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Augmentative biological control with parasitoids and predators
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Entomopathogenic fungi are considered to be an important 

factor regulating pest insect populations and one of the best 

candidates for biological control of aphids 

Verticillium longisporum 

Beauveria bassiana 

Erynia neoaphidis 

Pandora neoaphidis 

Entomophthora aphidis 

Entomophthora planchoniana



Fungi of the Order Entomophthorales

are the major fungal pathogens of aphids 

• 33 entomophthoralean species

organized into 9 genera have

been recorded in aphid hosts

• none of the species of this order

have been developed as

commercial biological control

products



Entomophthoralean fungi are characterized by:

• FAST DISEASE DISPERSAL in dense colonies

• HIGH REPRODUCTIVE RATE which enable them to spread fast (short infection

cycle, conidia are forcibly discharged from conidiophores

• effectiveness at LOW TEMPERATURES 

• possibility to enhance DISPERSAL 

OF CONIDIA THROUGH 

NON-TARGET INSECTS



Entomophthoralean fungi are characterized by:

• high HOST SPECIFICITY

*augmentative 

biological control

• surviving and PERSISTING IN THE 

ENVIRONMENT as resting spores 

*conservational

biological control
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Inducing epizootics by introducing inoculum of 

infected aphids into the crop

Banker 
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Artificial 

infection

Introducing 

in crops



Banker plants

The grain aphid Sitobion avenae was 

reared on seedlings of winter wheat.

One banker plant unit consisted of a small 

transparent 200 ml plastic cup with 

approximately 200 winter wheat seedlings (9 g) 

grown on a small layer of peat.



Pandora neoaphidis was recovered from a 

natural outbreak in an organic greenhouse 

from The Netherlands in 2014 and it was 

preserved in laboratory by successive infection 

of healthy peach aphids (Myzus persicae - red 

phenotype) from Wageningen rearing.

Artificial infection

Detached leaf bioassay



Artificial infection

Keller, S. (2007) Entomophthorales: Biology, Ecology, Identification. COST Action 842. EUR 22829.

The grain aphids from banker plants were exposed directly to “conidia showers“ by putting 

6-10 P. neoaphidis infected and unsporulated peach aphids on wet tissue above the banker 

plants infested with healthy grain aphids. The methods used for infection of aphids by P. 

neoaphidis were based on the detached leaf bioassay and “shower conidia” method as 

described by Keller (2007).



Artificial infection

Second protocol: putting P. neoaphidis infected and unsporulated peach 

aphids on cut leaves between the healthy grain aphids ...

...and covering the plants in a plastic

bag for 24 hours at 18 0C, after

misting all aphids with water.



Artificial infection

The mean time for infection is 4.5 hours at 100%RH, 

20 0C and sporulation begins within 2 hours of aphid 

death (Keller, 2007).

The lethal time is 3-5 days at incubation 

temperatures above 20 0C, whereas it is much 

higher at lower temperatures (Nielsen et al., 2001).

Nielsen, C., Eilenberg, J., and Drumm, K. (2001). Entomophthorales

on cereal aphids: characterisation, growth, virulence, epizootiology

and potential for microbial control. København: Frontlinien,

Miljøministeriet. (Bekæmpelsesmiddelforskning fra Miljøstyrelsen;

No. nr. 53).



Introducing in crops

The banker plant cups were pierced with an s-shaped iron wire for hanging them in the right 

position in the top of a pepper plant (this position enabled P. neoaphidis to shoot the conidia 

on the target aphids in the pepper plants below the banker plants).

Five days after artificial infection, each banker

plant contained 30-50 infected aphids. Growers

were provided with 30 of those Pandora banker

plant units per aphid outbreak.

The system of 

introducing “Pandora 

bankers” has been 

applied by 8 organic 

greenhouse growers in 

The Netherlands with 

various results.



Results

The introduction of Pandora banker plants

resulted only in one of all 8 greenhouses in

an epizootic of P. neoaphidis. The infection

of aphids was in this case very high with

aphids colonies on every plant and serious

damage to the crop.

P. neoaphidis was introduced twice in ten

days. Three weeks after the second

introduction, all aphids in the greenhouse

were dead through an infection by

P. neoaphids.

High humidity levels were achieved with mist foggers during two days from 22:00

till 2:00. In this period the temperature was reduced to 16 0C.



Results

In all other cases, P. neoaphidis did not 

succeed, or only a limited number of aphids 

were infected.

The reasons for this are:

• Aphids were controlled by other natural 

enemies, like Aphidoletes aphidimyza

• The aphid densities at the time of 

application were too low

• The temperatures during the day were 

probably too high 

• The high humidity levels were not 

achieved









Thank you!
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