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The Use of Pathogens in Biological Control

Insects, like most other groups of animals, are susceptible to 
diseases.
Disease is the impairment of normal physiological function.
Pathogens are transmissible agents of a disease.
Pathogens enter the insect body either passively, during 
feeding, or actively, via natural orifices or by penetrating 
directly through the cuticle.
Once inside the insect, pathogen multiplies rapidly, eventually 
killing the host by the production of toxic substances or by 
depletion of its nutrients.
Most pathogens exhibit high host specificity and some, 
especially viruses, may infect only a single genus or species 
of host.



Virus
Baculovirus (NPV, GV, NOV)

Bacteria
Bacillus thuringiensis, B. sphaericus, B. popilliae

Protozoa

The Use of Pathogens in Biological Control
NPV (Baculoviridae)
infecting Spodoptera 

exempta larvae  (Lep.: 
Noctuidae) showing 
flaccid body in an 

inverted V.

Amblyospora sp. (Protozoa: Microspora) infection of 
mosquito larva (centre and right) (Dipt.; Culicidae).



Small (less than 1-3 mm) terrestrial nematodes. Mostly parasites of soil-inhabiting insects. 
Life cycle include egg and 4 larval stages. 
Nematodes have mutualistic relationship with bacteria that they harbour in their alimentary 
tract. 
These bacteria kill the insect after the nematode has invaded the host body. 
Nematodes produce quasi-resistant larval stage, so-called ‘dauer larva’, which is actually 
the 3rd larval instar surrounded by the moulted cuticle of the L2.
The dauer larva infects host via the mouth, anus or spiracles. In the hemocoel, nematode 
begins to feed ion hemolymph. 
Nematodes feed on the bacteria and the tissue of the dead insect host. 
Usually after 2-3 generations nematodes leave the host, i.e., after 1-2 weeks thousands of 
dauer larvae leave the cadaver. 
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Steinernematidae and Heterorhabitidae
Life cycle



The Use of Pathogens in Biological Control
Entomopathogenic Nematodes (EPNs)

Fungus gnats and Steinernema feltiae and S. carpocapsae

S. carpocapsae dauer larvae
attacking fungus gnat larvaHealthy fungus gnat larva



The Use of Pathogens in Biological Control
Entomopathogenic Nematodes (EPNs)

Control of black vine weevil Otiorhynchus sulcatus F. 
(Col.; Curculionidae) with Heterorhabditis spp.

Weevil larvae attacked by dauer larvae of
Heterorhabditis spp.

Adult weevil



S. carpocapsae e S. feltiae used
against Paranthrene tabaniformis
S. carpocapsae e S. feltiae used
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S. carpocapsae e H. bacteriophora 
used against buprestid larvae
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S. carpocapsae used against
Synanthedon rhododendri
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S. feltiae used against
Cryptorhynchus lapathi
S. feltiae used against
Cryptorhynchus lapathi



EPNsEPNs againstagainst the the sprucespruce
webweb--spinningspinning sawflysawfly
CephalciaCephalcia arvensisarvensis in in 
NorthernNorthern ItalyItaly and and againstagainst
CurculioCurculio elephaselephas andand
CurculioCurculio propinquuspropinquus in in 
centralcentral amndamnd southsouth ItalyItaly

Cephalcia arvensisCephalcia arvensis

Curculio propinquusCurculio propinquus



Gel  suspensions with 
Steinernema feltiae to control 
overwintering larvae of  
Thaumetopoea pityocampa in 
southern Italian pinewood 
reforestations
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Adults of S. feltiae in T. pityocampa larvaAdults of Adults of SS. . feltiaefeltiae in in T. T. pityocampapityocampa larvalarva



The Use of Pathogens in Biological Control
Entomopathogenic Fungi

Entomopathogenic fungi penetrate and infect the insect host directly 
through the cuticle, using enzymes liberated during sporulation.
Spores frequently have morphological or biochemical adaptations which 
enable them to attach securely to the insect cuticle.
Inside  the host haemocoel, fungus multiplies rapidly by budding or 
hyphal fission, and the resultant yeast-like cells are disseminated 
throughout the insect body.
Spore-forming structures develop from the external mycelium and spores
are liberated passively or violently to continue the cycle.
Fungi have broad host range within the Insecta and display varying 
degrees of specificity, susceptibility probably depending on the initial 
fungal spore-insect exoskeleton interaction.



The Use of Pathogens in Biological Control
Entomopathogenic Fungi

Typical life cycle of an 
entomopathogenic fungus



The Use of Pathogens in Biological Control
Entomopathogenic Fungi

Metarhizium anisopliae 
(Deuteromycotina: Hyphomycetes)

infecting adults of 
Aenolamia varia (Hemiptera: Cercopidae)

Beauveria bassiana
(Deuteromycotina: Hyphomycetes)

infecting Schistocerca gregaria 
(Orthoptera: Acrididae)



The Use of Pathogens in Biological Control
Entomopathogenic Fungi

Aschersonia cubensis 
(Deuteromycotina: Coelomycetes)

infecting scale insects (Hem.; 
Diaspididae) on citrus leaves

Hirsutella citriformis
(Deuteromycotina: Hyphomycetes) 
infecting adult of Nilaparvata lugens

(Hem.; Delphacidae)



The Use of Pathogens in Biological Control
Entomopathogenic Fungi

Entomophthora muscae
(Zygomycotina: Zygomycetes)

infecting Delia sp. (Dip.; Anthomyiidae)

Erynia delphacis 
(Zygomycotina: Zygomycetes) infecting 

Cofana spectra (Hem.; Cicadellidae)



Biotopes investigated for entomopathogenic 
nematode and fungi occurrence

58%
13%

29%

pine forestspine forests
oak forestsoak forests

tamarisk, poplar, reed
thicket, marsh, horse
chestnut, beech cypress, 
acacia

tamarisk, poplar, reed
thicket, marsh, horse
chestnut, beech cypress, 
acacia

SurveysSurveys conductedconducted in in SouthernSouthern
ItalianItalian RegionsRegions



The natural occurrence of  entomopathogenic The natural occurrence of  entomopathogenic 
nematodes and fungi was investigated in nematodes and fungi was investigated in oakwoodsoakwoods
soils using the soils using the GalleriaGalleria baiting technique during the baiting technique during the 
period September 2005 period September 2005 —— June 2007June 2007



160 different sites160 different sites were sampled were sampled in the
vicinity of Puglia, Calabria, Basilicata, 
Molise, Campania and Sardegna Regions
with with 5 different oak species5 different oak species: : QuercusQuercus
ilexilex, , Q. Q. trojanatrojana, , Q. Q. cerriscerris, , Q. Q. frainettofrainetto
and and Q. Q. pubescenspubescens. . 
Final instar larvae of Galleria mellonella
will be used as bait insect to trap 
nematodes and fungi.
Sampling
• Approximately 2 kg soil comprised each 

sample by pooling 3-5 subsamples taken at 
depths of 10-20 cm from an area of about 
20-50 m2 . 

• The soil will be trasported in sterile polythene 
bags to the laboratory and 5 Galleria larvae 
will be put in a long-handled tea infuser in 
the middle of each sample. 

• The samples will be incubated at 25 °C for 7-
10 days

Long handle tea infuser
used for the Galleria 

mellonella baiting
technique



For EPNs infected wax moth larvae 
from each sample will be placed in “White 
traps” (White, 1927) and kept at room 
temperature (ca. 23 °C). 

For EPFs in humid chamber to allow the
growth of fungi

These nematodes and fungi will be 
used for infection of new Galleria
larvae and then stored at 4-8 °C. White trap

For each sampling location, soil texture, pH, organic matter and organic
carbon, altitude, time, habitat were recorded



15.0% of oak woods were positive for the presence 15.0% of oak woods were positive for the presence 
of of entomopathogenicentomopathogenic nematodesnematodes
•• SteinernemaSteinernema feltiaefeltiae (9 strains) and (9 strains) and S. affineS. affine (15 strains) (15 strains) 

were the species collected. were the species collected. S. affineS. affine was the most was the most 
common species. common species. 

Parasitic fungi were obtained from 69 sites (43%). Parasitic fungi were obtained from 69 sites (43%). 
•• There were 3 There were 3 entomopathogenicentomopathogenic species: species: BeauveriaBeauveria

bassianabassiana, the most common species, , the most common species, MetarhiziumMetarhizium
anisopliaeanisopliae and and PaecilomycesPaecilomyces lilacinuslilacinus; ; PenicilliumPenicillium sp., sp., 
AspergillusAspergillus sp. and sp. and FusariumFusarium sp. were also isolated sp. were also isolated 
(common species in soils with no (common species in soils with no entomopathogenicentomopathogenic
potential).potential).



M. anisopliae
21%

P. lilacinus
2%

B. bassiana
33%

Penicillium sp., 
Aspergillus sp., 

Fusarium sp.
9%

S. affine
20%

S. feltiae
15%



EPN: EPN: Steinernema affineSteinernema affine isis the the dominatdominat speciesspecies in in oakwoodsoakwoods
whilewhile S. S. feltiaefeltiae isis the the dominantdominant speciesspecies in the in the 

pinewoodspinewoods
EPF: BeauveriaBeauveria bassianabassiana is the dominant species in oakwoods

The same of pinewoos
P. P. lilacinuslilacinus was isolated only once.

WorkWork in in progressprogress: Biological characterization of the selected
EPN and EPF strains
NextNext stepstep: Evaluation in field trials of potential of these endemic
strains as biological control agents of oak pests (i.e. Lymantria
dispar, Traumatocampa processionea, Xilophagous pests, etc.)
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