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Abstract

The mass of Trichogramma wasp larvae, recognized as a vital agent for pest biocontrol in Iran,
is produced primarily in the form of Trichocards. These bacteria are utilized for the biocontrol
of key and significant pests, such as rice stem borers, corn stem borers, apple worms, and
pomegranate fruit worms. However, the application of this formulation presents several
drawbacks, including the difficulty of installing cards across fields and orchards, the
destruction of larvae by predatory insects, and the sensitivity of larvae to dryness and high
temperatures, which can impair the effectiveness of the method. Alternative formulations such
as capsules, balls, and liquids have been introduced in various countries to address these
application issues. These alternatives offer advantages such as increased durability of larvae
under adverse conditions, increased lifespan and efficiency of wasps, reduced production costs,
faster operational speed, and greater willingness among farmers and orchardists to adopt
biological methods. Given that the method of supplying Trichogramma larvae has remained
unchanged in its production stages over the past 30 years in Iran, a continuous dynamic growth
trend in the application of Trichogramma wasps will undoubtedly require a reassessment of
various supply stages and an improvement in the production process.
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Introduction

Trichogramma species are considered among the most important natural enemies of
pests and have the potential to reduce pest populations. They exhibit a wide variety of searching
behaviors, host preferences, and responses to environmental conditions; therefore, their stability
and durability for use in biological control programs differ. Failure to control agricultural pests
through the parasitism of pest eggs by wasps may be due to the use of inappropriate
Trichogramma strains [1]. It is essential to adopt a more comprehensive perspective on
agricultural science across its various disciplines. Furthermore, there is a need to implement
innovative methods and procedures, moving away from traditional approaches that have been
employed for many years, to transform the current situation and achieve improved and more
sustainable outcomes [2—5].
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Numerous efforts have been made over the past decade to improve the efficacy of
Trichogramma wasps; however, the outcomes appear to be insufficient at this time [6]. Various
researchers have reported differences between strains of a species and emphasized the
importance of selecting a specific strain. Other limitations include the need for vegetation cover
and humidity in the orchard environment, difficulties in release operations, adherence to
transport and release standards, and damage from predators such as ants and beetles from the
Coccinellidae family [7]. There are serious problems and needs for the practical use of these egg
parasitoids in different countries, which are very common and include low quality and high
production costs, short shelf life, mixing of species or unwanted strains with the main species,
the need for appropriate training and promotion, standardization of quality control methods for
producing Trichogramma, insufficient studies evaluating the impact of using Trichogramma,
distinguishing the role of these factors from other factors that reduce pest damage, a lack of
suitable release equipment, and losses caused by predators [8], [9].

Materials and Methods

The Trichogramma wasp is released in the form of pupae, which are transferred and
released inside the host egg. The parasitized pupae are distributed just before the emergence of
adult wasps in the field. In some Latin American countries, wasps are also released after their
emergence [10]. The parasitized host eggs can be mixed with a carrier material for distribution
or glued onto cards or inside paper capsules that are later placed on or attached to the crop, or
they can be placed inside small balls and scattered over the field or orchard [1].

Results and Discussion
1. Trichocard

Pupae of different ages are glued onto cardboard, known as Trichocard, which can be
installed on fruit tree branches or agricultural plants. The parasitoids gradually emerge over a
period of 14 days and begin searching for eggs by walking or flying. The cards should be kept in
a warm, humid place away from direct sunlight to complete the insect growth cycle (Figure 1
and figure 2). Depending on the ambient temperature, wasps appear within 2-5 days, with the
optimal temperature being between 26-32 degrees Celsius; lower temperatures (up to 4.5
degrees Celsius) delay emergence. Wasps typically emerge in the morning. To increase
efficiency before release, parasitized grain moth eggs are incubated in glass containers, paper
bags, or other sealed containers. This can be accomplished by cutting the cards into squares and
placing them inside a slit of a paper cup. The cup's opening is folded twice on both sides and
sealed, when the adult Trichogramma begins to emerge and crowd, the cups can be used. They
can be opened and placed on plants or have small holes made on each side to protect unhatched
eggs from predators and moisture. A source of honey that is dry enough that wasps do not stick
to it helps improve honey efficiency [11]. The simplest method is to use a sharp tool such as a
scalpel to create a very thin layer of honey inside containers with wasps. Excessive amounts of
this substance cause adult insects to stick to it. Another method involves placing honey-coated
papers inside glass containers or paper cups. Adding honey to emerging wasps increases their
ability to search for pest eggs, potentially increasing their lifespan up to four times and
increasing the number of eggs they lay [12].

2. Liquid formulation

In this type of formulation, a mixture of water and a thickening agent (polyacrylic)
surrounds the pupae. The presence of this thickening agent minimizes the movement of the
pupae. This mixture can be applied to foliage at a specific dosage. The tools used for distributing
the liquid must be gentle on the pupae. The simplest tools are liquid soap dispensers that can be
attached to 2-5 liter bottles. The cost of liquid formulations is lower and offers advantages such
as higher emergence rates and greater survival of Trichogramma in the environment [13]. Wasps
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emerge within 2 to 5 days depending on the environmental temperature, with approximately
2000 eggs present per milliliter of this liquid formulation [14].

Figure 1. Rearing Trichogramma wasps: A step-by-step process: The process of rearing
Trichogramma wasps for their production involves several distinct stages. First, the Angoumois
grain moth (Sitotroga cerealella) is reared on barley to produce the host eggs necessary for
rearing. Next, the eggs of the Angoumois grain moth are extracted, and Trichogramma wasps
are reared on these eggs. The pupae of Angoumois grain moth parasitized by Trichogramma
wasps are subsequently separated and prepared for release in agricultural fields or orchards.

Figure 2. llustration of a Trichogramma adult wasp (left) and a Trihocard employed in a rice
field (right).

3. Capsules
Using capsules is an easy and effective method for distributing Trichogramma. This type
of formulation is particularly useful in areas with high rainfall or where parasitized eggs need
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protection from predators. Each capsule contained at least 1000 parasitized moth eggs. If the
wasps are stored at the temperature indicated on them, wasps will start emerging from the time
they are packaged [15]. Cooler temperatures prolong emergence, whereas higher temperatures
accelerate emergence. The package containing capsules may include small transparent bubbles
containing parasitized eggs as indicators for wasp emergence; wasps inside these bubbles will
appear approximately 24 hours before those inside capsules, indicating when capsules should be
placed in orchards [9], [16].

4. Balls

These balls are easily transported and can be quickly scattered over fields or gardens.
Additionally, this type of formulation protects Trichogramma from predation by animals such as
birds and certain beetles (Coccinellidae family) as well as green lacewings (Chrysoperla carnea)
[17]. These balls maintain their shape even after heavy rain or irrigation. Furthermore, the
materials used in these packages prolong the hatching time and duration of Trichogramma
activity, leading to better treatment outcomes. Each ball has a diameter of 2 centimeters and is
suitable for aerial or tractor distribution because of its good flight characteristics [18].

Discussion

In Iran, Trichogramma is used exclusively through the preparation and application of
trichocards. These cards are highly sensitive to adverse environmental conditions such as high
temperatures and rainfall and can easily be destroyed by predators such as ants. Unfortunately,
since production began using this type of formulation, few changes have been made to address
its issues. Farmers face specific difficulties related to the transportation, storage, and installation
of Trichocards, which negatively impacts the expected results, increases consumption per
hectare, and ultimately challenges widespread adoption. Improving current Trichocard
formulations and enhancing emerged insects with honey strips while studying and utilizing other
forms used globally—such as liquids, capsules, and balls—could attract attention from technical
research sectors in the country [19]. These favorable results could lead to mass production aimed
at improving the efficacy of this natural enemy against pests such as apple worms, pomegranate
fruit borers, and rice stem borers, addressing gaps between research and implementation in
biocontrol strategies for various agricultural pests that require more effective technical
interventions [20].

Future studies

The effectiveness of Trichogramma wasps as biological control agents has been widely
studied, there remains a significant need for future research to increase their application in pest
management strategies [21]. However, despite their potential, the commercial use of these wasps
in agricultural settings, such as rice paddies, is still limited because several factors warrant
further investigation. Trichogramma wasps can achieve high parasitism rates under laboratory
conditions. This discrepancy highlights the challenges faced when transitioning from laboratory
to field applications. Factors such as environmental conditions, the presence of competing
species, and the physical characteristics of pest egg masses can influence the effectiveness of
wasps [22]. To address these limitations, future studies should focus on several key areas, such
as field trials across diverse conditions, optimization of release strategies, behavioral studies,
and integration with other control methods. While Trichogramma wasps present a viable option
for biological pest control, ongoing research is vital to overcome existing challenges and
optimize their use in agriculture. By addressing the gaps in current knowledge through targeted
studies on effectiveness, release strategies, behavior, integration with other methods, and
ecological impacts, researchers can better harness the potential of these parasitoids for
sustainable pest management [23].
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Conclusion

The study findings indicate that the application of Trichogramma wasps through
innovative formulations significantly enhances their effectiveness as natural biocontrol agents
for agricultural pests. The approach fills the gap between research and practice in biocontrol
interventions by addressing the need for more effective technical interventions. Therefore,
applying Trichogramma wasps through such formulations is strongly recommended.
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