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Recent research on EPN 
and 

its application technology in Japan



I. Steinernematid nematodes and Xenorhabdus
bacteria isolated from Japan

II. Application technology in Japan



Steinernema Xenorhabdus

Heterorhabditis Photorhabdus

Enotomopathogenic nematodes form mutualistic symbiosis with bacteria

Protection from environmental stress

Transfer to new insect hosts

Nutritional supply

Establishment of growth condition

Nematodes Bacteria



1. Phylogenetic analyses of entomopathogenic nematode s 
and their symbiotic bacteria from Japan

2. Species-specificity of nematode-bacterium comple xes

Purpose: to elucidate the co-evolution and co-speci ation 
between EPNs and EPBs



Eleven steinernematids have been isolated from Japan

S. kushidai

S. feltiae (MY9)

S. kraussei

S. monticolum (MY1)

S. litorale (MY2)

Steinernema sp. MY3

Steinernema sp. MY4

Steinernema sp. MY5

Steinernema sp. MY6

Steinernema sp. MY7

Steinernema sp. MY8

Nematode phylegenetic tree

Isolation of Xenorhabdus bacteria

Bacterial phylogenetic tree

comparison



Spiridonov et al. Nematology 2004, Vol.6. 547-566

Clade I
‘affine-intermedium’

Clade II
‘carpocapsae-scapterisci-tami’

Clade III
‘feltiae-kraussei-oregonense’

Clade IV
‘bicornum-ceratophorum-riobrave’

Clade V
‘arenarium-glaseri-karii-longicaudum’

Phlogenetic relationship among Steinernema

rDNA ITS1-5.8-ITS2



outgroup; Pratylenchus coffeae (AY561436), Mansonella ozzardi (AF228562)
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AF122021
AY230160

AF122018

AF122017

Steinernema sp. MY7 NnOm36
Steinernema sp. MY7 FkNj
S. intermedum (AY230172)

S. karii (AY230173)

Steinernema sp. MY8 FkNj

Steinernema sp. MY8 AiAt267

S. longicaudum (AY230177)

S. cubanum (AY230166)

S. glaseri (AY230171)

S. bicornutum (AY230163)
S. ceratophorum (AY230165)

S.  carpocapsae (AY170334)
S. scapterisci (AY230183)

S. oregonense (AY230180)

S. kraussei Nash (AY230176

S. kraussei Westfalia (AY230175)

S. feltiae A2 (AY230170)

S. feltiae MY9 (AY230178)

S. monticolum (MY1) YnEn94
Steinernema sp. MY5 YnEn68

Steinernema sp. MY6 NnMt2s
Steinernema sp. MY3 Mamiya

S. litorale (MY2) AiAt199

S. kushidai Hamakita

S. kraussei HkHm22

S. feltiae HkEr36
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100
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67.8

97.6
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‘affine-intermedium’ group

‘glaseri-longicaudum-karii’
group

‘feltiae-kraussei’ group

Phylogenetic analysis of 10 Steinernema species from Japan (ITS rDNA)



outgroup; Proteus vulgaris (X07652), Swine manure (AY167953)

0.01

Xenorhabdus sp. (monticolum)

X. japonica

Xenorhabdus sp. (AY521243)

X. budapestensis (AJ810293)

X. ehlersii (AJ810294)

X. poinarii (AY521239)

X. nematophila (AY278674)

Xenorhabdus sp. (AY521244)

X. beddingii (AY278675)

X. innexi (AJ810292)

X. szentirmaii (AJ810295)

X bovienii (AY278673)

Xenorhabdus sp. MY8 FkNj

Xenorhabdus sp. MY8 AiAt267

Xenorhabdus sp. MY2 AiAt 199

Xenorhabdus sp. MY7 NnOm36

Xenorhabdus sp. MY5 YnEn68

Xenorhabdus sp. MY3 Mamiya

Xenorhabdus sp. MY6 NnMt2s

Xenorhabdus sp. MY7 FkNj

100

79.8

53.2

67.5

62.0

100

79.3
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84.9

100
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Phylogenetic analysis of Xenorhabdus bacteria from Japan

‘poinarii’ group

‘bovienii’ group

‘japonica’

‘Xenorhabdus sp1.’

(symbiont of ‘feltiae’)

(symbiont of glaseri group) 

(symbiont of kushidai)

(symbiont of monticolum)
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Differences in clustering of nematodes and bacteria

2. Steinernema sp. MY5 and its symbiotic bacteria

1. Steinernema sp. (MY7) and its symbiotic bacteria

possible reasons:

DNA markers used for phylogenetic analyses were not appropriate?

Nematode/bacterium combination had changed during evolution?



Monoxenic culture

Axenized J1 Xenorhabdus bacterium

Culture on nutrient lipid agar in 6cm Petri-dishes (4 weeks)

Nutrient lipid agar Wouts, 1981)

If nematodes propagate and infective juveniles were obtained, following items were examined. 

Pathogenicity of infective juveniles against Galleria mellonella larvae

Retention of bacteria in infective juveniles

Surface-sterilization of eggs



Growth of nematodes in different nematode-bacterium  combinations

S. monticolum

S. litorale

MY3

S. carpocapsae

Sm Sl MY3 MY5 MY6 MY7 MY8Sf Sk ScSg

Xenorhabdus bacteria

S. monticolum and S. litolare were able to grow on different kinds of Xenorhabdus bacteria.

S. carpocapsae did not grow on many bacteria.

Xenorhabsu bacteria isolated from S. monticolum and Steinernema sp. (MY7)  did not 
support the growth of different kinds of nematodes.

Nematode

nematode propagated no nematode propagated

MY8

S. feltiae



Characters of S. monticolum obtained by different bacterial combinations

Growth and propagation

Production of IJ3

Pathogenicity of IJ3*

Propagation of nematodes 
in insect cadaver

Retention of bacteria

Sm Sl MY3 MY5 MY6 MY7 MY8Sf Sk ScSg

Xenorhabdus bacteria isolated from 

S. monticolum was able to grow on different kinds of Xenorhabdus bacteria 
but IJ3s were not able to retain different kinds of bacteria.

Low pathogenicity and propagation of nematodes

S. monticolum

*against G. mellonella larvae



Growth and propagation

Production of IJ3

Pathogenicity of IJ3*

Propagation of nematodes 
in insect cadaver

Retention of bacteria

Xenorhabdus bacteria isolated from

S. litorale Sm Sl MY3 MY5 MY6 MY7 MY8Sf Sk ScSg

S. litorale was able to grow on different kinds of Xenorhabdus bacteria.
IJ3s were able to retain different kinds of bacteria and kill G. mellonella larvae.

*against G. mellonella larvae

Characters of S. litorale obtained by different bacterial combinations



X. sp (MY8)

X. sp (MY7)

X. sp (S. litorale )

X. bovienii (S. feltiae )

X. sp (MY5)

X. sp (MY6)

X. sp (MY3)

X. japonica (S. kushidai )

X. sp (S. monticolum )

Nematode Bacterium

S. feltiae

S. sp MY6

S. kraussei

S. sp MY3

S. litorale

S. sp MY7

S. sp MY8

S. kushidai

S. sp MY5

S. monticolum



Summary

1. Phylogenetic analyses of steinernematids and their symbiotic 
Xenorhabdus bacteria from Japan

10 steinernematids from Japan were categorized into 5 groups. 

Xenorhabdus bacteria from 10 steinernematids from Japan were 
categorized into 4 groups.

‘bovienii’, ‘poinarii’, ‘japonica’, ‘monticolum’

Clusters of nematodes and bacteria were closely related.

Some differences were found in clusters between nematodes and bacteria

Steinernema sp. MY7 (‘intermedium’ group) – Xenorhabdus sp. MY7 (‘bovienii’)

Steinernema sp. MY5 (‘monticolum’ group) – X. bovienii



S. monticolum was not able to retain other Xenorhabdus species

S. litorale was able to retain other Xenorhabdus species

Summary

Retention of bacteria in infective juveniles

Some nematode species were able to grow on different Xenorhabdus species

Species-specificity of nematode-bacterium appears t o be low.

Nematode-bacteria combination can be changed

2. Species-specificity of nematode-bacterium complexes

Nematode-bacteria combination can not be changed

S. monticolum and S. litorale grew on different Xenorhabdus bacteria.

S. carpocapsae grew on few different Xenorhabdus bacteria.



Phylogenetic analyses of Heterorhabditis nematodes 
and Photorhabdus bacteria isolated from Japan



Phylogenetic analyses of Heterorhabditis nematodes 
and Photorhabdus bacteria from Japan

BacteriaNematodes

TyKb40

UK211

NLH-A97

FkNj

HDO

TT01

HB1.3

CbKj163

OnIr40

OnKn2

WkSs40

KcTs129

FsIw43

LN2

FkNj

TyKb40

UK211

HDO

TT01

HB1.3

LN2

KcTs129

OnKn2

FsIw96

WkSs43

NLH-A97

OnIr40

CbKj163
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*Japanese isolates were boxed.

mt DNA COI 16S rDNA



P. luminescenssubsp.akhurstii

P. luminescenssubsp. laumondii

P. asymbiotica(Australia)

P. luminescenssubsp. luminescens

P. temperata

P. asymbiotica(USA)

NZH3 (AY278513)

Meg (AY278512)

C1 (AY278497)

Habana (AY278503)

HW79 (AY278507)

HL81 (AY278504)

X1Lit (AY278516)

XlNachT (AY278517)

HF85 (AY278502)

HbT (AY278501)

Hm (AY278505)

HP88 (AY278508)

HV16 (AY278506)

K80 (AY278509)

C8406 (AY322432)

C8404 (AY278498)

D1 (AY278499)

K81 (AY278510)

Tetuan (AY278515)

Q614(A) (AY278514)

OnIr40 (AB222084 )

CbKj163 (AB222083 )

9800946 (AY278495)

GCH001 (AY278500)

9802892 (AY278496)

MB (AY278511)

3265-86T (AY278494)

1216-79 (AY278492)

2617-87 (AY278493)

0.01

100
72.7

95.2

84

99.9

98.9

100

99.7

85.6

100

89.1

100

100

100

100

100

(from H. megidis)

(Clinical isolates)

(Clinical isolates)

(from H. bacteriophora)

(from H. bacteriophora)

(from H. indica)

gyrB gene, NJ

Photorhabdus bacteria isolated from H. inidica cluster with P. asymbiotica.



Bacteria

H. indica

H. bacteriophora

H. megidis

P. luminescens subsp. laumondii

P. temperata

Nematodes

subsp. luminescens
subsp. kayaii
subsp. thracensis

Co-speciation between Heterorhabditis nematodes 
and Photorhabdus bacteria?

P. asymbiotica (human pathogenic)

subsp. akhurstii

has only been isolated from human clinical specimens from the USA and Australia.

No information was available about the natural habitat.



II. Application technology in Japan

SDS biotech K.K.  
Tsukuba Research & Technology Center Biology Group



EPN products 
in 

Japanese pesticide market 



Chemicals

Market size of Chemical pesticides in Japan
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Market size of biopesticides in Japan

Biopesticides

growth rate of 22.3% (1.5 million dollar)
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2002 2003 2004

Biopesticides

Chemicals
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Insecticide Fungicide Herbicide
1 12 0 0 BT (Living cell) � œ
2 5 0 0 BT (Non living) � œ
3 1 0 0 Pasturia penetrans � œ
4 0 1 0 A grobacterium  radiobactor � œ
5 0 1 0 Erw inia carotovora � œ
6 0 3 0 Bacillus subtilis � œ
7 0 1 0 Pseudom onas sp. � œ
8 0 1 0 Pseudom onas fluorescens � œ
9 0 0 1 X anthom onas cam pestris � œ

10 1 0 0 M onacrosporium  phym atophagum � œ
11 1 0 0 Beauveria brongiartii � œ
12 2 0 0 V erticilium  lecanii � œ
13 0 1 0 Paecilom yces fum osoroseus � œ
14 0 1 0 Talarom yces flavus � œ
15 0 2 0 Trichoderm a viride � œ
16 0 1 0 Beauveria bassiana � œ
17 0 1 0 non pathogenic Fusarium  oxisporum � œ
18 0 0 1 Drechslera m onoceras � œ
19 1 0 0 G V  glanules � œ
20 1 0 0 NPV � œ
21 0 1 0 ZY M V  attenuated virus � œ
22 1 0 0 Steinernem a carpocapsae � œ
23 1 0 0 Steinernem a glaseri � œ
24 1 0 0 Franklinothirips vespiform is � œ
25 2 0 0 Diglyphus isaea � œ
26 2 0 0 Diglyphus isaea& Dacnusa sibirica � œ
27 3 0 0 Encarcia form osa � œ
28 2 0 0 A m blyseius cucum eris � œ
29 3 0 0 A phidius colem ani � œ
30 1 0 0 Eretm ocereus carifornicus � œ
31 1 0 0 A phidoletes aphidim yza � œ
32 4 0 0 O rius strigicollis � œ
33 3 0 0 Phytoseiulus persim ilis � œ
34 1 0 0 A m blyseius degenerans � œ
35 2 0 0 Harm onia axyridis � œ
36 1 0 0 Dacnusa sibirica � œ
37 1 0 0 A m blyseius californicus � œ
38 1 0 0 Chrysoperia carnea � œ

54 14 2 9 9 2 2 15

Nem atodes InsectA ctive ingredient Bacteria Fungi V irusR egistered biopesticide

70 products >35 species

EPN products in Japan is only 1.9% of the total biopesticide market.





10 package / Box



Product specification

•
•
•
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Bacteria

Nematodes

Natural Enemy

Fungi

Changes in sales of biopesticides in Japan.



1) Decrease of turf pests
2) Use of thiamethoxam
3) Economic crisis in Japan

0

1

2

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

S.carpocapsae
S.kushidai
S.glaseri
thiamethoxam
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Changes in sales of EPN products in Japan.

EPN

(neonicotinoid)



Target pests



Crop Pest application 

Turf

Black cutworm
(Agrotis ipsilon )
Hunting billbug
(Sphenophrus venatus vestitus )

Sweet potato (foliage)

Sweet potato 

Strawberry Com m on cut worm
(Spodoptera litura )

Orchard Peach fruit m oth
(Carposina sasakii )

Fig tree Yellow spotted longicorn beetle
(Psacothea hilaris )

spread/spray
solution(10,000IJs/L)

Potted flower &
foliage plant

Black vine weevil
(Otiorhynchus sulcatus )

plant foot treatm ent
(50,000-100,000
IJs/plant)

Palm  tree
Red palm  weevil
(Rhabdocem is fissicauda ) tree top treatm ent

(30 � 7̀5m il./tree)

Sweetpotato weevil
(Cylas form icarius )
W est indian sweet potato weevil
(Euscepes postfasciatus ) Spray to soil surface

0.25m il./sq.m



Crop Pest application 

W hite grubs Spray to soil surface
0.125 � 0̀.25m il./sq.m /0.5 � 2̀.0L

Hunting billbug
(Sphenophrus venatus vestitus )

Spray to soil surface
0.25m il./sq.m /0.5 � 2̀.0L

Black cutworm
(Agrotis ipsilon )
Blue grass webworm
(Parapediasia teterrella )
Lawn grass cutworm
(Spodoptera depravata )

Spray to soil surface
0.25m il./sq.m /1.0 � 2̀.0L

Sweet potato W hite grubs 0.25m il./plant/0.5 � 2̀.0L
(Plant foot application)

Blue berry W hite grubs Spray to soil surface
0.25m il./sq.m /0.5 � 2̀.0L

Turf



Application 



How to apply EPN to the 
cryptic habitats?

Spray? Spread? Injection ?



Turf field 
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Nematodes treatment

soil leaf soil leaf soil leaf

post irrigation 149.0 � }33.8 54.5 � }7.8 141.7 � }54.6 36.7 � }12.0 16.5 � }7.3 85.1 � }11.5

no irrigation 159.3 � }31.6 100.0 � }7.3 236.6 � }46.6 108.9 � }12.0 7.8 � }1.8 232.6 � }49.1

post irrigation 278.0 � }22.8 96.7 � }11.8 150.3 � }29.9 107.8 � }12.6 62.3 � }30.0 166.4 � }26.9

no irrigation 181.7 � }32.3 154.4 � }29.1 109.7 � }22.3 194.4 � }22.2 33.5 � }16.3 260.8 � }52.7

S.� @carpocapsae
str.all

S.� @glaseri
str. sds102

green fairway rough
# of nematodes isolated from leaf/soil

Length of the leaf
Green 12.4 � }5.9 � @m m
Fairway 26.0 � }5.1 � @m m
Rough 46.4 � }4.6 � @m m

5cm depth

Isolate by  baerman funnel
Washed out from the leaves 
after measured the length.

post irrigation area  2liter / square meter

no irrigation area

Post irrigation is efficient to apply nematodes in soil.

> > >x

> > >x
> >

> >

>

>
Application: 0.25 mil. /sq.meter / 2liter

x



Orchard #1
-fruit moth-



Orchard 

Effectiveness of 
pheromone dispenser

Pheromone 
dispenser

• Density dependence
• Geographical feature

Apple leafminer

Asiatic leafroller

Peach fruit moth
Carposina sasakii

Oriental fruit 
moth

Peach fruit 
tortrix



Egg

Invasion

Escape



October-November
Larvae in overwintering
Hibernacula in the soil

<Overwintering larvae>
Pupation in summer cocoons

Near soil surface
May-July

Occurrence of 
overwintering adult

June-August

Oviposition
on fruit

Occurrence of 
1st generation

July-September

Life cycle of Peach 
fruit moth

Oviposition 
on fruit

<1st generation larvae>
Pupation in summer cocoons

Near soil surface
July-August Biosafe

JUNE





Field efficacy in Miyagi prefecture (2003)

5/21               6/23                    7/31

1.0

9.1

47.5

0

10
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Apple orchard
Peach fruit moth 2nd October

Biosafe 0.25mil./sq.m



Orchard #2
-longicorn beetle-



Oviposition: Main branch, Feeding: Cambium 

Infestation of the yellow spotted 
longicorn beetle

Oviposition mark

Severe damage to fig trees



Typical damages to main branch

…



Oviposition mark on branch

No. of oviposition mark
location trunk Main branch

upper side A side B   bottom

0 74 25 0 0
(  75% )   ( 25% ) 

0 105 26 0 0
( 80% ) ( 20%)

*Total number of marks on 10 trees
Upper 

bottom

side A

sideB
Section of  
branch



Spread

S. carpocapsae solution (10,000IJs/ml,100ml/tree) 
spread to the main branches 



Spray to the branch

S. carpocapsae solution (10,000IJs/ml, 100ml/tree) 
spray to the main branches 



Both treatments were efficient.
%mortality
((B/A)x100)

Spread 10 67 61 91.0 90.0

Spray 8 20 20 100.0 100.0

No treatment 11 43 5 11.1 0.0

* death or alive were judged by the discharged feces from invaded hole.
* Culculated by Abott's formula.

Correcting
rate*no. of treetreatments oviposition

mark(A) death (B)*



- For Next Registration -
Red palm weevil
Striped flea beetle



Red palm weevil (Rhabdocemis fissicauda)
Females oviposit to the tree top

Larvae feed the inside of trunk

Damage to the growth point 

Chemical pesticides are not effective.

Exotic invaded insect



Biosafe is sprayed to the top of trees  



3,000 IJs /ml, 10 liter/tree
Treatment date 1st July, 2003
Evaluation date 10th July, 2003
10 days after treatment

2003 2004

S. carpocapsaeis effective to control the weevil.

3,000 IJs /ml, 10 liter/tree
Treatment date 16th June, 2004
Evaluation date 13th July, 2004
27 days after treatment

0

20

40

60

80

100

Mortality Infectivity Mortality Infectivity

26 death/26 larvae 21/ 26 4/ 4 4/ 4

100 100 100

80



Striped flea beetle (Phyllotreta striolata)

Cultivation period : about 20 days 
Chemical control      pesticide residue

Adults

Larvae

EPN

3mm

Japanese mustard spinach/radish



Invaded insects

- Control methods has not established.

Development of technology for using EPN products as 
one of the integrated pest management (IPM) tools

Establishment of a new control methods

Modification of conventional control methods to include EPNs

Newly emerged insect pests

- No natural enemies

Further revising registration to include new targets



JSPS Postdoctoral Fellowship for Foreign Researchers

Japan Society for the Promotion of Science

http://www.jsps.go.jp/english/index.html











Syrphidae

Lacewing

Lady beetle



1994 1997 1998 1999 2000 2001 2002 2003 2004
Sc 5,700 12,400 13,400 13,720 8,260 3,690 1,620 760 720
Sg 4,600 2,400 2,800 2,500
Sk 2,000 3,100 1,600 100

Shipm ent(kg)

0

500000

1000000

1500000

2000000

2500000

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

S.carpocapsae
S.kushidai
S.glaseri
thiam ethoxam
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Mulberry borer
Oviposit  to 
younger branch

Yellow spotted
Longicorn beetle
Oviposit  to main branch

Oviposition mark
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S.glaseri �̈ White grub
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