum
on cadaver of Tribolium
confusum. (Permission from
Elsevier, License number
4802110499874)

11 Fungal Entomopathogens of Order Hypocreales 469



caused the highest mortality and sporulation on cadavers at 25–30 �C and 75% RH
but there were no significant differences for Ma 437C under the same conditions. In
addition, there was no significant difference in adult mortality between temperatures
for both fungi.

In a study of the virulence of ten Iranian isolates of B. bassiana andM. anisopliae
against Anopheles stephensi (Diptera: Culicidae) larvae, Fakor-ziba et al. (2014)
showed that B. bassiana isolate 429C and B. bassiana isolate 796C were the most
virulent isolates of B. bassiana causing 100% larval mortality. The most efficient
isolate among M. anisopliae was Ma 1018C. Veys-Behbahani et al. (2014) subse-
quently recommended isolate Iran 429C of B. bassiana for the control of Anophele
larvae.

Sharififard et al. (2014) tested a conidia-dust formulation of M. anisopliae pre-
pared in proportions of 1%, 5%, 10%, 25%, 50% and 100% with the carrier of wheat
flour to biocontrol the cockroach Supella longipalpa (Blattaria: Blattellidae). They
found that with an increased proportion of conidia from 1% to 100%, the cockroach
survival times (ST50) decreased from 1% to 25% but mortality and survival time at
proportions of 25%, and above were not significantly different from each other. The
conidia dust-formulation of M. anisopliae isolate IRAN 437C showed a promising
alternative to control the brown-banded cockroach. In a similar work, Sharififard
et al. (2016) founded that M. anisopliae IRAN 437C was the most virulent isolate
against the brown-banded cockroach, S. longipalpa, causing 100% mortality in
adults at seven days post-exposure. Moreover, they found treating surfaces with
conidia as an aqueous suspension or oil-in- water formulation was more effective
than the bait formulation against the cockroach, causing 39–97% mortality after two
days. Spraying the conidia formulated with sunflower oil was an effective formula-
tion causing 76% reduction in the cockroach density on the third day post treatment
in the houses.

11.10 Conclusion

To date, numerous EPFs have been isolated and identified from various ecosystems
of the country. It is evident that many of these fungi naturally regulate population
density of a wide range of arthropod pests attacking human health or their agricul-
tural products. Generally, EPFs are safe and can be specific for restricted virulence
on a narrow range of arthropods. The application of fungi as bio-insecticides seems
to have developed rapidly where chemical control is impractical or restricted.

There are yet many challenges which limit and restrict the EPFs usage in the field.
By contrast, there are few successful practices in aphids, whiteflies, locusts and
grasshoppers by these biological agents. Research developments that enhance the
use of fungi and their efficacy in pest control of the country should address the
following items.
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– Addressing more diverse isolates of EPFs from various regions of the country,
screening the isolates and selecting the most appropriate ones for specific uses.

– Extensive research to gain an in-depth understanding of the critical ecological
factors affecting on virulence and persistence of EPFs in various crop situations.

– Increasing fungal stability by making advances in fungal nutrition, mass produc-
tion and formulation techniques.

– Extending the role of fungal pesticides for farmers, especially those how to deal
with greenhouses.

– Highlighting the role of agricultural practices in conservation of natural occurring
fungi, like those of the Sunn pest.

– Developing education about EPF potential use strategies, their cost, and other
factors which have a major influence on using EPF.

– Investigating the role of fungal entomopathogens as endophytes.
– Attempting to explore the role of EPFs as plant growth promoters and long term

protectants against pest and diseases.
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Chapter 12
Entomopathogenic and Insect Parasitic
Nematodes

Javad Karimi and Mahnaz Hassani-Kakhki

12.1 Introduction

In recent decades, modern agriculture in the way of providing global food demands
has challenged by growing problems; these include, but are not limited to, pest
damage, especially invasive species, climate change and an increase in the world
population. An important challenge ahead of the agricultural sector is annual crop
losses due to pests which is expanding worldwide. As a result of the combined
effects of globalization, the easier occurrence of pest invasion happens through the
exchange of pests/infested plant commodities. Also, climate changes help some
insect pest establishes more successfully in the new region. In addition to the effect
of climate change on extension of geographical range of pest, it has been demon-
strated that this phenomenon contributes to reduction of soil water availability, shifts
of thermal and moisture on cropping, soil erosion and desertification, which all
means reduction in amount of crop yield (Parry 1992; Kelly and Guo 2007; Kremen
et al. 2012; Oliveira et al. 2014; Zabel et al. 2014). These challenges along with an
increase in world population growth have resulted in more effort to enhance crop
yield per unit of arable area. A common solution is reducing pest losses through
using pesticides. Though the consumption of pesticides has offered significant
economic benefits, evidence indicates that in the long-term, they not only are
producing toxic waste but also induce an increase in soil erosion, development of
pesticides resistance, pest resurgence and replacement of a primary pest by a
secondary one (Heimlich and Ogg 1982; Sabatier et al. 2014; Yadav et al. 2015).
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These issues have caused concerns in governments and the general public; as,
efforts to combat pests on crops, while maintaining farm profitability and actual crop
production levels, is moving toward sustainable agriculture (Kelly and Guo 2007).
An eco-friendly strategy in managing pests is Integrated Pest Management (IPM)
which provides a healthy offer of agricultural products for consumers. Based on
Jacobsen (1997) definition, IPM is a sustainable approach for managing pests by
combining biological, cultural, physical, and chemical tools in a way that minimizes
economic, health and environmental risks. One important candidate in IPM strategy
is control of the pest population using natural enemies, including predators, parasit-
oids and insect pathogens. Entomopathogens, mostly including viruses, bacteria,
fungi, and nematodes, often play an important role in the regulation of insect
populations in natural ecosystems.as an alternative method of chemical pesticides,
microbial control follows three strategies against a wide variety of insect pests,
including classical biological control, augmentation, and conservation.

In Iran, agriculture is pesticide dependent and pests control is often done using
chemical products. This huge pesticide use, bring concerns about possible links
between the growing levels of cancer incidence and chemical pesticides exposure
inside the country, which leads to increased market demand for organic products. on
the other hand, sometimes chemical control of certain pests is inefficient. Therefore,
there is a tendency within Iranian farmers for using IPM approach by an emphasis on
biological control application and insect sex pheromones in recent years. Biological
control against agrarian pests in the country is a practice that has initiated in the
1930s (Abivardi 2001), and as a historical point, it has been rise and fall in its own
way. Among biocontrol agents, most of the studies have done on predators and
parasitoids, and between insect pathogens, Bacillus thuringiensis Berliner, 1915
(Bacillaceae) has received more attention than pathogenic fungi and
entomopathogenic nematodes, EPNs. While the history of studies on insect patho-
genic fungi in the country is much longer, work on EPNs started in the late 1990s,
when first attempts were done for isolation and identification of them. Herein, we
provide a short overview of IPM programs in Iran and biological control agents with
an emphasis on entomopathogenic and entomoparasitic nematodes. We choose
selected literature about Iranian entomopathogenic and entomoparasitic nematodes
fauna and their possible contribution, challenges, and opportunity, to the biological
control of insect pests in IPM programs in the country.

12.2 Application of Biological Control Agents in IPM
Programs in Iran

From a historical perspective, the attention to biological control in Iran dates back to
the Middle Ages, which in literature is mentioned to the benefits of stork and hoopoe
in controlling noxious animals and termites. In 1932, however, the first recorded
experience in biological control in the country was done through the introduction of
Rodolia cardinalis Mulsant, 1850 (Coleoptera: Coccinellidae) from France by
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Dr. Jalal Afshar for control of Icerya purchasi Maskell, 1879 (Hemiptera:
Margarodidae). Since then, successful rearing and release of Trissolcus semistriatus
Nees, 1834 (Hymenoptera: Scelionidae) against Sunn pest, Eurygaster integriceps
Puton, 1881 (Hemiptera: Scutelleridae) was the most significant efforts for decades
(Abiverdi 2001). In current years, Farmers Field School (FFS) approach, which was
set up preliminary as a part of the pistachio IPM project in 1999, obviously has been
influenced on using various natural enemies on different crops in the country; as
studies indicate that farmers who participated in FFS have more tendencies toward
biological control and using it than others (Heidari et al. 2011; Moumeni-Helali and
Ahmadpour 2013).

According to being new entomopathogenic nematology in Iran, we couldn’t find
any documentation about the application of EPNs in IPM projects in the fields and
most studies were done at the laboratory to investigate the pathogenicity of EPNs on
a certain pest. But, there is a report about field application of an entomoparasitic
nematode, Romanomermis culicivorax (Mermithidae: Nematoda), in controlling of
anopheline larvae in southern Iran (Zaim et al. 1998).

12.3 An Outline of Studies on Entomopathogenic/
Entomoparasitic Nematodes in Iranian Research
Centers

Among entomopathogens, EPNs in the families Steinernematidae and
Heterorhabditidae have traits that make them suitable for using against different
insect pests in above and below ground as well those with cryptic habitats. During
the last three decades, many studies have done for possible control of pest by EPNs,
which showed either their successes or failures. These biocontrol agents can poten-
tially be used within an IPM project/sustainable agriculture because of some specific
criteria including recycling and persistence of some EPNs species in the environ-
ment; possible effects, direct and/or indirect, on plant parasitic nematodes and plant
pathogens populations; indirect role in improving soil quality; and compatibility
with a wide range of chemical and biological pesticides used in IPM programs
(Lacey and Georgis 2012). Currently, more than 90 species of both families are
described with several unknown species which among them at least 11 species are
commercially formulated and available for large-scale applications. While
Steinernematidae and Heterorhabditidae consider historically as EPNs, in recent
years, another group of nematodes from the family Rhabditidae including Oscheius
chongmingensis (Zhang, Liu, Xu, Sun, Yang, An, Gao, Lin, Lai, He, Wu & Zhan)
Ye, Torres-Barragan & Cardoza 2010, Oscheius carolinensis Ye, Torres–Barragan
& Cardoza 2010, Heterorhabditidoides rugaoensis Zhang, Liu, Tan, Wang, Qiao,
Yedid, Dai, Qiu, Yan, Tan, Su, Lai, & Gao, 2012 and Caenorhabditis briggsae
Gochnauer & McCoy have reported as entomopathogen (Kaya et al. 2006; Dillman
et al. 2012; Lewis and Clarke 2012; Zhang et al. 2012). Another remarkable
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entomoparasitic nematodes family is Mermithidae which is reported from at least
fifteen different insect orders (Kaiser 1991).

The primary research relevant to entomophilic nematodes were done late in the
1980s by Zaim et al. (1988). In the mid-1990s, Rahim Parvizi, one of the pioneer
researcher on EPNs, collected the first native isolates of EPNs and assessed their
effects on some insect pests. After his works, several studies on EPNs were done by
others. Encouraging results have been obtained through these investigations, which
we will discuss in two sections: studies on the diversity of EPNs species in the
country and their performance on pests. In the last part, we briefly provide informa-
tion about other groups of entomoparasitic nematodes that were isolated from Iran.

12.3.1 The Occurrence of Entomopathogenic Nematodes in
Iran

The initial steps for isolation of EPNs in the country goes back to 1990s, when
Parvizi and co-workers isolated Steinernema anomaly, now Steinernema arenarium
Wouts, Mráček, Gerdin & Bedding, 1982, and Heterorhabditis bacteriophora
Poinar, from larvae of Agrotis ipsilon Hufnagel, 1766 (Lepidoptera: Noctuidae)
and Agrotis segetum Denis & Schiffermüller, 1775 (Lepidoptera: Noctuidae), in
irrigated cultivations of West Azerbaijan province. These EPNs species were the first
EPNs found in Iran. Since then, surveys on the occurrence and distribution of EPNs
have been carried out in different regions which resulted in isolation of additional
species, including Steinernema feltiae (Filipjev) Wouts, Mráček, Gerdin and Bed-
ding, 1982, Steinernema glaseri (Steiner) Wouts, Mráček, Gerdin & Bedding, 1982,
Steinernema carpocapsae (Weiser) Wouts, Mráček, Gerdin & Bedding, 1982,
Steinernema bicornutum Tallosi, Peters & Ehlers, 1995, Steinernema kraussei
(Steiner) Travassos, 1927, O. rugaoensis as well as unclassified isolates (Darsouei
et al. 2014; Karimi and Salari 2015). In 2007, Nikdel et al. (2011a, b) wrote about
isolation a new species of steinernematid from Arasbaran forests, near the Kerengan
village, East Azarbaijan province. They assigned this species as Steinernema
arasbaranense and published a work about its description in the Nematologia
Mediterranea journal. In studied sites, the most prevalent species is the ubiquitous
S. feltiae, followed by H. bacteriophora. In Table 12.1, we briefly remark the
achievements of the Iranian researchers on EPNs isolation and their local
distribution.
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Table 12.1 List of isolated species of entomopathogenic and insect parasitic nematodes from
sampling sites in Iran

Nematode species Isolation source Locality References

Steinernema anomali and
Heterorhabditis bacteriophora

Agrotis ipsilon
A. segetum

West Azerbaijan
province

Parvizi
(1998)

Steinernema sp. and
H. bacteriophora

Soil West Azerbaijan
province

Parvizi
(2003)

S. feltiae Soil Mazandaran and Teh-
ran provinces

Tanha Ma’afi
et al. (2006)

S. carpocapsae P. olivieri Tehran province Karimi
(2007)

S. carpocapsae, S. glaseri and
H. bacteriophora

Polyphylla
olivieri

Tehran province Karimi and
Kharazi-
pakdel
(2007)

S. carpocapsae, S. feltiae and
H. bacteriophora

Soil Arasbaran forests,
northwestern Iran

Nikdel et al.
(2008)

S. carpocapsae, S. feltiae,
S. bicornutum and
H. bacteriophora

Orchards, alfalfa
fields and
grasslands

Ardabil, East
Azerbaijan and West
Azerbaijan provinces

Eivazian
Kary et al.
(2009)

S. glaseri P. olivieri Tehran province Karimi et al.
(2009a)

S. feltiae Soil Tehran province Karimi et al.
(2009b)

S. feltiae Soil Kohgiluyeh and
Boyer-Ahmad
province

Abdollahi
(2010)

H. bacteriophora, S. feltiae and
S. carpocapsae

Soil of potato
fields

East and West
Azerbaijan provinces

Agazadeh
et al. (2010)

S. bicornutum Soil Marand, East
Azerbaijan province

Eivazian
Kary et al.
(2010a)

H. bacteriophora, S. feltiae,
S. carpocapsae, S. bicornutum,
S. glaseri and S. kraussei

Soil Arasbaran forests,
northwestern Iran

Nikdel et al.
(2010a)

H. bacteriophora, S. feltiae and
S. carpocapsae

Soil of walnut
orchards

Arak, Markazi
province

Ashtari et al.
(2011)

H. bacteriophora and S. feltiae Soil Tabriz, East
Azerbaijan province

Ebrahimi and
Niknam
(2011)

S. arasbaranense Soil Kerengan village, East
Azarbaijan province

Nikdel et al.
(2011a, b)

Hexamermis cf. albicans Lymantria
dispar Euproctis
chrysorrhoea

Kaleibar Township,
East Azarbaijan
province

Nikdel et al.
(2011a, b)

S. carpocapsae and S. feltiae Soil Hamedan province Saffari et al.
(2012)

(continued)
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12.3.2 Entomopathogenic Nematodes Experimental
Applications in Iran: Case Studies of Laboratory
and Greenhouse Experiments in Iran

Despite the knowledge on biological control programs in Iran, the use of EPNs has
been restricted to the research level, mainly due to the absence of EPN based
products on the Iran market. Only, a limited number of EPN products exist in
research centers currently. So, this chapter is a summary of some literature of carried
out studies which include laboratory or greenhouse trials about pathogenicity and
virulence of native or commercial species/populations of EPNs against certain pests
(summarized in Table 12.2).

12.3.2.1 The Colorado Potato Beetle, Leptinotarsa decemlineata Say,
1824 (Coleoptera: Chrysomelidae)

Among coleopterans, the Colorado potato beetle (CPB), Leptinotarsa decemlineata
Say, 1824 (Coleoptera: Chrysomelidae) is one of the most economically damaging
pests to potato, which developed resistance to the chemical insecticides. To assess
the potential of indigenous species of EPN on CPB, Eivazian et al. (2010b)
conducted a study using H. bacteriophora (four isolates), S. bicornutum,
S. carpocapsae and S. feltiae against CPB with three laboratory trials: filter paper
(on last larval instar), potato leaf (on last larval instar) and soil (on pre-pupa). In all
trials, H. bacteriophora caused the highest mortality and S. bicornutum had the
lowest mortality. In another study, Ebrahimi et al. (2011) assessed the lethal and
sublethal effects of two Iranian species of S. feltiae and H. bacteriophora on the
prepupal stage of the CPB, the life stage that EPNs can target in the soil. Results
revealed that both species were effective against CPB, but H. bacteriophora was

Table 12.1 (continued)

Nematode species Isolation source Locality References

H. bacteriophora and S. feltiae Soil Mashhad, Razavi
Khorasan province

Hassani-
Kakhki et al.
(2013)

H. bacteriophora and S. feltiae Soil Bojnourd, North
Khorasan province

Kamali et al.
(2013)

H. bacteriophora and S. feltiae Potato fields Farooj, North Khora-
san province

Rahatkhah
et al. (2015)

H. bacteriophora and S. feltiae Soil Kurdistan province Abdolmaleki
et al. (2016)

H. bacteriophora Soil Kerman province Seddiqi et al.
(2016)

S. feltiae Soil Ardebil Ebrahimi
et al. (2019)
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Table 12.2 Species of target insects and applied entomopathogenic nematode species against them
in research and academic centers of Iran (Karimi and Salari 2015)

Order Family Scientific name
Nematode
Sp. References

Coleoptera Curculionidae Conorrhynchus
brevirostris

Hb, Ssp. Parvizi (1998)

Curculio
glandium

Hb Sb Nikdel et al. (2008)

Hypera postica Sc, Sf Falahi et al. (2011)

Chrysomelidae Leptinotarsa
decemlineata

Hb, Ssp.
Sb, Sc, Sf

Parvizi (2000)
Eivazian Kary et al. (2010b)
Ebrahimi and Niknam (2011)
and Ebrahimi et al. (2011)

Bruchus lentis Sf Saeidi et al. (2018)

Cerambyciae Osphranteria
coerulescens

Hb, Sc Sharifi et al. (2014)

Melolonthidae Polyphylla
olivieri

Hb, Ssp.
Sc, Sg

Parvizi (2001)
Karimi and Kharazi-pakdel
(2007)

Polyphylla
adspersa

Hb, Sc, Sf Karimi (2007)

Scarabaeidae Pentadon idiota Hb, Sc, Sf Edraki et al. (2016)

Dermaptera Forficulidae Forficula
auricularia

Hb Kordestani et al. (2013)

Diptera Tephritidae Dacus ciliatus Hb, Sc Kamali et al. (2013)

Agromyzidae Liriomyza
trifolii
L. sativae

Sf Ebrahimi et al. (2012, 2016)

Hemiptera Aleyrodidae Trialeurodes
vaporariorum

Hb, Sf Rezaei et al. (2015)

Hymenoptera Argidae Arge ochropus Hb, Sc Sheykhnejad et al. (2014)

Lepidoptera Noctuidae Agrotis ipsilon Hb Parvizi (2004)

A. segetum Sc Ebrahimi et al. (2019)

Helicoverpa
armigera

Hb, Sf
Sc

Ebrahimi et al. (2008, 2018)
Eivazian Kary et al. (2012)

Heliothis
viriplaca

Hb, Ssp. Parvizi (1998)

Spodoptera
exigua

Hb, Ssp.
Sc

Parvizi (1998)
Aramideh et al. (2005)
Karimi et al. (2009b)

Lymantriidae Euproctis
chrysorrhoea

Hb, Sc Nikdel et al. (2010b)

Pieridae Pieris rapae Hb, Ssp. Parvizi (1998)

P. brassicae Hb, Sf Abdolmaleki et al. (2017)

Gelechiidae Phthorimaea
operculella

Sc, Sf, Sg,
Hb

Hassani-Kakhki et al. (2013)
Eivazian Kary et al. (2018)

Tuta absoluta Sf
Hb, Sc

Abootorabi (2014)
Kamali et al. (2017)

Sf Amizadeh et al. (2019)

(continued)
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more effective at lower concentrations compared to S. feltiae. A considerable part of
this work was the evaluation of sublethal doses of EPNs on the pest. Some adult
insects that survived after exposure to nematodes, 23.5% and 18.2% of insects
treated with H. bacteriophora and S. feltiae, respectively, showed signs like
deformed elytra or incomplete formation of wings. Also, in 45.8% of insects treated
with S. feltiae, delayed eclosion in adult was observed. Sublethal effect of EPN
infection on the host would have adverse consequences on the fitness criteria of the
target pest, e.g. mating success, fecundity, and host-finding ability. Before this study,
the fate of surviving adult insects after infection with EPNs in larval stage have not
been reported; these new finding revealed another positive trait of the EPNs ability in
controlling insect pest.

12.3.2.2 The Potato Tuber Moth, Phthorimaea operculella Zeller, 1873
(Lepidoptera: Gelechiidae)

Potato tuber moth (PTM), Phthorimaea operculella Zeller, 1873 (Lepidoptera:
Gelechiidae) is a primary pest of solanaceous plants which contributes to potato
loss in field and storage. For controlling PTM in the field, farmers rely on the
repeated application of wide spectrum insecticides. On the other hand, protected
tunneling behavior of PTM larvae in foliage and tubers makes it difficult to control,
as some studies have found pesticides application can’t effectively control PTM
when the tubers are infested under the ground. So, the selection of alternative

Table 12.2 (continued)

Order Family Scientific name
Nematode
Sp. References

Sesiidae Synanthedon
myopaeformis

Hb, Ssp. Parvizi (2002, 2003)

Paranthrene
diaphana

Hb, Sc, Sf Azarnia et al. (2018)

Cossidae Zeuzera pyrina Hb, Sc Ashtari et al. (2011)
Salari et al. (2014)

Pyralidae Ectomyelois
ceratoniae

Hb, Sc, Sf Memari et al. (2017)

Glyphodes
pyloalis

Sc Mallahi et al. (2019)

Plutellidae Plutella
xylostella

Hb, Sc, Sf Eivazian Kary et al. (2019)

Hb, Sc Zolfagharian et al. (2016)

Thysanoptera Thripidae Thrips tabaci Hb, Sc, Sf Kashkouli et al. (2014)
Saffari et al. (2013)

Abbreviations used in Table 2. Hb H. bacteriophora, Sb S. bicornutum, Sc S. carpocapsae,
Sf S. feltiae, Sg S. glaseri, Ssp Steinernema sp.
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strategies, such as biocontrol agents, for use in PTM control must rely on behavior of
its larvae which move in the soil, for pupation or infesting tubers. With regard to the
ability of EPNs that can actively search their hosts in a complex environment such as
soil, Hassani-Kakhki et al. (2013) assessed the effect of EPNs isolate/species on
PTM. The primary objective of their work was to evaluate the susceptibility of
different PTM stages, i.e. second (L2) and fourth instar larvae (L4) as well prepupa
to four EPN species with different foraging strategies, S. carpocapsae, [isolated IJs
from commercial product under the trade name Capsanem®], S. feltiae, S. glaseri
and H. bacteriophora FUM7 and commercial isolate [under the trade name
Larvanem®] in Petri dishes. The initial assessment on filter paper showed that
S. carpocapsae and H. bacteriophora (FUM7 and commercial) species caused the
highest mortality on both larval and prepupal stages of PTM. In general, prepupa
was the most susceptible stage while pupa had the lowest mortality.

A possible approach for control the destructive stages of PTM that infest tuber or
inter to the soil for pupation could be the application of EPNs on the soil surface.
Hence, complementary tests in soil columns, by three soil types: loamy, sandy and
sandy-loamy, containing infested tuber were established using S. carpocapsae and
H. bacteriophora (FUM7 and commercial) species. Results from this semi-field
assay indicated larval mortality induced by S. carpocapsae (88%) was higher than
those caused either by the commercial population of H. bacteriophora (79%) or by
H. bacteriophora FUM 7 (78%). Also, EPN species had higher performance in
lighter soils, which resulted in higher mortality on younger larvae than that in loamy
soil (Hassani-Kakhki et al. 2013). The effectiveness of EPN species to infect PTM
larvae and prepupa in loamy and sandy-loamy soils are important because potato
grows well in these soil textures. On the other hand, during surveys on natural
occurrence of EPNs in potato fields of the country, S. feltiae, S. carpocapsae and
H. bacteriophora were recovered (Agazadeh et al. 2010; Rahatkhah et al. 2015). In
this respect, by providing suitable conditions after EPNs application, IJs can survive,
establish and recycle, as one would expect to make a long-term regulation of PTM
during the growing season.

12.3.2.3 Onion Thrips, Thrips tabaci Lindeman, 1889 (Thysanoptera:
Thripidae)

Onion thrips, Thrips tabaci Lindeman, 1889 (Thysanoptera: Thripidae) is an impor-
tant pest that has high economic importance. Control of this thrips due to their
cryptic behavior and resistance to chemical pesticides has become the major limita-
tion in their management. Thrips pupate in the soil which makes them theoretically
reachable targets for EPNs. Hence, Saffari et al. (2013) conducted a study to
determine the pathogenicity of a native isolate of S. feltiae and two commercial
species, H. bacteriophora and S. carpocapsae against second instar larva, prepupa,
and pupa of T. tabaci under laboratory conditions. Their results indicated that
prepupa was the most vulnerable stage, and the second instar larva showed the
least susceptibility to EPNs. Heterorhabditis bacteriophora caused the highest
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mortality in prepupa (54%) while its effect was significantly reduced on second
instar larva (25%) at 10,000 IJs/ml. Similarly, S. carpocapsae was most effective on
prepupal stage (49%) and significantly ineffective against the second instar larva
(20%). Also, dissection of cadavers showed that EPNs were unable to reproduce
inside immature stages of thrips.

12.3.2.4 The Cucurbit Fruit Fly, Dacus ciliatus Loew, 1862 (Diptera:
Tephritidae)

The cucurbit fruit fly, Dacus ciliatus Loew, 1862 (Diptera: Tephritidae) is the most
serious pest of cucumber, melon, watermelon and related fruits in Iran (Arghand
1979). This fruit fly is multivoltine without any diapause in the southern part of the
country, causing serious damage on fruits from July to September (Arghand 1979;
Hancock 1989). Currently, the use of organophosphate insecticides is the main
control method for D. ciliatus, as authors saw several cases when farmers dip
infested fruits into insecticide solutions.

Kamali et al. (2013) examined biocontrol potential of the entomopathogenic
nematodes, H. bacteriophora and S. carpocapsae on third instar larvae, pupae,
and adult cucurbit flies under laboratory and greenhouse conditions. In laboratory
experiments, filter paper and potting soil, against third instar larvae, S. carpocapsae
and H. bacteriophora exhibited high infectivity and successfully reproduced and
emerged from larvae of D. ciliatus. Both nematode species induced low mortality on
pupae. These EPN species were effective against adult flies, as S. carpocapsae
caused higher adult mortality in than H. bacteriophora. In greenhouse test, they
observed that EPNs caused mortality in fly larvae which were located inside the fruit
(Fig. 12.1). When EPNs applied directly to the infested cucumber against D. ciliatus
larvae, the percentage of larval mortality caused with S. carpocapsae (27.7 � 3.1)
was significantly greater than that produced with H. bacteriophora (12.8 � 1.8). In

Fig. 12.1 Application of entomopathogenic nematodes against infested cucumber fruit with
cucurbit fruit fly, Dacus ciliates. Dead larvae of cucurbit fruit fly infected with Steinernema
carpocapsae (a). Nictation of S. carpocapsae larva inside the cucumber fruit (b). (Courtesy of
Sh. Kamali, Ferdowsi University of Mashhad)
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addition, the effect of abiotic factors such as soil texture and the temperature was
examined on pathogenicity of these nematodes. The higher concentrations of EPNs
induced greater larval mortality ofD. ciliatus both in sandy loam and sand soil types,
whereas all concentrations of EPN species had lower virulence in clay loam. Also,
the larval mortality caused by both nematodes at 25 and 30 �C was higher than that at
19 �C. This research highlighted the performance of EPNs on a key pest in Iran and
demonstrated the feasibility of using EPNs in D. ciliatus IPM programs.

12.3.2.5 The Greenhouse Whitefly, Trialeurodes vaporariorum
Westwood, 1856 (Hemiptera: Aleyrodidae)

The greenhouse whitefly, Trialeurodes vaporariorumWestwood, 1856 (Hemiptera:
Aleyrodidae) is a cosmopolitan greenhouse pest that poses major problems for
farmers. In addition to decrease crop quality through feeding on plant phloem and
reduction of photosynthesis due to the development of sooty mold on excreted
honeydew of whitefly on leaves, this pest also can transmit plant viruses (Moreau
and Isman 2012). Also, there are concerns about the development of resistance to
pesticides in T. vaporariorum, as prompt researchers to find powerful alternative
tactics against this whitefly in IPM program. One scheme for controlling the
greenhouse pests, could be the application of EPNs in the greenhouse environment.

Rezaei et al. (2015) evaluated pathogenicity of S. feltiae and H. bacteriophora on
adults and second instar nymphs of T. vaporariorum on two different host-plants,
sweet pepper, and cucumber, under laboratory and greenhouse conditions. In labo-
ratory tests, both life stages were susceptible to infection by EPNs, but S. feltiae had
a lower LC50 than H. bacteriophora. In greenhouse experiments, they observed that
S. feltiae in lower concentrations than H. bacteriophora cause the same mortality in
nymphs. Furthermore, application of 250 IJ/cm2 of S. feltiae on cucumber resulted in
the highest mortality rate (49 � 1.23%) of the second nymphal instar. In general, in
greenhouse trials, the mortality of second nymphal instars was significantly higher
on cucumber plant, with hairy leaf, than on pepper plant, with glabrous leaf.
Probably, the high density of trichome on the cucumber leaf surface increases
humidity, which is critical for enhancing EPN survival. Considering these promising
results, probably a foliar application of EPNs with a suitable adjuvant in combination
with selective insecticides can cause a profitable control of this greenhouse pest in
the short-term.

12.3.2.6 The Tomato Leafminer, Tuta absoluta Meyrick, 1917
(Lepidoptera: Gelechiidae)

The tomato leaf miner, Tuta absoluta Meyrick, 1917 (Lepidoptera: Gelechiidae) is
one of the most devastating tomato pests. After its initial tracing in eastern Spain in
2006, it rapidly invaded other European countries and extended throughout the
Mediterranean basin. In Iran, T. absoluta reported for the first time from Urmia,
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West Azerbaijan province (northwestern Iran) in 2010 and distributed in more than
20 various regions before 2012 (Gharekhani and Salek-Ebrahimi 2013). This mul-
tivoltine pest mines leaves, fruits, flowers, buds, and stems, which feeding damage
causes important yield losses. There are reports regarding insecticide resistance
development in populations of T. absoluta (Lietti et al. 2005). Hence, using of
IPM program with an emphasis on biocontrol agents, like EPNs, against this pest
is highlighted, as entomopathogens such as S. feltiae, S. carpocapsae, and
H. bacteriophora, have showed efficacy versus T. absoluta in laboratory and growth
chamber (Batalla-Carrera et al. 2010; Garcia-del-Pino et al. 2013).

Kamali et al. (2017) designed a series of experiments to identify the possible
relations among concentration of IJs, soil type, temperature and exposure time, using
two species H. bacteriophora and S. carpocapsae against different life stages of
T. absoluta. The results showed that the last larval instar of leaf miner was highly
susceptible to both S. carpocapsae and H. bacteriophora. The calculated LC50 value
after plate assay was 2 IJs/cm2 for S. carpocapsae and 1 IJs/cm2 for
H. bacteriophora. The highest mortality percentage occurred in the coco peat
substrate (92.6%) and loamy sand (88.9%), and the lowest level was observed in
the sandy loam soil (16.8%). The optimal temperature for the infectivity of
H. bacteriophora was 25 � 1 �C, while for S. carpocapsae it was 31 � 1 �C,
which caused a maximum mortality rate of 96.0% and 90.6%, respectively. The
exposure of last larval instar to S. carpocapsae for 240 min was sufficient for an
infection of 95.5% of the larvae, whereas 76.9% of the last larval instar infected after
65 min by the same concentration (20 IJs/cm2). In their observations, they found that
larvae died inside the galleries after the treatment of tomato plant leaves. Consider-
ing the results, they argued that EPNs species such as S. carpocapsae need a short
time to find and infect the leaf miner larvae within the galleries, as the first 65 min
post-application was adequate time for this event. They argued that temperature was
not a limiting factor for S. carpocapsae and H. bacteriophora in their study. Kamali
et al. (2017) suggested both species has potential to use in T. absoluta management
programs.

Based on their experience, it seems these entomopathogens will be effective when
pest population is low. In this case, using pheromones for pest monitoring will help
to promote the right time for EPNs applications in green house, when pest population
is still low.

12.3.2.7 The Apple Clearwing Moth, Synanthedon myopaeformis
Borkhausen, 1789 (Lepidoptera: Sesiidae)

The apple clearwing moth, Synanthedon myopaeformis Borkhausen, 1789 (Lepi-
doptera, Sesiidae) is an economic pest in apple orchards. The larvae exist under tree
bark, feed on sap and create galleries between the ross and the cambium layer. The
larval feeding behavior leads to a decrease in yield and weakens the host tree,
increases susceptibility to bark beetles and fungal diseases. Due to the cryptic habitat
of larvae, where they are protected from insecticidal sprays, as well as long
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oviposition period of female, chemical control is insufficient. So, in an experiment,
the efficiency of two native species of Steinernema sp. andH. bacteriophora, against
S. myopaeformiswas evaluated in a heavily infested apple orchard by Parvizi (2003).
A concentration of 106 IJs/300 cm3 of distilled water of Steinernema sp. and
H. bacteriophora were sprayed onto the trunks of infested trees. The outcomes
showed that Steinernema sp. (up to 60% mortality) is more efficient against
S. myopaeformis in comparison to H. bacteriophora (less than 6% mortality).
These observations in combination with additional studies in other countries about
efficiency of EPNs on S. myopaeformis suggest that EPNs could be a suitable agent
in IPM program against this pest.

12.3.2.8 The Acorn Weevil, Curculio glandium Marsham, 1802
(Coleoptera: Curculionidae)

Oak forests are important ecosystems, which play significant roles in the world. An
important pest of the oak forest is the acorn weevil, Curculio glandium Marsham,
1802 (Coleoptera: Curculionidae), which its larvae feed on the oak seed. Its damage,
for example, in the Hatam-Mashaci forest, located near the city of Meshkin-Shahr,
East Azerbaijan province, had a severe influence on oak regeneration, inducing
rotting of almost 70% of oak acorns (Arefipour et al. 2005). The larvae feed and
develop within the acorns, and when the ripe acorns fall to the ground, fully
developed larvae cease feeding and burrow into the soil to overwinter. Application
of chemical pesticide in the soil of oak forests for control this pest has an adverse
effect on natural biodiversity and soil biota. Considering the life cycle of pest which
live in the soil for overwintering, EPNs can be a potential agent in controlling
C. glandium in such vulnerable ecosystems.

Nikdel et al. (2008) conducted a study to determine the potential of native species
of EPNs, H. bacteriophora and S. bicornutum, against fifth instar larval of acorn
weevil. Bioassays were carried out under laboratory conditions, at two temperature
ranges (21–24 �C and 25–28 �C). They observed that the penetration rate of
H. bacteriophora (1.6%) was higher than S. bicornutum (0.55%). Also, the maxi-
mum mortality rates caused by H. bacteriophora and S. bicornutum were 58.3% and
25% (at 21–24 �C) and 63.5% and 30.5% (at 25–28 �C), respectively. Therefore, it
seems that the application of EPNs as biocontrol agents against oak pest including
C. glandium could be an effective recommended strategy to Government Forestry
Services.

12.3.2.9 The Leopard Moth, Zeuzera pyrina L., 1761 (Lepidoptera:
Cossidae)

The leopard moth borer, Zeuzera pyrina L., 1761 (Lepidoptera: Cossidae) is a
polyphagous pest with increasing importance in some countries. The pest attacks
more than 150 plant species of up to 20 taxonomic genera, including walnut, apple,
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pear, peach, cherry and olive trees. Its larvae are wood borers that make deep
tunnels, up to 50 cm, in the main branches and trunk of the tree where the main
damage occurs at phloem and xylem vessels of the tree. Damage causes weakness in
tree and attraction of bark beetles which finally resulted in tree death, especially in
the newly established orchards. In recent years, Z. pyrina has become the most
damaging pest of walnut trees in Iran, as already led to the uprooting of many walnut
groves in some area. The pest has one generation per 2 years, but moths and damages
appear every year. On the other hand, the flight period of the moths lasts about
3 months which a female adult can lays about 1000 eggs during this time, after
hatching, the larvae bore into twigs, branches, and trunks, so its monitoring and
control are extremely difficult (Kutinkova et al. 2006; Gharalari and Kolyai 2014).
Among natural enemies, EPNs have adapted for possible use in such hidden habitat.

Ashtari et al. (2011) started investigations toward development of EPNs against
the leopard moth borer begin with laboratory bioassays to determine EPNs patho-
genicity, followed by comparisons of virulence among different microbial isolates or
strains. They used a native isolate of H. bacteriophora and commercial products of
S. carpocapsae and H. bacteriophora against the pest larvae in the laboratory
bioassays at the rate of 2000 IJs per larva in petri dish. In laboratory tests,
S. carpocapsae caused 100% mortality in 2nd, 3rd, and 4th instars larvae at 54, 30
and 36 h after treatment, respectively. Heterorhabditis bacteriophora induced 100%
mortality in 2nd, 3rd, and 4th instar larvae at 44, 40 and 52 h after treatment,
respectively. For field application, Ashtari et al. (2011) applied same strains/isolate
via injection of nematode suspensions, 2000 IJs per active hole, using a 60 cc plastic
syringe into the galleries bored in tree stems or branches. Ten days’ post application,
larvae of Z. pyrina were excerpted from the galleries using a wire, and the number of
alive and dead larva was determined. The result showed that both tested nematodes
at 2000 IJs/larva proved to be effective on the leopard moth borer larvae (Fig. 12.2).

Subsequently, Salari et al. (2014) evaluated the pathogenicity of S. carpocapsae
and H. bacteriophora on Z. pyrina in another study, including the plate and infested
branch assay in laboratory condition. The plate assay showed high virulence of both
EPNs against the larvae. The calculated values of LC50 indicated that S. carpocapsae
was comparatively more virulent than H. bacteriophora against larvae. For the
branch test, infested branches with active holes were collected from walnut orchards
and transferred to the laboratory. Injection of 160 IJs/cm2 of S. carpocapsae and
H. bacteriophora to the branch holes induced high mortality (more than 70%) on
pest larvae. Also, S. carpocapsae caused higher mortality in the larger larvae than
H. bacteriophora.

Currently, pheromone traps and occluding the holes created by the pest, through
applying a mixture of glue and fumigating pesticides, are practices that used in IPM
programs in walnut orchards. Hidden habitat like galleries inside the trees is con-
sidered as a most favorable environment for EPNs activity, though the EPNs
delivery method is not practical because it is time consuming and difficult; The
female leopard moth lays hundreds eggs which lead to many holes in a tree. On the
other hand, usually the height of branches of the walnut trees is a problem for the
operator. Maybe using hand-held lances for spraying branches is more practical in
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this case, however this method needs more evaluations to see if nematodes can reach
the holes or not before the desiccation. Even if using nematodes can cause 30%
mortality in orchards it worth to use, because this pest can destroy a walnut orchard
in few years. Using different methods along application of EPNs in IPM programs
against this pest is promising.

Fig. 12.2 Field application of entomopathogenic nematodes against the leopard moth borer,
Zeuzera pyrina. A suspension of 2000 IJs per active hole, using a 60 cc plastic syringe injected
into the galleries bored in tree stems or branches (a, b). Ten days’ post application, marked branches
were collected and transferred to the laboratory (c, d). The larvae of Z. pyrina were excerpted from
the galleries and the number of alive and dead larva was determined. Dead larvae of leopard moth
borer infected with Steinernema carpocapsae inside the branch (e) which dissection of cadaver
showed developing nematodes (f). (Courtesy of E. Salari, Ferdowsi University of Mashhad)
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12.3.2.10 The Rosaceae Longhorned Beetle, Osphranteria coerulescens
Redtenbacher, 1850 (Coleoptera: Cerambycidae)

A serious and economically important pest that causes extensive damage to rosa-
ceous trees in Iran, is the Rosaceae longhorned beetle, Osphranteria coerulescens
Redtenbacher, 1850 (Coleoptera: Cerambycidae). Adult beetles lay a single egg into
the upper part of tree twigs. When larva emerges, it bores into the cambium and later
penetrates to hardwood, the center of branches and trunks where feeds for a year.
Due to drought in the country in recent years, some fruit trees, such as almonds, have
been more susceptible to this pest. As similar to Z. pyrina, in several area,
O. coerulescens damage led to the destruction of many almonds orchards. Efforts
to control this pest are insufficient because of the cryptic behavior of larvae. The
limited movement of O. coerulescens larvae, as well as the moist protected envi-
ronment within their galleries, suggest that EPNs have ability to find and kill larvae
in their habitat. So, Sharifi et al. (2014) evaluated the efficacy of H. bacteriophora
and S. carpocapsae, against the larvae of this longhorned beetle. The plate assay
showed that the larvae were susceptible to both EPN species but were more
susceptible to S. carpocapsae (65–97% mortality) than H. bacteriophora (42–88%
mortality). Efficacy of the EPN application against O. coerulescens depends, among
other factors, on the ability of the nematodes to find pest in galleries; so these
researchers in the next step, designed laboratory experiments on an infested branch
of apricot, 15–17 cm in length. The tip of the branch, where the larva of
O. coerulescens deposits its frass, was placed into a 45 cm3 sponge piece with a
hole inside it. The EPN suspension at a concentration of 10,000 IJs/ml was inocu-
lated into each sponge piece. The result showed that the EPN species located and
killed the larvae within galleries in the branches. These findings highlighted the
ability of EPNs as a potential biocontrol agent of cryptic pests in the IPM program.

Like the other wood borer pest, the leopard moth borer, the method using
nematodes against O. coerulescens is challenging due to complexity of application
method. Although, further field experiments are needed to evaluate their efficacy
under the wide environmental condition.

12.4 The Occurrence and Application of Entomoparasitic
Nematodes in Iran

The first attempt for the application of entomoparasitic nematodes against an insect
pest in the country was done by Zaim et al. (1988). They investigated the efficacy of
the parasitic nematode Romanomermis culcivorax (Nematoda: Mermithidae) in
controlling anopheline larvae, including malaria vectors, in Fars and Baluchistan
provinces. They did not observe any correlation between the level of parasitism and
the density of mosquito larvae present in a site. However, R. culcivorax was
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established in the release sites but caused only minor reductions in anopheline larval
populations.

Nikdel et al. (2011a, b) reported Hexamermis cf. albicans (Nematoda:
Mermithidae) from infected larvae of two lepidopterans, Euproctis chrysorrhoea
L. 1785 (Lepidoptera: Erebidae) and Lymantria dispar L. 1785 (Lepidoptera:
Erebidae) in the Arasbaran area, northwest of Iran. Deladenus species is another
group of nematodes which is associated with insect. Three species of this genus
including Deladenus durus (Jahanshahi Afshar et al. 2014) D. persicus sp. n. and
D. apopkaetus (Miraeiz et al. 2017) were reported from Iran.

Also, the occurrence of some species of the genus Oscheius Andrássy, 1976
(Nematoda: Rhabditida) from different regions of Iran were reported. These species
include Oscheius tipulae, O. rugaoensis, O. necromenus and O. onirici (Hassani-
Kakhki et al. 2012; Darsouei et al. 2014; Valizadeh et al. 2017; Karimi et al. 2018).

Salari et al. (2019) surveyed to assess the effect of Acrobeloides maximus
(Rhabditida: Cephalobidae), collected from Kerman province, against the larvae of
the leopard moth. They found that in plate assays, larval mortality was significantly
influenced by the concentration of the nematode and after 72 h, the highest mortality
of pest larvae was observed at the concentration of 200 IJs per larva.

12.5 Conclusion

Based on reports, about 26,000 tons of pesticides including more than 140 types of
active ingredients are distributed throughout the country annually. Integrated Pest
Management program is a strategy that reduces dependence on chemical control and
minimizes the problems associated with pesticides. In recent years, responsible
organizations (both governmental and NGOs) in the agriculture sector have contrib-
uted to the operation of FAO Regional IPM Project in the country which has led to
the acceptance of this procedure among farmers, with an increase in using various
natural enemies in different crops. However, there is no doubt that Iranian farmers
are at the beginning of the use of biocontrol agents in IPM projects and are still far
away from an ideal situation. For example, on account of some issues like import
restrictions of entomopathogens based products, like EPNs there is no or little
information about their efficiency between growers, which means no demand in
the market; hence we could not find any formal record about the application of EPNs
in IPM program by Iranian farmers. Nevertheless, there is a developing tendency
between scientific workers and we think the prospect of EPNs application in the
country is bright.

It seems that for the introduction of these agents for use by farmers, stakeholders,
and the agriculture sector, the first step is convincing the government to issue import
licenses for EPNs based products. This may be achieved through information
obtained from international and national research about the efficacy and safety of
EPNs. In the next step, we need to encourage growers to use EPNs. This purpose
may be achieved through a network of technical assistance which counsel growers
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for effective control of pests by EPNs in an IPM program. In this way, growers may
even find a more efficient method for EPNs application in their region and share their
experience with others via this network; it helps to localization the use of EPNs,
considering factors affecting their efficiency in each region. Also, Iranian researchers
are interested to collaborate with other researchers in the world and share their
experiences to promote the application of EPNs in IPM programs.

Notably, entomopathogenic nematology is a new research field in Iran, as much
research input has been directed towards the isolation of indigenous EPN species/
strains and studies about the effect of some of them on insect pests in laboratories
condition. Native biocontrol agents are often preferable in biological control pro-
grams since they are adapted to local conditions. In this respect, Iran has a diverse
climate, from arid or semiarid, to subtropical along the Caspian coast and the
northern forests, which provides different vegetation habitats plus a rich fauna of
insect species. So, there are opportunities to discover efficacious species/strains,
more virulent or tolerant to environmental extreme conditions, and even novel EPN
species from the country, especially from natural undisturbed sites.

By considering results obtained from studies, whether in Iran or elsewhere,
simultaneously control of several pests that exist at the same within a field/green-
house, like onion thrips, greenhouse whitefly, tomato leaf miner and even plant
parasitic nematodes, by entomopathogenic nematodes is not far-fetched. In this
regard, when some EPNs species are applied in soil, IJs have the opportunity to
survive, persist and provide long term control of pests during the growing season, or
even during several years, which means using less chemical pesticide. It should be
kept in mind that selection of an EPN species as biocontrol agents in IPM program
must be done based on two criteria: 1- factors related to EPN, including natural
enemies and inherent limitations and 2- those related to target pest including host
plant, the aimed agroecosystem and also circumstance and facilities available where
the program is carried out. Considering obtained data from laboratory/field experi-
ment along with mentioned criteria in above, using EPNs can be an important player
in IPM program for controlling of pest.
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Chapter 13
Insect Pathogenic Viruses, Microsporidians
and Endosymbionts

Mohammad Mehrabadi, Reyhaneh Darsouei, and Javad Karimi

13.1 Entomopathogenic Virus

13.1.1 Introduction

Annually, herbivorous insect pests are responsible for destroying one-fifth of the
total crop production in the world. Therefore, insect pests are a major challenge for
food security and provision of food, particularly in developing countries with a rapid
annual increase in the human population (2.5–3.0%) compared with a lower rate of
increase (1.0%) in food production. Chemical insecticides are often used to control
insect pests. However, due to potential risks for human health and environment,
adverse effects on non-target organisms, and a significant risk to biodiversity
worldwide, their use is gradually becoming more and more restricted (Geiger et al.
2010; Beketov et al. 2013). Therefore, it is necessary to seek safer alternatives to
pesticides. To minimize the adverse effects of chemical pesticides, several
approaches have been employed including microbial control (Lacey et al. 2001;
2015). In contrast to chemical pesticides that have shown decline on the global
market, microbial pesticides have shown long term growth over the past decade;
however much of the global market is still dominated by chemical pesticides (Grant
et al. 2010).
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Entomopathogens – including insect pathogenic viruses – can be utilized in all
three categories of biological control including classical, conservational and aug-
mentative. Moreover, they can be easily used as an ideal tool in sustainable agricul-
ture and integrated pest management (IPM) strategies for the following reasons:
(i) they are environmentally safe; (ii) many of them have a narrow host range and are
virulent against their insect hosts; (iii) based on their specificity, there is very little
effect on non-target organisms; and (iv) they promote biodiversity. Therefore,
microbial pesticides are attractive alternatives to chemical pesticides for application
in plant protection and pest control.

Insect viruses may contain double or single-stranded DNA (dsDNA and ssDNA,
respectively) or double or single-stranded RNA (dsRNA and ssRNA, respectively).
Some viruses are contained in a protein matrix called an occlusion body (OB).
Baculoviruses are the most important insect viruses due to their applications in
biological control of insect pests. Baculoviruses are a family of large rod-shaped
viruses that mainly infect insects and have dsDNA circular genomes ranging from
80 to 180 kb in size (Ayres et al. 1994; Grzywacz 2017). The Baculoviridae
comprise four genera including Alphabaculovirus (the lepidopteran
polyhedroviruses), Betabaculoviruses (the granoloviruses), Gammabaculovirus
(the hymenopteran polyhedroviruses) and Deltabaculovirus (the dipteran
polyhedrovirus) (Jehle et al. 2006).

Baculoviruses have attractive characteristics making them good candidates for
use in pest control, particularly in the natural environment (Inceoglu et al. 2006). The
most important feature of these viruses is their narrow host range; there are species
that infect only one insect host or a few species. This narrow host range makes them
suitable for insect pest control without side effects on other non-target insects such as
beneficial groups. Baculoviruses are highly pathogenic against their insect hosts;
they can kill the insect host within a few days by propagation within the host’s body
but not through production of toxins.

The study of entomopathogenic viruses in Iran began in 1998 in which case
studies on the effect of Nuclear Polyhedrosis Virus (NPVs) on some pests such as
Heliothis armigera (Hübner 1808), Spodoptera exigua (Hübner 1808), Plutella
xylostella (Linnaeus 1758), and Cydia pomonella (Linnaeus 1758) were performed.
Issues regarding histopathology and mass rearing were also surveyed during
this time.

Although considerable effort has been made in characterization of microbial
diversity across the country, there has been little progress in the area of insect
pathogenic microorganisms particularly entomopathogenic viruses. Considering
the importance of insect pathogens in microbial control programs and their diversity
in Iran, more studies need to be done on isolation and characterization of native
insect pathogens.
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13.1.2 Entomopathogenic Viruses in Biocontrol

13.1.2.1 Spodoptera exigua

The sugar beet armyworm, Spodoptera exigua (Lep.: Noctuidae), is a major pest of
many crops (Dai et al. 2000). This pest is native to Asia but has been recorded in
different regions throughout the world, such as Australia, Europe, and North Amer-
ica (Pathak and Khan 1975). Its larvae feed on the foliage and the upper portion of
beet roots and can completely defoliate small plants, frequently causing economic
damage. Due to the problem of the pest resistance to insecticides, the adverse effects
of insecticides on the environment (Asi et al. 2013), negative effects of insecticides
on wildlife and natural enemies (Ordóñez-García et al. 2015), biological control as a
pest management strategy is desirable.

Various populations of S. exigua are infected by different species/strains of
baculoviruses (Virto et al. 2014). Among baculoviruses, S. exigua multiple
nucleopolyhedrovirus (SeMNPV) was isolated from S. exigua larvae (Jakubowsaka
et al. 2005; Virto et al. 2013). The SeMNPV is a specific pathogen of S. exigua and
has the potential to be used as a biocontrol agent as it produces epizooty in larval
populations (Virto et al. 2014).

Manzari et al. (1998), surveyed pathogenicity of Mamestra brassicae nuclear
polyhedrosis virus on S. exigua. This virus had a high pathogenicity for Spodoptera
exigua larvae. In laboratory conditions, a concentration of 12.58 Occlusion bodies
(OBs) per mm2 of artificial food led to 50% mortality of 2nd instar larval of S. exigua
after 6 days. The mortality percentage for 1st, 3rd and 5th larval instars were
100, 69 � 6, and 11 � 5%, respectively. In surface contamination of eggs with
1 � 105 OB per cm3 concentration, all larvae died 3 days after hatching (Manzari
et al. 1998). Also, Kamali and Pourmirza (2000) surveyed pathogenicity of a NPV
strain on 1–5 instars larval of S. exigua in laboratory condition. The median lethal
does (LD50) in 1–5 instars larvae were 14.46, 154.55, 1576.14, 2917.39, and
5902.88 OB per mm, and the mortality value was 93.3, 93.3, 80, 92.9, and 73.3%,
respectively. These results indicated that there was a correlation between larval
weight and LD50. Thus, for virus spraying, the larval weight must be considered.
Rabie et al. (2008) performed an experiment about efficacy of MbNPV against
different larval stages of S. exigua and found that older larvae were more susceptible
than younger larvae.

During 2014–2015, a survey was done to identify the natural enemies of sugar
beet armyworm, S. exigua larva. Different larval stages were collected from beet
fields in Mashhad and Chenaran (Northeast of Iran) and kept in laboratory condi-
tions. Finally, several species of parasitoids and pathogens including virus, nema-
tode and fungus were identified. For virus identification, two genes, lef8 and
Polyhedrin were amplified, sequenced and analyzed. The reconstructed phyloge-
netic trees inferred from two loci confirmed that two isolates of SeMNPV were
natural enemies of S. exiguae. The identified entomopathogenic virus isolates were
very important because they had high incidence and virulence (Darsouei and Karimi
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2015). The virus-infected larvae were yellow and swollen with negative geotropism
(Fig. 13.1). Dissection of the infected larvae showed that their body tissues were
liquefied with a thin cuticle layer. Due to cuticle rupture, the larval hemolymph
spread on the leaf and the occlusion bodies were released in the emerged liquid,
which accelerated horizontal transfer of the pathogen. This isolate (SeMNPV YV)
with a 100% vertical transmission had high virulence. Occlusion bodies were
polyhedral and irregular in shape (Fig. 13.2). The OB cross-sections from the
virus-infected larvae of S. exigua indicated the virion contained multiple nucleocap-
sids arranged randomly within the occlusion matrix (Fig. 13.3) (Darsouei et al.
2017).

13.1.2.2 Heliothis armigera

The cotton bollworm, Heliothis armigera is an important pest in cotton and one of
the most polyphagous and cosmopolitan pest specie. Management of Heliothis spp.
in the past has relied heavily on the use of insecticides, which led to resistance
problems in cotton (Fitt 1994). Resistance to pyrethroids amongst H. armigera is a
serious problem (Trowell et al. 1993). Thus, application of biocontrol agents such as
entomopathogenic virus could be useful. The H. armigera single
nucleopolyhedrovirus (HearNPV) shows high potential for use in a management
program of the cotton bollworm. HearNPV has been developed into commercial

Fig. 13.1 Comparison of healthy (upper) and MNPV-infected larvae (bottom) of Spodoptera
exigua. Healthy larvae had a greenish color and were able to chew holes in sugar beet leaf. The
infected larva had a yellowish color and were only able to scrape on surface of leaf (shown with
arrows). (Courtesy of Darsouei R, Ferdowsi University of Mashhad)
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products for control of H. armigera in Europe, Australia and Asia (Moore et al.
2004; Buerger et al. 2007; Sun and Peng 2007).

Despite extensive research on this virus, little attention has been given to
HearNPV in Iran. The response of H. armigera larvae to nuclear polyhedrosis
virus (NPV) was surveyed by Pourmirza (2000). This study estimated that LD50

values for the first, second, third as well as early and late fourth larval instars were
5, 141, 1226, 5168, and 24,553 polydera per instar, respectively. The fifth instar

Fig. 13.2 Scanning Electron Micrographs of polyhedral OBs extracted from infected larvae of
Spodoptera exigua with a baculovirus (Magnification ¼ 20,000). (Courtesy of Darsouei R,
Ferdowsi University of Mashhad)

Fig. 13.3 Transmission electron micrographs from cross section of OBs (a, b) obtained from the
infected larvae of Spodoptera exigua by a baculovirus (NC, nucleocapsids; PE, polyhedral enve-
lope). (Courtesy of Darsouei R, Ferdowsi University of Mashhad)
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larvae were resistant to the infection and there was an inverse relationship between
mortality and larval weight. In another study, the pathogenicity of other viral isolates
was surveyed on the second instar larvae of H. armigera. Then, LC50 and LD50

values, and yield parameters (yield/larva and productivity ratio) of seven geographic
isolates of H. armigera NPV were evaluated under laboratory conditions (Mehrvar
et al. 2008a). The LC50 of seven isolates of NPV including NGM, OTY, PRB, CBE,
RHI, MUM and HYD against second instar larvae of H. armigera was determined.
The highest pathogenicity was observed in the NGM isolate with 0.028 OB/mm2

which was more virulent than HYD by a factor of 2.75. Also, the LT50 of NGM was
the lowest among the isolates by 97.8 h.

A few isolates of HearNPV have been collected from tomato fields of the East
Azerbaijan province (Mehrvar 2013). Subsequently, a study was designed to eval-
uate the age-dependent resistance of H. armigera larvae against two native virus
isolates (EAZ-I and EAZ-II) and a non-native isolate (STD) (Mehrvar 2015a).
Results showed that larval resistance to virus isolates increases with larval age. It
was shown that the age and weight of the larva as well as ambient temperature had
meaningful effects on the larval mortality and the virus replication inside the larva.
The optimum larval stage and ambient temperature for HearNPV in vivo production
were the early fifth instar larvae and 25 �C, respectively (Mehrvar 2015b). The STD
isolate in early second instar larvae had the lowest LC50 value (1.82 � 102 OB/ml)
and the EAZ-II isolate in fifth instar larvae had the highest LC50 value (1.43 � 106

OB/ml) (Mehrvar 2015b).
Among the entomopathogens, HearNPV is highly virulent in its host. The main

limiting factor for application is the required time to kill the insect, which takes at
least 3–5 days. Mehrvar (2015a), collected LC50 data for a non-native isolate (STD)
of HearNPV and two native isolates (EAZ-I and EAZ-II) from the East Azarbaijan
province in 2010. All isolates showed a high rate of virulence against the second
instar larvae of H. armigera. The STD isolate had the lowest LC50 value (7.27� 102

OB/ml) and the shortest LT50 (97.8 h). EAZ-I and EAZ-II isolates had lower
virulence than STD. For fifth instar larvae, the results were similar. When EAZ-II
was combined with flufenoxuron, a chitin synthesis inhibitor, the lowest LC50 value
calculated was 1.83 � 104 OB/ml. The LT50 data showed that flufenoxuron com-
bined with native virus isolates of EAZ-I and EAZ-II, increased speed mortality rate
by 19.88 and 19 percent, respectively. Flufenoxuron could effectively enhance
virulence by affecting the chitin contents of peritrophic membrane (Mehrvar 2015a).

According to Pour Mirza (1998), efficiency of a viral insecticide is related to
various factors such as commune period and larval weight. The necessary time for
larval mortality is related to the time required for the virus to proliferate until it
reaches a deadly level (Pour Mirza 1998). He bioassayed an isolate of NPV on
Heliothis viriplaca (Hufnagel 1766) (Lep.: Noctuidae). The results demonstrated
that the older larvae have a higher LT50. Therefore, one disadvantage of viral
insecticides is the long interval between the initial infection and the host’s death.

These studies, although limited, show that there are isolates of HearNPV with
potential for application against H. armigera in Iran which require additional
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characterization. Therefore, further investigation in other regions of the country is
recommended to isolate and characterize native HearNPV isolates.

13.1.2.3 Cydia pomonella

The codling moth, Cydia pomonella (Lep.: Tortricidae) is a well-known agricultural
pest, worldwide. In Iran, it has become the primary pest of apples and is usually
controlled using chemical pesticides. Frequent spraying increases the risk of resis-
tance developing in the pest population (Pluciennik 2013). Among natural enemies
of the pest, a Betabaculovirus has high potential for application as a biocontrol agent
of codling moth (Miletic et al. 2011).

The Cydia pomonella granulovirus (CpGV) is an effective biological control
agent against codling moth, especially for organic apple production. The isolation of
CpGV is difficult because infected larvae rupture and are not visible on the trees. In
2002, 11 isolates of CpGV (designated I1, I7, I8, I15, I22, I28, I30, I66, I67, I68, and
I70) were collected from northwest and northeast Iran (Rezapanah et al. 1998). Light
and electron microscopy studies confirmed the identity of granulovirus in the
codling moth populations. Then, these isolates were characterized using bioassays
and endonuclease profile analysis (RFLP) (Rezapanah et al. 2008). The isolated
CpGVs showed different biological and molecular characteristics which indicated
there were various genotypes of this virus in the Iranian strains (Eberle et al. 2009;
Rezapanah et al. 2008). Most interestingly, it was shown that one of the isolated
CpGVs, known as CpGV-I12, was able to overcome the CpGV resistance issue
which occurred in Germany and France (Berling et al. 2009a, b; Eberle et al. 2008).
The CpGV-I12 showed great efficacy in laboratory bioassays against all larval
instars of a resistant codling moth strain CpR, which has a 100-fold reduced
susceptibility to the commercially used isolate of CpGV-M (Berling et al.
2009a, b). Therefore, CpGV-I12 has been suggested as a promising alternative
microbial control agent of this insect pest. Further studies should be undertaken to
isolate and characterize more isolates of CpGV from the country. The CpGV isolates
found in northwest Iran make an important contribution to the known diversity of
CpGV strains.

13.1.2.4 Plutella xylostella

The diamondback moth (DBM), Plutella xylostella (Lep.: Plutellidae) is one of the
most important pests of crucifers in the world. Fahimi et al. (2008a) surveyed the
sensitivity of 2nd, 3rd, and 4th instar larvae, as well as eggs of P. xylostella to
Memestra brassicae nucleopolyhedrosis virus (MbNPV) in laboratory conditions.
The leaf surface was infected with viral suspensions containing 47.86 OB/mm2.
There was no significant difference in mortality of DBM eggs, or 1st and 2nd instar
larvae. However, there was a significant difference in 3rd instar larvae mortality. The
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mean mortality of infected 2nd, 3rd, and 4th instar larvae were 74.4, 42.77, and
11.11%, respectively. Thus, older larvae have lower sensitivity to MbNPV infection.

In another study, the effect of Taiwanese strain of Plutella xylostella granulovirus
(PlxyGV) (Baculoviridae), as a natural enemy on P. xylostella was surveyed. The
experiment was carried out with seven concentrations. The LC50 and LC90 values of
Taiwanese strain of PlxyGV for the second instar larvae of the cabbage moth were
calculated as 448.58 and 715.77 granules/mm2, respectively. The LT50 values for
this PlxyGV strain when applied at concentrations of 749.89 and 1883.65 granule/
mm2 were 6.04 and 6.68 days, respectively (Fahimi et al. 2008b).

Magholi et al. (2014), surveyed the insecticidal activity of a baculovirus
(HaNPV) against 2nd instar larvae of P. xylostella. LC25, LC50, and LC75 were
2.2 � 103, 3.8 � 104 and 6.6 � 105 OB/ml, respectively. Median lethal time (LT50)
decreased from 114.24 to 106.05 h with decreasing larval age. Larval development
time and pupal weight were not affected by the different concentration of HaNPV.
There were, however, significant differences between the pupal rate and adult
emergence in treated larvae with different concentration.

Dezianian et al. (2015b) evaluated the pathogenicity of Plutella xylostella
Granulovirus (PlxyGV) on the P. xylostella larvae. Bioassay results showed that
larval mortality was significantly influenced by larval instar and viral concentrations.
The larval mortality increased with increasing viral concentrations and decreased for
older instars. The LC50 of the virus on the second instar larvae was estimated as
1.39 � 106 granules/ml. The measured LT50 values were between 3.81–6.95,
4.97–9.74 and 5.15–9.41 days for first, second and the third instar larva, respec-
tively. The high specificity and virulence of PlxyGV supports its suitability as an
appropriate candidate for use within an Integrated Pest Management (IPM) program
targeting P. xylostella.

13.1.2.5 Bombyx mori

Grasseri is one of the most important diseases of silkworm, Bombyx mori (Linnaeus
1758) (Lep.: Bombycidae) with a significant yield loss caused by nuclear polyhe-
drosis viruses (NPV) (Etebari et al. 2007). This virus decreases protein content in the
infected larvae. Thus, identification of resistant populations of B. mori is an impor-
tant step in lowering the disease damage. Seidavi et al. (2004), performed an
experiment to compare 21 new lines of silkworm populations including 11 Japanese
and 10 Chinese lines in natural conditions and infected environments against nuclear
polyhedrosis virus. The number of surviving larvae, surviving pupae, pupation rate,
cocoon weight, shell weight and shell ratio was measured. The results showed that
Chinese lines were more susceptible to NPV infection in infected conditions than
Japanese lines. Also, the effect of viral infection on silk production potential of
individuals was not significant in most lines. Larval resistance to virus could be
transmitted to sensitive lines and this characteristic could be applied for improving
high productivity lines (Seidavi et al. 2004).

512 M. Mehrabadi et al.



Biabani et al. (2005), attempted to measure the resistance level of 20 new Iranian
silkworm hybrids to nuclear polyhedrosis virus. In this study, 3rd instar larvae of
B. mori were orally inoculated with B. mori NPV (550 ppm) and reared up to the
spinning stage in summer. The results indicated that lines of 107 K � 124 K,
107 K � 108 K, and 101,433 � 114 had the highest resistance to this virus. Some
hybrid had the highest resistance to this virus.

13.1.2.6 Apis mellifera

At least 18 viruses have been reported in Iranian honeybee colonies, Apis mellifera
(Linnaeus 1758) (Hym.: Apidae). Of those, six viruses cause severe diseases. These
viruses include deformed wing virus (DWV), acute bee paralysis virus (ABPV),
chronic bee paralysis virus (CBPV), sacbrood virus (SBV), Kashmir bee virus
(KBV), and black queen cell virus (BQCV) (Mosadegh 1990; Ghorani et al.
2017). In addition, CBPV was characterized from different regions including
Mazandaran, Razavi Khorasan, Hormozgan, and Kurdistan (Ghorani et al. 2017).

In another study, Sabahi et al. (2018), surveyed 12 apiaries located in the Alborz,
Ardabil, and Guilan province and samples of varroa mite, Varroa destructor
(Anderson and Trueman 2000) (Acari: Varroidae) were taken. Five viruses including
DWV, BQCV, ABPV, Israeli acute paralysis virus (IAPV), and KBV were charac-
terized in V. destructor using RT-PCR. The results indicated that several mite
samples were positive for DWV and BQCV, but all were negative for ABPV,
IAPV, and KBV.

13.1.3 Virus and Natural Condition

Baculoviruses are sensitive to irradiation. Thus, surveying biological activity of
NPVs before and after exposure to sunlight is critically important. In a study by
Mehrvar et al. (2008b), the effects of different radiation dosage (175, 500, 600, 650,
700, and 750 W/m2) and time exposed to simulated sunlight (30, 60, 90, 120,
180, and 240 minutes) were evaluated under laboratory conditions to monitor
NPV virulence in H. armigera. Virulence decreased by a factor of 2.63 against
second instar larvae of H. armigera when exposed to 750 W/m2 dose for 90 min
(Mehrvar et al. 2008b).

Moreover, application of baculoviruses in biocontrol programs has three major
limitations: they have a high LT50, are inactivated by ultraviolet (UV) radiation, and
are difficult to mass produce. To address this, Dezianian et al. (2012), surveyed
additives (including Tinopal, lignin, molasses and skim milk powder) to a suspen-
sion of PlxyGV after UV-B irradiation. The material used as the protectant, and the
duration of exposure time (30 or 60 min) significantly affected the larval mortality.
Some combinations, including PlxyGV and Tinopal, PlxyGV and molasses, PlxyGV
and lignin, and PlxyGV and skim milk, increased the viral suspension’s residual
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activity after exposure to UV radiation by 67.78%, 65.31%, 59.55%, and 31.35%,
respectively. These findings suggest that combinations of natural adjuvants includ-
ing molasses and lignin are as effective as chemical adjuvants such as Tinopal and
could improve PlxyGV viral activity (Dezianian et al. 2012).

Microclimate thermal conditions can also affect virulence and viral kill speed.
Moshtaghi Maleki et al. (2013), evaluated the effect of temperature (20, 26 and
30 �C) on the LT50 and LD50 of Helicoverpa armigera MNPV in third instar larvae
of H. armigera under laboratory conditions. The LD50 values for three
temperatures – 20, 26 and 30 �C – were 3580.83, 2614.82 and 1751.62 OB/larva,
respectively. Mortality caused by viral infection increases significantly with temper-
ature, and is especially significant in low doses. The LT50 values for 5 � 105

OB/larva viral concentration in temperatures 20, 26 and 30 �C were 7.15, 6.73 and
6.58 days, respectively. Thus, temperatures in the range of 26–30 �C are suitable
conditions for high mortality rate and speed.

Another limitation of viral biopesticides is their persistence in the environment.
Considering the issue of resistant formulations, Dezianian et al. (2015a), surveyed
the effect of two formulations of PlxyGV on larval mortality of P. xylostella under
natural conditions. Spray-dried, PlxyGV+ modified food starch combined with
lignin and molasses (CLM formulation) considerably increased residual activity of
PlxyGV in the environment. The CLM formulation containing 1 � 1013 granule/ha
after 0.5, 5, 24, 48 and 72 hours exposure in the field condition increased the residual
activity of the viral preparation by 13.7, 30.67, 42.93, 52.53 and 21.76% when
compared to unformulated virus, respectively. The CLM formulation was signifi-
cantly more effective on larval mortality than KLM formulation (PlxyGV + kaolin+
lignin + molasses) after exposure to in the field condition (Dezianian et al. 2015a).

13.1.4 The Effect of Entomopathogenic Virus on Parasioids

Rabie et al. (2010), investigated the survival of Habrobracon hebetor (Say 1836)
(Hym.: Braconidae) on nucleopolyhedrovirous (NPV)-infected S. exigua larvae. In
this study, the second instar larvae of S. exigua were exposed to the under-LD50,
LD50 and over-LD50 rate of Mamestra brassicae NPV (MbMNPV). They were able
to be parasitized by H. hebetor after 24, 48, and 72 h post-treatment. MbNPV
infection of larvae was deleterious to the survival and parasitism of H. hebetor.
The survival of H. hebetor in MbMNPV-infected S. exigua was dependent on the
interval between viral infection and parasitism. In treated larvae with a 180 PIB/mm2

concentration of MbNPV at 72-h interval treatment, fewer adult parasitoids emerged
from infected hosts compared to 24 and 48 h post treatment. Thus, inoculation
dosage of MbNPV and timing of parasitoid release has a significant effect on the
development ofH. hebetorwithin virus-infected hosts. Furthermore, viral biocontrol
of S. exigua may lead to substantial mortality of immature parasitoids (Rabie et al.
2010).
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13.1.5 Combination Virus with Other Agents

Marzban et al. (2010), tested Bacillus thuringiensis (Bt) toxins combined with
cytoplasmic polyhedrosis virus on mortality rate of H. armigera. In this study, the
effects of interactions between Cry1Ac toxin of B. thuringiensis and Helicoverpa
armigera Cytoplasmic polyhedrosis virus (HaCPV) on the first and third instar
larvae of H. armigera were evaluated in the laboratory. When the first instar larvae
was exposed to a combination of Bt and HaCPV (6 � 106, 1 � 107, and 3 � 107

OB/ml) on cotton leaf discs, the effect on mortality was additive. When the larvae
was exposed to a combination of Cry1Ac (0.3, 0.9, 2.7, or 8.1 μg/g) and the same
concentrations of HaCPV, the effect on mortality was additive except for the
combination of 0.3 μg/g of Cry1Ac and HaCPV which had a synergistic effect.
The third instar larvae had similar results with the first instar larvae. Overal, delayed
larval growth and development as well as pupation and pupal weight decreased
when larvae fed on an artificial diet containing Cry1Ac and HaCPV or transgenic Bt
cotton leaf discs especially for first instar larvae.

In another study, the interaction of Bacillus thuringiensis subsp. kurstaki and
Helicoverpa armigera single nucleopolyhedrovirus (HaSNPV) on the survival of
second instar P. xylostella larvae was evaluated under laboratory conditions. The
exposure of second instar larvae to a combination of HaSNPV (2.3� 103, 3.8� 104,
and 6.6 � 105 OB/ml) and B. thuringiensis subsp. kurstaki (2.4 � 101, 3.4 � 103,
and 4.7 � 105 spore/ml), produced an additive effect on the efficiency of most
combinations. A synergistic effect was observed when 2.4 � 101 Bt was combined
with 2.3� 103 OB/ml HaSNPV. Also, population rate, pupal weight, and emergence
rate of adults decreased. The LT50 values negatively correlated with B. thuringiensis
and HaSNPV concentrations (Magholli et al. 2013).

In a similar study, Kalantari et al. (2013) surveyed the effects of Bacillus
thuringiensis isolates and HaSNPV in combination and individually on
H. armigera larvae. Combined use of Bt (3 � 106 spore/ml) and HaSNPV
(9.2 � 103 OB/ml) had a synergistic effect on larval mortality. The obtained results
indicated a combination of the lowest Bt concentration and the highest HaSNPV
concentration had synergistic effect on H. armigera second instar larvae.

Assemi et al. (2013a), surveyed the efficacy of different geographical isolates of
HaNPV on biological control of H. armigera. In this research, two local strains (A,
B) of H. armigera nucleopolyhedrovirus (HaNPV) were collected from infected
H. armigera larvae in tobacco fields of north Iran. To maximize the persistence of
HaNPV, various adjuvants were evaluated such as neem, henna powder, soybean
flour, maize flour, boric acid, and diflubenzuron. Here, the viral concentration was
1 � 105 OB/ml. The results indicated that a combination of diflubenzuron + virus B
and diflubenzuron + virus A caused 85.41 and 82.4% mortality, respectively.
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13.1.6 Histopathology

Marzban et al. (2013), surveyed midgut histopathology of the cotton bollworm
infected with H. armigera cytoplasmic polyhedrosis virus. The symptoms of healthy
and infected larvae were compared. The bodies of infected larvae were swollen and
small milky-white polyhedral inclusion bodies were observed in the columnar cells
after 1 or 2 days. Microvilli of infected columnar cells were affected and degenerated
immediately prior to rupture of the cells. Some infected columnar cells ruptured to
release polyhedral inclusion bodies (PIB) into the gut lumen 3 days after infection.
Also, PIB were found in goblet cells, 5 or 6 days after infection. The results showed
that cytopathic effects caused in the cotton bollworm larvae midgut by HaCPV were
similar to those reported for CPV lepidopteran and dipteran infection.

13.1.7 Virus-Insect Interactions

Among the Baculoviruses, the most studied species is Autographa californica
multiple nucleopolyhedrovirus (AcMNPV). Research on baculovirus-insect interac-
tions has recently begun in Iran. While attempting to find differentially expressed
genes of Spodoptera frugiperda (Sf9) cells in response to AcMNPV, Mehrabadi
et al. (2015) discovered a Dim1-like gene that was upregulated from 4 h post-
infection (hpi) up until 24 hpi. The expression level diminished dramatically at
36 hpi up to 120 hpi with no expression detected after 144 hpi. RNAi of SfDim1
resulted in decreased viral DNA levels in comparison to mock-infected cells, which
supports the idea that this gene might be involved in virus replication and infection
(Mehrabadi et al. 2013a). RNA interference (RNAi) is a highly conserved sequence-
specific gene silencing mechanism in diverse eukaryotes, involved in the regulation
of many biological processes, including virus-host interactions and antiviral immu-
nity in insects (Mehrabadi et al. 2015). The RNAi-based antiviral response can be
mounted through noncoding small RNAs including virus-derived short interfering
RNAs (vsiRNAs) and microRNA (miRNA). Using deep sequencing of small RNAs,
it was shown that AcMNPV infection induces an RNAi response in Sf9 cells and
produces a huge number of vsiRNAs. The vsiRNAs were unevenly mapped onto the
AcMNPV genome showing that some regions of AcMNPV genome are targeted
more than others (i.e hot spots), while there were some regions in the genome with
low or no vsiRNA mapping (i.e cold spots). Despite the presence of this potent
antiviral machinery in Sf9 cells, AcMNPV can infect these cells and replicate within
them (Mehrabadi et al. 2015). Therefore, there must be a counter defense strategy in
AcMNPV to suppress or avoid this potent cellular antiviral immunity. Furthermore,
it was found that AcMNPV encodes potent viral suppressors of RNAi (VSRs) to
counter cellular antiviral RNAi. The viral p35 gene, which is well known as an
inhibitor of apoptosis, was found to be responsible for suppression of RNAi response
in Sf9 cells using a p35-null AcMNPV and ectopic expression of p35. It was also
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shown that VSR activity of p35 is not linked to the antiapoptotic activity of this gene,
as p35 mutant gene with no antiapoptotic activity showed VSR function in Sf9 cells
(Mehrabadi et al. 2015). Following this study, it was shown that the transcript levels
of core siRNA pathway in Sf9 cells including Dicer-2 (Dcr1), Argonaute-2 (Ago2)
increased in response to AcMNPV infection. Silencing of these genes increased viral
genomic DNA replication which indicated their role in the host antiviral defense.
Moreover, silencing of Dcr2 in Sf9 cells resulted in enhanced expression levels of
the selected virus hotspot genes, while the transcript levels of virus cold spots
remained unchanged. Replication of p35-null AcMNPV was significantly increased
in Sf9 cells with reduced transcript levels of Dcr2 and Ago2. Also, overexpression of
p35 as a suppressor of RNAi and anti-apoptosis gene in Sf9 cells increased virus
replication (Karamipour et al. 2018). These results indicate the antiviral role of the
siRNA pathway in Sf9 cells and show that the AcMNPV p35 suppresses the siRNA
pathway.

MicroRNAs (miRNAs) as small non-coding RNAs play important roles in
various biological processes including host-virus interactions by regulating host/
virus gene expression. Mehrabadi et al. (2013b) identified about 90 conserved and
new miRNAs from Sf9 cells using deep sequencing. The majority of the identified
miRNAs were differentially expressed in response to AcMNPV infection. Many of
the miRNAs were downregulated; however, some of them were upregulated in
response to infection (e.g. miR-184, miR-998 and miR-10), highlighting their
potential roles in host–virus interaction. Target analysis of miR-184 – one of the
most expressed miRNAs that is differentially expressed following AcMNPV
infections – showed potential targets on the coding regions of some of host genes.
Using miR-184 agonist and antagonist, it was shown that this miRNA targets
dimethyl adenosine transferase, glycosyl hydrolase, transmembrane protein 14C
and hydroxysteroid dehydrogenase of SF9 cells (Mehrabadi et al. 2013b). This
study revealed the potential roles of miRNAs in host–virus interaction. In a follow
up study, the role of core components of the miRNA pathway (including Dicer-1
(Dcr1), Argonaute-1 (Ago1), Exportin-5 (Exp5), and Ran) in Sf9-AcMNPV inter-
action was investigated. Gene expression analyses showed that the expression levels
of Dcr1, Ago1, and Exp5 increased following AcMNPV infection; however, Ran
expression declined in response to virus infection. The expression levels of cellular
miRNAs (i.e. miR-184 and let-7), were also diminished after AcMNPV infection
revealed the differential expression of miRNAs. To investigate the role of core
miRNA genes in Sf9-AcMNPV interactions, gene silencing was used and the results
showed that RNAi of Dcr1, Ago1 and Ran enhanced viral DNA replication and
reduced the abundance of miR-184 and let-7. These results provide evidence that the
miRNA pathway is involved in the antiviral immunity of Sf9 cells (Karamipour et al.
2019a). It was shown that Toll and Imd pathways played a role in Sf9 cells after
AcMNPV infection (Karamipour et al. 2019b).
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13.1.8 Mass Production of Entomopathogenic Viruses

For the first time, Izadyar et al. (1998) used a Moldavian NPV isolate in laboratory
conditions on third instar H. armigera larvae. Two concentrations of virus (3 � 109

and 5 � 109 OB/Kg) were added to artificial food. After 10 days, mortality was
observed in the fifth instar larvae. Symptoms of the disease were blackening and
swelling of the larvae. Dead larvae were collected, frozen and purified for assay the
viral virulence on second instar larvae of H. armigera.

Rezapanah and Chitic (1998) evaluated mass rearing potential of two
baculoviruse isolates of C. pomonemlla (CPGV), and Agrothis segetum (AgseNPV).
For this purpose, C. pomonella and Agrotis segetum (Denis and Schiffermüller
1775) (Lep.: Noctuidae) larvae were reared. Then, 2nd and 3rd instar larvae were fed
artificial diets containing viral suspension. Dead larvae were collected, frozen,
homogenized, filtered, and centrifuged, and pellets were formulated with lactose,
glycerin, UV protectant, and conservants in liquid form.

In another study, three main factors affecting virus propagation including larval
stage, inoculation dose, and incubation temperature were surveyed by Mehrvar
(2013). Here, three isolates of Helicoverpa armigera nucleopolyhedrovirus –

Maragheh (MRG), Nebrin (NBN), and Marand (MRD) – collected from tomato
fields in the East Azarbaijan province were used. To select the best larval stage for
virus progration, various H. armigera larval instars were selected and 10 μl of virus
suspension (5 � 105 OB/larva) was added to the diet surface. The early 5th instar
larvae provided the highest yield of the virus inocolum. The optimal inoculation
dose and incubation temperature were 1965.87 OB/mm2 and 25 �C, respectively.

Assemi et al. (2013b) optimized the cost- effective production method of native
isolates of Helicoverpa armigera nucleopolyhedrovirus. Then, Assemi et al.
(2013b), surveyed the effects of seven factors including larval instar, virus isolate,
harvesting time, various artificial diets, different generations, and duration of storage
on some yield characteristics of H. armigera nucleopolyhedrovirus. The maximum
viral yield of 9.499 � 109 OB/larva was obtained when late 5th instar larvae were
individually fed a dose of 5 � 104 OB/ml. Also, a diet without formaldehyde and
ascorbate had the greatest impact on H. armigera performance and was better for
virus production. When the H. armigera larvae were fed a diet containing formal-
dehyde and ascorbate, controlled with 62.38%, but when formaldehyde and ascor-
bate was removed from the diet, this percentage was 92.02% (overall 32.21%
increase).
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13.2 Insect Endosymbionts

13.2.1 Wolbachia

13.2.1.1 Introduction

In the last decade, insect microbiome research in Iran has begun. Most studies have
been related to Wolbachia in parasitoids and culicids. The Trichogrammatidae
family are egg parasitoids and are widely used as biocontrol agents against the
lepidopteran insects. These species have two reproductive systems, including
arrhenotoky and thelytokous. Sometimes, thelytoky associated with Wolbachia act
as master manipulators of arthropods. The application of thelytokous populations
increases rate of parasitism in biocontrol programs.

Wolbachia pipientis is an intracellular symbiont bacterium belongs to
Anaplasmatacae (Class Alphaproteobacteria, Order Rickettsiales) that first described
by Hertig (1936). This diverse endosymbiont has subdivided into 13 supergroups
named A to F and H to L on the basis of molecular phylogenetic analysis (Casiraghi
et al. 2001). Wolbachia symbiont of most insects is from supergroups A and B
supergroups (Vandekerckhove et al. 1999).

13.2.1.2 Wolbachia in Trichogramma Wasp

Wolbachia induces reproductive manipulations in its host including parthenogene-
sis, feminization, male killing, and most commonly, cytoplasmic incompatibility
(CI). Farrokhi et al. (2008), surveyed thelytoky and its relation to Wolbachia in
Iranian populations of Trichogramma spp. In this work, 22 populations from
different provinces of the country were studied. The Trichogramma strains were
collected from Mazandaran (10 populations), Razavi Khorasan, Ardabil
(2 populations), Hormozgan (2 populations), Sistan and Balouchestan, Khuzestan,
Golestan (4 populations), and Guilan provinces. All populations were identified
using morphological characteristics and DNA sequencing of the ITS gene. In three
populations, Baboulsar (Mazandaran), Nava (Mazandaran), and Mashhad (Razavi
Khorasan), thelytoky was observed. The obtained results indicated that the
Trichogramma brassicae (Bezdenko 1968) (Hym.: Trichogrammatidae) from
Baboulsar was infected with Wolbachia, while thelytoky of Mashhad and Nava
populations had a genetic origin. Following these observations, Farrokhi et al.
(2010), surveyed the potential of using a thelytokousWolbachia-infected population
and an arrhenotokous uninfected population of T. brassicae to control the Angou-
mois grain moth, Sitotroga cerealella (Olivier 1789) (Lep.: Gelechidae). The results
indicated that there was no significant difference in parasitism rate between the two
strains, while handling time was greater in the infected populations than the
uninfected population.
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Wolbachia detection was also performed on some arthropods and nematodes in
the Khuzestan province (Pourali et al. 2009). Out of a total of 770 arthropods (of 22
genera) and 41 nematodes (of six genera), 167 samples of arthropods and one
nematode sample were positive. All samples positive tested for Wolbachia by 16S
gene sequencing were placed in the A supergroup.

Poorjavad et al. (2012), identified seven populations of Trichogramma species
based on PCR-RFLP of ITS2 gene. Those species included T. brassicae Bezdenko,
T. cacoeciae Marchal, T. embryophagum Hartig, T. evanescens Westwood,
T. euroctidis Giraults, T. pintori Voegele, and T. tshumakovae Sorokina. After
identification, infection status of wasps with Wolbachia was surveyed. Among
positive population of Trichogramma, a single strain of Wolbachia was detected
by using MLST in two populations of T. brassicae. This strain was classified into the
B supergroup. Following this study, a field survey of native Trichogramma species
was carried out in six provinces including Razavi Khorasan, Tehran, Mazandaran,
Guilan, Golestan, and Qom. Based on ITS2 sequence, 14 populations were identified
as the species T. embryophagum, T. evanescens, and T. brassicae. Wolbachia
infection in these Trichogrammatids was detected using wsp gene sequence analysis.
The highest infection rate of Wolbachia was found in T. evanescens from
Mazandaran and Golestan provinces. The Wolbachia strain observed in those
species were from the A and B supergroups. In T. evanescens, two populations of
parasitic wasp were infected with a single strain from the sib subgroup and one
population had a superinfection (Karimi et al. 2012). In another study, Darsouei et al.
(2013) investigated the recombination rate in 19 populations of infected
Trichogramma. Among them, eight strains ofWolbachia were characterized; within
these six strains belonged to subgroup Kue from A supergroup. The two remaining
strains were related to the B supergroup and Sib subgroup. Double infection and
superinfection were observed in Trichogramma populations. Among three species,
T. embryophagum, T. brassicae and T. evanescens, the highest prevalence of
Wolbachia infection was observed in T. brassicae with 57% of sampled populations
infected.

Previously, Farrokhi et al. (2008) confirmed that a population of T. brassicae
form Baboulsar is infected with Wolbachia. Following this result, Farrokhi et al.
(2013) evaluated the effect of Wolbachia on olfactory responses and parasitism rate
of T. brassicae in laboratory conditions. In this study, a series of experiments were
conducted to compare the behavioral aspects, dispersal potential, and parasitism of
thelytokous (BW+) and bisexual (B) T. brassicae strains (Baboulsar ecotype). There
was no significant behavioral difference between these two lines. The number of egg
parasitized by BW+ and B was 6.01 and 2.88, respectively. Thus, infected
Wolbachia lines of Baboulsar ecotype had a higher potential for parasitism than
non-infected Wolbachia lines.

Wolbachia can affect the mtDNA diversity of its host. Darsouei and Karimi
(2013), surveyed the effect ofWolbachia on the genetic diversity of its host. Samples
were taken from 37 populations of Trichogrammatid wasps in different areas of Iran,
characterized and checked for prevalence ofWolbachia infection. Subsequently, the
effects of Wolbachia infection on mtDNA variation, number of haplotypes,
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substitution rate, and nucleotide distances in infected and uninfected populations of
T. brassicae and T. evanescens were evaluated by analyzing partial sequences of the
COI gene (mtDNA). Seventeen strains of Wolbachia were detected among the
Trichogramma populations. Of these, 94% were identified as members of the A
supergroup. Also, a new Wolbachia subgroup named Tbr belonging to the A
supergroup was discovered. The effects ofWolbachia infection on mtDNA variation
indicated that haplotype frequencies were higher in infected populations than
uninfected populations. Nucleotide diversity in infected populations was lower
than uninfected populations of T. brassicae and T. evanescens. Cophylogenetic
relationships revealed no congruence between Wolbachia strains and mtDNA of
their host. Overall, the results showed thatWolbachia affect several genomic criteria
of Trichogramma and therefore impact mtDNA diversity.

Following these studies, the arising question was about relation between status of
Wolbachia infection and qualitative characteristics of T. brassicae reared on cold
stored eggs of the host. An increase in host storage time negatively affects some
qualitative characteristics of T. brassicae such as fecundity, longevity, wing defor-
mity, and sex ratio (Nazeri et al. 2015). However, there was no significant difference
between the parasitism rates of thelytokous and arrhenotokous wasps (Nazeri et al.
2015).

Wolbachia infected Trichogrmma can produce female offspring via gamete
diploidization without mating. Nazeri et al. (2015) indicated Wolbachia infection
in T. brassicae resulted in prolonged developmental time, a higher rate of wing
deformity, and lower fecundity and emergence rate. Thus, before mass production of
the wasp begins, potential negative impacts of Wolbachia infection should be
evaluated.

Another addressed issue was possible influence of Wolbachia on overwintering
population of Trichogramma. Rahimi et al. (2017) measured the overwintering
ability of infected and uninfected populations of T. brassicae. The results indicated
both strains were able to overwinter but the Wolbachia infected wasps had reduced
ability. The presence of Wolbachia in T. brassicae also affects diapause. Wolbachia
infection makes disturbance on the clock gene expression which consequently
reduces the percentage of diapause (Rahimi et al. 2017).

13.2.1.3 Wolbachia in Habrobracon hebetor

Habrobracon hebetor (Hym.: Braconidae) is an important parasitoid wasp of some
lepidopteran larvae that is commercially produced and used in biological control
programs in Iran. Considering the importance of sex ratio in parasitoid wasps and the
reproductive manipulations induced by Wolbachia that may affect this sex ratio,
Bagheri et al. (2019a) screened different populations of H. hebetor to see if they
were infected with Wolbachia. They found a high prevalence of infection in all
populations. Wolbachia persisted during ontogeny of H. hebetor throughout their
life cycle. Their initial observations showed that some crosses in H. hebetor resulted
in high male progeny while others produce more female progeny which supports the
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Wolbachia reproduction manipulation hypothesis. To test if Wolbachia involved in
sex ratio modulation in this insect, isolated lines of Wolbachia-infected (W+) wasps
and uninfected or cured (W�) wasps were generated using tetracycline treatment.
Using these lines, different crosses including infected female-infected male, infected
female-uninfected male, uninfected female-infected male, and uninfected female-
uninfected male, were created and different wasp reproduction parameters were
analyzed. The results showed that, with the exception of the cross between infected
males and uninfected females – which produced only male progeny, in the other
three crosses both male and female progeny, were produced. Considering that sex
determination in hymenopterans is based on haplodiploidy system in which males
are haploid and females are diploid, the results indicated that Wolbachia induced CI
in the H. hebetor. It was also shown that the presence ofWolbachia in both male and
female increase the fitness of H. hebetor. Moreover, the results provide evidences
that Wolbachia may modulate sexual behavior of the wasp as the infected females
mated with infected males at a higher rate compared to uninfected males (Bagheri
et al. 2019a). This study confirmed that Wolbachia induces CI and can modulate
behavior of H. hebetor. Taking the initial evidence of behavioral modulation
induced by Wolbachia, in a follow up study, Bagheri et al. (2019b) tested whether
this behavioral modification persists in a situation like inbreeding that may result in
progeny with low fitness. CI strains of Wolbachia cause the diploid eggs obtained
from infected males and uninfected females not to hatch. Inbreeding in H. hebetor
leads to the production of homozygous individuals (diploid males). Diploid males
have a lower survival rate and do not produce viable offspring. Therefore, female
wasps avoid mating with the same brood as themselves. This behavior reduces
mating between siblings and, as a result, arrhenotoky increases. It was shown that
sib subgroup mating and female progeny were higher in Wolbachia-infected lines
than the uninfected sibmates. These results indicate thatWolbachia promoted fertile
sib mating in H. hebetor. It was also shown that Wolbachia reduces inbreeding
depression effects (Bagheri et al. 2019b). By promoting successful sex with siblings
and increasing the probability of female progeny, Wolbachia enhance their trans-
mission to the next generation and also mitigate inbreeding depression. This is an
undescribed effect of Wolbachia (symbiont) on the host reproduction.

The presence of prophage WO in the Wolbachia-infected H. hebetor was also
reported (Nasehi et al. 2019). It was shown that prophage WO is present in both
males and females from different populations of the wasp. Neither WO nor cif genes
were detected in the tetracycline-treated wasps (Nasehi et al. 2019).

13.2.1.4 Wolbachia in Fruit Flies

The Wolbachia has found to be involved in some biological interactions including
CI in some species of fruit flies (Zabalou et al. 2004). Karimi and Darsouei (2014),
collected the specimens of various populations from several fruit flies species
including Dacus ciliatus (cucurbit fly), Rhagoletis cerasi (cherry fruit fly), Ceratitis
capitata (Mediterranean fruit fly), Myiopardalis pardalina (melon fly) and
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Carypomya vesuviana (jujube fly) from different geographic regions of the
countrytrop. Two species, R. cerasi and C. vesuviana, showed infection with
separate Wolbachia strains, namely wCer6 and wVes1, respectively. Here,
C. vesuviana was introduced as a novel host for Wolbachia. Also, using wsp
sequencing and MLST, the Wolbachia strain in C. vesuviana was established as a
new strain type (ST 277) (Karimi and Darsouei 2014).

13.2.1.5 Wolbachia in Culicidae

Population differentiation and Wolbachia phylogeny in Aedes scutellaris (Dip.:
Culicidae) was surveyed by Behbahani et al. (2005). Also, Wolbachia infection
was surveyed among Culex mosquitoes in southwest Iran (Behbahani 2012). All
samples of Culex quinquefasciatus (Dip: Culicidae) had Wolbachia infection, while
Culex tritaeniorhynchus (Dip: Culicidae) and Culex theileri (Dip: Culicidae) indi-
cated no infection with Wolbachia. Karamin et al. (2016) detected Wolbachia in
Culex pipiens in the northern, central, and southern parts of Iran.

13.2.1.6 Wolbachia in Other Hosts

A new strain of Wolbachia was detected in sand fly, Paraphlebotomus sp. (Diptera:
Psychodidae) (Parvizi et al. 2013). Later, three new strains of Wolbachia pipientis
were identified in sandflies in Iran (Bordbar et al. 2014).

Hemmati et al. (2017), identified endosymbionts of Hishimonus phycitis (Hem.:
Cicadellidae). In this study, Candidatus Sulcia meelleri and Candidatus Nasuia
detocephalinicola were identified as primary endosymbionts. Wolbachia,
Arsenophonus sp., Diplorichettsia sp., Spiroplasma citri, and Pantoea agglomerans
were introduced as secondary endosymbionts.

13.2.2 Other Endosymbionts

Mehrabadi et al. (2012) showed that the posterior region of Eurygaster integriceps
(Hem.: Scutelleridae) has a vacuolated epithelium with many crypts harboring
symbiotic bacteria. A follow up study showed that removing these symbiotic
bacteria negatively affects fitness of E. integriceps (Kafil et al. 2013). Chavsin
et al. (2012), surveyed the diversity of bacterial microflora in the midgut of the
larvae and adult Anopheles stephensi (Dip.: Culicidae) and identified 40 species in
12 genera. In the larval midgut, there were seven gram-negative genera (Myroides,
Chryseobacterium, Aeromonas, Pseudomonas, Klebsiella, Enterobacter and
Shewanella) and five gram-positive genera (Exiguobacterium, Enterococcus,
Kocuria, Microbacterium and Rhodococcus). In the adult midgut, there were
25 gram-negative genera including Pseudomonas, Alcaligenes, Bordetella,
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Myroides and Aeromonas. The crypt-dwelling Gammaproteobacteria were identified
in Graphosoma lineatum (Hem.: Pentatomidae). It was demonstrated that that these
symbiotic bacteria were vertically transmitted and positively affected the fitness of
the insect as surface sterilization of eggs resulted in decreased fitness of the offspring
compared to the control (Karimpour et al. 2016). Zarei et al. (2017) surveyed the
diversity of Spiroplasma citri in Circulifer haematoceps (Hem.: Cicadellidae), a
leafhopper of sesame fields in the Fars province of south Iran. There were six
groups –the strains of group 1 could be transmitted from sesame-infected plants to
citrus trees by C. haematoceps, while strains of group 6 could not infect citrus trees.
Hemmati et al. (2017) identified the yeast and yeast-like symbionts from the insect
vector of lime witches’ broom phytoplasma, Hishimonus phycitis (Hem.:
Cicadellidae). Thirtheen different populations of H. phycitis were collected form
Hormozgan, Kerman and Sistan-Baluchestan provinces. Results revealed that the
vector harboured yeast-like symbionts of H. phycitis (Hp-YLS) and Candida
pimensis, with high similarity to those reported from the other Cicadellids. Fami-
Tafreshi et al. (2017) investigated the microbiota of olive psyllids, Euphyllura
straminea and Euphyllura pakistanica (Hem.: Aphalaridae), using a metagenomic
approach. Different populations of E. straminea were collected from Tarom and
Tehran whereas populations of E. pakistanica were collected from Shiraz. The
results showed that bacterial taxa within the phylum Proteobacteria were dominant
in all populations of E. straminea and E. pakistanica. The γ-Proteobacteria were the
most abundant bacteria in the psyllids followed by α-Proteobacteria,
β-Proteobacteria, Actinobacteria, Firmicutes and Bacteroidetes, respectively. Also,
the results showed that female psyllids harbored greater populations of gut bacteria
compared with males. The bacterial community structure was similar in both
species. In another work, the effect of Arsenophonus elimination on Ommatissus
lybicus (Hem.: Tropiduchidae) was surveyed (Karimi et al. 2019). Elimination of
Arsenophonus increased the developmental time of the hopper immature stages and
reduced life-history parameters such as nymphal survival rate and adult longevity in
the host. In the aphids, bacterial endosymbionts play important roles in host eco-
logical behaviours. Hosseinzadeh et al. (2019) assessed the endosymbionts and their
titers in different tissues of male and female Asian citrus psyllid, Diaphorina citri
Kuwayama). D. citri identified as vector of Candidatus Liberibacter asiaticus
(CLas). They also compared the level of these endosymbionts in CLas infected
psyllids and uninfected psyllids. The highest titer of CLas was observed in the gut
while Wolbachia titer was highest in the Malpighian tubules. Wolbachia and CLas
were detected in all psyllid tissues. The titer ofWolbachia was higher in the heads of
CLas-infected males compared to uninfected males. The titer of two bacterial
endosymbionts, Profftella and Carsonella were detected in specific bacteriome
organ and the ovaries. Their titers were significantly reduced in the bacteriome of
CLas infected males and increased in the ovaries of CLas infected females. This
study showed that CLas modulates the symbionts’ titers. In a series of studies, the
endosymbionts of pistachio stink bugs Brachynema germari (Kashkouli et al.
2019a), Acrosternum heegeri (Kashkouli et al. 2020), and Acrosternum arabicum
(Kashkouli et al. 2019b) (Hemiptera: Pentatomidae) were identified. Pantoea-like
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endosymbionts were identified from these insects and it was shown that symbiotic
bacteria play important roles in the biology of the insects as symbiont removal
resulted in impaired growth, development and reproduction. It was shown that high
temperature and chemical surface sterilization resulted in symbiont suppression and
an overall reduction in insect fitness. Therefore, methods targeting endosymbionts in
these insects such as increased temperature and chemical surface sterilization could
potentially be used to control pistachio stink bugs (Kashkouli et al. 2019c). Genomic
studies of the stinkbug A. arabicum’s bacterial symbionts resulted in a draft
genomeof the symbiont, which is intermediate in size between free-living Pantoea
and other highly-reduced obligate symbionts of stink bugs. The genomic annotation
revealed that the symbiont retains the predicted capability to perform biosynthesis of
amino-acids, vitamins and other metabolites. In addition, approximately one third of
total ORFs were classified as pseudogenes. On the basis of this study and the
geographic origin of the bacteria, (persica ¼ Persia, Iran), we propose the name
“Candidatus Pantoea persica” for the midgut symbiont associated with the stinkbug
A. arabicum (Kashkouli et al. 2019b).

Ayoubi et al. (2020), characterized the bacterial endosymbionts of Aphis gossypii
(Glover 1877) (Hem.: Aphididae) in Karaj populations of the aphid. In this study,
Buchnera aphidicola, Hamiltonella defense and Arsenophonus sp. were detected.
Reduction in Buchnera caused prolonged development and no progeny production.
Furthermore, secondary symbiont reduction led to a reduction of the total life span,
intrinsic rate of natural increase, and emergence of abnormal offspring in treated
insects.

13.3 Microsporidia

Currently, 93 of the 200 described genera of microsporidia have an insect host. The
microsporidian infections (microsporidioses) are classified into two groups, chronic
and acute. In infection with microsporidia, there are various signs and symptoms
such as tissue manifestations, abnormal development, and behavioral changes. The
external effects in infected larvae are changes in color, size, form, or behavior when
compared to healthy individuals. The fat body and midgut epithelium are two main
tissues in which microsporidia affect them usually (Becnel and Andreadis 2014).
Most microsporidian insect pathogens induce sublethal effects on the hosts resulting
in reduced fertility, shortened longevity, and loss of vigor (Brooks 1988; Solter et al.
2012). Vertical transmission is a major pathway of transmission for many
microsporidian insect pathogens. Contamination of the environment with spores is
typically achieved when an infected host dies or when spores are released in fecal
excrement that leads to horizontal transmission (Becnel and Andreadis 2014).
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13.3.1 Apis mellifera

Nosemosis is among the common diseases of adult honeybees in Iran. Two species,
namely Nosema apis and Nosema ceranae – which have been shown to infect
honeybee midgut epithelial cells – have been reported by apiaries in various prov-
inces. Infection with Nosema induces dysentery and a shorted lifespan in honeybees,
delayed fertility of queens, and colony size reduction (Razmaraii et al. 2013). The
Nosema infection leads to economic and biological damage in colonies. According
to Lotfi et al. (2009) and Razmaraii and Karimi 2010, nosemosis in Iran is caused by
N. apis. However, Nabian et al. (2011) introduced N. ceranae to the Mazandaran
province for the first time. Infection to N. apis was surveyed in North Khorasan
province by Moshaverinia et al. (2012). Prevalence of nosemosis in East Azerbaijan
was surveyed by Razmaraii et al. (2013). Also, the N. ceranae was introduced as a
causal agent of nosemosis in East Azerbaijan province (Razmaraii et al. 2013).

Modirrousta et al. (2014) surveyed on Nosema incidence in honeybees and
41 positive samples of Nosema sp. were collected from five provinces from 2004
to 2013. The samples were examined by multiplex PCR technique and characterized
for two species, N. ceranea and N. apis. The obtained results indicated that all of
samples were positive for N. ceranea, thus confirming that the N. ceranea has been
spread in Iran (Modirrousta et al. 2014).

In another study, Aroee et al. (2017), identified Nosema species in Isfahan, Fars
and Chaharmahal and Bakhtiari provinces. Sequencing the 16S rRNA gene of this
microsporid indicated that the Nosema infection in southwestern Iran is related to
N. ceranae. In Kurdistan province, N. ceranaewas determined as a nosemosis causal
agent by 16S rRNA gene data (Khezri et al. 2018). Another study was performed by
Mohammadian et al. (2018) that surveyed distribution of Nosema spp. in climatic
regions of the country. In this study, 183 adult bees were selected and surveyed by
microscope and PCR techniques. Infection caused by N. ceranae was observed in all
regions of the study, and the infection rate was 46.40%. However, infection with
N. apis was not observed. The prevalence of N. ceranae in humid, semi-humid, very
humid, arid, semi-arid, and Mediterranean climates was 58.8%, 71%, 68.10%,
29.40%, 34.30%, and 24%, respectively. Here there was a significant difference
between different climatic regions. Thus climate can affect the spread of N. ceranae
(Mohammadian et al. 2018).

13.3.2 Culicidae

Omrani et al. (2016), identified a microsporidian in Anopheles superpictus. The
species was from the genus Parathelohania and the family Ambliosporidae. This
microsporidian introduced as Parathelohania iranica (Omrani et al. 2017).
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13.3.3 Other Species

The study of microsporidia has a narrow list in Iran. Habibi and Kharazi Pakdel
(1989) surveyed horizontal transmission of Vavaria portugal (Microsporidia) in
Lymantria dispar (Linnaeus 1758) (Lep.: Lymantriidae). The larvae of L. dispar
were infected with 1 � 104 and 1 � 105 spore/mL solutions. Then, 3 day-post
infection, uninfected larvae were added to the container of infected larvae. Seven
days post-infection, spores were produced and horizontal transmission was
observed. Ghazavi and Kharazi Pakdel (1995) surveyed histopathology and biology
of Nosema locustae in desert locust, Schistocerca gregaria Forskal. In this research,
3rd, 4th, and 5th nymph stages were given food containing 5.48 � 104 spores of
N. locustae. After 10 days, the nymph’s tissues were examined. In light infection, fat
bodies were the visible infected tissues, but in more developed infections, pericardial
cells, ovaries, testes, midgut, malpighian tubes and nervous system were infected.
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Chapter 14
Microbial Biopecticides: Opportunities
and Challenges

Mohammad Reza Moosavi and Vahe Minassian

14.1 Introduction

Total losses to agricultural products of Iran caused by pests are estimated to be more
than 40% (Ebadzadeh et al. 2016). These pests are traditionally controlled by
chemical pesticides and according to latest information released by FAO, 4420
tons of chemicals (1756.1, 1564.2 and 1099.9 tons of insecticides; herbicides; and
fungicides plus bactericides, respectively) were used to protect agricultural products
of Iran just in the year 2016 (FAO Stat 2019). The mean annual amount of used
insecticides; herbicides; and fungicides plus bactericides during 1990 to 2016 was
1844, 2103 and 1687 tons respectively (FAO Stat 2019), however, the application
rate fluctuated considerably over the last three decades (Fig. 14.1).

Intensive usage of pesticides causes accumulation of these harmful chemicals in
the ecosystem and raises many concerns about the public health and environment
safety. Incidence of many chronic diseases like cancers, birth defects, neurodegen-
erative disorders (such as parkinson, alzheimer, and amyotrophic lateral sclerosis),
reproductive disorders, and diabetes has increased unusually in recent years and
a lot of evidence has linked the high frequency of these diseases with exposure to
pesticides (Mousavi et al. 2009; Mostafalou and Abdollahi 2013). If we cannot find
safe alternative pest management methods, the use of pesticides will be increased
due to the demand for more food by the increasing population of mankind.

Public awareness about the destructive effects of the chemical and toxic pesti-
cides on environment and human health has generated a high pressure on the
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authorities to diminish the application of synthetic compounds. The outcome is
revealed as some modifications in regulations (Moosavi and Zare 2016). On the
other hand, a social rebuttal of chemicals creates an increasing demand for organic-
or healthy-products which provide a new market in Iran. The prospect of this market
is very bright, so the companies are gradually convinced to invest in new safer
pesticides. Microbial pesticides are a proper choice that can suppress the pests in a
sustainable manner (Moosavi and Zare 2016). Though the legal enforcement and
society views are considered as strong promotional factors, the companies’ direc-
tions are generally designed according to market-driven demands (Ravensberg
2011d). When there is not enough consumer demand in a reasonable time period,
the investment in research and development of a microbial pesticide will be uneco-
nomical (Moosavi and Zare 2015).

Now there is a hope that new safer pesticides can be substituted with chemical
ones. Here the history and current status of microbial pesticides are discussed. As
well, their success in being launced in the pesticides market of Iran is also reviewed.
Then the major challenges in producing and adapting of microbial pesticides by
producers and growers are presented. Finally, the prospects of investigation, devel-
opment and application of these products will be discussed.

Fig. 14.1 Application of chemicals in Iran during 1990 to 2016 in terms of tons of chemicals. Data
for the years 1997–1999, 2010, 2014 and 2015 were not available (information retrieved from FAO
Stat 2019)
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14.2 History of Biological Control in Iran

Protecting crops had relied on traditional practices for many centuries. It seems that
biological control has had a long history in Iran and Iranian natives knew about
biocontrol since long ago. The first written document is a book (Zakhira-e-
Khârazmi) composed by al-Jurjâni in which is referred to the ability of stork and
hoopoe to control harmful animals and termites (Abivardi 2001). Though no docu-
ment is available to show how farmers protected their crops from pests, agricultural
products had been successfully produced for many years. It was probable that
growers stimulated naturally occurring biocontrol agents by cultivation practices.
These practices included preparing suitable conditions for the proliferation of micro-
bial antagonistic agents; attracting the predators or facilitating their access to dam-
aging pests (Amiri Ardakani and Emadi 2008).

The first attempt to biologically control a pest dates back to 1931 when imported
Vedalia beetle (Rodolia cardinalis) from France was used to manage cottony
cushion scale (Icerya purchasi). The second successful example of biocontrol in
Iran was the application of Trissolcus semistriatus against the Sunn pest (Eurygaster
integriceps) (Abivardi 2001). Other biocontrol attempts included using of the
mealybug destroyer (Cryptolaemus montrouzieri) and an Aphelinid (Prospaltella
berlesei) against citrus mealybug (Planococcus citri) and white peach scale
(Pseudaulacaspis pentagona), respectively. With the establishment of biological
control department at the “Iranian Research Institute of Plant Protection” in 1984
and its expansion during 1984–1995, the importance of biocontrol became more
obvious. Mass rearing of Trichogramma wasps against different pests was one of the
most outstanding instances of successful biological control during those years
(Moosavi and Zare 2016).

The first national plan to optimize the usage of fertilizers and pesticides was a
10-year program which began in 1995 entitled OUFP (Optimal Utilization of
Fertilizers and Pesticides). One of the most important goals of this plan was a
reduction of chemical pesticides (about 35% within 5 years) with an outlook
for biocontrol; nevertheless, microbial pesticides were not considered a serious
candidate in those years. At the beginning of the project, the biocontrol agents
were propagated and released in the fields at no cost with the hope that growers
would participate and contribute to the expenses in the succeeding years. The
program was not welcomed by the farmers and their low participation impeded the
plan from reaching its full goals (Sharifi-Moghaddam 2006). However, support by
national and international organizations of the program supplied the required foun-
dation for establishing the knowledge, strategy and manpower for the upgrading of
IPM/FFS (Integrated Pest Management/Farmers Field School) in Iran (Fathi et al.
2011). The support of FAO Regional IPM Program and GEF/SGP (Global Envi-
ronment Facility/Small Grants Program) was vital to introducing IPM/FFS to
growers. The 252 pilot farms of 37 different crops were selected in 29 provinces
to draw the growers’ attention to organic agriculture and effectiveness of
biopesticides (Razzaghi-borkhani et al. 2010; Etehadi et al. 2011). In spite of these
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efforts, the organic agriculture needs much more attention to be fully established
(Soltani et al. 2014). The area under organic cultivation in Iran was 0.02% of the
total cultivable land in 2014 (Willer and Lernoud 2016) which was not a satisfactory
share.

As mentioned above, while most of the applied biological agents of the country
were predators or parasitoids, a little share was also allocated to microbial agents.
However, the market share of microbial biopesticides shows a more or less steady
increase during recent years especially for the soil dwelling and greenhouse pests.

14.3 Microbial Biopesticides Opportunities in Iran

Biological control of pests, especially those done with microbial agents, has not
achieved its proper role in IPM programs in Iran. Biocontrol has now been used
sporadically throughout the country but it is not considered as a constant or impor-
tant part of IPM. However, the increasing pressure of society has enforced a change
in the viewpoint of policy makers about the procedure of IPM. For example, an
office named “Environment and Food Safety Office” has been established in Min-
istry of Agriculture-Jahad in 2002. The office is responsible for making policies,
planning and supervision toward sustainable agriculture and preserving the environ-
ment. Several workgroups (such as Development of Organic Farming, Biosafety,
Control and Certification of Agricultural Products, and Green Management Pro-
gram) have been formed to achieve those goals. The activity of the office has
increased several folds in the recent years in response to society’s demand for
safer foodstuff.

One of the good measures taken by the Environment and Food Safety Office,
Ministry of Agriculture-Jahad has been to provide a guideline named “Practical
Instruction for Producing Certified and Standard Products”. It emphasizes on the
procedures of producing agricultural products with minimal hazardous chemical
residues. The task of supervision on production process is delegated to Plant
Protection Clinics. The required samples will be taken from the products by trustful
inspection companies and will be examined by reference laboratories. The product
will be certified only if the residues of 105 chemicals (fertilizers and pesticides),
nitrate and heavy metals would be below the allowed limit, known as “maximum
residue limits (MRLs)”. Plant Protection Clinics have the authority to allocate a
16-digit detectable barcode to each product that could pass the process of certifica-
tion. The first 8 digits represent the province, town, district and village where the
farm is located. The next two digits belong to plant protection clinic that supervises
the farm. The digits 11 to 13 are allocated to the crop and digits 14 to 16 designate
the particulars of the grower that owns the product (the last three digits of grower
national code or three last digits of exploitation license of the production unit).
Therefore, it is possible to detect the origin of each product by the 16-digit code. A
high council consisting of provincial representatives of Ministry of Agriculture-
Jahad, Ministry of Health and Medical Education and Iran National Standards
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Organization supervises all processes. More recently, volunteer farmers will receive
a three-year persuasive standard if the MRLs of their products are below defined
limits (Environment and Food Safety Office 2019).

The responsibility of determining the health of products has been delegated to
regional health departments according to article 28 of the Iran Plant Protection
Implementing Regulations. This article states “regional health departments shall be
required to examine fruits, cucurbits, vegetables and other products before they are
marketed and if pesticide residues are found, to inform the city hall or other
authorities concerned with the matter and prohibit their sale”. By law, Ministry of
Agriculture-Jahad is responsible for supervising production of safe products and Iran
National Standards Organization has a contribution in granting the persuasive
standard certification. Obtaining persuasive standard is now voluntary and there is
no legal obligation for the growers to follow the instructions for producing safe
products. However, it seems that the growers have to adopt this program because of
changes in the society trends towards using safer food. This means that the demand
for biopesticides including microbial ones is growing and the market size will
continuously expand. The old chemical pesticides producers along with many new
companies perceive this fact and increase their investment on biopesticides.

In spite of numerous worldwide researches on microbial pesticides, only a small
fraction of them pass the commercialization process successfully. These few pesti-
cides have mainly been introduced to the USA, Latin and South America, and Europe
(Thakore 2006; Glare et al. 2012; Dutta 2015; Arthurs and Dara 2019) while the
share of Iran is very scant (Moosavi and Zare 2016; Karimi et al. 2019). In recent
years, country-wide research on microbial biopesticides has increased rapidly but till
now only 20 products (occasionally with the same microorganism ingredient) have
been produced by Iranian companies which some of them have not completed their
registration process yet (Table 14.1). However, there is a hope that the number could
increase in the near future.

The leading companies producing microbial pesticides are as follows: Biorun,
Greenlife Biotech Co., Green Biotech Co., MehrAsia Biotechnology Company, and
Sadra Biotech Co. The active ingredients of the available microbial pesticides
(registered or in the final process of registration) in Iran consist mainly of bacteria
and fungi.

14.3.1 Bacterial Biopesticides

Four groups of bacteria can typically be utilized as biopesticides. These four types
consist of I) bacteria that produce crystalliferous spore (like Bacillus thuringiensis),
II) obligatory parasitic bacteria (like Bacillus popilliae), III) facultative parasitic
bacteria (like Pseudomonas aeruginosa), and IV) opportunistic parasitic bacteria
(like Serratia marcesens) (Koul 2011).

The most popular bacterium used in Iranian microbial biopesticides is Bacillus
thuringiensis (Moosavi and Zare 2016). Many subspecies and varieties of
B. thuringiensis have been identified globally (Osman et al. 2015). This spore
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producing bacterium is an eco-friendly microorganism that can manage the target
pest efficiently (Roh et al. 2007; Jouzani et al. 2017). Several microbial pesticides
which are currently used in Iran are made from different subspecies or varieties of
B. thuringiensis. Other bacteria that have been exploited as pesticides are Bacillus
subtilis and Pseudomonas fluorecens (Table 14.1).

14.3.2 Fungal Biopesticides

The second most important group of microbial pesticides in Iran consists of fungi.
However, the significance of fungi for controlling insect pests, plant-parasitic fungi
(Juty and Singh 2016) and phytonematodes (Cumagun and Moosavi 2015) has been
rapidly increasing in the recent years. Some fungal characteristics which make them
an attractive substrate for research are: host specificity, cosmopolitan dispersal,
persistency, occasional production of stress resistant resting spores, the relative
simplicity of mass culture and ease of application in the field (Juty and Singh
2016). Trichoderma–based products are the most numerous microbial products in
Iran that are used against soil borne pathogenic fungi. Other fungal-based products
that have been used as microbial biocontrol agents are Beauveria bassiana,
Metarhizium anisopliae, Purpureocillium lilacinum, Lecanicillium lecanii and
Fusarium oxysporum (Table 14.1).

14.4 Challenges for Growers

Notwithstanding the efforts of the government during successive OUFP national
programs, the reliance of growers upon chemical inputs has not decreased signifi-
cantly. The number of pilot farms in IPM/FFS programs throughout the country was
not adequate enough to successfully launch the “biological control” in the farmers’
mind as an important part of IPM. Many independent studies have been tried to
investigate the barriers to adoption of organic agriculture among Iranian farmers
(Veisi et al. 2010; Rezvanfar et al. 2011; Karimi 2011; Soltani et al. 2014; Veisi et al.
2017; Forouzani et al. 2018). Several factors have been involved in hindering the
implementation of microbial biopesticides by Iranian growers. The main reasons for
this reluctance are almost similar to those in developing countries.

Farmers’ mistrust of microbial biopesticides (Mishra et al. 2015), fear of reduced
yield (Moosavi and Zare 2016) and weak support of policy network (Kumar and
Singh 2015) are among the main reasons. As most Iranian growers are smallholders,
they only adopt new controlling methods if they are being completely convinced
those methods are risk-free (Rezaei-Moghaddam and Samiee 2019).

In contrast with chemical pesticides, microbial ones lack consistency in their
effectiveness. Lack of persistency usually occurs because of the inability to
get established in or on the target site due to low competitive capability against the
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inhabitant microbiota; being affected by the environmental condition; and inferior
quality (Moosavi and Zare 2015). Incompatibility of biopesticides application
methods with routine delivery systems is another obstacle to farmers’ acceptance
(Moosavi 2020). Since biopesticides are relatively new for Iranian farmers, there is
an essential need to improve their knowledge by experienced trainers. Updating and
compatibility of farmers’ knowledge and technology is a prerequisite to
biopesticides adoption by farmers (Rezaei-Moghaddam and Samiee 2019).

Biological control measures especially those dealing with microbial biocontrol
agents cannot be considered as a simple interaction between pests and their antag-
onists. It is important to contemplate the biological control as a phenomenon which
happens in a complicated, incongruous and dynamic environment. Both biotic and
abiotic parameters are important effecters in determining the efficacy level of a
microbial biocontrol product. That is the key reason why a product shows different
efficiency in different times or locations. Deeper studies about the impact of envi-
ronment and ecological condition on the biocontrol agent-pest-host plant interac-
tions are required to increase the knowledge of how chemical, physical and
biological factors affect the relationship between biocontrol agents, their host pest
and their host plant (Stirling 2014). This information is necessary for establishing
and maintaining of successful and persistent biocontrol systems. Such improvements
could help farmers to overcome their uncertainty about biopesticides
implementation.

Well-formulated, competitive and high-quality commercial biocontrol agents
against plant diseases, insect pests and weeds may reconstruct the trust of growers.
However, the farmers should be trained in the processes that microbial pesticides act.
According to their mental background, the growers expect that the microbial pesti-
cides act as quickly as chemical ones do. They must be trained during IPM/FFS
programs for the principles of biocontrol as well as being informed of adverse effects
of chemicals on human life and environment. They should understand that biocon-
trol agents operate more slowly but with greater longevity. Tolerance of microbial
biocontrol agents to chemicals is a desired trait which allows their mixed application.
Chemicals provide rapid protection while biocontrol agents supply long-term pro-
tection (Desai et al. 2002).

Mixing ability of microbial products with customary agricultural inputs is usually
limited which can be considered as a restriction factor for adoption of microbial
biocontrol agents. Application of microbial biopesticides sometimes needs special
equipment different from essential and current farm machinery (Khan and Anwer
2011). Difficulties and expense of preparing these facilities are deterrent to growers
(Bailey et al. 2010).

14.5 Challenges for Producers

In spite of many types of research done in Iranian universities or research institutes,
the number of commercialized products is not satisfactory. The major problem is a
lack of affiliation between researchers and mass producers of biopesticides. The
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producers rely on their own research and do not use the outcome of academic
studies. On the other hand, the academic scientists don’t commercialize their isolated
robust biocontrol agents due to their unwillingness to act as entrepreneurs or due to
inability to afford the expenses of producing processes. Lack of market knowledge is
another obstacle for entering the bazaar. A tighter relationship between academic
researchers and producer sections is essential for faster developments in the selec-
tion, scale-up production, formulation and commercialization of microbial biocon-
trol agents.

When a competent biocontrol agent is selected, it should be mass produced on an
industrial scale. A number of microbial biocontrol agents can be produced in a
simple manner while the remaining require special knowledge and technologies
(Tormala 1995). Failure in the scale-up production of numerous products causes
their rejection (Stewart et al. 2010). In addition to difficulties in mass production, the
producers have to be concerned with contamination in their production units and
attenuation of pesticidal activity. The microbial BCAs are usually propagated on
commercially unselective media and contamination can easily occur if strong san-
itation measures are not employed (Desai et al. 2002). Also, the producers should
continuously test the number of efficient propagules in the formulation to ensure that
the product keeps its specifications up to the end of asserted shelf life (Ravensberg
2011b).

To overcome these barriers, small entrepreneurs require facilities, material, pro-
ficiencies and capital that usually cannot be afforded in the developing countries.
However, the same situation exists for small businesses in developed countries
(Gelernter 2007; Koul 2011; Moosavi and Zare 2016). The required capital for
safety tests and registration processes of a biological-based product is appraised
from the US $0.5 to three million that should be invested during a 4–8 years period
(Evans 2004; Hokkanen 2007; Marrone 2009; Ehlers 2010; Ravensberg 2011c).
This sum of money cannot be easily supplied by small or medium businesses in Iran,
while the investment is not completely safe either. The active ingredient of the
product is a microorganism which can be reisolated. Therefore business enterprises
should protect their product by intellectual property rights which cost them another
$US 50,000–100,000 (Tormala 1995). Though patenting is supportive, its power is
debatable and can be challenged with genetic engineering (Ravensberg 2011c).

Commercialization of a product, in addition to biological control knowledge,
needs the familiarity with several disciplines like finance, trade, manufacture and
personnel management. In other words, a product could be successfully introduced
to the market only if a capable team works together. The team members should be
experts in research, manufacturing, registration, management and marketing
(Ravensberg 2011a).

The process of developing a new microbial pesticide needs many millions of
dollars during a 4–8 year period. It is estimated that another 5–8 years is needed till
the company reaches to a break-even point (CPL 2006). So, the venture is not a quick
profit making one which is deterrent to most investors. Foreign investment or joint
venture may be of help in providing the required investment (Karimi et al. 2019).
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Another problem with microbial products is their short shelf life. The mean shelf
life time for these products is about 1 year. The products that are not made of resting
resistance propagules usually need special storage conditions and if not kept in
recommended conditions, their efficiency is reduced over time (Yang and del Rio
2002). As the acquisition of these particular storage proficiency or devices is difficult
for most wholesalers or retailers, they prefer not to enter the business.

Naturally, a resistance exists against the acceptance of a new product in the
market. Therefore, the producers and their distributors’ networks need an extensive
endeavor even after a product, especially a microbial pesticide, is registered. Con-
sidering these matters, few companies decide to enter such business. However
widespread IPM/FFS programs could be of help in convincing the growers to
integrate robust microbial biopesticides in their IPM measures.

Market instability is another obstacle facing the Iranian producers. The import/
export laws and regulations change frequently and the value of the national currency
fluctuates occasionally. The interest rates which Iranian banks assign to deposited
money is too high which makes the investment on production irrational according to
market risks. These factors make the investors (local or foreign) hesitant to venture
upon investing as a producer in Iran. The more focused investigation is required to
determine the factors slowing down registration, commercialization and adoption of
microbial pesticides in Iran.

14.6 Future Prospects

Pest management measures need to be revised rapidly because of changing society
attitude towards human health and the environment. The demands for various safe
foodstuffs have been increasing continuously due to public awareness about the
deleterious effects of synthetic chemical pesticides on the health of humans and their
surroundings. The microbial biopesticides are a promising alternative which can be
used in sustainable farming. Numerous studies in this regard have been accom-
plished in the recent years (Moosavi et al. 2010, 2011, 2015; Kalantari et al. 2013;
Naraghi et al. 2014; Khorramvatan et al. 2014; Damani Zamani et al. 2015; Goudarzi
et al. 2015; Salehi Jouzani et al. 2015; Amir-Ahmadi et al. 2017) which increase the
hope of introducing new products in the Iran market within a short time. However, it
is obvious that the microbial biopesticides need government support to be success-
fully launched into the market. The government support can be by enforcement of
regulations such as forbidding the production or trading of unsafe chemical pesti-
cides; allocating financial assistance or price support systems; and easing the export
laws for organic and safe products. These policies can encourage farmers to use
biopesticides, enlarge the market size, and direct the capital flow towards investing
on microbial biopesticides. Many corporations are still hesitant to enter the business
due to the niche market and pricey registration procedures. Government assurance
and assistance will certainly persuade them to defeat their uncertainty.
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Grower education is an influential and important undertaking which deserves
more consideration. Executing the IPM/FFS program in more extensive areas with
more experimental farms can be of help. Simultaneous education of consumers
about microbial biopesticides is equally important. Both growers and society should
be instructed about the key role that microbial pesticides can play in sustainable
agriculture.

The active companies in this venture especially those newly engaged should also
be instructed about the procedures that a product must pass to be commercialized.
Science and technology parks can satisfactorily accomplish this task. Science and
technology parks have been now established in most provinces of Iran and are ready
to provide required services to applicant knowledge-base companies. These services
include technical, accounting, market and legal consultation. Installing efficient
networks to obtain assistance from international agricultural institutes is another
possible service rendered by the science and technology parks which improve the
prospects for continued acceptance of microbial pesticides.

The process that needs the most help is formulation. Many efficient microorgan-
isms for controlling pests have been identified in Iran that can be commercialized if
they are suitably and stably formulated. In other words, we need to adopt the
knowledge which helps us to commercialize the isolated indigenous biocontrol
agents. Genetic engineering is another strategy that can be used to enhance virulence
and efficiency of microorganisms or to tailor their host range as desired (Narayanan
2001; Kumari et al. 2014; Moshi and Matoju 2017).

However microbial pesticides will be confronted with the last obstacle, the grower
acceptance, when finally marketed. Therefore the focus and emphasis should be on
the extensive pilot testing to represent the potential of these kinds of pesticides. The
microbial pesticide producer should manufacture a well-formulated product that can
be easily used with conventional farm machinery, and government authorities enact
policies which facilitate their use.

The introduction of relatively harmless and efficient chemical pesticides will be a
serious challenge for microbial pesticides in the future. Therefore the microbial
products can successfully be accepted by the growers only if they can emulate the
agrochemicals. The long term prospects for microbial pesticides seem very brilliant
despite slow adoption by growers. The pressure of NGOs as well as public aware-
ness will surely direct the path toward the use of safer products.
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Chapter 15
Biological Control of Greenhouse Pests in
Iran

Zahra Tazerouni and Ali Asghar Talebi

15.1 Introduction

The changes in the weather condition and amount of rainfall affect the types of crops
grown in different parts of the world. Climate change and decreasing of precipitation
increased the greenhouse cultivation in Iran in order to use the available resources.
The greenhouse productions are important because besides supplying the local
markets, they are greatly valued for their export potential and play an important
role in the foreign trade balance of several national economies. However, the
intensification of greenhouse crop production has created favorable conditions for
many devastating pests and diseases. In greenhouse conditions, pests and diseases
develop rapidly. Therefore, early detection and diagnosis of pest insects are neces-
sary to make control decisions before the problem gets out of hand and suffer
economic loss (FAO 2013).

Biological control as a main part of integrated pest management (IPM) is one of
the best options for controlling pests in greenhouses. Natural enemies (parasitoids,
predators or pathogens) are best used early in the crop growth cycle when plants are
small, pest numbers are low and damage is not yet observed. Also, a detailed action
plan needed to ensure success (Perdikis et al. 2008).

In this chapter, main pests on important greenhouse production and their effective
biological control agents in Iran is discussed.
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15.2 The Main Greenhouse Crops

Greenhouse crop production is now a growing reality throughout Iran with an
estimated about 9000 ha of greenhouses. The vegetable crops (approximately
4000 ha) are the main greenhouse crops in Iran. Cucumber, tomato, pepper, cherry
tomato, beans, broad beans and eggplant are the most commonly grown in green-
houses. Strawberry is one of the most important fresh fruit that grows in green-
houses. Also, many flowers (mainly rose, chrysanthemum, carnation, gladiolus,
tuberose, alstromeria, saintpaulias, gerbera, orchid, anthurium and lilium) and orna-
mental plants are cultivated in greenhouses in Iran (Pahlevan et al. 2012; FAO
2013).

15.3 The Main Pests of Greenhouse Crops

Four groups of insects (include aphids, whiteflies, thrips and leaf miners) and plant
mites are common and important pests on greenhouse crops in Iran. Several species
are most serious pests of the greenhouse-grown crops that economic importance for
greenhouse, are discussed here.

15.3.1 Aphids

Aphids are one of the most serious pests of vegetable and ornamental crops in
commercial greenhouses. Almost all species of plants grown in greenhouses are
susceptible to some aphid species (van Emden and Harrington 2007). Aphids can
damage crops in different ways: (1) direct damage by sucking the sap of plants
causing stunted and distorted plant tissue, new foliage and flowers are often mal-
formed and (2) indirect damage by excreting honeydew and by transmission of
pathogens. The cucumber mosaic virus (CMV), potato virus Y (PVY) and bean
yellow mosaic virus (BYMV) are the most common and economically important
viruses of greenhouse crops (van Emden and Harrington 2007; Pinto et al. 2008) that
transmit by aphids. These damages result in significant yield reduction and economic
loss (van Emden and Harrington 2007; Karami et al. 2018a). The most important
aphid pests on greenhouse crops in Iran are given in Table 15.1.

Aphis gossypii is a polyphagous aphid, attacks the wide range of greenhouse
crops (Table 15.1). The estimated intrinsic rate of increase of this aphid ranged from
0.173 day�1 (on chrysanthemum) (Rostami et al. 2012) to 0.493 day�1

(on cucumber, Super Sultan variety) (Tazerouni et al. 2016a). Pepper, eggplant,
chrysanthemum and cucumber are most important host plants for M. persicae in
greenhouses in Iran. The maximum intrinsic rate of increase of M. persicae was
determined on pepper (0.389 day�1) (Ghorbanian et al. 2019).
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Aphis fabae is reported as one of the major pests of broad been (Sabahi et al.
2011; Keshavarz et al. 2015) in Iran greenhouses.

The rose aphid, M. rosae is one of the most important pests of rose which
reducing the quality and quantity of products by attacking and hurting the leaves
and twigs. The fecundity of females (progeny/female) increased with increasing
temperature from 15 �C to 22 �C. The highest fecundity of M. rosae was reported
38.88 (progeny/female) at 22 �C on rose (Mehrparvar and Hatami 2007).
Macrosiphoniella sanborni is a serious pest of chrysanthemum in Iran, high popu-
lation densities of this aphid result in significant economic damage to chrysanthe-
mum by decreasing its beauty and the value of cut flowers (Madjdzadeh and
Mehrparvar 2009; Valizadeh et al. 2013).

15.3.2 Whiteflies

Whiteflies are one of the economic pests of a wide range of greenhouse crops in the
world and Iran. They may cause economically important damages on host plants.
Direct damage occurs by feeding plant phloem (Malumphy 2003) and indirect
damage occurs by producing high amounts of honeydew (Perumal and Marimuthu
2009) which serves as a growing medium for sooty mold fungus. They are also
vectors of some of the plant viruses such as tomato yellow leaf curl virus (TYLCV)
and cucumber vein yellowing virus (CVYV) (Makkouk 1978; Nuez et al. 1999).

Table 15.1 The most important aphid pests (Hemiptera: Aphididae) on greenhouse crops in Iran

Aphid species Host plants References

Aphis gossypii Glover (cot-
ton or melon aphid)

cucumber, pepper,
broad bean,
chrysanthemum

Zamani et al. (2006), Rostami et al. (2012),
Valizadeh et al. (2013), Alizadeh et al.
(2014), Hajiramezani-Chaleshtori et al.
(2014), Makareminia et al. (2014),
Keshavarz et al. (2015), Seyedebrahimi
et al. (2015), Rahsepar et al. (2016),
Tazerouni et al. (2016a)

Myzus persicae (Sulzer)
(green peach aphid)

pepper, eggplant,
chrysanthemum,
cucumber

Zamani et al. (2007), Ghadamyari et al.
(2008), Rashki et al. (2009), Valizadeh
et al. (2013), Mardani-Talaee et al. (2015),
Tazerouni et al. (2016c), Ghorbanian et al.
(2019)

Aphis fabae Scopoli (black
bean aphid)

broad been Sabahi et al. (2011), Keshavarz et al.
(2015)

Macrosiphum rosae (L.)
(rose aphid)

Rose Mehrparvar and Hatami (2007), Modarres
Najafabadi (2014), Jafarinasab et al.
(2015), Jalilian (2015)

Macrosiphoniella sanborni
(Gillette) (chrysanthemum
aphid)

chrysanthemum Madjdzadeh and Mehrparvar (2009),
Valizadeh et al. (2013)
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The greenhouse whitefly, Trialeurodes vaporariorum (Westwood) and sweet
potato whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) are the
most common whitefly species found in greenhouses in Iran. These pests can
cause a high rate of economic losses on host plants.

Trialeurodes vaporariorum is the most harmful pest of a wide range of green-
house crops specifically cucumber (Dehghani and Ahmadi 2013; Pirmoradi
Amozegarfard et al. 2013; Amiri et al. 2014; Mirzamohammadzadeh et al. 2014),
tomato (Ebrahimifar et al. 2015) and gerbera (Seddigh and Kiani 2012). Cucumber is
the main host plants for T. vaporariorum and the highest and lowest total fecundity
of this pest was 203.82 and 132.26 eggs on cucumber cultivars Royal Sluis and
Soltan, respectively. Also, the mortality rate of this pest in pre-immaginal period was
reported low (maximum 7%) (Mirzamohammadzadeh et al. 2014). Cucumber
(Baniameri and Sheikhi 2006; Yarahmadi et al. 2013) and tomato (Samareh Fekri
et al. 2013; Jafarbeigi et al. 2014) are also reported as the most important host plants
for B. tabaci in greenhouses in Iran.

15.3.3 Thrips

Some species of thrips are serious pests on greenhouse crops in the world and Iran.
They can directly damage to its host plant through the feeding on cell sap and
indirectly through the transmission of harmful plant viruses such as tomato spotted
wilt virus (TSWV), iris yellow spot virus (IYSV) and impatiens necrotic spot virus
(INSV) (Kirk 2001; Doi et al. 2003; Ghotbi and Baniameri 2006; Thungrabeab et al.
2006). Damages by thrips on host plant decrease production marketable and also
they can result in significant yield losses (Mahr et al. 2001). Control of thrips is
difficult because they have a small size and commonly hide in flowers, buds and leaf
axils.

Two species of thrips include western flower thrips, Frankliniella occidentalis
(Pergande) and onion thrips, Thrips tabaci Lindeman, (Thysanoptera: Thripidae) are
the most dangerous species in greenhouses in Iran.

Frankliniella occidentalis was first detected in Iran in 2004 (Jalili Moghadam and
Azmayeshfard 2004). It is a major pest of cucumber (Eshrati et al. 2014; Gholami
et al. 2015), strawberry (Kiani et al. 2012; Golmohammadi and Mohammadipour
2015), green bean (Koupi et al. 2016), saintpaulias, gerbera and anthurium (Jalili
Moghadam and Azmayeshfard 2004) in Iran. Intrinsic rate of increase (rm), gross
reproductive rate and net reproductive rate of F. occidentalis on cucumber, Viola
variety were calculated 0.1902 � 0.008 day�1, 170.02 and 48.96 females/female/
generation, respectively (Eshrati et al. 2014). Damages by T. tabaci on greenhouse
cucumber (Modarres Awal 2001; Pourian et al. 2009; Rajabpour et al. 2011; Jafari
et al. 2013) are important economically. Also, this pest causes a serious damage on
cut flower products especially carnation, gladiolus, chrysanthemum and tuberose in
the greenhouse in Iran (Hosseininia and Malkeshi 2009).
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15.3.4 Leaf Miners

Several species of leafminers include vegetable leaf miner, Liriomyza sativae
Blanchard and serpentine leaf miner, Liriomyza trifolii Burgess (Diptera:
Agromyzidae) attack greenhouse crops. Both larvae and adults damage the host
plants. The larvae feed on leaf mesophyl and reduce chlorophyll content, which it
result to decrease photosynthesis (Parrella 1983). The adults also damage the leaves
by puncturing them for feeding and oviposition (Parrella and Keil 1985). Infested
leaves are favorable habitats for invading bacterial and fungal plant pathogens
(Capinera 2001). Yield losses, in general, can be considerable (Waterhouse and
Norris 1987).

Liriomyza sativae has seriously damages on tomato (Baniameri et al. 2012) and
cucumber (Asadi et al. 2006; Fathipour et al. 2006; Haghani et al. 2006; Asghari-
Tabari et al. 2009; Haghani et al. 2007; Tavanapour et al. 2009; Basij et al. 2011;
Namvar et al. 2011; Dashtbani et al. 2013). Effect of temperature (10, 15, 20, 25,
30, 35 and 40 �C) on life table parameters of L. sativae on cucumber, Negin variety
revealed that the intrinsic rate of natural increase (rm) and net reproductive rate (R0)
were significantly higher at 25 �C (0.196 day�1 and 52.452 females/female/gener-
ation time, respectively) (Haghani et al. 2006). Among greenhouse crops, tomato
(Baniameri and Cheraghian 2012) and bean (Askari Saryazdi et al. 2012) are
reported as the most important host plants for L. trifolii.

The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) has
been introduced into Iran in 2010 (Baniameri and Cheraghian 2012). Larvae of
T. absoluta mine the leaves, flowers, shoots, and fruit of tomato (Pastrana 2004).
After hatching, larvae penetrate apical buds, flowers, new fruit, leaves or stems.
Conspicuous irregular mines and galleries, as well as dark feces of larvae, make
infestations relatively easy to spot. Fruits can be attacked soon after they have
formed, and the galleries made by the larvae can be colonized by pathogens that
cause fruit rot. The damage caused by this pest is severe, especially in young plants
(Vargas 1970). Tuta absoluta is one of the economic pests of tomato (Hashemi
Tasuji et al. 2014; Javadi Khederi et al. 2014; Sohrabi et al. 2014; Ahmadipour et al.
2015; Dehghani et al. 2015; Nemati et al. 2015; Rostami et al. 2015; Sharifian et al.
2015; Tamoli Torfi et al. 2016), but also attacks eggplant (Hashemi Tasuji et al.
2014; Tamoli Torfi et al. 2016) and pepper (Hashemi Tasuji et al. 2014) in green-
houses in Iran. High temperature (above 25 �C) has a negative effect on the
biological parameters of tomato leaf miner moths (Gharekhani et al. 2014). The
mean number of larvae varied significantly on different host plants. The highest
number of larvae was determined on tomato (26.33 � 4.48) and the lowest on the
pepper plant (1.33 � 0.88) (Hashemi Tasuji et al. 2014).
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15.3.5 Mites

Two spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is a very
destructive pest of many crops in greenhouses around the world. This mite attacks
almost all greenhouse crops and cause damage by sucking plant juices. Spider mites
remove chlorophyll from plant cells and reduce photosynthesis. This damage pro-
duces the characteristic stippling or mottling of foliage and sometimes causes leaf
drop (Abdel-Wali 2013). When populations of this pest are low, the mites prefer to
attack the underside of mature leaves, but they may move upward of leaves even on
fruits when populations increase. In severe infestations, the plants may be covered
with webbing, which is why they are referred to as spider mites. Feeding and silk
production of this mite affects the quality and quantity of crop yield (Zhang 2003).
Tetranychus urticae has been considered as a major pest on cucumber (Kheradpir
et al. 2006, 2009; Jafari et al. 2012; Shoorooei et al. 2012; Motahari et al. 2014;
Maleknia et al. 2016a), bean (Hamedi et al. 2010; Ganjisaffar et al. 2011; Kouhjani
Gorji et al. 2012; Modarres Najafabadi 2012; Motazedian et al. 2012), tomato
(Kheradpir et al. 2009; Saeidi et al. 2012), eggplant (Khanjani 2005; Kheradpir
et al. 2006, 2009; Khanamani et al. 2013), strawberry (Rezaei et al. 2013; Mortazavi
et al. 2015), pepper (Kheradpir et al. 2009) and rose (Bidarnamani et al. 2015). The
estimated intrinsic rate of increase of this mite on 12 greenhouse cucumber cultivars
(Royal, Amitral, Ariya, Sultan, Vida, Bahman, Storm, Nasim, Negin, PS-29, Tor-
nado and Caspian) ranged from 0.249 day�1 (on Caspian) to 0.331 day�1 (on Vida)
(Maleknia et al. 2016a). The total fecundity of T. urticae varied from 82.45 to 142.05
eggs on five bean genotype (Modarres Najafabadi 2012). The positive relation exists
between the density of glandular trichomes on different cultivars of tomato and their
resistance to the two spotted spider mite (Saeidi et al. 2012). The intrinsic rate of
increase of T. urticae on different cultivars of eggplant (Isfahan, Dezful, Shend-
Abad, Neishabour, Bandar-Abbas, Jahrom and Borazjan) varied from 0.022 day�1

on Neishabour to 0.157 day�1 on Isfahan (Khanamani et al. 2013). A comparative
study on the life table parameters of T. urticae on seven strawberry cultivars (Marak,
Yalova, Aliso, Gaviota, Sequoia, Camarosa and Chandler) revealed that the higher
intrinsic rate of increase found on Chandler (0.28 day�1), that may be due to the
higher nutritional quality and low density of trichomes (Rezaei et al. 2013).

The strawberry spider mite, Tetranychus turkestani (Ugarov and Nikolskii)
(Acari: Tetranichidae) are reported as an important pest of greenhouse cucumber
(Mohammadi et al. 2015) and eggplant in Iran (Soleimannejadian et al. 2006). The
life table parameters of this mite were studied on six greenhouse cucumber cultivars
(Puia, Hedieh, Milad Jadid, Milad Ghadim, Khasib and Negin). The result showed
that the highest total fecundity was observed on the Hedieh cultivar (29.784 eggs/
female) and the lowest on the Puia cultivar (15.773 egg/ female). Moreover,
T. turkestani gross hatching rate on the six cucumber cultivars differed significantly,
varying from 0.18 on Negin to 0.48 on Hedieh (Mohammadi et al. 2015).

The broad mite, Polyphagotarsonemus latus (Banks) (Acari: Tarsonemidae) has
also been reported on tomatoes, eggplants, cucumbers and strawberries, in Iran,
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although the economic damage caused has been brought under control (Baker and
Arbabi 2015). Its attack is confined mostly to new growths resulting in curling of leaf
margins, firmness of infested leaves, necrosis of growing points, aborted buds,
malformed fruits and growth inhibition (Grinberg et al. 2005).

15.4 The Main Biological Control Agents of Greenhouse
Crop Pests

Biological control is an important component of integrated pest management (IPM)
in greenhouses. Augmentaion biological control involves the inoculative and
inundative releases of natural enemies (predators, parasitoids and pathogens) for
the control of insect and mite pests (Koul and Dhaliwal 2003).

Greenhouses are isolated units therefore they are suitable for the use of biological
control agents, because: (1) its closed system prevent to dispersal of natural enemies,
(2) the greenhouse conditions may be more favorable for the natural enemies than
pests, (3) the protected environment of greenhouses also make possible application
of biological control agents in low pest population However, biological control can
be also effective under high pest population, but in these cases, the costs increase
significantly (Perdikis et al. 2008).

In this part, effective biological control agents against pests of greenhouse crops
in Iran are discussed.

15.4.1 Biological Control of Aphids

Natural enemies evaluated against aphid pests in greenhouse crops in Iran include
predators, parasitoids and pathogens. The most important species are listed in
Table 15.2.

15.4.1.1 Predators

The efficiency of several species of predators as potential candidates for suppression
of greenhouse aphids populations are evaluated in Iran. Most of them belong to the
families Coccinellidae (Coleoptera), Syrphidae, Cecidomyiidae (Diptera),
Chrysopidae (Neuroptera), Miridae and Anthocoridae (Hemiptera) (Table 15.2).

The population of C. septempunctata on A. gossypii was able to multiply 3.45
times per week (rw) (Mollashahi et al. 2009). The production indices, 41.3 and 43.12
were calculated for H. variegata and C. septempunctata fed on A. gossypii at 30 �C,
respectively (Mollashahi et al. 2012). Each individual ladybeetle (H. variegata)
during their life, the average of 432 green peach aphid is consumption (Hassankhani

15 Biological Control of Greenhouse Pests in Iran 559



Table 15.2 The main natural enemies evaluated against aphids in greenhouse crops in Iran

Natural enemies Host aphids Crops References

Predators
Coleoptera: Coccinellidae

Coccinella
septempunctata
Linnaeus

A. gossypii cucumber Mollashahi et al. (2009)

M. rosae Rose Amin Afshar et al. (2014)

Hippodamia variegata
(Goeze)

A. gossypii Cucumber Mojib Hagh Ghadam and Yousefpour
(2012), Mollashahi et al. (2012)M. persicae

M. rosae

Adalia bipunctata
(Linnaeus)

M. persicae Jalali et al. (2010)

Propylea
quatuordecimpunctata
(Linnaeus)

A. gossypii broad bean Keshavarz et al. (2015)

A. fabae

Diptera: Syrphidae

Scaeva albomaculata
(Macquart)

M. persicae different
greenhouse
crops

Fathipour et al. (2005)

M. rosae Rose Jalilian (2015)

Eupeodes corollae
(Fabricius)

M. persicae different
greenhouse
crops

Fathipour et al. (2005)

Episyrphus balteatus
(De Geer)

M. persicae different
greenhouse
crops

Fathipour et al. (2005)

Diptera: Cecidomyiidae

Aphidoletes
aphidimyza (Rondani)

A. gossypii Cucumber Hosseini et al. (2010), Madahi et al.
(2013), Moayeri et al. (2013), Malkeshi
et al. (2015)

Neuroptera: Chrysopidae

Chrysoperla carnea
(Stephens)

A. gossypii Takalloozadeh (2015)

M. persicae

Hemiptera: Miridae

Deraeocoris lutescens
(Schilling)

M. persicae sweet
pepper

Azimizadeh et al. (2012)

Hemiptera:
Anthocoridae

A. gossypii Cucumber Hosseini et al. (2010), Moayeri et al.
(2013)

Orius laevigatus
(Fieber)

Parasitoids
Hymenoptera: Braconidae

Aphidius matricariae
Haliday

M. persicae cucumber
and pepper

Zamani et al. (2007), Rashki et al.
(2009), Norouzi (2011), Tazerouni et al.
(2016c)

A. gossypii cucumber
and pepper

Talebi et al. (2006), Zamani et al. (2012),
Tazerouni et al. (2017)

(continued)
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et al. 2014). In the three hoverfly species, about 70% consumptions occurred during
the third larval instars (Fathipour et al. 2005). Each larva of S. albomaculata ate
516.167 � 73.17 aphids (M. rosae) during larval period. There were significant
differences (P < 0.01) between daily feeding rates of larval instars. The third instar
larvae had an important role in feeding rate and 78.32% of total larval feeding was
due to this instar (Jalilian 2015).

These predators are suggested to control mentioned aphid pests in greenhouses in
Iran. Intrinsic rate of increase (rm) of A. aphidimyza on A. gossypii ranged from
0.110 � 0.016 to 0.166 � 0.014 day�1 with increasing prey density (5, 10, 20, 40,
60, 80) (Madahi et al. 2013).

The maximum mean fecundity per female of C. carnea was 478.50 � 8.38 eggs
when larvae fed on M. persicae followed by 409.33 � 8.16 eggs on A. gossypii
(Takalloozadeh 2015).

Theoretical maximum attack rates (T/Th) of Orious laevigatus on A. gossypii on
cucumber were estimated to be 55.58, 54.74, 61.98 and 64.64 aphids/day in 1st, 2nd,
3rd and 4th days of the adult lifetime, respectively (Rostamian et al. 2014).

15.4.1.2 Parasitoids

All members of the subfamily Aphidiinae (Hymenoptera: Braconidae) are solitary
endoparasitoids of aphids (Starý 1970). They are among the most important natural
enemies of aphids, which can effectively regulate the aphid populations and prevent
serious outbreaks (Hagvar and Hofsvang 1991; Karami et al. 2018b). Several species
have shown potential to control aphids in greenhouses in Iran (Table 15.2).

The highest value of the mean fertile eggs per day for A. matricariae and
A. colemani on A. gossypii on greenhouse cucumber were recorded at 25 �C and
30 �C, respectively (Zamani et al. 2012). Talebi et al. (2006) reported that the body
size of the progeny of A. colemani and A. matricariae at emergence increased with
host (A. gossypii) stage at the time of parasitization. The greenhouse release of

Table 15.2 (continued)

Natural enemies Host aphids Crops References

A. fabae Tahriri Adabi et al. (2010), Pourtaghi
et al. (2014)

Aphidius colemani
Viereck

A. gossypii Cucumber Talebi et al. (2006), Zamani et al. (2007,
2012), Malkeshi et al. (2015)

Lysiphlebus fabarum
(Marshall)

A. fabae Mohammadi et al. (2014), Mohseni et al.
(2014)

Praon volucre
(Haliday)

M. persicae Sweet
pepper

Tazerouni et al. (2016c)

Pathogens
Beauveria bassiana
(Balsamo-Crivelli)

A. gossypii cucumber,
eggplant

Rashki et al. (2009), Rashki and
Shirvani (2013)M. persicae
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parasitoids would be best timed to coincide with the period when third and fourth
nymphal instars of cotton aphid are most abundant.Tazerouni et al. (2016b) were
expressed that both A. matricariae and P. volucre are potential biological control
agents to decreasing population of A. gossypii and M. persicae. The maximum
parasitism rate of A. matricariae and P. volucre on A. gossypii was reported 34.28
and 24.74 nymphs, respectively (Tazerouni et al. 2017). The percentage of parasit-
ism of A. gossypii and M. persicae by A. matricariae was 41% and 47.6%, respec-
tively and by A. colemani was obtained 56.4% and 50.6%, respectively (Zamani
et al. 2007). The rm value for A. matricariae on M. persicae was reported 0.3 day�1

(Rashki et al. 2009). Aphidius matricariae caused reasonable mortality of the
M. persicae by parasitism of 52.17 host aphids, in 24 h (Tazerouni et al. 2016c).
Searching efficiency, handling time and maximum attack rate of P. volucre on
M. persicae were 0.020 � 0.003 h�1, 0.507 � 0.160 h and 47.34 nymphs per
24 h, respectively (Tazerouni et al. 2016c). Other braconid wasp, Aphidius rosae
Haliday is beneficial parasitoid wasp against A. rosae (Mehrparvar et al. 2005).

Aphidius matricariae and A. colemani produce commercially and they use as
successful biological control agent against M. persicae and A. gossypii, respectively
in greenhouses.

Beauveria bassiana strain DEBI008 can reduce the melon aphid fitness or repel
the aphid (Rashki and Shirvani 2013). After 48 hours, to use concentration of 106 of
Metarhizium anisopliae (Metschnikoff) (DEMI-001 isolate), mortality of M. rosae
was 52.1% and 74.2% at 10 and 20 �C, respectively (Jafarinasab 2015).

15.4.2 Biological Control of Whiteflies

There are a few effective parasitoid wasps against whiteflies in Iran. Also, there are
some predators and pathogens that they are used single or in combination with
parasitoids to improve control of whiteflies.

15.4.2.1 Predators

Amblyseius swirskii Athias-Henriot (Acari: Phythoseiidae) as a general predator has
the effective influence to decreasing T. vaporariorum populations, particularly pupal
stage of this pest on greenhouse cucumber (Ardeh et al. 2014). Also, this predator is
useful for control of B. tabaci (especially on eggs and first nymphal instars) on bean
(Soleymani et al. 2015a) and cucumber (Soleymani et al. 2015b) in greenhouses.

15.4.2.2 Parasitoids

Several parasitoid wasps attack whiteflies, which have been used successfully for
biological control of these pests in greenhouses. The parasitic wasps of the family
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Aphelinidae as effective natural enemies of whiteflies are used under greenhouses
condition. Encarsia inaron (Walker) (Hymenoptera: Aphelinidae) significantly
increased the mortality rate of immature stages of T. vaporariorum (Hosseini and
Pourmirza 2010). In mentioned above research, pre-immaginal mortality in the
presence of the parasitoid was 93.9%. The release of Encarsia formosa Gahan
(Hymenoptera: Aphelinidae) against greenhouse whitefly (T. vaporariorum) on
white and pink gerbera can decrease the population of this pest beneath the economic
damage threshold (Seddigh and Kiani 2012). Encarisa formosa and Eretmocerus
eremicus Rose and Zolnerowich are efficient parasitoids to control of
T. vaporariorum and B. tabaci on greenhouse cucumber in Iran (Ardeh et al.
2014). Ebrahimifar et al. (2015) reported Eretmocerus delhiensis Mani as major
parasitoid on greenhouse whitefly, T. vaporariorum on tomato in greenhouses in
Iran. The number of eggs deposited by a single parasitoid (Encarsia acaudaleyrodis
Hayat), on B. tabaci on cucumber depended on the number of host individuals, the
maximum being 44.4 when the number of nymphs was 100 (Shishehbor and Zandi-
Sohani 2011).

15.4.2.3 Pathogens

The application of two species of entomopathogenic nematodes includes
Steinernema feltiae (Filipjev) (Nematoda: Steinernematidae) and Heterorhabditis
bacteriophora Poinar (Nematoda: Heterorhabditidae) as a biological control agents
on second nymphal instars of T. vaporariorum on greenhouse cucumber result
significant mortality of this pest. Therefore, use both species of nematodes,
S. feltiae and H. bacteriophora was suggested against greenhouse whitefly on
cucumber in greenhouses in Iran (Rezaei et al. 2015).

15.4.3 Biological Control of Thrips

The efficiency of several important natural enemies has been evaluated to suppress
the populations of thrips on greenhouse crops in Iran. Also, there are a few
parasitoids and pathogens attack thrips in greenhouses. Some pathogens have also
potential to reduce thrips population.

15.4.3.1 Predators

Orius niger (Wolff) (Hemiptera: Anthocoridae) is an ideal predator to use as a
biological agent against T. tabaci in greenhouse crops which have enough pollen,
or when they are mixed with banker plants (Baniameri et al. 2006). Neoseiulus
barkeri Hughes and Neoseiulus cucumeris (Oudemans) (Acari: Phytoseiidae) are
predators of first instars larvae of thrips (F. occidentalis and T. tabaci) and to a
smaller extent, second instar larvae on ornamental crops in greenhouses (Malkeshi
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and Hosyni 2014). Neoseiulus barkeri is an indigenous and potential biological
control agent against T. tabaci on greenhouse cucumber in Iran. It successfully
developed on 1st instars larvae of T. tabaci. The intrinsic rate of increase (rm) and
the net reproductive rate (R0) of N. barkeri on T. tabaci were 0.252 day

�1 and 18.70
female offspring, respectively. This predator can prevent the outbreak of T. tabaci
(Jafari et al. 2013).

15.4.3.2 Pathogens

Entomopathogenic fungi such as Metarhizium anisopliae is an important biocontrol
agent against thrips in greenhouses. All mobile stages of thrips are susceptible to this
fungus. The results of research by Koupi et al. (2016) showed that M. anisopliae
isolate ‘DEMI002’ can be considered as a promising tool in biological control
programs of the F. occidentalis on bean in greenhouses in Iran. Biocontrol potential
of entomopathogenic nematodes includes Steinernema carpocapsae (Weiser) and
H. bacteriophora were investigated on F. occidentalis on the bean. The results
showed that the highest thrips mortality was obtained by using these biological
control agents at 2 � l04 IJs ml�1 with 65 and 61% thrips mortality, respectively
(Kashkouli et al. 2014).

15.4.4 Biological Control of Leaf Miners

Biological control of leaf miners is possible on many greenhouse crops. There are
few predators of leaf miners in the world and Iran, however numerous parasitoid
wasps are effective against leaf miners that they commonly found in greenhouses;
their potential for successful biological control is high on vegetable crops.

15.4.4.1 Predators

Nesidiocoris tenuis (Reuter) and Macrolophus pygmaeus (Rambur) (Hemiptera:
Miridae) and Nabis pseudoferus Remane (Hemiptera: Nabidae) are reported as
predators of T. absoluta on tomato (Mahdavi and Madadi 2015; Sohrabi and
Hosseini 2015; Sharifian et al. 2015). They have high predatory capacity on this
pest on tomato. The attack rate and handling time of M. pygmaeus on T. absoluta
eggs were 0.2251 h�1 and 2.7415 h, respectively (Sharifian et al. 2015). The mean
daily feeding rate of 3rd, 4th and 5th instar nymphs, adult males and females of
N. pseudoferus on T. absoluta egg was 35.6, 51.6, 61.7, 70.2 and 63.15 and total
predation rate of the same stages were 117.95, 221.6, 381.3, 983.2 and 2510.45,
respectively. The mean daily feeding rate of the same stages by feeding on the 1st
instar larvae of T. absoluta were 23.7, 27.8, 59.6, 37.7 and 62.7. The total predation
rate was 76.85, 116.05, 304.85, 749.05 and 2217.85, respectively. It has been
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suggested that due to the larger size and greater energy requirements to produce
eggs, predator females have the highest feeding rate. Oviposition rate of
N. pseudoferus by feeding on eggs and 1st instar larvae of tomato leaf miner was
54.4 and 127.85 eggs per female which were differed significantly (Mahdavi and
Madadi 2015).

15.4.4.2 Parasitoids

Three eulophid parasitoid species including Diglyphus isaea (Walker),
Hemiptarsenus zilahisebessi Erdos and Neochrysocharis formosus (Westwood)
(Hymenoptera: Eulophidae) are common parasitoid of L. sativae larvae on cucumber
greenhouse.Diglyphus isaeawas reported as most important and common parasitoid
of L. sativae on cucumber in greenhouses in Iran (Asadi et al. 2006; Fathipour et al.
2006; Haghani et al. 2007; Dashtbani et al. 2013). The activity of this parasitoid was
increased following the increase of ambient temperature and host population
(Dashtbani et al. 2013). Parasitism of L. sativae on cucumber was found to reach
39% with D. isaea as the most common species in Iran in unsprayed greenhouses
(Fathipour et al. 2006).

In addition to above mentioned three parasitoid species, Cirrospilus vittatus
Walker and Diglyphus crassinervis Erdos (Hymenoptera: Eulophidae) are effective
parasitoid wasps on L. satiave and L. trifolii on different host plants, in particular on
cucumber (Asadi et al. 2006). Some species of Trichogramma (Hymenoptera:
Trichogrammatidae) as the egg parasitoids, are potential candidates for biologocal
control of T. absoluta. The efficiency of some Trichogramma species includes
T. brassicae Bezdenko (Baboulsar strain), T. evanescens Westwood, T. principium
Sugonjaev and Sorokina and T. pintoi Voegele are investigated against T. absoluta
on tomato, the highest parasitism rate achieved as 47.5 � 0.85% for T. brassicae
(Ahmadipour et al. 2015).

15.4.5 Biological Control of Mites

Predatory insects and mites are the only effective natural enemies of spider mites
(Tetranychidae). There are many species of predatory mites that used successfuly to
control of spider mites. Several species of the family Phytoseiidae are the most
efficient predators of pest mites and commonly used to control of spider mites.

15.4.5.1 Predators

Phytoseiulus persimilis Athias-Henriot is known as a very efficient biological
control agent of several species of spider mites (Helle and Sabelis 1985; Maleknia
et al. 2016b). Fathipour et al. (2018) revealed that P. persimilis can show both type II
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and type III functional responses depending on the age of the predator. Maximum
prey consumption at the highest prey density (128 eggs) was 39.3, 41.7, 39.3 and
38.1 eggs/day on 15, 20, 25 and 30 days of ptredatory mite age, respectively
(Fathipour et al. 2018).

The predatory mite, Neoseiulus barkeri Hughes has been reported from many
parts of the world and Iran. Neoseiulus barkeri has an inherent potential for the
control of two-spotted spider mite on cucumber at higher temperatures especially at
temperatures between 30 and 35 �C (Jafari et al. 2010). This predator has been used
in the augmentative biological control of T. urticae. The highest intrinsic rate of
increase (rm) of N. barkeri on T. urticae was 0.256 day�1 at 30 �C. During the
oviposition period, the total prey consumption by N. barkeri increased with increas-
ing temperature from 15 (160.43 preys) to 30 �C (286.71 preys) and then declined
and reached to 191.57 preys at 37 �C (Jafari et al. 2011). Neoseiulus californicus
(McGregor) as an introduced species in Iran have the high predation potential
particularly on eggs of T. urticae. It has been suggested to control of T. urticae on
cucumber (Farazmand et al. 2012) and on strawberry (Rezaei 2015) in greenhouses.
Neoseiulus californicus had the highest predation potential particularly on eggs
(14.59 per day) of T. urticae (Farazmand et al. 2012). In a recent study, effect of
spirotetramat on the life table parameters of Neoseiulus californicus was studies
under laboratory conditions. The result showed that total fecundity of N. californicus
on T. urticae was between 29.45 and 39.46 (offspring/individual) in different
treatments (Sangak Sani Bozhgani et al. 2018). They suggested that spirotetramat
can be introduced as a compatible pesticide alongside the predatory mite,
N. californicus.

Amblyseius swirskii Athias-Henriot against T. urticae (red form) on bean induce
the egg retention phenomena in prey in the presence of a predator (Askarieh Yazdi
et al. 2015). Phytoseius plumifer (Canestrini and Fanzago) has been reported as
effective biological control agent of T. urticae. The total female prey consumption
was reported 426.98 preys at different life stages of P. plumifer at 25 �C (Kouhjani
Gorji et al. 2009).

Typhlodromus bagdasarjani is indigenous and widespread species in Iran. It is
well adapted to high temperatures, therefore they can use against two-spotted spider
mite in greenhouses (Ganjisaffar et al. 2011). The maximum attack rate of
T. bagdasarjani on two spotted spider mite on strawberry was estimated to be
12.56 eggs per 24 h. This predator may be used as an efficient predator for
population management of T. urticae on strawberry in greenhouses (Mortazavi
et al. 2015).

Some of mite predators such as T. bagdasarjani and A. swirskii have been
commercially used for biological control of T. urticae. There are several studies
about their mass rearing on artificial diets. The results of studies showed that
Ephestia kuehniella eggs, cysts of Artemia franciscana and Tyrophagus
putrescentiae is recommendable for mass rearing of T. bagdasarjani and utilizing
on crop as alternative food (Riahi et al. 2018). Also almond pollen can be used to
amplify the experimental and commercial mass rearing programs of this predator and
maize plant can be recommended as banker plants in greenhouses (Riahi et al. 2016).
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Accoring to the results, A. swirskii required an average of 17.69, 32.33, 27.87, and
18.04 prey to produce a single predator egg on date+T. urticae, bee pollen
+T. urticae, T. urticae, and almond+T. urticae, respectively. Overall, A. swirskii
had greater control potential of T. urticae in the presence of almond pollen than other
diets (Riahi et al. 2017). The intrinsic rate of increase (rm) of minute pirate bug,
O. niger a predator of T. urticae was reported 0.1184 day�1 (Nojumian et al. 2015).
Scolothrips longicornis Priesner (Thysanoptera: Thripidae) is a native beneficial
thrips in Iran. It is considered to be an important predator of numerous spider mite
species such as T. urticae (Pakyari et al. 2008). This predator achieved higher
predation (16.1 preys/day) at a higher temperature (35 �C). Therefore it may be
more effective for biological control of two spotted spider mite on bean in warmer
conditions. The efficiency of this predator was evaluated against T. urticae on four
host plants (cucumber, tomato, sweet pepper and eggplant) (Kheradpir et al. 2009).
Predacious thrips preferred T. urticae on host plants (such as eggplant) with rational
dense trichomes, which are arranged in clusters and leave some space for the
predator to walk, search prey and also oviposition.

The ladybird beetles of the genus Stethorus (Coleoptera: Coccinellidae) are one
the best candidates for controlling T. urticae in the world and Iran. In Iran, Stethorus

Table 15.3 The main natural enemies evaluated against mites in greenhouse crops in Iran

Natural enemies Host mite Crops References

Predators
Acari: Phytoseiidae

Phytoseiulus persimilis Athias-
Henriot

T. urticae cucumber Fathipour et al. (2018)

Neoseiulus barkeri Hughes T. urticae cucumber Jafari et al. (2010)

strawberry Rezaei and Askari (2015)

Neoseiulus californicus
(McGregor)

T. urticae cucumber Farazmand et al. (2012)

– Khanamani et al. (2017)

strawberry Rezaei et al. (2015)

Bean Sangak Sani Bozhgani
et al. (2018)

Amblyseius swirskii Athias-Henriot T. urticae (red
form)

Bean Askarieh Yazdi et al.
(2015)

Phytoseius plumifer (Canestrini
and Fanzago)

T. urticae Kouhjani Gorji et al.
(2009)

Typhlodromus bagdasarjani T. urticae Ganjisaffar et al. (2011)

Wainstein and Arutunjan strawberry Mortazavi et al. (2015)

Hemiptera: Anthocoridae

Orius niger (Wolff) T. urticae Nojumian et al. (2015)

Thysanoptera: Thripidae

Scolothrips longicornis Priesner T. urticae Pakyari et al. (2008)

Coleoptera: Coccinellidae

Stethorus gilvifrons (Mulsant) T. urticae Kheradpir et al. (2006)

bean Taghizadeh et al. (2008)
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gilvifrons (Mulsant) is the most common species, especially around Tehran. Female
predators have the highest feeding rate on adult mites and larvae had the lowest
feeding rate, especially on mite eggs (Kheradpir et al. 2006). The highest values of
rm (0.240 day�1) and net reproductive rate (59.27 females/female/generation time)
of S. gilvifrons on T. urticae on bean were reported at temperature of 35 �C. The
temperature greatly affected fecundity, survivorship and life table parameters of
S. gilvifrons, and that 35 �C is a suitable temperature for population growth of this
predator (Taghizadeh et al. 2008) (Table 15.3).
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Chapter 16
Biocontrol for Arthropods of Medical
and Veterinary Importance in Iran

Hana Haji Allahverdipour and Kamran Akbarzadeh

16.1 Introduction

Having been situated at Palaearctic region and under influence of Oriental and
Afrotropical zoogeographical regions, Iran has diverse fauna of medically important
arthropods and consequently, different kinds of arthropod-borne diseases.

Diseases of medical and veterinary importance in the country include malaria,
leishmaniasis, myiasis, West Nile virus, Crimean-Congo hemorrhagic fever,
pappataci fever, Q fever, scabies, some diseases with silent foci such as tularemia
and recently reported diseases such as dengue fever (Askarian et al. 2012; Alizadeh
et al. 2014; Farhadpour et al. 2016; Seyedi Arani et al. 2016; Soleimani-Ahmadi
et al. 2017; Dehghani et al. 2018; Nejati et al. 2018; Esmaeili et al. 2019).

Historic milestones of malaria vector biocontrol include first introduction of
exotic larvivorous fish in the North (1920), establishment and effectiveness of
mosquito fish in the South (1966) and successful field trials of Bti (1986) in the
country.

The development of insecticide resistance in pest and vector population, the
hazards on wildlife and non-target organisms and the realization of other environ-
mental concerns of chemical insecticides as well as stability of vector-borne disease
have led to an increasing interest in biological control within integrated pest man-
agement (IPM) programs (Moazami 2009).
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16.2 Arthropod-Borne Diseases

16.2.1 Malaria and West Nile Virus

Malaria is one of the oldest parasitic diseases of the country where it is recorded as
endemic (Vatandoost et al. 2019). The disease was pandemic more than half a
century ago but now is common in some parts in South and Southeast of the country.
Its control measures was launched since 1949 and a malaria eradication campaign
was initiated in 1951 (Berger 2019). Shortly, malaria was eradicated from majority
parts of the land. However, Southeastern Iran is still characterized by “refractory
malaria” affected by socioeconomic, geographical, climatic factors and vector diver-
sity (Vatandoost et al. 2019; Hanafi-Bojd et al. 2011).

There are 31 anopheline species in Iran while 8 of these species are proved to be
malaria vectors (Azari-Hamidian 2007; Hanafi-Bojd et al. 2011). Herein, the malaria
vectors are composed of Anopheles stephensi, An. culicifacies, An. fluviatilis, An.
superpictus, An. d’thali, An. sacharovi, An. maculipennis and An. pulcherrimus. All
these species show endo/exophilic and endo/exophagic behaviour (Mehravaran et al.
2012; Schapira et al. 2018).

Vector control is the key strategy to reduce malaria transmission which is
primarily based on chemical control. Malaria vectors control in the country is
focused on Indoor residual spraying (IRS) using Lambda-cyhalothrin and
Deltamethrin, targeting larval breeding sites using Chlorpyrifos-methyl, application
of Bacillus thuringiensis israelensis, employment of larvivorous fish including
Aphanius dispar (Cyprinodontidae) and Gambusia affinis (Poeciliidae) and distrib-
uting long-lasting insecticidal nets (LLINs) (Hanafi-Bojd et al. 2010). IRS increases
the direct contact of humans and animals with insecticides (Gyalpo et al. 2012).
Among many disadvantages of chemical control is insecticide resistance in vectors
of malaria (Abbasi et al. 2019). Main malaria vectors of the country are resistant to
some of the pyrethroids (Vatandoost and Hanafi-Bojd 2012). Reviews on insecticide
resistance of Anophelesmosquitoes indicate An. stephensi is resistant to Dieldrin and
Malathion and tolerant to Deltamethrin, Bendiocarb and Fenthion (Mogaddam et al.
2016; Hanafi-Bojd et al. 2012). An. culicifacies act as the main vector in the areas
which are under pressure of IRS while the main vector of malaria in the country is
An. stephensi (Pakdad et al. 2017).

However, ineffective chemical control in addition to environmental and health
hazards of this strategy inspired scientists to find some applicable biological control
agents. More than two hundred pathogens and parasites and more than five hundred
predators have been listed as natural enemies of mosquitoe larvae and adults (Bay
et al. 1976). Biological control of malaria vectors continues to be a component of
Integrated Vector Management (IVM).
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16.2.1.1 Predators of Malaria Vectors

The main invertebrate predators of mosquito larvae are Toxorhynchites (Diptera:
Culicidae), Dytiscidae (Coleoptera), Belastomatidae (Hemiptera), Libellulidae and
Coenagrionidae (Odonata). Potential of the predators for reducing the mosquito
populations as natural regulators is highly varied with some ineffective predator
species. While their establishment in mosquito habitats (Service 1981) and success-
ful mass rearing are quite challenging, their conservation is of main priority.

16.2.1.1.1 Larvivorous Fishes

Larvivorous fishes are the most famous and applicable predators of mosquito larvae.
Fish families recommended for biological control of mosquitoes are Cyprinidae,
Cyprinodontidae and Cichlidae (WHO 2013a). These predators have got more
attention among natural enemies of mosquito larvae to use in biological control
programs in Iran. Release of larvivorous fish, G. affinis, Carassius auratus
(Cyprinidae) in larval breeding sites integrated with other control tactics in
Kermanshah, Fars and Bushehr provinces, decreased the populations of Anopheles
larvae and malaria transmission dramatically in 1969 (Tabibzadeh et al. 1970).
Gambusia sp., A. dispar, C. auratus, Colisa lalia (Osphronemidae), Danio rerio
(Cyprinidae), Poecilia reticulata (Poeciliidae) and Oreochromis mossambica
(Cichlidae) are present in different regions of the land (Jafari et al. 2019). There
were three species of A. dispar, Aphanius sp. and Gambusia holbrookimosquito fish
in southern Iran which seem to have important role in malaria vector control. Malaria
control in Iran by biological methods, included the highly successful method of
transporting fish in wooden barrels by trucks during the night. Gambusia sp. has
been used for mosquito control the last 40 years in Sistan and Baluchistan province
and A. dispar is active in Hormozgan and Kerman (Kahnouj) provinces (WHO
2003).

Tooth-carp fish, Aphanius spp. are among native larvivorous fish with ten known
species inside the genus in Iran (Shahi et al. 2015) which can live under diverse
ecological conditions from freshwater to marine ecosystems (Esmaeili and Shiva
2006). Conservation of A. dispar is more sensible strategy than introduction of
G. holbrooki as an alien species in mosquito breeding sites (Shahi et al. 2015).

G. affinis, native to Southeastern United States, is the best known larvivorous fish
(Bay et al. 1976). This fish is viviparous and does not possess any food or economic
value. It has been transplanted progressively to various countries. G. affinis was
introduced from Italy into the Ghazian marshes, Caspian littoral in Iran during
1922–1930. After solving initial technical problems, this fish was successfully
used in malaria eradication. After several years, this species was established through
the country (Jouladeh Roudbar et al. 2015).

Gambusia have been adapted to various climates and ecological conditions of the
south and the southeastern parts of Iran and act as a natural predator on mosquito

16 Biocontrol for Arthropods of Medical and Veterinary Importance in Iran 581

https://www.google.com/search?sxsrf=ALeKk02QKnuLCdK8BCVZ5aA-xmNenAiHtQ:1582914727312&q=Cyprinidae&stick=H4sIAAAAAAAAAONgVuLQz9U3MDLKKl7EyuVcWVCUmZeZkpgKAAaOjAEZAAAA&sa=X&ved=2ahUKEwjWwJ_w8PTnAhURJBoKHQpwC2sQmxMoATAgegQIDxAD&sxsrf=ALeKk02QKnuLCdK8BCVZ5aA-xmNenAiHtQ:1582914727312
https://en.wikipedia.org/wiki/Poeciliidae


larvae without mass rearing and release (Tabibzadeh et al. 1970). However, inves-
tigation into native larvivorous fish in southern Iran showed that the presence of
G. holbrooki resulted in reduced biodiversity in breeding sites. The use of Gambusia
fish in malaria control programs is a serious threat for native species like Aphanius in
its distribution area and employment of native mosquito fish is much more
recommended than non-native species in malaria control (Shahi et al. 2015). Ecol-
ogy and behavior of larvivorous fish and mosquito larvae should be considered in
every release strategy (Arthington and Marshall 1999).

Gambusia species are usually not very effective in reducing malaria transmission,
although they are more likely to reduce malaria in arid areas in countries such as Iran,
Afghanistan, Somalia and Ethiopia where larval habitats are discrete and permanent
(Service and Service 2012).

Four species of carnivorous plant, Utricularia (Lentibulariaceae) including
U. ochroleuca, U. minor, U. vulgaris and U. australis, collected from wetlands
and lakes situated in various climates of Iran, have been reported (Dinarvand 2012).
This genus can trap and ingest mosquito larvae.

16.2.1.2 Parasites and Pathogens of Malaria Vectors

16.2.1.2.1 Nematodes

Mermithids have received attention as biological alternative to chemical insecticides
due to lethality to their hosts and potential for mass rearing (Alavo et al. 2015).
Because of a host range that includes mosquitoes of public health importance,
Romanomermis iyengari, Strelkovimermis spiculatus and Romanomermis
culicivorax (Nematode: Mermithidae) have been massively released across the
world to control vector mosquitoes (Alavo et al. 2015; Achinelly and Micieli
2009; Platzer 2007).

The only release of mermithids in Iran dates back to inundative release of an
imported R. culicivorax in anopheline and culicine habitats in Fars and Sistan and
Baluchistan provinces during 1984–1985. Inconsistent level of parasitism in differ-
ent sites hindered the development of this biocontrol agent for control of mosquito
vectors, although the average parasitism ranged between 56% and 69% obtained
24 h post-inoculation. This mermithid established and was recovered from 2 release
sites after 2 years (Zaim et al. 1988).

In a recent study, release of artificially-parasitized Culex pipiens (Diptera:
Culicidae) adults by Strelkovimermis spiculatus (Fig. 16.1) was suggested to control
the vector through autodissemination strategy (Haji Allahverdipour et al. 2017). It is
assumed that these parasitized adult mosquitoes prefer water rather than blood-
feeding and offer a means for mermithids to colonise new host larval habitats
(Haji Allahverdipour et al. 2019).
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16.2.1.2.2 Insect Pathogens

Immature stages of Anopheline mosquitoes suffer from some microbial pathogens
such as fungi, viruses and some protozoans (Walker and Lynch 2007).

Vast array of insect pathogens have been collected from naturally infected
mosquitoes but some of them aren’t amenable in applied biological control. The
low rate of infection, difficult mass rearing and application are main reasons for few
number of mosquitoes’ microbial control agents. Some of the pathogens can kill
mosquitoes in laboratory but they are not effective in wild. Factors which limit the
effectiveness of these microbial agents under natural conditions include organic
contamination of larval breeding sites, water hardness, water pH, rate of dissolved
oxygen, light intensity, temperature and draught (Basseri 1988). Interaction between
environmental conditions and mosquito pathogens remains largely unknown.

16.2.1.2.3 Entomopathogenic Bacteria

Ishiwata (1902) isolated an air-borne bacillus from diseased silkworm larvae and
Iwabuch called the bacterium Bacillus sotto Ishiwata (Tanada and Kaya 1993) but
the name was later ruled invalid. Berliner (1915) found similar Bacillus in Thuringia
region of Germany from larvae of Ephestia kuehniella (Lepidoptera: Pyralidae)
which he named Bacillus thuringiensis (Bt) (Milner 1994).

B. thuringiensis subsp. israelensis (Bti) (Bacillaceae) a soil bacterium has been
found in Neger desert of Israel in 1976 and has been tested on the various genus of
Culicine (Goldbery et al. 1977). This strain act as a natural pathogen of immature
stages of mosquitoes (Walker and Lynch 2007). Spores of Bti produce crystal toxins

Fig. 16.1 Culex mosquito
parasitized by mermithid
Strelkovimermis spiculatus.
(Permission from Elsevier,
license number
4797780366164)
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which can damage digestive tract of the mosquito larvae (Sanahuja et al. 2011).
Research on Bt in the context of mosquito vector control started in 1986 with
isolation of B. thuringiensis strain from dead larvae of An. stephensi in Lorestan
Province, Iran (Gezelbash et al. 2014). Following up, field assay of Teknar®, Bt-H14
based product, was carried out on culicine and anopheline larvae in rice field of
Kazeroon, Fars. The Teknar® was more effective on culicine than anopheline larvae
(Motabar et al. 1987). Anophelines usually rest on the water surface while the
aforementioned Bt formulation settled to the bottom of breeding sites. Fayaz and
Moazami (1987) and Fayaz et al. (1988) could develop a media and formulation of
Bt-H14 based on molasses and cornsteep liquor which proved very effective against
C. pipiens and An. stephensi. Despite of high efficacy of locally produced Bt,
e.g. Teknar®, Bactimos® in field (Motabar et al. 1987; Zaim et al. 1992; Kasiri
and Zaim 1997; Mousakazemi et al. 2000), Bioflash® proved low to moderate
effectiveness (Gezelbash et al. 2014). Resistance of mosquito vectors to Bt has not
been reported (Shahi et al. 2013).

Bioflash® (10% a.i.) slow release corn grit formulation remains effective for
3 weeks in various breeding habitats at concentration of 1800 ITU/ml (WHO
2013b). Laboratory and field evaluations of this product obtained inconsistent results
concerning biological control of anopheline vectors of malaria (Shahi et al. 2013;
Gezelbash et al. 2014). Nevertheless, biological control using Bt continues to be
integrated with chemical control and personal protection measures against malaria
vectors in Iran (Hanafi-Bojd et al. 2010, Fekri et al. 2013). Around 14 � 106 m2 of
mosquito larval habitats have been treated by Bioflash® in the past two years in the
country (personal communication).

Although hosts of Lysinibacillus sphaericus (Bacillaceae) are not as diverse as Bt
strains (Brown et al. 2004), high persistence of this aerobic bacterium in wild due to
recycling from dead mosquito larvae makes it more effective for combating the
Culicid larvae (Ganushkina et al. 2000).

There are few studies regarding field efficacy of L. sphaericus against mosquito
vectors in Iran (Hayat-gheib 1988) and knowledge gaps still remain in successful
application of L. sphaericus against culicidae larvae.

16.2.1.2.4 Entomopathogenic Fungi

The first record of entomopathogenic fungus, Coelomomyces irani
(Coelomomycetaceae) (Fig. 16.2) was reported from An. maculipennis, the main
malaria vector in Europe and Mediterranean countries, from Gilan province in 1988
(Weiser et al. 1991). Coelomomyces indicus and Coelomomyces sp. have been
isolated from An. culicifacies and An. superpictus in Southeastern and West Central
Iran, respectively (Azari-Hamidian and Abai 2019).

Iranian isolates of Beauveria bassiana (Cordycipitaceae) and Metarhizium
anisopliae (Clavicipitaceae) were evaluated against An. stephensi Chabahr strain.
Both B. bassiana andM. anisopliae isolates had high virulence on 1st and 2nd instar
larvae and caused 97–100% mortality at 7 days post-inoculation with LT50 range of
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0.63–2.53 days. Among these fungal isolates, M. anisopliae Iran 1018C isolate,
possessing some favourable characteristics in microbial control of mosquitoes, was
selected for further investigation (Fakoorziba et al. 2014). Among the aforemen-
tioned isolates, there were several isolates which also caused 100% mortality in
larvae and adults of house fly,Musca domestica (Muscidae) (Sharififard et al. 2011).

Natural infection of An. superpictus, malaria vector in Middle East, by
microsporidium, Parathelohania iranica (Amblyosporidae) (Fig. 16.3) was reported

Fig. 16.2 Coelomomyces irani resting sporangium (a) sporangium (b). (Permission from Elsevier,
License number 4797780124271)

Fig. 16.3 Parathelohania iranica spores infecting Anopheles superpictus (Left) Heavy infection of
three abdominal segments (Right). (Permission from Elsevier, Licence number 4797780898620 and
Courtesy from publisher of Journal of Arthropod-Borne Diseases)
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from West Central Iran (Omrani et al. 2017). Role of this microsporidium as natural
population regulator and its potential in biocontrol of Anophelines are still obscure.

16.2.1.2.5 Entomopathogenic Oomycetes

Lagenidium giganteum (Lagenidiaceae) was tested against An. stephensi and
C. pipiens. LC50 of 1.57 � 105 and 1.78 � 105 spores/ml were obtained for An.
stephensi and C. pipiens, respectively (Vatandoost et al. 1995). But, commercial
strains of L. giganteum are currently unregistered and no longer available due to
public health concern (Vilela et al. 2015).

16.2.1.2.6 Parasitic Mites

Parasitic mites of mosquitoes also known as water mites (Hydrachnidia) belong to
the order Trombidiformes. They follow parasitengona life cycle. Their larvae are
parasites while their nymph and adults are predators of insect eggs and larvae
(Proctor et al. 2015).

The larvae of the parasitic mites attach to the different parts of the host mostly
pre-abdominal regions (Kirkhoff et al. 2013). Parasitic mites can affect longevity and
fertility of mosquitoes but not the rate of fecundity. Thus, parasitic mites are not
suggested candidate for biological control of mosquitoes (Rajendran and Prasad
1992).

Water mites of the genus Arrenurus (Arrenuridae) have been reported as parasites
of three species of anopheline, An. maculipennis, An. pseudopictus and An.
hyrcanus, from North of Iran (Karami et al. 2019). However, recommending water
mites in biological control of mosquitoes is still in doubt.

16.2.1.3 Symbiotic Bacteria

Characterization of Wolbachia (Anaplasmataceae) as master manipulator in mos-
quitoes of Northwest, Southwest, Northern, Central, and Southern Iran is limited to a
couple of studies (Bozorg-Omid et al. 2019; Behbahani 2012; Karami et al. 2016). In
determination of Wolbachia infection in probable arbovirus vectors in northwest
Iran, results of semi-nested PCR usingWolbachia surface protein gene) showed that
Wolbachia infection was present in Aedes caspius (Diptera: Culicidae), Cx. pipiens,
Culex theileri and Culiseta longiareolata (Diptera: Culicidae), where the highest
infection rate was observed in Cx. pipiens. The infection rates of mosquitoes with
Wolbachia in Cx. pipiens, Cs. longiareolata, Cx. theileri, and Ae. caspius were
96.9%, 11.5%, 5.2% and 0%, respectively. TheWolbachia strain found in this study
belonged to supergroup B. Among the 17 supergroups ofWolbachia, supergroups A
and B have been described to frequently cause changes in the reproductive system of
the host and are ubiquitous bacteria occurring in many arthropods (Bozorg-Omid

586 H. H. Allahverdipour and K. Akbarzadeh

https://en.wikipedia.org/wiki/Trombidiformes
https://en.wikipedia.org/wiki/Arrenuridae
https://www.google.com/search?sxsrf=ALeKk00BL5Z2pxA0l-PB4s354QXWhOKV2A:1582916228360&q=Anaplasmataceae&stick=H4sIAAAAAAAAAONgVuLSz9U3MK40T8myXMTK75iXWJCTWJybWJKYnJqYCgA-SklqIAAAAA&sa=X&ved=2ahUKEwj9mIC89vTnAhUSExoKHQtHAJcQmxMoATAlegQIDhAD&sxsrf=ALeKk00BL5Z2pxA0l-PB4s354QXWhOKV2A:1582916228360


et al. 2019). Prevalence of infection in different populations of Cx. pipiens in the
North, Center, and South of Iran showed that all populations of the mentioned
species were infected with Wolbachia (Karami et al. 2016; Bozorg-Omid et al.
2019).

Screening and identification of midgut bacterial microbiota from wild-caught An.
stephensi larvae and adults in southern Iran for generation of paratransgenic mos-
quitoes refractory to transmission of malaria resulted in isolation of Pseudomonas
(Pseudomonadaceae), Aeromonas (Aeromonadaceae) and Myroides
(Flavobacteriaceae) genera from both larvae and adult stages indicating possible
trans-stadial transmission (Chavshin et al. 2012). Among the isolated genera, Pseu-
domonas possessing characteristics like successful trans-stadial transmission, sur-
vival after several molting or ecdysis events during larval stages as well as
colonisation of malpighian tubules and midgut (Fig. 16.4), proliferation following
blood meals and persistence in the lumen of adult mosquitoes more than 21 days
after eclosion have been nominated as suitable candidate for Incompatible Insect
Technique. Further study is needed to engineer the Pseudomonas isolate with some
effector molecules and to test the ability of the recombinant bacterium to block
parasite transmission (Chavshin et al. 2015). Majority of midgut microbiota of An.
maculipennis and An. stephensi from Southwest and North of Iran belonged to
genera of Psuedomonas sp. and Aeromonas sp.. Additionally, Pantoea
(Erwiniaceae), Acinetobacter (Moraxellaceae), Brevundimonas (Caulobacteraceae),
Bacillus, Sphingomonas (Sphingomonadaceae) and Lysinibacillus were isolated as
well (Dinparast Djadid et al. 2011).

Fig. 16.4 Colonisation of Pseudomonas-GFP in malpighian tubules. (Courtesy of Alireza
Chavshin)
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Rami et al. (2018) also introduce native Asaia sp. (Acetobacteraceae), isolated
from five Anopheles species for malaria vector control via paratransgenesis technol-
ogy. They conclude the fact that the vector populations were collected from different
zoogeographical zones in the South, East, and North of Iran suggest that this
candidate can tolerate the complicated environmental conditions of the vector-
borne diseases endemic regions.

On the other hand, Soltani et al. (2017) indicate correlation between the presence
of symbiotic bacteria in An. stephensi and resistance to temephos. Laboratory
removal of bacteria from symbiotic organs could result in manipulation of resistant
population to susceptible.

16.2.2 Leishmaniasis

There are two forms of leishmaniasis in Iran, cutaneous and visceral. From the
transmission point of view, cutaneous leishmaniasis has two subgroups: Zoonotic
Cutaneous Leishmaniasis (ZCL) and Anthroponotic Cutaneous Leishmaniasis
(ACL) (Yaghoobi-Ershadi 2012). Herein, around 80% of reported leishmaniasis
cases were recorded as ZCL (Akhavan et al. 2007).

Nevertheless, a number of studies proved the efficacy of entomopathogenic fungi
like B. bassiana andM. anisopliae on sand flies (Reithinger et al. 1997; Amora et al.
2009; Ngumbi et al. 2011), these agents have not been employed in control of sand
flies in the country.

Sant’Anna et al. (2014) discovered colonisation of sand fly gut with yeast and
bacteria like Asaia reduces the potential for Leishmania (Trypanosomatidae) to
establish within the sand fly vector. On the other hand, six fungal genera including
Penicillium, Aspergillus, Acremonium, Fusarium, Geotrichum and Candida have
been found in wild-caught phlebotomine sand flies in northwest Iran. Presence of
some bacteria such as Asaia sp. was recognized as well (Akhoundi et al. 2012). This
possibility that microbial composition of female sand fly may influence Leishmania
transmission necessitates further studies on the role of this microbiome in regulating
sandfly competence.

Parvizi et al. (2013a) detected two strains of Wolbachia pipientis (Turk54 and
Turk07) belonging to group A, in natural populations of Phlebotomus mongolensis
(Diptera: Psychodidae) and Ph. caucasicus, potential vectors of ZLC, from Turkmen
Sahra, Northern Iran. Strain Turk54 had previously been isolated from Phlebotomus
papatasi but strain Turk07 was a new record for these vector species. The opportu-
nity of using these endosymbionts to drive transgenes through wild sand flies and
reduce their natural population is promising. Moreover, Phlebotomus perfiliewi
transcaucasicus, potential vector of visceral leishmaniasis, infected with
W. pipientis haplotypes pave the way for release of genetically-modified Wolbachia
within the vector populations (Parvizi et al. 2013b).

Various groups of rodents are main natural reservoirs for leishmaniasis especially
for ZCL in Iran (Yaghoobi-Ershadi 2012). It has been assumed that control of
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rodents can reduce the incidence of ZCL. However, biological control of rodents for
leishmaniasis prevention has both its pros and cons. One of the disadvantages is that
some predators such as foxes are reservoirs of visceral leishmaniasis parasite in Iran
(Nilforoushzadeh et al. 2014). Additionally, some predators of rodents work effec-
tively under certain conditions (Wodzicki 1973). There are some evidence on
decrease in populations of Rattus (Muridae) in South part of the country,
Abu-Musa Island by mongoose (Herpestidae, Carnivora) as predator. However, its
sole impact has not been confirmed yet (Khoobdel et al. 2016). Further research on
the potential and threats of Phlebotomine natural enemies is needed.

16.2.3 Tick-Borne Diseases

Crimean-Congo hemorrhagic fever (CCHF) has been documented as the most
frequent tick-borne viral infection in the country with more than 50 cases annually
(Khakifirouz et al. 2018). The first incidence of CCHF in Iran (Khorasan Province)
dates back in 1978 and 871 confirmed cases of CCHF were reported during
1999–2012 (Berger 2019). The main mode of transmission for CCHF virus is tick
bites but contact to infected blood and livestock meat and nosocomial infection can
also cause CCHF in human (Farhadpour et al. 2016). CCHF has been documented in
almost all provinces of the country, with highly endemic areas including Sistan and
Baluchistan, Razavi Khorasan, Fars, Esfahan, and Kerman (Khakifirouz et al. 2018).
Main local vectors of this disease belong to Hyalomma and Rhipicephalus genera
(Ixodidae) (Farhadpour et al. 2016; Champour et al. 2016). The unique feeding
behavior to find their host in each developmental stage may result in more difficulties
for their control. Indiscriminate use of acaricides is not sensible due to their
environmental hazards, milk contamination and resistance development in target
species (Onofre et al. 2001).

According to Kalsbeek et al. (1995) entomopathogenic fungi play an important
role in regulating the population of Ixodes ricinus (Ixodidae) and females are the
most frequently infected stage by B. bassiana, Beauveria brongniartii,
Paecilomyces fumosoroseus (Cordycipitaceae) and Verticillium aranearum
(Plectosphaerellaceae). Additionally, application of entomopathogenic fungi for
tick burden on cattle in South America has obtained promising results (Kaya and
Hassan 2000). Gindin et al. (2002) emphasize that biological control of the tick
vectors with entomopathogenic fungi is feasible as there is a high chance of finding a
fungal strain pathogenic for all tick stages of several tick species. To enhance the
efficacy of entomopathogenic fungi in field, selection of highly lethal strain, host-
targeted application, dose optimization, delivery medium and timing have been
suggested (Ostfeld et al. 2006).

Effective concentration of B. bassiana to prevent eclosion of Rhipicephalus
microplus Canestrini, 1887 (Acari: Ixodidae) has to be 107–108 conidia/ml for
field application (Bittencourt et al. 1997). In a similar study, minimum concentration
of 1.5 � 106 spores/ml of B. bassiana was estimated to induce infection and can be
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applied in biological control of Hyalomma anatolicum anatolicum and
H. marginatum adult stages (Abdigoudarzi et al. 2009). Several native isolates of
M. anisopliae show great potential in control of H. anatolicum anatolicum,
H. marginatum (Fig. 16.5) and Haemaphysalis punctata, nymphs (Tavassoli et al.
2009; Rivaz et al. 2016).

Exposure of Rhipicephalus annulatus to Iranian isolates of M. anisopliae, DEMI
001 and IRAN 437C showed the isolates potential in biological control of engorged
females. Mortality rate of 90–100% was recorded 6–11 days post treatment.
Lecanicillium psalliotae (Cordycipitaceae) was also isolated from R. annulatus in
this study (Pirali-Kheirabadi et al. 2007). Also, another work indicated up to 50%
reduction in egg clutches and decrease in body mass of Ixodes scapularis engorging
females exposed to M. anisopliae were observed (Hornbostel et al. 2004).

Soft ticks species studied for their susceptibility to M. anisopliae native isolates
include Dermanyssus gallinae (Acari: Gamasidae) and Argas persicus (Acari:
Argasidae). The fungal isolated showed promising results especially in case of
A. persicus (Tavassoli et al. 2008, 2011; Pourseyed et al. 2010). However, The use
of parasitic fungi as a way to control soft ticks infestation could generate down-
stream environmental disequilibrium, since entomopathogenic fungi are generally
not specific for soft ticks and may affect other naturally existing insect populations
(Pritchard et al. 2015).

Concerning endosymbionts of CCHF vectors, Wolbachia group A was found in
Rhipicephalus sanguineus and R. annulatus in Iran (Pourali et al. 2009).

16.2.4 Myiasis

Despite significant and useful role in forensic entomology and maggot therapy,
Muscomorpha are well known for their potential in mechanical transmission of

Fig. 16.5 Hyalomma
marginatum nymph infected
by Metarhizium anisopliae.
(Courtesy of the Razi
Vaccine and Serum
Research Institute)
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their larvae to human and animals called myiasis (Kassiri et al. 2012). Myiasis is
sometimes regarded as an occupational disease because of its prevalence in feedlots
and traditional ranches (Akbarzadeh et al. 2012).

Different forms of human and animal myiasis are common in Iran. Wohlfahrtia
magnifica (Diptera: Sarcophagidae) is the main agent of wound myiasis in animal.
Oral myiasis as the dominant type of human myiasis is caused by Oestrus ovis
(Diptera: Oestridae) (Akbarzadeh et al. 2012; Alizadeh et al. 2014). Other fly
families are also involved in transmission of myiasis in the country (Alizadeh
et al. 2014).

Parasitic wasps in the families Pteromalidae and Chalcididae parasitize
Muscomorpha in various regions of the country. The dominant species of
Pteromalidae collected from naturally parasitized housefly pupae was Nasonia
vitripennis Walker, 1836 (Hymenoptera: Pteromalidae) with parasitic rate of
26.7% (Akbarzadeh et al. 2017). This species was reported in 1991 as a suitable
biological control agent in reduction of Musca domestica (Diptera: Muscidae)
population in Iran (Iranpour et al. 1991). Presence of N. vitripennis was reconfirmed
in the checklist by Lotfalizadeh and Gharali (2008). N. vitripennis is a cosmopolitan
parasitie of Calliphoridae and Sarcophagidae pupae (Van den Assem and Werren
1994).

One of the widely distributed genera of Chalcididae is Brachymeria. Members of
this genus are parasitoids of muscoid flies (Marchiori 2001). Species of Brachymeria
have been reported in Iran (Lotfalizadeh et al. 2012).

N. vitripennis and Brachymeria podagrica have been collected from medically
important flies in Brazil (Marchiori, 2004) and Argentina (Horenstein and Salvo
2012). Natural host preference of three species of parasitic wasps including
N. vitripennis, Pachycrepoide vindemmiae (Hymenoptera: Pteromalidae) and
Spalangia nigroaenea (Hymenoptera: Pteromalidae) has been observed on three
medical important fly species including M. domestica, Lucilia sericata (Diptera:
Calliphoridae) and Sarcophaga haemorrhoidalis (Diptera: Sarcophagidae) showing
high preference of S. nigroaenea forM. domestica and potential of N. vitripennis for
control of synanthropic flies (Khoobdel et al. 2019). There is also compatibility
between N. vitripennis and cyromazine as an Insect Growth Regulator (IGR).
Deployment of 1.1% or 0.9% Cyromazine treated cloths in addition to release of
N. vitripennis is suggested for control of housefly in poultry coops and livestock
farms (Vazirianzadeh et al. 2008).

16.2.5 Diseases Transmitted by Cockroaches

Cockroaches can transmit parasites, bacteria, fungi and viruses of public health
importance. The prevalent species in Iran including Periplaneta americana
(Blattodea: Blattidae), Blattella germanica (Blattodea: Ectobiidae), B. orientalis
and Supella longipalpa (Blattodea: Ectobiidae) (Arfa Rahimian et al. 2019) are
mostly suppressed by chemical insecticides mainly applied in sewage systems.
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However, several attempts have been made to deploy entomopathogenic fungi for
cockroaches’ control. Entomopathogenic fungi of B. bassiana, Lecanicillium
muscarium and M. anisopliae proved lethal to different stages of B. germanica;
albeit, their virulence was highly dependant on the methods of application and
formulations (Davari et al. 2015; Abedi and Dayer 2006).

16.3 Open End Story

Limited use of biocontrol agents for insects of medical importance in Iran could be
generally explained by usually temporary habitats of pests, complexity in setting
their tolerance level like other countries but it has some other domestic restrications
as well. Despite extensive effort in collection and identification of indigenous natural
enemies of medically important vectors so far, progress in the development of
biological control agents for vectors has been hampered due to socioeconomic
factors and authority’s insufficient support. Hard and fast rules for product registra-
tion/regulation, low profit margin and turnover discourage stakeholders to invest in
biological control market.

Several biological measures against vector mosquitoes have been exploited in the
country with few being taken for large scale mosquito control. There were a few
parasites and pathogens of mosquito vectors e.g. Romanomermis culicivorax,
L. sphaericus which their efficiency in mosquito control in the past have been
neglected. Further investigation on these agents are of priority. Techniques like
Paratransgenesis and Incompatible Insect Technique have not been implemented
for vector control yet. However, due to the special attention of governmentsectors
and decision makers to environment pollution with chemical insecticides and threat
of extinction of endangered species, increase in biocontrol of pests of medical and
veterinary importance are expected in near future. Various climates and rich biodi-
versity confers Iran diverse fauna of macrobials and microbials to be used in vector
control. Use of biological control agents against anopheline vectors as a component
of integrated vector management is a promising example to be adapted in control of
other life-threatening vector-borne diseases in the country. All in all, each vector
control program including biological control as integral part has to be done at
regional level; Collective efforts of Iran and bordering countries to prevent outbreaks
is necessary.
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Chapter 17
Analytical Approach to Opportunities
and Obstacles of Iranian Biological Pest
Control

Javad Karimi, Shokoofeh Kamali, Hossein Madadi,
Seyed Hossein Goldansaz, Soleiman Ghasemi, Heshmatollah Saadi,
and Mohammadreza Attaran

17.1 Introduction

The history of biological control (BC) in Iran goes back more than 85 years. This
history began with the importation of three biological control agents: biological
control agents (BCA) for three imported scales, (Hem., Coccoidea) in classical BC
approach. The BC of the Sunn pest, Eurygaster integriceps using parasitic wasp,
Trissolcus grandis which continued for several years, was stopped around 1951
(Farahbakhsh 1961; Zomorodi 2003). The reason behind this was likely the intro-
duction of chemical pesticides, especially DDT, into the country. Although the
devastating effects of chemical pesticides on wildlife and environment appeared in

J. Karimi (*)
Department of Plant Protection, Ferdowsi University of Mashhad, Mashhad, Iran
e-mail: jkb@um.ac.ir

S. Kamali
Department of Plant Protection, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran

H. Madadi
Department of Plant Protection, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran

S. H. Goldansaz
Department of Plant Protection, College of Agriculture and Natural Resources, University of
Tehran, Karaj, Iran

S. Ghasemi
Research and Development Unit, Nature Biotechnology Company (Biorun), Karaj, Iran

H. Saadi
Department of Agricultural Extension Education, Bu- Ali Sina University, Hamedan, Iran

M. Attaran
Biological Control Research Station, Iranian Research Institute of Plant Protection, Agricultural
Research, Education and Extension Organization (AREEO), Amol, Iran

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J. Karimi, H. Madadi (eds.), Biological Control of Insect and Mite Pests in Iran,
Progress in Biological Control 18, https://doi.org/10.1007/978-3-030-63990-7_17

601

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63990-7_17&domain=pdf
mailto:jkb@um.ac.ir
https://doi.org/10.1007/978-3-030-63990-7_17#DOI


the 1940s, this issue suppressed to run of a new and highly profitable industry for the
production and sale of chemical pesticides (Behdad 2002).

The BC in the country has remained on the margin until the 1960s for various
reasons. Following implementing plans for reducing the use of pesticides in Europe,
scenarios for chemical pesticides reduction initiated in Iran using appropriate tech-
niques including BC and other non-chemical approaches over two decades. This
plan aimed at mass rearing and augmentative release of BCAs. However, field
studies proved that improper planning and poor management of the crops are the
main causes of the failure of the plan. During the implementation of the plan, there
was an issue with some farmers not participating, but this was never addressed.
Farmers were expected to pay some of the BC costs. This didn’t happen when it was
decided that some costs of producing or introducing BCAs should be paid by them.
Literature shows that the use and release of certain agents, mainly Trichogramma
have been very similar to chemical pesticides’ patterns regarding decision levels
including the Economic Injury Level (EIL) without consistency with the ecological
nature of BC (Heidari et al. 2011). While reports indicate a reduction in pesticide use
in the country, a realistic view implies that this reduction in pesticide use was not due
to simplistic BC practices. After three decades of using BCAs, there is still no
reliable level of croplands that have reached ecological balance and sustainability.
Furthermore, the continuous use of chemical pesticides in crops, especially in the
Caspian region, had the significant pesticides reduction plan that was hindered and
resulted in the emergence of fake chemical pesticides and trafficking of various
un-authorized pesticides with improper application techniques. Despite four decades
of efforts to use BC in the country, there are still many problems faced with planning.
History shows that many socioeconomic issues have prevented the technology from
being implemented. The remaining risks of pesticides at high levels in a variety of
crops still threaten consumers’ health. This requires cooperation and planning to
change the current situation.

In the following part, we will analyze the current state of production and use of
macro BCA as well as microbial control agent (MCA). Then we will discuss
government support, mass rearing of BCA for greenhouses and open fields, the
role of academic elites on the advancement of BC plans, and the ability of farmers for
BC. In the end, some strategies are mentioned to improve the process of using BCA
in the country.

17.2 The Current Situation of BC in the Country

Both natural and applied BC strategies including introduction, augmentation and
conservation have been involved within pest management plans in the country.
Natural BC has a significant role in regulating arthropods density in various regions
of the country. There are reports about the infection of overwintering populations of
the Sunn pest with hypocrealean fungi during winter in various provinces through
the years. Another case is the natural regulation of the gypsy moth (Lymantria
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dispar) population in north forests by viral and nosemose infection. The information
about the vital role of conservation BC has neglected mostly.

From classic biocontrol, while the initial of biocontrol was started with the
introduction of Novius beetle, followed by mealybug destructor and Prospatella
wasp, but the last importation was those of Phytosiid mite, Phytoseiulus persimlis in
1988 and then, there is no more new introduce (Table 17.1) (Shirazi et al. 2011). The
current situation of using BCAs in the country including mostly augmentation
programs of eight BCAs used within 119,000 ha. Those crops consist of field
crops (97,000 ha), fruit orchards (2000 ha) and greenhouses (21,000 ha)
(Fig. 17.1). Eighty-three insectaries are active for the mass rearing of macro BCAs
in 24 provinces. The available agents from predators are Amblyseius swirskii,
Cryptolaemus montrouzieri, Macrolophus pygmaeus, Neoseiulus californicus,
Orius laevigatus and Phytoseiulus persimilis. The prevalent parasitoids are
Trichogramma spp. (mostly Trichogramma brassicae) and Bracon hebetor
(Fig. 17.2). The total crop area which used microbial pesticides was 11,597 ha
(6030 kg of products based on Bacillus thuringiensis). Also during this time,
2380 kg of mosquitocidal products based on B. thuringiensis israliensis was dis-
tributed in the country (PPO 2020).

The total area of croplands that use BCA has fluctuations through years but near
the total area with BC in 10 years ago (105,000 ha in 2009–2010 which included
0.68% of agricultural land area) (Askary and Alinia 2011).

Here, we will explore the main groups of BCAs in three sections. First,
Trichogramma as the key parasitoid will be review in terms of historical progress
and obstacles for its improvement. Then, there is a glance over usable predators as

Table 17.1 List of classic biocontrol projects in Iran (Shirazi et al. 2011)

Agent Year Target species

Target
common
name

Performed
by Result

Current
status

Novius
cardinalis

1934 Icerya purchasi Cottony
cushion
scale

Jalal Afshar
and
Mohammad
Kaussari

Successful Active

Crptolaemus
montrouzieri

1966 Pseudococcidae Mealybugs Mohammad
Safavi

Successful Active

Prospaltella
perniciosi

1971 Quadraspidiotus
perniciosus

San Jose
scale

IRIPP NA NA

Trichogramma
spp.

1974 Chilo
suppressalis

Striped
rice stem
borer

Firouz
Nikkho

No Absent

Prospaltella
berlesi

1977 Pseudaulacaspis
pentagona

White
peach
scale

Mohammad
Safavi

Successful NA

Phytoseiulus
persimilis

1988 Tetranychus
urticae

Two-spot-
ted spider
mites

Hooshang
Daneshvar

Successful Active

17 Analytical Approach to Opportunities and Obstacles of Iranian Biological. . . 603



BCAs in the biocontrol plans of the country. The last part is the general view on the
progress of MCA.

17.2.1 Parasitoids: Trichogramma as the Master Agent

In the 1950s, with the invasion of the rice stem borer, Chilo suppressalis into the
Northern part of the country, two species of Trichogramma from two origins, former
the Soviet Union and Germany were introduced by Firouz Nikkho of the Iranian
Research Institute of Plant Protection (IRIPP). In 1974, without considering the rich
fauna of Trichogrammatidae of the wider Iranian plateau, they were released in the
Northern part of the country after preliminary rearing during 1975–1977. These
activities were developing year by year since 1981 with the identification of impor-
tant Trichogrammatid species in the central plateau and Northern areas of the
country by researchers of the IRIPP and the Iranian Research Organization for
Science and Technology (IROST) (Shojai et al. 1990; Kharazi-Pakdel et al. 1993;
Shojai et al. 1998). In 1984, by a collaboration of relevant research and executive
organizations, and conducting research projects to study the efficiency, mass pro-
duction and use of Trichogramma, these agents have been used to control insect
pests, including Chilo suppressalis, Ectomyelois ceratoniae, Ostrinia nubilalis,
Helicoverpa armigera and Cydia pomonella.

Mass production technology of Trichogramma, developed in the public sector
has been transferred to the private sector and more than 40 insectariums have been
active throughout the country. In general, by 2010, the release level of
Trichogramma on seven different crops was occurred on 187,896 ha (Plant

Fig. 17.1 Implementation level (ha) of biological control in different provinces of Iran during
2018–19. (Data from PPO 2020)
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Protection Organization, PPO 2011). The speed of Trichogramma development in
crops such as tomato and maize was very high, while after initial decline on other
crops, it reached a steady level (such as rice) and in other crops was negative (such as
apple) (Fig. 17.3). Nevertheless, the last data showed a decline in the application area
for the Trichogramma.

Fig. 17.2 Annual amount of released number (million individuals) of (a) Trichogramma species in
18 provinces (kg) and, (b) Harbobracon hebetor in 20 provinces through 2018–2019. (Data from
PPO 2020)
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A comprehensive study of changes in mass rearing and augmentation tactics in
the country can help better realize the development of BC using Trichogramma and
overcome the obstacles and enhance its strengths. The key point shown at these
levels is that the application rates are set according to a plan and whether the
anticipated infrastructure has been met, the levels have increased, but finally,
infrastructure has had its effect and the annual usage of the agent has been changed.
This kind of planning has caused the method itself to be questioned. The voluntary
acceptance of farmers at the beginning of the plan caused a rapid development, but
due to the effect of many factors, it has led to a lack of acceptance by many farmers
and finally to some who believe that this method is ineffective. For example, experts
in the agro-industrial company of Dasht-e-Naz, Sari, Mazandaran province, con-
cluded failure of the plan for use Trichogramma in the farms of this company in
2010. Another example is the immediate acceptance of the Trichogramma use in the
pomegranate orchards of the Fars province over the past few years, followed by
incomplete implementation and finally, distrust farmers imply biocontrol develop-
ment occurred without having the infrastructure and the required criteria for mass
rearing and release program. In a review by Attaran and Dadpour Moghanloo
(2011), they had an analysis on the use of Trichogramma as BCA of Chilo
suppressalis, and varied evolutionary processes were reviewed.

About forty years ago, biocontrol of the rice stem borer was initiated. The
Trichogramma wasps were first introduced and released at a low level. The basic
tasks of collecting, identifying, releasing and evaluating the process of

Fig. 17.3 The crop area under inundative release of Trichogramma. (a) Augmentative release
amount (kg) of Trichogramma in main crops during 2018–19, (b) augmentative release area (ha) of
Trichogramma in various main crops through 2018–19, (c) application level (kg) of Trichogramma
during recent years, (d) fluctuations level of crops area (ha) under use of Trichogramma during
recent year. (Retrieved data from PPO, 2020)
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Trichogramma use have been developed during 1980–1990. During 1991–1994, the
Trichogramma was considered as an effective BCA in pest control. The results of
BC using Trichogramma were successful or at least promising (Ebrahimi et al.
1998). In 1995–2001, the development of BC in rice fields and subsequent crops
began. Numerous insectaries were developed, the pesticide subsidies were allocated
for the development of the BC plan, mass production is practically refined experi-
enced, but on the other hand, the release methods were not optimized and the storage
method was the same as before, except for some details. The issue of quality control
(QC) began to emerge and the private sector gradually started collaboration during
which problems appeared. During this time, efforts were made to maintain and
enhance the BC in the country. The plan to reduce pesticide use was turned into a
program for the Optimal Utilization of Fertilizers and Pesticides (OUFP), and this
change in attitude, as well as decrease of subsidies to pesticides, were combined with
the use of BC. However, there were problems with financial allocation. It was
determined that a percentage of mass rearing and application costs of the agents
would come from farmers with an annual increase until it covers the costs, and the
producer be in direct contact with the farmer. Despite these problems, development
continued. While the formal appearance of the BC program seemed good more
serious problems arose and the process was further refined.

Since 2001, the BC development in the rice fields has stopped; the two Ministries
of Agriculture and Jihad have been merged, a High Council for Pesticides and
Chemical Fertilizers use Reduction has been abolished and so the coordination
center was dismantled. Thus the oversight, planning, and procurement of BC were
lost; credits shifted and allocation changed; research and implementation were
separated with BC measures continued only with the efforts of a few true proponents
of its development. Some rice farmers have taken a negative insight into BC
approach as research budgets related to methods of developing and removing the
bottlenecks were insignificant and in fact, credits did not move to the relevant
research plans.

The problems with the use of Trichogramma are not limited to mass production,
and there are various other issues, including planning and monitoring of essential
barriers. We don’t have Trichogramma post-release data in quantitative form, and
we don’t know where we succeed or failed or by how much (Attaran and Dadpour
Moghanloo 2011).

Organizing a single and specific planner and supervisor, pushing subsidies to the
production of healthy crop rather than producer, removing government purchases of
BCAs, maximizing producer responsibilities (i.e. mass production, release, and
packaging), and the necessity of forming major producers and/or aggregating
small producers into a large subset are among the most important issues which
need thoroughly examining in the Trichogramma application.
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17.2.1.1 More Technical Issues About Trichogramma

Regarding the necessity of mass rearing of Trichogramma and its hosts mentioned
above, it is necessary to address issues like mass rearing of the alternative host,
Trichocard type (cardboard sheet to the size of 10 � 10 cm containing parasitized
egg of alternative host which adult Trichogramma emerge 8–10 days from the date
of parasitization), distribution, evaluation, storage, and QC.

Fig. 17.4 Mass rearing of Trichogramma and its host. (Courtesy of PPO)
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17.2.1.1.1 Mass Production of Alternative Hosts

The major factitious host used in the mass rearing of Trichogramma is the Angou-
mois grain moth, Sitotroga cereallela (Fig. 17.4) The quality of barley can affect the
quality of the moth as a host, but this issue is not much considered in mass rearing
because it is not easy to find the suitable cultivar of barley and producers have to use
existing ones that are sometimes inappropriate. The average production efficiency of
S. cereallela in the country is about 1: 4–5, which means that 1 g of S. cereallela
eggs introduced into the rearing system will lead finally to 4 to 5 g of S. cereallela
eggs, each moth laying about 100–150 eggs. Some insectaries also report production
efficiency up to 1: 12; if the producers are able to increase the efficiency rate from 1:
5 to about 1: 6, then producers who use one ton of barley grain for the infestation in a
rearing cycle will produce about 1 kg more eggs, which means cheaper agent and
more rearing of Trichogramma in a given period. This issue is important when the
price of BCA is a limiting factor in their use. Apart from the cultivar and size of
barley grains and problems related to the degree of infestation of barley grains with
S. cereallela larvae, the process of host moth egg production also faces concerns.
Storage conditions of the collected eggs and the storage time of the eggs which use
for initiation of rearing are the factors affecting production efficiency. The health
issue of insectaries, in terms of mites and the employees health impact on the
efficiency of production of S. cereallela eggs and finally the Trichogramma
wasps. It seems that many production units in the country lack the necessary
standards in this regard. Having a well-developed insectarium can solve many of
these problems. On the other hand, research in this field is mostly unheard of, and
governor budgets have almost completely shifted to plan implementation, while the
research section has neglected some main questions about mass rearing (Attaran and
Dadpour Moghanloo 2011).

17.2.1.1.2 Mass Production of Trichogramma

During 2018–19, more than 240 kg of the host eggs containing Trichogramma
pupae have been purchased in the country under contracts between the PPO and
the producers. Perhaps the most important issue in cost-effective production of
Trichogramma is production efficiency, which should not diminish the importance
of Trichogramma strain selection and other qualitative issues. In the current mass-
rearing system in Iran, the efficiency of production is about 1 to 3 because a single
female Trichogramma in the mass rearing only provides six parasitized eggs.
Comparing this to the wasp fertility of about 100 eggs from each female under
normal conditions means wasting of some production inputs by taking into account
the efficiency of production of S. cereallela eggs, from each kilogram of barley; thus
about 1 g of the Trichogramma is released. To increase the production efficiency of
Trichogramma, a high-quality host should be produced, and by selecting the appro-
priate strain of the wasp, the rearing process has to be optimized. Proper planning for
mass production management is another factor that plays an important role in
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production efficiency. Unfortunately, some economic problems, limited government
contracts and the lack of a specific long-term plan for some producers have created
conditions where the producer uses the previous system of mass rearing and looks
for short-term economic benefits. Establishing a large production unit for host egg
production is one of the solutions to overcome these problems (Dadpour Moghanlou
2002; Attaran and Dadpour Moghanloo 2011).

17.2.1.1.3 Trichocards, Storage, and QC

The current Trichocards, with minor changes, are the same as those introduced at the
beginning of the development of mass rearing and releases plan of the
Trichogramma. Recently sporadic efforts has been made to change this method.
This present method affords to advantages ease of release, wasps protection from
adverse conditions and natural enemies at a low cost. The predation of ants on the
wasp within the cards is a challenge that needs to be considered and resolved
(Attaran and Dadpour Moghanloo 2011).

An important issue for mass rearing and use of the Trichogramma which usually
is underestimated, despite its importance, is storage. The storage method available in
production units that directly transfer the Trichogramma to the refrigerator on days
five and six post- parasitism has many disadvantages and imposes high loss and
high-quality reduction of the Trichogramma efficacy. Recently, there is an increas-
ing trend for using the cold storage of pupae in the mass rearing of the wasp in
insectaries.

The QC considered the major concerns facing BC in the country. The QC is a
process that runs from the beginning to produce the final product and ends with the
evaluation of the product’s efficiency. Monitoring this process requires technical or
necessary information and a comprehensive system. The system has not yet been
launched and seems to be the main part of BC implementation in Iran. The quality of
the product is of great importance for its acceptance and use by end users. Among the
factors predicted in the QC guidelines during the last two decades, the target pest egg
acceptance and the life span of the Trichogramma have not been evaluated, and the
selection of criteria due to the lack of evaluation of these factors may be indicative of
low quality of Trichogrammatid wasps. The postproduction guidelines approved by
the International Organization for Biological Control (IOBC) contain main criteria
for measuring the wasp traits (van Lenteren et al. 2018).

17.2.2 Predators

Long time, predators have been considered as the most prominent biocontrol agents.
45 years after the emblematic case of classic BC by Rodolia cardinalis, this predator
imported to Iran and substantially reduced the cottony cushion scale population in
Northern provinces. After this great achievement, a promising prospect seemed for
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use of predators but it seems that success was forgotten and the use of predators
abandoned at the expense of using parasitoids. The resumption of predator applica-
tion begins with releasing mealybug destroyer, Cryptolaemus montrouzieri in North-
ern provinces of the country against mealybugs and other scales on citrus trees and
tea more than 50 years ago (Fig. 17.5). This lady beetle imported from Spain in 1966
and reared in Tonekabon insectarium, Mazandaran Province for the first time. The
most recent statistics showed 800,000 individuals of this predator has been produced
by private insectarium and released during 2018–19 (PPO 2019). However, it is
likely that this species not being supported by the government anymore.

Predatory bugs are amongst the other common macro BCAs. However, their role
in BC has not been well appreciated by many growers. Different native predatory
bugs are naturally dispersed in fields and greenhouses of the country but first of all,
the minute pirate bugs, Anthocoridae, have been considered and planned to be reared
commercially in 20 years ago. The commercial rearing of Orius bugs against thrips
and spider mites was one of the main subtitles of the OUFP plan. Accordingly,
50,000 Orius species (mainly O. albidipennis as native species of Iran) have been
produced commercially through 2018–19. However, this amount of production
seems too low to be efficient and the optimization of rearing, storage and releasing
procedure required. The other predatory bug is Macrolophus pygmaeus which

Fig. 17.5 (a, c and d) Inundative use and, (b) mass rearing of predators in norther provinces.
(Courtesy of PPO)
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105,000 individuals have been produced mainly against South American tomato
leafminer and whiteflies at the same time. This predatory species proved to be
effective to suppress Tuta absoluta population within the greenhouse solitary or in
combination with Trichogramma wasps and needs to be considered more.

Predatory mites have been considered as one of the most prominent predatory
groups which have high potential to reduce the pest population in the greenhouse
mainly. The most important families used practically are Phytoseiidae and
Laelapidae. Different phytoseiids used as BCAs worldwide but in Iran, only three
species, Amblyseius swirskii, Neoseiulus californicus and Phytoseiulus persimilis
produced commercially which among those species, the A. swirskii has the highest
production (ca. 21 million individuals) and two others produced as 100,000 and
200,000 individuals per year, respectively. These species largely used in augmenta-
tive release within greenhouses and against greenhouse whiteflies and two-spotted
spider mite. Regarding their simple mass rearing procedure and high rate of produc-
ing cost to benefit makes this group of the predator as ideal candidates for rearing and
releasing at least in greenhouses.

The result of the above discussion about commercial production of predator clear
that the suppressive potential of this group has been ignored largely by many
growers and farmers who at least in some cases aware of parasitoids and MCA
potential. Compare to parasitoids, few insectaries produced predators and their
production rate is not comparable at all. This problem somewhat arouses from
polyphagous habits of most predators. Thereupon, they do not respond to pest
population outbreaks quickly and in some cases, they seem inefficient. Moreover,
the mass rearing of many predator species needs sophisticated methods and require-
ments which could not affordable by private insectaries and the end product would
be expensive. In addition to the above deficiencies, in recent years, the governmental
subsidies contribution decreased from 100% to 55% which has not paid timely (The
third Author, Personal communications with private producers). This, in turn, might
be causing that some minor private producers discarded their predator production.
Fortunately, direct contract between predators producer and farmers have recorded
recently which promise the BC plan using these agents in the future.

Besides the above species, it sounds that green lacewings have a high potential to
be produced commercially. Still, research on optimization of predator mass rearing,
cold storage, packaging and releasing should be a high priority of research institutes
and Universities especially regarding effective native predators which are acclima-
tized with the weather of Iran. Defective knowledge in each of these steps prevents
the widespread use of predators as BCAs.

17.2.3 Microbial Control Agents (MCA)

Currently, the diversity of available MCA in the country is restricted and hence has
reduced the range of farmers’ choice. The reasons for this should be sought in the
processes and rules for the registration and regulation of MCAs. There may be a
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variety of issues noted about the obstacles of registration, but there seems to be a
point at the top of these problems that if the issue is resolved, the flow of production
and introduction of new products will change, and that is changing the attitudes of
regulatory authorities such as the PPO in the field of BC. This administrative,
executive, and legislative structure of the country in the field of pest control,
stemming from the belief in the chemical pesticides is the key control method and
even the only way to manage the pests that has led to an attitude of biological inputs
in harmony and as the same as chemical inputs. Currently, the most important and
widely used MCA is Bacillus thuringiensis (Bt). This bacterium is currently pro-
duced in high quality in bulk in the country, is competitively priced with its chemical
counterparts, and most importantly, kills the target pest rapidly, unlike other types of
BCAs. However, there is no widespread use of Bt products in the country.

Another reason for the low number and types of microbial pesticides comes from
the fact that large and reputable producers in the country, with dozen of chemical
pesticides, lack the motivation to follow the research and development of new
products. One example of this is the production of MCAs with high-inflation and
free foreign currency prices in the country, while the government has subsidized
currency for synthetic chemicals and hence imports are high. This makes no sense
except to demand non-production domestically. Therefore, it can be said that the
number, variety, quality and quantity of microbial pesticides in the country are

Fig. 17.6 Microbial control facilities in Karaj. (a and d) main building, (b) fermentation unit, (c)
control system room. (Courtesy of Biorun)
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affected by the question of the status of successful existing products that have all
characteristics that are acceptable. The obvious answer is that if the national and
friendly goals and motives of some of these producers were not valid, companies
producing MCAs would have been shut down soon after their establishment.

Currently, unlike parasitoids and predators, the country’s ability to produce
MCAs is well known (Fig. 17.6) and can be used to reduce dependence on chemical
pesticide importation. For example, about 30,000 tonnes of chemical pesticides are
currently imported into the country from official sources; about 20,000 tonnes of
these are insecticides. Of this amount, a significant percentage is related to the
pesticides used against lepidopterans pest that can be replaced or combined with
or alternated in field and greenhouse applications with a Bt-based microbial insec-
ticide. This requires a firm and decisive decision by the relevant authorities in the
Ministry of Agriculture and the Ministry of Health and Medical Education. It seems
that only by activating this potential, the percentage of chemical pesticide imports
could fall below the current level.

17.3 Government Support of BC

Currently, agricultural pesticides are inexpensive, but their final cost is several folds
more than the BC cost when taking into account the comprehensive and environ-
mental costs. Accordingly, developed countries usually apply a combined plan with
a combination of BCAs and other tactics to lead the community to higher use of BC
via accompanying additional costs to the market price of chemical pesticides through
taxation and the creation of real prices, and subsidizing BC plans. For support
payments, it should cover the crop, not alone the agent.

Since a restricted number of BCAs registered for users recorded in previous years,
various products are not available for recommendation to users. Of course, with the
establishment of the Expert Committee for Supervision and Registration of Biolog-
ical Control and Review of Registration Requests, more BCAs are in the queue of
being registered, however, there are still problems. Regarding the registration of
BCAs according to Soroush et al. (2011), it is necessary to carefully study the
technical information of the products and perform QC analyzes in well-equipped
laboratories. For example, each isolate of a microbial agent has a completely
separate and unique characteristic and full characterization of each microbial strain
required a wide range of data which can only be obtained in a well equipped
laboratory and at relatively high costs. Regarding the approved criteria as standard
levels asked from registrants, it is difficult for companies, especially domestic pro-
ducers, to provide technical characterization and QC analysis. Most companies that
produce BCAs and even import their products are suffering from insufficient
financial resources to afford the high costs of performing QC tests and studying
the efficiency regarding the existing tariffs that have increased recently as well.
Therefore, a solution should be thought to facilitate the registration of MCAs, due to
their significant potential role. Considering the high cost of studying the efficiency of
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each MCA for each target/product which is borne by the emerging private sector, it is
suggested to assist the producers financially or accelerate the registration procedures.
To support the mass production, it is also necessary to provide credits for the
establishment and equipment of the R &D units, which supports all stages relating
to production, package, storage, transport and field persistence and efficacy. One
recommends the implementation a coherent plan through the involvement of
non-governmental organizations (NGOs) to enhance the technical and technological
knowledge of the private sector.

Today, microbial pesticides play an important role in pest management as well
organic farming and because of their application manner, fewer limitations with their
similarity to conventional pesticides application, they are readily accepted by
farmers and can play a significant role in the development of BC in the country.
The Expert Committee for Supervision and Registration of Biological Pest Control
Products in the PPO could provide more options for increasing the use of microbial
pesticides, especially under greenhouse conditions as well as open fields.

The need to interact more fully with the scientific community of developed and
developing countries through the bilateral cooperation agreements to use the
achievements and experiences of other countries will make a significant contribution
to accelerating the development of these agents. Participation of experts, researchers,
and managers of the private sector in relevant internationally accredited fields will be
effective in transferring these experiences to the country. We hope that in the future,
we will be able to establish regional reference laboratories to facilitate and accelerate
the QC evaluation of the microbial pesticides.

17.4 Target Crops of BC: Greenhouses and Outdoor Area

Applying biocontrol in greenhouses is much easier and feasible than other ecosys-
tems. The closed environment of the greenhouses provides a chance for the farmers
to use various agents for each pest type that allows the greenhouse manager to take
action to control the pest population of crops according to conditions/products.
Hence, more than ten agents have been registered for use in these agrosystems in
Iran so far (PPO 2019). In this regard, due to water deficiency as a great threat and
the necessity for increasing greenhouse and closed cultivation, the mass rearing of
agents for these systems has some challenges.

In the current state, mass rearing of all the required and approved agents for
greenhouses in the country is neither possible nor rational, though it may be
objectionable at first glance. In recent years, these agents were from the imported
source. This issue has some concerns as the introduction of the exotic populations of
an agent, its possible establishment and release can disrupt the native fauna of the
ecosystem. To overcome this challenge, it is recommended to introduce available
and native species first and foremost, and also precision risk analysis procedures
should be carried out before importations (Ashouri 2011).
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There are two strategies herein considered. The first one supports mass rearing
and the use of Trichogramma as an inundative agent on a large scale, but the second
one is the mass production of native agents like predatory mites and lacewings.
Therefore, the capacity of mass production, which lies in the private sector, should
be improved to modify the methods of mass rearing/production and the use of BCAs
in open fields, such as with Trichogramma. The country’s greenhouse area is about
15,000 hectares, while open field crops cover more than 14 million hectares (Min-
istry of Agriculture Statistics, 2018–2019). Of this amount, about 1,200,000 hectares
are allocated to seven main crops on which currently biocontrol plans are
implemented using Trichogramma. It is possible to cover the whole of this area
only by mass rearing of qualified Trichogramma species to the amount of more than
21 tons of Trichogramma. Therefore, if this agent is required in the country, it is
necessary to start large scale mass production of the wasp for wide range use.
Trichogramma have been mass-reared in the country, millions of areas are covered
by this wasp. Technical knowledge for mass production of single agent will always
be easier than producing several agents. The private sector should be encouraged to
invest in establishing modern insectaries, not the small and local ones, which come
from changing the old houses. Skilled insectaries should be equipped with R & D
unit. Despite initial costs incurred in setting up this type of insectary, it is not only the
product itself that will produce the quality but also the cost of the final product will
be reduced. With this policy, the BCAs are produced according to the desired
standards and the BC will be cost-effective.

17.5 Role of Academia on the Development of BC

Irrespective of the greenhouse owners, currently the Iranian growers have restricted
management tactics. This reflects the scientific, administrative and economic devel-
opment of the country being focused predominantly on chemical control. This
should be brought to the attention of government officials by biocontrol experts. In
this regard, Ashouri (2011) acknowledged that elites should make greater efforts to
convince decision-making centers to change their attitudes and minds. In many
countries, this has been well done. To achieve the goal of implementing BC plans,
there is a need for two- way interaction. Moreover, the elites are trying to convince
the statesmen, and on the other hand, the statesmen have put the both methods of
supporting research and the elites in the field of BC in their plans so that they can
reciprocally fulfill their mission. Soroush et al. (2011), also emphasized the role of
the academic elite in the development of BC plans. Currently, domestic mass
production companies are low-tech and require efficient and specialized production
technology and manpower. In general, the lack of sufficient technical knowledge in
the country, mass production of various BCAs and numerous producers of the agents
are among the most important parameters which required to use the scientific
potential of elites to improve mass-production and commercialization of BCAs.
Assigning and providing the necessary credits for research, creating a responsible
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and independent structure for research (grant body) and development of BC as a
bridge for transfer of technical knowledge to the production sector will make a
significant difference in this regard. The development of technology for microbial
agents requires training and education of the public and private sectors.

17.6 Farmers Issues and Their Ability for BC

The lack of awareness about natural enemies and their potential in regulating
herbivore populations is important for using BC. The farmers need skills to make
their own farm decisions. In this regard, Heidari et al. (2011) acknowledged that
there is no other way than to rely on empowering farmers to solve the problem of
protection for agricultural products and the reduction in chemical pollutants that
endanger human health. Any decision on production is made only by farmers and
plans should be tailored to the socio-economic and cultural characteristics of differ-
ent communities in ways that help farmers make better decisions. The articles related
to agricultural sector plans for using IPM and BC will be realized if the decision-
makers in crop management are farmers. For such decision-making, they need the
training enhancing their skills and make efforts as researchers rather than just
message recipients. Case studies in many countries, including Iran, which will be
referred to below, have shown that farmers are highly motivated to engage in
participatory research and acquire the skills to manage crop production and protec-
tion. However, poor management of different sectors has prevented farmers from
providing the necessary input for their farms to participate.

For example, rice farmers in Fereidoonkar, Mazandaran Province, North part of
Iran with the combination of rice-duck cultivation, in addition to removing other
weeds, herbicides and other pesticides improved the diversity of useful species in the
field and a better understanding of farmers contributed to the conservation of
ecosystems (Fig. 17.7) (Heidari et al. 2011; Osku et al. 2012). In many developing
countries, farmer field school (FFS) has been used for many years as the main
method to promote IPM. But without a full understanding of the effects of its
deployment at the national level, it has hardly been expanded from the pilot stage
to the broader levels. Studying the effects of FFS on its graduated farmers and
comparing the results with other farmers in the same villages and farmers in other
villages who were not aware of FFS at all showed that FFS participating farmers
were less likely to use chemical pesticides and had a practical knowledge of natural
enemies and the importance of not rushing into the spraying, but not transferring this
knowledge to other farmers as they should and perhaps. Silk producers in the North
of the country are also partially involved in the BC plan of the mulberry scale,
Pseudaulacaspis pentagona, with much of mulberry scale inhibitory activity cap-
tured by parasitoid wasp of Prospaltela berlesi from the insectarium producing this
species at Iran Silk Company (Fathi et al. 2011; Heidari et al. 2011).
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17.7 Final Analysis and Solutions

Supplying healthy food and protecting the environment perhaps is the main goals of
today’s human. To achieve this, the effectiveness of IPM aimed to reduce the use of
chemical pesticides is inevitable, which is possible with the focus on eco-friend
manners including BC. The desired performance of IPM, relying on BC, is the result
of the disproportionately complex interaction of various sociopolitical and even
cultural factors that can only be developed through a specific set of factors. The
development of BC, not only as part of sustainable agricultural development, but
also as an important stage of the development through changing the attitude of
officials and experts in addition to helping to preserve the environment contributes to
the achievement of advanced communication technologies, relating to the large
markets and the modern organization of the private sector, and finally improves
the health of the household food and the welfare of the community. The first question
is, how to develop production, market and use of BCAs and/or, in short, how to
improve BC plans in the face of the existing problems? Is the answer might be to take
advantage of other countries’ experiences and combine their achievements with our
knowledge. Among these experiences could be the EU, which adoption of IPM and

Fig. 17.7 Biocontrol in rice field using Trichogramma. (a) The inundative release of
Trichogramma brassicae, (b, c and d) implementation of trichocards by a farmer in Mazanadarn,
Northern region of Iran. (Courtesy of PPO)
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considering BC as the cornerstone, interests for BCA application increased and a
large number of chemical pesticides discontinued. Another model is the policy
strategy of China which launched a plan for the reduction of chemicals and devel-
opment of non-chemical manner including BC with 340 million US$. The main
recommendations for improving the BC implementation suggest here.

1. Considering IOBC recommendations for dealing with important pests in the
country as well as compatibility and capabilities of natural enemies to Iranian
conditions, and planning and applications of experiences in other countries.

2. Define the updated standards required and recognized for BC to apply only those
high-quality BCAs into the market.

3. Revise the guidelines on the production and application of chemical pesticides,
strict application of pesticides and more attention to behavior-based tactics
including pheromones.

4. For accelerating BC plans, especially open space plans, there should be a
maternal product line (Ephestia kuehniella egg production line) for adequate,
timely, and high-quality supply in the country. For this purpose, it is better to
acquire the technical knowledge required by the private sector and transfer it to
the country.

5. Specializing production units (insectaries) to focus on qualified agent production
so that by enhancing their technical knowledge, they can produce and store
throughout the year so, the need for instantaneous production capacities is met.

6. Monitoring the final result of BC plans. This monitoring should focus more on
performance and result rather than on inputs. Here, it is imperative to comply with
the residual limit on chemicals required to encourage farmers to use BC as much
as possible.

7. Encouraging private sector investment and removing obstacles are among the
other requirements for the development of production, business and use of BC in
the country. An important factor in developing the agricultural section and
therefore, BC is the active presence of the private sector while high economic
risk, lack of rapid return of capital, administrative bureaucracy and the legal gap
in the field of license and permission prevent this active presence.

8. Encourage the involving NGOs with BC to work on side effects and residue
levels of pesticides and their illegal application to increase public knowledge,
restricted use of chemicals and promote the BC activities (van Lenteren et al.
2018).

9. Use of startups capability for interdisciplinary and multidisciplinary programs,
suitable for engaging a new generation of graduates.
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