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Review Article Abstract
) Fungi play an important role in agroecosystems by directly or indirectly influencing
Received parasitoid-host dynamics and thereby contributing to biological control.
02/05/2025 En_tomo_path_ogenic fungi (EPFs), such as Beauveri_a _bassia_na _and Met@rhizium
anisopliae, infect both insect hosts and different parasitoid species in Braconidae and
Accepted Ichneumonidae, reducing parasitoid survival rates, developmental processes, and overall
efficiency. EPFs can alter host physiology and the immune system, increasing or reducing
10/06/2025 the success of parasitoid infection. These processes are crucial factors in determining the
effectiveness of pest control and maintaining ecological balance. Understanding the
DOI interactions between fungi, parasitoids, and hosts is essential for improving biological

control programs and developing sustainable pest management strategies. This review
highlights the role of some entomopathogenic fungal species associated with parasitoids

10.70562/tubid.1683699 in these diverse interactions and discusses their potential applications in integrated pest
management.
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1. Introduction

Biological pest management, which utilizes organisms such as viruses, bacteria, fungi, and
parasitoids, represents an environmentally sustainable alternative to synthetic pesticides. Although its
effectiveness may vary, the integration of multiple biocontrol agents has been shown to enhance
overall pest suppression efficacy (1). Intraguild predation (IGP) describes the interactions among
insect pathogens, parasitoids, and predators that occur when two species either share the same host or

prey, or interact directly through parasitism or predation (2). These of interactions have been shown to

*Corresponding Author: pvpcelik@hotmail.com



https://doi.org/10.70562/tubid.1683699

Guner et al., 2025

influence the population dynamics of both biological control agents and their target pests (1,2).
Interactions among biological control agents are frequently observed, particularly between parasitoids
and entomopathogenic fungi (EPFs) (3,4). Hochberg (5), emphasised the presence of two distinct
interaction mechanisms between parasitoids and pathogens, which he referred to as ‘intrahost
interactions' and 'extrahost interactions'. The first aspect pertains to the developmental processes of
natural enemies within a shared host, while the second involves interactions external to the host, in
which parasitoids serve as vectors for the pathogen. Hochberg (6), further elucidated that intrahost
interactions are characterised by asymmetry, determined by the temporal dynamics of parasitoid
oviposition and fungal infection (7,8). In extrahost interactions, parasitoids can facilitate the spread of
fungi to new host populations. Interactions between entomopathogens and other biological control
agents are categorized as synergistic, neutral, or antagonistic, depending on factors such as the type of
control agent, its concentration, timing of application and the host species involved (9). Synergistic
interactions result in higher pest mortality than the sum of the mortality caused by individual agents.
In neutral interactions, natural enemies do not influence each other, and total mortality simply reflects
the sum of the individual effects of each agent. Antagonistic interactions, where the total mortality is
lower than that caused by a single natural enemy alone, are also considered noteworthy (4,10) (Figure
1). The optimal outcome occurs when the selected natural enemies exhibit either synergistic or neutral
interactions, as this typically results in higher pest mortality. Conversely, if an antagonistic interaction
occur-possibly due to interference among the control organisms-the pest suppression may be less than

expected, negatively affecting the effectiveness of biological control efforts (11).

Application timing and dosage

:hYﬁé*oryv.,,‘*< Pest Control < \‘,;0420 or:“‘tym

, Synergistic o i x?n:agon!stnc
b i & —ob nteraction
Interaction ® 'Y,,E_” Y

. Neutral
*¥Interaction

Figure 1: Interactions between entomopathogenic fungi and parasitoids

Research focusing on the interactions between EPFs and other natural enemies (parasitoids

and predators) is an important area of research worldwide (12-15). In the field of biological control,
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the integration of EPFs with a parasiticide has been shown to increase the efficacy of pest control (16).
Nevertheless, EPFs with broad host ranges can also infect non-target insects, such as parasitoids,
potentially causing direct harm to these biological control agents (14). Consequently, it is imperative
to undertake a comprehensive assessment of the potential lethal or non-lethal effects of
entomopathogens on parasitoid behavioural and biological parameters of parasitoids (17-19).

2. Entomopathogenic Fungi (EPFs)

2.1. Classification of Entomopathogenic Fungi

Entomopathogenic fungi (EPFs) are organisms that establish parasitic or commensalistic
relationships with insects and other arthropods (20,21). More than 1000 species of EPFs are known
(22). A significant proportion of these orgamisms are classified within the divisions Ascomycota and
Zygomycota, encompassing the orders Hypocreales, Zygomycote and Entomophthoralean. In the EPF
grouping, the fungi Blastocladiomycota and Entomophthoromycotina and Kickxellomycotina, and
Eurotiomycetes, Laboulbeniomycetes, Dothideomycetes, Sordariomycetes and Pucciniomycetes
(12,23).

2.2. Infection Mechanism

The infection process of EPFs begins with the attachment of fungal conidia to the insect
cuticle, facilitated by hydrophobic and electrostatic interactions between the conidia and the insect's
exoskeleton (24). The fungal spores have the capacity to attach to any part of the insect cuticle, with
the binding components varying between insect species and depending on the developmental stage of
the insect (25). The second stage of infection is characterized by the germination of the spores that
have adhered to the insect cuticle. Factors influencing spore germination include temperature, pH,
humidity, oxygen levels, and the availability of nutrients. These factors can vary for different fungal
species, although the optimal temperature for spore germination is generally between 20 and 30°C
(26). It has been observed that fungi with a broad host range do not require specific carbon or nitrogen
sources from the insect cuticle for germination, whereas fungi with a narrower host range rely on
certain compounds present in the insect cuticle for spore germination (27). The third stage of infection
involves penetration, which is facilitated by the formation of a structure known as the appressorium.
This structure exerts mechanical pressure on the insect cuticle and, in conjunction with enzymes
produced by the fungus that break down the cuticle, facilitates the process of fungal invasion into the
host (27,28).

2.3. Enzymatic Actions and Host Physiology

The epicuticle of the host insect is composed of proteins, lipids, sterols, and fatty acids. The
enzymes responsible for the degradation of the cuticle, such as lipase, protease, and chitinase, play a
crucial role in facilitating fungal entry into the host insect (29). The lipase enzyme breaks down the
lipids and lipoproteins in the epicuticle (30), thereby enhancing the hydrophobic interaction between
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the fungus and the host cuticle (31). Additionally, proteolytic enzymes produced by the fungus break
down the proteins in the insect cuticle, exposing chitin fibrils, while chitinase facilitates the
degradation of chitin, allowing the fungus to penetrate and proliferate within the insect cuticle (29).
The fungus then traverses the insect’s hemolymph, where it proliferates and forms blastospores. This
process disrupts the insect’s tissues and immune system. The fungus also utilizes trehalose, an
essential disaccharide found in the insect’s hemolymph, as an energy source, by breaking it down
using the enzyme acid trehalase. Finally, the fungus sporulates on the deceased insect, releasing spores
that can potentially infect other hosts (32).

3. Parasitoids in Biological Control

Due to the increasing use of pesticides, the problem of resistance is also increasing (20,21).
Biological control (biocontrol) is a safe and sustainable approach that utilizes natural enemies such as
predators, parasitic insects, or pathogens to manage pests in agricultural ecosystems (21). Accordingly,
parasitoids are applied in biological control by taking into account today's effective management
strategies (33). Parasitoids, which are crucial contributors to biological pest control, represent a
significant portion of the Hymenoptera and Diptera order (34,35). Parasitoids are groups that use
various pest species in different periods, especially in order to complete their pre-adult developmental

stages or to feed in the adult stage (36,37).

3.1. Types and Characteristics of Parasitoids

The characteristic features of parasitoids reflect their specialized role in biological control
within insect populations. These organisms typically exhibit a strong preference for specific host
species, with host selection predominantly performed by the female. Adult parasitoids are free-living
and mobile, and in some cases may act as predators. One notable trait is that they are consistently
smaller in size than their hosts. Their eggs are generally deposited near, on, or within the host body.
As the immature stages develop, they feed on the internal tissues of the host, ultimately leading to the
host's death. Additionally, different parasitoid species are often adapted to target distinct
developmental stages of the host, such as the egg, larva, or pupa (38-40).

Parasitoids are classified as endoparasitoids when they oviposit within a host, which
subsequently serves as a nutritional resource throughout the entire larval development. Conversely,
when eggs are deposited externally and the host is exploited from the outside, they are termed
ectoparasitoids (37). In the classification of parasitoids, two fundamental developmental strategies are
recognized: idiobiont and koinobiont (41). Idiobiont parasitoids either immobilize their hosts by
inducing paralysis, thereby halting their movement and feeding, or they target inactive developmental
stages such as eggs or pupae. In contrast, koinobiont parasitoids develop within hosts that continue to

grow, move, and feed during a substantial portion of the parasitoid's larval development. Typically,
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idiobionts are ectoparasitoids with a broader host range, whereas koinobionts are generally
endoparasitoids and tend to exhibit a higher degree of host specificity (42).

Various types of parasitoids play a significant role in biological pest control by targeting
different insect pests at various life stages. Braconid wasps (Braconidae) are among the most
commonly utilized parasitoids in agriculture, attacking hosts such as caterpillars, aphids, and
leathoppers by depositing their eggs inside the host’s body, where the larvae consume internal tissues
and eventually cause death. Similarly, Ichneumonid wasps (Ichneumonidae) exhibit high diversity and
parasitize a broad spectrum of insects including beetles, sawflies, and caterpillars, often laying eggs on
or within the host. Chalcid wasps (Chalcidoidea), though minute in size, are efficient biological
agents, frequently employed in horticultural and greenhouse environments to suppress pests like
whiteflies, scale insects, and leaf miners. Equally vital are Trichogramma wasps (Trichogrammatidae),
which specialize in parasitizing the eggs of moths and butterflies, effectively preventing pest
emergence by consuming egg contents. Lastly, Tachinid flies (Tachinidae) are endoparasitoids that
typically lay their eggs in proximity to or on the bodies of caterpillars, beetles, and true bugs, with

their larvae feeding internally and eventually eliminating the host (40,43).

3.2. Factors Influencing Parasitism Success

In order to be successful during the use of parasitoids in biological control, it is necessary to
have features such as mobility, the capacity to detect hosts, survival (longevity), parasitism ability and
reproductive power (44,45). In parasitoids, the female's role is to locate a suitable host and oviposit her
eggs on or within the host’s body. Furthermore, the progeny of parasitoids that emerge post-
oviposition do not kill their hosts until they reach adulthood, and although they are parasitic in the
larval stage, they are able to live freely in the adult stage. Since they are very active in the adult stage,
it is highly probable that they will locate their hosts and proceed to lay eggs (44-46). Additionally,
factors such as the time it takes for a female parasitoid to mate, the speed and efficiency of host
location and parasitism, the quality of the parasitized hosts, the number of eggs allocated, and the
survival and successful development of offspring within the parasitized hosts are all crucial

determinants of reproductive success (47).

4. Interactions between Entomopathogenic Fungi and Parasitoids

Parasitoids and predators are considered to be the most important biological control agents in
the natural control of the agricultural pests affecting field crops, vegetables, orchards and ornamental
plants. They play a vital role in Integrated Pest Management (IPM) programs, which encompass
proper planting schedules, effective agricultural practices, the use of biological control agents either
alone or in combination, and, when necessary, the application of selective chemical insecticides (48).
Research on IPM interactions and the compatibility of EPF with other biological control agents in pest

management has tended to focus more on parasitoids than on predators (3,4,49). While most studies
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have focused on fungi, the compatibility of viral and bacterial biocontrol agents with parasitoids has
also been investigated. Beauveria bassiana (Bals.-Criv.) Vuill., 1912 (Hypocreales: Cordycipitaceae)
was included in all of the most common combinations with Trichogramma pretiosum Riley, 1879
(Hymenoptera: Trichogrammatidae) (50), Tamarixia triozae (Burks, 1943) (Hymenoptera:
Eulophidae) (51), Encarsia formosa Gahan, 1924 (Hymenoptera: Aphelinidae) and Trichogramma
atopovirilia (Hymenoptera: Trichogrammatidae) (50). T. pretiosum (50) and E. formosa (51) were the
most extensively studied parasitoids, followed by Aphidius colemani Viereck, 1912 (Hymenoptera:
Braconidae) (52), Cotestia flavipes Cameron, 1891 (Hymenoptera: Braconidae) (53) and Diaeretiella
rapae (M'Intosh, 1855) (Hymenoptera: Braconidae) (14).

In terms of microorganisms, B. bassiana (50,55,56) has been the subject of the most research,
with Metarhizium anisopliae (Metschn.) Sorokin, 1883 (Hypocreales: Clavicipitaceae) (53,57) a close
second. Bacillus thuringiensis Berliner 1915 (Bacillales; Bacillaceae) (58) is the most frequently used
bacterium. Among the viruses, Spodoptera exigua (Hubner, 1808) (Lepidoptera: Noctuidae) multiple
nucleopolyhedrovirus (SeMNPV) (59) and Spodoptera frugiperda Smith & Abbot, 1797 (Lepidoptera:
Noctuidae) multiple nucleopolyhedrovirus (SFIMNPV) (60) are among the most frequently tested with

parasitoids.

4.1. Types of Interactions: Synergistic, Antagonistic, Neutral

Interactions among organisms both within and across trophic levels are key determinants
shaping the dynamics of populations and the structure of ecological communities. When multiple
biological control agents are involved, their combined effects may be synergistic, neutral, or even
antagonistic in nature (61).

Synergistic interactions between parasitoids and entomopathogenic fungi have the potential to
significantly enhance the efficacy of biological pest control. Such interactions may result in pest
mortality levels that exceed the additive effects of each agent acting independently. In certain cases,
fungal pathogens may compromise the host's physiological defenses, increasing its vulnerability to
parasitism, or conversely, parasitism may predispose the host to fungal infection. These mutually
reinforcing effects contribute to improved pest suppression, highlighting the value of integrated
approaches in pest management programs (11).

Antagonistic interactions occur when one biological agent adversely affects the efficacy or
survival of another, either directly or indirectly (11). EPFs may infect and kill the host insect before
the parasitoid completes its development an effect particularly pronounced when fungal infection
occurs shortly after parasitism. Moreover, fungal toxins can be harmful to immature parasitoid stages
residing within or on the host (62). Fungal infection may also elicit host immune responses that lead to
the encapsulation or destruction of parasitoid eggs or larvae. Additionally, infection-induced changes
in host physiology or behavior can negatively impact the parasitoid’s ability to feed or successfully

oviposit (63).
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Neutral interactions are defined as scenarios in which parasitoids and EPFs coexist within the
same ecological niche without exerting significant influence on each other’s efficacy. Such
interactions typically occur when the agents target different developmental stages of the host or are
active during temporally distinct periods (64).

4.2. Role of Timing, Dosage, and Host Specificity

The effectiveness of parasitoids in biological control programs is significantly influenced by
factors such as timing, dosage, and host specificity. These elements are critical in ensuring successful
parasitism and the overall suppression of pest populations.

Timing is a critical determinant in the effectiveness of parasitoid-based biological control
strategies. The synchronization of parasitoid release with the susceptible stages of the pest’s life cycle
significantly increases the likelihood of successful parasitism. Beyond release timing, the emergence
schedule of parasitoids also plays an essential role in shaping population dynamics. Additionally,
delayed emergence may expose parasitoids to intensified intra-host competition, potentially reducing
individual fitness and altering long-term population stability. These complex, non-linear dynamics
highlight the importance of precisely timing both the release and emergence of parasitoids to optimize
their impact in pest management systems (65,66).

Dosage is a critical variable that directly influences both the efficacy of biological control
applications and the dynamics between hosts and parasitoids. The quantity of parasitoids released into
the environment must be sufficient to exert effective pressure on the target pest population.
Suboptimal doses may hinder the parasitoids' ability to compete with pests, whereas excessive releases
can lead to increased intraspecific competition, thereby reducing the owverall productivity and
efficiency of the parasitoid population (67). Moreover, high-density introductions may alter parasitoid
behavior, such as reducing host-searching time, potentially impacting their ecological function.
Beyond the direct effects on target hosts, the ecological consequences of dosage must also be
considered. Overdosing can disrupt ecological balance by intensifying competition among natural
enemies, potentially leading to reduced biodiversity. Therefore, within the scope of IPM, it is essential
to apply parasitoid dosages in a controlled and strategically targeted manner to ensure both ecological
sustainability and pest suppression efficacy (68).

Host specificity plays a pivotal role in shaping host-parasitoid population dynamics, as
different host stages can significantly influence the development, reproductive success, and survival of
the parasitoid. Since various host stages often coexist in natural environments, many parasitoid species
display a marked preference for particular developmental stages or specific host species (69,70). In
this context, host specificity emerges as a critical trait, particularly in the application of parasitoids for
biological control. Parasitoids with narrow host ranges are advantageous, as they limit their activity to
target pest species, thereby minimizing potential harm to non-target organisms. A thorough

understanding of both host preference and host specificity is therefore essential for predicting
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parasitoid behavior in field conditions and for evaluating the ecological safety of biological control
initiatives (66,71).

4.3. Effects on Parasitoid Biology

Several studies have demonstrated that EPF and parasitoids/predators can coexist and manage
various pest species. However, EPFs have also been found to negatively affect the survival and other
biological characteristics of certain parasitoids, in both adult and larval stages (72,73). Thus,
understanding the potential lethal or sublethal impacts of entomopathogens on the behavioural and
biological traits of parasitoids is crucial; numerous studies have documented these interactions
(3,4,7,17,18,19,74,75). In their research on the interactions between EPF and other natural enemies,
Roy & Pell (11) found that predators and parasitoids could aid in the spread of epizootics by
transporting EPFs and facilitating increased movement of infected hosts. Quesada-Moraga et al. (76)
evaluated the compatibility between EPF and parasitoids in their study and obtained mixed results. As
a result of this study, it was determined that parasitoids carried the fungus and even showed
synergistic interactions. In addition, it has been determined that EPF applications can affect the
physiology of parasitoids, shortening their lifespan but increasing parasitism rates. In addition, it has
been determined by Roy & Pell (11) that the combination is beneficial when the release times are

adjusted appropriately, and the timing and order of application of the agents are critical.

5. Combined Applications and Species-Specific Interactions

Combining the application of parasitoids and fungal biological control agents provides more
effective pest control. Ensuring the compatibility of the two distinct biological control agents is
essential for achieving sustainable and successful pest management (77). Many studies have explored
the combined use of potential natural enemies and eco-friendly pesticides as an effective biocontrol
approach for various insect pests, reporting either compatible interactions or negligible effects on
parasitoids (78-80). To observe the effect of combining two different biological control agents on the
same host, the sensitivity of the parasitoid to the fungus can be assessed using direct and indirect
infection approaches in interaction experiments. For this purpose, in different planned interaction
scenarios, approaches such as dosing on the days following parasitism of the parasitoid on the larvae,
parasitism after dosing on the larva or dosing on adult parasitoids reveal the effects of combination
results (81,82).

5.1. Interactions Between Beauveria bassiana and Parasitoid

The combination of parasitoids and Beauveria bassiana is one of the most frequently used in
biological control. B. bassiana has a broad host range (83), which renders the susceptibility of
parasitoids to infection unsurprising. One factor contributing to an antagonistic interaction between an
entomopathogenic fungus and a parasitoid is the level of virulence exhibited by the fungus (84),

especially since B. bassiana is a generalist fungus capable of affecting non-target arthropods. Various
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studies have shown promising outcomes in pest management using entomopathogenic fungi alongside
insect control agents, such as parasitoids or predators. The use of the parasitoid E. formosa in
combination with the fungus B. bassiana has proven to be an effective method for controlling the
greenhouse whitefly, Trialeurodes vaporariorum (West.) (Hemiptera: Aleyrodidae) (78) (Table 1).
Similarly, results indicate that B. bassiana can be used in harmony with Aphidius colemani Viereck,
1912 (Hymenoptera: Braconidae) without any negative interactions between the two species (85). A
study investigated the impact of B. bassiana on the biological characteristics of the peach aphid,
Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae), and its parasitoid Aphidius matricariae
Haliday, 1834 (Hymenoptera: Braconidae). In this study, aphids were infected with a concentration of
2x10® conidia/mL and subsequently exposed to parasitoid females for durations of 1 and 4 days. The
outcome of the interaction was influenced by the timing of exposure to the parasitoid relative to the
aphid infection (4) (Table 1). In another study, the interactions between B. bassiana and the braconid
aphid parasitoid Diaeretiella rapae (M'Intosh, 1855) (Hymenoptera: Braconidae) were investigated
under two distinct scenarios. In the first, M. persicae nymphs were exposed to parasitoid females for
24 hours before B. bassiana (1 x 10 conidia/mL) was applied at intervals of 0, 24, and 48 hours. In
the second scenario, aphids were exposed to both B. bassiana and the parasitoid at 0, 24, and 48 hours
after infection. The results demonstrated that the parasitism percentage exhibited a range from 13% to
66.5%, with a substantial decline observed between 0 and 24 hours in comparison to the control group
in both treatments. The findings indicated that the timing of fungal application prior to parasitoid
contact exerted a negative impact on the parasitoid emergence percentage (14) (Table 1).

In the present study, the parasitism rate of the eulophid ecto-nymphal parasitoid Tamarixia sp.
was evaluated on Bactericera cockerelli (Sulk.) (Hemiptera: Triozidae). In the experiment, the nymphs
were infected with a B. bassiana isolate, and the results indicated that the parasitism rates in the
treated group did not show a significant difference compared to the untreated group (51) (Table 1).

A study by Tamayo-Mejia et al. (86) examined the effects of two B. bassiana isolates on the
development of Tamarixia sp., a parasitoid of B. cockerelli. Three concentrations of the fungus (LCao,
LCso, and LCqo) were applied to fourth instars parasitized by Tamarixia sp. 3, 5, 8, or 12 days prior to
infection at 25 °C. The highest infection rate in parasitoid larvae occurred with LCgo When parasitism
took place 3 or 5 days before infection, while the lowest infection rate was observed when parasitism
occurred 8 or 12 days before infection. The highest parasitoid emergence was seen at the lowest B.
bassiana concentration when applied 12 days prior to infection, and adult parasitoids from treated
hosts showed increased longevity when parasitism occurred 12 days before infection (Table 1).

Studies on the negative effects of B. bassiana on adult parasitoids showed that applying B.
bassiana at a concentration of 107 conidia/mL caused 48% mortality in Cephalonomia stephanoderis
Betrem (Hymenoptera: Bethylidae), a parasitoid of the coffee berry borer, Hypothenemus hampei

Ferrari (Coleoptera: Curculionidae) (87) (Table 1). In another study, exposure of adult parasitoids B.
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hebetor and Anagyrus lopezi (De Santis) (Hymenoptera: Encyrtidae) to a B. bassiana isolate resulted
in 100% mortality for both species (84).

A related study assessed the effects of direct application of B. bassiana (2x10® conidia/mL) on
the longevity and fecundity of Diadegma semiclausum (Hymenoptera: Ichneumonidae). All treated
wasps died within four days, and their cadavers showed typical mycosis. Additionally, fungus-treated
females produced an average of 5.1 parasitoid pupae when exposed to healthy Plutella xylostella
(Linnaeus, 1758) (Lepidoptera: Plutellidae) larvae, compared to up to 18 pupae produced by untreated
females (88) (Table 1). In the applications of B. bassiana to adults of the larval parasitoid of Delia
radicum (L.) (Diptera: Anthomyiidae), Trybliographa rapae Westwood (Hymenoptera: Figitidae), the
LCso values were determined as 1.83 x 107 conidia/mL (89).

B. bassiana transmission has been observed to be enhanced in the presence of the parasitoid
Aphidius ervi (Hemiptera: Braconidae) of the pea aphid Acyrthosiphon pisum (Harris, 1776)
(Hemiptera: Aphididae) (16) (Table 1). As Brobyn et al. (74) demonstrate, the females of the aphid
parasitoid Aphidius rhopalosiphi (De Stephani-Perez, 1902) (Hemiptera: Braconidae) possess the
ability to distinguish between hosts infected with B. bassiana and those that are uninfected.
Furthermore, they lay a lesser number of eggs on hosts infected with B. bassiana. Similar results were
obtained with the egg parasitoid, Anagrus atomus (Linnaeus, 1767) (Hymenoptera: Mymaridae) of the
green leafhopper, Empoasca decipiens Paoli, 1930 (Hemiptera: Cicadellidae) treated with B. bassiana
(90) (Table 1).

In another study, it was determined that adult females of the ecto-parasitoid Cephalonomia
tarsalis (Ashmead, 1893) (Hymenoptera: Bethylidae) laid eggs on larvae of its host, Oryzaephilus
surinamensis (Linnaeus, 1758) (Coleoptera: Silvanidae), infected with B. bassiana, up to one day after
the host's death (91). In contrast, it was shown that D. semiclausum did not lay eggs on dead larvae by
detecting P. xylostella larvae infected with B. bassiana (88).

5.2. Interactions with Metarhizium anisopliae- Metarhizium brunneum

Metarhizium species have been studied in various interguild predator-parasitoid (IGP)
interactions. In research by Rannback et al. (89), the impact of the entomopathogenic fungus
Metarhizium brunneum Petchy (Hypocreales: Cordycipitaceae) on the larvae of Delia radicum L.
(Diptera: Anthomyiidae) and its parasitoid Trybliographa rapae Westwood (Hymenoptera: Figitidae)
was assessed. The study indicated that T. rapae could differentiate between fungal-infected and
healthy hosts of M. brunneum. Additionally, an investigation into the LCso values for adult T. rapae
larvae exposed to M. brunneum found the value to be 1.57 x 107 conidia/mL (89) (Table 1). Another
study demonstrated that M. brunneum and Aphidius colemani Viereck, 1912 (Hymenoptera:
Braconidae) could coexist without negative interactions, showing potential for their combined use
(85).
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A study was performed in which Habrobracon hebetor (Say, 1857) (Hemiptera: Braconidae)
was reared using 3rd instar larvae of Helicoverpa armigera (Hubner, 1808) (Lepidoptera: Noctuidae).
The study revealed that the parasitoid was subject to a detrimental effect from the fungal infection,
depending on the time interval between infection and parasitism. The fungal infection was conducted
using sublethal concentrations (LCs) of Metarhizium anisopliae (Metschn.) Sorokin, 1883
(Hypocreales: Cordycipitaceae) at 0, 24, 48 and 72 hours (49) (Table 1). In another study on
interaction applications, application of M. anisopliae at a concentration of Cephalonomia
stephanoderis (Hymenoptera: Bethylidae), a parasitoid of the coffee berry borer, Hypothenemus
hampei Ferrari (Coleoptera: Curculionidae) (87) (Table 1). The exposure of adult parasitoids B.
hebetor and A. lopezi to the M. anisopliae isolate resulted in 100% mortality of both parasitoids,

indicating an antagonistic interaction (84).

5.3. Interactions with Lecanicillium muscarium- Verticillium lecanii

Recent studies with Lecanicillium have shown that this group can be used effectively in
combination with parasitoids. Mohamed and Hatcher (81) showed that the parasitoid A. colemani and
Lecanicillium muscarium (Zimm.) Zare & W. Gams, 2001 (Hypocreales: Cordycipitaceae) can be
used together to control M. persicae (Table 1). Another study investigated the interaction between the
aphid parasitoid Aphidius nigripes (Ashmead) (Hymenoptera: Braconidae) and the fungus Verticillium
lecanii (Zimm.) Viegas (Hypocreales: Cordycipitaceae). The findings showed that this interaction
depends on the timing of parasitism and infection (75). In a study evaluating the effects of V. lecanii
on the cereal aphids Rhopalosiphum padi (Linnaeus, 1758) (Hemiptera: Aphididae) and Sitobion
avenae (Fabricius, 1775) (Hemiptera: Aphididae), the aphids were first treated with V. lecanii and then
exposed to the parasitoid. The study concluded that the percentage of parasitism of A. colemani was
not affected by the fungus in both insects (92,93) (Table 1).

5.4. Interactions with Penicillium mallochii

In the study on the interaction between Penicillium mallochii K.G. Rivera, M. Urb & Seifert,
2012 (Eurotiales: Aspergillaceae) and the parasitoid Venturia canescens Gravenhorst (Hymenoptera:
Ichneumonidae) and the combined biological control of these two different control agents on Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae), different interaction scenarios were used. The effect of the
fungus on the pre-adult developmental period of the parasitoid, the survival time of parasitoids
hatched from dosed and dosed parasitized larvae, and the preference of the parasitoid over larvae
treated with and untreated with ethanol extract and conidia of the fungus were evaluated. As a result of
the dose applications after parasitism, it was observed that the number of adult emergence decreased
as the dose concentration increased. In addition, it was determined that adult longevity was shortened

at all doses and time intervals. In this case, the shortening of the life span of the parasitoid showed that
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there was an antagonistic interaction in the combined application of P. mallochii and V. canescens

during the dose application stage after parasitism in biological control studies (46) (Table 1).

5.5. Interactions with Nomuraea rileyi

Furthermore, it was observed that Heliothis zea Boddie (Lepidoptera: Noctuidae) larvae
infected with Nomuraea rileyi (Farl.) Samson, 1974 (Hypocreales; Clavicipitaceae) fungus one day
after parasitism inhibited the development of the parasitoid Microplitis croceipes Cresson
(Hymenoptera: Braconidae) (94) (Table 1).

The fungus N. rileyi has been shown to impede the development of the braconid parasitoid M.
croceipes in H. zea larvae infected one day after parasitism (94). The fungus, N. rileyi did not affect
the adults of the parasitoids, Voria ruralis (Fallen, 1810) (Diptera: Tachinidae), Cotesia
marginiventris Cresson, 1865 (Hymenoptera: Braconidae) and Campoletis sonorensis (Cameron,
1886) (Hymenoptera: Ichneumonidaea) when exposed to high concentrations of conidia (25 times

higher than used in field experiments) (95).

5.6. Interactions with Pandora neoaphidis

Although studies on this combination are scarce in the literature, the fungus Pandora
neoaphidis (Entomophthorales: Entomophthoraceae) was found to inhibit the development of the
parasitoid A. rhopalosiphi within four days of infection in aphids. It was also observed that P.

neoaphidis required 8-9 days to cause mortality in adult A. rhopalosiphi parasitoids (7).

5.7. Interactions with Isaria fumosorosea

The interactions between Tamarixia radiata (Waterston) (Hymenoptera: Eulophidae) and the
fungus Isaria fumosorosea (Hypocreales: Cordycipitaceae) on Diaphorina citri Kuwayama, 1908
(Hemiptera: Liviidae) (96) (Table 1). Topical application of a blastospore suspension (7x10°
conidia/mL) to nymphs parasitized by second-instar parasitoid larvae (three days post-parasitization)
resulted in a 50% reduction in host mummification and an 85% decrease in parasitoid emergence. In
contrast, when the fungus was applied to mummies containing fourth-instar larvae (six days after
parasitization), parasitoid emergence was unaffected. Similarly, fungal treatment of mummies
containing pupae (nine days post-parasitization) covered with blastospores also did not inhibit

parasitoid emergence.

5.8. Interactions with Zoophthora radicans

Adults of Cotesia plutellae (Kurdjumov) (Hymenoptera: Braconidae) were not susceptible to
Zoophthora radicans (Zygomycetes: Entomophthorales) (97), yet treatment of D. semiclausum adults
with the aforementioned fungus significantly reduced cocoon formation by P. xylostella larvae.
Although direct application of Z. radicans resulted in 90% mortality of D. semiclausum adults, studies

have demonstrated that the fungus did not transmit or infect P. xylostella populations (98) (Table 1).
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5.9. Interactions with Cordyceps javanica

The biocontrol agents Cordyceps javanica (Frieder. & Bally) Kepler, B. Shrestha & Spatafora,
2017 (Hypocreales: Cordycipitaceae) and Eretmocerus hayati (Hymenoptera: Aphelinidae) are
compatible when used jointly against Bemisia tabaci (Hemiptera: Aleyrodidae), resulting in more
effective pest control compared to their individual applications (77) (Table 1).

Table 1: Species-specific interactions in combined applications

EPFs PARASITOID HOST INSECT REFERENCES
B. bassiana E. formosa T. vaporariorum (78)

B. bassiana A. matricariae M. persicae 4)

B. bassiana D. rapae M. persicae (14)

B. bassiana Tamarixia sp. B. cockerelli (51,86)
B. bassiana C. stephanoderis H. hampei (87)

B. bassiana D. semiclausum P. xylostella (88)

B. bassiana A. ervi A. pisum (16)

B. bassiana A. atomus E. decipiens (90)

B. bassiana C. tarsalis O. surinamensis (91)
M. brunneum T. rapae D. radicum (89)
M. anisopliae H. hebetor H. armigera (49)
M. anisopliae C. stephanoderis H. hampei (87)

L. muscarium A. colemani M. persicae (81)

V. lecanii A. colemani R. padi (92)

V. lecanii A. colemani S. avenae (93)

P. mallochii V. canescens E. kuehniella (46)

N. rileyi M. croceipes H. zea (94)

1. fumosorosea T. radiata D. citri (96)

Z. radicans D. semiclausum P. xylostella (97,98)
C. javanica E. hayati B. tabaci (77)

6. Conclusion and Future Perspectives

The interplay between parasitoids and EPFs in pest management presents a multifaceted and
context-dependent dynamic shaped by species-specific traits, application timing, environmental
variables, and host physiology. These interactions may range from synergistic to antagonistic,
underscoring the importance of strategic compatibility particularly in terms of host stage targeting and
temporal alignment to enhance their combined biological control potential. Environmental conditions,
especially humidity and temperature, critically influence the efficacy of EPFs, whereas parasitoids
often display greater resilience. As such, careful microclimatic management can be instrumental in
synchronizing their application. However, inappropriate fungal formulations may inadvertently harm
parasitoids, highlighting the need for selective and targeted delivery systems. Additionally, host
immune responses, pest population density, and parasitoid behavior such as the tendency to avoid
infected hosts further complicate these interactions. Although theoretical frameworks support the
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integration of multiple biological control agents, practical success hinges on ecological optimization to
mitigate competition and IGP. Realizing the full potential of EPF—parasitoid integration within IPM
systems requires a holistic, interdisciplinary approach encompassing ecological modeling,
environmental surveillance, and scenario-based field experimentation. When grounded in scientific
evidence and adapted to field conditions, such integrated strategies offer a promising, sustainable
alternative for long-term pest suppression.

Acknowledgements
We gratefully acknowledge the support of TUBITAK-1001, The Scientific and Technological
Research Projects Funding Program (Project No: 1220398).

References

1. Labauda S, Griffin CT. Transmission Success of Entomopathogenic Nematodes Used in Pest
Control. Insects. 2018;9:72-91. doi.org/10.3390/insects9020072.

2. Gonzalez F, Tkaczuk C, Dinu MM, Fiedler Z, Vidal S, Zchori-Fein E, Messelink GJ. New
opportunities for the integration of microorganisms into biological pest control systems in
greenhouse crops. J Pest Sci. 2016;89(2):295-311. doi.org/10.1007/s10340-016-0751-x.

3. Mesquita ALM, Lacey LA. Interactions among the entomopathogenic fungus, Paecilomyces
fumosoroseus (Deuteromycotina: Hyphomycetes), the parasitoid, Aphelinus asychis (Hymenoptera:
Aphelinidae) and  their aphid host. Biol Control. 2001;22(1):51-59. doi.
0rg/10.1006/bcon.2001.0950.

4. Rashki M, Kharazi-Pakdel A, Allahyari H, Van Alphen, JIM. Interactions among the
entomopathogenic fungus, Beauveria bassiana (Ascomycota: Hypocreales), the parasitoid,
Aphidius matricariae (Hymenoptera: Braconidae), and its host, Myzus persicae (Homoptera:
Aphididae). Biol Control. 2009;50(3):324-328. doi.org/10.1016/j. biocontrol.2009.04.016.

5. Hochberg ME. Intra-host interactions between a braconid endoparasitoid, Apanteles glomeratus,
and a Dbaculovirus forlarvae of Pieris brassicae. J Anim Ecol. 1991a;60(1):51-63.
doi.org/10.2307/5444.

6. Hochberg ME. Extra-host interactions between a braconid endoparasitoid, Apanteles glomeratus,
and a baculovirus forlarvae of Pieris brassicae. J Anim Ecol. 1991b;60, 65-77.
doi.org/10.2307/5445.

7. Powell W, Wilding N, Brobyn PJ, Clark SJ. Interference between Parasitoids (Hym.: Aphidiidae)
and Fungi (Entomophthorales) Attacking Cereal Aphids. Entomophaga. 1986;31:293-302.
doi.org/10.1007/BF02373339.

8. Fransen JJ, van Lenteren JC. Host Selection and Survival of the Parasitoid, Encarsia formosa on

Greenhouse Whitefly, Trialeurodes vaporariorum in the Presence of Hosts Infected with the

156
Turk J App Sci Tech © TUBID



Guner et al., 2025

Fungus, Aschersonia aleyrodis. Entomol Exp Appl.1993;69:239-249. doi.org/10.1111/j.1570-
7458.1993.th01747 .x.

9. Beline T. Entomopathogenic Nematodes as Biocontrol Agents of Insect Pests. CAB Reviews.
2018;13:58. doi.org/10.1079/PAVSNNR201813058.

10.Straub CS, Finke DL, Snyder WE. Are the conservation of natural enemy biodiversity and
biological control compatible goals. Biol Control. 2008;45:225-237.
doi.org/10.1016/j.biocontrol.2007.05.013.

11.Roy HE, Pell JK. Interactions between entomopathogenic fungi and other natural enemies:
Implications  for  biological control.  Biocontrol Sci  Technol.  2000;10:737-752.
doi.org/10.1080/09583150020011708.

12.Roy H, Steinkraus DC, Eilinberg J, Hajek AE, Pell JK. Bizarre interactions and endgames:
entomopathogenic fungi and their arthropod hosts. Annu Rev Entomol. 2006;51:331-357.
doi.org/10.1146/annurev.ent0.51.110104.150941.

13.0rmond E, Thomas APM, Pell JK, Freeman SN, Roy HE. Avoidance of a generalist
entomopathogenic fungus by the ladybird, Coccinella septempunctata. FEMS Microbiol Ecol.
2011;77:229-237. doi.org/ 10.1111/j.1574-6941 .2011.01100.x.

14.Martins ICF, Silva RJ, Alencar DCC, Silva KP, Polanczyk RA. Interactions between the
Entomopathogenic Fungi Beauveria bassiana (Ascomycota:Hypocreales) and the Aphid Parasitoid
Diaeretiella rapae (Hymenoptera: Braconidae) on Myzus persicae (Hemiptera: Aphididae). J Econ
Entomol. 2014;107:933-938. doi.org/10.1603/EC13542.

15.Bayissa W, Ekesia S, Mohameda SA, Kaayab GP, Wagachab JM, Hanna R, Maniania NK.
Interactions among vegetable infesting aphids, the fungal pathogen Metarhizium anisopliae
(Ascomycota: Hypocreales) and the predatory coccinellid Cheilomenes lunata (Coleoptera:
Coccinellidae). Biocontrol Sci Technol. 2016;26(2): 274-290. doi.org/
10.1080/09583157.2015.1099148.

16.Baverstock J, Clark SJ, Alderson PG, Pell JK. Intraguild Interaction between the Fungus, Pandora
neoaphidis and an Aphid Predator at PopulationScales. J Invertebr Pathol. 2009;102:167-172.

17.Kim JJ, Kim KC, Roberts DW. Impact of the entomopathogenic fungus Verticillium lecanii on
development of an aphid parasitoid, Aphidius colemani. J Invertebr Pathol. 2005;88:254-256.
doi.org/ 10.1016/j.jip.2005.01.004.

18.Aiuchi D, Saito Y, Tone J, Kanazawa M, Tani M, Koike M. The effect of entomopathogenic
Lecanicillium spp. (Hypocreales: Cordycipitaceae) on the aphid parasitoid Aphidius colemani
(Hymenoptera: Aphidiinae). Appl Entomol Zool. 2012;47:351-357. doi.org/10.1007/s13355-012-
0125-7.

19.Emami F, Alichi M, Minaei K. Interaction between the Entomopathogenic Fungus, Beauveria

bassiana (Ascomycota: Hypocreales) and the Parasitoid Wasp, Aphidius colemani Viereck

157
Turk J App Sci Tech © TUBID



Guner et al., 2025

(Hymenoptera: Braconidae). J Entomol Acarol Res. 2013;45:205-209.
doi.org/10.4081/jear.2013.e4.

20.Demirbag Z, Nalgacioglu R, Kat1 H, Demir I, Sezen K, Ertiirk O. Entomopatojenler ve Biyolojik
Miicadele. Trabzon, Esen Ofset Matbaacilik; 2008.

21.Giiner P, Askun T, Er A. Entomopathogenic Fungi and Their Potential Role In The Sustainable
Biological Control of Storage Pests. Commagene J Biol. 2023;7(1):90-97.
doi.org/10.31594/commagene.1284354.

22.Chen W, Xie W, Cai W, Thaochan N, Hu Q. Entomopathogenic Fungi Biodiversity in the Soil of
Three Provinces Located in Southwest China and First Approach to Evaluate Their Biocontrol
Potential. J Fungi. 2021;7:984. doi.org/10.3390/j0of7110984.

23.Humber RA. Evaluation of Entomopathogenicity in Fungi. J Invertebr Pathol. 2008;98:262-266.
doi.org/10.1016/j.jip.2008.02.017.

24.Cho EM, Kirkland BH, Holder DJ, Keyhani NO. Phage display cDNA cloning and expression
analysis of hydrophobins from the entomopathogenic fungus Beauveria bassiana (Cordyceps).
Microbiol. 2007;153(10):3438-3447. doi.org/10.1099/mic.0.2007/008532-0.

25.Ye C, Song ZT, Wu W, Zhang NU, Saba L, Xing L. Endocuticle is involved in caste differentiation
of the lower termite. Curr Zool. 2021;67(5):489-499. doi.org/10.1093/cz/z0ab005.

26.Skinner M, Parker BL, Kim JS. Role of Entomopathogenic Fungi in Integrated Pest Management. J
Integr Pest Manag. 2014;169-191. doi.org/10.1016/B978-0-12-398529-3.00011-7.

27.0rtiz-Urquiza A, Keyhani, NO. Action on the surface: Entomopathogenic fungi versus the insect
cuticle. Insects. 2013;4(3):357-374. doi.org/10.3390/insects4030357.

28.Soliman NA. Toxicological and biochemical Effects of Beauveria bassiana (Bals.) on Peach fruit
fly, Bactrocera zonata (Saunders) Immature Stage. J Plant Prot Pathol. 2020; 11(11):579-585.
doi.org/10.21608/jppp.2020.133805.

29.Askun T, Er A, Giiner P, Deniz M. The Role of Fungal Chitinases in Biological Control: Advances
in Science and Mathematics;2024.

30.Pedrini N, Crespo R, Juarez MP. Biochemistry of insect epicuticle degradation by
entomopathogenic fungi. Comparative Biochemistry and Physiology Part C. Toxicol Pharmacol.
2007;146(1-2):124-137. doi.org/10.1016/j.cbpc.2006.08.003.

31.Santi L, Beys da Silva WO, Berger M, Guimaraes JA, Schrank A, Vainstein MH. Konidial surface
proteins of Metarhizium anisopliae: Source of activities related with toxic effects, host penetration
and pathogenesis. Toxicon. 2010;55(4):874-880. doi.org/10.1016/j.toxicon.2009.12.012.

32.Litwin A, Nowak M, Rozalska S. Entomopathogenic fungi: unconventional applications. Rev
Environ Sci Bio. 2020;19(1):23-42. doi.org/10.1007/s11157-020-09525-1.

33.Rahman MM, Roberts HLS, Schmid O. Factors affecting growth in the Venturia canescens in the
flour moth Ephestia kuehniella. J Insect Physiol. 2007;53:463—-467.
doi.org/10.1016/j.jinsphys.2007.01.007.

158
Turk J App Sci Tech © TUBID



Guner et al., 2025

34.Beckage NE, Gelman DB. Wasp parasitoid disruption of host development: implications for new
biologically based strategies for insect control. Annu Rev Entomol. 2004;49:299-330.
doi.org/10.1146/annurev.ent0.49.061802.123324.

35.Er A. Endoparazitoit Pimpla turionellae (L.) (Hymenoptera; Ichneumonidae) Zehiri ve
Parazitlemesinin Konak Hemositlerine Etkileri [Yaymlanmamig Doktora Tezi]. Balikesir,
Universitesi, Balikesir;2011.

36.Ueno T. Selective host-feeding on parasitized hosts by the parasitoid Itoplectis naranyae (Hym:
Ichneumonidae) and its implication for biological control. Bull Entom Res.1998;88:461-466.
doi.org/10.1017/S0007485300042206.

37.Lauziere I, Pérez-Lachaud G, Brodeur J. Effect of female body size and adult feeding on the
fecundity and longevity of the parasitoid Cephalonomia stephanoderis Betrem (Hymenoptera:
Bethylidae). Ann  Entomol Soc Am. 2000;93(1):103-109.  doi.org/10.1603/0013-
8746(2000)093[0103:EOFBSA]2.0.CO;2.

38.Corley JC, Villacide JM. Ecology and biological control. In Biological Control of Insect Pests in
Plantation Forests Cham. 2025. Springer Nature Switzerland, pp. 95-113.

39.0liveira CM, Auad, A.M., Mendes, S.M. and Frizzas, M.R. (2014) Crop Losses and the Economic
Impact of Insect Pests on Brazilian Agriculture. Crop Protection, 56:50-54.

40.Kumar P, Tiwari B, Singh S, Mishra SK, Mishra AK. Biological Control Predator and Parasitoids:
An Overview 2024

41.Harvey JA. Factors affecting the evolution of development strategies in parasitoid wasps: the
importance of functional constraints and incorporating complexity. Entomol Exp Appl.
2005;117:1-13. doi: 10.1111/j.1570-7458.2005.00348.x.

42.Santos AMC, Quicke DLJ. Large-scale diversity patterns of parasitoid insects: parasitoid diversity
patterns. Entomol Sci. 2011;14:371-382. doi.org/10.1111/j.1479-8298.2011.00481.x.

43.Van Lenteren JC. The state of commercial augmentative biological control: plenty of natural
enemies, but a frustrating lack of uptake. BioControl. 2012;57(1):1-20.

44 .Mackauer M. Growth and developmental interactions in some aphids and their hymenopteran
parasites. J Insect Physiol. 1986;32:275-280. doi.org/10.1016/0022-1910(86)90039-9.

45.Harvey JA, Harvey IF, Thomson DJ. Flexsible larval feeding allaws use of a range of host sizes by
aparazitoit wasp. Ecology. 1994;75:1420-1428. doi.org/10.2307/1937465.

46.Giiner P. Penicillium mallochii’nin DNA barkodlamasi ve siirdiiriilebilir biyolojik miicadelede
parazitoit Venturia canescens ile etkilesimleri [Yayinlanmamis Doktora Tezi]. Balikesir, Balikesir
Universitesi;2024.

47.Harvey JA. Factors affecting the evolution of development strategies in parasitoid wasps: the
importance of functional constraints and incorporating complexity. Entomol Exp Appl.
2005;117(1), 1-13.

159
Turk J App Sci Tech © TUBID



Guner et al., 2025

48.Abbas MST. Interactions between Entomopathogenic Fungi and Entomophagous Insects. Adv Ent.
2020;8:130-146. doi.org/10.4236/ae.2020.83010.

49 Jarrahi A, Safavi SE. Sublethal effects of Metarhizium anisopliae on life table parameters of
Habrobracon hebetor parasitizing Helicoverpa armigera larvae at different time intervals.
BioControl. 2016;61(2):167-175. doi.org/10.1007/s10526- 015-9707-y.

50.Araujo ES, Poltronieri AS, Poitevin CG, Miras-Avalos JM, Zawadneak MAC, Pimentel IC.
Compatibility between entomopathogenic fungi and egg parasitoids (Trichogrammatidae): A
laboratory study for their combined use to control Duponchelia fovealis. Insects. 2020;11:630.
doi.org/10.3390/insects11090630.

51.Tamayo-Mejia F, Tamez-guera P, Guzman-Franco AW, Gomez-Flores R. Can Beauveria bassiana
and Tamarixia triozae (Hym.: Eulophidae) Be Used Together for Improved Biological Control of
Bactericera  cockerelli (Hemiptera:  Triozidae)? Biol Control. 2015;90:42-48.
doi.org/10.1016/j.biocontrol.2015.05.014

52.0reste M, Bubici G, Poliseno M, Tarasco E. Effect of Beauveria bassiana and Metarhizium
anisopliae on the Trialeurodes vaporariorum-Encarsia formosa system. J Pest Sci. 2016;89:153-
160.

53.Fernandez-Grandon GM, Harte SJ, Ewany J, Bray D, Stevenson PC. Additive effect of botanical
insecticide and entomopathogenic fungi on pest mortality and the behavioral response of its natural
enemy. Plants. 2020;9:173. doi.org/10.3390/plants9020173.

54.Santos ALZ, Pinto CPG, Fonseca SS, de Azevedo EB, Polanczyk RA, Rossi GD. Immune
interactions, risk assessment and compatibility of the endoparasitoid Cotesia flavipes parasitizing
Diatraea saccharalis larvae exposed to two entomopathogenic fungi. Biol Control.
2022;166:104836. doi.org/10.1016/j.biocontrol.2022.104836.

55.Akbari S, Mirfakhraie S, Aramideh S, Safaralizadeh MH. Effect of fungal isolates and imidacloprid
on cabbage aphid Brevicoryne brassicae and its parasitoid Diaeretiella rapae. Zemdirbyste-
Agriculture. 2020;107:255-262. doi.org/10.13080/z-a.2020.107.033.

56.Aguila LCR, Akutse KS, Ashraf HJ, Bamisile BS, Lin J, Dai J, Wang H, Wang L. The survival and
parasitism rate of Tamarixia radiata (Hymenoptera: Eulophidae) on its host exposed to Beauveria
bassiana (Ascomycota: Hypocreales). Agronomy. 2021;11:1496.
doi.org/10.3390/agronomy11081496.

57.Ibarra-Cortes KH, Gonzalez-Hernandez H, Guzman-Franco AW, Ortega-Arenas LD, Villanueva-
Jiménez JA, Robles-Bermudez A. Interactions between entomopathogenic fungi and Tamarixia
radiata (Hymenoptera: Eulophidae) in Diaphorina citri (Hemiptera: Liviidae) populations under
laboratory conditions. J Pest Sci. 2018;91:373-384. doi.org/10.1007/s10340-017-0870-z.

58.Allahyari R, Aramideh S, Michaud JP, Safaralizadeh MH, Rezapanah MR. Behavioral and
developmental responses of Habrobracon hebetor (Hymenoptera: Braconidae) to larvae of
Helicoverpa armigera (Lepidoptera: Noctuidae) inoculated with various concentrations of Bacillus

160
Turk J App Sci Tech © TUBID



Guner et al., 2025

thuringiensis ~ var.  kurstaki  (Bacillales: Bacillacae). J Insect Sci. 2020;20:129.
doi.org/10.1093/jisesa/ieaal29.

59.Cai Y, Fan J, Sun S, Wang F, Yang K, Li G. Pang Y. Interspecific interaction between Spodoptera
exigua multiple nucleopolyhedrovirus and Microplitis bicoloratus (Hymenoptera: Braconidae:
Microgastrina) in Spodoptera exigua (Lepidoptera: Noctuidae) larvae. J. Econ. Entomol.
2012;105:1503-1508. doi.org/10.1603/EC12077.

60.Escribano A, Williams T, Goulson D, Cave RD, Chapman JW, Caballero P. Consequences of
interspecific competition on the virulence and genetic composition of a nucleopolyhedrovirus in
Spodoptera frugiperda larvae parasitized by Chelonus insularis. Biocontrol Sci Technol.
2001;11:649-662. doi.org/10.1080/09583150120076193.

61.Ferguson KI, Stiling P. Non-additive effects of multiple natural enemies on aphid
populations. Oecologia. 1996;108, 375-379.

62.Brodeur J, Rosenheim JA. Intraguild interactions in aphid parasitoids. Entomol Exp Appl.
2000;97(1),93-108. https://doi.org/10.1046/j.1570-7458.2000.00721.x

63.Vidal S, Fargues J. Impact of fungal entomopathogens on parasitoids. In L. A. Lacey (Ed.), Field
Manual of Techniques in Invertebrate Pathology. 2007. Springer; pp. 339-361.

64.Faria MR, Wraight SP. Mycoinsecticides and Mycoacaricides: A comprehensive list with
worldwide coverage and international classification of formulation types. Biol Control. 2007;43(3),
237-256. https://doi.org/10.1016/j.biocontrol.2007.08.001

65.Pasandideh A, Talebi AA, Hajiganbar H, Tazerouni Z. Host stage preference and age-specific
functional response of Praon volucre (Hymenoptera: Braconidae, Aphidiinae) a parasitoid of
Acyrthosiphon pisum (Hemiptera: Aphididae). J Crop Prot. 2015;4:563-575.

66.Stacconi MVR, Buffington M, Daane KM, Dalton DT, Grassi A, Kacar G, Miller B, Miller JC,
Baser N, loriatti C, Walton VM. Host stage preference, efficacy and fecundity of parasitoids
attacking Drosophila suzukii in newly invaded areas. Biol Control. 2015;84:28-35.

67.Grasman J, Van Herwaarden OA, Hemerik L, Van Lenteren JC. A two-component model of host—
parasitoid interactions: determination of the size of inundative releases of parasitoids in biological
pest control. Math. Biosci. 2001;169(2), 207-216.

68.Van Lenteren JC. Integrated pest management in protected crops. Integrated pest management:
principles and systems development, 1995.

69.Rakhshani E, Talebi AA, Kavallieratos N, Fathipour Y. Host stage preference, juvenile mortality
and functional response of Trioxys pallidus (Hymenoptera: Braconidae, Aphidiinae). Biologia.
2004; 59 (2): 197-204.

70.1senhour DJ. Campoletis sonorensis [Hym.: Ichneumonidae] as a parasitoid of Spodoptera
frugiperda [Lep.: Noctuidae]: Host stage preference and functional response. BioControl.
1985;30(1):31-36.

161
Turk J App Sci Tech © TUBID



Guner et al., 2025

71.Yazdani M, Feng Y, Glatz R, Keller MA. Host stage preference of Dolichogenidea tasmanica
(Cameron, 1912) (Hymenoptera: Braconidae), a parasitoid of Epiphyas postvittana (Walker, 1863)
(Lepidoptera: Tortricidae). Austral Entomol. 2015;54(3):325-331.

72 Nielsen C, Skovgard H, Steenberg T. Effect of Metarhizium anisopliae (Deuteromycotina:
Hyphomycetes) on survival and reproduction of the filth fly parasitoid, Spalangia cameroni
(Hymenoptera: Pteromalidae). Environ Entomol. 2005;34(1):133-139.

73.Mas NG, Medina MC, Sanchez FG, Moraga EQ. Bottom-up effects of endophytic Beauveria
bassiana on multitrophic interactions between the cotton aphid, Aphis gossypii, and its natural
enemies in melon. J Pest Sci. 2019;92:1271-1281. doi.org/10.1007/s10340-019-01098-5.

74.Brobyn P, Clark SJ, Wilding N. The Effect of Fungus Infection of Metopolophium dirhodum
[Hom.:Aphididae] on the Oviposition Behaviour of he Aphid Parasitoid Aphidius rhopalosiphi
[Hym.: Aphidiidae]. Entomophaga. 1988;33:333-338. doi.org/10.1007/BF02372623.

75.Askary H, Brodeur J. Susceptibility of Larval Stage of the Aphid Parasitoid, Aphidius nigripes to
the Entomopathogenic Fungus Verticillium lecanii. J Invertebr Pathol. 1999;73:129-132.
doi.org/10.1006/jipa.1998.4824.

76.Quesada-Moraga E, Garrido-Jurado I, Yousef-Yousef M, Gonzalez-Mas N. Multitrophic
interactions of entomopathogenic fungi in biocontrol. BioControl. 2022;67:457-472.
doi.org/10.1007/s10526-022-10163-5.

77.0u D, Ren LM, Liu Y, Ali S, Wang XM, Ahmed MZ, Qiu BL. Compatibility and efficacy of the
parasitoid Eretmocerus hayati and the entomopathogenic fungus Cordyceps javanica for biological
control of whitefly Bemisia tabaci. Insects. 2019;10(12):425. doi.org/10.3390/insects10120425.

78.Avery PB, Jane Faull J, Simmonds MSJ. Effects of Paecilomyces fumosoroseus and Encarsia
formosa on the control of the greenhouse whitefly: Preliminary assessment of a compatability
study. BioControl. 2008;53(2):303-316. doi.org/10.1007/s10526-007-9073-5.

79.Labbe RM, Gillespie DR, Cloutier C, Brodeur J. Compatibility of an entomopathogenic fungus
with a predator and a parasitoid in the biological control of greenhouse whitefly. Biocontrol Sci
Technol. 2009;19(4):429-446. doi.org/10.1080/09583150902803229.

80.Huang Z, Sahar F, Ren S, Ali S. Effect of Isaria fumosoroseus on Eretmocerus sp. nr. furuhashii
(Hymenoptera: Aphelinidae), a Parasitoid of Bemisia tabaci (Hemiptera: Aleyrodidae). Pak J Zool.
2010;42(2):121-127.

81.Mohammed AA, Hatcher PE. Combining entomopathogenic fungi and parasitoids to control the
green peach aphid Myzus persicae. Biol Control. 2017;110:44-55.

82.Garcia FRM, Brida AL, Martins LN, Abeijon LM, Luntinski CJ. Biological control of fruit flies of
the genus Anastrepha (Diptera: Tephritidae): Current status and perspectives. In: Davenport L ed.
Biological Control: Methods, Applications and Challenges. 2017; Nova Science Publishers;
Hauppauge, NY, USA; pp. 29-71.

83.Tanada Y, Kaya HK. Insect pathology. Academic press;2012.

162
Turk J App Sci Tech © TUBID



Guner et al., 2025

84.Danfa A, Van den Valk HCHG. Laboratory Testing of Metarhizium spp. and Beauveria bassiana
on Sahelian Non-Target Arthropods. Biocontrol Sci  Technol. 1999;9:187-198.
doi.org/10.1080/09583159929776

85.Jaber LR, Araj SE. Interactions among endophytic fungal entomopathogens (Ascomycota:
Hypocreales), the green peach aphid Myzus persicae Sulzer (Homoptera: Aphididae), and the aphid
endoparasitoid Aphidius colemani Viereck (Hymenoptera: Braconidae). Biol Control. 2018;116:53-
61. doi.org/10.1016/j.biocontrol.2017.04.005.

86.Tamayo-Mejia F, Tamez-Guerra P, Guzman-Franco AW, Gomez-Flores R. Developmental Stage
Affects Survival of the Ectoparasitoid, Tamarixia triozae Exposed to the Fungus Beauveria
bassiana. Biol Control. 2016;93:30-36. doi.org/10.1016/j.biocontrol.2015.11.006.

87.Avristizabal I, Pardey A, Cordoba BC. Effect of Beauvaria bassiana and Metarhizium anisopliae on
the Coffee Berry Borer Parasitoid, Cephalonomia stephannoderis. Rev Colomb Entomol.
1995;21:199-204.

88.Madurappulige P. Effect of Beauveria bassiana on Diadegma semiclausum (Ichneumonidae), a
Parasitoid of Plutella xylostella (Lep.: Yponomeutidae). [PhD Thesis]. Lincoln University,
Lincoln; 2005.

89.Rannback LM, Cotes B, Anderson P, Ramert B, Meyling, NV. Mortality Risk from
Entomopathogenic Fungi Affects Oviposition Behavior in he Parasitoid Wasp Trybliographa
rapae. J Invertebr Pathol. 2014;124:78-86. doi.org/10.1016/j.jip.2014.11.003.

90.Tounou AK, Agboka A, Poehling HM, Ranpack K, Borgemeister C. Evaluation of the
Entomopathogenic  Fungi  Metarhizium anisopliae  and  Paecilomyces fumosoroseus
(Deuteromycotina: Hyphomycetes) for Control of he Green Leafhopper Empoasca decipiens
(Homoptera: Cicadellidae) and Potential Side Effects on the Egg Parasitoid Anagrus atomus
(Hymenoptera: Mymaridae). Biocontrol Sci Technol. 2003;13:715-728.
doi.org/10.1080/09583150310001606534.

91.Lord J. Response of the Wasp Cephalonomia tarsalis (Hymenoptera: Bethylidae) to Beauveria
bassiana (Hyphomycetes: Moniliales) as Free Conidia or Infection in Its Host, the Sawtoothed
Grain Beetle, Oryzaephilus surinamensis (Coleoptera:Silvanidae). Biol Cont 2001;21:300-304.
doi.org/10.1006/bcon.2001.0942.

92.Aqueel M, Leather SR. Virulence of Verticillium lecanii (Z.) against Cereal Aphids: Does Timing
of Infection Affect the Performance of Parasitoids and Predators? Pest Manag Sci. 2013;69:493-
498. doi.org/10.1002/ps.3398.

93.Hall RA. The Fungus, Verticillium lecanii as a Microbial Insecticide against Aphids and Scales. In:
Burges, HD, 1981. Ed., Microbial Control of Pest and Plant Diseases, 1970-1980, Academic Press,
San Diego.

163
Turk J App Sci Tech © TUBID



Guner et al., 2025

94.King EG, Bell V. Interaction between a Braconid, Microplitis croceipes, and a Fungus, Nomuraea
rileyi, in Laboratory-Reared Bollworm Larvae. J Invertebr Pathol. 1978;31:337-340.
doi.org/10.1016/0022-2011(78)90225-2.

95.Ignoffo CM. The Fungus Nomuraea rileyi as a Microbial Insecticide. In:Burges, HD, 1981. Ed.,
Microbial Control of Pests and Plant Diseases , 1970-1980, Academic Press, San Diego.

96.Chow A, Dunlap CA, Jackson MA, Flores D, Patt JM, Setamou M. Oviposition Behavior and
Survival of Tamarixia radiata (Hym.: Eulophidae), an Ectoparasitoid of Diaphorina citri (Hem.:
Liviidae) on Hosts Exposed to the Entomopathogenic Fungus Isaria fumosorosea (Hypocreales:
Cordycipitaceae) under Laboratory Conditions. J Econ Entomol. 2016;1-11.

97.Furlong MJ, Pell JK. Conflicts between a Fungal Entomopathogen Zoophthora radicans and Two
Larval Parasitoids of the Diamond-Back Moth. J Invertebr Pathol. 2000;76:85-94.
doi.org/10.1006/jipa.2000.4943.

98.Furlong MJ, Pell JK. Interaction between the Fungus Entomopathogen Zoophthora radicans
Brefeld (Entomophthorales) and Two Hymenopteran Parasitoids Attacking the Diamond-Back
Moth, Plutella xylostella. J Invertebr Pathol. 1996;68:15-21. doi.org/10.1006/jipa.1996.0053.

164
Turk J App Sci Tech © TUBID



