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Research concept

• Formulation: transfer of an active ingredient into an applicable form such as capsules, layers 
or sprays. 

• A suitable formulation improves product characteristics: 
• increased stability 
• shelf life
• increased efficacy by slow or controlled release depending on the material properties 

and the physico-chemical and biochemical environment 

• novel materials, methods and technology that are needed to fill the gap

„What happens inside a formulation?“

the relationship between formulation material structures and their properties
beneficial interaction of the formulation materials with the active ingredient
control communication with the environment

capsules layers sprayables

Formulation of Biologicals
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Attract-and-kill

Attract-and-Kill

CO2

Larvae are attracted by an artificial CO2

source and are controlled by an 

bioinsecticidal compound 

Larvae use CO2 to locate the 

roots of living plants 

(Klingler, 1957; Doane, 1975)

CO2

• Heavy crop losses due to
various soil-borne pest 
insects, e.g. wireworms

• Difficult control with soil
insecticides

• National action plan on the 
sustainable use of plant 
protection products → 
Reduce input of 
chemical pesticides

of soil-borne pest insects
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Projects

Attract-and-Kill

Attract = CO2

Kill = Neem
Attract = CO2

Kill = M. 

brunneum

NeemAzal® technical:

• Purified active ingredients of the 

seed kernels of the tropical Neem

tree

• Contains 33% Azadirachtin A

• Eco-friendly insecticide

 Harmless to bees

 No restrictions for water 

protection

http://openi.nlm.nih.gov/imgs/rescaled512/3153281_toxins-02-01943-g005.png

Metarhizium brunneum:

• Entomopathogenic fungi

• Soil born

• Wireworms are natural hosts

• Biocontrol agent

• Encapsulation prevents 

displacement of conidia in soil

© M.Schumann
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Attract-and-Kill

Field trials

Hameln
Cultivar: Ditta Basis 

η = 60%     η = 78%

a

b

b

Significant reduction of wireworm

damage in field trials

Attract-and-Kill with Neem
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Attract-and-Kill

Innovationspreis 2016 des Landkreises Göttingen

Bernard Blum Award 
for Novel Biocontrol 

Solutions
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KILL: Metarhizium flavoviride

• Entomopathogenic fungi

• Isolated from a German Ixodes 

ricinus adult

• Ticks are natural hosts

• Biocontrol agent

• Proven to be virulent to I. ricinus

biological tick control agent

Attract-and-Kill – BIOZEC 

ATTRACT: CO2 and Semiochemicals

• Baker’s yeast for CO2 production

• Specific CO2 receptors in ticks 

• Successful preliminary tests on 

the attraction of Ixodes ricinus

• Novel bioassay was developed for 

attraction and aggregation of ticks
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Attract-and-Kill

PICTA-KILL

• Cacopsylla picta: Vector of Candidatus Phytoplasma mali, the infectious agent of 

apple proliferation

• Annual economic loss of a three-digit-million range in Europe

• No direct measures to combat apple proliferation

• Control of the vector
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Colonization

Penetration

Sprays

Seed 
coatings

Beads

Repellent effect Penetration
Colonization

Virulent 
effect

Screening

Cultivation

Fermentation Formulation and Application

Active fungal biomass

Formulation adjuvants

Penetration adjuvants

Systemic protection from herbivorous insect pests

Biocontrol with endophytes
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Entomovectoring

Delivery of microorganisms via arthropods

Two-way dispensers for bumble bees

(Houle)

Flying Doctors Hive (bumble bee)
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Entomovectoring

Delivery of microorganisms via arthropods

Formulations: stability of BCA and vector compatibility

Smagghe, G., Mommaerts, V., Hokkanen, H., Menzler-Hokkanen, I. (2015) Multitrophic

Interactions: The Entomovector Technology
IN: Arthropod-plant interactions – novel insights and approaches for IPM. Springer. Smagghe, G. & Diaz, I. (eds.)

Peng et al. (1992)

What about microorganisms in the insect?
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Entomovectoring

Delivery of microorganisms via arthropods

Karise et al., 2015,

J. Pest. Sci. 
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aphid

medium

mass production of the 

beneficial insect 

Chrysoperla (green 

lacewing)

Artificial insect diets
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Working group Patel


