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TITLE Development of a Thai Strain of Heterorhabditis sp. for Insect Pest Control
AUTHORS Nuchanart Tangchitsomkid {Researcher) and Somkid Disthaporn (Mentor)
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ABSTRACT

The life cycle sequence of Heterorhabditis sp. -Thai strain within the larva of wax moth (Galeria
mellonella) at room temperature (26+2 °C) started from the infective juveniles (IJ or J3) entering the host
insect. They were then molted into J4 and developed further to be the hermmaphroditic females. The first
generation hermaphroditic female produced J1, J2 and J3 successively within six days and the J3 molted into
J4 which later developed to be the second generation amphimictic female. The amphimictic female mated
with the male and produced J1, J2 and J3 successively within another four days. The J3s were later
developed to be the lJs. Two generations of the nematode were reproduced within the host insect larva for
totally ten days. Afterwards, the Lls were gradually moved out of the host insect cadaver and their average
number per one insect was 213,300. The optimum temperature for high growth and reproductive rates of the
nematode within the wax moth larva was between 25-30°C. A symbiotic bacterium was isolated on the NBTA
medium from the haemolymph of the 48 hours infected larva. It was identified as Photorhabdus sp. on the
basis of its absorption to bromthymol blue and its colony charactenzation. The nematode entered the host
insect larva’s body through its natural openings and 4, 6, 8, and 10 nematodes per larva killed the insect at the
rates of 33, 67, 80, and 93%, respectively, at 48 hours after inoculation. It killed the insect up to 88% and 98%
at 25°C, and 30°C, respectively. It could potentially kill both larva and adult of the insect pest. It killed 15
tested insect pests including Trabala vishnou, Omphisa fuscidertalis, Galleria mellonella. Leucinodes orbonalis,
Maruca testulalis, Hellula undalis, Spodoptera exigua, Heliothis armigera, Danaus genutia, COssus sp..
Tenebrio molitor, Gryllotalpa africana and Periplaneta americana at the rates of 67, 80, 100, 88, 71, 88, 88, 87,
100, 67, 55, 50, and 30%. respectively. It also killed small insects such as Nilaparvata lugens and Nephotettix
virescens at the rates of 19, and 11%, respectively at 48 hours after inoculation. The nematode was multiplied
in semi-solid monoxenic culture media containing 60% animal protein, 20% lard, and 20% water. The yields of
349, 293, 205 and 182 million nematodes per one litre of medium were obtained from the media containing
protein, pigs kidney, chicken egg, tuna fish meat, and canned dog's food (kidney flavor), respectively. The

medium containing plant protein {90% soybean milk) and 10% lard, yielded 191 million nematodes per one litre
of the medium within 15 days.

key words : entomopathogenic nematode, Thai strain, Heterorhabditis sp., biology, pathogenicity, mass

rearing.
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3.2 Tangchitsomkid, N. and S. Disthaporn. 2002. Mass rearing in semi-solid culture of an

entomopathogenic nematode, Heterorhabditis sp. Thai isolate. Kasetsart Journal
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3 EXECUTIVE SUMMARY

TITLE Development of a Thai Strain of Heterorhabditis sp. for Insect Pest Controt
AUTHORS Nuchanart Tangchitsomkid (Researcher) and Somkid Disthaporn (Mentor)
ADDRESS Plant Pathology & Microbiology Division, Department of Agriculture,

Chatuchak, Bangkok, 10900, THAILAND
STUDY FIELD Agriculture and Biology
BUDGET 400,000 baht
DURATION 2 years (July 1, 2000 - June 30, 2002)

PROBLEM STATEMENT AND IMPORTANCE

Entomopathegenic nematodes including those in  the families Steinernematidae and
Heterorhabditidae are bio-pesticides which have been proved to be potential contiol agents of many insect
pests. They are interested in many countries of the world because they cause relatively rapid death of the
insect hosts and they have wide host range of more than 200 species, but do not adversely affect mammals or
plants. Besides, they are environmentally safe as registrated by the United States Environmental Protection
Agency (EPA), and they can be cultured on a large scale in artificial media. A number of commercial
enterprises worldwide are now producing entomopathogenic nematodes in many European countries, the
United States, Canada, Japan, China and Australia.

Heterorhabditid (Heterorhabditis sp.) was first found in Thailand from a survey in 1997. It was
isolated from the soil collected at Roi Et Province, northeastern Thailand. [t is another indigenous strain of
entomopathogenic nematode which should be developed for practical use in the country. Research on the
development of this new entomopathogenic nematode strain needs to start from its biological characterization,
mass production, and insect pests control potential. The information to be obtained from this research will
provide the new knowledge or guideline for further research and development of the other newly found
indigenous entomopathogenic nematode strains. This information will also reveal the progressiveness of
utilization of naturally existing microorganisms to replace or reduce the use of chemicals for insect pests
control. It will also offer more options of microorganisms to be chosen to properly control the targetted pests.

Furthermore, the information can be applied in developing any Thai strains of entomopathogenic nematode to

become effective bio-pesticides in the future.

OBJECTIVES

To study on bioclogical characters of Heterorhabditis sp. -Thai strain and to mass produce the

nematode in semi-solid culture media for use as a bio-pesticide.



METHODOLOG}’

Biological Characterization : Study on the iife cycle of Heterorhabditis sp. -Thai strain within its host
insect was conducted and its growth development was recorded at 24-hour intervals. The effect of
temperature on the nematode’'s growth was alse studied, a symbiotic bacterium was isolated from the
haemolymph of the infected insect and identified on the basis of its colony characterization and its absorption
of BTB from the culture medium.

Insect Pest Control Potential : Studies on the ability and aggressiveness of the Heterorhabditis sp. -
Thai strain in killing the pest insects within 48 hours were conducted by using 4, 6, 8, and 10 nematodes per
one insect larva. The tests also included its tolerance to different levels of the temperature in killing the
insects and its potential to control the destructive pests in the order Lepidoptera, Coleoptera, Orthoptera,
Homoptera and Blattodea. Mortality percentages of the insects were examined in the laboratory at 24 and 48
hours after inoculation with the nematode.

Mass Rearing in Artificial Media : Different semi-solid medium formulae were tested for the high-

yielding of Heterorhabditis sp. —“Thal strain.

OUTPUTS

1. New knowledge on bioclogical characteristics of Heterorhabditis sp. -Thai strain including growth
development of the larval stages and reproduction of the adult stages to complete its life cycle within the host
insect. It took 10-11 days at 25-30°C for the nematode to enter the host insect and come out as infective
juveniles which are ready to attack the host insect again. A symbiotic bacterium identified as Photorhabdus
sp. was isolated.

2. The new knowledge on insect pest control potential of Heterorhabditis sp. -Thai strain was
obtained. The nematode was able to seek for the natural openings of the insect and its aggressiveness in
killing the insect was up to 93% within 48 hours when using 10 nematodes per one insect. It could potentially
control many important insect pest spesies, especially those in the order Lepidoptera which could be killed at
a range of 67-100 % within 48 hours. This nematode could be mass-reared in the cheap semi-solid culture
media containing 60% protein, 20% animal fat, and 20 % water. The nematode yields of 182-349 million
nematodes per one litre of medium was obtained within 15 days.

3. The research results are to be published in the following intermational journals as follows :

3.1 Tangchitsomkid, N. and S. Disthaporn. 2002. Life cycle of entomopathogenic nematode,
Heterorhabditis sp., isolated from Thailand. Journa! of ISSAAS

3.2 Tangchitsomkid, N. and 8. Disthaporn. 2002. Mass rearing in sermni-solid culture of an
entormopathogenic nematode, Heterorhabditis sp. Thai isolate. Kasetsart Journal

4. The basic knowledge on biclogical characteristics of Heterorhabditis sp. ~Thai strain was crucial
for the consideration to develop and extend its outcome to the practical agricultural and industrial level. From

the research results, this nematode has been further studied in the project entitled “Development of Simple



Entomopathogenic Nematodes Production Process for Transferring to the Farmers™. This project has been
funded by the Thailand Research Fund during 2001-2004.

5. The results from this research project are useful to the development of indigenous strains of the
entomopathogenic nematode in Thailand both in- academic and applied aspects. Some potential strains are
being understudy to be applied in agricultural practices and will be further developed for the industrial and

commercial scales.
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NN wansaulu 5 tumarsssuSmmiia-naods wawen awizaniam Bingln A uay
wasledln  uarlu 3 Usumemasaudmlé da unda g3nis wararsaudu wenvimiufefmunulu
Usndaadasdouasinfuaue  dnulunite@eimsdrmauasinmmsunwsnssaiseas [dGoudas 1
Tl 6 Usena @o 3 (Shen, 1992) BwiRy (Poinar et al, 1992)  ¢R&IM (Amarasinghe et al,
1994)  dm (Yoshida et al, 1998) WA (Stock et al, 1997) uasloam (Elawad et al, 1997)
niueWsm Waturu et al (1997)  ldmoaumsdimauasdunniulsemeanuen dmldidaunay
heterorhabditid wunSousnl] e.e1. 1976 Ta Poinar uazdedeanaiin Heterorhabditis Smsanm i
annlwiylnluasan@m  InMEsTUMTEIR09 Griffin et al. (1991) wiri heterorhabditid £ims

nEgmaunuivESauniuiunnadudulvg)



Poinar {1986) Iesnddutunnsl&idoudoaivin biAa lnluwmg Fait -
Phylum Nematoda
Class Secernentea
Order Rhabditida
Sub-order Rhabditina
Superfamily Rhabditoidea
Family Steinernematidae

Family Heterorhabditidae

mﬁméwLLﬂﬂ‘ﬁﬁﬂIﬂUﬁﬂﬁ@thé’nwmmwﬁmgmf‘mm ﬁmﬂuamﬁuﬁmﬁﬁmm
éwé’rﬂummﬂumn‘ﬁﬁﬂ (species) 283 & Fauran (Siddigi, 1986) nanUaIMITeuUNTHe ldGautan

wr A

dagumas Ao mstaswedagiueieg wasRasongdhdnuusididasshasustondmag s
")’ULWﬂQ’LLaszﬂuﬁﬂu Ist wat 2nd generation Toels light microscopoe (LM) W&t scanning
electron microscope (SEM) mmLmnvhmammmﬁﬂdmuazwhoé’nwwﬂaﬂﬁtﬁauwaumm'mifm
FUUNTiiale (Nguyen and Smart, 1996) wanmin Il tiwinemsmaiuanyiainen
(molecular biology} ldWamatemagy wasdnmniumumaunisdasuunsiintddaudaalusea
=l A a g A' w =) ral cl' | 4 & A
DUVTDALEULD ‘NLﬂumﬁwuqnﬁuw\hunmﬂaauuﬂaﬂﬂmmﬂmaxanﬂaaumuuan SR LAee
fauuaswituenTiauatmavuSemamavmslustiuiing  wasmsldsuresdiiuaiiiuimasadey
P v a L e v . a YL a v v a A oal

mmmuaunumaLmnmanmaqmwﬂmLLun'zsum‘lﬂmauNaﬂwmmgnwaamnmj@ vintusiiaen
Musiifiduewmdauiunoafdueiai  aaneaumsifmadle molecular biology ftuIsmsasrasoy
mainniige watlambhin e uunaiialdGoudoy 1oun DNA sequence analysis (Curran
et al, 1985), restriction fragment length differences (RFLD) {Curran, 1991), restriction fragment
length polymorphism (RFLP) (Reid and Horninick, 1992) ua¥ random amplified polymorphic DNA
(RAPD) (Hashmi et al, 1996) Wusu  Tuihgiumefiaifionlglunsiadumnuacamaseuniinas
\l" A N Sl " o fl [¥) = \llt ] =8 d.' 1!-1 [ - \lldu
dwauras lunganiueaazaTanmavaimal laun wealia PCR-RFLP (lasan ivinaisiueuas latums
HONTY

Tangchitsomkid (2000) losumngiiavasl@doudasficunumlan  uvanen iy
family Steinernematidae Ustnaveny 2 @na (genera) @p ana Steinernema spp. 11412]’«3%3'1]’14561
Fuunsaniuiie (species) 16 25 #fie @ S. kraussei (Steiner, 1923) syn. Aplectana kraussei

Steiner, 1923; S. glaseri (Steiner, 1929): S. feltiae (Filipjev, 1934); S. affinie (Bovien, 1937); S.

carpocapsae {(Weiser, 1956); S. arenarium (anomalae) (Kozodoi, 1984): S. intermedium (Poinar,



1985}, §. rarum (De Doucet, 1986); S. kushidar (Mamiya, 1988); S ritteri (Doucet & Doucet, 1990},
S. scapterisci (Nguyen & Smart, 1990); S. caudatum {Xu et al, 1991);, S. neocurtillae (Nguyen &
Smart, 1992 b), S. longicaudum (Shen, 1992); S cubanum (Mracek et al, 1994); S. puertoricense
(Roman & Figueroa, 1994); S. riobrave (Cabanillas et al, 1994); S. bicornutum (Tallosi et al,
1995); S. oregonense (Liu & Berry, 1996 a); S. monticolum (Stock et al, 1997); S. karii (Waturu et
al, 1997); S. abbasi (Elawad et al., 1997); S. ceratophorum (Jian et al, 1997); S. siamkayal {(Stock
et al, 1998) war S. tami (Luc et al, 2000) luana Neosteinemema sp. 1 Tha @ N

longicurvicauda (Nguyen & Srnart, 1994)

family Heterorhabditidae Wu 1 @nga #8a Heterorhabditis spp. Fuunlé 8 wiim 0 H
bacteriophora {(Poinar, 1976), H. zealandica (Wouts, 1979), H. meyidis (Poinar et al, 1987), H
indica (Poinar et al, 1992), H. argentinensis (Stock, 1993), H hawaiiensis (Gardner et al. 1994),

H. brevicaudis (Liu, 1994} uay H. marelata {Liu and Berry, 1996 b)

l&fouramvia 2 ana Ao Steinernema WUag Heterorhabditis Wudafiiaquendnd
nvoagluiu - mnFiaduiastloobifuows  dusoshiGond free living vi3addaustush 3
(third-stage juvenile) W3afsaustuzidvhans (infective-stage juvenile) IMenaaUTTHLIRLIREANN
nmussammnadenlddige  leasddhimilaitunh cutice Unaantlasfugmmniiuazamaibu
o ) (V] R P - L () cd.
fimsazsnamsdimamanlyiu (tipid reserve)  Jassnsnagludiuldumlas bifuanmaiaseesswiag
Al . a 1 A | 3 [l 3 o L -5 “
Wi (Poinar, 1990) WowuwiasldiFaurpuaziinggasialushusas (haemocoel) Tévanema  aufiy
o o t‘lu a 4 v v fv  a v ' v oa .
siawasseiugldifioudloy  Fefuniusiurio was waranmnedsn wu (&ifaudsy S. scapterisci
dvhasunsinzgan  lassiugmelanafimly (spiracle) wevinfiowtidngvia trachea  dudhaumia
trachea &nte tﬁaL‘?ﬁgi‘ﬁad‘iumﬂ‘lumﬁ’:ﬁﬁﬂ"lt?mﬂ (haemolymph)
(Nguyen and Smart, 1991) uanInGlMGaunatrundynaoas
Steinernema Wav Heterorhabditis sansningunaalémataadla
MNTINMAaU U thnuasgasdiutiy  uasiznrgrwviamadiu

BT TAIWNSY  (forequt V3@ midgut ¥38 hindgut) 14hg

haemocoel $89UNRY (Poinar, 1979) uwsasnlsion l&deuras
WiN Heterorhabditis 31 labial tooth Bgiimdmiasldidou

HauTtyY infective juvenile fHdnuymeadevufiuds  faolumsiane

N 4 o 'y
speihiddhraasme  Sufuleseauiesinoawsluanativh



Wi (Wouts, 1979)  9MNT1897U209 Bedding and Molyneux (1982) udasbiviui (&doudoy H.

bacteriophora strain D1 # tooth FodngvupuuNaIIL (sheep blowfly) ynIfawlsudom

intersegment

slm’%awaaa‘mwgﬁﬁwa@iaﬂm‘ﬁwmmu‘uaa‘lﬁ@au&laaﬁnmnﬁnﬁﬂmuwu:h & daudae
S. carpocapsae SamneananumadigunovioSdfqgumnll 247 uay S. scapterisci Snnnmnd
32°¢ (Grewal et al, 1993)

deldideudauihgioriumelusinuimnsianidos symbiotic bacteria gida
PRIMAY WATELRTRIn Binngadat e uaraean e v liusaaheomsoeslsaifanfufs
(septicemia) WALMUMEIUIAHIAY 48 T3, (Poinar and Thomas, 1966) i) 1982 Burman léia1e)
AW MERs@msRaIn [Fdouday Neoaplectana (Steinernema) carpocapsae ?;L%Uﬂ’ﬁ NGE
(nematode growth extract) FeAannmsiEsldGaunaniuanw axenic culture asRwRladnblY
inject MUWNBINAGEL WUTIWNAWA®EINT heart beat auuauasamume e 24 o,

lasagumaiialsaluasesldideunaasiuiy symbiotic bacteria  uaaaléisilapy

wnIx dia Uil -

Nematodes enter host hacmecoel
- wvia anus, mouth, spiracles or cuticle .,

Nematodes

Nc’sgca;?cdcs ) !ocalle Nematode releases loxuns
insect host inscct host \ and Phasc+l bacieria

Inefficen e e
Nemalodes Icaw: host killing - ~
cadaver without ’

bactenal symbionts Ph.asc I m:r':ﬁ"m Phise |

Non-feeding k—/

nematodes leave
host cadaver

Host death Bacteria praduce
antibotics, loxins
Ineflicient nematode
reproduction
Ph
colgsmeslc?ast;nr:ﬂ: ~g—Eflicient nematode g Host death

nemaiodes reproduction
Connor Thomas (http:/www microbiology.adelaide. edu.au/)

T o 1 Y =
1&#ounatlungs entomopathogenic nematode fmwiundulalaumsaanesiy 4
L 7
Lo s g ] R . 3 w » a ] o [l
a7 Usznaumussessnaau (uvenile stage) 4 JvaLaD MaouTELL 1 (J1) Wnaananlameludius

A & 1 P w4 o [V K] o .« W '
gmsaanenutiudioaustusi 2 (J2) enaoustayy 3 (J3) wareanuszusv 4 (J4) eNaInl nau



Duddaiomeduazwedls  dhoawis 4 sty wassnfiatraunadpdulanms usasoduwinin
Resstende faguandiuaeda fsaustay infective juvenile (1)) winiu  Fofidashaauluszay J2
war J3 FAmTUTu anwen ifleamenussamwiiedannetan  uameAauTinonangInmas

cﬁﬁa%waQﬂuﬁﬂma‘bﬁumuﬁ‘lﬁﬁﬂunmmmﬁaiaLmaomﬁaﬁ'ﬂmi (Nguyen and Smart, 1992 a)

1&i@aurlat Steinernema wav Heterorhabditis Demuuanensiiuatneuiavains

anewuf louwid Steinernema SmanaWUELLY amphimictic Wit RomsnasWugsswiswey
LALIWELEY &7 Heterorhabditis W‘U’iﬂu generation 71 azﬁmwmaﬁuﬁwu hermaphroditic
w o % ' [ o 19 b . - <) . P

TmamL;Jumm'mﬁﬁﬂwazaﬂawma‘lum‘lw@n“lmaa LLa'.:sl,u generation V1 2 WMWUU amphimitic

(Poinar, 1990) mnmﬁﬁnmaaa‘s%%mazmwmuﬁuﬁmaa H. bacteriophora HP88 strain Glazer

et al. (1994) 1(5’&‘;‘1JL§14 diagram mRasasldidaudanluudar generation ¢iafl -

P GENERATION : 1st GENERATION : 2nd GENERATION

- —# J1-J4—~ FEMALE

31-J4— FEMALE——® J1-J4—® MALE

| HII-HJ4—p HERM.

1J —gm J4 g HERM. ' —»j1-J4—B= MALE

J1-J4—m— FEMALE

HI1-H]4—#=HERM. J1-14 —= MALE

HJ1-HJ4 — HERM.

Proposed developmental pathway for Heterorhabditis bacteriophora HP88 strain.
(HERM. = Hermaphrodite)

Nguyen and Smart (1998) léénmpUswdnuawuermassydulavaldifouray
Heterorhabditis spp. 3 ¥iafa H. bacteriophora H. hawaiiensis Wa¢ H. megidis $uasNaauszey
| ) = (v =Y = :’.; o o ] [ [ o lﬁ.
VA (IJ) t7ruy hermaphrodite aﬂﬂn1ﬂrﬂyﬁmUTﬂ'ﬂa\]ﬂd 3 UG Nﬂq']NLLWﬂGnGﬂuslu‘ﬁ'ld'ﬂaé’.luﬂ

L] L . ] .t a o
2 uar 3 nanwhaewa leewii B hawaiiensis imaasgdivlaldmadmnseo: 1 i Ja



Wyuf 2 ndsmadvinae  wasluiui 3 dmsaddiulediu young hermaphroditic female &4 H.
megidis  fhliimasFudulendadwhmaduns 2 T waluiui 3 U Wi J4  uasiitnagu
w3t young hermaphroditic female  dW¥U H. bacteriophora W3ndulatindy wuwawie J4 u

Sufl 3 nasdnvnasuasti Wy young hermaphroditic femate

amadiutsaImIatiuadili®in 2 oile sz lddauraslunga
entomopathogenic nematode slu family Steinernematidae LAt Heterorhabditidae ﬁULLUﬂﬁL%EJG[u
family Enterobacteriaceae Lﬂuﬂ1$aq51uﬁuLtuuﬁL%uni1 symbiotic association (Poinar and Thomas.,
1966) wusgLdnmd iddmmhasldeudassundivhiany  lesuefiGulimannidiasenludu
vohohduiniuadld (Poinar, 1979 washivinliifelndienylumuutosomisrasises (Poinar
and Thomas, 1967) aunh&ideunsuflusmindiggosiumeluachunas Ssmansnasnmnadhuh
Gosmasumadld  dniu mandsuthoreseiiGunnanuamingusash vsidasadolddouday
dusmiuanniloaweiiGudosmmnedon  wadvsnwaiidudivatluhidoasniusasiezasnn
vianould  wenredrasuueiGuduuvdemsidsiansyuaumsuenawug  (reproduction) 89

& Fauraumeludiusas (Akhurst and Boemare, 1990)

wwediGuiwululd@fourasinatluana Xenorhabdus spp. fgUhaduvian  (od-
shaped) {Wuwan facultative anaerobic  WNINAY RNVTLITD Bergey's Manual of Systematic
Bacteriology (Volume 1) ﬁmiﬁﬂﬁ?LLuﬂt[ﬂﬂsL%ﬂmﬂuﬂamd%’JLﬂéﬂ% 2 Tue (species) 1(;}1[‘“. X

luminescens \a¥ X. nematophilus (Krieg and Holt, 1984)

Akhurst (1980) WUT1  Xenorhabdus spp. # 2 JUuwuy (form) Aa primary form Qg
secondary form MSUUNANHNUANGNITEWIS form 983 X. nematophilus  o1dudnuclalali (colony)
Tuil A6l 1988 Boemare and Akhurst |vhmsfinmanmnifviamsnwuasiuefivas Xenorhabdus
spp. 171?1 2 form ‘?‘IILLUﬂ?\Ym Steinernematidae way Heterorhabditidae 21 ﬁ‘luﬁuﬁ: (strain) WU

Xenorhabdus Y1 2 form Payn@mEUSHANNUANGITW

Tumsusnemauensomasris 2 form  vildlesgemassnsnradalaiilumsged
neutral red NI MacConkey agar LLa‘.:miq}Glﬁ bromthymol blue 33Naws NBTA  uanan

: [ [] ;2
UK EILRENANNUANTWAIEMINATDL antibiotic activity WaY lecithinase (Akhurst, 1980)



Jull @@ 1988 Akhurst and Boemare 1@‘1’ﬁ1ﬂ‘1$ﬁﬂ‘1ﬂﬂﬁﬁﬂﬂh’)®1ﬂ&§ Xenorhabdus
nier 2 form A 21 @ekug laevmmesaunneu@ 240 dnwne waeldiauatouuaiisy
X. nematophilus Wy 4 species fa X. nematophilus, X. beddingii, X. bovienii Wat X. poinarii
Tuil @@ 1993 Boemare et al. IO@TIFOUAMNNINWUSTDIMLANGUEIERS DNA hybridization way
Waswan X, luminescens WuaNaWMsAe Photorhabdus aglimuuenshsvasBuviafiduaiiiueh

LLILLEN

Xenorhabdus spp. HUNANGTINMALENWMedU primary form  looddnsuslalail
B B 1 L [ 3
wulédls funss uuawsRtNEeRANE (dye) FoauninaaduivinWilalatliid usthidius Xenorhabdus
spp. Puuamsdsadaduamm Fowdowiu secondary form lalatididnunuumnanda bisnaian
geduifnanasluamisle Linuenauandslumeinifialsauaadar 2 form  usnwuiinadannu
v oA F 1 A oA & A = w w € o R T '
HaoussorinawuenGorulfdaudey  leald@oudsofionaudnimsiiuwailSy primary form leang
secondary form  lAdeutanfenuduiusiamsisaaiuuuafiGuriialaofionih  wiwefiGosia
é = o LV ) 2 a8 1 r=y = o 1 ey (¥ (7 [l [ 2] U

wile  Henudwiusiul&dfaudanldvaosia weiSausareindesnIndaus ldsnvarangs
UBNAINMITAIUNULATSE (classical taxonomy) lealFismefitaufidmumn  ladmnihdsmsaung
wiwlunmadaduun wu msdnmdiduie  A3mamaaiiinen m3ld gas-liquid chromatography

983 fatty acid methyl esters (FAMEs) (Aguillera et al, 1993) LU MTIusnuuafGey

r t o
o el s L

Xenorhabdus spp. #OMudATON WasnuuanGuaduvisdndenaiuusgednvisduianmenme

uﬂlb- (Y-t [VER" v ow € » Ada o a \lyn
WHT: (ONBH]] ﬂixﬂaunUN'ﬂ?TN;ﬁUcﬂau'ﬂﬂdﬂ')’lNﬁNWHﬁ‘Uﬂ&ﬁd&l'ﬁj(ﬂ'ﬂﬂ 3 TU @9 wad [Jeaunay way

wueniSy

ERoudasusarsiafionuamsanisasivsisasuafiGy  1éun S, carpocapsae il
ANNENAUSTIUULeASUTIR X, nematophilus  ddeuay S. feltise, S. affinis, S. kraussei, S
intermedia {ONNENAUSTU X, bovienii  Wudu  enaavnziaizastasmsagniuasldfeuday
uazuuansY uiumsemsiitudviulddoudssfuuefiZeshduuarmsSUsnmradad

wuaniFuUSng [dvas ldRaunesseusdwihas (Akhurst and Boemare, 1990)

L - d'. =1 ol Lol X A’ * [l e ]
AN ﬂ'l?ﬁ‘l?i]’lﬂWTlladvlﬁL@BHNBUﬂ LUanLEETIIUUWLN LJLQW'I‘.:L’Q"I&QGT}UWG]

o = ~r i £ c:d (] wr o
TaILUANIEIINUN Tﬂu‘lﬁmauﬂaﬂ S. carpocapsae YN X. nematophilus 8874 mmm‘mmmawuﬁ

'
= £

TwamsifluuefGustioduls uimmmevufuedlddeudatsranas athalsfiow Steinernema spp.
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LimanTneenswus luawnsiifl X, Juminescens Faduuueidufivulul&deunasana Heterorhabditis

spp. (Akhurst and Boemare, 1990)

wasignidhaelesl@daudeswuh Lifiuddiug dwhaedida Fussnan
wweieiiagluhdeuonwas 6598 antimicrobial GoarlUiudon fed waruaiuiug  Paul
et al (1981) WU antimicrobials WuaiTUsznauvmiaadl (chemical compound) u x
nematophilus strain R Wy 4 indole derivatives uwaz X. Juminescens strain Hb w 2 trans-

stilbene derivatives

AMNEINTD UMY AAlTaTUUNGIIAY Xenorhabdus spp. SUszmBnmgsnn e
l-’ = ¥ 1 . W 3 = T z . ~A o
pglwhidenmulugarivdnuaae  laewudh wuaufiuiels (Galleria mellonella) S wavgeaad

LeRSEiRes 50 wad SaansnvhliAakelunensianld (Akhurst, 1982)

Igfinmsdadanstiouasamiugldidounss shanndaiumsm ldun 6 ofla luima
Steinernema spp. o S carpocapsae, S. glaseri, S. feltiae, S. riobrave, S. scapterisci War S.
kushidai uway 2 e Gl.uﬁf‘]ﬁ Heterorhabditis spp. @8 H. bacteriophora Wt H. megidis (Ehlers,

1995)

. L A 2 [ A =l A owv A ad [ o
mablddaudesnfmuauuundngis Snsdne ietedmsdiusncaauays
Ur@ntnwaege  dasnnlddourdssinidiidiannadnbinmudasnmaomniigs  uaseaantls
L A - o 8o ' v oa p v ¥ aa Ll Ay
Ba  dmwenaui  Gefimavh idannsegseeadldifeulaadnas  dnlu 33mslededitduvay
Ussmadusinue Hadufidédyde  thiumesnunwginrsuvesldidoudaaduuuy cruiser vl
T a . & My a e a A a v
ambusher  latwn@nssnuuy cruiser Wldidauraswinfiimsiedoudidhvmwmamia  Toun s
glaseri Wax H. bacteriophora @ UWH@NITULL ambusher Wunanbidsanfoudl udazvemaiin
ﬂ' . . P . W 3 wr L. asl 4 )
1 (sit and wait) uaeiimstiaddaulundiviwdadénlun (nictating) wasadimelumanstlaadn
imgdhunasiialuin asnuldidoudaewanilaguinniadu léur S. carpocapsae uay S. scapterisci
(Campbell and Gaugler, 1993) anuoewWANTINAUANGIY W I Gauraeyi 2 oiia  Susdvininlu
MIMUANUNRIUANGITL 10U MImuquuaaInsrauluanunad  aasdenld S. scapterisc Wiag
A A < o - Ay a - a
NNuNAINTIBURRoUatWTIATIIUIAY  warlE S. glaseri MILUAN white grub AiNARUTINRE TR
- 1
(Klein, 1990)  uanamiu  ikiumasuanwiuntelfifoudasfindaiiumsidenustsanuays]

- e J .3' g - o d‘d 4 1 a4
edvinmge  Fwivplounesda v weemmrudsifinasamamaradldidoudlon



11

. s o w“ w Yy a o v oa v [P
SnuradrasueiGuuen B nnluiuaranluinldifouloy  ararauiliimuimuianedon ldun
Tasoaiofiu gomniteiu uazannduludiu (Kaya, 1990) mmitlddoudssdasunaslulfauaumas

aRTbiszaunad ST Resinaiinefinnieladudneg Adundi;ndas  enwindemsladude

ﬂ au
yanddnumsnsnnden ldfeudsuriinlamunuuissdagieiiiussansmwgege

1&daunan Steinernermna Wwat Heterorhabditis Senomwlumsdiu bic-pesticide
ALRaRITRTA IdFumIteatuathinhere IdEnsfneiddeludumawindoaisn By
oIdin dausit 1931 low Glaser iwsdeatdGaunoy S glaseri Way S. carpocapsae \Whina
duSeluamssiioudivsinoudny 1% lanssehe uas 1% u  TuemnbiidedulavwiefiGunt
axenic culture  @iaanlull 1953 Stoll WamnmswazEssliomsmanfifrhdubunsdisnoy  Toe
Buolumasemaaauifimsieen 100 aSdowd  aansniinSannslddaunasluomsmadld  usnths
Tafion mawwndssifiumdislukemanns mandenlidmdumug J9ldimsfuahuarmesvamms
wnzBodngsiodias volushumeiiauasgnsomnsiie Wduanaalddoudougsfigauardunumanae

Gi"l (Friedman, 1990)

il 1964 Dutky et al  wuin Mo symbiotic bacteria Muenleaindhuasldidia
c-l o 4:; i .elt’ a cl‘ = 1 . L3 -3 L A’
dog Tdwinasluamsfianilfmiuiom3snFuni monoxenic culture  ¥nbinandnldRaudougiiu

losnrizadseanidofinadanssuiumreowuirasldifoudasluownafios

Tud 1981 Bedding Iwannmafiemsuasslddeudas o msrioudsfamen
(semni-solid media) W&MW monoxenic culture ﬁﬁadéﬂ‘ixﬂaumad 70% \l@'lmﬂ 10% lofkidad uay
20% W T0INIRLY Steinemema sp.  uar 60% Tovy 20% lesudod uay 20%1h T09MIEL
Heterorhabditis sp. Blﬁwawﬁm‘lﬁtﬁamauqamﬁu 40 fuéhea flask TUIe 500 Na. 63 70 N3N
Fununswdarify $ 050/Mask (Uswanm 20 1) mellemssdnat Wumstestuathenien
6iasn Bedding (1984) & @nwweRiamandaiasinoSinnlussdumsén T@ummguﬂuqa

polypropylene 910 1.0x05 e (wanGnldidoudaugaiia 2,000 Swmsheiags

™ a o I3 o e ' = oA

fimsineifeasidszneurntansisududemamsitosl@foudaslu 2 ana  Tu
SNMMWNIIAENWLIY monoxenic culture  FafienuansauTasE IO IdGaudandaoms  anme
9289 Dunphy and Webster (1989) ¢idnmsumaiawnssines wamsvenertiann S. carpocapsae DD

136 strain WAy H. heliothidis wunasomariieosne fnadanandaldidaulsuudazeiiauansioii
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Iow culture M8l stearic acid MMbEMeDNMIUALIU (0.1% V/V) WWNNENES S. carpocapsae  Wavih

sudiulan (0.6% V/V) INNaNE® H. heliothidis

Tuilgtiumsndeldfeunaslungs  entomopathogenic nematode  sansnW&e lu
awnawad egetia 190,000 $heiafiadans useélU shake flask uar 90,000 Fheefiaddes Tuiawsin
(fermenter) (Friedman, 1990)  fndesnuaifindeiimsanlusialsuvia @wu USH MicroBio WA®
l&faunan S. feltiae AILAUVLBMNAIRYIIAIETA (mushroom sciarids) MwAAAN3a Nemasys

A o & ' . . o o gt a
uwacldifaurlay H megidis MUaNead (vine weevil) unGasiueide Nemasys H  13%n
Biosys nAalddoudon S carpocapsae ﬂ’JUQamuauG'f’N Japanese beetle  UaxU5 Ciba-Geigy

a My a . v = . .
waaldwaudoe S. carpocapsae (S25) uar S. feltiae (S27) @ILANAINNWAUFM (black vine weevil)

(WruIn, 2541 n)

nndangt (formulation) [@doudas uazmmiillimuauuaasluanmls &
waremuuy Ifun mswasfdoudoyludumiien Wanh wasialen  vmadhelgalussioaiom
{alginate capsule) LLaﬂu‘gﬂmaTwﬁa:ﬂﬁaﬂué (gel-forming polyacrylamides) Huens WAAS TN
Aidourouiismholimmesznd 16w 159 Mellingers  uavigosiim  wialddouday S
carpocapsae TuTawaeious scanmark 1 § 13.95 uina lfidaurey 7 & aansndeseldie

Tausuny internet wazi1seudeTasaTae

e lWlEhouasazoan lauazay formulated product Ihenseunihvauday
[~ & -1 T . a a L add « L - 1 =
WaRAT  asuagivivauldaudoouassiinvnaaniiming  fgdtlanumueiaaviuamssiia
aynevd  videlFEmauluanlgnifuasdagiane mslEluhadvdodiu  eviniGesus

Qﬂ(ﬂ‘iﬂ’ﬂﬂ lGeasa M N"i'aumnu,ﬂq tLﬂﬂl‘HLﬁ] aMnNariu

dmiulusznelng mATemeduldfaudedaguua Sufimsdnmnduatiie
szl 2530 leenasfiguasdaiinen  nadmnmsnses 1o l&Soudlas S carpocapsae Al
strain  Wwsswuganawimiinaadumsdvilan vnandissFnaduevnafiessnih Meuas
wasdagiridy waneelonsraunadiialuanmlsiomeufuldfian@enasinas  wiaunswiman
naeaanemGal wazsmiadnimonnmen dudu  luwihgthinwasnsanwaulanmmigdunis
Wl¥euguunas Tosomzumdormasl  uasldfoudas S, carpocapsae 1ThAwisEdnafionts

14 L) - } 7l - - - 1 o
asraumadida lumandadumsduasiiundasueismibsludsaneing (93, 2534)
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u.aﬂmniyiu ﬁaﬁaﬁuvﬁ'é‘ﬁﬁﬁm Afidnummlunmdiu biological control agent WAy
\lﬁ‘?ummﬂﬂqﬁv’wmnm’i’gua:mman'm i]m‘:ﬁnnﬁﬁmhag?\uﬂ%éuﬂ'ﬁmuauﬁm‘gﬁwmmsmwsﬁ
dsraunadSauanhlvisslonihwsunalvodo m3lduuafiSe Bacillus thuringiensis (Bt) mia
wauﬂf’c’?aﬁLﬂuﬁmgéwﬁmwaaﬁwawu'aﬁﬂ (539, 2534) MILFL5d nuclear polyhedrosis virus
(NPV) enuepvupunTsyvanuilasin (avie, 2634) msibuuefiSe Bacillus subtilis muaulzaniy
Towhswaadn (WNRBs waven, 2543) MM Trichoderma harzianum PILUANTY Phytophthora
parasitica swalzannuilaunhrendning wamdou Dudu  yiliEunidensg manillduam
axlaezsassvannnsensumaiilinaumanefioean lnoewzdanfiuusasiasRoias

MIAS 110 Wiaulsiien (Spodoptera exigua) TvnasnBewoiiuReinuas binanwaiurtia

midumadwiifusloniifogmurrnmd  darhtwnennuanindulyEeou
audlaging  WdfAsenuduastinsdnmiadsifedodunaisn du I@wammzqm%i&%uﬁupu
aufinamilautinitoluusazmniafvmaddyraimaindussn S Wil dvinmaean  Wduns
weareiinddadialunmmi i uandetiuly wu 1&dounay S carpocapsae lisansniiFiaaglalu
AUTIMUUNTIY '?'iqquﬁqun’h 35 pefngariud (Kaya, 1977) Wieu  danaconanidesiaadinisem

L d

f ﬁﬁ'uﬁau‘,aﬁuyuﬁqé’m%ﬁﬂm Aefinen  Laswg@nTINMIAITIe %oil’aag,amﬁmmsmmﬁﬁ
. W n‘ 1 w F=9 d‘d‘ F-L e 7 . j 2 1 73 ' 1 o
mmammumamm@mqam‘mﬂwummﬁmwﬂwmmmuw‘lﬂ‘lﬁﬂsﬂamﬂmaamLma'sq NITNEIENN
é’umﬁuvl‘%émﬂﬁuﬂwﬂm‘nwmf] FAHANNUANGNTDIEMWIANDN  gomNE  ANNTU @uLdN
waqttﬁaqamﬁ‘lﬂamm UNAIDIFTY TS LarauaNURYaIGU Lﬁamag%uﬂ‘%émaﬁuﬁﬁuuﬁaauﬂ%’mmu
f‘f@gﬁ'ﬂuﬁaaﬁuﬁﬁamw wedomdy Safumaseiletuenmaulhnnimdsoialan Taialune
Ildal F-1 - o= ™ o “ : L A
olaGuiimsédrmaiusuny ‘lamauuauﬂmgl.maaLﬂumuﬁnsluﬂ W, 2539  ENITOUN 0 ldRau
Hawdagunasdman 9 lolsieam  Jeaglu family Steinerematidae d1iou 8 lolman  Taafwmasiia
mudmiarnude Jmiamnauys (KB) Wias (PC) aysen (AY) mﬂﬁuﬁ (KS) awmansas (MK)
gouwnu (KK) wuasme (NK) uasasew™ (SK) way family Heterorhabditidae 31uau 1 lalaian @a
2 o - [ r Po -
Jouda (RE) vuwnifiumusisdiu culture collection ™ nasamlddauas naslseRauargadainen

NRATMINEAT (WBUITD, 2543)

Tangchitsomkid  (2000) ‘lé’ﬁnmgﬂi'wﬁnﬁmwﬁmgm%m (morphological
characteristics) uazl¥mafin PCR-RFLP iomsdesnunsiievasididendesiiuonldanauluee
ImTamogauwyi (Steinemema sp. KB code) wirh dinldifaudsusialvivaufiuaeniuslng  dda

- £ = . o e ¥ ol e -
INANENT §d S. thailandense n. sp.  WAMITEFINEMSIRNWNEUWS msumainendial) we. 2541
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(yrurIn, 2541 1), LALAITIRAMLNEILWS U513 Nematology #0589 Steinernema thailandense n.

sp. (Rhabditida : Steinernematidae) in Thailand : Taxonomy and Biology (Tangchitsomkid et al,

2001)

nnmsennEringaas@ifoudsy S. thailandense n. sp. uazenuEmINTO UMM
biological control agent Wswdasfifins  wuhihaasia 4 u ﬁqquﬁ 30 % SEeLwed
pumpfiinasamsasyiule sommaaauduweiviomendls wasanumansnlumsdimeuas
NaFay Tmuwuﬁqmmqﬁﬁmm::ﬂmagﬂu‘ﬁ?ﬁm’im 25 84350 Judnilddoudonindiulalas
fisanduoaawer] © weidly mnsandamssmsvugiFnnguanlia  wesldfoudasfidnonm
Tumssihuwame TiSvge (bifiu 1218 ou) Adgoaniidnany  navesoue s i
ThAnlsalumiaufiufiis wonl&ideudandam 10 sheounas 1 6 aansorn imaufuSitmey 53
% Tuna 24 T, uazﬁmflu‘lﬁl.ﬁamdaumUﬁuéﬂu%auﬁﬁﬁnumwhmwimuauﬁu%’aﬁamu 100 %

Tunm 22 . fignvdl 30 war 35 *1 wazesdnonwlumadvhaowasldgefigumgll 38 o

1
<

Farvih lddoudsmnmsidusensFannluomsiioneiioju wihfinsEspdiulaldaluamsis

U
o

Savdsaiuasdsznay Teulinendamanvhiy 6.4 x 10° deawns 20 nS Tuom 10 5w mséiom
dnumwlunariiaussdidy 12 ofie loun WUSUNISYMaN (Spodoptera litura) MWaUNIxAn (S.
exigua) viuauludin (Plutella xylostella) ywionwaNarhe (Heliothis armigera) VUBURICADNNLE
(Henedecasis duplifacialia) wuauﬁu%’arﬁq {G. mellonella) uuauiuquﬁ@ (unidentified) §rusnTy
ap3emvianszlaa (Phyllotreta sinuata) VUAUGIAUTINGFTAWES  (unidentified) wWaDgau
(Myzus persicae) Waxlaan (Coptotermes sp.) WUl S. thailandense n. sp. SenumwlumaIziiuas
loufiwafidudmesmuwinfiy 56 60 89 92 100 100 100 33 20 44 was 42 % Luwm 24 T M

AW warluuaasa (Periplaneta americana) Wit 57 % lwnan 48 . (Tangchitsomkid, 2000)
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[3 aa
. qiln‘im,ua I5N19
&
aunsns
a1nsns

1. shoaustesdivhaovaslfifounan Heterorhabditis sp. @eWufing  wisieaain
- _r j -

WUAUNUIIHY (Wax moth, Galleria mellonelia L))

2. MuaunaEay (G mellonella) Spaavipriawdianue whvvindizsnm 2.0-2.3 niu
psasslennamiafiondaudag

3. @I RAVBaUeaaY Wiun Wi uniw@es 1R Wesindu ndwa
-1 fg =3 =)
3u loi uasieniiu

4. N&BIgaNTIEMTHa Stereo AL Compound microscope WIBNNABIMBAN

5. Insasloinmmanidmiuvinsfiidns leun wlamepmiasena$izeugs genu
ANgMNR 105831 1050970 pH @Baninhindn W3awetanaEs 120 saumani usu

cl' = § a w 17 o o d" 1!& ] (¥ :l. dl, [ 7] Aﬂl o

6. (IpllauargUninidwivveslfifimssande loun giEode wialsanueu

uarelaUsiEn (s
o e v l:ll’ . . . L a £ v ! .

7. @SN WMITULLNYY symbiotic bactera 1ﬂU‘iEj‘Hﬁ ‘1G1Lm nutrient agar,

nutrient broth, bromthymol blue, 2,3,5 triphenyl-tetrazolium chloride Whisu
wr ‘d. L PPN | P} | % ] .:I v =
8. YamaUnmidun Twiewfrdnsl&deudes  loun wiswwh  nsvuenwaradin
o = a:: A’ o |2 ] &

NTEWT  wewaadngdie culture flask  SmBLTaRaEENIAEUIEUINA1N 5 uaL 9 9N LAy
N3z@WNIad (Whatman #2) \{Wueu

9. wamadaUTHALAL TEF99 1w order Lepidoptera, Coleoptera, Orthoptera,
Homoptera Wat Blattodea

10. ownsrnsds EFaudes Toud wasownslystunndeiuaring losfudas

11, vanhduenninnagnieh
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ad
. A5N15

1. msdnZrinevesldifeurley Heterorhabditis sp. duwuging

1.1 msan¥193sdia

lvnasvasousiia microtube (16 3@ ) mz'gﬁm Winszesnsad Whatman # 2
a1 x 15 . ldasllunaaevasou uanhldidounsy Heterorhabditis sp. eovuging steeh
Y 91U 100410 619 ﬁaq’luﬁmé"u 25 bilnsdes  womasunszansnanslmaaenasoy i
ViauAuIIRg 1aviin 20-23 nin 1@ 1 éhee 1 naosmasey UQUAUIM 60 vasamagay ()
LasfuRaomniives 2642 °F  thvuowisvn 24 T, Swau 6 41 Tufinwataommaaiudule
sadldfauden Gaudduddsivmeu wasmadsuulasplnafussoseien) gaamanaaiufuoawe
waswele mmnlduszaanany Wiehdaustarsnen auaTy 1 WATEIe wamihmsleaniannue?
deheasldidioudausurenee (n=10) Inul¥ stage micrometer muléindnsqanssend wiowanaiiu
nanAn ddeudanstus 1 A ldrnmavmoBnodumeufindede 1 6 dunm 11 3 Tasasai

moldndasgansient 3 41 () d1ar 3 A% uarARARRY

1.2 msﬁm&mamaaqmﬁnﬁdmaaﬁﬁﬁm

Whlddounan Heterorhabditis sp. ahaviug vy ssumdwnay d1wau 300450 ¢ fiat)
fubndu 500 bilesans Teachu Petrt dish moadurhgudnas 5 ou. #finazanenss Whatman # 2
a5 amiuldvisufnSiieimon 10 shee dish ﬁw‘[ﬂﬂaﬁqmw_]ﬁ 15 20 25 30 uay 35°% i
wuauﬁqnnﬁmmummmmu 3 6 (%'1) PEIAALTLTUUNDH fina1 24 48 72 96 120 144 168
192 216 uar 240 v Thufinmaesodule mﬂmuﬁu{lmwia:‘i:ﬂs'uaﬂﬁﬁauwaaﬁqquﬁeiwaq

YDIUFTALT I

1.3 m‘iuunLéa‘[ﬁngqﬂéuazqmﬁnnmwaau.uﬂﬁL%'ﬂﬁatjéwﬁu Heterorhabditis sp.
fuWuslng

anéa‘lﬁ'tﬁauuau Heterorhabditis sp. &ovuging sruzdvhas lvmauinsais
dhasan 48 wn. mmwivuanfigndrmeandshdofifadeuoanaged 75% uasdarwingu 3
a¥a T%nﬁ‘lniﬁmdmﬁwaawuauuaﬂ%’qﬂtmmﬂLﬁam W streak UUWNT NBTA (37 g standard-1-

nutrient agar, 25 mg bromthymol blue, 1,000 m! distilled water, 4 ml sterile filtrate 1 % 2,3,5
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R i £ 0
triphenyl-tetrazolium chloride solution) wnduaawhluamwileania #el¥ 48 u. Hgonpfi 25’
tuitnqiednuazanslalafiuazmsged bromthymol blue waauuafi3eunans NBTA uasuonlalail
LﬁﬂdLﬁUhﬂﬂ%ﬂMﬁ nutrient agar (8 g nutrient broth, 15 g agar, 1,000 ml distilled water) W

stock culture iUt iAgnmnd 4-10 °a
2. msdnwdnanmwaas ldiGaunas Heterorhabditis sp. awﬁutﬂﬂu‘lumsﬁﬁmmaaﬁmgﬁnﬁty

2.1 MNAFIUANNMINTOLATANATURTI IUMITRUNS

UMM MERBLY CRD 5 n33:33 3 41 lepnTsditde samniddewday 0 4 6
8 uar 10 snFaviUaUNaFaY 1 61

naFaueNNIIIINazANNTULI MR laiulsRImeEy SeuvshvuowTunawd
U (Galleria melionella)  laevnmameseslunaeaneFouTHa microtube TR 1.5 Ma. WL
WINssaeN389 Whatman # 2 9W1a 1 x 15 a3, ldaclilunaas  1&l&Gaunes Heterorhabditis sp.
sy 10 ludomdoud 0 4 6 8 10 ¢hamh 25 Wlesdas  iwneunameuld 1 fdewasn URTR 5
vaaemedausadan & feuday  Fufigampil 250 yhnsesainladifudmsmoressad 12 24

36 uay 48 1. UiiHnwieans 3 91 (%) TnneidayemaiifuazSouieuaiadulesis DMRT

2.2 wadauANAMUMUGagunil lumsidwha1y (heat tolerance)

MIUNUMTAABIUL CRD 6 N353 5 91 lasninAisne anmnfissdiy 15 20 25
30 35 uay 40’7

nagouaMamuuradldfeudan Heterorhabditis sp. seuy 1) twmsidwhaauaas
NAFaY FraLdVUeU (G. mellonella) ﬁqquﬂ 6 s lavmmeaadlyu Petri dish wwnedush
quénaw 5 . ﬁwﬁqﬁuaugjwL%aﬁslé‘lﬁt,ﬁamaﬁahmu 1,000 617 UAZINVMUIUNATOLRTUI 3 ¢16D
dish wluefiguungfishsn emanssidamau 5 61 (dish) siogampll Ynmsmmreiviwlaiudmeme

YAIVUDUNAFOLLIAN 48 T3 "3Lﬂﬁ:ﬂﬁ*ﬁ'aaﬂaﬂ‘mﬁﬁﬁuauﬁumﬁﬂummﬁaﬂmaﬁ% DMRT
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2,3 MAddY Pathogenicity NUUNIARFHATY

nadausinunwiasld@oudon Heterorhabditis sp. @evuging Tunismdnusaizs
15 #iie uuaihs order Lepidoptera Mun Myauﬁd‘ﬁu?j (Trabala vishnou) wusuis b (Omphisa
fuscidertalis) VUEUALT A (Galleria mellonella) WuBulALHaNzAZa (Leucinodes orbonalis) vy
mzﬂnﬁa (Maruca testulalis) wuaumwamméw (Hellula undalis) wuaunﬁzﬁwau (Spodoptera
exigua) VMDWAWENSENY (Heliothis armigera) YMau@u3n (Danaus genutia) Lasvuaunuldiin
WasnaoInas (Cossus sp.) Lmad‘lu order Coleoptera toun WUauUN (Tenebrio molitor) Lmaﬂu
order Orthoptera 1oun wusanysan (Gryllotalpa africana) unad i order Homoptera 16un wag&}
niximmﬁﬁwmwa (Nilaparvata lugens) WAL T (Nephotettix virescens) Way order Blattodea
16un unass U (Periplaneta americana)

lagviimaeadeuii Petri dish TwdUrIgUENas 5 WAL 9 T8, MUIWIATBIUNAS
VeEaY  TNENENTEASNTAY Whatman # 2 ldlddeuslatdman 1,000 wae 2,000 dlwh 05 was
1.0 8a. 0y pedurdgudnmaves Petri dish 5 uaz 9 g, MuMcy Tusaudazaiiald 3-10 ¢l
Petri dish (wiuwnrasuay ulifenmniivias  ynnsmsaiumsmereasnisiasriiafin,

24 uar 48 oy, W Pemsinawlafidusinmeme (% mortality) 2adunadlesls Abbott's formula (1925)

a \lsvd . ar G\l ‘[ o a & 4
3. MR Ll l@aunatl Heterorhabditis sp. a’lﬂwuﬁ‘ Y LU IS INSNTUALEINILNAITNIN

monoxenic

maessslddaunay

§Aourlas Heterorhabditis sp. meuglng sear 1 w3onldinmadoafianinm
‘1!‘ a 1 o w ‘X ﬁ - \1!)1!1 A ] GL 1 . 1 2 0 .
Awaudat lunuaunudsmaiuna 11-14 W lalddaunay 1 Tuvn WnaNeIe 0.1 % hyamine
duan 15 WAl washi@efin  antiudeemeaingu 3 o3 fiuliluanenaradinoiia culture flask 7

AWM 2642 °7 e 1 umsnzide

=i

MTeREY symbiotic ] .

u.unL%amnﬁuﬁamamuauﬁu%’q5&%11‘1&6’191&%u Heterorhabditis sp. suwug ine
Wdinane leulfinafinuas Akhurst (1980) streak UMowns NBTA (37 g standard-I-nutrient agar, 25
mg bromthymol blue, 1,000 ml distilled water, 4 ml sterile filtrate 1 % 2.3.5 triphenyl-tetrazolium
chloride solution) ynnmuanlalati@eafiudh stock culture Tuwaamawns nutrient agar (8 g

nutrient broth, 15 g agar, 1,000 ml distilled water) ﬁ11ﬂLﬁu§nu1ﬁqmwQﬁ 4-10 °A
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FanuUflfnu YnmadewuaiiGuan stock culture 1 g AiviuSmsnl3ldiiu 30 Tu
a9117® Erlenmeryer flask 9@ 125 @, M3awnsTi@ nutrient broth (8 g Bacto nutrient broth,
1,000 mi distilled water) 153193 16 3@, hlUdeuwadaaath 120 sausdewit figomniviaaiiunm 24

gy e S nmngaduuaniGonowh WlEmniosniuldifeudas luamisfiansnn - monoxenic

culture
1e3tuavITtiandifiman
NENDWNT 5 AT MuSATELAYIUA warA ISR Isa ARl -
OIS FIUNTNDIT TANRWNT/ANT (L)

BDM (control)* ey 60% vy 20% Yhndu 20% 60
MM 1** uniImAn) 90% 'szﬁumg 10% 26
MM 2 9l 60% isTumyy 20% vindu 30% 40
MM 3 dodaw 60% viihavay 20% vhndu 30% 35
MM 4 ISzl (36U) 60% ﬁwﬁumg 20% 1hndu 30% 40

*BDM = Bedding medium {g®381W19983 Bedding (1981)]
**MM 1, MM 2, MM 3 uaz MM 4 = Modified medium 1, 2, 3, 4 [§@59M36I0LLR3]

15.1mm'su,siazfjmﬂanﬁuwaoﬁw (agnidl) UsTIAIluNG flask M@ 250 M@, ludamawns 30 ndu
stawanh viwiin 2 nSuei flask wldaviehidafignand 121 °s Wuam 20 wif

MWL

wuuafiSuiAs R Bnoueadainans nutrient broth  Swau 107 s lawldis
ATMUITAAAIY counting chamber mnﬁuﬁﬂﬂwuamuumwﬁfjm@hdﬂ LLazLﬁu15’ﬁqquﬂ 2642 %
Huna 24 1. e uuefidordyuuems wdaamnldlddouey 17 fwdoalidninu 20,00042,000
SheiameiiusyamnIgassneg  yniuaawiluanmmlaoade o livgooand 2612 o 1didaustat
L'-ﬁtyLﬁuTmLLawmuﬁuﬁlﬁmﬁmmﬂunm 15

s = £ A

S

UaumTﬂwmwaam'uaaLma"ﬁmmmﬂumﬁvmﬂ 3 a5 1ﬁ’lﬁmaudaﬂw§$nam*ﬁu

woah slildidoudoaanasnon imhaniandnhaaa mm‘lﬂé‘lﬁma%@?{u
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NAITNAHD] ﬁﬂsgmwelumsﬁﬁmmaa {quality control, QC)

m‘%aumm?gmL%a'ﬂmmé’umquénam 9 g, WinstensnIa Whatman # 2 95
vmsldldfaudossees 1 imsdssmnamaudiafianm 5 gas wWisufousu 10 fwvsdominmion
(host) ath3ay 200 6D U mm‘fmmwuauﬁu%acﬁaaimu 10 shlUUFaZIM Lﬁu‘li'ﬁqquﬁ 2642 °F
\hian 48 .

o A

MFUNNNG

1) Swvwardal@doudes lasamatiunsléindamansmisiia LM Swiou 5 g
gasamns Anns i INaERFamaHAL tatBuuTisurandadoes 1 Aas VBILGIALTHRT
V3

2) ﬁnumwma‘lﬁnﬁaunas.n?‘iwzémmmaqumsﬁaq uarldFoudasfiEnsnuas

iy loatiuiaumiaunasaumauasinnubiituimsmusasuouluudargasoms
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NANIUTARAILAZIIT0L

1. madnmBiinevaslfifaunlay Heterorhabditis sp. muﬁu?ﬂm

1.1 msanw19358ia

2997530 Muaae e (host) Bandndouszusdvhany {infective-stage juvenile, 1J)
%anﬂmwzﬁﬁmmnumuuasaQjmamanéi'}Lmadimu\lsiﬁumms\lﬁtﬂunmum unazgh llnslueh
was Fadwwmaiamns Jeeensnaspdivlasrenowusls  1&daulas Heterorhabditis sp. §ms
Windule Lﬂguuwmgﬂﬁaﬁ'}um‘saaﬂﬂ‘ﬂu 4 o senaudiussozingeu (juvenile stage) 4 vy
Ao shoauszusi 1 (first-stage juvenile, J1) shoauseusd 2 (second-stage juvenile, J2) eopuIzbe
ﬁﬂm (third-stage juvenile, J3) Wiy winvihae (1) LLa:m”’JEiamwzﬁ 4 (fourth-stage juvenile, J4)
wazRSueReNIE (adult stage) Usenaumuwendly (female) waznwey (male) WaMIANNRITTIN
spaldifeurlay Heterorhabditis sp. ﬂmﬁuﬂﬂu mulumiaunasoy (G. mellonella) e 10 u
ﬁqmmﬁﬁaa (2642 “%) Suandhooussuy 13 fessr 1) Aldanwii 2 (2nd generation) 0dnuf
DANAIMNFTINUUIUNAFDL Fiovinmsldld@aunay Heterorhabditis sp. TeHE I awieenueIaten
wanwiiy 541 e uazemuneddmanyiiu 22 luasou (Figure 1D) 97474 100410 66
vuounasay 1 ¢ (Edeudasanedauindhgdvmanldmetafiasinnd 1dur tn s vies
wolamafimiy  wasminmarimuaunadasu 5 91 (67) VN 24 TN wumsasudulawdey
wlasphaduigoussor shae Afpluasinuuemdugyinauandai  sudssadaSomend-
wendly  Sansoemsvopiusmeludiunas 2 wu & 1 1st generation WWWUL hermaphroditic
WAt 2nd generation MUY amphimictic aldidPoudaunilmindounaannnmneisaaLAT
2939830 mamsfnmmsWennvadldifaudsumeudmiawesouluusardisnar manmsasia @il -

finen 24 = tdoudamafeusvhgshusamatasdasssumd dur thn gms
vingmelanafiomls  wulddoudesszor 0 moluduas SMRALYhTY 37 shawuaunaday
(MIawiiu 37 %) wuauﬂﬂﬁammmmm?a‘auuaLLa::m?;auﬁ%waa-wqmﬁq

fnan 48 . wudsauliFouday 2 Twurlushvuounasey fe svur 1 way J4
Fwu @RIV 25 wey 21 shravuaunarey saddy  uand gt 1ddenray 1 dandaud
dhgvuanistudniugaonm 48 . Wswhiy 9 ¢h TNMNgFiautas 1J iy 46 dhdaviau

1 ¢ (M3t 46 %) 1&deudan 1 MNgiavnautn 24 0. usn  BuntuaLaaNATILLAZIR AL
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Toduszoy J4 %@meméwﬁﬂwmﬁu anNEMaTwaETYTY 1279 Teesen waranunaeiuwhiy
70 luesou (Figure 1E)

Fnan 72 T clwﬁfmnms‘?qu@i‘cls 1 72 an. ldFoudaumelusnuuaudimTiennaena
me$) nnsey J4 dmmieniduwedouiesnidu 2 ster losRasanutsienainmstnngsumi
gasoTurduruinadloinmnanaihudiibiahasald Gundt young female waravasfinngily 2
s Guimardeldmulusslidfiusresdidonit adult female Snmemuazanuneddhamelvaiu
@anwhiy 1776 x 160 uasau (Figure 2A)

fan 96 o, L'flwﬁ'nnmﬁﬁmsﬁ@um‘uaa?wuﬁuﬁuﬁ (reproductive system) oWy
7 Tddaudasfinsyduindnioimeewuguuy hermaphrodite fa WuddiodiaTofiamnina
19 (ovary) Wvia$eld (oviduct) LLazwﬁmﬁu%aéi’JQ“ (sperm) ‘luquﬁm%a (spermatoza) inanaulesy
MswasfRswantudsanmeusus

Anar 120 o wdenaan 96120 ox. lafimswean  wazed  wasinifudhsou
sus J1 muluihul  shwifwiasiifchdawiisauiunaandsh  shuwidmedauimduarensluiige
WaEindwuE J1 wdsufisanvindnuifimoudlasdisisdien uanoaniomadiuasna
J1 Sl emmemasimaniiu 335 4 lunsou enuniueiiu 157 luaseu (Figure 1A)  wu J1
L%Nﬁﬂﬁl.ﬂ‘%tgLc?luTmaanﬂﬂULf]mwx 32 fmnaanuemaeiuiiiu 507 Tuaseu ansnaviiu
216 luesau (Figure 1B)  1&idowsloy J1 uar 92 Soufluguaniudaii 1 (first generation) #ildnms
YLNUWUULL hermaphrodite

fina 144 ou. womnshdiofimoud SlEdeudastor 11 Tumndhusiindaufisans
wardnnnsvey J2 wax J3 (Figure 2B-C) Ivnusnnmeludmuau

fivan 168 o0, lugaonmein 144-168 B Tafaudauiydulaseimaiian Ja
L{'IuéhL(?m":’uﬁ':ammﬁfuauwa&u (Figure 3A-B) fMIWEWURULL amphimitic 108M3 mating 1a9twel
unzmadofetumeludinume  Ja AudouarplhaduadaTomes] wimnueasugiusdie
ud shdazmeatiumads afluaesanadidiu 1218 1. SaliwuvSewulaumnnidionmuauiing
168w, Shudleldfumenaing fan J1 egfludimsmmann ddiudslime Taowumaeadaulmn
LREAIT6)

Anar 192 7. wudhdlodaviaall J1 agmaludén (Figure 3B) NI
wimngneiaingndau  wudheeu J1 way J2 Seduiugniudafi 2 (2nd generation) #idinnts
PEUWUGUUL amphimictic

fom 216 9. war 240 7. dadouan NBeruedivauEnanas  HKaE Y0

n‘ L A 1 - n' - L]
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ﬁf%‘ynﬁ free living ﬁﬂxﬂmmmﬁéﬁaq (food reserve) 1u§ﬂw601mﬁu (lipid) ﬁu%nm hypodermal
gland wardmdld datdmuaumasaununssnsnasginh [Edeudeyssoy I Safiudhoou
sundmvitifiedauiosninmnmovuou Wuszugiifinasmunusaamwinedon Smiasanam
1789 (food reserve) Hunan fatty acid avaaBonald  Sansndunamsldndosgansaent wud
GrpeTzes 1 A (Figure 44)  doiu Tddourlavansnsnagsanldlagbifuamsdiunammannds
aswuuasde wanih luspdula- e siugluduuassa b

nmaiiwurandal@ideudavsruy U Aldnnmueu 1 6 wamInmiu o
WU WHaUAUTIRS 1 6n aunsneanlddaulay Heterorhabditis sp. swwugIng Wwduwihiy 213,300
¢ Tu s 11 wf‘hmm@m%a

&dourlos Heterorhabditis sp stpe 1 u‘jaagﬂuﬁw Swn@nTaemTrangslamiu
Yavnedieiu fdnsnwadoeontsd (Figure 4B)  dafudnsnemedfingmasidsondoolusnating
AINLANGININIUENA Steinernema sp.

msédnyaTsinuasl&idaunan Heterorhabditis sp. é1uwuging meludunas (G.
mellonella) G[ﬁia;da?:ugmme%ﬁﬂuwaqmuﬁ’mﬂﬂULLaztﬁuaqﬁmmﬂwﬂﬁa'wﬁruciam?ﬁ@m‘lﬁ@au
opmowuiiudasit i ilsloniluowen nnuamsdnwvh lddaysnnumnsnumsdhgén
vusunegay  mIaenasvadldidaudosiannaipdule  widnTaunswEiussname-me
Fe msveeiuduasiangulv fiReiuluudarinm  gotdidoudosluana Heterorhabditis sp
fianauanea9INgna Steinernema sp. ¥a3EMIuNeWUY  Law Heterorhabditis sp. Simzweneniug
LWUL hermaphrodite 114 1 st generation WaviUU amphimictic ‘l.u 2nd generation d Steinernema
sp. Vasaa generation \{MUUY amphimictic MONAINTY SINLTTEUEIMI8919T3FIRTIANNLaNSS
ﬁufugua;jﬁwﬁmazmUﬁuﬂﬁ@auNaU PNNERUMsAnKsasiinvasldidounas S carpocapsae
WUT @TU 1 2995590 MuNae larch sawfly (Cephalcia lariciphila) Waan 11 u ﬁqquil 25 %
(Georgis, 1981) Wt S. arenarium $aAsFinfigeumuan G. mellonella Wiy 5 Sua3s fignmndl
23 °f (Poinar and Kozodoi, 1988) ﬁdu\lﬁLﬁauNaUﬂmﬁuﬂﬂa S. thailandensis n. sp. 8997919 4
Fu yminan uazoe, 2543) In&@eaiu S abbasi Fainl&doudasiuonlémnussnelamu fhoas
Fiowiviu 4 FueSs Figomgi 30 ¢ (Elawad et al, 1999)  atholafionn 293stiemadldfauranast
viadaiuiurioraameads “f'mﬂmmﬁaamrsﬁﬁ}ﬁry‘naam*nﬁryﬁlﬂmLLazmwmuﬁuﬁma‘luéh
uraIadEeas lEdaunoy nTunuYa Nguyen and Smart (1992) WU S. scapterisci  WWWIZIR1E
NUUNRINETaU (mole cricket, Scapteriscus borelli) %mﬂmmaﬁuﬂfﬂu Orthoptera (Gryllotalpidae) 3
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|3
geneiug lnusaangamuauiife (Lepidoptera) WU 2993830 l4am 10-11 Tu uazmsvenewugmelu
Fuemilia shdiuWignldioy

fatiu msdnniinenvas idfoudaulungauim ifalsaluuuas  Hulienuvanavaey

PRITTHAUATIENUT  SIVIUNAIDITEABWIZIALZAY 9 Poinar (1979) oo (ddeudemiudas

v

€

pranmfTauNadldannng 200 whie  usdennpuesslumsdivhars maRspdule wasmsvneRug
Hanstueyfusiauaraeiug dfaudandud iy
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LWAInTRT 15U vuaunTven  vuauludn wuawRIzaNafhy  MuaueNEee  Uaan  wiaanzmou
MASMUAIEIL M8 ensimsfinumsesiieuusianmasdasiy walddoyamadiingisdudselomn
tl.umﬂh\lélﬁaudaumuﬁuﬂﬂa‘lﬂi‘ﬂﬁﬂﬁ:auwamL%'aﬁmmauﬂmmU&us‘]

wanATIY mysensviufrasiaouiniiu 2 dnwue lugrsnaso  leomsuene
WUBRUL hermaphrodite Radueigiana 72-120 1. UaLY amphimictic \ReRiTRa 144-192
. Folu trevssmreliveradonmriuiiu dudaidndloviasmifiowmelny wiaulmd ues

b 4

fwn@nssuniadue oAU lugny amphimictic aqﬁmmgmmﬁéwé’mrﬁian’iﬁu’mmmﬁmié‘taau
Hasmunug noluemnsmarsssuioin  (fermenter)  Agpaiimsnanenssheluwaue oandau
wpiBoumaludoin imieasiinansusansnunsduiugsesiifoudas  dnatananialdifon
osfld  datu Tuthanaeamsdugueiug Sammlsuimmenemunadielivencen wams

v [
fnntaziudoyafidulslonisoniumsndalddoudesameiug inaludamséaa



First-stage juvenile (J1)
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Fourth-stage juvenile (J4)

Figure 1 Growth stages of Heterorhabditis sp. Thai strain.
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Figure 2 Henmaphreditic female of Heterorhabditis sp. Thai strain, A) entire body and vulva;
B) and C) first and second-stage juveniles in hermaphreditic fernale body.
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B) juvenile stage in amphiditic fernale body.
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Figure 4 Infective-stage juveniles (IJs) of Heterorhabditis sp. Thai strain, A) second generation
of lJs moved out from insect cadavers after inoculated 11 days; B) to combine of IUs

like a flower.



29

12 5ﬂ3wa'ﬂaeqnmqﬁsimaas%%maa"lﬁlﬁaudau Heterorhabditis sp. ﬂwﬁuﬂﬂu

HAaMINMIANWLT Seeiurasgomniiinadalsastinues | difauna walughuns
wigdiulauazdnauiusasmaasunasBiaimien Toewuhanmgiish (15°0) 1&deuraylinby
dulauazsenoiugle Agamanfithunas (20°) fimawannldanieshdloio hermaphroditic wihtiu
fanmpiige (35°) ddeudooiamnlames J4 warbisasawdpdiudaiols Faviu qmwgﬁﬁ
minzansamaRipdUlawasuasUessmenug agswin 25-30 o ﬁwas%%mév’uﬁqmﬁa 5-6
Fu TumsvenoWuiuuy hermaphroditic W 9-10 Ju luMIsensWuguuy amphimictic maludh
WaMAREL Tuandue lusdarssiugrmnl asLne el -

fgouvndl 15% Tddaurlatsvay U Whamieunasauldifonndo 2 % uammdsni
Livumadpdulawssianibusindnty dodmuavasan 24 o Wuam 10w Edeudasa
amwannTIntussus 1 mﬂu&hwuauwmaaqumLﬁmmm‘:u

fignndl 207 ldeudos U dhddvuoumis 15 %  Smaadpdiulauasiand
Taa 2 Fu Ssaenanuain U i Ja - 9nru J4 wiaswwasiusdiuSumadiurie hermaphroditic
Tnafinsn 1-2 Hu Mﬁdﬂ?ﬂ&ﬂﬁ?@ﬁiﬁ@ﬂ‘jﬂﬁ 1 Ganawuly 7 5 Ltazqnjuﬁwﬁaﬂzuaum%rwﬁu
Taathethe 20 01 0w J2 U3 uag J4 auily 10 Fu fivines debimusudatumerd-madipeie

amphimictic

'
=l

fanwndl 25°  ddaudauszoe I dhgwusunasaudeilu 38 % 1J viuauaonaTIy
Hu J4 lusswiegneiudi 2 wer 3 Umnpdiaiumadiosiia hermaphroditic Whvinluiufi 3 uay 4
Twiuit 5 loigndadt 1 uaswannan J1 fa J2 03 uas Ja lwsewionudi 6 7 uay 8 wuynsvazaag
Hifeuras Téun dhoou 4 stor wasshufuiumer-medloTiia amphimictic g in s RUNuS
gniadt 2 Tugaeuit 9 wax 10 wdaan inoculate MuauneFBLGIWRY  (Hdoudasfwuiuseay 1
Jwnnnagmelusvuau LLa::L‘%'umﬁ;auﬁaamnnfﬁmwuamfnauﬂmwmunwmwmaqftjuﬁ:w

figondl a0vr  ddouslausvey 1 dhgwiowneseufodi 22 %  uimawindiule
wasanwadldfoudaudinivignnil 255 Teemulwiudl 3 wugndcil 1 Adieaindhifiueiie
hermaphroditic Iun J1 J2 uar J3 lugnedud 4 uay 5 nreuadndinls  warlwiuil 6 wushudle
waxeg  MsUIEWUEULY amphimictic Baty Soudiui 6 wugndafi 2 Tuiudi 8 Tuwiud 9 uay 10
T Fauran 1 wdaushoananmmueudioilhwunszemsnsasganh

figuvndi 35° 1dGauron 1 fiemaenansodnguuarnedalnay 5 %  uazEanen
Wandu J4 Wluid 2 widlosmionluiud 3.5 Mdoudon J4 bifimswAouulaafusgiady
warluiudt 6 Sl LiwléBeuroomeludmon  wansi Ja Wifmmiannuasmunmelu

uaunadau
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AINMIAnNaTassEdug v s Samnsuevuguaslfifeurlas  Heterorhabditis
N

sp. dewuglng  usaeliiudh guimpiduihivddyuariinansugesomsdnydulauasaenswug
gasléidiouday  safhenamnasnlumadginuas  laefigumniisn 16% Tddeudafionumanso
dhgdunasldiiens 2 % uashifimawSudula-veneiug wieasemuiFiamulusmuawinld e
aBaufeuivmamaseufigunniige 35 Tdfauraudnginuadlalnddiog (5% 10 Wamnldwos
stz J4 wini uassnslunmean uaesbidiuignmpiifinadeanumummiuazanuatsaasesl&ifeu
dos  dlathsnRasaoSuudisusswiemeudinedauiu fa Steinernema thailandense n. sp. ¥
renldaindmiamaauy3 (Tangchitsomkid, 20000 doufusmewuimuion (heat tolerance) Faflamu
ysmusogamndl ldgannnd 35 uasdednumwlumssiuasléfionmpiigeis 38 8 (umwsn
uaLAnLY, 2543) RONNUONGIIINENA Heterorhabditis sp. uonldandmiotomsa uawinms
noaatluaieit  usaalidiun anarpaldifeudan fadufuldrnivilulvmenouandiuanoiug
Tnoguin  uidrinmeesdoudasfinnuuansatiuaisfonu - dolu nsdnmdayamadiinenlu
ustayana wiin weraevuf  Selanuddnisiardtuuasiamnanalaananiisbimansmily 1
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