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IntroductionIntroduction

SCARAB BEETLES (Coleoptera: SCARAB BEETLES (Coleoptera: ScarabaeidaeScarabaeidae))

PESTS OF PERIODICALLY GROWING IMPORTANCE TO:PESTS OF PERIODICALLY GROWING IMPORTANCE TO:
various agricultural crops (cereals, corn, sugar beet, various agricultural crops (cereals, corn, sugar beet, 
potato, carrot, etc.)  potato, carrot, etc.)  
lawns in parks, gardens and recreation areaslawns in parks, gardens and recreation areas
forest nurseries and plantationsforest nurseries and plantations
young trees in newly forested areasyoung trees in newly forested areas

In PolandIn Poland
particularly important problem in soils of originally agricparticularly important problem in soils of originally agricultural ultural 
lands, recently taken over by forestrylands, recently taken over by forestry



Our study on biological control of scarab Our study on biological control of scarab 
beetles in forest and recreation areasbeetles in forest and recreation areas

Started 1994Started 1994
1996 1996 -- 1999 national grant with Dr. A. 1999 national grant with Dr. A. BednarekBednarek

19991999--2004 included 2004 included PhPh.D. student .D. student -- J. J. KowalskaKowalska

Major areas: lawns in recreation areas, forest nurseries Major areas: lawns in recreation areas, forest nurseries 
and new plantations and new plantations 

Main objectives:Main objectives:
to evaluate biocontrol potential of entomopathogenic to evaluate biocontrol potential of entomopathogenic 

nematodes against scarab beetlesnematodes against scarab beetles

to identify key factors affecting the nematode infectivity to to identify key factors affecting the nematode infectivity to 
examined scarab speciesexamined scarab species



Scarab beetles in PolandScarab beetles in Poland

Some 40 species present (Some 40 species present (Scarabaeidae pleurostictiScarabaeidae pleurosticti))

MOST COMMON SPECIES:MOST COMMON SPECIES:
Melolontha melolonthaMelolontha melolontha / / M. M. hippocastani hippocastani 
Amphimallon solstitialeAmphimallon solstitiale
Phylloperta horticolaPhylloperta horticola

------------------------------------------------
Serica brunneaSerica brunnea, , Anomala dubiaAnomala dubia, , Anisoplia segetum Anisoplia segetum ......

PRECISE IDENTIFICATION NEEDED !!!PRECISE IDENTIFICATION NEEDED !!!



Scarab beetlesScarab beetles
Most common speciesMost common species

A. A. Melolontha melolontha Melolontha melolontha /  /  
hippocastanihippocastani

B. B. Amphimallon solstitiale Amphimallon solstitiale 
C. C. Phylloperta horticola Phylloperta horticola AA

BB CC



Scarab beetlesScarab beetles
Most common speciesMost common species

A. A. Anomala dubiaAnomala dubia
B.B. Scerica brunnea Scerica brunnea 
C. C. Anisoplia segetum Anisoplia segetum AA

BB CC



Scarab beetlesScarab beetles
Most common speciesMost common species

A. A. Melolontha melolonthaMelolontha melolontha
B. B. Amphimallon solstitialeAmphimallon solstitiale
C. C. Phylloperta horticolaPhylloperta horticolaAA

CCBB



June June chaferchafer, , Amphimallon solstitialeAmphimallon solstitiale

MAIN CHARACTERISTICS:MAIN CHARACTERISTICS:
In western regions of Poland more important than In western regions of Poland more important than 
Melolontha melolonthaMelolontha melolontha

Occasionally, up to 100 grubs per mOccasionally, up to 100 grubs per m22

Larvae (grubs) feed on plant roots, 5Larvae (grubs) feed on plant roots, 5--15 cm below the 15 cm below the 
ground levelground level

22--year generation timeyear generation time

InsectsInsects overwinteroverwinter as larvae L2 and L3as larvae L2 and L3

Pupation in MayPupation in May

Adults fly in June/JulyAdults fly in June/July

Extensive damage Extensive damage usuallyusually every 2nd yearevery 2nd year



June June chaferchafer, , Amphimallon solstitialeAmphimallon solstitiale

MAIN CHARACTERISTICS MAIN CHARACTERISTICS cdcd.:.:

Difficult pest to control with chemical insecticidesDifficult pest to control with chemical insecticides

-- CarbosulfanCarbosulfan: : Marshal 250 EC; Marshal Marshal 250 EC; Marshal SusCon SusCon 10GR10GR

-- CarbofuranCarbofuran: : Furadan Furadan 5GR5GR

-- DiazinonDiazinon: : Diazinon Diazinon 10GR; 10GR; Basudin Basudin 10GR; 10GR; Basudin Basudin 25EC25EC

-- ImidaclopridImidacloprid: : experimental trialsexperimental trials

Usual application rates: Usual application rates: 

-- GR GR -- 80 80 -- 120 kg/ha120 kg/ha

-- EC EC -- 0.04 0.04 -- 0.10 %  0.10 %  0.5 l / m row0.5 l / m row

Environmental safety / limitationsEnvironmental safety / limitations



Entomopathogenic nematodes as biocontrol Entomopathogenic nematodes as biocontrol 
agents against scarabsagents against scarabs

Extensive research on Extensive research on Popillia japonica Popillia japonica andand Phylloperta Phylloperta 
horticolahorticola

Encouraging data available on control of Encouraging data available on control of P. japonica,P. japonica,
Phyllophaga hirticulaPhyllophaga hirticula, , PhPh. horticola, . horticola, Aphodius contaminatusAphodius contaminatus
(reviewed by Klein, 1990;(reviewed by Klein, 1990; ForschlerForschler & Gardner, 1991;& Gardner, 1991; SmitsSmits, , 
1994;1994; SelvanSelvan et alet al., 1994; ., 1994; EhlersEhlers et alet al., 1998) .... ., 1998) .... 

and and Amphimallon solstitialeAmphimallon solstitiale ((PetterssonPettersson, 1997), 1997)

Less encouraging on Less encouraging on A. solstitialeA. solstitiale ((Ehlers Ehlers et al.,et al., 1998) and 1998) and 
Melolontha melolonthaMelolontha melolontha (Peters, 2000)(Peters, 2000)

--------------------------------------------

Discouraging data on control of Discouraging data on control of A. solstitialeA. solstitiale ((SmitsSmits, 1992; , 1992; 
19961996).).



Major factors affecting EPN efficacy against Major factors affecting EPN efficacy against 
Amphimallon solstitialeAmphimallon solstitiale

Nematode speciesNematode species

Insect development and available penetration routes Insect development and available penetration routes 

Insect moultingInsect moulting

Seasonal activity Seasonal activity 

Insect wounding (accidental biting)Insect wounding (accidental biting)

Active elimination of IJs  Active elimination of IJs  



Materials and MethodsMaterials and Methods

I. Laboratory experimentsI. Laboratory experiments

Infectivity tests:Infectivity tests:
soil columns: soil columns: ∅∅=7.5 cm; h=10 cm (4 =7.5 cm; h=10 cm (4 -- 1 1 -- 5 cm)5 cm)

soil: soil: sandy loam (8% Hsandy loam (8% H22O)O)

individual insects in separate soil columns individual insects in separate soil columns –– no no 
wounding !!!wounding !!!
nematode dose: nematode dose: 100 IJ/cm100 IJ/cm2  2  (i.e.4400 IJ/column)(i.e.4400 IJ/column)

temperature: temperature: 2020±±22ooCC

exposure time: exposure time: 7, 14, or 21 days7, 14, or 21 days

6 replicates per treatment, 10 columns per replicate6 replicates per treatment, 10 columns per replicate



Materials and MethodsMaterials and Methods

INSECTS: INSECTS: Amphimallon solstitialeAmphimallon solstitiale

L1, L2, L3 collected in the field L1, L2, L3 collected in the field –– reared at 18 reared at 18 ––2020ooCC

Pupae, young adults Pupae, young adults –– obtained from larvae at 18 obtained from larvae at 18 --
2020ooCC

2 major grub collection and field experiment sites:2 major grub collection and field experiment sites:

-- PoznanPoznan -- recreation area around Malta lake recreation area around Malta lake -- mostly mostly 
lawnslawns

-- SkrzynkaSkrzynka -- abandoned agricultural fields adjacent to abandoned agricultural fields adjacent to 
pine forest and new forest plantation (100 km east pine forest and new forest plantation (100 km east 
from from PoznanPoznan) ) 



NEMATODES: NEMATODES: SteinernemaSteinernema (8 spp.), (8 spp.), HeterorhabditisHeterorhabditis (4 spp.)(4 spp.)
reproducedreproduced inin vivovivo in in Galleria mellonella Galleria mellonella ((allall) ) larvae and larvae and in in 
vitrovitro on on solid solid media (media (selectedselected))

1. 1. S.S. affinaeaffinae -- PLPL
2. 2. S.S. arenariumarenarium –– RyazanRyazan ((StSt. Petersburg), . Petersburg), (05PL)(05PL)

33--4. 4. S. carpocapsaeS. carpocapsae -- AllAll, HU (, HU (RutgersRutgers//AntibesAntibes))
55--7. 7. S. feltiaeS. feltiae -- ScP, SN, UK76 (ScP, SN, UK76 (RutgersRutgers//StSt. . AlbansAlbans))

8. 8. S. glaseriS. glaseri NC / NCNC / NC--selected selected ((RutgersRutgers))
9. 9. S. intermediumS. intermedium -- D (D (KielKiel))

10. 10. S. S. riobrave riobrave ((AntibesAntibes))
11. 11. S.S. spsp. 1. 1 –– IT (IT (S. S. affinaeaffinae--typetype) () (BariBari))

1212--13. 13. H. bacteriophoraH. bacteriophora -- HP88, HP88, BrecenBrecen ((MaynoothMaynooth))
14. 14. H. H. indicaindica ((MaynoothMaynooth))

1515--16. 16. H. megidisH. megidis -- D (D (KielKiel), 01PL ), 01PL (03PL)(03PL)
17. 17. H. H. zealandicazealandica ((MaynoothMaynooth))

Materials and MethodsMaterials and Methods



Results
Nematode species

Mortality of Amphimallon solstitiale grubs (L3) caused by 
entomopathogenic nematodes - spring tests. (Individual insect per
soil column / 100 IJs per cm2 / 21 day exposure)
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Theoretically,   P R E A D A P T E D    nematode speciesTheoretically,   P R E A D A P T E D    nematode species

Long IJLong IJ--type type SteinernemaSteinernema ((DeberecenDeberecen group)group)

1. 1. S. glaseri S. glaseri NC (Rutgers)NC (Rutgers)
2. 2. S. glaseriS. glaseri AzoresAzores

3. 3. S.S. arenariumarenarium RyazanRyazan (St. Petersburg),(St. Petersburg),
4. 4. S.S. arenariumarenarium 05PL05PL
5. 5. S.S. arenariumarenarium Slovak (Slovak (Ceske BudejoviceCeske Budejovice) ) 
6. 6. S.S. arenariumarenarium CHCH--26 (26 (VadensvilVadensvil))
7. 7. S.S. arenariumarenarium S2 (Barcelona)S2 (Barcelona)
8. 8. SteinernemaSteinernema spsp. . Italy (Italy (BariBari))
9. 9. SteinernemaSteinernema spsp. . Morocco (Kiel)Morocco (Kiel)

10. 10. SteinernemaSteinernema spsp. . Palestine (Kiel)Palestine (Kiel)

Materials and MethodsMaterials and Methods



Results
“Long IJ-type Steinernema - infectivity

Mortality of Amphimallon solstitiale grubs (L3) caused by „long
IJ-type Steinernema - spring tests. (Individual insect per soil column
/ 100 IJs per cm2 / 21 day exposure)

0

10

20

30

40

50

S.glas
eri

 N
C

S.glas
eri

 Az

S.aren
atiu

m R
us

S.aren
ariu

m 05
PL

S.aren
ariu

m Slov

S.aren
ariu

mCH-26
S.aren

ariu
m S2

Steine
rne

ma I
T

Steine
rne

ma M
or

Steine
rne

ma P
ale

st
PE

R
C

EN
T 

M
O

R
TA

LI
TY

  



Results
Insect development

Mortality of Amphimallon solstitiale grubs (L2 & L3) caused by 
entomopathogenic nematodes - spring tests. (Individual insect per
soil column / 100 IJs per cm2 / 21 day exposure)
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Results
Insect development

Mortality of Amphimallon solstitiale pupae and young adults 
caused by entomopathogenic nematodes - spring tests. 
(Individual insect per soil column / 100 IJs per cm2 / 7 or 12 day 
exposure for pupae and adults, respectively)
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Amphimallon solstitialeAmphimallon solstitiale
SpiraclesSpiracles

Larva L3Larva L3 PupaPupa



Amphimallon solstitialeAmphimallon solstitiale
SpiraclesSpiracles

Larva L3Larva L3 PupaPupa



Pupa ofPupa of Amphimallon solstitialeAmphimallon solstitiale
Steinernema Steinernema arenariumarenarium -- penetration through spiraclespenetration through spiracles

PupaPupa



Results
Insect moulting

Effect of L1/L2 larval moulting on susceptibility of Amphimallon 
solstitiale to entomopathogenic nematodes - summer tests. 
(Individual insect per soil column / 100 IJs per cm2 / 21 day exposure)
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Results
Seasonal activity

Mortality of non diapausing and diapausing Amphimallon 
solstitiale grubs (L3) caused by entomopathogenic nematodes. 
(Individual insect per soil column / 100 IJs per cm2 / 21 day exposure)
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Results
Insect wounding

Effect of accidental wounding on mortality of Amphimallon 
solstitiale grubs (L3) caused by entomopathogenic nematodes -
spring tests. (Laboratory experiment: 1 or 3 insects per soil column / 
100 IJs per cm2 / 21 day exposure)
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Materials and MethodsMaterials and Methods

Active IJ elimination tests:Active IJ elimination tests:
∅∅ 5 cm Petri dishes + sand + carrot ring + 1 grub L35 cm Petri dishes + sand + carrot ring + 1 grub L3
exposure: 1,2,3,4,5,6 and 7 daysexposure: 1,2,3,4,5,6 and 7 days
S. glaseriS. glaseri -- 200 IJ/ dish200 IJ/ dish
10 replicates per treatment, 1 dish per replicate10 replicates per treatment, 1 dish per replicate



Results
Active elimination of IJs

Effect of Amphimallon solstitiale grubs (F3) on survival 
of Steinernema glaseri in sand. (sand: 200 IJ / ∅ 5cm 
Petri dish)
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Materials and MethodsMaterials and Methods
II. Field experiment 2002II. Field experiment 2002

Location Location 
-- PoznanPoznan: : recreation area around Malta lake (mostly lawns)recreation area around Malta lake (mostly lawns)

Experimental plotsExperimental plots
-- Treatments:Treatments: randomly chosen 3 x 3 m plots 3 m apartrandomly chosen 3 x 3 m plots 3 m apart

-- Analysis:Analysis: central 1 x 1 m square within each plot , dug to central 1 x 1 m square within each plot , dug to 
the depth of 30 cmthe depth of 30 cm

NematodesNematodes
-- S. glaseri NCS. glaseri NC
-- S.S. arenariumarenarium 05PL05PL
-- H. megidis 03PLH. megidis 03PL

Nematode dose: Nematode dose: 0.5 or 1.0 x 100.5 or 1.0 x 1066 IJ mIJ m--2  2  

Control: Control: no nematodesno nematodes



Materials and MethodsMaterials and Methods

Field experimentField experiment cdcd::

Application time: July 3, 2002Application time: July 3, 2002
Examination time:Examination time:

-- 0 and 60 0 and 60 -- 63 days after treatment (grub and soil (nematode) 63 days after treatment (grub and soil (nematode) 
sampling)sampling)

-- May of the following year May of the following year -- additional soil (nematode) additional soil (nematode) 
samplingsampling

6 replicates per treatment6 replicates per treatment



Results
Field experiment 2002 - nematode efficacy

Efficacy of S. glaseri, S. arenarium (05PL), and H. megidis 
(03PL) in control of A. solstitiale grubs (L3) in the soil. (Field 
experiment - Poznan - control: 18 grubs/m2)
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ResultsResults
Field experiment 2002/2003 Field experiment 2002/2003 -- nematode recovery from the soilnematode recovery from the soil

TREATMENT TREATMENT BeforeBefore AfterAfter AfterAfter After After 
11 mlnmln / m/ m22 treatmenttreatment 1 month1 month 2 months2 months 11 months11 months
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. glaseriS. glaseri S. glaseri 3/6S. glaseri 3/6 S. glaseri 5/6S. glaseri 5/6 S. glaseri 2/6S. glaseri 2/6

S. feltiae 2/6S. feltiae 2/6 S. feltiae 2/6S. feltiae 2/6 S. feltiae 3/6S. feltiae 3/6 S. feltiae 2/6S. feltiae 2/6

S.S. arenariumarenarium S.S. arenariumarenarium 3/63/6 S.S. arenariumarenarium 2/62/6 S.S. arenariumarenarium 1/61/6
S. feltiae 3/6S. feltiae 3/6 S. feltiae 2/6S. feltiae 2/6 S. feltiae 3/6S. feltiae 3/6 S. feltiae 3/6S. feltiae 3/6

H. megidisH. megidis H. megidis 6/6 H. megidis 6/6 H. megidis 6/6H. megidis 6/6 H. megidis 5/6H. megidis 5/6
S. feltiae 4/6S. feltiae 4/6 S. feltiae 4/6S. feltiae 4/6 S. feltiae 2/6S. feltiae 2/6 S. feltiae 4/6S. feltiae 4/6

Control Control S. feltiae 3/6 S. feltiae 3/6 S. feltiae 2/6 S. feltiae 2/6 S. feltiae 3/6 S. feltiae 3/6 S. feltiae 2/6S. feltiae 2/6



Alternative hostAlternative host
Phyllobius vespertinusPhyllobius vespertinus

(Coleoptera: (Coleoptera: CurculionidaeCurculionidae))



Results
Alternative host

Susceptibility of Phyllobius vespertinus to S. glaseri, S. feltiae, 
S. arenarium, and H. megidis (Laboratory experiment: sand: 100 IJ / 
∅ 5cm Petri dish - 10 insects / dish - 7 day exposure)
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Phyllobius vespertinusPhyllobius vespertinus
(Coleoptera: (Coleoptera: CurculionidaeCurculionidae))

Infected with Infected with H. megidis H. megidis (a), (a), 
S. S. arenariumarenarium (b), and (b), and 

uninfected (c)uninfected (c)

Emerging nematodesEmerging nematodes

aa
bb

cc



Nematode isolation from field sites heavily Nematode isolation from field sites heavily 
infested with infested with Amphimallon solstitialeAmphimallon solstitiale

NaturalNatural populationspopulations ofof EPNsEPNs::

PoznanPoznan:: recreation area around Malta lake (mostly lawns)recreation area around Malta lake (mostly lawns)

1996 1996 -- 20042004 Steinernema feltiaeSteinernema feltiae -- always present at some always present at some 
locations (recycles in locations (recycles in Phyllobius vespertinusPhyllobius vespertinus and others)and others)

SkrzynkaSkrzynka:: abandoned agricultural fields adjacent to pine abandoned agricultural fields adjacent to pine 
forest and new forest plantation (100 km east fromforest and new forest plantation (100 km east from PoznanPoznan))

1997 1997 -- Heterorhabditis megidis Heterorhabditis megidis (01PL) (01PL) -- 1 infested L3 grub out 1 infested L3 grub out 
of some 4000 collected in October for winter storage of some 4000 collected in October for winter storage -- never never 
rere--isolated again from insects or soil samplesisolated again from insects or soil samples -- no apparent no apparent 
effect on the pest populationeffect on the pest population

1998 1998 -- Steinenrma arenariumSteinenrma arenarium (05PL) (05PL) -- isolated from soil isolated from soil 
samples collected in April samples collected in April -- occasionally reoccasionally re--isolated from soil isolated from soil 
samples in following yearssamples in following years -- no apparent effect on the pest no apparent effect on the pest 
populationpopulation



ConclusionsConclusions

Amphimallon solstitialeAmphimallon solstitiale showed to be highly unpredictable host showed to be highly unpredictable host 
species for nematode infection. species for nematode infection. 

The examined species and strains of entomopathogenic The examined species and strains of entomopathogenic 
nematodes showed significant differences between their nematodes showed significant differences between their 
infectivity to infectivity to Amphimallon solstitialeAmphimallon solstitiale.  .  

Detailed study on the most effective species (i.e. Detailed study on the most effective species (i.e. H. megidis, H.H. megidis, H.
indicaindica, H., H. zealandicazealandica, S. glaseri, S. glaseri and and S.S. arenariumarenarium) revealed that ) revealed that 
their infectivity was further affected by the insecttheir infectivity was further affected by the insect

-- development and available penetration routes; development and available penetration routes; 
-- moulting,moulting,
-- seasonal activity,seasonal activity,
-- accidental wounding,accidental wounding,
-- active elimination of IJs, andactive elimination of IJs, and



ConclusionsConclusions

Modification of spiracles clearly improved efficacy of nematodeModification of spiracles clearly improved efficacy of nematode
penetration into the hemocoel of pupae and adult penetration into the hemocoel of pupae and adult A. solstitialeA. solstitiale..

Direct penetration of IJs through the soft cuticle could explaiDirect penetration of IJs through the soft cuticle could explain n 
the improved infectivity of the improved infectivity of H. megidisH. megidis during the insect larval during the insect larval 
moulting. moulting. 

Third instar grubs tested in the autumn or winter were much lesThird instar grubs tested in the autumn or winter were much less s 
susceptible to nematode infection than those tested in the susceptible to nematode infection than those tested in the 
spring.spring.

The population of The population of S. glaseriS. glaseri infective juveniles was rapidly infective juveniles was rapidly 
reduced in the soil inhabited by reduced in the soil inhabited by A. solstitialeA. solstitiale grubs.grubs.

The host The host –– parasite relationships between parasite relationships between A. solstitialeA. solstitiale and and 
entomopathogenic nematodes still remain only partially entomopathogenic nematodes still remain only partially 
understood and require further investigations.understood and require further investigations.


