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Project Title Survey, Collection and Identification of Entomopathogenic Nematodes
in Thailand
(Under the Project “The Research and Development for Commercial

Production of Entomopathogenic Nematodes Phase {1”)

Personal Mrs. NUCHANART TANGCHITSOMKID
Agency Plant Pathology and Microbiology Division, Department of Agriculture
ABSTRACT

Su.rveys for entomopathogenic nematodes were conducted during June, 1996 to
March, 1998 in 42 provinces of Thailand. Qut of 306 soii sampies ccllected from the surveys,
eigth isclates of steinernematid nematode were obtained from Kanchana Buri (KB), Phrichit (PC),
Ayutthaya (AY), Kalasin (KS), Maha Sarakham (MK), Khon Kaen (KK), Nong Khai {NK), and
Sakaeo (SK) provinces.  Oneisolate of heterorhabditid nematode was isolated from Roiet (RE)
province. The steinernematids were initiaily separated intc three groups by the cross mating
test: KB, KS, MK, KK and NK belenging to group 1; AY belonging to group 2; and SK belonging
togroup 3.  The KB steinernematid of group 1 is a new entomopathogenic nematode. Based
on morphological characters and DNA examinations, it can be distinguished from the other 23
Steinernema species.  Diagnostic characteristics of the third-stage infective juveniie include :
the body length of 404-460 (averaged 432) Llm; D% of 30-37 (averaged 33); E% of 75-91
(averaged 83} and lateral field pattern with 6 longitudinal ridges; the presence of mucronate tail
tip in both first and second. generation males; the size of spicules 83-99 (averaged 94) and
gubernaculum 61-79 (averaged 67) LLm. The vulva showed a double-flapped epitygma in both
first and the second generation females and the head truncate to slightly round when observed
through scanning electron microscope. The restriction fragment length polymorghism within the

internal transcribed spacer region of ribosomal DNA repeat unit is identified to a new species

Key words : entomepathogenic nematode, Thai isolate, identify, Stelnernema thaifandensis n. sp., biclogy

and potential far biological control



when compared to that of 5. carpocapsae (All strain). 1t is then proposed as a new species
namely, S. thailandensis n. sp. The AY and SK nematode isolates were identied by PCR-RFLP
technique. it was found that their DNAs were different from those of S. thailandensis n. sp. and
S. carpocapsae.  Thus, the Thai steinernematids were identified as S. thaifandensis n. sp.,
Steinemema sp. (AY isolate), and Steinernema sp. (SK isolate). The Thai heterorhabditid
(Helerorhabditis sp. RE isclate} was morphologically similarto H. indica, from India. Al isolates
have been preservated in tissue culture flasks containing distilled water. The steinernematids

and hetercrhabditid can be stored at 25 °C and 15 °C, respectively for 3-4 months.

Studies on biology and patnogenicity of S. thaflandensis n. sp. were conducted
in the labaratory and it was shown that its life cycle was four days at 30 °C. The temperature
ranging from 25 to 35 °C also affected the growth rate, sex ratio and infection ahiiity of infective
juveniles. A symbiotic bacterium was isolated from a drop of haemclymph of an infected
Galleria metlonelia larva. Xenorhabdus sp. phase | bacterium was characterised by adsorption
of bromthymol biue from NBTA medium. The nematodes at a dosage of 10 infective juveniles per
insect caused 53 % mortality of test insect in 24 hours. This heat tolerant isclate could kill 100 %
of G. melloneila in 22 hours at 30 and 35 °C and was still effective even at 38 °C. The pathogenic
nematode could be mass produced in vitro on soybean culture medium. The yieid of infective
juveniles was approximately 6.4 x 10° per 20 g culture medium. Its potential as a biological
control agent was tested against 12 insect pests.  Those were common leafworm (Spodoptera
litura), beet armyworm (S. exigua), diamond-back moth (Plutella xylostella), American bollworm
(Heliothis armigera), jasmine flower borer (Henedecasis duplifacialia), wax moth {G. mefionella),
mushroom beetle (unidentified), flea beetie (Phyilotreta sinuata), scarab beetle (unidentified),
aphid {Myzus persicag)}, and wet wood termite (Coptotermes sp.). The results showed that S.
thajflandensis n. sp. caused 56, 60, 89, 92, 100, 100, 100, 33, 20, 44, and 42 % mortality in those
test insects, respectively within 24 hours.  The Thai steinernematid caused 57 % mortality in

American cockroach (Periplaneta americana) whitin 48 hours.
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nDudaget L0 /7,U0F phasc 1) + 066,240 (PNAse 11) = ¥Y50,24506 DAl
Duration 3 1/2 years (June 1996 - December 1999)

Problem statement and importance

Entomopathogenic nematodes are obligate parasites of insects that existin
many parts of the world. Nematodes belonging to the families Steinernematidae and
Heterorhabditidae are proved to be potential control agents of a number of insect pests. They
are tested for mass production, application, field efficacy, and safety standards. A number of
commercial enterprises worldwide are now producing entomopathogenic nematodes. The
search of entomopathogenic nematodes becomes interesting in many countries which
successfully use the nematodes to control agricultural and horticultural insect pests. Thailand
is situated in the tropical region of the world, in which insect is one of the most damaging
pests causing losses in many crops. The control of the insects is undertaken by using
hazardous chemicals adversely affect human and environment. However, entomopathogenic
nematode, Steinernema carpocapsae, All strain imported from the United States more than
12 years ago proves highly effective to control several insect pests in Thailand and its
acceptance is increasing. S. carpocapsae could be produced both by in vivo and in vitro
methods, it is easy to use and inexpensive compared with the chemicals. The nematodes are
currently commercialized in sponge package of 4 million nematodes/package. However, the
search and related studies of indigenous strains of entomopathogenic nematodes are of great
interest to both government and private sector since the native nematodes could serve as
resource for use in the country. In the tropics, the local nematode isolates could be more

effective to control native insect pests compared with the exotic isolates.



Objectives

L. To survey, collection and identify native isolates of entomopathogenic nematodes
in Thailand by morphological taxonomy and molecular techniques.

2. To study biology of a new Thai entomopathogenic nematode isolate including its
life cycle, sex ratio, infection, symbiotic bacteria and pathogenicity.

3. To mass rearing the new Thai entomopathogenic nematode isolate on modified
artificial media in the laboratory.

4. To study the potential of the new Thai entomopathogenic nematode isolate as a

biological control agent of insect pests under the laboratory conditions.

Methodology

Soil collection and isolation Three hundred and six soil samples were taken from
different parts (42 locations) in the country. The entomopathogenic nematodes were isolated
by baiting with wax moth larvae.

I[dentification Nematodes recovered were identified to genera and species on the
basis of their cross mating test results and morphological characterization by light micro-
scopic and scanning electron microscopic studies. DNA examination by polymerase chain
reaction (PCR) and restriction fragment length polymorphism (RFLP) technique was also
used to identify those nematodes.

Biology In the [aboratory, tests were conducted to study the life cycle of a Thai nema-
tode isolate within the test insect the every 24 hours. Influence of the temparature on its life
cycle, that on female/male sex ratio, and that on the infection of infective-stage juvenile in the
test insect were determined. A symbiotic bacterium was isolated from a drop of haemolymph
of an infected wax moth larva.

Pathogenicity To détermine the pathogenicity of the infective-stage juvenile of the
Thai nematode isolate at different doses in the test insect. Heat tolerant test of the Thai
nematode isolate was conducted in comparison with the tolerant isolate from the United States.

Mass rearing To determine suitable components of the agar nutrient culture medium
by high yielding of the Thai nematode isolate.

Potential for biological control To determine its potential as a biological control agent,

the Thai nematode isolate was tested against some insect pests is the orders Lepidoptera,
Coleoptera, Homoptera, Isoptera and Blattoidea in the laboratory. Each insect pest was

examined for its mortality percentage 24 and 48 hours after inoculation.



Qutputs

Eigth isolates of steinernematid and one isolate of heterorhabditid nematodes were
recovered from the surveys in Thailand. The steinernematids were separated into three groups
based on cross mating test, morphological characters and DNA examination. They were
identified as Steinernema thailandensis n. sp., Steinernema sp. (AY isolate), and Steinernema
sp.SK isolate.

Studies on biology and pathogenicity of S. thailandensis n. sp. were conducted in the
taboratory and it was shown that its life cycle was four days at 30 °C. The temperature ranging
from 25 to 35 °C affected the growth rate, sex ratio and infection ability of infective juveniles.
A symbiotic bacterium was isolated from a drop of haemolymph of an infected Galleria
mellonella larva. The bacterium was identified as Xenorhabdus sp. phase | as it was adsorbed
by bromthymol blue from NBTA medium. The nematodes at a dosage of 10 infective juveniles
per insect caused 53 % mortality of test insect in 24 hours, This heat tolerant nematode isolate
could kill 100 % of G. melionella in 22 hours at 30 and 35 °C, and it was still effective even
at 38 °C. The pathogenic nematode could be mass produced ir vitro on soybean culture
medium. The yield of infective juveniles was approximately 6.4 x 10° per 20 g culture
medium. [ts potential as a biological control agent was tested against 12 insect pests. Those
were common leafworm (Spodoptera litura), beet armyworm (S. exigua), diamond-back
moth (Plutelia xylostella), American bollworm (Heliothis armigera), jasmine flower borer
(Henedecasis duplifacialia), wax moth (G. mellonella), mushroom beetle (unidentified),
flea beetle (Phyllotreta sinuata), scarab beetle (unidentified), aphid (Myzus persicae), and
wet wood termite (Coptotermes sp.). The results showed that S. thailandensis n. sp. caused
56, 60, 89,92, 100, 100, 100, 33, 20, 44, and 42 % mortality in those test insects, respectively
within 24 hours. It caused 57 % mortality in American cockroach (Periplaneta americana)

within 48 hours,
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Aanmuandammeaiy AnaninuazdssAnininaesdwiittansndiataugainunacan

&Fautenlu order Rhabditida Wwadwiddniids: Tanianaiianiteitlaiuaau
aulalumsinnldmuauunasdngive  Wesanniananilunissiuwaenianislunaimaii
Q o k2 1 = g o=| = 2o [
AndsLnadlAuInndn 200 1ilm aunsodgadinlBumldlusunniien wazldunsiusesan
The United States Fnvironmental Pretection Agency (EPA) ﬁﬂmﬂ’mﬂﬂﬂﬂﬁwﬁ@ﬁmm:ﬁmiﬁﬂm’eju
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sonfeanimioadan  eRmMIFumldihaudesnguilluginiasns 2ealan el lunnFne,
En
FupiAdauasimuiateiuglunisin iy bio-pesticide iwatiandnaaane vidluglnl aulEm
peawndy uazmlu  Ludndneimedsmunisdn w13 MicroBio nasldimaurley Steinemema
feltiage POLRANULBLAMNMANLLAR (mushroom beetle) TUHARSWYTE Nemasys wazl&Faurlae
Heterorhabditis megidis AUANAII9EU (vine weevi) Tun@RsAtusT e Nemasys H 15 Biosys
nanl&ineuelas S. carpocapsae MLANNUBUSIY Japanese beetle  UAZLTHN Ciba-Geigy WA

M&doulay S. carpocapsae (S25) uaz S. feltize (S27) AMUANATIA9IMEJUART (black vine weevil)

diululrzwelne neaiguasdnsine nadainnneas i dewlsy S,
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carpocapsae All strain uaaiugainewinfin@adunisdialan dannisdTnaluaims
< L (73 ar = o o = @ = 1o <
Fennazinl I danusuunasimgiad dyvanaris dssaukadnialuanwlifunuewanzilaen

asanas nuaunszueninatenanaiies wazdouindnitatadnnnaia uiu  luldagqiu



kN

inwensiasuanlaninidwidgld asunuwadsmanizuassdoannll THGeuandaiiy
afuvisgunaulalunisfineide TaawznisfuldFeudanmaiiug udsamalng Gafua
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Aundabiweinegsn Maauelannis 11981999 LTUFIUFINURENITIMUNTHA | diAausBe
s = = ar ! < B & L4
Aagurnadlutlszimalng Aaddhvansredannidaiedumldifeudesanadugiuile
nAmfiy Musnuazdnsuun sz Tia (species) WentsayinEataiuginauazAnmaany
warnuaenedsnwlunsnih il ddselaadadedediy reanauimuntinideluangasldifaudes

frgunatsastssinalidnendde luszduliygynen wamntdduiiléanfintsTomidontsiomn

umsnuldifendas fngunadlutsuinalnysialy
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1. fensdrsauasfun idaueulunguidudngarsuafreunss prauAgy
nnnerelsunalng
2. Wamsdaiusumuldsanden (culture collection) aeiugiuiasluwdias

rudutusnitulelaa Gsolate) wazRmumsialdimoudet (nema code) Tuntsvin tld sz el

3. Wamapduungiiaiasanaiug lnanisAnenisuandinailn (species) ng
ﬁm:mg‘ds"]qﬁﬂwmzmqﬁmg’mﬁwm (morphological characters) WALNITATIRABLANETUE (strain)

TussAvEufawatlananaluiana
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4. wweAnwATineneesldiFiautleay Thai isolate TAtAN®1999579 5 Ll aIaNAg

=

3 -
HAT9990NIFa2933T4R sex ratio Wazn1sdinvinane NsLeNEeLTAE Y8 symbiotic bacteria
faeluldFaudas Thaiisolate

5. Wafdne A NanisnuedldiAauean Thai isolate TunisinlinalsaTluuag
Tae/38 pathogenicity test Az heat tolerance test

6. \iaAnwinsrenafunmsasdifaudes Thaiisolate luanvnament o anw
monoxenic culture

d: & =i . o ar [ L] ar
7 Wwanaaaudnaninaadldimautes Thai isolate Tun1sidaunasdmagAnylu
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order Lepidoptera, Colecptera, Homoptera, Isoptera Lax Blattoidea



T&mauteaslunguiivilfifialsaluunas (entomopathogenic nematodes) 4afu
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sauvrgniudnzsranaifvesuuasdntiauils  gniunusiuaniae Steiner lulsymaiganiuil

q

del ae 1923 duBdiFinruadinuanily obligate parasite Melusounas  Tutlaqii

<l

Isunsseniulumniundausussdngiafid Anmaarsginlusenedssme ilesannd
Anunwlunisdiasmnanialunaidumns  dauvadiduinngn 200 aila léfunas
Fusaaiapnulaandosaie daddenguuaraninwindanain The United States Environmental
Protection Agency (EPA) AaBAauaNansnmiziaeafin Bnallduenafiesmansais (Gaugler

and Kaya, 1990)

diheurdesdnagly order
Rhabditida kaswudndiies 2 294 (family)
wAvusdnaawlunisin1%Aelsaly
ENEET family Steinernematidae W8T

Heterorhabditidae #HN19AN®194ew

nandn 75 U Teelddnumldimeuelaady R e e
Tusduniedndiuunails wofinssu pweysen Ananwluniniy diclogical contral agent
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PAITNA INANALNUUTRAANIT M AT H iuaneszmanialan
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nsAnNsnszanefisredldiaawnat steinernematid Tuiraniiniar1e) 1aalan
fisreunienszanssialug sl nawmilawindy 37-49 % waznulunndsemeiiinnsdrsaaluniyl
gl 1un 36.8 % luansnsouigueainalaniifie (Mracek, 1980) 25 % Tuaimu (Burman ef ol

1986) 5.8 % lufiuuausl (Vanninen et al., 1989) 10.4 % ‘uansnsauiglefuaus (Griffin ef o,

nwlee Nuchanart Tangehitsomkid. 2000, A New Entormopathogenic Nematode {Rhabditida : Steinernematidae) in Thailand :
Taxonomy, Biology and its Fotential for Biological Control. Ph.D. thesis, Kasatsarnt University, Bangkok.



1991) 18.3 % Tuuafing (Haukeland, 1993) LAY 26.5 % IWanawmasiaus (Steiner, 1994)  luniil
BLNIANHNITANEINNINIZANEFI LA TIE9L Y 5 Ussinpresawinunia-natdie wALIAN
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anfgadin Windln A uazweflssin  uaz 3 Ussimmzasawdnalide unda ginde uay
avfiaiun  uenantuiimecululssmaeess ndsnasdotuand  doulunidiedading
ATRAZE NN TNINITAneves L& Aeud et H9eenulu 8 Uszine Aim A1 (Shen, 1892) @wiia
(Poinar et &!., 1992) ATRAn (Amarasinghe et a/., 1994) ﬂjﬂu (Yoshida, 1998) VA (Stock
et al, 1997) wazlannu (Elawad et al., 1997) way Waturu et al. (1997) lés1e97unnsd99a
wazdmnlulszmaeuensaanidueing  dauldifeudas heterorhabditid wuasausnludl a.a.
1976 Tatl Poinar wazastaanaillu Heterorhabditis SnsAnefiuannundlylrluazeudn
ANNSILNTUNNTAN IR Griffin ef &l (1991) Wud heterorhabditid iinAsnszarafaa gl

vraRuiTIduF unsenudaulun

Poinar and Thomas (1990} ld&nadusuaesldFautlasfivinliifalealuuuas
Thp Phylum Nematoda
Class Secernentea
Order Rhabditida
Sub-crder Rhabditina
Superfamily Rhabditoidea

Family Steinernematidae

Family Heterorhabditidae

nsdmAtwungiialaeAnsnsUiednrueniedngiuine) f%’mﬂumuﬁugmﬁ
Heanudrdnlunnsuananain (species) 9a9l4Rautles (Siddigi, 1986) WANUBINNIIA[IULN
qtaldiFeudevdngunasin nedaruindndiusiie LL@:ﬁmimngﬂéNﬁnwmzﬁﬁwﬁmmmﬁq
aeuszezdtiiane dadndumeduasmadisly 1st uaz 2nd generation Tneld ight microscopoe
(LM) Az scanning electron microscope (SEM) ANHLANAIN1891HAGREINIaTTUINANE Uz 1Y
HFeusleranunsodndnusnadiald (Nguyen and Smart, 1996) wenanni lutlaqiivineginis

nsuanainen (molecular biology) LEWmuatesamFiwazidunlunumluaunisdn
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waRenniewen adenlfluamaseuusruiawenafinwazatsiugiiaunainuatelusyuy

na  warnislfiuresdiduaduianmegeuarinuleun S ouAnsaTuIaIn1sdRITwLn

rialdAeudeslianugniawnniign wnifluafindesiuasifduamiieunuvieadantaty

naeAIunImAlae melecular biology Sufuitnismsagauy =
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samFaNINNgR waiaandaine it ddadiuunaia
TERaunos Fud DNA sequence analysis (Curran et al., 1985),
restriction fragment tength differences (RFLD) (Curran, 1991),
restriction fragment length polymorphism (RFLP} (Reid and
Haminick, 1992} Haz random amplified polymaorphic DNA (RAPD)

(Hashmi et a/., 1996) \usu  TuflagumeliantsulFlunsds

1
& =

duunuaznmaseusiavesldifiaudes lungduidudmgassunnd

U

YBILLAD LA ATiA PCR-RFLP W@z RAPD

Tangchitsomkid (2000) Idsausuriinees Wideudas Aidunuinlan wiaenldidy
family Steinernematidae Usezneudag 2 ana (genera) Ag ana Steinernema spp.  1WAaty
dranuunaeniduenila (species) I 23 Tiln Aa S. kraussei (Steiner, 1923) syn. Aplectana krausser
Steiner, 1923: S. glaseri (Steiner, 1929); S. feltiae (Filipjev, 1934); S. affinie (Bovien, 1937); S,
carpocapsae (Weiser, 1955}; 8. arenarium (anomalae) (Kozodoi, 1984); S. intermedium (Poinar,
1985): S. rarum (De Doucet, 1986); S. kushidai (Mamiya, 1988); S. ritteri (Doucet & Doucet,
1990): S. scapterisci (Nguyen & Smart, 1920); S. caudatum (Xu et a/.,, 1991); 5. neocurtilfae
(Nguyen & Smart, 1992); S.'longicaudumn (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); S. monticolum (Stock ef al., 1997); S.
karii (Waluru et al., 1997} S. abbasi (Elawad ef al., 1997) wax S. ceratophorum (Jian et al.,

1997) iuﬂﬂqﬂ Neosteinernema sp. 1 11a Aa N. longicurvicauda (Nguyen & Smart, 1994)

mwley younsn AeirauAn. 2543 nrrlfimaila PCR-RFLP msresevsilaldifoudes Steinsmema fiwuluyszimalne
dmanslsafiauazaadainag 10(1) @ 2-8.



family Heterorhabditidae Wyl 1 na A Heterorhabditis spp. a14un s 8 1ils fla H,
bacteriophora (Poinar, 1978), H. zealandica (Wouts, 1979), H. megidis (Poinar et af., 1987}, H.
indica (Poinar et al., 1992), H. argentinensis (Stock, 1993), H. hawaiiensis (Gardner et al., 1994),

H. brevicaudis (Liu, 1994) WaT H. marelata {Liu and Berry, 1996)

¥ 1

& Peawdeaniy 2 ana A Steinernema Waz Heterorhabditis 1 uReiiTin1una
s o o W e ° o @ & ™ = o e ) L. T i
wnfiedeag luiu fssdimiiudass e lifiue s idveresfiands free living vidasiagauszazd
3 (third-stage juvenile) visadadeussezidnnnane (infective-stage juveniie) Wusngdeauszes
= Py | i i o ar = o P ' . )
Faandagununudeannwiadeanlifiga Taadsel milafidandn cuticle Unaguilaaiu

= j | a o . =5 1 = [

gauniuaracINTy  Anisavananmsdiseswaniedu (ipid reserve) AamunsnegluAuldui
Taeldfueiunsifasepetunaiiviia (Poinar, 1990)  Wenuunasldifautlesasdngdnadieg
Tuiuuae (haemocoel) Wuaramng  Iwfuriiauazaowusldifoulas Fsduiusiusiinumuag

uazan wwandan v ldifeudas S. scapterisci Whinata

wusanzeu lnaruguelanie Bamia (spiracle) uazinfe

labial tooth

i @ ) &

= ) = = '
WlTngvie trachea AUATAUYNE trachea ANT7A  L1HBLTNY

P
= o

dasinanieluafiAtivaen (haemoiymph) (Nguyen and
Smart, 1991) pansnildiBaulesra vdniians1es
Steinernema WAz Heterorhabditis aunanidngunadlinig
fﬁmlﬂmmmﬁumﬁ%uq U Lnuazdasdutiy  uazang
NTQHIUNEVILALAIUITIBILNA (foregut e midgut wie

hindgut) L‘i’ﬂﬁj haemocoel 989UNRY (Poinar, 1979) LA

agialafinn ldiReudeunwan Heterorhabditis H labial tooth

atjuindauiarasidifeulonszay infective juvenile fdnwunfuiuiiude  danluniaan:
nrquilidnsaresunas Fadulasaiefivisiinuanisluagativintu (Wouts, 1979) a1nseu
284 Bedding L&Y Molyneux {1982) wansliiiiudn [ifeunden H. bacteriophora strain D1 # tooth

Tra1a1eiingyuauunatiy (sheep blowfly) N19HAUMTIRLTIM intersegment

nnlee Bedding, RA. and A.S. Molyneux. 1982, Penatration of insect cuticle by infective juveniies ofHeterorhabditis spp.
{Heterorhabditidae : Nematoda). Nematologica 28 :354-358.
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carpocapsae ﬁﬂmumma‘nluﬂ’mﬁ’]@jLLN@@Luﬁﬂiﬂmﬁ@muqﬁ 24’7 uax S. scapterisci VAR
gouun¥ 321 (Grewal et al., 1993)

deldimeudandngdiesitanieludfunas axlantses symbiotic bacteria
gindenteinat wupfGuaninfiinnusadeiumaiuazaiuaafiy iliuaaineins
raslsrLanmuRe (septicemia) warmnanelinan ifiu 48 1. (Poinar and Thomas, 1966)  luil
1982 Burman Misenunisaieansimannldifautlas Neoaplectana (Steinernema) carpocapsae
A38n91 NGE (nematode growth extract) FrAmannsiRedlddnudasluanin axenic anRy
AE ey inject FULNAMAREY WUINUNAUAARINNS heart beat dauwsuazsnunttluman 24

T,

Tnaagdniafialen luuuasasldiiaudassonru symbiotic bacteria uamaléis

a
laazunsy Aalddl -

Nermatodes enter host haemocoel
-~ ) via anus, mouth, spiracies or cuticle \

Nematodes

Z\e]malodes _ locate Nematode releases toxins
 locate insect host and Phase [ bacteria
insect host
Nematodes leave inefficient AT T T *
es ’ host kitlin -
cadaver without & 4
bacterial symbicnts Phase

Phase IT variation P ase |

reproduction

Non-feeding
nematodes leave
host cadaver
H t
ost death Bacteria produce
antibiotics, toxing
Inefficient nematode

Phase I bacteria
colonise juvenile -ef— Efficient nematode o Host death
nematodes reproduction

Conner Thomas (http:/www microbiology.adelaide edu.au/)



&ravdanlungu entomopathogenic nematode finniadnyAulalasnisaanasiu
:: 13 a1 <4 w1 4=il ' 9 Pl
4P Usznavsaasaey 4 szazAe saowsvezd 1(J1) Aneanannldnialufaw Snnsaanasy

lusngeuszasi 2 (J2) fagaussasi 3 (J3) uavFaeauszesil 4 (J4) pnuandy nauflusdiudy

2
o

¥
wmAfuazinadly  Sadewit 4 sruzuazinfnduanatiulanisuuasseduwingy Tiflas
ruzipenatuandaLiasie MeEaussez infective juvenile () Wit WfiRefdeuluszay J2

uae J3 A nstiusn i A R U U 2N ML ARENANUUAN LAZIARAUNEANSNET N UNAY

asstneelumnlnglafuanuslfiiwaauuifesauusawtasialusd (Nguyen and Smart, 1992)

&imawrlay Steinerema uax Heterorhabditis HRANNUANAA et WAL RYE
nsaeneing Inewudnldiiaulas Steinernema finnsnaniiguuy amphimictic pinddu Aanns
sgariufszinamafuasinadls douldFewuen Heterornabaitis wudn Tu generation 7 1 4L
nsrenERugLuL hermaphroditic Inasadiaannnaivliuasatefunelufalignldies uazlu

generation 2 1y amphimitic (Poinar, 1990)

ANANTLSIanNseg aniunedalidin 2 afin sevaeldiReudes ungs
entomopathogenic nematode 1w family Steinermematidae Laz Heterorhabditidae fuwuaiiizelu
family Enterobacteriaceae fJuntratjfanfiunuuiidandt symbiotic association (Poinar and

Thomas, 1966) wuegLUinna asuminesldFewlesstavdvinae  nauvafiGeliasunm

e

fapsesluiudeluundadatuesld (Poinar, 1979)  wazlivilifalsnileayuszuuton

BIUNTIRILNAS (Poinar and Thomas, 1967)  sundddeud et uftundtdqaednaniely

W

Afaunas Jesanisnaenunaglundentetunsld  Ault naedeudisresuuail Fuainen
wnadniliguuasinluidesenAuldifeut sodudatiuazdnileswueiiGadeaninusden

- =l e dll 1 %:’ = =5 =l 0 8 e o=y
FIAR B UUANETE LEJ’EI@QI‘HWW Lﬂ@ﬁ“ﬂﬂ\iLLN@Q’N@:@’!NW?EW’W’]‘N’J‘HI@I LL@:L“ﬁﬂﬂﬂ@QLLUﬂWL?ELﬂu

T

WA AR TYRaNITUIUN TR UE (reproduction) yasldiPaulesnalufauuas (Akhurst

q

and Boemare, 1990)
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wupiizeinyluldifewlasdnag luana Xenorhabdus spp. Hsusralusien (rod-
shaped) iuwan facultative anaerobic WNsuaL  anNuilsds Bergey’s Manual of Systematic
Bacteriology (Volume 1) dnvsdnanuunissldpniand@in1adaedily 2 ain (species) 1dur x.

luminescens War X. nematophilus (Krieg and Holt, 1984)

Akhurst (1980} WUt Xenorhabdus
spp. & 2 guluviy (form) Aa primary form was
secondary form NNLENAIINLANATN TN
form 284 X, nematophilus anfudneslalall
(colony) TuTl A.A. 1988 Boemare Waz Akhurst

IginsAnenArusiBnenanwias e

v 1
Y84 Xenorhabdus spp. Y11 2 form fLEM=1n

Steinernematidae WAL Heterorhabditidae 21

-

&18WUS (strain) WL Xenorhabdus Y14 2 form 4899 NANEWLEHA N LANFNaTY

9

TunisuenANWANFANT837s 2 form M lRa g A na nnInsedlaTaliluneg nd
neutral red | M81U1T MacConkey agar LL@:HW?@@E bromthymei biue a71M187117 NBTA

WANAINU G9UeNANLANEAENITNARAL antibiotic activity WAY lecithinase

Tull 7. 1988 Akhurst was Boemare WIN1$AN®EINISAAMNGAYY Xenorhabdus

NTAT 2 form Ul 21 @edug Iaeinnimaaauanant® 240 dnwur  wazliiauedn

WLATIFY X, nematophilus Wl 4 species Aa X nematophilus, X. beddingii , X. bovienii Wax
. . = kY a al el oy e

X. poinarii 11l #.7. 1993 Boemare ef af. laATAgeuANANT LS I8 LLAYN TaAI87T DNA

hybridization wazil&uann X, fuminescens uanalwife Photorhabdus TnuldRuuunnsing

=l & =g
PENEUNTEA B ULE

Ayian Wouts, W.M. 1988, Steinemema (Neoaplectana) and Heterorhabditis species. Mt. Albert Research Centre, Auckland,

New Zealand.
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Xenorhabdus spp. TMNANETTNI ARSI primary form  Taefidnnis

'
=

3 i | ¥
Trlafiyulds fuua vwenadeutefmingd (dye) \waamnsnnadudnnilalallid widridas

2 3
=l !

[ 1
Xenorhabdus spp. Wukenwsidesdauna iy dewlfewdy secondary form  Talailll
ar A:II 1 ( dd‘ b4 1 1 L] §r
anwuriuuuasda lia i sngadudiinanadluensld  liwuacuennanglunnsinldiialea
3 3 = o=l [
199889 2 form  wANLINTnase ANdLuStsunuueRGuA Ul Reawdey  Taeld Reudas
= [ - o | . Szt 1 = = e L [
fanuduiudiuuuafiGy primary form Wandn dideudesflanuduiudianiziaizasiy
=i = = = A ] = < = 4‘ i [ < 5 = =
wuafiBurfialeatianile wiuneiGuafiauie ieanduiusivldifewles ivaneaiia wwafide
wAnzatlaidia N sndauelianuatengy wanainnisdnsnuunuLA¥ e (classical taxonomy)
laeld58nefitedfuifdunn W@n1sin38nnsau unterlunisdnatuun Wy nsdnwdidue
Aanmnuagainen nsld gas-liquid chromatography 294 fatty acid methyl esters (FAMEs)

(Aguillera et al, 1993) {ufiu nITaMUNUUAYLTY Xenorhabdus spp. HATINAIATYNAN

1 v
o el o g

flasanuupf Feflusfuridiiacnduudsgadndsdainnisnateiugide dszneuiuiiaany

ar W

ar a ; = el :’r <3 = = = =
dudeuaaIALA LS 1R NTARAT 3 Tiln Ae uNAY EAeUNDY WATLLATEY

&naudaudmnzuuausazriipdrouianizmizasnvafnaeauriiGy ldurd S
= ar g o =l =l = . <4 . .
carpocapsae HATINANYUTNULUANITUTUR X, nematophiius IfiFaules S, feltize, S. affinis, S.
kraussei, S. intermedia JAMMNENAUSTIL X, bovieni WL AIMNIRNITIANZSvBINIsatifuiy
o g £ o P LY -4 = P IV |
gadldiFaudenuazieaiite  uiuaisarsiidndudmiuldifewlasiuupiiFaaivauley
3 o e = = = a = L ]
nsiuinwieadrsuuriiBeitinuanldreddineulessrezidninany (Akhurst and Boemare,

1990)

ir - =4 d’ | 2 ‘3‘ : 3 1 o
AINNGRINNANTeTTIes dRe udseRuuafFuaistuiinudn llawiziengaeiu
¢isvesuuadiFunnin TagldiReuelas S. carpocapsas il X. nematophilus 8¢ SRATNNTD
o -=1I=d ol =i = =ﬂl g 1 LY o = ) o
gpnafufluemiiuueiiferiinauld  uAnisraneiudaedldifeutonaranas atlsfinu
. ) v g e . o PR,
Steinernerna spp. imﬁ’]mmmmawuﬂummwuLL‘LIﬂ‘m'a‘EJ X luminescens TaduuuanTeiwy

Iuiﬁﬁ@u&l@ﬂiumﬂ Hetercrhabditis spp. (Akhurst and Boemare, 1890}
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' f
=t @ - =l ol

=4 1 1=l 9 o ?; =
wuasignidinanelegldineudesnud ldlafuvidau dwinanotnfin duna

P T T ¥ Lo L4 v = o o
m@‘mLL‘Uﬂ‘wLi‘w@glumm@m“ﬂmuum a¥19817 antimicrobial Teazlududes Tasf vazuuaiFe
Bu Paul et al. (1981) Wud1 antimicrobials uatstsznauniuail (chemical compound)
X. nematophilus strain R 10w 4 indole derivatives WAz X. Juminescens strain Ho 10U 2 trans-

stifbene derivatives

A HANHA90 N WA
TeafuuNAI999 Xencrhabdus spp.
=t L= T d‘ [l %’ <
Hisrdninnganan et luniden
N8N ETNATFTILNAY  IREWUIn
wuaunuians (Galleria melionella) i

L [ o e =] P
FIUANRYE FIRARLUANLIELNEN 50 19aa

Aanuizonn ki alea luueunaiils

{Akhurst, 1982)

I&Aaudaslungu entomopathogenic nematade Wi 1A3Un1staniuazina e

Lﬁfam?mmuLtumﬁi’mgﬁ*ﬁﬂmqnf’hmw daannianuaisnsalunssiueadliane lunandy
v

790139 MaauNaslFuInAdn 200 23R (Poinar, 1979) ansndeafinBundfdyluanaia
afipudefamaiuazenamas (Friedman, 1990) wazldsunsiusesfemnulaasnitsefias
ﬁmﬂﬁ@m@:u‘ﬂm} The United States Environmental Protecticn Agency (EPA) (Gaugler and Kaya,
1990) lAdnnsdadanafisuazaewud difaudasiuis@ndunisdy 16w 6 oiis luana
Steinernema spp. e S. carpocapsae, S. glaseri, S. feltiae, S. riobrave, S. scapterisci WUAY S.
kushidal Way 2 1Um Tuﬂf}ﬂ Heterorhabditis spp. A8 H. bacteriophora Wax H. megidis (Ehlers,

1995)

nswimt Gaugler, R, Photo Gallery, insect pararsitic nematodes. Rutger University.
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mstnl&Feud omnnlauaniuasdngie SnnsfneAdeiiinirldimnzan
wasfirs@ninngege Wannlddewdeadudsd@immnadnldnumusieanwgomgigs uas

! ! v
ganslaleian anwauui feliarnlddnaniseysenzedldifeulsenias dads Bnnsld

° 04

Asiitladguangsznistudaivwwn dadefidrdnfe dedendunginssuvesldifeudasiiu
Wil cruiser %3 ambusher TagwnAnssuuwy cruiser Wl Raudaswaniis mnadeufidiimm
waawide i S glaseri WAz H. bacteriophora  #9WWRANITHULL ambusher Wuwanllses
a4 o . PV . - PR { o A8 e . .
WARDUN WAATUEADLNUY (sit and wait) wAZIN1TEAATAINTLN A vRaa A7 U (nictating)
41 L 9 o atln: =5 g t e o = 3 ]
wesadamaclunitmsslandineiunadiddldun asnuldineudaswoniiesgusnmuiafiu 16
S. carpocapsae uay S. scapterisci (Campbeil and Gaugler, 1993) ﬁﬂwmzwqﬁﬂﬁ‘ﬁmﬁmﬂﬁi’m
v lildAaulandia 2 48l HulsrAnEninlunisaouanueaumansneiu MY NSATLANLIAINTZ IR

luauunasw aan@anld S. scapterisci WasanuuainszrewAdauiatnamadiuutonu wazld

'
=

S. gleseri ATUAN white grub IARRNINATISFY (Klein, 1990)  uwanaindu tlaseniasiuasiu

LL‘HVLL?Q%Q\?LLZ%LQEHKJ@‘EJWN@ML‘L!uﬂ"lﬁ'ﬂ"mﬂqqN‘ﬂﬁlﬁ"ﬂﬂLLﬂwNﬂﬁ‘ ﬂﬂﬁﬂ’]‘Wﬂﬂ ‘N‘lluﬂ‘]_iﬁ‘ﬂ LLLNTHAR

NTAUSNELAZNIIUAY THNaAaN 1AM 89 A AaLEDE AN NIUITRATEILLAT LA TN 0

=

luazanluildinavles naenauiladunisiufeusndan e Tassaiafu quvgiaiu uay

i
Aaulufn (Kaya, 1990) nstildineudesdnsunasllIdacuanuuasdmgialilsyaunadds

v o
ar << 4 =3 ©

PR mmmummnmmﬂ@%mmmmmmmmm F]’J']N’;‘W'Wx‘l'l‘ﬁ’lﬂ?i‘@\‘llﬂu’l]'ﬂuﬂ ANA! 'Luma?

#ansnnzenldldinewlesalinlaldruanunacdngia Wiiilssinininaega

&\ Aeunan Steinernema ez Heterorhabditis BAnen wlungifly biopesticide

i £ t
=

ALANLUAIAR SR TR LA unTstanfuetinandegany  IaEnsAneiar lusuninnnsdeais

L4

o

Brunluainafensawsil 1931 Ty Glaser lHwmnsidedlifeudes S, glaser was S.

oF| o = o 2 dl b2 1 b3 .
carpocapsae \unadFa luanseie Juiidenauniag 1% lanseeing uay 1% §u Tuanin axenic
culture mannludl 1953 Stoll WrRwANInwIzALs W avaR dunduid wesAtsenau ot
e luuaeAn LRI 100 afdeui arnnsafintFunnldireudes Tuanunsuan s
wiathelsfinng mawns@asdaliveidulufemeses nandnfilinindunuga AaldfinnrAuady

ar -: ] ] d: t i = =!I 2 = =4

LazMITRARINBziRLas R alie R luiwmatiauasgnsatrs ek linandnidinewnss

geilanuazsiunuNINAAAT (Friedman, 1990)
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lull 1964-1967 Dutky ef al. WUT? @BATWNITALLLLL monoxenic culture A5
13
symbiotic bacteria fandae W linanAnldiAsulengean InenudngataesuupiiFednans

ar & ) =l
nszuaunsanaiugreddinaules lua s fiax

118] 1981 Bedding léWmurmatianis
e EedldPeurles e tauieianas (semi-solid
media) TWaNIW monoxenic culture ‘ﬁﬂﬂﬂﬁﬂ?:ﬂﬂwm
70% lamsy 10% losfudnd uaz 20% 10 Tean TAed
Steinernema sp.  way 60% vy 20% lodudnd uaz
20%157 1E9N"SIAEN Heterorhabditis sp. HHAKAR
% Feueuguedn 40 s flask 1umn 500 wa.
Ree Mg 70 NFd AUMUNISHARAWINGY § 0.50/flask
(Uszuns 20 Uy WATANTHART TN 19t aLTUDEN
nd191719 AeNn Bedding (1984) 1A nwinailanisuan

WiegeieFuilussAunisdn Tnemwizideslugs

polyprogylene 1WA 1.0x0.5 aT IRuananld neudles

404 2,000 A1uAsFRn09

o
1 el

HnsAnwidresdlsznavtesnmifsdwienamnzidedldifendesiu 2 ana

TUANIWANIIRLN UL monoxenic culture TNIAINLANANNRIaE1Ta1v SR I e uneafaanig
3TN3184UT89 Dunphy Was Webster (1989) TaAnmundsanmiasnge iwenisaenefiunm S.
carpocapsae DD 136 strain Waz H. hefiothidis wudnansenusafinene) iuasenanin dinautley
, - L e P . . Y e o = =
wiazaiauand iy Tne culture A stearic acid ANUNHRABNYNWAZIL (0.1% VIV) INHHARED

S. carpocapsae  WATUNTWILLRT (0.5% VAV) ANNGHAR H. heliothidis

1 3 o
nwlag yiunsn AsARaNAe. 2543, yuTiuiasiane didaude s Steinernema spp. tRemLruARgilaeT035. Ty lenansuizq
Annglszdnd 2543 nealeafuaszqaiaingt 8-10 Twnaw 2543 i Tsausnaaalle 4. e,
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Tudlaqiiunisudeléineaulanlungs entomopathogenic nematode @18Y3nNAR

-

Tuawsanaaligaiiy 190,000 sasedadans luseiy shake flask uaz 90,000 MaFefiadanT
TudamTn (fermenter) (Friedman, 1990)  fiR@RAnuaiRuAmiunsf lusessma 1y 15
MicroBio nAnldimandat S. felize AvuANMUBLUNATURAR WA (mushroom sciarids) Tu
NERTUT e Nemasys wazldideutlas H. megidis PaumudacI9984U (vine weevil) TunERAnLEe
Nemasys H 13t% Biosys uanléiAauas S carpocapsae ATUANNLEUAR Japanese beetle
LaTL3H Ciba-Geigy uan iAaurdes S. carpocapsas (S25) uas S. feltiae (S27) AMLANAININ

< o

BYUAR {biack vine weevil) (Y1130, 2541)

SUULLHARA DA (formulation) lAewN e
wazmatin il Wenuanuuasluannls Tuanaguuu ¥un
memadldAeudasluuniles vewin uaznediglad
viausritluuAlgaluansiesidum (alginate capsule)
warugLhaalwaesadanlus (gel-forming polyacrylamides)
dudy  edandnetldineudey S9mdeluaodszma
viu U3 Mellinger's luauigewdng wanldifioulas S.
carpocapsae luABnARSnIT scanmark 1107 $ 13.95 U999
Widemuslan 7 & asnsndeteldinelanrinumis internet

LATATE UG RS LATH A

¥
Fenrnlfldsreuazazaan Taeazany formulated product lutnsauATLuein

i = ar T tﬁ’ g s a B o= kY caasd = 1 kS dll
WEI P AZHARNCIT mmu@qﬂmﬂmuﬁm@uﬂ@ﬂmeummLLm\nﬂwuw ATEITAAWUAIULATE

'
al =

Wuansndaaswiende wialianswdinluulaslgnifiussdmgszuns aesldludeadiaidu

Wevandsuasgans hlawnuazanufeuainuaiuas lunainateiy

awlae Gaugler, R. Photo Gallery, insect pararsitic nematodes. Rutger University.
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Fwinlutlsznelng s dfeuleadpgunaainiinisdnnduniniile
Uszannull 2530 Taunenguasdmadne nasdgamiainens  uddagufuniiunisude
&Aeudeae S. carpocapsae mﬂﬁuﬁ:ﬁﬁﬁmmnmé’ﬁmﬁm Tneldmadlansnanluesnsudaig
WWANANTW monoxenic culture ﬁlﬁﬁmLaﬂaaqmﬂfmmm:mﬁﬁmmn Bedding (1981} uwazin
nansTus i luanwlslszaunsdndaluniseaupuunssdngdidruvatoniin Tiun wuausny
wWRanasanes wweunszienluseneaies  wiu  faqiudidednfueiddunisuanly
avnnvad uaz scale up lusziudminie i iunonandn Bideuengadumuan  dluaunas

naRsTuaT A Pauray S. carpocapsae aneiuganauinindaliludssnelng  avfisliainumens

waniavn W ldEasuquuussdngioraly



a )
Alnsaluarisnis
ainsol

1. eunsadiusaee 95 Pun genanafin vewdniansiu (dutgudnate 8 ou.
480 Tu.) FananaRnAanAY teinEaAnmdy s

2. NAAINAARN (A1NALTNIAT 300 1A.)

3
3. NUBURLTIEN (wax moth, Galleria melionella L.)
d" i | Rs & ﬂ'l =y ‘D‘ d‘, o < = =

4. 4139192 aEuNae W uiled1ad1n wnduraes Wikl Wefundy ndeTuy
lafls wazinniu usu

5. ndesqansrAtaiia Light microscope (LM)

6. annAldviumTenfenaldneudsamnmanialiindas LM Taun wienaes
& Fautlas (fixative) Wropsanmldipeuelas (solution | wae solution 11}

7. Né®4 scanning electron microscope (SEM) $1 JSM-35 CF model

8. argiedamimandiesinldimsudasmnsanie 16ndee SEM 1Aun Nach,
ethanol LAY glutaraldehyde Wi

i o -

9, IAFRRNNLTNUAE UL (DNA thermal cycler)

10. 1T esdiadvenananfduindes S uRnag ONA analysis tiu iadaauyunies
AMNNEITENGY 6 deep freez wazdRIUANgIngH (s

dl' ] o s :n O ] .-_%f L 1 ‘bﬂl 13; ir dl
11. wiresflawazgunraldwmivienlfdRinstaeate i fileds ulails
. v . X y

ponudn uasgavsingae s

12. asel A miLuananiafibue uasiaulmlfnaninng (restriction enzyme) Taun
worm lysis buffer, 185 WaT 265 primer, 10x PCR buffer, dNTP, Taq polymerase, agarose, Tris-
borate buffer, ethidium bromide WaY restriction enzyme 17 oiin SITL(

13, e dealdinannaeluan w monoxenic culture Wéun unwane uils

B 1 ¥ N

Fnnand wilidinine dsadialue wilidamies dfusenniuszdu ddusiuldan MgCl uas

yeast extract 1 usiu
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14. Eﬁ’iﬁ‘Lﬂﬁﬁ’mﬁlLLﬂﬂL%@U?@ﬂ%{Tﬂd symbiotic bacteria l#uf nutrientagar, nu-
trient broth, bromthymol blue, 2,3,5 triphenyl-tetrazolium chloride LT

15, faggUnealaw ludasdfimnaslddeudaes

38015

1. Ngd157aLA LA BE 1A

1. naiudsetinafu
quiivfAulussdumnuan 10-15 21, 974 5 qa7 aviseain 300-500 niu

wnagniaduie ldgesarafntmtinlszann 1 oo, Wiy 1 fethdin luusassedig

i '
=Y

praLAgHILT 10 Asn. FangaduAuluieinmaoindu 20-2471) anusinndutes JiFnas uas
yrldiiufanuniises aundiaztiunwenlfipeutlareanainausaly

2. NMITReunNuaAdunsa-n19 (oH) 1895

ﬁﬂmﬁmmm%u%mﬁu 2 sxhy AestAufnRuuaTIzAuAINAN 10-15 T,
ussthivluwsazsaattatimin 10 nfu azanelutinndu Saen pH Tudindoya

3. msuan EiAeulaseanainiu

TnFuusiazitetnalanaemanafindsunn 300 N MaueuRuiiafuuiese
(Bedding and Akhurst, 1975) LUAIAWSILIL 10-15 69 Tmtuazadnndemanadn ol
gnuuniities 25+ 5% funa1 75 luAuiiléFeues sienermematid uax heterorabaditid
HAeulegazdvinansunewviieds vusuazme e miuhvueuinnonn g fies s1au
Feudes lususasnne Wdndasqansseilindean s

¥1 Koch' s postulates WefiudunaduldiGauteslunguiinntifalzeluuas
(entomopathogenic nematode) ‘L‘mﬂﬁwu@u‘ﬁ‘mmNuuﬂitmwnﬁ‘ﬂwjmi'\ (White trap) T lseawy
WHFaselaasyas infective-stage juvenile (10 TersipReufieansnainainuuay 1 1J w1 infect

o o

13
mumuangalud Felitlozann 57 T4 dviweuvregeuiidifgadiudun s udngusases

<=4 g

& Feudasfuanldanfuiuusazeein  ludouresinethafuee Svuewuialdaanigly

v b
VAN 10 Ju Faad wAnTussgnAnialyl
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4. nsutiuen Idiraudesluse AL family uae genus
= ] ﬂul 2 b7 a < o
wired i Rauteeienisasasauneldndesqanssad taeldfeulonszey
W luwsazsiadimewdey Ugnimaluvueuiniein wasandgnmadueat 344 (uiindfinges
dl 1 a L] i d‘ =4 o b o 173 = [
vuauiangluudsrsia uastnvuaundinelaldBeudetssasifiniumadinails  wasvd
E v [
Ugnia 10 4 WWldRewlasszar 1y 10 Ififleudesionuasinivinguaongil 60 1 1unan 30
= -] « L 4 94 Rl ar L = 7 %
3wl anldifaunasasuualaduin Geloutimyuuaslaiudoe cover glass Tasaatingn
daalad shlunmanelindesqansses] compound microscope WLAELTL key nIRIFILTEY
Kaya and Stock (1988)
a = M . JE A o © P Y
5. nstiufinea Mg mapping Huiiunndsuda uaznimueagaidnisduny

&euteslu family Steinemematidae wax Heterorhabditidae tuiinTiisfn sy pH gounni

Y s R

HodinuargnugAfszauan 10-15 9u.
[~ wr = ey ..
2. mstnusnenld@laaudas Thaiisolate

1. sz EsamenAuisialuauafuy

yauRLTIE (Galleria melionefia L) W umsaunnaeuuasfiniBunad diavres
Thai isolate Wenniusne Tanvuauiuicds mw:{émlﬁ‘Lummmﬁau@mﬁm wlad dautlszney
Ao utleinadnn 100 nfu undawides 200 nfu ie 100 A, WasnAu 5 ua. ARaTd 20 LA,
NAETETL 100 1. 19Re 100 N3 LaTEANEY 375 ua. 111989 G. meflfoneila Uszunns 200-300

Was ldlunaaanaasnaunm 32.5 x 17.6 x 10 9. Heasauduasaniinalienniatnes v

A e Ul anmnd 2528 % ladmdudovusuiy 1 lunan 3-4 Ju waAIe I ntuuay

q b1

Wi AuTannansiu luaantszinm 3 AU Idvweudagavietiewd énus (ate instar larvae)

|
o el

dotiusai g lunsaanesunnld Aaudatianimdaiuluwsaz lalaan

2. nedmfiu & Aeulay lutindu

IEmpeuclasfuanlsainfuusazanuiiu Sanuluuindulu culture flask 230593

ar

v 1 3
nzldiFeurenszey infective juvenile tiniiu Tnal3EmaifudTunnuasamiumail
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2 1 13
wzRsuinFnulddeudesTumueuiniith Tneuwwendnou2s fandly
Petri dish (@uingudnat 9 93.) ANsEAENIEY (Whatman # 2) 91915 18l Feudenszas 1

27499 5,000 + 500 Falwiln 1 wa, Aufgouumni 254271 ilunan 2 M daseuundied

v
o b

alcohol 75 % LazEutinnd 3 aks thsnanaus White trap Wiinan 7 5u ldieudes 1 Pulvidaz
wAauReanannmnuay U Rldtnandnedae hyamine 0.1 % 11387 30 uH eghidaTiEnung
WFewles Faiindu 3 af rewfiuly culture flask (una 50 1) tufinsvaldideuday
wazTuiifiuaety cullure flask ﬁﬂmﬁuﬁﬁ@mmﬁ 25+7%  l&Feuwdetwsiazsianianis

3

reculture %0 3 Bay fTunwauiuiEInIN3aNInAN

3. msAnwnasesguundreninfivinmléiFewley Steinemema sp. uay
Heterorhabdilis s;;. Thai isolate NUHRNINASAILUY CRD {Completely Random Design) 4
nesuAE lBun quavn 10 15 25 uar 3371 41uw 3 90 ukiuenurazana

& Aautlawszes infective juvenile {1J) 989 Steinernema sp. (KB code) WAY
Heterorhabditis sp. (RE code) N Lt TN A R (G. mellonelia) ﬁgm%’ﬂﬁﬂmaima
Wieunasusiazana Whuaan 1094 18 U lufuliideldlunimases 11 funssindefiiadng
hyamine 0.1 % nazdnaEaing 3 afe Edaudesilétinldalu cutture flask 1w BRms 50
MBS 50,000+5,000 #a Tutiindu 10 wa. Sruauanaaz 12 flask  ihlUiiuATgmgi 10

15 25 uaz 33 %1 9819aY 2 flask (T1)

asatiulefifudnsmeresldinaulasusiazanayn 15 30 45 60 75 uay 90

¥
o

fu lasguiluaieas 1 4.5 flask $ax 3 flask (1) Tuudazgnuunl dinndmezidaysnisai
(ANOVA) PNuiUNITAaes CRD wazFaufiauduadalaei Duncan’s New Multiple-Range

Test (DMRT)
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3. sanLUN LA Aauel aa Thai isolate

1. nMsananuunlreuandnuedia (cross mating)
2 2 B [
waENRaATILNAsR ITNaUAuTEl  Tnaindavueusin@efiinfeieansaed
2 [l ’é’ nlz t 8r o u:i = g =4 [
76 % deduinndu 3 Ak Mnsrlnsdanndiaeesneuuasdivindeatuliuvas anasay

=

9119 1.5 w8, uddenliiguugi 4o nauld
neudesnidlunmmaanay cross mating A4 S. carpocapsae All strain, S. feftiae
uaz Steinernema sp. Tuanldarndululszmalne  dhldiAeudenszey infective juvenile
pesurartin ldadllu drop 2aeindesuuslasigu 1nllanelu Petri dish aunmdurngusnans
o T -y - . o -
g o, Wilnszanunsasiuun Uneh disn sedislifenmndl 25:2"1  msasasuniaasfivin
rasldifeudaswsazianialiindesaanssatl awmdu young male (YM) s young female (YF)

e lAAnul BN ANARUTIWI9 YM WAY YF a1uauat9as 10 6 aaduaastioi Manaay a1lu

o =

drop nidasLualadugn Wlenalu Petri dish ilinszansnsesguun InaillfiFeudsssismieaiv
% &) o = :: qs,- dld = o 3| ar
nanfueniuionFoniieu (control) AaAelTuiidm tu grungd 25427 {hwasn 109 asaae

@ 3
nsuaniuguazignluesazalianelindasqanssend ¥ine1 3 A%

2. nsfnegUsdneuenedugwanenlag 14 Light microscope (LM

1Y
ar < 1

IHAeudeswenisdpauiadndon wsealdanuueunuiaaeddgnidasse 1J 1aq

ar =3 s 2 =

1&ifautas KB code  sadndumed wwadaaasldihaudanluy 1% uaz 2°° generation ldan
m?muu@uﬁu‘}’qﬁwﬁqﬂ@ﬂL%@Lﬂunm 39U uaz 6 umNay warldifewraasrez 10 1dannas
\wAaf eanunannginzammuaiiunatlszinn 10 5uﬁﬁdﬂ@ﬂL%® IdFeudaaynszeznng
L@?@Lﬁuimﬂﬂmmﬁqaﬁ’r@:u (50 ") lunan 2 wid Fatnen fixative (TAF, 7 mi of 40 %
formaldehyde, 2 ml tri-ethanclamine, 91 ml distilled water) thlUfiufigranngies antude
ldraudasasly solution | (20 parts 95 % ethanol, 1 part glycerine, 79 parts distilled water)
sildanel desiceator 71l 95 % ethanol uasae aneliludmuaugnnnd 35 Wunan 12 1,
Lﬁ"ﬂﬁd‘lﬁﬁ@’aﬂ@’]ﬂﬁ’ﬂﬁlﬁﬂuﬂlﬂﬂ‘ﬁﬂ"] wasfinaunuighandieiu samiudu solution 11 (5 parts of

glycerine, 95 parts of 95 % ethanol) &<l 1l lugrsuangnuni 407 1funan 3 o,

[
namaFusndunuitnluidlddeudes  anunsoduadacrddnigludlddewdes lidaau



22

deldFeudesndlunasndeiuuuaiafufa wuudedlaufanewllaviudan cover slip tavda
Fnerngnianlag dhanngdiredneuiasdnnindadiunialindasqanssadnndaeane gy
Intdndaumne !

AN TEAL : ATMEN98 A0 (L)) ANNENATW);  AarNendRanniiy
excretory pore (EP); ANENTRANNYRD esophagus (ES); A18e1911149 (Tail); ATHNA LT
anus; AMTHENT spicule WATAITHENY gubernaculum

FomndemAle - ANe98767 (L) AURTNaiaW);  Arnenadaannia i
excretory pore {EP); AnNEYIARINIL 04 esophagus (ES); AINan91ia (Tail); Aunsasion
anus uazilafiius vulva

Faaalszas Infective juvenile : AMNNENIAIFR (L): A2INNENATAA(W) ANEI?
FRaneinia excretory pore (EP): Anen73ARIndaie esophagus (ES) WAZALNENIUN4 (Tail)

LANIAIAEAd U (ratio) Iaeld De Man's formula {Poinar, 1986) ot

Ratio:a = L/'W; b=L/ES; c = UTall; d = EF/ES; e = EP/Tail

HRZATWAATNN RO TR HATN" 7789 Nguyen (1993) Fail

D% = EP/ES x 100; % = EF/Tall x 100

mamwgﬂémﬁ’nwmzﬁﬁnﬁ’m@aia’lﬁ@uﬂ@m:a: Infective juvenite SNt WAL
ezl nelindesganssminndagengsing dvanded Clympus SUNBZ AfszuLalfLuscAiiu
{Normaski system) Annnsdmnsunadadrunazguivansnzdidnaeddineudas dnldnBuudiou

AU key to species of the genus Steinernema and Heterorhabditis {(Nguyen and Smart, 1996)

3. msAneglindnausneduguinelagld scanning electron microscope
(SEM)

nswiRnsiee i Faudenifievn SeM iddaulseszes infective juvenile S
TuwAuazineily FFannnndie s findsnadlumeniugi thundedan 0.05 % NaCl 3 A
WasTAngy 3 Ak edneinredfdeude dazenn e RS nenausn e centrifuge
AN UEY ieuleaiomntinnanluignugil 607 luean 2 Wil nssfuudia

»

Wasta SEM Ndunaume prefixed Miaawdealu 3% glutaraldehyde 1w 0.1 M sodium cacody-

(% ‘
o L 84 2 ar

late buffer (pH 7.2) \uian 24 23, figruunil 8’9 dredfoutianau 3 aft dldutluasezataves
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2 % osmium tetroxide ({waan 12 1. Vi 25 7 41910 1 AF antiu dehydrated T ethanol
TZAUANT FOUA 30 50 70 90 95 Wax 100 % uazvinlwiutk (critical point dried) T liquid CO,
ddmoneldireusdasuu SEM stub nae'ld stereo microscope  coat SEM stub #fmavas winll

meoam el SEM (JSM-35 CF model) wazinenin

4. nsesaeaeuailaldimeudas Thaiisolate taaldivnealla PCR-RFLP

4.1 nsanamdueanldifeudas Fasidaldnawtlay Thaiisolate (K8,
AY, SK, PC codes) uazldmaunat Steinemema carpocapsae Wz S. feltiae souiduaunmdn
lunemgag worm fysis buffer (50 mM KCI, 10 mM Tris pH 8.3, 2.5 mM MgCIz. 0.45 % Tween 20,
0.01 % gelatin, 60 mg/ml proteinase K) uuﬂiaﬁuﬁama‘lﬁﬂé’@mw??ﬁﬁﬁnﬁwawﬁﬁ ARV
AU lLaeananeLaan 0.5 ua, anusinliUliT -40% fe-80°s 1Thanan 10-20 wi
fladan 65 °1 1 99l uas 95 %1 10 N

4.2 mﬁ*Lﬁmmmﬁ‘mmﬁLﬁuvaﬁwmﬂﬁﬂ PCR {polymarase chain reac-
tion) th A weFE iU iduduiLudviunmnfinree hnna s wennud e Joyce et al.
(1994) Toe/ 14wl s

185 (TTGATTACGTCCCTGCCCTTT)

2B8S (TTTCACTCGCCGTTACTAAGGS)
Tudlfjisunson 50 lulrsdng Usenevdiag 10x PCR buffer 5 ulasdms oNTP 0.5 lulasdng 185
(forward primer) 0.5 lulas@ns  28S {reverse primer) 0.5 lulAsAns  Tag polymerase {2U/mi)
0.5 Llpsms Butndululiise e 45 Tulasdng waclddiBuafuuy (worm lysate) 5
lulasans ﬁwﬂf}ﬁ?mw’l’mﬂ?“@\a DNA thermal cycler Felilsunsudaaansiaiuse

19007 94%1 (2 W)

40 7007 94°1 (30 i)

45°1 (B0 AUN)
7% (1.5 W)

1 381 72%0 (5 U1H)
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VinisaseanauRAueRlATaauandan 1% agarose gel electrophoresis 14 0.5x
Tris-porate buffer (TBE)  Tdnszualvfia 100 Teasf (et 30 und fawnd gel Fan ethidium
bromide WAZAIAUNL (band) 199Riduiasnauataansialalan (UV transiliuminator)

4.3 Mmidwnsisduialaglfinain RFLP (restriction fragment length poly-
morphism) thmdueildainde 4.2 1eldiFeudas KB code, S. carpocapsae uax S. feltiae H1dH
snenalmslfRRmn (restriction enzyme) 17 ¥8im Aa Alu |, Dde |, EcoR |, FcoR I, Hae 1, Hha
|, Hing/ lIl, Hinfl, Hpa |, Konl, Pst], Pvull, Rsa i, Saf |, Sau3A |, Saud6 | Uax Xba | WazRLEwe

yaaldiFantes KB, AY, SK, PC, S. carpocapsag, S. feltiae Fafagiawlad 9 73l Aa Alu 1, Dde |,

Hha |, Hind lIl, Hinfl, Hpal, Rsal, Sau3Al uay Xba | Uumsudazieulod w10 lulasang

'
=

3 ar
squruffue 5 lulnsdns woeusazlalnan Unignugil 37°0 duaaisaus 3-12 u. antiui
FLE LB LU NTWNA M 1.5% agarose gel electrophoresis Tdnszualviln 100 Taadt ilwnan 3 1.
uazfaNAANE ethidium bromide  FIREBLATUILLATIUNALAIAIOWBMIZ UV transilluminator

wartiuinamAnensasinataans
4. n1sAnE1EInenvesldinaudas Steinemema sp. KB code

1. nsAnsseasTin Mdvaeamaasuaile microtube (1.5 16 wizgfidn thnsenny
n9es Whatman # 2 21 1 x 1.5 93, laasldluuaaavmaey ldldnawdes Steinernema sp. KB
code FEAIZIMNETY 91U 300.+50 m"f:ﬁfagiluﬁﬂ 25 I lasion aniuihuueuiuiiield 1 dasie
| MARANAREL 4117w 35 VARAMAREL (41) uasfufgacuRnguunfl 30°1 Tvuausatmn

& % =R d’ <4 i =
Fumaz 597 Tuinnindeuudasges difaulseszaysine auasy 1 29asTin

2 MIANEINAIEgLMNTAeAsTIn WldiFeuLet Steinerema sp. KB code

syazdinaneawau 300450 Fafag luun 500 Tulrsdns ldaslu Peti dish unaudueaudnans

=l ar

5 73, AHNTER1ENTad Whatman # 2 919b aniuldweufiuianeduan 10 faee dish il

i
=i - | a

1% 3
VNYRUNHE 15 20 25 30 35 uay 38° VIUUBULFARLAUNHNENRIUL 3 67 (1) lioan 24
48 72 96 120 uay 144 13, ufnmnaduiulnwesivdsuusiasssesaasldideudes gy

piner) Arwanadafidudinistivinresldieudos luusiastosaa
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3. NIANHINALEIGUMNIFE sex ratio A19UKUNIIMAREILLIL CRD 4 N99:33 10
¥ = % o 9 P ' g
71 U ldmeudey Steinermnema sp. KB code fZazNM1a18151149U 300450 mmglum 500

=l

Tulasdms lanaslu Petri dish auimdueindusinats 5 gu. Afinsyanensas Whatman # 2 21414

antuldvueuiuiaiedinan 10 asta dish thl el 20 25 30 uar 35°1 ifluingn 3

T nusuwAazgUMA RN 1AM 10 Fa (1) duindaunsidumaduasmais luwsas

aruuH Arsidayan19aiii (ANOVA) Pnnusunimmases uaziSauiauaeielng 3% DMRT

4. meAneNavesguniRenisdvinane (infection) 1inldReuree Steinermema
sp. KB code 78z Mvinanganuau 300450 ﬁf;ﬁ@gﬂuﬁﬁ 500 lulas@ns ldasly Petri dish
AR ALENaNs 5 T, TilnTranenes Whatman # 29191 annifuldmeeuiuiadasiuan 10
Fafe dish ﬁwlmﬁﬁlqmuqﬁ 15 20 25 30 35 uax 38°7 flunan 24 91, WIMUEUI UL 5
frrausazgnugil i dudulddeudenfidina sussiuiusueunamalunan 24
. Ao iadsuasAndaffuiiusulfideudesdiitenoazidefiuinauuesuay

nAdau

5. ﬂ’l‘iLLEIﬂL%’ﬂU??W%(?J@\i symbiotic bacteria ainldinaudas

ﬂ@nﬁﬂiﬁﬁ@uﬂﬂﬂ Steinernema sp. KB code svuzidninany e
Feanan 48 78, aniiseufimand s FeRiinfueanesed 75% uardneiniangu 2
Ak "L%’m‘ﬂmﬁ’mmuﬁwmuuﬂmm:’Lﬁ]’@ﬂLtm:ﬁ’nﬁ@m 11U streak UUAIUNT NBTA (37 g
standard-I-nutrient agar, 25 mg bromthymol blue, 1,000 mi distilled water, 4 mi sterile filtrate 1 %

o

2,35 trighenyl-tetrazolium chioride solution) Nndumnawinluan wlasside M9l% 24 wu. oy

9

25'1 11u7nn199@@ bromthymol blue 1894UATIEERINET11T NBTA
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5. psAnEAINEINNTa U liiialsarasldiAaudan Steinernema sp. KB code

1. nearuAnan niesateiuglagds insect bioassay 2 19UHLNTT NAREIWLL CRD

=i == s 3 ar [ %’ r,-

5 niswithe MdldFeudas 0 4 6 8 uar 10 ASEULEUNAGRL 1 FR STUVARBINIEY 3 ATY
lnadiEn1sda Mwasanaaausila microtube (1.5 1a.) wizgidt  dnseanwenges Whatman # 2

gun 1 x 1.5 4. Wadldunaeanaaey Wllaslluladiod 25 ulasdne galdiboudesszez 1

3 1 1
i &

fadluinndumniunssasinuue ldadliluuaasmaaauistanls f7uauas 10 vaea uLeU

a4

|
= =

Auiield 1 frawaan iunemm)il 2642 %0 nrastuidefidusinismuremiveunaaey 11 12

24 36 LA 48 TU.

2 -mﬂnmmummwumwi@@mmﬂ livapanaaausia microtube (1.5 NA.)
vnggfiel Thnszanenses Whatman # 2 2378 4 x 1.6 1. ldadllluuasanaeay laldiFaules
Steinernema sp. KB code antvuging wiuumeuriuateiugainsdietsuine (S. carpocapsae)
@8R uLaY 300250 faratn 25 lulasams MUINEENUTAT 90 UaRANAGEY anuin
Tl 1 fasie 1 vaBanAREL UL iUsteas 15 naen 'luﬁmuaugquﬁﬁ 15 20 25

.

30 35 waz 38 ‘g tuinnisererasuaua ey uudazatoWuin 2 1y, Busews 10 9.

wasnsldldPeudantic 2 areWig aursu 48 1.
6. nisagnadiunnldiiaundes Steinemema sp. KB code Tuanmwsifiay

1. mnwranldBeuten Steinernema sp. KB code srazidnninany (1) R
b2

Uunndlditeurdas lunuaufinisils mudsnses Kaya uas Stock (1988) Iiidifawlan 1 fulu
5 v e ) R T TP Yy w ¥ o Y @
Wand9iae 0.1 % hyamine iinan 30 Wi Wiesidafids arnduanediaaviinau 3 A wuldlu
culture flask ignangides

2. N3LHTEN symbiotic bacteria wendeuuATBeY Xenorhabdus aNUIASATEY

4 i

wuanAufeignldifaunes Steinernema sp. KB code WnvnangLuaIus NBTA uaz nutrient
agar (8 g nutrient broth, 15 g agar, 1,000 mi distilled water) TelalatliAgrails primary from oty

stock culture 11 glycerol medium ‘ﬁ@;mﬂ{]ﬁ -70°C
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3. nswiTruesaliniu nanatusgRsfaulas 5 ges lipid agar (control) Aig

gn7 SM soybean milk 10 g, 5 g yeast exiract, 1 ml sunflower oli,
10 g agar, 1 liter distilled water

AT WF - wheat flour 10 g, 5 g yeast extract, 1 ml sunflower qil,
10 g agar, 1 liter distilled water

a4m3 SF - soybean flour 10 g, 5 g yeast extract, 1 ml sunflower oil,
10 g agar, 1 liter distilled water

ang CS . corn syrup 10 g, & g yeast extract, 1 ml sunflower oil,
10 g agar, 1 liter distilled water

qmy CF . corn flour 10 g, 5 g yeast extract, 1 ml sunflower oil,

A 10 g agar, 1 liter distilled water
lipid agar : 10 g corn syrup, 5 g yeast extract, 25 g nutrient agar,

2.5ml ced liver oil, 2 g MgCIz. 1 liter distilled water

1
< =

dnldavidesindedignnnd 121 °1 uan 20 un? mnﬁfmmwmmbﬁmgmﬂu
Petri dish 1u1adueinARENANS 9 1y, JTuImT 20 Wa.fie dish luanwilaanide

4. s iFeuneaes frelalaliaecunafiFaain stock culture aalu flask Tum
125 HA. ﬁﬁ‘mm?‘ﬂﬁm nutrient broth (8 g Bacto nutrient broth, 1,000 ml distilled water) Usumg

20 ua. W ldsarueTeveen 120 sausiewndl Agnunniiveaduiean 24 1u. dWadndinnisad

e
ar

wupiity  wazin ldvesasuue vnsiugreaivasine wan 107 aad  Aeiialigunngides

Wuwaan 24 3. wdeanduldldiFaudes s Msidunls 471191 5,0002500 sasie Petri dish i

=

2 b
aauinwan widaande drldiiuldiianmnil 30° dlwaan 10 Ju rmadunandn diFeudlse

U

1 t3 i 1
TIWITIREY 41151 10 $1A8gRIBINNT AIWIARRWAZ AT standard error
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7. MsnARRL Pathogenicity 203 l&ifaurlas Steinernema sp. KB code Auuuasluaanljiicinne

wnasvAgey 12 98n A wueunszyjEn (common leafworm : Spodoplera fitura)
Muﬂuﬂa‘:“fj‘lﬂ@u (beetarmyworm : S. exigua) wiauledn (diamond-back moth ; Plutella xyfostelia)
AuaLEIEANE e (American bollworm : Helicihis arrmigera) MUBWLANLARNNEE (jasmine flower
borer : Henedecasis duplifacialia) VLAWRUIIE (wax moth  G. mellonelia) wiauga: lugais
(mushroom beetle : unidentified) AMuANTzIRA (flea beetle : Phyilotreta sinuata) WWBWFAIAY
ﬁ"mw@‘ﬂm@?l‘ (scarab beetle ; unidentified) Lwﬁyﬂﬁ@u(aphid - Myzus persicag) Uaan (wet wood
termite : Coptotermes sp.) watluasany (American cockroach : Periplaneta americana) 1WNAY
11lAAN97 Nmaaaulu Petri dish 111 ALAUENAUEINAN 5 TH. finednensyanenIes Whatrman # 2
antinlEAeudeyssdniianadg 1,000£100 # Faglutnnauiunms 500 lulnsams
Taeuunszenenies uasléinndulu Petr dish 115y control Azsatiuntsed 24 au. Azl

UHAIENLIT 48 3.

8. AONUNLAZTLEZLIRIVIINITNARDY

(3

an1uy eufusiedaRumy 42 Sudn wieenduniedie Fuil

1. nawile 9 4mmde Ae Tevse W@asluy 47 @y gasand dau uwg Aan
uazrAEngan
2. MAna 10 Aauds Ae ngsysal AR wATAdssA agsen AvilT duum
GNNET TUNENTS BATUIEN waryNenil
4 - ar =4 = =
3. NARZIUAN 4 TSUIA AR NEYAULT ITLT GNTTULT UATUATLTH
4. nApzdueanuazniArziueanidoamiia 14 $audn Ao axdans 9813 sroes

o o =

WwnyfT ueesia@nn 35N 1anwin feada uuesme gasendl nvdug uvarsatn dedugd
warasLuin

5. oAl 5 Sandn e Tuws stues We Nzl uazumsAisITaITY
UfiFunease i veslfiRnsngueuldifauden nedlsaiauazqadaine
nsAnsIsrAULEEn i IASINISNHATIRTRN NUNFINENRENEATANERT

1 k3 t 3
veizing) 41 Fususcusifeudinuien 2539 Augaliaununiay 2543



HANITANTUINY
1. msdrsaaldinaudesdngunaslutlszinalng
nedumidimeudaslu family Steinernematidae LAz Heterorhabditidae lutlszma

Iny Tetlsenaudion 3 genera R Steinernema Neosteinernema Was Heterorhabditis \LWNTAUNN

L&Feuteaaiianlvy (new species) uazaneWug s (new strain} Taeld Gatleria bait technigue

b

i
=4

Twrfeutuifignuniguany 37 udisslifia luiuiynanazenlsame fdiacuuansing

=

tasuvdsfiatuasanmionfen  annaiudedrsiviugasfuiFeuliguioy 2539 Raden
Rupa 2541 AseuraunnAIasesssmalng 298 42 43udn AauaugeiL 1,530 an sauwiniy
306 faatnedn  arwnmnuenldiBewdaseanainiuldly 9 fud (location) A& NEYAULT AAmg
pyse NIWARE AUNa1sANN 2euuiy vuasene Seeds uazaszutc  Asilutlefifud
msunsnsrangradldidauden Wity 21.4 % fedRuiiiiy uas 2.9 % TasiuIniied e

Ereudesusni@anilefurtinioutunaes  wuluiufasunals (fruit crop) Auidanldisen

a

¥ [
(ormamental crop) wazuAT L AN sinea T (roadside verge) Aeiily 33.3 11.1 48 55.6 %
eI UUANe N ANTLeN I MNATAU (Table 1, Figure 1) ANNAT899MMEAY b 4A4TY (A0

10-15 a3.) agluga9se1914 2429 "9 uariigruuniiefu 27-37 "9 Hsziu pH 6.8-7.2 (Table 2)

anuansAnEusaenlusz AU family waz genus vadidirauder 9 laloan wu

1 14
& iRautdes Thai isolate W9 2 family tnauenlslddeuney steinernematid Wiafausnluinm
d’; Aﬂ‘ ar [ =i =4 [ = .
HuAdewdan AUl (KB code) Twidautuanan 2539  warienldldihauley heterorhabditid
B ' P
Tufuifandnfesidn (RE code) lwheunsngian 2540 wanandu anunsnuenlfifanan

-

steinernematid 1 AURIAIIARART (PC code) By (AY code) NWALE (KS cede) MMN@TATN

3

(MK code) 281w (KK code) wuadnne (NK code) watasziia (SK code) 19 lolman aun9n
uauenlussi genus Wmeanduadiiiie snenrdiaremauigndvinans leeld faunay
wiazlalaian wansnnmuanssedvinauedtn seufimelsel&deulenluana Seinemema
spp. 184798 KB PC AY KS MK KK NK laz SK anenis ARt as-A1 uasianelne

Heterorhabditis sp. 1843%@ RE @RI UAUAaLAS- wAddN (Figure 2)
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d: = ] 1Y = < | T . .

WeRanranglindneundug i vedldineul esrzazidniisie (infective
juvenile, 1)) TudauuFnmintasszae 1 wudnluang Steinemema 4l labial tooth (Figure 3 A)
wiluangs Heterorhabaitis WU labial tooth 1enddqusia (Figure 3 B) Tadulaseainefiawd

clf‘ ] i: = ar 9 d' & ) ar @ ar d:
wianzluanativindy Idnwozednaiunuisos lunsiaeneqruiiasrasuuaaniia yanan
4
HunsRanTuAMLsIee excretory pore Wud MdReudesluang Steinernema HRnuvianad
excretory pore (Exp) M8 nerve ring (Figure 3 C)  dauluana Heterornaboitis 15 umidy Exp 160

nerve ring (Figure 3 D)

by 4 1
Tudaiudamadaesivasanall amsowueniflrefiasaniionalaemad
P yed e a @ o A o o 2 . = |
fvirelifeduoniiumidlaue) furgudonaasedtnrAuiuginag (spicuie) Bandn uwunnd (bursa)
< o n v e o= o o a . ) :
afuhlunasdudufefiensnandug  TuldRewlesans Steinerema azliwugiuaes bursa

(Figure 3 E) sl Heterornabditis fusindtiwagazil oursa raumsantlaenis (Figure 3 F)

14 Aauree Steinermematidae uas Heterorhabditidae Ainvlulszmalne sty

Wefdudn sAunL UL uanmIN family 7L 19 Uaz 2.4 % 1a9AuF 41999 ANNaTFY (Figure 4)
winfhuefdudniaunsnszaneredldifeudenfiunasiie vaatszme wodid nasnszanesi
£ ' 1
Tufiufidrunanssdlsang Fa nARsaen NMANRIY LATNIARZTLAN WUNlInszanasigeiiga

v 1 La 1
luniAsziuaan-aan@aaniie iy 66.7 wefidusasiuidise eldnulddanudas luui

nawtauazneld (Figure 5)



31

Table 1 Locaticn, soil texture and associated habitat containing the nematode inthe
Thailand region, during June 1996 to March 1998.
Sampling
Location No. of time Soil texture Habitat Nematede
samples (month}

Rayong 13 June/1996 Sandy loam Fruit crop -

Sand Beach -
Chanthaburi 3 June Sand Beach -
Chonburi 3 June Sand Beach -
Chiang Mai 5 August Sandy loam Field crop -
Lampang 3 September Sandy loam Woadland -
Chiang Rai 5 October Clay loam Woodland -
Phetchabun 5 October Clay loam Woodland -
Ratchaburi 3 November Clay loam Fruit crap -
Ranong 4 November Sandy clay [oam  Fruit crop -
Phangnga 17 November Sandy loam Fruit crop -
Krabi 3 November Sandy loam Fruit crop -
Chumphon 16 November Sandy loam Fruit crop -
Kanchanaburi 12 December Sandy loam Fruit crop -
Chachoengsoa 7 January/1997 Sandy loam Woodland -
Buriram 7 January Sandy leam Field crop -
Nakhon Ratchasima 8 January Sandy loam Field crop -
Nakhon Sawan 3 February Sandy [oam Field crop -
Phichit 9 February Sandy loam Fruit crop +
Phitsanulok 14 February Sandy loam Field crap -

Sandy loam Fruit crop -
Tak 4 February Sandy loam Field crop -
Ayuthaya 5 March Sandy foam Ornamental crop +
Chainat 9 April Sandy loam Field crop -
Singburi 8 April Sandy loam Vegetable crop -
Nakornnayoke 5 April Sandy loam Woodland -
Prathomthanee 5 April Sandy loam Vegetable crop -
Kalasin 15 Juty Sandy loam Roadside verge +
Roiet 15 Tuly Sandy loam Roadside verge +
Mahasarakham 10 July Sandy loam Roadside verge +
Khon Kaen 10 July Sandy loam Roadside verge +
Udon Thani 5 July Sandy loam Roadside verge -
Nengkhai 10 July Sandy loam Roadside verge +
Nakornsritummarat 9 August Sandy loam Vegetable crop -
Nakhenpathom 10 January/1998 Sandy loam Fruit crop -
Suphanburi 6 January Sandy loam Field crop -
Prachinburi 8 February ~ Sandy loam Roadside verge -
Sakaeo 5 February Sandy loam Fruit crop +
Angthong 6 March Sandy loam Roadside verge -
Kamphaengphet ¢ March Sandy loam Roadside verge -
Phare 5 March Sandy loam Roadside verge -
Nan 5 March Sandy loam Roadside verge -
Uttaradit 3 March Sandy loam Roadside verge -
Lamphum [0 March Sandy loam Fruit crop -
Total 42 locations 306 samples nema recovered

9 sampies
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Figure 2

Coloration of Gafleria mefionelia cadavers infected by steinermematids

(S} anc heterorhabcitics (H)



Figure 3

—tooth

Morphalogical characters of infeclive juvenile (1J) and male of nematodea Thai
isalate. (A) The ld of Stevnernema sp witbioul tooth, (B) The |J of Helerorhabdinns
S with tooth  (C) The excretory pore (Exp) opeming eccurs antenar 1o the nerve
ring (N} in Steinernema sp. (D) The excretery pore (Exp) opening coours
pasterior to thie nerve ring (N) in Heterorhabaiis sp. (E) The male of Stsinermema

spowithout bursa, (F) The male of Heterorhabailis s with bursa
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2 msiusnwildiAaudas Thal isolate

fiFeutinudAngunas Thal isolate Auunlfanfulu e iufssslszmalng fvue
stialdiRauden (nema code) An KB code (Wasfiy - npww®); PC cods luwaafiy - #lms); Ay
code (Wiefiu - aysun); KS code {_uuﬂ-uﬁu:mﬁﬁu{}. MK code (WALAL - Nageas) KK
code (UWARAL D IRNARu); NK code (WWanfu - wuaemt) RE code (unaufiy : faude) e SK
code (wuanfiu : arzuts)  dmfuly cullure flask MuieATEALTHIRT S0 N8, FAUTTIENIT
LA auseuTray infective Juvenile Ty Sy 50,000:+5,000 #7 Tutandu 100s. 1dFeudey
Thal isalate \iususasld o nguanu EFEaudey  nedlsrRTLassaTamey nasdenTinem:

siang v danuadnanowuduacdi b desTenisialy (Figure 6)

nsAnerraresg i uninfufne i Geudes Tral solste Tnuneaguiu
Stenernema sp. K8 code WA Helerormaboitis sp. RE code wudn srfvasegnupiifluans
mnduinerldiaudanfeanssnshulndu¥eerandTiases Wuanmafs usnimaans
Tasuansnsmasnn Trewudanafuineldfaudey Seinemems sp KB code Tutiindu
Fatunnd 25 WisuauiTiasaeliundian 90 Tu Sulefifudnsnedacfianeinfiu 39 %
seenennReiigraunil 337 Idfeudasnny 66.7 wefiFul unaaind  wintaufuld ngoagi
10 uax 15 ‘Kiteutlay Steinememasp. WanunenilTisses Sengasntlifios 16 Su Tawwd

WAFeudsuilefiduimisanuaaviniu 83,3 ks 82 % #1uddY (Figure 7A)

awividireudonluans Hetsrorhaboitis sp RE code ;Lﬂﬂiﬁ‘ii"ﬂﬁh‘tﬂﬁuﬂ'ﬁwiﬁ
fouda wuhgompgiflsnsmduniafuinefa 15° asnsofTinres fumnadansdull
90 du #neanureldimeudsomniu 43 wWefdud  udlugnugil 25 use 33 9 sl
pemrmiiFindunan Leemidn luean 30 du WWFeudaufimemuiaty 59 war 93 wefidud
poAndy Uasfignund 10 % WReulauifiinesldluiuna 1530 u Wi Tamf iz
79 weofdud @anardndiinnngs 20 fu Wieudavsnuwsuacarinansasaeuiivian 45 u

WUNTREWINTL 100 wledfidus (Figurme 7B}
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Culre collecuons of enlormopatnogeme nematodes Thal isolate in Nemalclogy

Section, Plant Pathology & Microbiology Division, Department of Agriculture
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Effect of temperatures on percent mortality of Steinernema spp. (A)
Haterorhabaitis sp. (B) in culture lask condition,
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3. pgaRswunldlRautan Tha isolate
3.1 ldiRaudan Steinernema spp

1. BarsseA LN e Erandiunila (cross mating)

ngneRaL cross mating 1edldReudan Stememema spp. ﬂLLﬂﬂiﬁ'ﬁ’mﬁu’m
Fawdanieusu? (KB codel WAmT (PC code) ayBnT (AY code) MMAUS (KS code) wwid1zmim
(MK code) UaUWru (KK code) muaanie (NK code) Uazaszlie (SK coded  fiuldi@auclan S
carpocapsae All strain uiy S feltiae wuids lﬁmﬁu’?ﬂmnﬁuﬁ:mmﬁuﬁuﬂnlﬁ’-ﬁ‘mﬁﬂmﬁﬁ KB, KS,
MK, KK Usz NK HnsneariuidwuazWontulndld  wibiiiirvassiufuasanddaiulfifeurian
S, carpocapsae uat S feitiae Tafuauiufaanenatsme naeluiean 10 44 imsssasaay

(Tabile 3)

anlffFaudae lunfe Pemiunaons AU S, capocapsae Wi ltinaniuld oy
N T Ty~ P el - T,
iy auaelsAe T sanmrersseyumewdmudt Wi st d ey niaid s iniae ey

walling AP ausen S campocapsae aremugaeEn faid SalidmiuldFauniee Tha isolate

gouldFaureslusvia Ay uas sk lnanthuiuldFauiennta KB, PC.KS, MK,
KK, NK uazangiufaansassms  uanalbitiuon WdaudesiuantFnfululssmelne ws

ganiu 3 ngn 7e 1) KB KS MK KK usz NK 2)AY waz 3)SK
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2 msAnwdIRAnsms iy wWing lneld LM waz sEM

Steinernema sp. KB code

annsAnengLTdn W sdug nineseddidausiey Stememema sp. Auwn
Wananluaniadaiamamugd wod TgtledinwnrdrduaznnsdadiuendldiFouclse

suedi e (infective juveniie) wasFARTumAG-mAEl  wandnidifeuden 23 1la

Fldard uunwasrseluinarsme Asasnmdadwunduliffeudssrfalul (new species)
auiuging (Thal strain)

e Re A At ae s sTwRe szl kasWndnnasdida species s
International Code of Zoological Nomencialure WWiein 5. thatandensis n =ie]

Type host © wunknown wenldeanauatiadnthmne

Type localty . wlasdgnusniya fawinmoaaf

Type specimens

Helotype (male, first generation) - uuhf*ﬂ'nﬁmﬁﬁamqmﬂuﬁu'}hﬁq:G melioneila)
figrdinaonlpelfBeudsn S thailanosnsis n sp. daiulu permanent side no SM-01

Allotype (female, first generation) | Lunsmin@esmeaeiuiie G melonelis)
ﬂgmﬁﬂﬁ’rmuimuh’iuﬁﬂudau S. thatlangensis n.sp. danullu permanent side no. SF-01

Faratypes (first generation males. first generalion females and infective-stage
juvenile)  WtnRINEEOATIMUEUALTIER (G mellaneiia) fondiniasnulatldFauden s
thalandensis n. sp Ussnoudaedodly 20 @7 g 20 ) wsefdeursusdmiwin 10,000 6
e tixative (TAF) Vialno. SMFLLOY

1S &
specimens Momusfuinguruidideuden moalyaftusesaifinug nadeang

AT ARANS M. Usmmalng
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tasaum (Descnption) - Stenemema thailandensis n. sp

Infective-stage juvenile: HanTIRIUTARARTWRRIaUTSHE (nfective [Uverile S04
20 i1 (Table 4} SgUianRauLng NNARTSETILASFIMITIE TSN (L= 432 [m; W =22 W)
il sheath Iadasaagrnliadoutn davdudoussdeadlofu SiUinpedeud fnliulunn
latial papilae Salshatny Uszneusin 4 cepnalic paplliae Az TaF N (euticle) Fuy
Sdndnadnia aterat field) Amiau 6 i S9ae WU phasmid LRnneenantadmudnefissdudnin
anus Wiy 30 Wefidudresrnaneiowis Ustewiawmss (tail tio pomted) TTRY (mueron)
Wdaudeefiimmlanummeselseings 110 saniyesdai (Figure 8)

Male, first generation : Han ETmuuAsERdeuRIFNTumASa MY 10 71 (Table 5)
FudisduneETinvadnng 1 lu3whessiufuiumadiy slisailaderaouiusmistialang
wia gauusmwaifadugl C-shaped Wasindnumitdou fhiaai sperm fnafinn (esis single)
fatlant testis acTssandt (refiexed) doubasatuneRuiud ispicule) dus i niasan Tl
1Ay mudauuvaiiuvBesmy fouted gubemaculum UIMURTULNBENRTN spicute HAWMUAT (pas-
teror) Fa uaslumaunin (anterior) BRaU spicue WadhuinilAufiamauasdonwegs spicue
Tuunussanug Wanmaidussnaudnt genital papitae 4740 23 paplitae waELEE TR
{muctan) (Figure 2)

Male, second generation . tamziavnadmsauinfisdmaginund 10§ (Table
5) Haflu second generation SdnwaiszUFaidiumflewiulu first generation sniisdlananmy
ddiadunda (1360 vs 2008 P wasarsndsedndnlu second generation (Wusfmiarey fiest
generation (B4 ys 154 LLm)

Holotype (male. first generation, in glycenne) - Length 1.934.2 fm; wigtn 157.6
m; head to excretory pore 84.6 Um; head to end of esophagus 1491 L, body width al anus
51.2 Lmy tail length 31.5 LLmy, spicule length B8 7 Lim, gubernaculurm fength 62 0 klm
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Female, firstgeneration © a4 ety mdmaud e fuonedind1am 10 7 (Table
6 s duwnfedlaomendaddu 3 wnseaiodiniumag (6,927 va 2,008) fautBunlai
(cuticle) Tyl Sauinassn Ftouyuiiudnsnedunay 6 Ay Teduasfustd@n (sensory
organ) tEngufag 10 papila wiadlue labial was 4 cephalic T8IUNTIILL (cheilarhabdion] W
weneRnRANATIEAUBIIRRUNET AWwstertRatUC U Raw (excretory pore) BHUTLINAS
Fua M AIUNATS (mig-metacorpus)  sruuAuuEEvef dluuuy gonads dideiphic dautlan
el tfesaadiuas reflexed Sinamnanufliuy amphimicic  efeasuiudnadle (volva)
tnaedia (52 %) FAnsneyputiuidu (protuberance | was iy flapped epiptygma sty
w34 (25 4 pm}é‘ﬂmﬁﬁmun*‘hqﬁaﬁau‘iﬂm anus (812 lm) ﬂﬁ'\ﬂ\t1~1§ﬁ"~: (Figurs 10)

Female, second generation . samEismairdsdiumudndulwalindiuau 10 d
(Tatle & Tguidnmuslnmlthmileuiuly first gereration  WATwLARRI ML YIRS AR
ArduEnmin waeiiterownefiFuumaund

Aliotype (Female, first generation. in glycenne) : Length 7.078.0 Llm:widitn 214.1
i head to excretory pore 117.6 Lbmi head 10 end of esophagus 276.3 plm: bady width &t anus
82.3 L, tail length 27.4 Lim, vula 52.0 %,

3, nspsensuTunldifeudanlre Minatia PCR-RFLP

laipautlan S thailandensis n. sp.

HENTIRIINHEY RFLP pattern vaadidvieluldBeuden S, thallandensis n, sp.
WhauSeuRusBuenns S. carpocapsas Tadinieuladfsdamns 17 @ulel vudTlEiFeugen
$ thailandsnsis n sp S4MAUNDL (band) TlringusudERlAs AR nUTELAL
molecular weight sAnfanldifeutles S carpocapsae 41w s vl fe A 1, Dde |,
Find Il Rea | udz Xoa | MnyuRnsnasesiiswalsuiimatia eor-rrLe WX Foudet Tiascrn

avanTouLaus natiseansnfuld (Figure 11)
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Table 4 Measurements (in pm) ofthe third-stage juvenile of Steinernema thailandensis
n.sp. (n=20).
Characier Mean sh Range
Body length diz I3 Aka0
(reatest width 2 o 2224
EP (head to excretory pore) 33 2 1439
ES (heud to end ofesophagus) | Gy 1 0.1 12
Tal length 42 2 3747
Ratio 2 bl 08 FB-21
Ratwo: b 4 0l 3843
Rl ¢ 10 04 21l
[ 13 1.7 3037
B 83 5 75-49|
Table 8 Measurements (in pum) of first-generation and second-generation males of

Steinernema thailandensis nsp. (n=10).

First genenituon Second garerition
(humectar Mean (510 Hange Medn 15D) Ramze

Body jength ZAKB (1200 I, 7842 260 | 3ol 130 | 71,530
Cieatest wadtly 15518 45172 85 (8) TG
EF{hiad to exoretony pore 9316) BE1113 ET(8) 6798
5 (lhvead 1g end of esophagus | I BR{TY ITE 197 7 (R} 130 E50
A mal body widt D i W 2733
Tail lepreth 33 (4) 244 2003 it 5k
Spicale kenpth G4 |55 FL.00 BS54 TE-42
Cobemaculum kmglh 0T 4] 6l-13 5847) 1369
Ly EINEY 4130 SHo) 4264
SW |23 11323 2805 2435
(0] LT (005 o8 0710 (3-09
Tuble 6 Measurements (in pwm) of first-generation and second-generation females of

Steinernema thailandensis nsp. (n=10),

FirsT genemition Second gememation
Character Mean (5Th Hamge Mean (513) Range
Huody length 0,927 (B71) §353-B312 3318333 2B57.3.854
Createst widih Bo(16) 2258 219010) M40
B {head toexcretory pore) 12216 b 53 8617} TiM
ES {head 1o eml of esophagus) Is00 oIk 27011 25521
Ann] body width a1l TE 51Ny 39-59
Tail kength 285} 2R3E 4 4) 67
Vulve % T3 (0.9} 5255 Mi1.6) 5358

Moles ~ Rats a=kbody engitiormeales] witih, Fato b= bodylengIhES Rato ¢ = body lehathitsil lengin. D% = EP ovidea oy
exthugud iengiha 100, 75 = EF diyided oy tad iehgih x 100, 5% = spoule lengttidii ded by anad tody widlle, G5 = gubenany
I tengin divided by splcdie lsngin.
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Cephadic papillae

ARy

Figure 8 LM and SEM micrographs of Stetnernema thailandensis n. sp., third-stage intective
juvenile. A) Entire body. B) Anterior region showing four cephalic papillae,
() Lateral field with six ridges. (D) Phasmid region. (E) Posterior region of a
living but inactive nematode, Typical ventral curvature of the tail region.



genit al pa pillae

A
{

spicule shucide

Figure Y SEM and LM mucrographs of Steinernema thailandensis n. sp.. male
A) Posterior region showing shape, genital papillac and conotd and

mucronate. {B) Spicule paired. light brown in color.



Figure 10
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labial papillae

E

q.-] wilewhodwlion

-
macronale—

SEM and LM micrographs of Steinernema thatlandensis n. sp., female.
A) Anterior region showing six labial papillae. (13) Head of the first-
seneration female showing thickned cheilorhabdion. (C) Tail of the

first-generation female. (D) Tail of the second-generation.



2000
| S0

AN

Figure 17, RFLP profiles of two steinernematic isolates digested wilth 17 different restnction
pnzymes. (A} Stemermema canpocapsas. (B S thallandensis 1, sp,
St lane s the digest of S, fellige with Al L Lans 1-14.are digested af each ibolate
with the following restciion enzymes @ 1, Al ) 2, Dde || 3, EcoR 14, Ecarc |
5, Haelll & Hha | 7. Hind ||, 8 Hirf 1S Hea ll 10, Kpa ), 11, Pst 112, Pvu |l
13, Rsal; 14, 54l 1) 15, SaudA 1,16, Sau86 | and 17, Xba | M, molecular weight

rrarker. A band sizes are shown in base pairs
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N193usat S thailandsnsis n. sp. I.?]'u new species

nkavenraradaduassUrsdneusdAtgnuliingss LM uss SEM
arsowlenldFevelen S thaisndensis n. sp. sansindiFeudselunguifieaerindide,
prgaussEzTRTA e vetindd 600 Tumsew lAun S. kushidal (Mamiya), S. scapterisct (Nguyen
and Smart), S carpocapsas (Weiser), S abbss! (Elawad, Ahmad-and Reid), 8 rerum (De
Doucet)and S. ritteri (Doucet & Doucet) lauwudt Aneduaiuandmitesdiseussosdinhene
walfiFeulen S. thafandensis n. sp. (432 Tuasey)  Tuwnaiinndt S kushiosr (588 Tupsey)
S, scapleriscd (572 lumsey) S Garpocapsee (558 WATE) -5: abbasi (541 lupsaw) S rarum
(611 \WAsaw) Wax S atter (510 laumsaw) Slafiensnee D% (Fasnsaniifar i excre-
tary pore WITFAt MAHEIATIRlS esophagus x 100) Wi A4iaRn D% vy S, thallandensis n
sp WiATiLai S kushidarn, S carpocapsae. S abbasi Wis S. ntten wiAnLifieaii S, scaptensc
usx 5 rarum WA IUAT E% (Ananngauia e umis excretory pore WSAIEATIMEI TR X 100)
wuis Wmufiusiu S kushical. S, scapferisci, S. carpocapsas WHS 'S, rarum Ugﬁ"i'ﬁ"ll.l'.?"ll_‘qﬁu S
abtasi uhz S atterl wnsaniu Wilewden S thatandensis n. sp. SRt TREIAS (i

* - - L T R -
fength) Ay (Mable 7)) unsidud 98767 (iateral field) 971494 6 L&y

Tududs dmndmansouansansnldidaudeynileiu lauRanranegeues
2L AUAUINAL (spicule) Moy 84 Tumsan  waseduardtawgd spicule Tunsaamiug
{gubemaculum) raseng 3 lu 4 vesarnnens spicule wassTessAuwudwadle (vulva) Samwus
ytiduiiiy (protuberance) kasitadunsiultiuagudniene double-flapped epistygma wi 15'—4".14

Istias 2nd generaticn

winmsesIrasuiiiuediumaiin PCR-RFLP paaldifieutlan S thailandensss
n sp WituduAUREueYss S capocapsae WUt TRTIHUWEMANITBIIURGEATUINLYES

band LuLESS 184 restriction enzyme 5 1lin (§Foudouiasssinfauansansiniv
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ldiRauden Steinernema sp. SK, AY uat PC code

SnkA RFLP pattern maamdwia \wldideutlay Steinernems sp. lalmian S AY
sy PC wWluuiieuiu pattern tesldifeutian S thalandensis n. sp. Wik 8. carpocapsse
frmdaneulnidminmnzdiuau 9 wuled wodn lueuled A1 Aedlidueraslalnem ay uas
SK LARIATLILLOLUAT TR AL BRI S e LU AR MEBWTY WALRNAYISTN S, thailanderisis 1
sp RS S, campocapsee  @au PC wllauriL pattern 481 S carpecapsae  wizlwaylty Doe
uss Hha | weds Tdeudenynlalnanlsiummeiaiu (Figurs 124)

" RELP gattern Aamdnpaules Hind 1l wudt TAesras AY sz SK amau
UpLUREIUIRIEIR B waMEeUN S thalsndensie nsp. WA PC dlewiu S carpocapssae
Tl Hinrtwuas leloen Ay uanAasanynlalsan  dadlueles Hoa | wfsummnleluen
{Figure 128)

Taeules! Rea | wuds WiAautlee Ay was 5K infiaury S thaiiandensis n.sp
vivudoaiu PC wilauiu S. capocapsas  dauluwanlasd Sauda | laluen sk unnsngaanyn
lelony  dwiulueuled xba | Talusw SK wllewiu S, trailangensis n sp &Y AY, PC Uas
SC \wHaw Ty (Figure 12C)

PaLaU NS RGO R R duEe wanalanuwani lussfuBunes
W¥iFasletluwiss ey Tt uriuatisvaamsd iiFonnFailAtuge ITS 184 ribosomal DNA
%41 RFLP pattern faedaneulnd ¢ otim wudy Hiawled & ofla Liasnsowtausnanuuan
sinquasiduelulalanivnuonraasUlife Doe | Hra | ias Hea | dhaeules Rsa | uas
Hirg 1 gnunsoutuenfiduaseldfaudanaandu 2 ngs Tnulaloan AY ke sk milauiu
3. thellandensis nsp Laslelaian PC wilewu § carpocapsae Gruaiinvessar iyl
nassindn e wdas e Taneanainiu 1Eun At | Hinf |, SaudA | ks Xbs | Tasasaen
TifmauraIr s Nt eSaussat g FautanfuuniMuuiaslatasnidad
Foau  Tewdulm? Al | wlauun AY waz SK 880370 S. tharlandensss n. sp. kaziaulesd Hinf |
ums SauA | Lanen AY sanenn Sk K Midauden laluem av LlideiimResdulelnem sk
WSz S. thailandensis n.sp. Sanlalaiam SK uan@naann S. thalangensis nsp. [Wadpdonienla

Alu | ks SaulA |
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13 1l
dmfulelsian PC wudt nasdndauwuleldia o $8n W RFLPs pattern Miuiley
fu §. carpocapsae AaguenagtidinduldGeulseeliadeati wrensulnen PC aanann
AY. 8K &% S. thallandensis nsp. Wudi RFLP pattern eaaa iifiuansunnsiiaeeidwmiie

Fomauiewled A |, Hind Il uas Rsa |



Figure 12

srcliles By GG ESTIGS ¢

Al | Dde | Hha |

Y PC 80 M ST 8K AY M M ST K AYJ LM

Hind Il Hint | Hpa |

M 5t Sh AY PC SC M

;
=

Rsal SaudA | Xhal

i th Solates wilth 5 chitlaranl rasts

chaest of Stewnernama feliae with Al |

ana 1= 5K isolaiae, AY 8

5 S MalaNgaensis rL s, sk
150 lane s 5 canpocapnsat M, malecy

By S

Fas are snown in bhasa pars

5 Y

r waight

SOat



85

32 ld\Rautlag Heterorhabditis sp

&\ Feurley Heterorhabditis sp. RE code Tutinlfmindmdatonds Sariamnn
FranldFeutenrzse infective juvenile WitLIWWBLM Key 484 Heterorhaboitis species AR
winEdedinusn iy Tatie 8

FINMATHFITILTHUIAYRIATFR (L) 289758 infective juvenile wiri Hswiasa g
Srvintatadaua witwiaiy 541 Wesen pawndn W) eRewiadu 21 luaseu Faile
IndBeasu H ingicus (Poinar et &1, 1992) Puurldsinlszy sy WENsNtiG A ratio a b
wsze sylumsaufivindudeliuandsfunn Tuki D% wes % 18¢ RE code iaftni iU 72 was

82 % Infifduiutu . ndicus RUWATU 84 ke 949 srindAu
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4 msAnndingrvedldiFeuded S thallandensis . sp,

1 aReEI
annirAnenea e diReudan S thalandensis nsp. humaamagay (wax
moth, Galiena mellonells) Fatlszneudenssusdoteu 4 wras ussdydndunonomd- el
sinlddaudaudaauszesdnina (infective-stage juvenile, |J) Wiaraaussus?l 3 third-stage
v = = = = . ar g - .
puvenlle. 43) i AnmsTuiuialaunireanamu (molting) Wwddeussus 4 (fourth-
:;- & e iy - . - 5 e
stage juvenile, J4) sntudludadndumea-onniiy (adult) Sinnsuauiuduac igniaseuras®
1 (first-stage juvenlie, 41) WEgyAuimdustsauszueil 2 (second-siage uvenile, J2) uss J3 (1))

pranidney Winanduflne 4 Tu fgnmgh 30°e (Fure 13)

2 Bniwsrssguuniiineseniaatydulas @R auday

IR Feaanin 16°0 ussge 38 0 TEFowteusioudulsliem
AT uﬁi'ﬁ‘qmuqﬁ 20 25 30 uad 38 "1 Hnassrndulnsruaess nﬂtﬂmwnmﬁ'i'}:mm:ﬂnﬁa
rnsrigEiu ey dRpudonauiudlnengrewdns 26 T 35 Taunuan Twaen 144 13 (6

fu) W@sutauiinnasiyFulemiluiueed#ia generation 7 2 (Table g)

3 Antnsrasgnopidinnduisdiunadiuiafnies i Roudet ey

wur TR 25 ey 30 ‘0 Anneiduiaiedy\ g afnewindu 129 uey
120 FORELLSVIEROU FANAFL (Table 10} diafiqreauniia sex ratic wnsldiFeurosiiadndy
B Lﬂﬁ@u'ﬁﬂl (Tirst-generation femate « male) W7 grunndl 20 25 30 uss 35 "¢ HdRT
sex ratlon (temale ! male) WnFLL 22" 1(13/6] 1.8 1(8346) 4.6 1(106/23) use 3.2 -1(71/22)
MNEIAL STeueEs female ﬁa#qmi‘;ﬁ:ﬁuqﬂ 30%1 msidnauraswadlyyndinesents ign
yiousudsuadiF@eudsugs SudhwdnnsTneiugursRa@inmndning Widesshs

gnwabafungafisliligoiughlaantian
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Figure 13 Litg cycle and growth stages of Stemermema thallandensis n. sp. at
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30°C.
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Tahle

difierent temperalures.

Development of Stememerma thailandensis n. sp. in Galleria meilloneilz at

Temperatures  Stages of Development percentane at different durations (hours)
C nematode 24 48 72 96 120 |44
15 I 1003 96.4 LT TE1 0o 7 63.3
J4 i} 3.6 20.00 27.8 33.3 36.7
2) ] #4,2 {) { () 0 1
14 158 85.8 536 27.0 23.0 T4
Aduls (G1) 1] 14.2 46,4 730 97 4 52.2
I & 12 0 a I i 2.4 130
I3 1] 0 Y { 0.2 17.4
25 I 47.5 0 () {l { 0
4 52.5 1 I7.7 6.7 11.0 123
Adults (G1) i BR.9 B2.3 933 B34 13.4
& 12 0 0 0 U 2.4 a0
13 { ] i i |2 124
14 U ] 0 0 o 0
Aduls (G2) 0 it 1] i ] 1.7
30 1) |88 9.9 U 0 ] 0
14 T6:9 2532 il 0 G {
Adults (G1) 4.3 66,9 78.8 5.2 20 i
J1& 12 0 0 212 93.0 88.2 72.6
13 i 0 o |.8 5.8 20.0
14 G ] 1 i 4.0 45
Adults (G2} ) {) { 0 0 29
34 1) 62| 2157 { {) { il
14 35.5 L 0 { 0
Aduls (G1) 26 783 1.0 40.0 3.8 g
11 & 12 i (i) {} 58.7 42.3 535.6
13 {) 0 {) 9.3 1.7 0.3
14 {) 0 0 0 |9.2 2.2
Aduls (G2) i { i 0 i [.0)
38 N 100,10 42.8 6.7 228 34.6 20,0
14 0 28.6 i, 2 58.0 389 45.7
Adults (Gl i IB.0 23 18.6 26.5 34,3

Notes - G1 = first-generation; G2 = second-generation



Table 10 Mumber of first-generaben females and maiss Uf Steinernema thallandensis
n.sp at 20, 25,30 anc 35 °C in Galiena metlonella
No. of first generation udults + SEY
Temperature Totul
C adults/insect” Femak: Mtk
20 19 13+3d" 6+3c
(9-14) (2-12)
25 129 83+1!hb 46+ 7 a
(59-101) (36-58)
30 129 106+ 17a 23+6D
(76-132) (15-33)
33 93 T+ 10 22+4h
{56-86] {17-30)

* = miean, averaged from 10 insects; ¥ =& range ot numipers found in 10 nsects,

< = numbers with the samae letters in the same column are not significantly different at 5 %

level accorging to Duncan's Mulhple-Range Test
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4 BVENAIHIgRM R L AREN T A TULAS TR B BRI AR AL

i gmugR 15 20 Usx 38°1 Tuar 24498, Rwefdufeasnndiinein
pazwsinaaaUldany uifgrugi 25 20 war 35 Sdefduiniadinasussiefiud
mamureIAg) noeluingn 24 st degnmnifangeAe 30  Swefiudnndagin

WHRIWITRY 65.7 % WAZUHAINFARDUATE 100 % (Figure 14)

5. nﬁ?ﬁﬁ‘ﬂ"iuﬂm#rﬁu?ﬁﬂﬁmm symbiclic bacteria

WLETUEN ATA TatlrasuuAiicn 2 fmeot (form) uuamwar NETA Ae Trlalnklgpd
bramthymol blue HAunaazananauasd clear zone Reguaensay anwuzeealrlal yulAs uus
wwudey Trlatsnewed 2 fe Wlalifiaunsngsdiummes oromihymol blus S1ne1M77 NBTA
TelatfzUsie by Fuuss seuliFuu 3 clear zone Trlatifanes form S RLILLE T
sutrient agar (NA) WplaiifaTy dnwusgtlierealalsfivaen sgad breminymol blue &30
ﬁ'ﬂ’51‘4|.|.‘L4Fl'lmﬁmﬁulﬁtﬂuntﬁﬁﬁﬂuﬁqﬂ Xenorhatidus sp. Tegg1u family Enterobacterioceae

waziuananwyuldifoudey Seinermems spp. (Figure 15
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Figure 14 The infeclion perceniage af the infeclive juvenile (Stenermema thaitandensis
n. sp.} andd martality of the test insect (Gallerria melfonella) atter 24 hours

al aifferenl temperatures



Figure 15 Calony of the symbiolic bacterum (Xenomatdus sp.) solated trom
Stewernerma - halandenss o sp.
(A Showed farm varants on NETA medium
(B) No bromthymaol biue (BTE), red colony, will clear Zong around colony.

(C) Absorbed BTB, green colomy, with clear zong around colpny



5 pagANIAINEBAsT N ST MR alsauadldiRaudan S thalandensis n sp

1. nivageUAnan neEIa 8L LALTE insect bicassay

AnnFiaTEiteNsn At iR msLN 1Iaeed CRD uszfuufuusieiylng
35 DMRT wudt SuidiFsudeusturidinen 10 Sdavueunanet 1 fy Tangnwlunieel

LS "HI -'l o . —— - -u
wuEuls 50 % Maendmge 24 ou, wastiamuuwrmEramsainiusesuldifoulen 4 6 waz B
I " : S
FREEWEN 1 0 PRBLIARBLIIEN 50 % WilR) 36 TN, ATINTULIT I I M UBA AR BT Y
TAwraudey S thailandensis n. sp.Munqﬁnmu’%‘ﬂﬂTl:qﬁw‘um‘lun‘ﬁﬁum-ﬁmﬂmmuuﬂu
& ] d L mw - ; FE2 & _ -

wesdunaewrisdeddios vuiidlensdwly wefifudnnsaussamsewnsasuiiety

iRy Aaduial e un i Raution (Table 1)

2. MisnesauAT LY Nl Eg e

masTuATRIN SRR Tegawgi TnsnfeuisuiuldGeulasa g
FINBREN(S capocapsae) wudt gungRind 15 % Wdeuleslilanuansrlunssiwusu

15 ¥ L i
neaau it 2 a1edug Tuan 48 au, ludeaguwgd 20 Da 30 "1 Fenssaoiugiina e
. E 1 & e - d‘ = - . e 3
Turrssivuaumeaday s WieumpiiieAuia 35 e S matandensis tidnunanlunissivuey
| - o ° - - i e

W5iee 5§ carpocapsse iAo mumaiiay  uesfiguunfigati 28 ' muiuglnedass

fnunwlunnssvueuls udlits 100 % Taaan 48 7w (Figure 16)



Table 11 Martality of Gatena melionelia infected with Steinrernema thaliandenss

r, sp. at ditlerent doses and times

Dioses Morality of Galleria mellonella (%)
(1] msect) 12 hours 23 hours 36 hours 48 howrs
0+ 1 (eontrol) 0 ¢ 0 d 0 ¢ 0 d
411 6.7 ¢ 13.3¢ 50.0b 533¢
61l 2000 b 26.7h 56.7h 633b
&:1 23.3b 333 b 56.7hb 633 b
1 4332 5332 T3 3a E3.3a
CV. {"li.p- 24.0 263 3.4 U8

¥ Mumbers with the same |etters in the same column are not significanty

different &t 5 % level. sccording to Duncan's Mulliple-Hange Test
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Figure 16 Marality of Gallerta melloneilia exposed Lo Steipernegmad carposapsas All

strain and 5. thaandensis n sp. al different temperatures
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6 nsnesdiunldifeudas S thailandensisn sp lugmisiien

ﬂ'"--’mmw'lzl.%:ﬂq'lﬁsﬁﬁuﬂﬁﬂ 3. thailandensis n.s B TWANTW monoxenic culture
Treirulasnsfisa e fuifinsdussnouresdavies dvile daend AU S
5gms e SM {soya milk), WF {wheat flour). SF (soybean fiour). S (core syrup) wae CF (com
four) Wivuiuuiusnwirfusils ipd agar (LP) NN SR T WiReuwslpenas anduls
W lusnidasddsnauvasdawieddinm 10 7u Wasndnld@eudsuyiiu 661,400 uas
615,000 Fagiannin 20 ndsl srwdndn. etialefimal Wanfeufusaniatunsmizidedlu LP
Todiugrrennwiena iR ArE IR e Wk W safnlF euasd ndnsing
50 % (Figure 17)  dleRanseiduguenwissedamudn anwsgasdnu aiiiesdlssnatmes

duwigaimatiindtieulsunng .7 e
7 nisveseU Palhogenicity TUGHRIARgRTWALIRIBY 1 Tuvaanlfifinns

RINMIMARBLANSN W LTSI S Buin wudnielune 24 Faluands
wvinlgldFendoy  uinamesouls order Lepidoptera Wi wugunsefivanannidos watmnseidn
wusniledn wueusnsanelie wauszasneR ursaueuinfaty Suefdudnsandludee
55100%  wil&sl order Coleoptara wadet luwususadlugudie fufndtuawrcanienszlan
AASVLER P NARTOWLEE WA wlun T 100 33 Wes 20 % pmd iYL 1
'ﬂmﬂﬂuﬁ'mmfinmﬁﬂﬁﬂuﬁmﬁummdﬂﬂﬂﬂm&ﬂﬁﬁmthﬁmmﬁmﬁm WiRnuslatmuiuging
wasesiild 44 % uanandy it idMaruanumssdngiuzanu ldun dsn sazuuassnd
wud Sfnenmwlunassindagn 42 % Tuaan 24 dalus Yawmssanlen 57 % Moasenno 48

T3 [Table 12, Figurs 18}
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Figure 17 Population count of Steinernema thalandansis n, so.oraared on madilisd

culture media compared 1o ipid agar mediunm (LP). The modified cullure
media are soytiean milk (SM), soybean lour (SF), com syrup (CS), wheat

flour (WF), and corn tour (CF)
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Tabiz 12 Mosalily of vanous insect species when exposed (o Steinemema thalandensis n, 5p.

Treated Control
Insect species Tested [ead Alve  Tesied Dead Alve Moctality
(Mt (n) (m) (. () (%)
Lepidoptera
Spodoptera litura 1o 6 4 10 I 9 55.56
S exigun [ O 4 o ] 10 .00
Plutella xylostella 45 42 3 30 3 27 #5.89
Heliothis armtigera 25 25 2 25 I pl 9] 67
Henedecasis duplifacialis 2 12 ] 0 2 8 100 00
Cralferid wellonelld 5 50 i i) 0 50 100,00
Coleoptera
mushroom beetle 10 10 ] 10 0 10 F00, 00
Phvllatreta sinuata 15 3 1] 15 0 I5 3333
scatab beetle 5 I 4 5 { s 20.00
Homuptera
Myzus persicae 35 20 15 35 B X7 4144
Isopera
Coprotermes sp. 30 1 H Elll Il 19 421
Blanoidea
Periplanete americana 14 H { 14 0 14 57.14

* Percantage of monality carrected by Abbott's formula (1925) which is (X« Y) ! X x 100,
where X =% Insacts allve In the contral reatmiant, Y = % insscts 2llve (n the nematode fresimenl,

{n] = number of test Insect



Figure 18 Mortality of various insect pests infected by Steinernema thailandensis n. sp.
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AINNNIENTIRALRUIN 306 FIBLne AUl 42 Aandn AseuAgENNNTALES
[l 4 i 13 '
Uszwelng avwnsauentdiieudesnidudngunaliiu g Auf viewindu 21.4 % vasiuidisa

[N ] :3 A=é o = ar = ar d’
anndeyaraenisdisatiifiadnnfiatsonnisnszanescredifineudloadnguuaclulsemelne s

'
a 0

atfluaniauTu wudiinimnszanassind hueneugy. Anusrnralunsetsenteldifauten
k2

TuanmAidiaauandtsmasiuidaududusiunnsdunuléifoutlen steinernematid uaz
heterornapditid luasuuansrafuulsluiiedandugadurauvainuatelus i Ave gl
Tenatin AfiAriaNsAe FEU9RNUNHLATLAAAT IRANTENURBAI NETIAsTEATa

I&Feuletluniauty qruugiiuaziasganinllawmioiniduiladeidfysasnisundnzais
4

wasldimeudanlulsznalng fatiu rlafidusnisdunuldmaudanlunisdimanietianggi

WaFouwouiuluaeugu-nung 1w lu Great Britain wuntsnszanusaaaesldifeutas

1 e

steinernematid UAY heterorhabditid WAL 48.6 Uax 1 % A uAAY  Tnedguuiauyiniy 12-

b1l

o

16° {Hominick and Briscoe, 1990)  dawldifeudesfiuanldanniululszmaing fonmpi
RoRuIswin 27-37 1 uacgrund) i o 3aufiu (B0 10-15 90, agdaszwdne 24-29 Ruuwsbinweanns
duareRugnufau (heat tolerant strain) wiwpesiulfineudes Steinernema riobrave fuan
anauluigiinda aniganing %a%@@ﬂ’iuﬁmmﬁuﬁu latitute 26 B9AUMLE was longitude 97
AIAFSTUAN Ltﬂ:mﬁm:ﬁuﬁﬂmm 21.7 Wm3 (Cabanillas etal., 1994) uax S. abbasi mﬂﬁ’uﬁ:ﬁwu
Tuilszine Oman (Elawad et a/., 1997) mqmu’f@mﬂuamﬂuu‘"ﬁﬁﬁﬂ?:mwﬁwmma‘ﬂﬁum
Wenun 11 bio-control agent uaziindusnldiuunasdnsiiT luan nuandeiiesiu Ay

nMmuiasdnaninlunisiiaatdanindianaiuganunady

Afuinenidimauta Thaiisolate Wasanwenwdimuasd il Ananwlunisdu

o o ]

. t/ = & e =5 [ ar =ty -
bio-control agent W gumndsesmnduinedaiuirdoddnysdenisiiinrentesldinaurles
Va2 ana  Evinaresgniungfinn (10 °) wasge (33 °9) wasslidurdtuuandluniaiuingm

aale . P = i ) . \
culture Tnpgmuupinanaunsnasanmanuiiingedddieuleslungs steinermematid winns

Autlaumniigendn 25 °s MReudesdfinsenfuiundy TaflaWeuiuldiReudesaaiugeing
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dszmauazafmunirArlullagiu (S carpocapsae) gouuni ?immmﬂummu'aﬂw 4-10 %
(Kaya and Stock, 1988) gauldiieuslas heterorhabditid finanléanniudandniaeds iy
SmTinzasey '*?i Ui 15 °1 %as::ﬁmmmuqﬁmnﬁu@qndq H. bacteriophora @8RG
NARLITINATUTY ﬁmﬂﬂﬁlﬁﬁﬂﬁuﬂwu\muﬁ’ﬂumﬁmfﬁﬁLLuﬂ‘nﬁmu?@mﬂﬁ’uﬁ’LmJﬁLflu “Tolerant
of higher temperatures and less tolerant cof lower temperature” waziduda@iansanisznig
utislumsazihansiuging L1904 bio-control agent Wiensd  AuissRresnismuioutidy
m@miumuﬂﬂﬂmw'ﬂmmmﬂmeﬁma?wﬂuwmﬂu%uﬁ“ gauvniias RasnauNdninelldinaulas

=

Lifianndniusieedmivlugrouangonni (10'7) luanrrudaFaruinmnawi il luls-un

& iavrlan S. thaiandensis n. sp. 45 new species entdanauiusyme
e FuteusnAanuuAnA1ann9dnyg morphological character an\didavtlas 23 s AR 8
anvilan &Feueloranaig nadnet lunguues steinemematid A AnueTed infective-stage
juvenile Fnndn 600 Tumsaw W S kushidai, S. scaplerisci, S. carpocapsae, S. abbasi, S.
rarum, Wae S. ritteri (Nguyen and Smart, 1996) . thailandensis r. sp. Ui eanmmizLasdng
Indfeaiiu S, carpocapsae Way S. scapterisci  LRa RN eRA TN RNE T8
infective juvenile el S. thailandensis n. sp. {432 hlm’au) S. carpocapsae (558 luATaw) LAz S.
scapterisci (572 luATaw) LaNANML FHEIRAMUAN AR AINLENUY AN D% La% E% 71li14

i ar

ANMLULUATAIINEIITBY spicule WAZ gubernaculum zasFlANdEnAY Anwoie double-flapped
. ar = [ = dl [ =l + dl ar 1 o

epiptygma 182 vuiva Tussindumeile Jeansiudlvefiauuansrdiaunsodaudadlu new
species lAlnuanysal

il 1997 Hmaunisdynwuldineudes e rRuifandamasysnd wazdpanuun
ationdu S. siamkayai 1ag Stock wazAmz HavnswdTauiaunu S. thailandensis n. sp. W3
sUisdneuzuasdngiuiiaonnindidssi uandeiud@ntesrNeNvIueTA £% 189
- . . . 1 1 3 4‘ 4 = = G 9 =] 1
infective juvenile  wineglsimy WathuFauveraduenaeis PCR-RFLP wWud1 RFLP
profiie SIATNLANANITEIA WL band  LATIWN ATRIRLE e ULk A restriction enzyme [

g wwwlasl ldun Alu | Dde | EcoR | Hha | Hinfl Rsa | Sau98 | uay Xba | sl ldiReutiay S,

= . . [ = =t
thailandensis n. sp. AUEANAN S. sismkayai IagerAuanutugnraanatiansan@:luana
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sonfalfinaucles AY uaz SK isolate AR muaAnswasdunduiy  anandasiy

geunisunsnszanatedldineutlat steinernematid Tulszmadidu wuldiFaudasfidacy
] =l o o d' 2 = ] d’l’ n}aid 1

uAnAweasRBuedu 7 lelaey JawenldanfuluusasAuiniaonuanaeaesanneinte

LazAnEuEn1enHAIaaT (Yoshida et al, 1988) \fluaninvainuaanieiann (oio-diversity)

! r
ar « a =t

b
sacidinauteadngunadlulanuarmuicludszmaing . Tauladneuazeyinfqdunidng

g

3 1
sz lemipariiiianisunld s lanlluaunan

S. thailandensis n. sp. W idReudesainlduasifluaeiuding fiassinm
Aelusiwrne duldun 3ven Anenawlunisindrusaedmgdrdny  uazannaiuienlunig
geulianndluenmadion WeRarsnnamancBisne lunisilwaundens\ddsslon el
i sAnIRstInradldiBieudlss S thailandensis n. sp. wudn Hasastimuieuiuldifaudes

steinernematid 1liaawe) fidsznaudaszuzdagew 4 szur uavsrpzdafindy Hnisuauiuguuy

1
=< o =

wanwanslufusnae  winirATuadRstamda Tt duiua Nl taaldBavelas Thai isolate

q U

[l 1 1
= = a

P
ATUesAsTInduiian 4 Ju A4 InABeariy S. abbasi uaz S. riobrave WHaan 5 Ju fignauni 30 °

(Elawad et al, 1999) ‘diFeutesaaiuglnaianununiudaguuniige (>30 1) liandd

u

=

BOUMNIAN (<20 °1) USNATNAIN S, carpocapsae strain DD-136 NunulARTgIUMHN 20-25 °%

U

(Kaya, 1977) fonieguugiiuans sex ratio uaznisdaniaterasaneiug e fuunsaveg

2w 25-35 %9 uardliasAnentwlunissiounadlingomni 38°  ldiReudauanuiugingds

ansndnetlungued heat tolerant isolate \iuiAtafy S. abbasi anUszina Oman uaz S.

riobrave @ﬁﬂ%’g Texas

nsdnerauatnsnlynsin R alsaluuuas wodn iseulasaaiugling
ANNITDHILNAIATE 53 % nalunan 24 14, ludnl&iReutles 10 dafauuaunagey 1 A T
namnsrasruaunagauunaiiniuaes symoiotic bacteria inusgTnualddiuntitzes
&\Aeuelae (Ehlers and Peters, 1995) aunsnaisansfiwuaziaaviliuuaaianainisisaden
= . . -1 é’ o = 4 =il
Wi (septicemia) uazanelunaimady waziufuanauisnredlddeudaslunnnafaui

2 ¥ < ] 'y = Mo =
L’ﬂqﬁuq LABAYRN LLNﬂ‘ﬂLW'ﬂﬂﬂ ﬂﬂﬂ@ﬂLﬁﬂ@LLﬂﬂmLiﬂlﬁ@ﬂq‘Q?qu?q
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nishldseulesareiuginennaseuimizdeealfnnluemnsiioaio

u Tewudid Faulesarunsnssyulauas Wnandn dAeudes 166 lwa v shilesdmlsznaseeq

- eade

ar = - = qi 2 a’l’ olz = L7 =, 1 ar b7
faw@esiangn anuandslfideudseiifanninfedugniuntamdasinan@nminiu 33 du

o

pie911T 1 Ams FiuuesviiL 41 uw WeWuiuntaa@aue s dog biscuit fuyiuyinfy

-

1 ARAAT (40 L) AR LHIREN 1 §1uda (Poinar, 1972) anamvaseuiinud IdReudenanaiug

'
oy =

Tnamzssuinfunaddheluewmnaioy dusnani@nddsznimiisaeddifouloy soui
=l i ) = d’l g ﬂﬁl [ ar =4 ﬂil 3 [

fanenwlunissinunadlunguuuentiouazuuawion TuluunasdngiaiaAnaesdssnalng
AaanauaNITaidadaonuarunataliiuunasdngansanuldngndon  atelsina

nuddedudunuluszdudesfoainng uiluwaltuneanisidu biocontrol agent #iR 3amAas

AnwIuaneiiug nauarimumamsi Ui dsslomira i) lueunan
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KAeudenAngusasinung'lalaay wanlfaniuluiuiivssmalne uweaendy
2 farnily B Steinemematidae 194 8 lalaian fruupsiaRAMTATnLAR FmdanAuL (K8)
Wams (PC) g6en (AY) NIREUE (KS) Nuasan (MK) 181w (KK) wuasaie (NK) uazaszuin
(SK) way Heterorhabditidae 1 lalaan pie Faeida (RE) whafiusausmtiu culture collection tu
nguanldiseules nedlsanausrqadoingt nswdminininens MdAeules steinernematid
thandpdnuuntilatrenisinenimendineis Ansgtiedneoznisdugiuinetsen LM uaz
SEM  uaznisldmaila PCR-RFLP lunisamsaeuaiinuazaieiug  atnnsndatiuuntsidu
dinauday 3 ﬂ@ju, A9 Steinernema thailandensis n. sp., Steinernema sp. (AY isolate) WaY
Steinernema sp. (SK isolate) dauldiieuslas heterorhabditid iugnannfvluandaminiesida

fipdiadnwauzindiFeiu H. indica Avenanndrzmadude

nnaAnENTanentesldideueies S. thaiandensis n. sp. WATAINANNNT0TLANT

.l biological control agent WerdufaeUFiRnNe wud £09as83m 4 Sufgnuuni 30°a szduves

1

s =

gruigiidasednsnaasduln dasnasdlumadiFomeiiie uazaouansnlunisdhyinane

i
=

3
LNAIMIAREL BIUMTTMNITANBL It I 25T 350 nIsuan symbictic bacteria ANy iies

=l al

iy 1
TeINUaUTLEIEN (Galleria melionelia) Agnidinauteadinats  amasouanlfuvande
Xenorhabidus sp. phase ! Im?_lﬁm?m’lmi@‘ﬂﬁ bromthymaol blue 3710181917 NBTA N1TYA#aLU
o Qs = = o ‘s{ I = ar ar 1 o
Amgunsstunisi liAslsaluriauinicianus lAeudaadrns 10 darsunas 152 a1mnsn

¥ |
Mnlueuiufatanng 53 % lunan 24 7a.  wardmduldifoudanansiugnufeuidinanin

=

Tuntssiruaufiufaienig 100 % Tuan 22 1. figniini 30 uaz 35°%1 uazAeAnanIwluniadn

k1]

k'

vaeusadidgeiigoamgfi 38 WalndifeuteanminidesrenetFnnlueinsiieuaiiadu

a

|
= ar

wudﬁﬁmnﬁmLﬁuim‘lrﬁmummiﬁummﬁmLﬂumﬁ’ﬂi:nﬂu e lfanamaae iU 6.4x 10°
Aae1ynT 20 NN Tuan 10 T4 msEnsdAnantwlunisindpuuasdndty 12 9ta 1w
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A New Fntmnopathowcnic Nematode in Thailand (Steinernema
thailandensis n. sp.) : Taxonomy, Biology and Its Potential for
Bmloﬂl(,ul Control

4
\Lth uant langehitsomi ld and  Suchsak Sonurat
Abstract

A new entomopathogenic nematode in the family Steinernematidae, genus
Stemnernema, was found in Kanchanabun province. The morphology and biclogy of the
nematcde showed that it was a new species of Sleinernema which could be distinguished
from other Stemernema speciess by the length of infective juvenides and the shape of
spicules of first-generation males. The length of infective juveniles ranged from 404-460 (432)
um. D% and E% of the infective juveniles ranged from 30 to 37 (33) and 75 to 91 {83). The
life cycle at the optimum temperature of 30 °C took about four days. The nematode could kil
100% of insect test (wax moth, Gelleria mellonella) in 22 hours at 30 and 35 °C and be
effective at high temperature of 38 °C. In addition. the infective juvenjles could survive about
2 months when maintained in the water at room temperature (28i°8 °C). Therefor, it was
described as a new species Steinernama thadandensis n. sp. $ thailandensis n. sp. was
tested for its biological control potential by insect bioassay From the parameters of LCs and
LT, it appeared that 10 |js per insect caused 50 % mortality of insect in the shortest time of
24 hours. The pathogentcity test against 4 insect pests. Spodoptera litura. S. exigua, Plutella
xylostella and Henedecasis duplifacialis were investigated and the result showed that &
thailandensis n. sp. could cause high percent mortality of 56 6, 60.0. 88 9 and 100 % to the
insects respectively, at 24 hours.
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TawvioudaudnjuuasEwiuglny
Steinernema thailandensis n. sp.
(Rhabditida: Steinernematidae)

A New Entomopathogenic Nematode, Steinernema thailandensis n. sp.
{Rhabditida: Steinernematidae) from Thailand

WYIT0 AIdnanfa’

Nuchanart Tangchitsomkid’

ABSTRACT

A new entomopathogenic nematode, Steinernema thailandensis n. sp. { Rhabditida: Steinernematidae ),

isolated from soil samples from Kanchanaburi Province, Thailand, can be distinguished from other members of

the genus by the length of infective juveniles and shape of spicule of first-generation males. The length of

infective juveniles ranged from 404-406 (432) [im. D% and E% of the infective juveniles ranged from 30-

37 (33)and 75-91 (83) and lateral field with € lines. S. thailandensis n.sp. was isolated in the tropical region

and it was obvious to be heat tolerant strain from Thailand where it serves as a bialogical control agent for insect

pest at high temperature. This is the first steinernematid receorded from Thailand.

key words . Entomopathogenic nematode, Steinernema thaiiandensis n.sp., morphology, taxanamy,

heat tolerant stran.

unrntia

Hdouransazuias Steinernema thailandensis
n. sp (Rhabditida: Steinernematidae) wonlawin
ﬁaadmﬁu’[%ﬁuﬁiﬂ%f@mnummﬁ nnmsEnugy
FeEnuurnIFHIWIinmuaslddoudon o in-
fective juvenile UAZEILALIY &IN50 TUWNaNIN
“ﬂﬁﬂ?ﬁuqlnaqa Steinernema laulddaudanszos in-
fective juvenile TAMUUTIVINNL 432 (404-460)
luasan D61 D2 uas E% indy 33 (30-37) uas
83 (75-91) enuéey uazlidudadrasdiuiu
6 &% Yannwpasidnisiwadislanymeuas
@“nLmu',waaai’m:ﬁuﬁuﬁfumnmamﬂ'ﬂﬁﬂ?ﬁu e~
\@aurey S. thallandensis n. sp. LunlaaInIAIaL

U %’ﬂLﬂu’muﬁu'rf“nu%ammuﬂuﬁ@gﬁmm%

wasuuas ansmbhainwaw g lumsaiuguuuas
ﬁ“@gjﬁ Fao ) SIITDRDUT LS IUATWLATILN
LLa:Lﬂuaaﬁmmﬂumamiﬁ@mmumaﬁm

J L | ar
fugiwvasldfsudasdngunashulizmealng

dawman @ lddoudsudasuuas,  Steinernema
thailandensis n.sp., i*?ﬂl.g‘ilﬁ't’lﬂ’l, BUNTI

FEu, a’mﬁuﬁwu%au

AN
VLE?L@E)%HBU@(@ELLMM (entomopathogenic
nematode) \nFsdifinvuradnfinuagiuin
a e g e A e
ATINERUWUDITINNUWUANILWAN Xenorhabdus spp.

ar = a a a PP
ﬂaw’iuagmnmmv‘.aa’mwmmaﬂamaudau

sepzdinane (infective-stage juvenile) IUAN1TAE

‘naiuanﬂ&ﬂﬁauﬂau naﬂ‘mﬁmxa:qa%ﬁﬂm NI TN TN ST wﬁns nyunwy 10900
Mematclogy Section, Piant Pathology & Micrebiology Division, Department of Agriculture. Chatuchak, Bangkok 10900
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Rawn A (symbiosis) (Thomas and Poinar,
1979) FiFianssasriaidaiuaiuisnly
myibiwwssanold laglafaudandrguuss
matautaausriumfuaz i fstasiemelugs
srraaasfiiindanlnaSon nduldidon
:Jam)zﬂam}ﬁam‘naﬁﬂ;aumﬂﬁﬁuaang&ﬁwLﬁa@
23U wuafiFofnmsudasfnnUInouas
\ima W (Akhurst and Boemare, 1990) (iunaly
wuasiaoimaiasilufiy (septicemia) wazanulu
figa dwlddoudsninsadydulanaz oo
wnimoludunanzanm 2-3 71 (generation)
TuLTHIATEIUNEY AslTaduaauyaTiSuiniins
@iam'smmuﬁuﬁ: (reproduction) 784 l&@ A auday i
wuanndauden erdanlddeudanszusii 3 sy
smwiaaluszosidenit infective juvenile 3
Duszosfifiarununudognmwiandanniouan
mﬂﬁqm Tavazafamibifidoniy cuticie ARUAAD
fd dinrazaaludu (lipid reserve) uazaaniu
weduuafiiofulina 1§ (intestinal lumen) naw
mﬁauﬁaanmnﬂmnmaauumaaiﬁu grunTnd
Favoalaslifuarmsldiduns o sanuss
wilalngdaly

IEEEVULHEESEIIE Chs SR AENLEIEES:
51‘1‘6@@%{1& LLa:Qﬂﬁ@LgaﬂiﬁL'ﬂu biclogical contrel
agent Lﬁadmnﬁgmauﬁaﬁﬁﬁa

1) ahuvassmemulunasiada lafn 48
7u. (Woodring and Kaya, 1998)

2) fanonwlunsiifauuadldunnni
2060 B (Poinar, 1990)

3) sFunsodsafulTualainnluems
i (Friedman, 1990)

4) lavumsivyasanudasanudefoua:
fafiieadulan The United States Environmental
Protection Agency (EPA) (Gaugler and Kaya, 1990)

‘lﬁLﬁauNamﬁLﬂuﬁ’ﬂguuaa Tafinrsdnm
Ly1nnit 70 i ﬁ&‘luﬁwugﬂ‘hm"’nwm:wqﬁmm

mmagjia@ FNUATNLIINIANRALLAT WasYInNIaa

Py

= e =g o e = oV i
LaanmUwuéﬂﬂmmmwﬂimmmam Wl
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Uszlomd 'I,uﬂagﬁuwuiwﬁ‘laiﬁaudauﬁ'ﬁﬁnumw
lunisginuwas daagly 2 families fa
Steinernematidae WAz Heterornabditidae UM
Uau%“'uua:ﬁnm'[’ﬁ'l,ﬁamsmuﬁmmaaﬁmgﬁ’n
BEINI9L7I ﬁmiﬁum‘liﬁﬁauwaﬂﬁcﬂglmmlu
niimaehag veslan wud lu family Steinemematidae
Usznauann 2 ROE (genera) fie Steinernema SpD.
$wunseniduziia (species) I 23 vila uazans
Neosteinernema sp. 1. Tha Ln1IaaianTheuss
awiuridfevdaniundaunii ldun 6
7ika A S. carpocapsae, S. glaseri, S. feltiae, S.
riobravis, S. scaplerisci iz S. kushidal Tu family
Heterorhabditidae W 1 ﬁqaﬁa Heterorhabditis spp.
Jruunld 8 vl Aadanniadunsd 2 iie fa H.
bacteriophora Waz H. megidis ﬁv'aﬁad families i{ﬁ
anuduRniiuuuefiFuluana Xenorhabdus
uiuludrzinalnafinisdneddnlfaidan
Hesdaguuas laanmdminaneay Widlfaudey
S. carpocapsae ﬁ’lﬂﬁ’u‘f All strain mna%‘?ﬁam%m
yuaUSinmluemnfzueanit Il fluanwls
ladlunadniia inaluladniinfalddronasg
e anaaumge PuIsoauniuia
flasuawanlanaziinisdnulaonasfipuss
Fardnun einnisisosanldidanden s,
carpacapsae @1 Uﬁub‘j Al strain Lw0awain (fermenter)
Lﬁawamlﬂﬁﬂ‘%mmmnﬁunuﬁw laolddunumiy
FUUMTILIN RNTIBN B4y UIILERLMIIAL (7N
12.) wannrsTLsunId LR asum Lo
:Jauﬁﬂguuaamuﬁuﬂuﬂs:mﬁiﬂu ladidin
addulaunguanladendes nosliaimuazya
Fnen %aﬁﬁ?uwuaﬁumgmm’iﬁumn RN LT
TanSiihninomsdsvluduiuguiiduasdany
Jlvdaaadszing luntsdunldifandaudag
Lmaaawﬁuﬁ‘lﬂﬁﬁwulmwfau%u WIN ALY
FURe M UUN TR LA AN EiNgT ARenTn
wqﬁnsmm’maQia@LLa:ﬁnumw’Lumimuqu‘
WURIFATA T Lﬁaﬁmﬁanmuﬁ’uﬁ:ﬁﬁﬁaw

UETT a"l,ﬁtﬁaudauﬁﬂgzmaaluﬁinﬂﬂ"{m

TIFATITININYAT U7 16 aUuf 3 AuwUneun-5uIny 2541




F.;:uﬁwLﬁm'mﬁv’al.l,shﬁauﬁqmuu 2539 fafau
funy 2541 TﬂUéjmﬁuﬁaaamaumamaquﬁuﬁ
nnmaradlsanaing lu 42 fudl (Fmia) Tan
$1uan 306 MaeEun ansnusnlifaudasdag
unadldly o FuflvasUsma usswuld@douddan
I family Steinernematidae fluaSausnlufufiaomia
MAAULS uaz family Heteromabditidae L1 uil
Famimiapida (Tangchitsomkid and Sontirat, 1998)

T§ifoutlen steinernematid #usnlédain
ffempaw3 dnihlddawlasfiduwulaaion
%uﬁqmmqﬁqaﬁa 37+2°%% PINNITNARBLANL -
nwrssl@daunosluszaugompiiane g wohi
?Tnﬂn’lw‘lunwmu,maﬂ@aauﬁqmﬁqﬁgaﬁa
38°w. (wTU1T0, 2540) m'mwumu@iaqmﬂqﬁﬁ
gaﬁ:l,ﬂuﬂmauﬁaﬁﬁﬂs:mwﬂﬂumsﬁwm
rdszlomilusuraasa’ly

nidunulddeudavdaguustlulsznelng
WaaIimsAnwIaituunluszausile (species)
laofinguszasduatauiieda thadaanis
nrupiiavaslfidandan steinernematid fiwuln
ﬁuﬁﬁmi'@mzywy% TasfAnwzdidnmsmenig
RIUINEN

gunsninasisnis

1. MSANEIMNL IANABYI Ligth microscopy (LM)

Tddeudasdmiumstaowaaadiu wiow
Tonnmuaninisi (wax moth, Gallgria mellonelia)
ﬁﬁanﬁaﬁaﬂﬁtﬁauﬂau steinernematid 3812 infec-
tive juveniie (IJ) mﬁ”\mmﬂgm%mﬁunm 3 Uaz 6 L
innonuen lddndnTnmafineniivln 150 was
ond generation @3d191 was L Aaudanszos 10 1
VInmaeiaufisaninainainaiuewioa s
Tusvuounus ildGaurammuamnadioia
Au (40% ) 1uan 2w Bt fixative (TAF)
ﬁﬂmﬁuﬁqmmiﬁaa sttt lUFunszuanng
Suhaannnes I sudasuasunufidroniisaiu
AuITNTI84 Kaya and Stock (1998) 1&Aauray

e

fldannszuanwnrsaenanin luvnalasnias
Lﬁamumwua:i’mmmé’mémmmlﬁnﬁaqi‘m—
nsrni LM Tapdanuasifuavasanenag aail

a1ue178790 (L); aundadian (W),
AILETIIRINRAIT excretory pore (EP); 99738717
Ta9IN¥I09 esophagus (ES); A1unInad (Tail);
AMUNTNUIINE anus; AN spicule ANETD
gubemaculum; WasiFud vulva

i e dnau (ratio) laalt De Man’s
formula (Poinar, 1986} s

ratio - a = L/W: b = L/ES; ¢ = L/Tail;

d = EP/ES; e = EP/Tall

LazdIuIuA NI TIeesA NI TANTLas
Nguyen (1993) fail '

De. = EP/ES x 100; E% = EP/Tail x 100;
SW = gpicule length/widit of body at cloaca;
GS = gubemaculum length/spicule length

rhumwgﬂa’wﬁnwm:ﬁéﬁﬁmmaﬂésﬁau
dauTzaz 1 éhL@]‘;J’Tumej'ua:wmnﬁm":u'lﬁnﬁ'aa
ilﬂﬂi‘iﬁ‘»f Olympus i;u NBZ ifl Normarwky’s inter -
ference contrast

o

amainragna LAz TUTan B Ui Ay

yadld@faudon ihihFouioeny Key to species

of the genus Steinernema (Nguyen and Smart, 1996)

2. n3ans 1M lANABY Scanning electron mi-
croscopy (SEM)

s lddoudanszos 10 audvinwegiae
Wiy vl.cﬁ'ﬁnnmﬂ‘&?mLﬁwﬂ‘%mm'luwuauﬁu%‘oﬁq
Yir3ndedae Nacl 0.05% 3 #11 uaniindu 3 ads
fadftnedlddoudaslwazae ilfifeudas.
ﬁv’mmmﬂhluﬁwqm%gﬁ 60%s. 1IuIan 2 wIv

et bt RanTIe SEM uuadutu
aeudad

2.1 ’ﬁu'umau prefixed T 3% glutaraldehyde Tu
0.1 M scdium cacodylate buffer (pH 7.2) tJuiaan
24 . ?iaqmﬂn“;‘] 8oy wisonnuwin ldAaudeny

faaptinau 3 ase
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2.2 Tuaaw postiixed v @A oudannds 2.1
WBIWaIATALURY 2% osmium tetroxide Dut1an
12 2. ﬁ@mmqﬁ 25% TInundin 1 A%

2.3 ‘f}"uﬂaumi dehydrated 11 ethano! 2éy
199 saus 30, 50, 70, 90, 95 UAz 100%

2.4 Tusaumavh i (critical point dried)
14 liquid CO,

2.5 Turaumssanldifeuranum SEM stub
muld stereo microscope

2.6 TUROUM coat FaLMad

2.7 wldananuld seEm (UsM-35 cF
model) UWRTOIBNN

ganisvnaay

INNIANHIFUIIAN B UENTIAHT W
mulendad LM uaz SEM 1endeuldifounay
oz U duduimwaduazinaio woildfoudan
steinernematid AitunaNTaniamyauy’ fizui
AnsenFMPIWInguendsan lddeudao il
3w munsodasuunidulfdondanaiialng (new
species ) uanﬂumUﬁuﬂﬂuﬁﬁuwmﬂuﬂ%mn
T@uU%‘@a"wé’uﬁu’ummzuwadag&mﬁmu vt

phylurn Nematoda .

class Secernentia
order Rhabditida
family Steinefnematidae
genus Steinernema
species thallandensis

TIUALLBUA | Stelnemema thallandensls n.sp.

Infective-stage juvenile: HATNTIGUMWIOTATIR
fhepuszz infective juvenile 371I% 20 @2 (Table
1) Tydhameuune anaanugInesANandeg
AN (L=432 pm; W=22 pm) & sheath lavjuaaaa
et Timsuthn Festuthouaztasdadus Tufihn
fatFousrealiulaunn labial papillae £alaie3y
&4 cuticle a1y SlFuTad a0 (lateral line) 113
6 1&8% Usswisunan (tail tip pointed) Laifda
(mucron) (Figure 1 A-C)

188

Female, first generation © HRMTIATWIARG
FudndI weALliEd1wIw 10 @ (Table 2) @Lau
Juweiiplinnupndsandn 3 imssdndnin
et (6,927 vs 2,008) #uadtnldne (cuticle)
Fou dwdanaufiatinziuanudan (sensory organ)
Usznausiay 10 papilta w1l 6 labial Uas 4 cephalic
To9thna9uu (cheilorhabdion) WW1 LENBANAINEIH
MAAUaIMITABUNUT WU TDITU T8
W9 (excretory pore)BdUTIMNIIEAUDINITHIN
na1e (mid-metacorpus) HIUADTZHINITIUVEIVID
MILAUEMT (esophagus) NLET laR UMD (intes-
tine) 928 junction ﬁﬁzﬂiwtmu elliptically shaped
zvvFuiufiratiliiuuuy gonads didelphic
gt mepassslivomnadiuns reflexed fntman
WuULY amphimictic 83UxRURUEWALLY (vulva)
afinansdnan (52%) Nanwmuuiinbiu (pro-
tuberance) Thifuwuy flapped epiptygma fA7748773
w1 (28.4 um) auninunissisauiinm anus
(91.3 pm) Yanomnafias (Figure 1 D.E)

Female, second generation : HRANITINTUNA
gaguanduiowemdodiuiw 10 @2 (Table 2) 4
gﬂiwaﬁnwmtéuﬁﬂﬂmﬁauﬁu'lu first generation
WANTUIRAITNENTIUREAINNI9E AR EN N7
waziiarurnafierunaunin (Figure 1F, G}

Allotype (Female, first generation, in glycerine}:
Length 7,078.0 Lm; width 214.1 Lim; head to ex-
cretory pore 117.6 Um; head to end of esophagus
278.3 um; body width at anus 82.3 pm; tait length
27.4 tm;vulva 52.0%

Male, first generation | NAaMTIALUWIATARIL
FuduTunAgE W% 10 63 (Table 3) GG TULWA
Alawiadnnin 1 lu 3 inradaLauTswae
jUindd@ldd@aduiunndafiadaiome @
Uanpwuldaiugyl C-shaped ileainduanuTon
fiiaatia sperm TMads (testis single) Tatlap
testis 2:1A0NTY (reflexed) FrupaIadbazRuUNUD
(spicule) 1Tud fiiiaay fi3Udnalds @ou

= o '
Uangunauiiuniyuyy 83184 gubemaculum 617

- Ay d w o ~ n
TITAITITINTANAT UN 16 aUun 3 nUgtuu-tuIIny 2541




A ANEET ra i e

~ A

Gk af MRS B 5T

R
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AR TLINALIINIL 10 1 (Table 3) o
11 second generation ﬁﬁnumxgﬁéwﬁﬂﬁ AL UL
u first generation sniiuiaauenadrdadunia
(1360 vs 2007 Lm) wazanunidieuilueis
Wikam a4 first generation (84 vs 154 Lim) UazA
rfageniueTanilaved first generation (84 vs
154 1um)

Holotype (male, first generation, in glycerine)
! Length 1,934.9 um; width 157.6 lUm; head to ex -
cretory pore 94.6 pmshead to end of esophagus
198.1 um; body width at anus 51.2 um; tail length
31.5 pm; spicule length 88.7 m; gubemaculum
length 63.0 [lm

Type locality : uilasdgnuzwing dunia
MRUY3

Type specimens.

Holotype (male, first generation) ; LLLNAN
hemocoel TaInMHauiusIAY side no. SM-01 1fiuf
ravnwldidauday naslsafziazeadaing naw
ATININBAT IGANT NTINWY

Allotype (fermale, fifst generation) : LN
970 hemocoel VaswouinsIAe slide no SF-01 iy
ﬁﬂéuawuiﬁ'tﬁauﬂau naalsaRzuszadring nau
ATIMINBAT GINT NTINWY

Paratypes (first generation males, first gen-
eration females and infective stage fuvenile}. L8N
91N hemocoel AIRUANAUTIAS $1UIU 20 77189
wERLRzIWALTE uRz 10,000 184302 infective
juveniles lutinen fixative (TAF) Vial no. SMFLI-01
Lﬁuﬁnz\gmm'lﬁlﬁaumu noslyafizuazsEring
NIVATIMTN®AT 99INT NTIUNHY

Diagnosis | Steinernema thaifandensis n. sp.

Steinernema thailandensis n. sp. F1ANINWEN
sanitnldifauday species dug lu family
Steinernematidae agfvITRNIMIAFRE MR |-
eudouTrur infective juvenile AifTUIRANEA

ATULIILBSRMNNTY 1 D% Uaz E% Nuandnd
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(Table 4) ijaﬁmsmé’numgﬂiwﬂmumwaa
wadfanunanaainlfideudensiindusg
(Figure 2) LATIINNMIWINE SEM UAAIEIUWITI93
Jodanwuznavun duwmiuansusiunay
6 1 uszifuduntsnaavas labial papillae i
13U 6 papillae (Figure 1D) anwmiiunauiuag
itmduenanandsfia dyanididoudaslusiia
5u9 danin ma1sndasuniu new species Tamu
NIANENA] nwwﬁugmmo morphelogical character -
istic

Tafasaniug Usznaunisidu new species
fiwgramiUayudo 1) Luaimara (G. mellenella)
Li’jagm%ﬁwmm:ﬂ%ﬁwmaﬁﬂ—@h UANGNIINT
S. carpocapsae All strain filgiana 2) In3
Lﬁ'wﬂ%mm"lﬁﬁqmn’lmmaam?jaﬁqmmgﬁgaﬁa
30-38 %0, aifiavasuvaaniosuenuazw l§-
Lﬁauﬂam:u:ﬁﬂu@ﬁa'aml,a:ﬁuﬁui'ﬂagnxa@ﬁu
lunazamuuanuasminuuas 3) td@Aandsyizus W
Lﬁuluﬁﬂnﬁuﬁqmtﬁgﬁ 28+2%. lauiutlyzunm
5 (Fou wardiddnonindiany uadifiud
gonnil 10%w. 1 azanomoluig 2-3 1w deu
ldifeudauamuiugnuiau (heat tolerant strain) 11
doanulddeudan S riobravis ANulusy Taxas
(Cabanillas et al., 1994) U= S. abbasi MUWUT
fivulullszing Cman (Elawad et al., 1997)

d9Uduanisvnaay

INNIFNEIIUSIFN BN TIEMIWING
aasldifouday steinernematid NuantaanALA
FwTamuauyd wuindulddoudsoriialninas
tﬂumU‘ﬁuﬁf‘lﬂuﬁﬁuwuLﬂuﬂ%'m‘méfﬁa'ﬁﬁ@vlﬁ—
WEaun nua UL EIAWURS Steinernema thailandensis
n.sp. LauHIUINANHUELAZIUIATAFIUUANGN

L | o o B * = - rVL s;
FINlAAaul s THAT W LLa:W’mﬂumuwug {4187
. a = en A al =
NUTOL m'luﬂuiamﬁu@mawummﬂi:m:mm

a J Q- L .
MUl min bio-control agent Was
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Table 1. Measurements (in im) of infective-stage juvenile of
Steinernena thailandensis n.sp. (n=20),

Character Mean SD Range
Body length 432 13 404 - 460
Greatest width r 06 22-24
EP (head to excretory pore) 35 2 34-39
ES (head to end of esophagus) 106 4 99- 112
Tail length 42 2 37-47
Ratiora 20 0.8 18- 21
Ratio:h 4 01 38-43
Ratio:c 10 04 9-11
D% 33 1.7 30- 37
EX% 8 5 75-91

Table2. Measurements (in pm) of first-generation and second-generation females of
Steinernema thailandensis n.sp. (n=10.)

Character First generation Second generation
Mean  SD Range Mean  SD Range
Body length 6927 871 5332-8332 3318 332 2857-38%4
Greatest width 230 16 206- 259 219 10 204- 243
EP (head to excretory pore) 129 16 04- 153 5] 7 71-94
ES (head to end of esophagus) 275 Y 256- 294 271 1 255-290
Anal body width al 1 75- 106 51 7 39-39
Tail length 28 5 20- 35 2 4 36- 47
Vulva¥ 53 09 52- 53 50 16 53-58

Table 3. Measurements (in pm) of first-generation and second-generation males of Sreinernema
thailandensis n.sp. (n=10.)

First generation Second generation
Character =

Mean  SD Range Mean  SD Range
Body length 2,008 120 1,784- 2260 1,360 130,647 1,530
Greatest width . 135 g 145- 172 85 8 70- M
EP (head to excretory pore} 93 6 85- 103 87 8 67- 98
ES (head to end of esophagus) 188 7 175- 197 147 8 130- 159
Anal body width 51 7 39- 63 2 2 27-33
Tail length 33 4 24- 41 20 3 17-27
Spicule length o4 5 24- 41 85 4 78- 92
Gubernaculum length 67 4 6i-719 58 7 43- 69
D% 50 4 44- 56 5 6 42- 64
SW 1.9 03 1.3-25 29 03 24-33
GS 07 (.05 0.6-08 0.7 0.1 05-08

a ) o | ~ -
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Figure 1. LM and SEM photographs of some structures of Stefnernema thailandensis n.sp. Infective
juveniles, A : Entire body; B : Tail; C: Lateral field.
Females, D : Anterior region; E : Entire body; F: 19 genaration tail; G : 2" geration tail.
Males, H : Posterior region.
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Table4. Morphometrics (in um) of infective stage juveniles of Steinernema thuilandensis n.sp. compared with other
Steinernema species.

Morphometric character" (Range)

Species

L W EP ES T a b c D% E%a

8. anomali 1,034 46 8 138 75 26 7.6 13.8 36 119
(724-1,408) (28-77) (76-86) (123-160) (64-84) (17-34) (5.9-10.8) (94-169) (52-59) (106-130)

S. carpocapsae 358 25 38 120 53 21 44 10.0 26 &0
(@38-650) (20-30) (30-60) (103-190) (46-61) (19-24) (4.0-4.8) (9.1-112) (23-28) (54-66)

S. glaseri 1,130 43 102 162 78 29 7.3 14.7 63 131
(864-1,448) (31-30y (87-110y (158-168) (62-87) (25-35) (6.3-7.8) (13.6-157) (58-71) (122-138)

S. feltiae 849 26 62 136 81 31 60 104 45 78
(763-950)  (22-29)  (53-67) (115-150) (70-92) (29-33) (53-64) (9.2-12.6) (42-51) (69-86)

S kushidai 589 26 46 [ 30 225 5.3 1.7 41 €%
(542-062)  (22-31)  (42-30) (106-120) (44-59) (19-25) (4.9-59}) (9.9-12.9) (3844) (84-93)

S rara 511 23 38 102 51 23 4.7 9.8 35 72
(443-373) (18-20) (3240) (89-120) (44-56) (20-26) (4.1-5.6) (8.7-11.) (30-39)y (63-80)

S. riobravis 622 28 56 114 5 23 54 11.6 49 105
(561-701}) (26-30) (51-64) (109-116) (46-59) (20-24} (4.9-6.0) (10.1-12.4) (45-55) (93-111)

S. scapterisci 372 24 9, 127 X 24 45 [0.7 31 73
(517609) (18-39) (36-48) (143-134) (48-60) (20-31) (4.04.6) (92-11.7) (2740) (60-80)

S. thailandensis . 432 2 35 106 42 20 4.1 104 33 83
' (404-460) (22-24) (33-39) (99-112) (3747} (1821} (3.843) (94-[1.0) (30-37) (75-91)

1) L =length; W = greatest width; EP = distance from anterior end to excretory pore; ES = esophagus length;
T=taillength; a=L/W;b=L/ES; ¢ = L/T, D%=EF/ESx 100 E%=EP/Tx 100

S. feltiae

S. anomali 8. carpocapsae S. glaser:

o

S kushidai 8. thailandensis

S rara

Figure2. Schematicdrawings of maletails of Steincrnema thailandensis n. sp. compared with other
Steinernema species.
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Mass rearing of a Thai strain of entomopathogenic nematodes

{(Steinernema sp.) on lipid agar medium

Nuchanart Tangchitsomkid

Nematciogy Secuon. Flan: Patholegy & Microbiclegy Division, Department of Agrculturs

The possibility of mass rearing of 2 Thai suain of entomepathegenic neriztodes (Steinernema
sp.) with its asseciated bactena, Xeaorhabdus sp., was investigatad. The study was ¢ ¢etermine rematods
development, reproduction and final yields of infective juveniles on lipid agar madium a: 2 temperanure of
28 + 2°C. The infective juveniles (1Js] motted to the fourth juveniles in two or three days. These J4 then
further developed into adults which mazed and gave =ggs and J1 inside the femals body, this process
tock another two or three days. The J1 needad one to three days to develep into J2 and 3 {infective
jiuveniles, s} which retainad the cuticle of the J2 as a sheath. The producticn of nematodes by this
method vielded 1.31 millions and cost 3.72 baht/one peiri dish (20 g of the medium). This method is less
expensive than the production by using greater wax moth (Gallens melionella) which costs eight times

higher.
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Occurrence of Entomopathogenic Nematodes in Thailand

Nuchanart Tangchitsomkid! and Suebsak Sontirat2

ABSTRACT

A soil survey of indigenous strains of entomopathogenic nematode was conducted in 42 provinces

of Thailand between June 1996 to March 1998, A total of 306 soil samples were extracted using Galleria

baiting technique. The nematodes were recovered from 9 out of 42 locations (21.4 %). The identification

using morphological characteristics of infective-stage juveniles and adults revealed 8 isolates of

Steinernematidae : Sreinernemasp. and 1 isolate of Heterorhabditidae : Heterorhabditis sp. The nematodes

were collected from central plains at the temperature range of 24-27°C (10-15 cm deep from soil surface)

and 29-37°C (at soil surface) and they were heat-tolerant isolates from Thailand.

Key words : entomopathogenic nematodes, Steinernema sp., Heterorhabditis sp.. heat-tolerant isolate

INTRODUCTION

Insect nematodes have been discovered and
studied for more than 70 years. Although nearly 40
nematode families have been isolated from soii
inhabiting insects throughout the world and the
associationexisting between nematodes and insects
1s variable: only two families, Steinernematidae
and Heterorhabditidae, are commonly used as a
biological control agent (Gaugler and Kaya. 1990)
since they have a mutualistic relationship with the
bacteria. Xerorhabdus, which could kill insect
hosts Insect within 24-48 hours (Woodring and
Kaya, 1988).

Surveys of entomopathogenic nematodes
have been conducted in many parts of the world. So
far, the family Steinernematidae is comprised of
two genera, Steinernema Travassos, 1927 (Poinar,
1990) and Neosteinernema Nguyen and Smart,
1994 (Nguyen and Smart, 1994). The family

Heterorhabditidae contains only one genus,
Hetercrhabditis Poinar, 1976 (Poinar, 1976).
Currently. 18 species of Steinernema, 1 species of
Neosteinernema and 7 species of Heterorhabditis
have been described (Nguven and Smart, 1996).
Thailand is situated in the tropical region of
the world. Tnsects are of the most damaging pesis
causing lossesin many crops. The control of insects
is undertaken by using hazardous chemicals which
adversely affecthuman and environment. However,
an entomopathogenic nematode. Steinernema
carpocapsae {All strainy imported from the US for
more than 10 vears. has proven highly effective in
controlling several damaging insect pests in
Thailand and its acceptance is increasing. S
carpocapsae could be produced by both in vitro
and in vive cultures, easy tobe used and inexpensive
compared with chemicals. Commercially, the
nematodes are suspended in sponge and kept in
packages of 4 million nematodes/package.

b Nematology Section, Plant Pathology and Microbiclogy Division, Department of Agriculture. Bangkok 10900, Thailand.
2 Department of Plant Pathology, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
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The search for indigenous strains of
entomopathogenic nematodes in Thailand has been
commenced in 1996 under a tinancial support of
The Thailand Research Fund (TRF). If Thai strains
are obtained, they could serve as a resource for use
in the tropics because they could be more effective
against native insect pests and also present less risk
tonon-target organisms compared to exofic 1solates.

Entomopathogenic nematodes at infective-
stage juveniles are associated with disease inducing
bacteria in insects. Approximately 250 bacterial
cells were found in the foregut of one nematode
(Ehlers, 1995). The rapidity inkilling insects is not
dependent solely upon bacteria, it also depends
upon the search ability of nematodes for the prayed
insects as well as on how quick the nematodes can
carry the bacteriain insect blood content (Woodring
and Kaya, 1988). The ability of nematodes which
differ among species or strains, leads to the
beginning of the bio-control era.

The objectives ot this study were todiscover
new Thai strains of entomopathogenic nematodes
for development and use in biviogical centrol
programmes in Thatland and to document their
occurence in different habitats and soil types.

MATERIALS AND METHODS

1. Maintenance of Galleria mellonella cultures
(Modification after Miduturi, 1997).

Greater wax moth larvae G. mellanelia
(Pyralidae : Lepidoptera), were used for culturing
nematode isolates from Thailand. Insect cultures
were maintained on an artificial diet containing
200 g rice powder, 100 ml honey, 100 m! glycerol
and 50 g beer yeast in aerated plastic containers
(32.5x 17.6 % tOcm) at 25-28°C. Approximately
200-300 eggs were placed on a piece of artificial
diet in plastic containers and kept at 25-28°C. The
eggs hatched in 3-4 days. After 2 weeks the larvae
were given a new diet. After 3 weeks. late instar

larvae were ready to be collected. Larvae could
then be stored on paper shavings for 2-3 weeks at
10x1°C.

2. Collection of soil samples

A total of 306 soil samples were collected
from 42 different locations of habitat types.
including fruitcrops, field crops. ornamental planis,
woodland and beach (Table 1)
representing each site were collected to a depth of

Soil samples
10-15 ¢m using an auger. Al each site, five
subsamples were randomly taken from an area of
approximately 10 m® and were placed in a plastic
bucket in which they were mixed thoroughly. One
kilogram of soil {one sample) was taken from the
plastic bucket and placed in a plastic bag. Samples
were placed in coolers (18-20°C) during
transportation to the laboratory where they were
stored at 10+1°C until further process. Siwe
locations, soil temperatures. associated vegetations
and insects present were recorded.

3. Baiting technique

The presence ol entomopathogenic
nematodes in soil samples was tested by baiting
withwax moth Galleria mellonellalarvae (Bedding
and Akhurst. 1975). Tenlastinstarsof G. meflonella
were placed at the bottom of each plastic container
{capacity 300 mb), soils were added and lids with
ventilation holes were positioned. The insects in
this trap bioassay were incubated in the dark at 257
C with 85% relative humidity. After 7 days, the
larvae were removed from the soil and the dead
larvae with characteristic signs and symptoms of
entomopathogenic nematode infection were either
dissected or placed on White traps (White, 1927),
in which the emerging infective juveniles were
then collected. These juveniles were re-exposed to
G. mellonella in Petri dishes to confirm the
pathogenicity test.
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Table1l Locations, soil textures and associated habitats in which the nematodes were found in different
regions of Thailand during June 1996 to March 1998,
Sampling Nematode
Location No. of time Soil texture Habitat code
samples (month)

Rayong 15 June/1995 Sandy loam Fruit crop -

Sand Beach -
Chantha Buri 3 June Sand Beach -
Chon Buri 5 June Sand Beach -
Chiang Maj 5 August Sandy loam Field crop -
Lampang 5 September Sandy loam Woodland -
Chiang Rai 5 October Clay loam Woodland -
Phetchabun 5 October Clay loam Woodland -
Ratcha Buri 3 November Clay loam Fruit crop -
Ranong 4 November Sandy clay loam  Fruit crop -
Phangnga 17 November Sandy loam Fruit crop -
Krabi 3 November Sandy loam Fruit crop -
Chumphon 16 November Sandy loam Fruit crop -
Kanchana Buri i2 December Sandy loam Fruit crop KB
Chachoengsao 7 January/1997  Sandy loam Waoodland -
Buri Ram 7 January Sandy loam Field crop -
MNakhon Ratchasima 3 January Sandy loam Field crop -
Nakhon Sawan 3 February Sandy loam Field crop -
Phichit 9 February Sandy loam Fruit crop eC
Phitsanulok 14 February Sandy loam Field crop -

Sandy loam Fruit crop .
Tak 4 February Sundy loam Fietd crop -
Phra Nakhon 5 March Sandy loam Ormnamental crop AY
Si Ayutthaya
Chai Nat 9 April Sandy loam Field crop -
Sin Buri 8 April Sandy loam Vegetable crop -
Nakhon Nayok 5 April Sandy loam Woodland -
Pathium Thani 5 April Sandy loam Vegetable crop -
Kalasin 15 July Sandy loam Roadside verge KS
Roi Et 15 Tuly Sandy loam Roadside verge RE
Maha Sarakham 10 July Sandy loam Roadside verge MK
Khon Kaen 10 July Sandy loam Roadside verge KK
Udon Thani 5 July Sandy loam Roadside verge -
Nong Khai 10 Fuly Sandy loam Roadside verge NK
Nakhon Si Thammarat 9 August Sandy loam Vegetable crop -
Nakhon Pathom 10 January/1698  Sandy loam Fruit crop -
Supan Buri 6 January Sandy loam Field crop -
Prachin Buri 8 February Sandy lcam Roadside verge -
Sakaeo 5 February Sandy loam Fruit crop SK
Ang Thong 6 March Sandy loam Roadside verge -
Kamphang Phet 9 March Sandy loam Roadside verge -
Phare 5 March Sandy loam Roadside verge -
Nan 5 March Sandy loam Roadside verge -
Uttaradit 8 March Sandy loam Roeadside verge -
Lamphun 10 March Sandy loam Fruit crop -
Total 42 locations 306 sampies recovered

9 nema samples
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4. Preparation of nematodes for identification

Nematodes recovered from Galleria traps
were identified to families and genera for this
description. Males and females were obtained by
dissecting cadavers of G. mellonella larvae 4 days
afterinfection butinfective juveniles were collected
from the watery trap 10 days after infection. The
nematodes were mounted in water mounts under a
coverglass. The examination of morphology and
microphotography was performed with an Glympus
microscope equipped with differential interference
contrast optics,

RESULTS

Many kinds of nematodes were isolated
from soil samples collected from the survey.
Entomopathogenic nematodes were recovered from
9 of 42 locations (21.4%) and mainly from sandy
loam soil with a temperature zone at neil surfuce
and at adepth of 10-15 cm of 27-37°C and 24-29°
C respectively (Figure 1}. The nematodes were
recovered from 2.4%, 7.1% and 11.9% of the
samples taken in ornamental plants, fruit crops and
roadside verges respectively while soil samples
from beach. tield crops, woodland and vegetable
crops did not yield any entomopathogenic
nematodes.

Identification was 1nitially conducted 1o
family and genus level by morphological
characteristics of infective-stage juveniles, females
and males. All isolates were compared with a key
to 2 major families and genera of entomopathogenic
nematedes which was compited by Kayaand Stock
(1988).
Steinernematidae, genus Streinernema (KB, PC,
AY,KS MK, KK, NK, and SK code) and 1 isolate
from family Heterorhabditidae, genus
Heterorhabditis (RE code) were recoverad (Table
2).

Eight nematode isolates from family

Family Steinernematidae

Diagnosis : Order Rhabditida, superfamily
Alloionematoidea, family Steinernematidae, Type
genus : Steinernema Travassos, 1927. Obligate
insect parasites. Infectives carry symbiotic bacteria
in the bacterial chamber of the intestine. Both
males and females are necessary for reproduction,

Infective-stage juvenile : Body slender.
Mouth and anus closed. Excretory pore anterior to
nerve ring. Mouth region not armed with a dorsal
hook (Figure 2 A).

Female : Large nematode. Amphimictic
with opposed reflexed ovaries. Vulva with lips,
located in midbody region. Older females become
ovaviviparous, the young juveniles consuming
female body contents and eventually killing the
females.

Male : Body smaller than female. Testis
single. reflexedal up. Spicules patred and separate.
Gubernaculum long. Bursa absent. Tail tip with
mucron (Figure 2 C).

Family Heterorhabditidae

Diagnosis - Order Rhabditida, superfamily
Rhabditoidea. family Heterorhabditidae, Type
genus : Heterorhabditis Pownar, 1976. Obhigate
insect parasites. Infectives carry symbiaotic bacteria
Both
hermaphroditic and amphimictic females present.

in the bacterial chamber of the intestine.

Infective-stage juvenile : Body slender.
Mouth and anus closed. Excretory pore posterior
to nerve ring. (Figure 2 B).

Female : Large nematode. Hermaphoroditic
in first generation and amphimictic in second
generation.

Male : Body smaller than fernale. Testis
single, reflexed attip. Spicules paired and separate.
Gubernaculum long. Bursa present. (Figure 2 D).
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Table2  Key to 2 major families and genera of entomopathogenic nematodes (Kaya and Stock, 198R).

Definition

Family Sweinernematidae
Genus Steinernema

Family Heterorhabditidae
Genus Heterorhabitis

1. Pathogenicity to insect

2

- Reproduction in the
cadaver

3. Position of excretory pore

4. With and without bursa
in male

5. Color of cadavers

obligate pathogen
2-3 amphimictic generations

anterior to nerve ring
bursa absent

yellow-brown or black with no
luminescence in the dark

obligate pathogen

2 generations : Hermaphroditic in
the first generation, and amphimictic
in the second generation

posterior to nerve ring

bursa present

red, brick-red, purple.orange or
sometimes green with luminescence
in the dark
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Figure 2 Light micrographs of steinernematid and heterorhabditid. Infective-stage juveniles of
steinernematid (A) and heterorhabditid (B) showing excretory pore (Exp.). anterior and

posterior to nerve ring (N), Males of steinernematid (C) and heterorhabditid (D) with and
without bursa.
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DISCUSSIONS
Occurrence  of entomopathogenic
nematodes was low and restricted only to fruit
trees, ornamental plants, roadside verges and in
sandy loam soils. The present survey in forty-two
provinces of Thailand yielded 8 steinernematid
and | heterorhabditid populations. All isolates
were recovered only from the central area of the
country while the samples from the north and south
did not yield any entomopathogenic nematodes.
The recovery frequency of entomopathogenic
nematodes in the present survey was 21.4% and
stetnernematids were predominant. The recovery
rate of Steinernema spp. was less than that trom
surveys conducted in the temperate zone, 37-48%
in Europe (Hominick er al., 1995).

Soil temperature is one of the important
factors determining the abundance of nematodesin
sotl. Due tobeingrecovered from high temperature
s0ils (27-37°C at soil surface and 24-29°C at 10-15
cm soil depth), all collected isolates may be
considered as heat tolerant strains like Steinernema
riobrave (Cabanillas et al., 1994).

The present surveys are important because
they document the occurrence of entomopathogenic
nematodes in vartous habitats and localities and
also yield of new species and isolates of the
nematodes (Miduturi, 1997). Atthe same time, the
advantage of using native isolates of
entomopathogenic nematodes for biocontrol is
likely to be an enhanced ecological compatibility
and also in the reduction of singnificant impact on
non-target arganisms when compared with exotic
isolates.

Accordingly, the new steinernematid and
heterorhabditid isolates will be evaluated in the
future for their control potentials against natural
hosts under local conditions.

The taxonomic studies to identify of their
species by using morphometric and DNA analysis

are being conducted.
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Abstract

A new Thai strain of entomopathogenic nematodes, Steinernema sp. KB strain, was
cultured monoxenically with associated bacteria, Xenorhabdus spp.. of the nematode. The
experiment was done to compare the growth of the nematode on five modified artificial agar
media and one lipid agar medium. All modified media contained 10 g/liter of either soya milk
(SM), wheat flour (WF), soybean flour (SF), corn syrup (CS} or com flour (CF), 5 g/liter of
yeast extract, | ml of sunflower oil and 10 g/liter of agar. The maximum yield of 33.1 x 10°
and 30.8 x 10° s per one liter was obtained from SM and SF media while CS, WF and CF
yielded 8.6 x 10°,5.3 x 10°and 1.2 x 10*1Js per one liter respectively. Although the modified
artificial media are inferior to the lipid agar medium in the number of harvested nematodes
which was 60.8 x 10° IIs per one liter, the cost of nematode production by these modified
media is 4.7 times less than that of the lipid agar medium.

Introduction
The symbiotic bacteria, Xemorhabdus and
Entomopathogenic nematodes of the Photorhabdus species, held in the foregut of

genera Sieinernema and Heterorhabditis have infective juveniles, are excreted into the host’s
long been recognized as effective insect control hemocoel.  These bacteria cause a lethal
agents and have attracted considerable interest septicemnia which kills the insect host within 48
as a bio-pesticide. The nematodes have been hours and establishes suitable conditions for the
proved to be potential control agents of a reproduction of the nematodes [2]. The
number of insect pests and consist of an nematodes feed on the proliferating bacteria and

infective juvenile stage which penetrates a host the decomposing insect cadavers. Maturation of
either through body openings, ¢.g. mouth, anus  the nematodes occurs inside the cadaver. Male
and spiracle or interskeletal membranes [1]. and female nematodes develop, mate, and
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produce eggs, and these develop into a new
generation of infective juvenile which exit the
host in search of further insect hosts [3].

Entomopathogenic nematodes are tested
for pro-duction, field application and safety
standards. A number of commercial enterprises
worldwid e are now producing
entomopathogenic nema-todes  [4].
Steinernematid and Heterorhabditid can be
cultured in either a host insect or on synthetic
diet [5]. The advent of artificial media
incorporating the nematodes’symbiotic bacteria
was a major step toward commercial production
of these nematodes for insect control [6].

Mass production of entomopathogenic
nema-todes has evolved from the first large
scale in wvifro solid medium production by
Glaser et al. [7]. He was the first to develop an
axenic culture process for S. glaseri and later S,
carpocapsae. Dutky et al. [5] refer to the
“nematode-bacterium complex” which they
maintained on peptone-glucose agar and pork
kidney and found that a medium with the
bacterial associate could support the
reproduction of S.carpo-capsae DD136 strain.
Bedding [8] developed a semi-solid culture
method whereby nematodes were reared on an
animal protein and lipid-based medium coated
onto a polyether polyurethane sponge matrix to
give a large surface area for passive aeration.
This medium-coated matrix was inoculated with
the symbiotic bacteria several days prior to the
addition of the nematode inoculum.

Monoxenic mass culture techniques with
the goal of producing, cost effectively, large
numbers of infective nematodes have been used
for several years. However, the effects of
dietary components on nematode culture under
monoxenic conditions are insufficiently known
to enable optimum culture of the nematodes.
Dunphy and Webster [9] documented the effects

"of nutritional components, lipids, nitrogen
source, carbohydrates, vitamins and salts of the
medium for maximum production of S.
carpocapsae DD136 and H. heliothidis.

Development of production technology,
distri-bution, and sales of entomopathogenic
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nematode-containing products is occurring now
at a rapid pace. In many countries, commercial
production has proved successful in insect
control,

In Thailand, the first indigenous strain of
ento-mopathogenic nematode was recovered
from Kanchanaburi province in 1996 [10]. The
nematode was shown to be a new species of
Steinernema by morphological and molecular
characteristics (Tangchitsomkid, unpublished).
Tangchitsomkid and Sontirat [11] documented
the pathogenicity test on larvae of the greater
wax moth (Galleria mellonella) which yielded
100 % mortality in 22 hours at 30 and 35 OC.
The efficacy of this nematode was also
evaluated with positive results obtained for
Spodoptera litura, S. exigua, Plutella xylostella
and Henedecasis duplifacialis. The mortality of
the insects within 24 hours was 55.6, 60.0, 88.9
and 100 %, respectively. The Thai strain
nematode could serve as a resource for use in
the tropics because it could be more effective
controlling native insect pests and also present
less risk to non target organisms, compared with
exotic isolates.

The present study examines the effect of
selected nutritional components of the artificial
apgar media on the growth and reproduction of
Steinernema sp. Thai strain. The data are used
to formulate media appropriate for the pilot
scale mass production of Thai strain nematodes.

Materials and Methods
Nematode inoculum

The nematode was obtained by exposing
the larvae of the greater wax moth (Galleria
mellonella) to 5,000 infective juveniles of
Steinernema sp. Thai strain in 9 cm Petri dishes
lined with two filter papers (Whatman No.2).
Twenty wax moths were released in each Petri
dish and all dishes were maintained in an
incubator at 30 ¢C, Five days after exposure,
the cadavers were transferred to the White’s
water trap. Five days later, infective-stage
juveniles were extracted from the cadavers into
the water trap. The infective juveniles were
surface sterilized with 0.1 % hyamine for 15
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minutes and gravity washed for three times with
distilled water by using a high speed micro-
centrifuge at 8,000 rpm/min.

Bacterial inoculum

The primary form of Xenorhabdus sp. was
isolated from Steinernema sp. Thal strain reared
continuously in vivo at the Nematology Section,
Plant Pathology and Microbiclogy Division,
Department of Agriculture.

To isolate the bacteria, infective-stage
juvenile nematodes were rinsed with distilled
water, transferred to a solution composed
of 0.1 % thimerosal and 0.6 % streptomycin
sulphate and maintained for 12 hours under
aseptic ‘conditions. The nematodes were then
rinsed three times with sterile water and
transferred, as a suspension in distilled water, to
a sterile tissue grinder and crushed. An aliquot
of the resulting suspension, consisting of
nematode tissues and fluids and bacterial cells,
was pipefted into 9 cm Petri dishes containing
T7-TTC medium. The Petri dishes were
maintained in an incubator at 28°C. After 48
hours, single colonies of bacteria showing any
morphological differences such as size, shape,
growth rate, or color were subcultured by
streaking them onto a nutrient agar and left at
28°C for approximately 48 hours.  Single
colonies were streaked one more time onto
nutrient agar to insure purity. These colonies
were transferred to glycerol medium in 2 ml
vials and stored at -70 ©C.

Culture media

All modified media contained 10 g of
either soya milk (SM), wheat flour (WF),
soybean flour (SF), corn flour (C8) or corn flour
(CF) and were mixed with 5 g yeast extract, |
ml sunflower oil, 10 g agar and - liter distilled
water. The lipid agar was prepared according to
Dunphy and Webster [9] : 10 g comn syrup, 5 g
yeast extract, 25 g nutrient agar, 2.5 ml cod
liver oil, 2 g MgCly and 1 liter distilled water.

The media were autoclaved at 1219C for
15 min and then poured aseptically into 9 cm
Petri dishes.

5t
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Experiment procedures

The bacterial colonies were removed from
storage and subcultured to 125 ml Erlenmeyer
flasks filled with 20 mi nutrient broth under
continuous agitation for 24 hours. Each culture
dish was inoculated with 1 ml of broth. The
Petri dishes were incubated at 30°C for 24
hours and then inoculated with 5,000 infective
juveniles per dish. All cultures were incubated
at 300C for 10 days.

Harvesting

All nematode cultures were harvested 10
days post inoculation by flooding the Petri
dishes with 10 ml of distilled water for 10 min
to dislodge juvenile nematodes from the agar-
bacterial matrix. The total collective number of
nematodes per dish was estimated based upon
the average yield of nematodes in three samples
of suspension per dish. Each culture was
replicated five times,

Results and Discussion

Yields were estimated by counting
infective juveniles in five samples from
modified media compared with lipid agar.

The number of infective juveniles
produced in 20 g medium of SM, WF, SF, CS
and CF is shown in Table |. The yield of
infective juveniles was very high in media
containing soybean. Dunphy and Webster [9]
reported that yeast extracts are a nitrogen source
which stimulate the reproduction of nematode.
The major components of SM and SF are
proteins and lipids which are necessary for the
production of nematode progeny. Soya milk
and soybean flour (concentration of 10 g per
liter) were the supplemented media, both of
these media differently supported greater
nematode reproduction than did the wheat or
corn medium.

The bacterial symbionts are essential for
successful mass culture of the nematodes. These
bacteria proliferate on artificial media and the
nematodes feed on the bacterial cells and other



Table 1. Number of infective juveniles (1J) of
a new Thai strain of entomopathogenic
nematodes (Steinernema sp. KB strain) after 10
days on 20 g of different media.

Media No.of [Js/dish
{(Mean + SE)(N =3)
SM 661,400 + 66,725
WF 106,200 + 14,469
SF 615,000 + 89,259
Cs 173,000 + 25,052
CF 2,400 + 1,200

necessary nutrients to reproduce large
numbers of offsprings. A new Thai strain,
Steinernema sp, KB strain can be grown and
reproduced in proteins and lipids from soybean.
However, the yield of nematodes in lipid agar
was higher than in modified media (Figure ).
The lipid agar is a complex medium of lipid
{cod liver oil), nitrogen (yeast extract),
carbohydrate (corn syrup) and salt (MgCl).
The nutritional components are screened for
their ability to support monoxenic nematode
culture.

No. of nematodes/dish {x 1,000)
L1400

1215.2

1200

Figure 1. Comparison of modified media (SM,
SF, CS, WF and CF) with lipid agar medium
(LP) in the number of infective juveniles
(Steinernema sp. KB strain) produced.

Throughout the study, as exemplified by
the data from the modified media,
monoxenic
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cultures of a new Thai strain of entomopatho-
genic nematodes exhibited qualitative and
quantitative differences in their responses to
many of the modified media. This may reflect
species differences in nematode and/or bacteria
metabolism and differences in the nematode-
bacterium metabolic association.

The cost of the production of nematodes on
larvae of wax moth (Galleria mellonelia), or on
dog biscuit, is $US | per million nematodes
[12]. This experiment demonstrated that the
cost of nematode production using SM, WF,
SF, CS and CF media was less than 41 baht per
50 dishes (1 liter) which was 4.7 times lower
than that of lipid agar. The total nematode yield
was 33x100 and 31x106 in SM and SF,
respectively. (Table 2). Consequently, the
nematodes can be produced in very large
numbers and at low cost.

Table 2. Comparison of total nematede yield per
50 dishes (1 liter) and the cost of production
between modified media and lipid agar.

Total Cost
Media nematode per liter
yield/liter {Baht)
(50 dishes)
SM 33.1 x 106 40,90
SF 30.8 x 106 31995
CS 8.6 x 106 40.40
WF 53 x106 39.95
CF 1.2x 105 39.98
LP 60.8 x 106 186.04

The monoxenic agar culture described
here  establishes a baseline of media for
Steinernema KB strain and other steinernematid
nematodes. The data arising from this research
can be used as a guideline to obtain more
reliable pro-ductions and greater yields of all



stages of the Thai strain of entomopathogenic
nematodes in laboratory culture ir vitre and is a
step towards improved mass industrial
production.

Acknowledgements

The authors gratefully acknowledge the
financial support by the Thailand Research
Fund (TRF) and thank Mr. B. Chinnasri for
helpful comments and discussions.

References

[1] Bedding, R.A. and Molyneux, A.S.
(1982), Penetration of Insect Cuticle by
Infective Juveniles of Heterorhabditis
spp. (Heterorhabditidae ; Nematoda),
Nematologica, Vol. 28, pp. 354-359.

[2] Thomas, G.M. and Poinar, G.O. Jr.
(1979), Xenorhabdus gen. nov., a Genus
of Entomopathogenic, Nematophilic
Bacteria of the Family Enterobacteriaceae,
Int. J. Syst. Bacteriol., Vol. 29, pp. 352-
360.

[3] Surrey, M.R. and Davies, R.J. (1996),
Pilot-scale Liguid Culture and Harvesting
of an Entomopathogenic Nematode,
Heterorhabditis Bacteriophora, J. Inverte-
brate Pathol., Vol. 67, pp. 92-99.

[4] Poinar, G.O. Jr. (1990), Taxonomy and
Biology of Steinernematidae and
Heterorhabditidae, pp. 23-61. In R.
Gaugler and H.K.Kaya (eds.). Entomo-
Pathogenic Nematodes in Biological
Control. CRC Press, Boca Raton,
Florida.

[5] Dutky, S.R., Thompson, J.V. and
Cantwell, G.E. (1964), A Technique for
the Mass Propagation of the DD-136

Thammasat Int. J. Sc. Tech., Vol 4, No.1, January 1999

Nematode, J. Insect Pathol. Vol. 6, pp.
417-422.

[6] Wouts W.M. (1981), Mass Production of
the Entomogenous Nematode
Heterorhabditis Heliothidis (Nematoda :
Heterorhabditidae) on Artificial Media. 1.
Nematol., Vol. 13, pp. 467-469.

[71 Glaser, R.W., McCoy, E.E. and Girth,
H.B. {(1940), The Biology and Economic
Importance of a Nematode Parasite in
Insects, J. Parasitol., Vol.26, pp. 479-495.

[8] Bedding, R.A. (1981), Low Cost in vitro
Mass Production of Necaplectana and
Heterorhabditis Species (Nematoda) for
Field Control of Insect Pests,
Nematologica, Vol. 27, pp. 109-114.

[97 Dunphy, G.B. and Webster JM. {1989},
The Monoxenic Culture of Neoaplectana
Carpocapsae DD 136 and Heterorhabditis
Heliothidis, Revue de Nematologie, Vol.
12, pp. 113-123.

[10] Tangchitsomkid, N, and Sontirat, S.

(1998), Occurrence of Entemopathogenic

Nematodes in Thailand, Kasetsart J., Vol

32, pp. 359-366.

[11] Tangchitsomkid, N. and Sontirat, S.

(1997), A New Entomopathogenic

Nematede in Thailand : Taxonomy,

Biology and Its Potential for Biological

Control, Proceedings of the Plant

Protection Conference in Bangkok,

Thailand, Nov, 19-21, Bangkok, pp. 26,

(Abstr.).

[12] Poinar, G.O. Jr. (1972), Nematodes as

Facultative Parasites of Insects, Annual

Review of Entomology, Vol. 17, pp. 103-

122,

53



ISSN 0858-6462

gpds
Isnuignazuadodnm

i 10 fauil 1 WNSIAD-IBIaN W.H. 2543




mstainniin PCR-RFLPs as>vdousiio
Tardoucloa Steinernema nwuvluus:inding

Use of PCR-RFLPs Technique

to Identify species of Steinernema in Thailand

ymiNsn audeduiio na: sifsau  Us:ASudsiad

namumidiiouwdy  naulsndonazaaioinm

ABSTRACT

Three species of Steinernema nematode were tsolated from the soil
samples collected from Ayutthaya (AY), Phichit (PC) and Sakaeo (SK) provinces.
Their DNAs were extracted from the infective-stage juvenile, and the intemal tran-
scribe spacer region of the ribosomal DNA repeat units were amplified by poly~
merase chain reaction (PCR) using 18S and 268 gene primers. The PCR products
were digested in ntine restriction enzymes and the resulting fragments were separated
by agarose gel electrophoresis. The RFLPs patterns of these three That nematode
isolates were compared with those ot §. thailandensis n.sp. Tangchitsomkid & Sontirat
and S. carpocapsae Weiser. It was shown that the PC isolate was identical to §.
carpocapsae, but different from S. thaifandensis n. sp. The AY and SK isolates were
found to be different from both S. carpocapsae and S. thailandensis n. sp. They tend

to be new species, and need to be further identified by morphological and biological

characterization.

Key words ©:  PCR-RFLPs technique, identify, Steincrnema thailandensis n.sp.,
S. carpocapsae
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M, melecular weight.
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Research and Development of Steinernema spp. Thai Isolate

For Biclogical Pest Control

Nuchanart Tangchitsomkid” Pornpimon Atthipunyakom®

Sarote Prachasaisoradate’ Sucbsak Sontirat?
Y Nematology Group. Plant Pathology and Microbiology Division
¥ Fruit Tree Industrial Horticultural Crops and Herbs Pathology Group,
Plant Pathology and Microbiology Division

¥ Department of Plant Pathology, Facuity of Agriculture, Kasetsarl University

ABSTRACT

Surveys for Steinernema spp. were conducted during June 1996 to March 1998 in 42
provinces of Thailand. From 306 soil samples collected from the surveys, eigth isolates of’
steinernematid nematode were obtained from Kanchana Buri (KB), Tak (TK), Ayutthaya (AY),
Kalasin (KS), Maha Sarakham (MK), Khon Kaen (KK), Nong Khai (NK), and Sakaeo (SK)
provinces. They were initially separated into three groups by the cross mating test: KB, TK, KS,
MK, KK and NK belonging to group 1; AY belonging to group 2; and SK belonging to group 3. On
the basis of morphological characterization and DNA analysis by PCR-RFLPs technique, the
isolates belonging to proup 1,were identified as 8. thailandensis n. sp., the isolate belonging to
group 2 was idéntified as Steinernema sp. (AY isolate}, and that belonging to group 3 was
identified as Steinernema sp. (SK isolate). Allisolates were maintained for further research and
development. 8. thailandensisn. sp. (KB isolate) was studied on its biological characteristics as
well as its potential for practical use in controlling the insect pests. From the studies, the life cycle
of this nematode was short, it was completed within four days at 30 °C. The nematode could
survive at the temperature as highas 35°C and its symbiotic bactenia (Xenorhabdus sp.) could
be isolated on the NBTA medium. The insect bicassay showed 50 % of the insect sample died
within 24 hr when 10 nematodes were used per one insect. Under laboratory conditions,
mortalily percentages within 24-48 hr of common leafworm, beet anmyworm, diamond-back
moth, American bollworm, jasmine flower borer, wax moth, mushroom worm, fiea beetle, grub of
scarab beetle, wel wood termite, aphids and American cockroach were 56, 60, 89, 92, 100, 100,
100, 33, 20, 42, 44, and 57 %, respectively, The nematode was multiplied in various modified
artificial media. Qutof five formula of the agar medium, the soybean milk formula yielded highest
number of 33 x 10° nematodes per one liter of the medium, Out of 15 formula of the semi-solid
medium, the formula containing soybean milk atso yiclded highest number of 300 x 10°

nematodes per liter,

@ The Annual Research Seminar of Plant Pathology and Microbiology Division 2000
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Nuchanart Tangchitsomkid 2000 : A New Entomopathogenic Nematode
(Rhabditida : Steinernematidae) in Thailand : Taxonomy, Bioclogy and Its
Potential for Biological Control. Doctor of Philosophy (Tropical Agriculture),
Major Field Tropical Agriculture, Interdisciplinary Graduate Program. Thesis
Advisor : Professor Suebsak Sontirat, Ph.D. 105 pages.

Steinernematid (Rhabditida : Steinernematidae) is a new entomopathogenic
nematode collected from Kanchana Buri province, Thailand. Based on morphological
and DNA examinations, it can be distinguished from the other 23 Steinernema species.
Diagnostic characteristics of the third-stage infective juvenile include : the body length of
404-460 (averaged 432) um; D% of 30-37 (averaged 33); E% of 75-91 (averaged 83) and
lateral field pattern with 6 longitudinal ridges, the presence of mucronate tail tip in both first
and second generation males; the size of spicules 83-99 (averaged 94) and gubernaculum
61-79 (averaged 67) pm. The vulva showed a double-flapped epitygma in both first and the
second generation females and the head truncate to slightly round when observed through
scanning electron microscope. The restriction fragment length polymorphism within the
internal transcribed spacer region of ribosomal DNA repeat unit is identified to a new species
when compared to that of S. carpocapsae (All strain). Thus, it is proposed as a new
species namely; S. thailandensis n. sp.

Studies on its biology and pathogenicity in the laboratory, showed that its life
cycle was four days at 30 °C. Temperature ranging from 25 to 35 °C also affected the
growth rate, sex ratio and infection ability of infective juveniles. A symbiotic bacterium
was isolated from a drop of haemolymph of an infected Galleria mellonella larva.
Xenorhabdus sp., the phase I of this bacterium was characterised by the adsorption of
bromthymol blue from NBTA medium. The nematodes at a dosage of 10 infective
juveniles per insect caused 53 % mortality of test insect in 24 hours. This heat tolerant
isolate could kill 100 % of G. mellonellain 22 hours at 30 and 35 °C and was still effective
even at 38 °C. This pathogenic nematode could be mass produced iz vifro on'soybean
culture medium. The yield of infective juveniles was approximately 6.4 x 10° per 20 g culture
medium. Its potential as abiological control agent wastested against 12 insect pests. Those
were common leafworm (Spodoptera h'fura), beet armyworm (8. exigua), diamond-
back moth (Plutella xylostella), American bollworm (Heliothis armigera), jasmine
flower borer (Henedecasis duplifacialia), wax moth (G. mellonella), mushroom beetle
(unidentified), flea beetle (Phyllotreta sinuata), scarab beetle (unidentified), aphid (Myzus
persicae), and wet wood termite (Coptotermes sp.) and the result showed that S.
thailandensis n. sp. caused 56, 60, 89, 92, 100, 100, 100, 33, 20, 44, and 42 % mortality,
respectively at 24 hours. The American cockroach (Periplaneta americana) showed
57 % mortality at 48 hours.
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A New Entomopathogenic Nematode (Rhabditida : Steinernematidae)
in Thailand : Taxonomy, Biology and Its Potential

for Biological Control

INTRODUCTION

Entomopathogenic nematodes are obligate parasites of insects that
exist in many parts of the world. Nematodes belonging to the families
Steinernematidae and Heterorhabditidae are proved to be potential control agents
of a number of insect pests.  They consist of an invasive juvenile stage that is
non-feeding and free-living which can penetrate a host either through body
openings, e.g. mouth, anus and spiracle or interskeletal membranes (Bedding and
Molyneux, 1982). Their symbiotic bacteria, Xenorhabdus or Photorhabdus are
released as soon as they are inside the insect hosts.  The bacteria proliferate,
causing septicemia and rapid death of the insect host (24-48 hours) and establish
suitable conditions for the reproduction of the nematodes (Thomas and Poinar,
1979). First generation develops from these initial invaders and lays eggs that give
rise to a second generation. The young ones from this generation usually develop
into infective juveniles which emerge from the cadaver to search for new hosts
although a third generation is possible. Entomopathogenic nematodes are
becoming accepted as a biological control agent, especially against insects in the
soil environment. They are tested for mass production, application, field efficacy,
and safety standards. A number of commercial enterprises worldwide are now

producing entomopathogenic nematodes (Poinar, 1990).

The search of entomopathogenic nematodes becomes interesting in many
countries which successfully use the nematodes to control agricultural and

horticultural insect pests. Thailand is situated in the tropical region of the world, in



which insect is one of the most damaging pests causing losses in many crops. The
control of the insects is undertaken by using hazardous chemicals adversely affect
human and environment. However, entomopathogenic nematode, Steinernema
carpocapsae, All strain imported from the United States more than 12 years ago
proves highly effective to control several insect pests in Thailand and its acceptance is
increasing. 8. carpocapsae could be produced both by irn viveand in vitro methods,
easy to use and inexpensive compared with the chemicals. The nematodes are
currently commercialized in sponge package of 4 million nematodes/package.
However, the search and related studies of indigenous strains of entomopathogenic
nematodes are of great interest to both government and private sector since the
native nematodes could serve as resource for use in the country. In the tropics,
the local nematode isolates could be more effective to control native insect pests

compared with the exotic isolates.

OBJECTIVES

1. To collect and identify native isolates of entomopathogenic nematodes

in Thailand by morphological taxonomy and molecular techniques.

2. To study biology of a new Thai entomopathogenic nematode isolate

including its life cycle, sex ratio, infection, symbiotic bacteria and pathogenicity.

3. To mass rearing the new Thai entomopathogenic nematode isolate on

modified artificial media in the laboratory.

4. To study the potential of the new Thai entomopathogenic nematode

isolate as a biological control agent of insect pests under the laboratory conditions.



LITERATURE REVIEW

1. Historical aspects

The Swiss-born scientist, Gotthold Steiner (1886-1961) described the
first steinernematid nematode isolated from Germany in 1923 under the name
Aplectana kraussei (Steiner, 1923). Steiner came to U.S. and remained to work
under N.A, Cobb. He could well be considered the “Father of Entomogenous
Nematodes” in America because of his contributions to the systematics of many
insect-parasitic nematode groups (Poinar, 1990). Rudolf William Glaser (1888-
1947) 1solated a parasitic nematode from the Japanese beetle Popillia japonica, in
New Jersey in May 1929, which was described by Steiner as a new genus and
species, Neoaplectana (Steinernema) glaseri (Steiner, 1929). Glaser became the
first to cultivate an entomopathogenic species on solid media and axenically, and
the first to conduct field experiments with cultured nematodes against an insect

pest, the Japanese beetle (Poinar, 1990).

Significant developments have continued over the last 75 years. Many
species and strains of entomopathogenic nematodes have been isolated worldwide.
The development in classical and molecular taxonomy of nematodes, relationship
between nematodes and their symbiotic bacteria and ecological studies have often
been proven. Finally, field experiments have shown that these nematodes have
great potentials as biological insecticides against a range of soil and other insects.
A number of research work have been conducted leading to the commercialization

of entomopathogenic nematodes.



2. Global distributions of steinernematid nematode

In the broadest sense, steinernematid nematodes are widespread. The
only continent where they have not been found is Antarctica (Griffin et al., 1990).
The search for potential biocontrol agents has led to worldwide surveys of
naturally occurring entomopathogenic nematodes. The surveys are conducted by

using the Galleria bait technique (Bedding and Akhurst, 1975).

Europe is the most intensively surveyed region on earth for entomo-
pathogenic nematodes and is the region with most of the available quantitative data
{(Hominick ez al., 1995). The prevalences of steinernematids that have been
reported (37-49 %} are highest documented so far in Northern Europe and are at
least partly explained by the method whereby the soil in a negative assay is exposed
to Galleria larvae a second time because nematodes frequently do not infect in the
first bioassay (Hominick and Briscoe, 1990a, b). Other Northern European
surveys varied widely in the prevalence of steinernematids, ranging from 5.8 % in
Finland (Vanninen ez a/., 1989) to 10.4 % in the Republic of Ireland (Griffin et al.,
1991), 18.3 % in Norway (Haukeland, 1993), 25 % in Sweden (Burman et al,,
1986), 26.5 % in the Swiss Alps (Steiner, 1994) and 36.8 % in Czechoslovakia
(Mracek, 1980). Boag er al. (1992) found only 2.2 % of 1,014 sites in Scotland
positive and felt that this low recovery was a reflection of the cold climate of
Scotland. Such a conclusion is supported by data from a recent survey in Western
Canada (Mracek and Webster, 1993). Blackshaw (1988) reported a prevalence of
3.8 % in Northern Ireland because the majority of the sample sites contained clay
type soils which consistently yielded low numbers of entomopathogenic nematodes
(Hominick and Briscoe, 1990a). It thus appears that the climate and soil types of
England, Wales and the Netherlands provide excellent conditions for steinermematid

populations in particular.



Within the steinernematids, two species appear to have a global distribution,
namely S. feltiae and S. carpocapsae. These two species have been isolated from
soils in Europe (Ehlers et al,, 1991), North and South America (Poinar, 1992),
Australia (Poinar, 1990) and China (Yang e a/., 1990). However, some species of
the nematodes occur in rather restricted area. For example, S. affinis and S. kraussie
only appear to be present in Europe (Hominick ef al., 1995) while §. rara and S.

ritteri are restricted to South America (Hominick et al., 1995).

In Asia, the surveys of the steinernematid nematodes were conducted in
some countires. They were recovered from Japan (Mamiya, 1988; Yoshida er al.,
1998)), India (Poinar ef al., 1992), China (Han, 1994), Sri Lanka (Amarasinghe
et al., 1994), Korea (Stock ef a/l., 1997) and Oman (Elawad et /., 1997).

3. Habitat

The information on habitat preference for steinernematids is by and large
contradicting, Griffin ez al. (1991) found §. feltiae in woodland, tilled fields,
pasture and roadside verge, while S. affinis was absent from woodland. However,
the prevalences were low and showed no significant association between nematode
occurrence and habitat. Boag ef a/. (1992) found mostly in pasture and absent
from heathland. As their prevalences were less than 5 %, it was difficuit to draw
firm conclusions. Steiner (1994) found no relationship between vegetation and the
prevalence of 8. kraussei, but did conclude that S. feltiae, S. affinis and S. intermedia
were typical of grassland ecosystems. Hominick ef al. (1995) demonstrated that
few steinernematids showed a distinct habitat preference, S. feltiae, S. affinis were
found in fields and verges, species B3 was exclusive to woodlands, while §. Araussei

was most frequently found in woodland.



4. Taxonomy and systematics of steinernematid nematodes

The classification of family Steinernematidae has been outlined by Poinar
and Thomas (1984).
Phylum Nematoda
Class Secernentea
Order Rhabditida
Sub-order Rhabditina
Superfamily Rhabditoidea

Family Steinernematidae

The genus Steinernema was erected by Travassos in 1927 for the species
Aplectana kraussei which Stetner had described in 1923 from a sawfly, Cephalaeia
abietis. Another genus in the family, Neoaplectana, described by Steiner (1929) is

considered a junior synonym of Steinernema by Wouts et af. in 1982 (Poinar, 1990).

Steinernema 1s an obligate entomopathogenic nematode capable of
infecting a wide variety of insects. The infective-stage juvenile contains cells of a
symbiotic bacterium (Xenorhabdus spp.) in its alimentary tract. The infective
juvenile is capable of surviving in the environment, entering the body cavity of a
host, and then developing into a male or female. One, two, or more generations are

possible in the host.

4.1 Morphological taxonomy  Morphology is at present the basis for

taxonomy and classification. The morphological characters show that there is a
great deal of scopes for their use for the determination of species, genera into groups
and systems (Siddiqi, 1986). Identification of entomopathogenic nematodes is based

on morphometric and morphological characters of the first and second generation



of female, male and infective juvenile. These differences complicate identification
in some cases. Also, structures observed with the scanning electron microscope
(SEM) and the description of additional species have necessitated modification of

family and generic diagnoses (Nguyen and Smart, 1996).

Female : Large, size variable. Cuticle smooth or annulated. Head rounded
or truncate, rarely offset. Six lips present, partly or completely fused, each lip with
one labial papilla, four cephalic papillae. Amphids present, small. Stoma
collapsed; cheilorhabdions pronounced, forming a ring resembling two large
sclerotized dots in lateral view. Excretory pore distinct. Esophagus rhabditoid
with metacorpus slightly swollen, narrow isthmus surrounded by nerve ring, and
large basal bulb with reduced valve. Reproductive system didelphic, amphidelphic,
reflexed. Vulva at midbody, sometimes on a protuberance with and without
epiptygma. Females are oviparous or ovoviviparous with juveniles developing up
to the infective stage before emerging from the body of the female. Tail longer or
shorter than anal body width, with or without prominent phasmtids (Nguyen and

Smart, 1996).

Male : Smaller than female. Anterior end usually with six labial papillae,
four large cephalic papillae, and usually with perioral disc. Testis single, reflexed;
spicule paired; gubernaculum long; bursa absent. Tail tip rounded, digitate, or
mucronate. One single and 10 to 14 pairs of genital papillae present with 7 to 10

pairs precloacal (Nguyen and Smart, 1996).

Infective juvenile (third-stage infective juvenile) : Body slender. Cuticle
annulated. Lateral fields present with 4 to 9 incisures and 3 to 8 smooth ridges.
Mouth and anus closed. Excretory pore anterior to nerve ring. Esophagus and
intestine appearing reduced. Tail conoid or filiform. Phasmids, located about

mid-tail (Nguyen and Smart, 1996).



Currently, the genus Steinernema containing 23 species. Species of
Steinernema 1s listed below in chronological order -
S. kraussei (Steiner, 1923) syn. Aplectana kraussei Steiner, 1923,
S. glaseri (Steiner, 1929)
S. feltiae (Filipjev, 1934)
S. affinie (Bovien, 1937)
. carpocapsae (Weiser, 1955)
. arenarium (anomalae) (Kozodoi, 1984)
. intermedium (Poinar, 1985)
. rarum (De Doucet, 1986)
. kushidai (Mamiya, 1988)

L n L L Lan Un

. ritteri (Doucet & Doucet, 1990)

§. scapterisci (Nguyen & Smart, 1990)
S. caudatum (Xu ef al., 1991)

S. neocurtillae (Nguyen & Smart, 1992)
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)

S. monticolum (Stock et al., 1997)

S. karii (Waturu ef al., 1997)

S. abbasi (Elawad ef al, 1997)

S. ceratophorum (Jian et al., 1997)

Identification criteria to species of the genus Steinernema are based on

infective-stage juvenile and first-generation male characters. Diagnostic characters



of 23 Steinernema species showed the species names arranged in descending order

of the infective-stage juvenile length.

Infective-stage juvenile length greater than 1,000 micrometers are as

follows :

Steinernema cubanum

1J length = 1283 pum (1149-1508), EP = 106 pm (101-114), T = 67 pm
(61-77), E% =160, D% = 70. Spicule length =58 pm (50-67), SW = 1.41, spicule
head continuous with spicule blade dorsally, spicule tip hookless, in ventral view,

cuneus of gubernaculum V-shaped, velum narrow, mucron absent.

Steinernema puertoricense

IJlength=1171 um (1057-1238), EP = 95 pm (90-102), T = 94 um (98-
107), E% = 101 (88-108). Spicule length = 78 pum (71-88), spicule well curved
with tip without a hook, D% = 77, mucron absent. Female double-flapped

epiptygma.

Steinernema glaseri

1J length = 1130 um (864-1448), EP = 102 um (87-110), T = 78 pm (62-
87), E% = 102 (87-110). Spicule length = 77 pum (64-90), spicule with prominent
shaft and hooked tip, in ventral view, gubernaculum tapering gradually anteriorly,

cuneus Y-shaped, D% = 70 (60-78), mucron absent. Female epiptygma absent.

Steinernema longicaudum
IJ length = 1063 pm , EP = 81 pm, T = 95 um, E% = 85. Spicule length
=77 um, hookless spicule tip, spicule narrows suddenly to form tip with flattened

terminus, mucron absent. Fernale epiptygma absent.
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Steinernema arenarium (anomalae)

1J length = 1034 pm (724-1408), EP = 83 um (76-86), T = 75 pum (64-
84), E% =119 (106-130). Spicule length = 84 um (8§1-91), hookless spicule with
ball-like tip, D% = 93 (88-102), in ventral view, cuneus of gubernaculum V-shaped,

mucron absent,

Infective-stage juvenile length less than 1,000 micrometers are as

follows :

Steinernema oregonense
1J length =980 um (820-1110), EP = 66 pm (60-72), T =70 um (64-78),
E% = 100 (90-110), D% = 73 {64-75). Spicule length = 71 um (65-73), spicule

moderately curved, spicule head enlarged, tapering anteridrly, mucron absent.

Steinernema kraussei

1J length =931 um (797-1102), EP = 63 pm (56-66), T = 79 um (63-86),
E% = 80. Spicule length = 49 pum (42-53), spicule well or moderately curved,
mucron small, D% = 53, SW=1.10.

Steinernema karii

1J length =932 um (876-982), EP = 74 um (68-80), T = 74 um (64-80),
E% =96. Spicule length = 83 ;.ﬁn (73-91), mucron absent, spicule well curved with
blunt tip, spicule head twice as long as wide, velum thin. gubermmaculum with

posterior end bifurcate, cuneus present.

Steinernema neocurtillae
[J length = 885 um (741-988), EP = 18 um (14-22), E% = 23 (18-30),
EP extremely short, T = 80 um (64-97), D% =12 (10-15). Spicule length =58 pm



11

(52-64), GS% = 89 (82-93), spicule short, spicule tip with a prominent depression

on ventral side; mucron present, short.

Steinernema feltiae (= bibionis)
1J length = 849 pm (736-950), EP = 62 um (53-67), T = 81 pm (70-92),
E% = 78 (69-86). Spicule length = 70 um (65-77), mucron long, GS% = 59 (52-

61), spicule slightly curved, spicule head twice as long as wide.

Steinernema bicornutum

[Jlength = 769 pum (648-873), EP =61 um (53-63), T =72 pm (63-78),
E% = 84 (80-100), D% = 52 (50-60). Spicule length = 65 pm (53-70), spicule
curved, spicule head typified by ventral projection and a width greater than length,
blade well curved anteriorly or at mide region, posterior part slightly curved to

straight, velum present; in ventral view, cuneus arrowhead-shaped, mucron absent.

Steinernema monticolum
[J length = 706 um (612-821), EP = 38 um (54-62), T = 77 um (71-95),
E% = 76 (63-86), D% = 55 (49-51), excretory pore at the level of the posterior

third of metacorpus. Spicule length = 70 pm (61-80).

Steinernema ceratophorum

IJ length = 706 pm (591-800), EP =55 um (47-70), T = 66 um (56-74),
E% = 84. Spicule length = 71 um (54-90), mucron absent in first and second
generation, spicule curved with blunt tip, velum large extending nearly to spicule

tip, gubernaculum boat-shaped with posterior end bifurcate, cuneus small.
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Infective-stage juvenile length less than 700 micrometers are as follows :

Steinernema affine
1J length = 693 pm (608-880), EP = 62 um (51-69), T = 66 pm (64-74),
E% = 94 (74-108), internal spine in IJ tail. Spicule length =70 pm (67-86), mucron

present, small.

Steinernema intermedium
IJ length = 671 pum (608-800), EP = 65 um (59-69), T = 66 um (53-74),
E% = 96 (89-108), dorsal depression of 1J tail. Spicule length = 91 um (84-100),

mucron absent, spicule well curved with blunt tip, rostrum prominent, velum large.

Steinernema riobrave

1J length = 622 um (561-701), EP = 56 pm (51-64), T = 54 nm (46-59),
E% =105 (93-111). Spicule length =67 um (63-75), spicule sickle-shaped, spicule
head tapering anteriorly, in ventral view, width of neck of gubernaculum large,

cuneus Y-shaped, mucron absent, D% = 71 (60-80), SW = 1.14.

Infective-stage juvenile length less than 600 micrometers are as follows :

Steinernema kushidai

1J length = 589 um (524-662), EP = 46 pm (42-50), T = 50 pm (44-59),
E% = 92 (84-95). Spicule length = 63 um (48-72), D% = 51, SW = 1.50, spicule
head truncate or rounded anteriorly, almost as long as wide, blade with large

anterior end, rostrum prominent, velum present; mucron absent.
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Steinernema scapterisci

1J length = 572 um (517-609), EP =39 um (36-48), T = 54 um (48-60),
E% =73 (60-80). Spicule length =83 pum (72-92), SW =2.52 (2.04-2.80), mucron
present. Female with large double-flapped epiptygma, and excretory duct with

elliptically-shaped structure.

Steinernema carpocapsae

1J length = 558 um (438-650), EP = 38 um (30-60), T = 53 pum (46-61),
E% = 60 (54-66). Spicule length = 66 pm (58-77), D% =41 (27-55), SW =1.72
(1.40-2.00), spicule head wider than long, ventrally projected, spicule tip pointed
or bluntly pointed; in ventral view, cuneus arrowhead-shaped or Y-shaped, mucron

present.

Steinernema abbasi
IJ length = 541 pm (496-579), EP = 48 um (46-51), T = 56 um (52-61),
E% = 86. Spicule length = 65 um (57-74), mucron absent, spicule curved, velum

large, gubernaculum boat-shaped.

Steinernema rarum

IJ length = 511 pm (443-573), EP =38 um (32-40), T =51 um (44-56),
E% = 72 (63-80), morphometrics of this nematode are less than those of other
steinernematids. Spicule length = 47 pm (42-52), D% = 50 (44-51), SW = 0.94

(0.91-1.03), mucron present.

Steinernema ritteri
1J length = 510 um (470-590}, EP = 38 um (32-40), T =51 pm (44-56),
E% = 88 (79-97). Spicule length = 69 um (58-75), D% = 47 (44-50), SW = 1.56

(1.44-1.57), mucron absent. Female with epiptygma.



14

Remarks : Abbreviations used in diagnoses, IJ = infective-stage
juvenile; EP = distance from anterior end to excretory pore; T = 1J tail length; E%
= EP of IJ divided by tail length x 100; D% = EP of male divided by esophagus

length x 100; SW = spicule divided by anal body width; um = micrometers.

4.2 Molecular taxonomy Molecular characters are becoming
increasingly useful for species identification and systematics in nematology.
Recent developments in methodology resulting in more convenient, rapid, and
specific assays have opened the door to greater use of these tests for detecting and
identifying plant parasitic nematodes and entomopathogenic nematodes. Proteins
and DNA are particularly useful characters for species identification because they
are less subject to environmental effects and investigator interpretation than are
many other characters. DNA is the genetic code of the organism and thus its
properties are a direct reflection of genetic identity of that organism. Proteins are
products of the genetic codes and because of the availability of techniques to

directly measure their properties, are also particularly useful as characters

{Williamson, 1990).

The rapid development of DNA-based taxonomic techniques provides a
fresh impetus to the use of molecular techniques in systematics in the 1980s, and
these technologies are being increasingly applied to the resolution of taxonomic

problems in economically important nematode groups (Curran and Webster, 1987).

In the Rhabditoidea, within Steinernema, species have been recognized
by morphological differences, supplemented by cross breeding tests and despite
some problems of misidentification and nomenclature, these have been little

difficulty in species recognition (Curran, 1990).
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5. Biologv of steinernematid nematodes

5.1 Infection The infective juveniles (1Js) of the family Steinernematidae
are non-feeding, free living stage in the soil. The mouth and the anus of IJs are
closed and the digestive tract is non-functional. IJs contain large amounts of energy
reserve stored as lipids which supports their prolonged survival in the soil. The
third-stage juvenile ensheathed by the second stage cuticle (Poinar, 1979), carries
up to 0-250 cells of its bacterial symbiont in the anterior part of intestine (Spiridonov

et al., 1991).

The infective juveniles are actively attracted to a host (Bedding and
Akhurst, 1975) through gradients of temperature {Byers and Poinar, 1982) and
carbon dioxide (Gaugler ef al., 1980), and by chemicals and microorganisms
associated with the excretory system. The infective juveniles actively invade the
host through natural openings-mouth, anus, and sometimes spiracles { Wouts, 1980).
[Js of different entomopathogenic nematode species differ in their ecological and
behavioral traits. Forexample, S carpocapsae nictates (Kondo and Ishibashi, 1986),
tends to stay near the soil surface and does not disperse far (Moyle and Kaya,
1981), is unresponsive to host cues (Lewis ef al., 1992), and is adapted to infecting
mobile hosts on the soil surface (sit and wait strategist or ambusher) (Campbell and
Gaugler, 1993). S. glaseri occurs deeper in the soil and travels much farther (Georgis
and Poinar, 1983), responds strongly to host cues (Lewis e ¢l., 1992), and is adapted
to infecting sedentary hosts (active foraging strategist or cruiser) (Campbell and

Gaugler, 1993).

Once a suitable host is found, the IJs enter the host and penetrate into the
haemocoel. There are indications that the penetration process is supported by

proteasic factors produced by the exsheathed infective juvenile (Roque ez al., 1994).
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Once the IJs entering the insect body, they release the bacterial associate into the
haemolymph. Providing the insect’s defense mechanisms does not succeed in
eliminating the nematode-bacterium complex, the insect dies in 2-4 days after
infection. Several authors have summarized the current knowledge of the
pathogenicity mechanism of the nematode-bacterium complex and its interactions

with the defence system of a insect host (Dunphy and Thurston, 1990).

The life cycle of the nematode-bacterium infection complex is shown

below.
Nematodes entet host haemocoel
via anus, mouth, spiracles or cuticle
N d Nematodes
elmat(t) es ~ locate Nematode releases toxins
| locate insect host and Phase I bacteria
insect host
N d . I[nefficient [ +
ematodes leave host killing ) - ~

cadaver without

bacterial symbionts Phase

Phase I  variation Phase I

Non-feeding \——-/

nematodes leave

host cadaver I
ost death .
H Bacteria produce
antibiotics, toxins
Inefficient nematode
reproduction
Phase I bacteria .
colonise juvenile - Efficient nerr_latode - Host death
nematodes ~ reproduction

From : Connor Thomas (http:/www.microbiolegy.adelaide.edu.au/)

5.2 Symbiotic bacteria The enterobacteria are mutualistically associated

with steinernematids belonging in the genus Xenorhabdus (Thomas and Poinar,
1979). These bacteria are medium to long motile rod with peritrichous flagellae.

They are Gram-negative, facultative anaerobes and form spheroplasts (x = 2.6
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microns diameter) in older cultures. Non-spore formers, Xenorhabdus spp. do not
have an environmentally resistant stage and have not been naturally found except in
the nematode vectors or insect hosts (Woodring and Kaya, 1988). The bacteria
may be isolated in primary and secondary forms that are usually distinguished by
their colony morphology and absorption of dyes. Primary colonies are generally
smaller and more convex than the secondary ones. The most reliable indicator is
the primary form’s absorption of neutral red from MacConkey agar. Bromthymol
blue in NBTA is also often absorbed by colonies in the primary phase (Woodring
and Kaya, 1988). The primary form of Xenorhabdus differs biochemically from the
secondary, supports greater nematode production for both in vivo and in vitro
cultures (Akhurst, 1980), and produces antibiotics (Akhurst, 1982). The primary
form is isolated from infective juvenile nematodes and recently infected insects and
converts to the more stable secondary form while growing in insects, pure culture
and /»n vifro nematode culture. Both forms are equally infectious when injected

intrahaemocoelically into insect hosts (Akhurst, 1980).

Xenorhabdus, on the other hand, cannot enter the insect alone; it needs
the nematode to serve as a vector. Feeding studies have shown that Xenorhabdus
is unable to infect insects. (Poinar and Thomas, 1966). The bacterium does not
have an environmentally resistant stage. Not surprisingly, Xenorhabdus has never
been isolated from the soil. The nematodes have also been demonstrated to
produce a factor that inhibits the antibacterial enzymes of the insect (Gotz et al.,
1981). If axenic nematodes (i.e., without their associated bacterium) are
inoculated into the haemocoel of an acceptable host, they are generally unable to

kill the host and may develop to adults (Poinar and Thomas, 1966).

5.3 Life cycle The life cycle of species in the genus Steinernema as

described by previous researcher consists of an egg stage, four juvenile stages, and
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an adult stage (males and females). The J2 (second-stage juvenile) may be the
pre-infective stage or the non-preinfective stage, and the J3 (third-stage juvenile)
may be the infective stage or the non-infective stage (Nguyen and Smart, 1992).
Generally two complete generations occur in an insect host but smaller insects may
permit only a single generation or perhaps only an incomplete generation to
develop (Jackson, 1985). Most researchers agree that some of the eggs produced
by the first-generation females develop into IJ (infective J3), but the majority of the
egg develop into second-generation adults. The egg produced by the second-
generation females develop into 1J. Wouts (1980) presented an updated life cycle
and a redescription of S. felriae. e reported that in a fresh host with a low
population density, the J1 (first-stage juvenile) developed directly to the J4 (fourth-
stage juvenile) without going through the J2 and J3 stages. When the population

density increased, however, the J1 developed to J2 and then to 1],

Nguyen and Smart (1992} showed that life cycle of S. scapterisci from 1]
to IJ might proceed by one of two routes. If the nutrient supply is sufficient and
the population is not overcrowded, the 1J develops to adult males and females of
first-generation.  Most eggs from these adult females hatch and the juveniles
develop through each life stage to become adult males and females of the second-
generation. Eggs produced by these females develop to I1J. This cycle takes 8-10
days (long cycle) and takes 6-7 days (short cycle) at 24 °C, but the cycle described
requires 10-14 days for S. feltiae (Woodring and Kaya, 1988).

5.4 Persistence  Natural populations of steinernematid has patchy
distribution and nematode numbers are often very low (Stuart and Gaugler, 1994).
Occasionally they rise to several millions per m* when epizootics occur. A single
insect cadaver may produce over 100,000 juveniles so very high local densities do

occur in nature (Smith, 1996). Persistence is solely a measure of number of live
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nematodes present in the soil and is distinct from infectivity which is a measure of
the ability of these live nematodes to enter an insect host (Curran, 1993). The
persistence of applied nematodes differs between strains, species and conditions,

such that no two situations are identical or comparable.

Factors of major importance are age and lipid reserves of infective
juveniles. These characteristics directly influence the ability of nematodes to
survive a period of time without a host and their ability to find and infect a host
(Womersley, 1990). If applied as biocontrol agent, the nematodes can also be
intluenced by its pre-application conditions, such as storage temperatures and

storage periods (Fan and Hominick, 1991).

Many studies mainly in laboratories have tested the persistence of
nematodes under various conditions in sterile soil. The data generally indicated a
survival of weeks, rather than months and a gradual decline in the numbers of living
nematodes recovered. Their infectivity potential in some cases, however, did not
follow the same pattern because at least some nematode individuals were capable

of entering a quiescent stage and then became active again (Womersley, 1990).

Behavioral adaptations and phase of anhydrobiosis or quiescence will
influence the pattern of persistence (Womersley, 1990). Most of the data showed a
rapid decline in viable nematodes in the first few days after application but after
that period the rate of population decline rapidly (Molyneux, 1985). Several
factors such as soil type, humidity levels in soil, temperatures and soil pH affect

their persistence and infectivity in soil.
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6. Steinernematid nematodes as a hiological control avent

6.1 Safety The wide host range of steinernematid has given rise to
concern about their safety to vertebrates and non-target invertebrates. They are
environmentally safe and show no evidence of mammalian pathogenicity (Ehlers
and Peters, 1995). Long-term effects on non-target organisms or other environmental
impacts following the application of nematodes have not been reported. On the
contrary, the environmental safety of nematodes has been exceptionally documented
under fleld conditions (Bathon, 1996). Under experimental conditions, very high
dosages of nematodes caused mortality in only young tadpoles of frogs and toads

(Poinar, 1990).

Entomopathogenic nematodes are beneficial organisms and although they
are symbiotically associated with bacteria, they are not placed in the category of
micro-organisms for pest control in most countries. They are exempted from
registration in the United States by the Environmental Protection Agency (Gaugler
and Kaya, 1990). Many other countries have also exempted nematodes from
registration, but some have restrictions or require registration. In the United
Kingdom, for example, only indigenous nematodes can be released for biological

control (Miduturi, 1997).

6.2 Commercialization

6.2.1 Mass production Large scale commercial yields of
entomopathogenic nematodes require economies of scale (Friedman, 1990). Mass
production of entomopathogenic nematodes has evolved from the first large-scale
in vitro solid media production by Glaser et al. (1940). He is the first to develop an

axenic culture process for S. glaseri and later S. carpocapsae. Dutky et al. (1964)
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are referring to the “nematode-bacterium complex™ which they maintained on
peptone-glucose agar and pork kidney and found that a medium with the bacterial
associate, could support the reproduction of S. carpocapsae DD136 strain.
Bedding, (1981 and 1984) increased the yield of the solid phase monoxenic process
from 1 million per Petri dish to 40 millions per flask. Pace ez a/. (1986} reported
that ox kidney homogenate-yeast extract or various homogenized offals can serve
as media in liquid monoxenic processes. In kidney-yeast medium, they reported
yields as high as 90,000 nematodes per milliliter in fermenters in approximately 3

weeks and yields of 190,000 nematodes per milliliter in shake flasks.

A commercial process is economy of scale. Therefore, methods of
producing entomopathogenic nematodes have been reviewed and analyzed from
the perspective of scale-related costs. In models described, liquid monoxenic
culture proves to be the most robust of the current production methods for

development to large scale (Friedman, 1990).

6.2.2 Formulation and storage Formulation of nematodes into a
stable product has played a significant role in commercialization of these biological
control agents. Active nematodes must be immobilized to prevent depletion of
their food reserves.  This has been accomplished by maintenance of the nematode
in aqueous suspensions at low temperature (5-15 °C). This approach, however, is
not commercially accepable. Currently, gel polymers or clay are used in nematode
formulations (Georgis and Poinar, 1994) and also as water dispersible granules
(Hirsch and Georgis, 1996). Steinernematids, especially S. carpocapsae, can be
maintained for up to 5 months at room temperature or up to 12 months under

refrigeration (Georgis, 1990).
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6.2.3 Application  The most common application methed is to
apply nematodes onto the soil surface. Application is carried out using spraying
equipment or irrigation systems. No adverse effects of different pumps, strainers
or nozzles at standard application pressure have been determined (Klein and Georgis,
1994). Entomopathogenic nematodes are sensitive to ultra violet (UV) light (Gaugler
et al., 1992). That is why they are usually applied at low UV radiation onto moist
soil surface.  Entomopathogenic nematodes are compatible with conventional
insecticides and can be integrated intd standard chemical control practices (Rovesti

and Deseo, 1990).

6.2.4 Field efficacy Entomopathogenic nematodes in the family
Steinernematidae possess many qualities that make them excellent biological
control agents (Gaugler, 1988). They have a broad host range, can be easily mass
produced, possess the ability to seek out their hosts, kill their host rapidly, and are
environmentally safe. Availability of commercial entomopathogenic nematodes offer
more opportunities to use against wide variety of insects. Targets for nematodes
are pest insects in cryptic habitats. Much of the efficacy data have been summarised
(Klein, 1990).  Entomopathogenic nematodes are also effective against white
grubs, larvae of Scarabaeidae, are major pests of turfgrass, pastures, sugarcane and
forests throughout the world. They are the most serious pests of turf in the north-
eastern U.S. The nematode in genus Steinernema has shown that it can be effective
biological control agents against these insects (Klein, 1990).  Excellent results
have been obtained against the blackvine weevil Otioriiynchus sulcatus larvae. This
summary showed that moderate (50-80 %) to high (> 80%) control occurred when
temperatures are above 16 °C (Georgis and Poinar, 1989). Klein (1990) indicated
that S. carpocapsae, S. glaseri and §. feltiae provided excellent control of the
banana root borer, Cosmopolites sordidus, in Puerto Rico. The tropical environment

appears to be a logical situation for successfully using these nematodes.



23

Using S. carpocapsae for control of termites (Reticulitermes spp.) in
buildings has been achieved a success rate of 80-87 % (Poinar and Georgis, 1989).
S. scapterisci from Uruguay shows its potential for control mole crickets,
Scapteriscus spp. which are major pests on golf courses where it has been applied,

and appears to be reducing population of mole crickets (Smart ez al., 1991).

Production and storage capabilities of the most efficacious nematode
species and strains need to be developed so that consistent field results can be
obtained. As new species and strains are discovered through exploration and
developed through genetic manipulation, they can be combined with advances in
application techniques to provide reliable pest control to a broad range of

consumers (Klien, 1990).
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MATERIALS AND METHODS

Materials

1. Standard equipment for soil-sampling, cylindrical soil-core sampling

tube (dia. § cm, height 80 cm), plastic bucket, plastic bag, cooler, etc.
2. Plastic container (capacity 300 ml)
3. Wax moth, Galleria mellonella L.
4_. Insect culture
5. Light microscope
6. Chemicals for Light microscopy
7. Scanning electron microscope, JSM-35 CF model (SEM)
8. Chemicals for SEM study
9. DNA thermal cycler

10. Equipments for DNA analysis laboratory, centrifuge, deep freezer,

incubator, etc.
11. Equipments for aseptic technique, laminar flow, autoclave, etc.
12, Chemicals for DNA analysis and restriction enzymes

13, Nutritions of the artificial media
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Methods

1. Discovery of steinernematid nematodes in Thailand

1.1 Collection sites  Sites were chosen to represent ecologically
diverse habitats, including fruit crops, field crops, woodland and beach. Soil samples
were taken from different parts (13 locations) in the country between June, 1996 to
December, 1996 in Rayong, Chantha Buri, Chon Buri, Chiang Mai, Lampang, Chiang
Rai, Phetchabun, Ratcha Buri, Ranong, Phangnga, Krabi, Chumphon and Kanchana

Buri provinces.

1.2 Seil collection Soil samples representing of each site were

collected to a depth of 10-15 c¢cm by using a cylindrical soil-core sampling tube. At
each site, five random samples were taken over an area of approximately 10 m®.
They were placed in a plastic bucket and mixed thoroughly. One kilogram of a sotl
sample was taken from the plastic bucket and placed in a plastic bag. Samples were
placed in 18-20 °C coolers during transit to the laboratory and they were stored at
10+1 °C until processed. Location, soil temperature, associated vegetation and

insects presence were recorded.

1.3 Isolation Presence of entomopathogenic nematodes in sot! samples
were tested by baiting with wax moth larvae Galleria mellonelia L. (Lepidoptera :
Noctuidae) (Bedding and Akhurst, 1975). Ten last instars of G. mellonella were
placed at the bottom of each 300 ml plastic container, the soils were added and the
lids with ventilation holes were positioned. The Galleria trap bioassays were
incubated at 25 °C, 85 % relative humidity and kept in the dark. After 7 days, the
larvae were removed from the soil. The dead larvae with characteristic signs and

symptoms of entomopathogenic nematode infection were either dissected or placed
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on a wet filter paper which was on a Petri dish cover 55 mm in diameter, then kept
in a Petri dish (100 x 15 mm) with 20 ml of sterile distilled water (White, 1927).
The emerging infective juveniles were collected, 8 to 10 days after infection. These
juveniles were reexposed to G. mellonella in Petri dishes to confirm pathogenicity.
Soil samples positive to entomopathogenic nematodes were analyzed for their

texture and pH.

1.4 Storage The 1solated nematode was stored at a concentration of
approxi- mately 5,000 infective juveniles per ml distilled water in culture flasks at
25%2 °C. It was recultured every 3 months using G. mellonella larvae for culturing.
The insect culture was maintained in aerated plastic containers (32.5 x 17.6 x 10
cm) at 25-28 °C on an artifictal media containing 100 g rice powder, 200 g soybean
milk, 100 m! honey, 5 ml formalin, 20 ml vitamin, 100 ml glycerin, 100 g wax
honey and 375 ml distilled water. Approximately 200-300 eggs were placed on a
piece of artificial media in plastic containers, then kept at 25-28 °C. The eggs
hatched in 3-4 days. After 2 weeks, the larvae were given new media. After 3
weeks, late instar larvae were ready to be collected. Larvae could then be stored on
wood shavings for 2-3 weeks at 10+1 °C. Nematodes needed for other experiments

were stored no longer than 10 days before being used in the experiment.

2. ldentification

2.1 Morphological characters The nematode recovered from the

Galleria trap was identified to genera and species with its morphological descriptions.
First and second generation adults were obtained by dissecting cadavers of G.
mellonella larvae 4 and 7 days, respectively after infection and infective juveniles
were obtained by collecting from the water trap 10 days after infection of the

larvae.
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Light microscopy : First and second generation adults and infective-
stage juveniles were killed by heating in a water bath at 60 °C for 2 minutes. Once
the nematodes were killed, add the fixative, TAF (7 ml of 40 % formaldehyde, 2 ml
triethanolamine and 91 ml distilled water) and remain in this solution for 12 hours.
Fixed nematodes were transferred to a Syracuse watchglass containing 0.5 ml of
solution [ (20 parts 95 % ethanol, 1 part glycerin, 79 parts distilled water). The
watchglass was then placed in a desiccator and enough 95 % ethanol was added to
the desiccator to half fill the space below the holding shelf. The desiccator should
be placed in an oven at 35 °C for at least 12 hours to allow slow evaporation of the
water from solution [ in the watchglass. After this, the watchglass was removed
from the desiccator and filled with solution II (5 parts glycerin, 95 parts ethanol).
The watchglass was placed in a Petri dish. which was partially covered to allow
slow evaporation of the ethanol, and was put back in an oven at 40 °C for 3 hours.
The ethanol evaporated, leaving the nematodes in pure glycerin, and ready for
mounting. The nematodes were mounted 1n a drop of glycerin under a coverglass
and sealed with permount. The examination of morphology and microphotography
were performed with an Olympus microscope equipped with differential

interference contrast optics.

The following morphometric characters of third-stage infective juveniles
of Steinernema species were used :- L (body length); W (greatest width); EP
(distance from anterior end to excretory pore), ES (distance from anterior end to
esophagus); T (tail length). The ratios were calculated using De Man’s formula
modified by Poinar (1990) and identification criteria proposed by Nguyen (1993)

as Tollows :
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a = body length divided by width (L/W)

b = body length divided by esophagus length (L/ES)
¢ = body length divided by tail length (L/T)

D% = EP/ES x 100

E% = EP/T x 100

The following morphometric characters of adults in the first and second
generations were used :- L; W; EP; ES; T, anal body width and vulva % in female.
The criteria of males used for identification were spicule and gubernaculum lengths
(Nguyen, 1993), followed by the ratios :- D% = EP/ES x 100; SW = spicule length/

body width at cloaca; GS = gubernaculum length/spicule length.

Scanning electron microscopy : First generation adults were dissected
from G. mellonella larvae in Ringer’s solution {9 g NaCl, 0.4 g KCI, 0.4 CaCl,, 0.2
g NaH CO,, 1 liter distilled water). They were rinsed in Ringer’s solution for three
times (5 minutes each). Infective-stage juveniles were rinsed for three times (15
minutes each) in 0.05 % NaCl. All nematodes were relaxed and killed by heating in
water at 60 °C for 2 minutes and then fixed in 3 % glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.2) for 24 hours at 8 °C. Fixed nematodes were rinsed with
distilled water three times, post-fixed in 2 % osmium tetroxide for 6-12 hours at
25 °C, rinsed in distilled water again, and dehydrated at 15 minutes intervals through
30 %, 50 %, 70 %, 90 %, 95 % and 100 % ethanol. They were then critical-point-
dried in liquid CO,, mounted on SEM stubs, coated with gold and scanned using a

JSM-35 CF model SEM.

2.2 Molecular taxonomy The polymerase chain reaction (PCR)
technique (Joyce ef al., 1994) was used and the primers used in this study were

specific for the internal transeribed spacer (ITS) region within the ribosomal DNA
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(rDNA) repeat (Vrain er al., 1992). The DNA product was digested with 17
restriction enzymes and analyzed by the restriction fragment length polymorphism

(RFLP) technique.

DNA extraction ; Individual infective juvenile of the Thai nematode
isolate and S. carpocapsae All strain (Nematodik-Thailand Co., Ltd.) was placed in
10 ul drop of worm lysis buffer, WLB (50 mM KCl, 10 mM Tris pH 8.3, 2.5 mM
MgCl,, 0.45 % tergitol, 0.45% Tween 20, 0.01 % gelatin, 60 pg/ml proteinase K)
on a glass slide under a dissecting microscope. The nematodes were then cut into
two or more pieces with a sterile needle. The nematode pieces along with the WLB
were immediately transferred into a sterile 0.5 ml Eppendorf tube. The tube
contents were then frozen at -80 °C for 10 minutes and rapidly thawed. This
freezing and thawing cycles disrupt cell membranes and facilitates the release of
DNA. The lysis mix were then incubated at 65 °C for 1 hour, boiled at 95°C for 10
minutes, and centrifuged for 1 minute at 12,000 rpm speed to remove debris. Up to

5 ul of the supernatant were then used in PCR reaction.

PCR amplification : PCR reactions were carried out in 0.5 mli
Eppendorf tubes in a volume of 50 nl. The reactions were set up on ice and the
following added; 5 ul 10x PCR buffer, 0.5 pul dNTP mixture (20mM each), 0.5 pl
18S forward primer (1,000 pg/ml), 0.5 ul 268 reverse primer (1,000 pg/ml), 2U

Tag Polymerase, distilled water to 45 pl and 5 pl worm lysate.

The primers used in this study were specific to the internal transcribed
spacer (ITS) region within the rDNA repeat. Sequences corresponding to the ITS
of IDNA from Vrain ef al. (1992) were amplified and the length polymorphisms
among nematode isolates were analysed. The sequences of 18S forward primer

and 26S reverse primer proposed by Vrain e al. (1992) were :



30

18S (5’- TTGATTACGTCCCTGCCCTTT - 37)
26S (5’- TTTCACTCGCCGTTACTAAGG - 3")

All reactions were topped with two drops of mineral oil and run in a
thermocycler pre-heated at 95°C. PCR reaction conditions were as described for
ITS primer by Vrain et al. (1992), 2 minutes at 94°C, 40 cycles of 30 seconds at
94°C, 60 seconds at 45°C, 90 seconds at 72 °C and a final extension cycle of 5

minutes at 72°C.

The amplified products were tested by running an aliquot of 5 pl of PCR
producton a1 % (w/v) agarose gel in 0.5 x TBE (0.9 M Tris-borate, (.646 M boric
acid, 0.025 M EDTA) at 5 V/cm for 1 hour to determine the presence and the size
of the PCR product.

Restriction enzyme digestion and electrophoresis :  Five ul of
amplified product at 37°C was digested for a minimum of 12 hours with 10 ul of
gach 17 restriction enzyme. The enzymes used were Alu I, Dde I, EcoR 1, EcoR 11,
Hae 111, Hha 1, Hind 111, Hinf 1, Hpa 1, Kpr 1, Pst 1, Pvu 11, Rsa 1, Sal 1, Sau3A 1,
Sau96 1 and Xba I. Digested products were runon a 1.5 % (w/v) agarose gel in 0.5
x TBE at 5 V/cm for 3.5 hours. Fragments were visualized by ethidium bromide
staining, viewed on UV transilluminator, and photographed. The new Thai isolate
nematode was identified by comparing its RFLP to that of S. carpocapsae (All

strain).
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3. Biology of the nematode

3.1 Life cyele A piece of 1 x 1.5 cm filter paper (Whatman # 2) was
placed into a 1.5 ml microtube having center-punctured lid. 300+50 infective
juveniles of the nematode isolate in 25 pl of water were inoculated onto the filter
paper in the microtube. G. mellonella was placed singly in the microtube and then
incubated at 30 °C. The development of the nematode was observed every 24
hours by dissecting 5 nematode cadavers until the completion of the nematode’s

life cycle. There were 35 microtubes prepared for this experiment.

3.2 Effect of temperature on the life cycle To determine the influence
of temperature on the life cycle within G. mellonella, the nematodes were placed in
incubation chambers at different temperatures. Three insects were placed in each
of 15 Petri dishes (100 x 15 mm) and exposed to 300+50 infective juveniles. Two
of the Petri dishes were placed in incubation chambers at 15, 20, 25, 30, 35 and
38 °C. After 24 hours, 3 insects were dissected daily and the life stages of the

nematode determined.

3.3 Effect of temperature on sex ratio To determine the influence of
temperature on female/male sex ratio, 10 insects were placed in each of 3 Petri
dishes and exposed to 300+50 infective juveniles. Each of the dishes was placed in
an incubator at 25, 30 and 35 °C. After 3 days, all insects were dissected and the
number of females and males in each insect were counted. The female/male ratio

was analyzed with Duncan’s Multiple Range Test.

3.4 Effect of temperature on pematode infection To determine the

influence of temperature on the infection of infective juveniles of the Thai

nematode isolate in G. mellorella, 10 insects were placed in the Petri dish and
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exposed to 300+£50 infective juveniles.  Each of the dishes was placed in an
incubator at 15, 20, 25, 30, 35 and 38 °C.  After 24 hours, 5 insects of each
temperature were dissected. The number of nematodes in each insect was counted
and its mean number was estimated. Insect mortality was observed in 10 G.

mellonellia 24 hours after inoculation.

3.5 Symbiotic bacteria The bacterium was isolated from a drop of

haemoelymph of the nematode-infested G. mellonella larva. Ten insects were put
into a Petri dish with moist filter paper and infected with approximately 1,000
infective juveniles. After 48 hours, cadaver was rinsed with 70 % alcohol for 5-10
minutes. The cadaver was cut through with a scissor or needle and a drop of
haemolymph was streaked on NBTA (37 g standard-I-nutrient agar, 25 mg
bromthymol blue, 1,000 ml distilled water, 4 ml sterile filtrated 1 % 2,3,5 triphenyi-
tetrazolium chloride solution) with sterile loop. The Petri dishes were maintained
in an incubator at 28 °C. After 48 hours, single colonies of the bacteria with any
morphological differences such as size, shape, growth rate, or color were
subcultured by streaking them onto a nuirient agar (8 g nutrient broth, 15 g agar,
1,000 ml distilled water) and left at 28 °C for approximately 48 hours. Single
colonies were examined to compare general characteristics, colony morphology

and absorption of bromthymol blue.

4. Pathogenicity

4.1 Insect bioassay A piece of 1 x 1.5 cm filter paper was placed into
a 1.5 ml microtube having center-punctured lid. The infective juveniles of the Thai
nematode isolate at different numbers in 25 ul of water then dropped onto the filter

paper in the microtube and one G. mellonella was placed on the filter paper. The
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Completely Randomized Design with 5 treatments and 3 replications were applied.
The treatments were 4, 6, 8, and 10 nematodes per one insect. Control treatment
contained the test insect without the nematode. The data were calculated in
percentages, then subjected to analysis of variance. If significant differences were
detected among treatment effects they were separated using Duncan’s Multiple Range

Test at P = (.05.

4.2 Heat tolerance A pieceof ] x 1.5 cm filter paper was placed into a

1.5 ml microtube having center-punctured lid. 300+50 infective juveniles of the
Thai nematode isolate as compared with the isolate from the U.S. (S. carpocapsae)
in 25 pl of water, then inoculated onto a filter paper in the microtube. G. mellonella
was placed singly in the microtube.  Fifteen microtubes were placed in the
incubation chambers at 15, 20, 25, 30, 35 and 38 °C. The mortality check was

carried out 10 hours after inoculation and every two hours until 48 hours.

5. Mass rearing

Mass rearing of this nematode was in artificial media. The medium
formulae and techniques were developed in the laboratory at Nematology Section,
Plant Pathology and Microbiology Division, Department of Agriculture. The cost-
benefit parameter of maximal harvest of infective nematodes and low cost could be
adjusted simultaneously and reliably. The Thai nematode isolate was reared on

monoxenic culture and on a modified medium when its yield was required.

Nematode inoculum :  The nematode was obtained by exposing the
larvae of G. mellonella to 5,000 infective juveniles of nematode from Thailand in 9
cm Petri dishes lined with two filter papers. Twenty insects were released in each

Petri dish and all dishes were maintained in an incubator at 30 °C. Five days after
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exposure, the cadavers were transferred onto the White’s water trap. Five days
later, infective-stage juveniles were extracted from the cadavers into the water trap.
The infective juveniles were surface-sterilized with 0.1 % hyamine for 15 minutes
and gravity washed for 3 times with distilled water by using high speed micro-

centrifuge at 8,000 rpm.

Bacterial inoculum : The primary form of Xenorhabdus sp. was isolated
from a Thai nematode isolate on NBTA and maintained in an incubator at 28 °C,
After 48 hours, single colonies of the bacteria were subcultured by streaking onto
nutrient agar at 28 °C for approximately 48 hours. All single colonies were streaked
one more time on nutrient agar to ensure its purity. These colonies were transferred
onto glycerol medium (4 g nutrient broth, 150 ml glycerin, 500 ml distilled water)

in 2 ml cryogenic vials and stored at -70 °C.

Culture media : All modified media containing 10 g of either soybean
milk (SM), wheat flour (WF}, soybean flour {(SF), corn syrup (CS) and corn flour
(CF) were mixed in § g yeast extract, 1 ml sunflower oil, 10 g agar and 1 liter
distilled water. The lipid agar was prepared, according to Dunphy and Webster
{1989) ; 10 g corn syrup, 5 g yeast extract, 25 g nutrient agar, 2.5 ml cod liver oil,
2 g MgCl, and 1 liter distilled water. The media were then autoclaved at 121°C for

20 minutes and then poured aseptically into 9 cm Petri dishes.

Experiment procedure :  The bacterial colontes were removed from
storage and subcultured to 125 ml Erlenmeyer flasks filled with 20 ml nutrient
broth (8 g Bacto nutrient broth, 1,000 ml distilled water) under continuous
agitation for 24 hours. Each culture dish was inoculated with 1 ml of the broth.
The Petri dishes were incubated at 30°C for 24 hours and then inoculated with

5,000 infective juveniles per dish. All cultures were incubated at 30°C for [0 days.
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Harvesting and data analysis : All nematode cultures were harvested
10 days post inoculation by flooding the dishes with 10 ml of distilled water for 10
minutes to dislodge juvenile nematodes from the agar-bacterial matrix. The total
collective number of nematodes per dish was estimated based upon the average
yield of nematodes in three samples of suspension per dish. Each culture was

rephicated five times.

6. Potential for biological control

Test insect pest species were : Larvae of Lepidoptera ; common leafworm
Spodoptera litura), beet armyworm (S. exigua)}, diamond-back moth (Plutella
xylostella), American bollworm (Heliothis armigera), jasmine flower borer
{(Henedecasis duplifacialia) and wax moth (G. mellonella). Grubs and adults of
Coleoptera; mushroom beetle (unidentified), flea beetle (Phyllotreta sinuara) and
scarab beetle (unidentified). The nymph of Homoptera, aphtd (Myzus persicae).
Larva and adult of Isoptera, wet wood termite (Coptotermes sp.). Adult of

Blattoidea, American cockroach (Periplaneta americana).

Each insect pest species was tested in 5 cm Petri dishes each containing
two pieces of Whatman # 2 filter paper. Approximately 1,000 infective juveniles
of the Thai nematode isolate in 500 ul water were added to each dish. The
nematodes were used within 10 days only after they were produced.  Control
treatment contained the test insects without the nematode. The tests were not
conducted sirultaneously, and the number of test insect pests varied as follows : 10
: 10 (treated : control), 10 : 10, 45 : 30,25:25,12:10,50:50,10:10,15: 15,
5:5,35:35,30:30,and 14 : 14, respectively. Dishes were stored in the dark at

2543 °C. Numbers of dead test insects were counted after 24 hours, except the
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American cockroach which were examined after 48 hours. Data analysis was

percentage of mortality corrected by Abbott’s formula (1925).
7. Places

The experiments were conducted at the Nematology Section, Plant
Pathology and Microbiology Division, Department of Agriculture, Chatuchak,
Bangkok and at the Department of Plaht Pathology, Faculty of Agriculture, Kasetsart
University, Bangkhen Campus, Chatuchak, Bangkok. The part of molecular
taxonomy was carried out at the Nematology and Soil Zoology, National Institute

of Agro-Environmental Sciences, Tsukuba, Ibaraki 305-8604, Japan.

8. Duration

The studies were carried out from June, 1996 to January, 1999.
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RESULTS

1. Discovery of a steinernematid nematode in Thailand

The soil survey of entomopathogenic nematode was conducted in 13
locations (provinces) of Thailand during June - December 1996. A total of 98 soil
samples were extracted using Galleria baiting technique (Table 1). A steinernematid
nematode was isolated from 1 out of 12 soil samples collected at a coconut
plantation in Kanchana Buri province. It represented 1.0 % of the total number of
soil samplesr. The soil type was sandy loam, pH 7.2. The nematode was recovered
from the soil sample which had the soil temperatures of 27 °C at the depth of 10-15
cm below the soil surface. The global position of the nematode discovery was
latitude 14 °N, longitude 99 °E and altitude 400 m above mean sea level (Figure 1).
It was shown that this nematode could survive well in the dry and hot environments

in Kanchana Buri province.

G. mellonella parasitized by this nematode isolate turned black with no
luminescence in the dark which indicated a form of steinernematid (Figure 2). The
insects killed by heterorhabditids turned red, brick-red, purple, orange and sometimes

green with luminescence in the dark.
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Table 1 Locations, soil textures, and associated habitats or vegetations in which

samplings for the steinernematid nematodes were conducted in Thailand

during June - December 1996 and the nematode isolated.

Sampling Habitat No. of
No. Province No. of time Soil texture or samples
samples (month) vegetation  with nematode
1 Rayong 15 June Sandy loam Fruit crop 0
Sand Beach 0
2 Chantha Buri 3 June Sand Beach 0
3 Chon Buri 5 June Sand Beach 0
4 Chiang Mat 5 August Sandy loam Field crop 0
5  Lampang 5 September Sandy loam Woodland 0
6  Chiang Rai 5 October Clay loam Woodland ]
7 Phetchabun 5 October Clay loam Woodland O
8  Ratcha Buri 3 November Clay loam Fruit crop 0
9  Ranong 4 November  Sandy clay lcam Fruit crop 0
10 Phangnga 17 November Sandy loam Fruit crop 0
11 Krabi 3 November Sandy loam Guava 0
12 Chumphon 16 November Sandy loam Fruit crop G
13 Kanchana Buri 12 December Sandy loam Coconut 1
Total 13 98
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40N

% \ :_"': arplhion ® soil sample with the nematodes
- Soil samples without the nematode

99°E

Figure 1 Locations and global position where samplings for the steinernematid

nematodes were conducted
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Figure 2 Coloration of Galleria mellonella cadavers infected by steinernematids

(S) and heterorhabditids (H)
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2. ldentification

2.1 Muorpholegical characters

The results from morphological studies indicated that the Sreinernema
nematode found in Kanchana Buri provinee is a new species. It was named §

thailundensis n sp. and ils deseriptions are as tollows :

Type host : unknown in nature; fram bait-insect (G mellonella).

Type locality : in sandy loam seil under a coconut tree (Cocos nucifera
L.} at Kanchana Buri Horticultural Experiment Station, in Kanchana Buri province,

Ihailand

Type specimens :

Holotype (male, first-generation) : Recovered from haemocoel of &
mellonella. Slide number KU-0]

Allotype (female. first-generation) : Recovered from haemocoel of G
mettonetla. Slide number KL'-02

Paratype (first-generation males and females and infective-stage
juveniles) : Recovered from haemocoel of G mellonellu. Twenty males, 20

females and 10,000 LJs lixed in TAF in Vial number KL-03,

All specimens were deposited at the Department of Plant Pathology,
Faculty of Agriculture, Kasetsart University, Chatuchak, Bangkok 10900,

Thailand.



SYSTEMATICS : Sreinernema thailandensis n. sp.

Infective juveniles (third-stage juvenile) (Figure 3-5)

Measurements : (n = 20). Al measurements showed total length of
range (mean = SD) in micrometers

Total body length 404-460 (432 = 13}, Greatest width 22-24 (22 + (L6
Distance from anterior end to excretory pore 34-39 (35 £ 2). Distance from
anterior end to esophagus base 99-112 (106 = 4). Tail length 37-47(42+2). a 18-
21(20£0.8). b3.8-43(4£0.1) ¢9-11(10+04). D% 30-37(33=21.7 E%

75-91 (83 = 5).

Deseription @ Body slender and small size, 404 to 460 pm long. Body
straight and a gradual reduction in breadth of an elongate body (Figure 3A),  Curicle
smooth, slightly annulated. Cuticle of second-stage juvenile, as a sheath, present
or absent (may be lost). Excretory pore in anterior 1/3 of esophagus  Esophagus
long and narrow, distinctly narrower at level of nerve ring, terminating in a valvate
basal bulb (Figure 3B). Cardia present. Antenior portion of intestine with dorsally
displuced pouch containing symbiotic bacteria. Lumen of intestine narrow, rectum
long. narrow, anus distinct. Tall conical with pointed terminus (Frgure 3C ). Lip
region smooth, generally not set off. Head non-annulated, four cephalic papillae
and amphids distinct, labial papillae not developed (Figure 4A). Mouth openings
closed. Lateral fields with six incisures (Figure 4B). The phasmids are locared
about 35 % of the tail length, posterior to the anus (Figure SA). Posterior region
of a living third-stage juvenile, the typical ventral curvature of the tail region

forming an angle 110 degrees with body (Figure 58).
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SO pm

30 | B, C

Figure 3 Steinernema thailandensis n. sp., third-stage mfective juvenile. A) bEntire body.

B) Anterior end, (') Posterior end.



lateral field

Figure 4 SEM micrographs of Steinernema thailandensis n. sp., infeclive-stage
juvenile. A) Anterior region showing four cephalic papillae. B) Lateral

field withsix ridges.
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anus

Figure 5 SEM and light micrographs of Steinernema tharlandensis n. sp , infective-
stage juvenile. A) Phasmid. B) Posterior region of a living but inactive

nematode Typical ventral curvature of the tail region
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Male (Figure 6-7)

Measurements :  All measurements showed total length of range (mean
=+ SD) in micrometers.

Male, first generation (n = 10}, Total body length [,784-2.260 (2,008 =
120). Greatest width 145-172 (155 £ 8). Distance from anterior end to excretory
pore 85-103 (93 £ 6), Distance from anterior end to esophagus base 175-197 (188
+ 7). Anal body width 39-63 (51 = 7). Tail length 24-41 (33 + 4). Spicule length

83-99 (94 = 5). Gubernaculum length 61-79 (67 + 4). D % 44-56 (30 £ 4). SW

(spicule length divided by anal body width) 1.3-2.5(1.9 £ 0.3). GS (gubermmaculum

length divided by spicule length) 0.6-0.8 (0.7 + 0.03)

Male, second generation(n = |0). Totwal body length 1,047-1,530(1,360
+ 130). Greatest width 70-94 (835 £ 8), Distance from anterior end to excretory
pore 67-98 (7 + 8). Distance from anerior end to esophagus base [30-159 (147
+ ¥). Anal bady width 27-33 (29 + 2). Tail length 17-27 (20 £ 3), Spicule length
T8-92 (85 4 4). Gubernaculum length 43-69 (584 7). D % 42-64 (59 1+ 6). SW
2.4-33(2.920.3). GS 0.5-0.8(0.7 4 0.01).

Description : Body enlarged and curved posteriorly, first generation
males larger than second generatjon males (15t generation, 2,008 pm and 2nd
generation males, 1,360 pm), C-shaped when heat-killed (Figure 6A). Head
trimeate to slightly round, continuous with the body. Cuticle smooth, lateral field
not observed. Lip region with six fused lips, with a characteristic rhabditoid. Mouth
opening triangular, stoma reduced, short and wide. Esophagus muscular
cylindrical procorpus; metacorpus shightly swollen; an indistinct 1sthmus and basal
bulb enlarged, Cardia well developed. Excretory pore located al posterior 172 of

esophagus length, Nerve ring crossing isthmus (Figure 6A)  Tesus single and
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reflexed Manubrium (head) of spicules short, shaft distinct, manubrium
comprised about 30 % of the spicule length (Figure 6B). Laminar (blade) long and
narrow bearing with two ridges. Velum present. Gubernaculum slender and long
about 3/4 length of spicules. Tall conoid and mucronate, 23 genital papillae (1|
pairs and a single ventral preanal) (Figure 7A). Spicules paired, light brown in

color (Figure 7B).



Figure 6 Steinernema thailandensis n. sp., first-generation male. A) Entire body.

B) Tail shape.

48
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genital papiliae

rs

spicule

Figure 7 SEM and light micrographs of Steinernema thailandensis n sp., male
A) Postenor region showing shape, genital papillae and conoid and

mucronate. B) Spicule paired, light brown mn color



S0

Female (Figure 8-10)

Measurements :  All measurements showed total length of range (mean
+ SD) in micrometers.

Female, first generation (n=10). Total body length 5,332-8.332 (6,926
+ 871). Greatest width 206-259 (230 £ 16). Distance (rom dnterior end to
excretory pore 94-153 (129 £ 16). Distance from anterior end Lo ¢sophagus base
253-294 (275 £ 1), Anal body width 75-106 (91 + 11). Tail length 20-35 (28 =
5); Vulva % 52-55 (53 £ 09).

Female, second generation (n = 10). Total body length 2,857-3 854 (3,318
+ 332). Greatest width 204-243 (219 1 10). Distance from anterior énd to
excretory pore 71-94 (86 £ 7}, Distance from anterior end o esophagus base 255-
290271 = 11). Anal body width 39-59 (51 + 7). Tail length 36-47 (42 = 4). Vulva

% 53-58 (56 + 1.6).

Description : Body elongate. spiral shaped when heat-killed (Figure 8A
and 10A). First generation females larger than second generation females (st
generation, 6,926 pm and 2nd generation, 3.3 18 pm). Cuticle shghtlv and easily to
crack in water. Cuticle smooth under light microscopy, but annules faint under
SEM, Esophagus typical of family, procorpus evlindrical, muscular; metacorpus
slightly swollen, non-valvate, isthmus distinet; basal bulb muscular, with small size
(Figure 8B). Cardia well developed. Nerve ring surrounding isthmus, Esophago-
intestinal junction large, prominent (Figure 8B}, Excretory pore anterior to mid-
metacorpus. The first and second generation females had protruding vulval lips
and both with double-flapped epiptygmas (Figure 8C). Vagina short, muscular:
genital tracts ampludidelphic, Filling much of the body. Vulva located near middle

of body. Head truncated to slightly round, continuous with the body, Six labial,



four cephalic. Six lips, distinet, gach with one papilla (Figure 9A).  Cephalic
papillae sometimes obscure, Amphids not observed, Stoma shallow, stoma eireular
antetiorly (Figure 9A). Chetlorhabdions prominent. heavily thickened (Figure 9B),
Tail of female first generation, blum tail tip with mucronate (Figure 10B), but

female second generation, pointed tail tip (Figure 10C).



Figure 8 Steincrnema thailandensis n. sp.. first-generation female. A) Entire body,

B) Anterior end. C') Double-{lapped epiptygmea on valva.



labial papillae

theilurhahdiun

Figure 9 SEM and light micrographs of Steinernema thailandiensis n sp., female
A) Anterior region showing six labial papillae. B) Head of the first-

generation female showing thickened cheilorhabdions.
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4
mucronnie

Figure 10 Light micrographs of Steinernema thatlandensis n. sp |, female. A) Spiral-
shaped bodies when heat-killed. B) Tail of the first generation female.

C) Tail of the second generation female
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2.2 Molecular taxonomy

The restriction fragment length polymorphism (RFLP) analysis of the
internal transcribed spacer (ITS) region of the rDNA repeat produced restriction
fragment bands unique to the new species when compared to that of S. carpocapsae
(Figure 11). PCR amplified products from the ITS region digested with 17
restriction enzymes showed that the RFLP pattern of 8. thailandensis n. sp. was

obviously different from that of S. carpocapsae.

A[Vthough the majority of the restriction enzyme profiles for S.
thailandensis n. sp. were identical to that of the S. carpocapsae, its Alu 1, Dde 1,
Hind 111, Rsa 1, and Xba | profiles were distinct. The Thai steinernematid nematode
was similar to S. feltiae in its profile yielded by digestion with 4/ I, while that of S.

carpocapsae was different.
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8§ 9 10 11 12 13 14 15

Figure 11 RFLP profiles of two steinernematid 1solates digested with 17 different
restriction enzymes. (A) Steinernema carpocapsae. (B) S. thailandensis
n. sp. Sflane is the digest of S. feltice with Alu 1. Lane 1-17 are
digested of each isolate with the following restriction enzymes : 1, Alu I;
2, Ddel; 3, EcoR 1; 4, EcoR 11; 5, Hae 1IL; 6, Hha 1; 7, Hind 111,
8, Hinf1,9, Hpa 1, 10, Kpn 1; 11, Pst I; 12, Pvu II; 13, Rsa I; 14,
Sal I; 15, Sau3A 1; 16, Sau96 1; and 17, Xba 1. M, molecular weight

marker. A band sizes are shown in base pairs.



57

Diagnosis and relationships

Steinernema thailandensis n. sp. can be separated from S. kushidai
(Mamiya), S. scapterisci (Nguyen and Smart), S. carpocapsae (Weiser), S. abbasi
{Elawad, Ahmad and Reid), S. rarum (De Doucet) and S. ritteri (Doucet & Doucet)
which are members of'a group with the length less than 600 um by morphological

characters.

Morphologically, the average length of 8. thailandensis n. sp. (432 pm)
infectiveju?eniles was different from those of §. kushidai (589 um), S. scapterisci
(572 um), S. carpocapsae (558 pm), S. abbasi (541 um), S. rarum (511 pm), and
S. ritteri (510 pm) (Table 2). It was the shortest of all the currently described
Steinernema spp. E% (distance from the anterior end to the excretory pore divided
by the tail length x 100) of the infective juveniles of S. thailandensis n. sp. did not
overlap those of S. carpocapsae, S. rarum and §. kushidai, but it somewhat
overlapped those of S scapterisci and S. abbasi.  The juvenile of S. thailanensis
n. sp. was short-tailed and its lateral field composing of 6 longitudinal ridges. The
male can be separated from those of the other Steinernema species by the long
spicule lengths of 84 and 74 um in first and second generations, respectively, and
by the strongly curved spicules. Its gubernaculum was large and slender, 3/4 of the
length of the spicule. The first and second generation females had protruding

vulval lips and both with double:ﬂapped epiptygmas.

Morphological characterization results of the infective-stage juveniles and
adults of the Thai nematode isolate did not fit the descriptions of currently

recognized species of steinernematid nematodes.



Thus conclusively, identification of species of the Thai steinernematid
nematode was determined on the basis of the following characteristics : 1} average
length of infective-stage juveniles, 2) tail length of infective-stage juveniles, 3) the
D% (the distance from the anterior end to the excretory pore divided by the
esophagus x 100) and E% (the distance from the anterior end to the excretory pore
divided by the tail length x 100) of infective juveniles, 4) spicule length of males, 5)
spicule shape, and 6) double-flapped epiptygma of first and second generation

females.

From the studies, this nematode species could be identified as a new
species on morphological characters as well as on the DNA characters. DNA
examination indicated the distinctness of S. thailandensis n. sp. when compared

with populations of 5. carpocapsae.
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3. Biology of the nematode

3.1 Life cycle

The life cycle of 8. thailandensis n.sp. is comparable to existing species
of Steinernema, including an egg, four juvenile stages, and adults (male and
female). It took four days at 30°C for the infective juvenile (1J) to enter the haemocoel
of G. mellonella, release its associated bacterium, complete its first generation and

develop to become the 1J again (Figure 12).

The IJ invaded the host through the mouth or spiracles, and penetrated
into the haemocoel. The body of the 1J became wider, and its stoma were open. It
secreted toxin which inhibited the insect inducible immune system. It also released
its insect-pathogenic bacterial symbiont through the anus into the haemocoel of the
host. This process took less than 12 hours after the 1J entered the host. The insect
died 16-20 hours after infection, After 24 hours, IJ molted to the fourth-stage
juvenile (J4). The body width of the J4 increased much faster than its length did
until it became almost as wide as the young male and female. Then the young male
and female developed to become the first generation adult males and females in 48
hours after entering the host. These adults mated and the female laid eggs initially,
but later the eggs were retained and hatched in her body. Some 12-24 hours later,
the first-stage juvenile (J1) molted and broke out of female body and moved into
the haemocoel of the insect. Some of the J1 molted to second-stage juvenile (J2),

which later became preinfective J2 and to the IJ in 12-24 hours.
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Infection process :
etration into host haemocoel

Insufficient food

QOutside host

Inside host
1224 br 12-24 hr olting

Molting

Mating M+F & eggs

J1 = first-stage juvenile

12 = second-stage juvenile

PI = preinfective-stage juvenile
J3 = third-stage juvenile

I = infective-stage juvenile

J4 = fourth-stage juvenile

M = male

F = female

Figure 12 Life cycle of Steinernema thailandensis n. sp. at 30 °C.
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3.2 Effect of temperature ¢on the life cvcle

Temperature was found effecting the growth rate and maturation of S.

thailandensis n. sp. in G. melloneila (Table 3).

At 15 °C, the IJs poorly developed into the J4 stages. The J4 first
appeared at 3.6 % afier 48 hours and they never reached the adult stage because all
died within 144 hours after exposure to the hosts. The infected host did not die

after 144 hours.

At 20 °C, the IJs developed into the J4, and the first-generation males
and females at 85.8 % and 14.2 %, respectively, in 48 hours. After 96 hours, most
of the first-generation adults had already mated, and laid some eggs . The J1 emerged
from the female bodies, and the J2 and J3 were observed inside the Galleria

cadavers within 120 hours after exposure.

At 25 °C, the IJs developed into the J4 at 52.5 % within 24 hours and
then developed into the first-generation males and females in 48 hours after

exposure. In 144 hours, the second-generation adults were observed at 1.7 %.

At 30 °C, the IJs developed into adult males and females at 4.3 % in 24
hours after exposure to the hosts. J1 and J2 from the first-generation females first
appeared in 72 hours and J3 were found in 96 hours. In 144 hours, 2.9 % of the

second-generation adults were present and some of these females contained J1.

At 35 °C, the first-generation males and females first appeared in 24 hours
at 2.6 %. Adults started mating and produced eggs in 72 hours after exposure. The

Il, 12 and J3 were found inside the Galleria cadavers within 96 hours.  The
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Table 3 Development of Steinernema thailandensis n. sp. in Galleria mellonella at

different temperatures.

Temperatures  Stages of Development percentage at different durations (hours)
°C nematode 24 48 72 96 120 144
15 I 100 96.4 80.0 72.2 66.7 63.3
J4 0 3.6 20.0 27.8 333 36.7
20 1J 84.2 0 0 0 0 0
J4 15.8 85.8 53.6 27.0 23.0 17.4
Adults (G1) 0 14.2 46.4 73.0 97.4 52.2
Nn&J2 0 0 0 0 2.4 13.0
J3 0 0 0 ¢ 0.2 17.4
25 J 47.5 0 0 0 0 0
J4 52.5 11.1 17.7 6.7 11.0 12.3
Adults (G1) 0 88.9 82.3 93.3 85.4 13.4
&2 0 0 0 0 2.4 60.0
I3 0 0 0 0 1.2 12.6
J4 0 0 0 0 0 0
Adults (G2) 0 0 0 0 {0 1.7
30 1 18.8 9.9 0 0 0 0
J4 76.9 232 0 0 0 0
Adults (G1) 4.3 66.9 78.8 5.2 2.0 0
J1 & J2 0 0 212 93.0 3.2 72.6
I3 0 { 0 1.8 5.8 20.0
J4 0 0 0 0 4.0 4.5
Adults (G2) 0 0 0 0 0 2.9
35 1J 62.1 21.7 0 0 0 0
J4 35.5 0 0 G 0 0
Adults (G1) 2.6 78.3 100.0 40.0 30.8 30.9
& J2 0 0 0 50.7 42.3 55.6
J3 0 0 0 9.3 7.7 10.3
J4 0 0 0 0 19.2 2.2
Adults (G2) 0 0 0 0 0 1.0
38 1] 100.0 428 16.7 22.8 34.6 20.0
14 0 28.6 60.3 58.6 38.9 457
Adults (G1) o 38.6 23 18.6 26.5 34.3

Notes : G1 = first-generation; G2 = second-generation.
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second-generation adults were present in 144 hours at 1.0 % and some of these

females contained J1.

At 38 °C, the IJs did not develop in 24 hours after exposure to the hosts.
This temperature affected the development cycle of the nematodes. However, the
nematodes reached the adult stage but males and females became adults without
mating and producing eggs. Some of the dead adults were found in dissected

Galleria.

It was shown from the results that 30 °C was the optimum temperature

for the enhancement of the growth rate and maturation of S. thailandensis n. sp.

3.3 Effect of temperature on the sex ratio

Temperature also affected the sex ratio of S. thailandensis n.sp. in G.
mellonella. The ratios of the total number of first-generation females to that of the
males developed in dissected Galleria at different temperatures were significantly

different according to Duncan’s Multiple Range Test (Table 4).

At 20,25, 30 and 35 °C, the first-generation female/male ratio was 2.2 :
1 (13/6), 1.8 : 1 (83/46), 4.6 : 1 (106/23) and 3.2 : 1 (71/22), respectively. The
total number of females was highest at the 30 °C. From microscopic observations,
it was shown that one male could mate with more than one female. Consequently,

the greater number of females at 30 °C could produce more of the 1J.

At lower temperature, the total number of adults was found to be
increased when the temperature was increased, i.e. from 20 °C to 25 °C, the total

number of adults increased from 19 to 129 per one dissected Galleria. On the
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Table 4 Number of first-generation females and males of Steinernema

thailandensis n. sp. at 20, 25, 30 and 35 °C in Galleria mellonella.

No. of first generation adults + SEY

Temperature Total Range?

°’C adults/insect”’ Female Male

20 19 13+3d” 6+3c
(9-19) (2-12)
25 129 83+ 11b 46+7a

: (59-101) (36-58)
30 129 106+ 17a 23+6b
(76-132) (15-33)
35 93 71+ 10 ¢ 22+4b
(56-86) (17-30)

V' = mean, averaged from 10 insects; ¥ = a range of numbers found in 10
insects; ¥= numbers with the same letters in the same column are not significantly

different at 5 % level, according to Duncan’s Multiple-Range Test.
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other hand, the total number of adults decreased when the temperature was
increased at higher temperature, i.e. from 30 °C to 35 °C, the total number of adults

decreased from 129 to 93 per one dissected Galleria.

3.4 Effect of temperature on the nematode infection

At the temperatures of 15, 20, 25, 30, 35, and 38°C, the number of
infective juveniles per insect found were 7.1, 7.4, 43.4, 65.7, 39.2 and 12.7 %,
respectively. The mortality percentages at those temperatures after 24 hours
exposure were 0, 0, 80, 100, 100 and 0 %, respectively. At 38 °C, the infection
percentage was decreased. The nematode infected well at 25, 30 and 35 °C as shown
by the average numbers of infective juveniles of 130, 197 and 118, respectively in
the dissected Galleria within 24 hours. The greatest average number of the
infective juveniles was found at 30 °C at 65.7 % of infective juveniles per insect

(Figure 13).

Laboratory studies indicated that S. thailandensis n. sp. caused high
mortality against the test insect under different temperature ranges. At lower
temperatures of 15 and 20 °C and at higher temperature of 38 °C, the nematode
could not kill the insect within 24 hours but at 25, 30 and 35 °C it caused 80, 100

and 100 % mortality, respectively (Figure 13).
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Figure 13 The infection percentage of the infective juvenile ( Steinernema thailardensis
n sp.) and mortality of the test msect (Galleria mefionella) after 24 hours

at different temperatures.
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3.5 Symbiotic bacteria

The bacteria symbiotically associated with the insect pathogenic nema-
tode, 8§ thailandensiy n. sp. was examined. The third-stage infective juveniles of §
thatlandensis n. sp. contained the cells of a symbiotic bacterium in the intesting
lumen. The bacterium was isolated from a drop of haemolymph of nematode-
infected G. meflonella larvae 1t was found similar to Xenorhabdus sp.  The
morphoelogical characters of the colony were granulate, convex, opaque and
circular with trregular margin. The primary form of the symbiotic bacterium of §
rhuilandensis n. sp. was characterized by the abserption of bromthymol blue (BTB)
from NBTA medium and with clear zone ground the colony (Figure 14).  The
secondary form performed no BTB absorption, red colony and no clear zone.  Insect

cadavers parasitized by this nematode-bacterium complex presented a black coloration,



BTB absorption

clear rone

Figure 14 Colony of the symbiotic bacterium (Xenorhabdus sp.) 1solated from
Steinernema thailandensis n. sp showing bromthymel blue (BTB)

absorption and clear zone around the colony
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4. Pathogenicity

4.1 Insect bioassay

Pathogenieity test indicated that S. thailandensis n, sp. with the
symbiotic bacterium was highly virulent against G. mellonella. The effect of
different nematode dosages on the mnsect mortality was signilicant, as summarized

in lable 5.

A new nematode 1solate from Thailand was highly pathogenic in its host
Ata dosage of 10 : 1 (Hs/insect), most number of nematodes were moving towards
the openmy of the test insect and killed 53 % of the insect in the shoriest ime of 24
hours. This treatment was sigmificantly different from the other treatments. From
the treatments with 4 : |,6: 1 and 8 . | s per insect, the inscets were killed at least
S0 % within 36 hours  Figure |5 showed the relationships among time, insect
mortality and nematode population. The nematode could kill the insect more rapidly
when its number was increased.  The mortality percentage was also increased when

the time exposed to the insect was ncreased.
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Table 5 Mortality of Galleria mellonella infected with Stetnernema thailandensis

n. sp. at different doses and times.

Doses Morality of Galleria mellonella (%)
(1) : msect) 12 hours 24 hours 36 hours 48 hows
0 : 1 (control) 0 < 0 d 0 e 0 d
4:1 6.7¢c 1330 30.0b §33¢
61 200b 2670 56.7 b 633 b
8:1 233b 333b 56.7 h 633 b
10:1 4334 533a 733a 833 a

CW. (%) 24.0 26.3 154 o8

L' Numbers with the same letters in the same column are not significantly

different at 5 % level, according to Duncan’s Multiple-Range Test.
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Figure 15 Relationships among time, mortality percentage of Galleria mellonelia,

and population of Stetnernema thailandensis n. sp.



4.2 Heat tolerance

Heal tolerance test of 8. thailandensis n. sp. and S, carpocapsae from
the LS. was investigated against G, mellonella 4t various temperatures. From the
results, temperature seemed to have high effect on insect death. At both 30 and
35 *C. 8 rthailandensis n. sp. caused insect death of 100 % within 22 hours, while
S carpocapsae caused insect death 100 % at 30 °C within 30 hours. At both 33
and 38 °C, pone of 8. carpocapsae died within 48 hours. AL 15 °C, nope of both S
thailandensis n. sp, and 8. carpocapsae died within 48 hours. At the highest
temperature of 38 °C, the infective juveniles of 8 thalfandensis n., sp. still could kill

the insect at 30 hours, but no 100 % mortality at 48 hours (Figure 16)
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All strain and 8. thailandensis n. sp at different temperatures.
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5, Mass rearing

Nematode counts of infective-stage juveniles were conducted m tive
samples collected from modified culture media compared with those in lipid agar
(LP). The numbers of infective juveniles produced in 20 g medium of soybean milk
(SM), wheat flour (WF), soybean flour (SF), corn svrup (CS) and carn flour (CF)

were shown in Figure 17

The vield of infective juveniles was very high in the media containing
soybean, reaching approximately 6 X 107 per 20 g medium. The major components
of SM and SF were proteins and lipids which were necessary for the production of
nematode progeny. Soybean milk and soybean flour at & concentration of 10 g per
liter were supplemented to the media. Both culture media supporied greater

nematode reproduction than did the wheat or corn medium,

The bacterial symbionts are essential for successful mass culture of the
nematodes. These bacteria multiplied on artificial media and the nematodes feed on
the bacterial cells and other necessary nutrients o reproduce large numbers of
offsprings. § thailandensis n. sp. could be reared in soybean media. However, the
yield of this nematode in lipid agar was higher than that in modified media. The
nematode vield in SM and SE media were 661,400 and 615,000 per 20 g medium,

respectively while in the lipid agar, the yield was 1,215,200 (Figure 1 7).
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Figure 17 Population count of Steinernema thailandensis n. sp. reared on modified

culture media compared 1o lipid agar medium (LP). The modified culture
media are sovbean milk (SM), soybean flour (SF), com syrup (CS). wheal
flour (WF), and comn Nour (CF).
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6. Potential for biological control

The infective juveniles ol emtomopathogenic nematodes have been
observed to destroy a wide range of insect pests under laboratory conditions. The
results of this experiment indicated that 8. thailandensis n. sp. and its symbiotic
bacterium had high potential 1o be a biological control agent of seven species of
Lepidoptera, three species of Coleoptera, and one species each of lsoptera,
Homoptera and Blattoidea. The nematode was effective in killing all of these insect

pests species in the laboratory tests (Table 6).

5. thailandensis n. sp. exhibited a higher degree of controlling insects in
the order Lepidoptera than controlling those in the other orders. The percentage
of mortality in an insect was achieved after exposure to the infective juveniles for
24 hours. One hundred percent mortality was individually found in the larvae of H.
duplifacialia and G. mellonella. The larvae of 8 [iwra, S evigua, P xylostella
and H. armigera died at 55.6, 60,0, 88.9 and 91.7 %, respectively. In Lepidopiera,
dissection of infected insect larva showed that the first generation of nematode
could develop within 3-4 days. In dead or infected insect larva, it could be seen in
all parts of the cudaver when the host cuticle was partially removed to expose the
nematodes (Figure18). In Coleoptera, the mortality percentage ol an unidenttfied
mushroom beetle, the flea beetle (P sinuata) und an unidentified scarab beetle were
approximately 100, 33,0 and 20 0 %, respectively. The cadavers of unidentified
scurab beetle when parasitized by this nematode produced wrinkled and black
coloration in its body (Figure 19). In Homoptera, the mortality percentage of the
aphud, Myzus persicae was 44.4 %. The infecuve juveniles of this nematode entered
the natural openings and penetrated into the body cavity of the aphid, and caused
insect death.  The household affecting insects, Coprotermes sp, and P americana also

died a1 42.1 and 571 % a1 24 and 48 hours, respectively (Figure 20).



Table 6 Mortality of various insect species when exposed to Steinernema thailandensis

n. sp.
Treated Contro
Insect species Tested Dead  Alive Tested Dead Alive Mortality
Mmoo (n) m (%)

Lepidoptera

Spodoptera litura 0 fy ! o 1 9 55,56

S exigua 10 fr 4 11 ] 1] 6000

Plurella xyvilastella 45 42 3 30 3 7 KH.H9

Heliothis armigera 25 23 2 25 | 24 Yl.67

Henedecaxis duplifacialis 12 12 (1 10 2 1 100,00

Galleria mellonella 50 50 ] 50 0 S0 100,00
Coleoptera

mushroom beetle 11 10 i 10 0 10 100,00

Phvlletretq sinuata |5 3 10 (] 1 |5 33.33

scarah beetle 5 | 4 5 0 5 20,00
Homoptera

Myzus persicae 35 20 13 35 B a7 44,44
[soptera

Coptotermes sp. 30 19 I 30 11 9 421
Blattoiden

Periplaneta americana 14 8 6 14 0 {4 3714

! Percentage of mortality corrected by Abbott's formula (1925) which1s (X -Y) /X
% 100, where X =% insects alive in the control treatment; Y = % insects alive in the nematode

treatment; (n) = number of test insect.
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Lepidoptera

Figure 18 Mortality of some Lemdopterous msects infected by Stenernema

thailandensis n. sp



30

Coleoptera

Figure 19 Monality of unidentified mushroom beetle and scarab beetle, and
Phyllotre ta sinmaia infected by Sreinernema thatlandensis n. sp



8l

Figure 20 Montality of Myzus persicae, Coptotermes sp. and Periplaneta americana

mfected by Steinernema thailandensis v sp
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DISCUSSION

The aim of this study was to obtain a tropically adapted entomopathogenic
nematode from Thailand. It was the first extensive survey in Thailand and the first
record of the Thai species of Steinernema which proved to be a potential biological
control agent of certain insect pests in the tropical region. Occurrence of this
entomopathogenic nematode was low and restricted to a coconut field in which it was
recovered from | out of 98 soil samples. The recovery rate of this entomopathogenic
nematode was considerably lower than those of 37-48 % which were obtained from the
surveys conrducted in the Furopean temperate zone (Hominick ez a/., 1995). The
steinernematid was recovered from the high temperature soil and it could survive well in
the dry and hot environments in Kanchana Buri province, western Thailand. Soil
temperature was one of the important factors determining the abundance of nematodes
inthe soil. Since the nematode was recovered from the high temperature soil (33 °C at
soil surface and 27 °C at 10-15 cm soil depth), this collected isolate may be considered
as a heat tolerant strain. Itissimilarto §. riobrave from Texas, USA where its global
positions were latitude 26 degrees 08.155°N, longitude 97 degrees 57.366°W, and

altitude 21,7 m above mean sea level (Cabanillas erf al., 1994).

The new nematode described here was named S. thailandensis n.sp. after
the country where the species was discovered. It belongs to the same steinernematid
as S. kushidai, S. scapterisci, S.rcarpocapsae, S. abbasi, S. rarum, and §. rifreri,
which can be easily distinguished from the other species by the length of the
infective-stage juveniles (Nguyen and Smart, 1996). Also, they were separated as a
new group because of morphological differences in the body length, D% and E% of the

third-stage infective juvenile.
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S. thailandensis n. sp. was most similar to S. carpocapsae (Weiser, 1955)
and S. scapterisci (Nguyen and Smart, 1990) in the general morphology of the infective
juveniles, adult males and females, but it can be separated from these species by a
combination of certain morphological characters. The average length of the infective
juveniles of . thailandensis n.sp. (432 um) was different from those of §. carpocapsae
(558 pm) and S. scaprerisci (572 pm). However, range of the total length of §.
thailandensis 1. sp. (404-460 pm) overlaped more or less with S. carpocapsae (438-

650 um) and S. rarum (443-573 um).

The third-stage juveniles of S. thailandensis n. sp. differed from S.
carpocapsae in the tail length (37-47 um vs 46-61 um), by the ratio b (3.8-4.3 vs
4.0-4.8), D% (30-37 vs 23-28) and E% (75-91 vs 54-66) values. The third-stage
infective juveniles of this Thai species could be separated from S. scaprerisci by the
tail length (37-47 um vs 48-60 um). Males could also be distinguished from both
S. carpocapsae and §S. scapterisci by the shape and size of the spicule and
gubernaculum. The first and second generation females of the new species had
protruding vulval lips and both with double-flapped epiptygmas which is different

from females of S. carpocapsae.

S. thailandensis n. sp. 1s morphologically similar to §. siamkayai, a Thai
steinernematid previously recovered from Phetchabun province, northern Thailand
(Stock er al., 1997). S. thailandensis n. sp. differed from S. siamkayai in the tail
length of the infective-stage juvenile (37-47 um vs 31-41 um) and the E% (75-91 vs
85-112), Morphological characters are not always reliable because many characters

have wide ranges in size, especially when dealing with very small samples (Reid, 1994).
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DNA examination indicated the distinctness of a new species. Obviously,
the RFLP profiles for S. thailandensis n. sp. were distinct from those of §. carpocapsae
(All strain), S. siamkayai (Stock et al., 1997), S. monticolum (Yoshida et al., 1998)
and those of the uncharacterized Steinernema sp. from Malaysia (Stock ez al., 1997).
From the comparison among the five steinernematids, Steinernema sp. (Malaysian
1solate) revealed the most similarlity of its RFLP profiles to those of §. thailandensis n.
sp. Only its profiles yielded by those digestion with A/u I, Hinf I, and Xba I were
distinct from those of S. thailandensis n. sp. S. carpocapsae was the second-most
similar to S. thailandensis n. sp. in its profiles yielded by digestion with A/x [, Dde I,

Hind 1L, Rsa I, and Xba L.

However, the new Thai steinernematid was different from S. siamkavai
and S. monticolum when their DNAs were both digested with eight enzymes. The
enzymes which showed different profiles of S. siamkayvai were Alu 1, Dde |, EcoR 1,
Hha 1, Hinf 1, Rsa 1, Sau96 1, and Xba I (Stock et al., 1997) while those showed
different profiles of S. monticolum were Alu 1, Dde 1, Hha 1, Hinf 1, Pst 1, Sal 1,
Sau3A 1, and Xba 1 (Yoshida et af., 1998).

Results from this study indicated that there is a natural distribution of
steinernematids in Thailand the same as in fapan (Yoshida ez a/., 1998) due to the
climatic and geographic variations. Since it is shown that the genomic DNA of &
thailandensis n. sp. which was recovered from the soil under a coconut tree in the
hot and dry Kanchana Buri province is greatly different from that of S siamkayai which
was recovered from the soil under a sweet tamarind tree in the cooler Phetchabun

province.
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The use of RFLP analysis or DNA-band molecular technique was proved to
be helpful to first determine the unidentified nematode isolate in this study. This
technique is most reliable because it allows the examination of any stages of the life cycle

as the genomic DNA of an organism remains constant throughout its life (Reid, 1994).

The life cycle of 8. thailandensis n. sp. was similar to those of all other
Steinernema species already described including eggs, four juvenile stages and adults.
The third-stage infective juvenile entered the haemocoel of the insect to deliver the
associated bacterium and completed at least two generations before emerging from the
cadaver as in-fectivejuveniles. Its life cycle was temperature-dependent, it was not
completed at lower temperature (15 °C) or at higher temperature (38 °C). The optimum
temperature was approximately 30 °C, particularly in the G. mellonella adult where it
developed within 36 hours and completed its life cycle in 4 days after initial infection.
The optimum temperature and time for S. arenarium to complete its life cycle in both G.
mellonella and Otiorhynchus sulcatus were 23 °C and 132 hours (Poinar and Kozodoi,
1988; Kakouli, 1995). Those for S. carpocapsae in the larch sawfly, Cephalcia
lariciphila were 25 °C and 11 days (Georgis, 1981). Elawad ef al. (1999) reported
that the optimum temperature range for establishment of §. abbasi and S. riobrave was
25-30°C. S. abbasi completed its development at 30 °C in 108 hours after initial
infection. It was the shortest life cycle so far reported for a steinernematid. S. riobrave
completed its life cycle after 5 days. Both species were the only steinernematids

isolated from the semi-arid tropics.

S. thailandensis n. sp. appeared to be more active at higher temperature
than S. carpocapsae. This nematode species was more high temperature tolerable
and less low temperature tolerable than was S. carpocapsae. Kaya (1977) reported

that S. carpocapsae strain DD-136 did not reproduce at 10, 15, or 30 °C and above.
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At 15°C, he found all stages of the nematode in dissected infected Galleria larvae, but
no infective juvenile emerged up to 21 days. It reproduced well at 20 and 25 °C, with
25 °C was the optimum temperature. Danilov (1976) reported that the life cycle of S.
carpocapsae strain Agriotos was completed at temperatures from 15 to 28 °C, but the

cycle took 60 days to complete at 15 °C. The optimum temperature was 25 °C.

The greatest average number of the first generation females and males of
S. thailandensis n. sp. produced in Galleria at both 25 and 30 °C was 129. It was
approximately seven and one fold of the numbers produced at 20 and 35 °C,

respectively.

This experiment studied the effect of different temperatures on infection
ability of infective juveniles of §. thailandensis n. sp. Temperatures affected the number
of infecting nematodes and the mortality of the test insect (G. meflonella). The numbers
of infective juveniles which were found in the test insects at 15 and 20 °C were less than
those found at the other temperatures. At 38 °C, the infection percentage was
decreased. The infective juveniles infected well at 25, 30 and 35 °C. The greatest
average number of infective juveniles in one insect was 197 at 30 °C. Under laboratory
conditions, this new nematode species caused high mortality up to 100 % in the test

insect at the temperature over 25 °C.

The reported bacterial symbionts of all known species of the family
Steinernematidae are in the genus Xenorhabdus (Akhurst and Boemare, 1990). The
symbiotic bacteria obtained are highly pathogenic to the host insects when released
into the haemolymph by the nematodes. They supported nematode reproduction
by producing nutrients and antimicrobial agents that inhibited the growth of'a wide
range of orgamisms (Akhurst, 1982). Four species have been described : X

nematophilus, X. bovienii, X. poinarii and X. beddingii (Akhurst and Boemare,
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1990). The Steinernema has a specific natural association with only one Xenorhabdus
species. But, the Xenorhabdus sp. may be associated with more than one nematode
species, X. bovienii associated with S. feltiae, S. kraussei, S. intermedia, and S. affinis
{Akhurst and Boemare, 1988). The bacterium from S. thailandensis n. sp. was
isolated and cultured in the laboratory. It was identified as Xenorhabdus sp. by
morphological characterization of its colony on NBTA agar-medium. Each steinernematid
species has its own specific symbiotic bacterial strain or subspecies (Akhurst, 1982).
Further studies on Xenorhabdus sp., associated with S. thailandensis n. sp. will be

conducted to provide a more specific identification.

To determine the potential of a nematode as a biological control agent, it
is essential to determine its bio-control level. Although 0-250 cells of the bacteria
were found in the foregut of the nematode (Ehlers and Peters, 1995) and the
entomopathogenic nematode at infective-stage juvenile is associated with the
bacteria in inducing disease in the insect, the rapidity in killing the insect is not
dependent solely upon the bacteria. It also depends upon the ability of the
nematode to search the host insects as well as how fast the nematode can carry the
bacteria into the insect blood system. From the laboratory bioassay, the least number of
the infective juveniles of S. thailandensis n. sp. that could kill a Galleria at 50 % in 24
hours was 10. This capability was consistent in the three reported experiments. However,
further bioassays on the methods for determining control quality of this nematode species

1s needed prior to field trials.

Bioassays on the selection of a heat tolerant Thai steinernematid were
conducted to search an effective biological control agent of tropical insect pests.
Temperature was one of the criteria affecting its success. S. thailandensis n. sp.isa
heat-tolerant isolate which is similar to the species from Texas (S. riobrave) and Oman

(S. abbasi) (Elawad et al., 1999). Itis ahigh temperature nematode, effective inkilling
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insects at the temperature above 35°C. Other species from Europe, North USA,
Japan, China, Russia, Australia, and New Zealand are not heat-tolerant because they

are found in the temperate zone.

Steinernematids can be cultured on synthetic diet (Dutky ez al., 1964),
Monoxenic mass culture techniques with the goal of producing, cost effectively,
large numbers of infective nematodes have been used for several years (Dunphy
and Webster, 1989). However, the effects of dietary components on nematode
culture under monoxenic conditions were insufficiently known to enable optimum
culture of nématodes. Throughout the study, as exemplified by the data from the
modified media, monoxenic culture of the new Thai entomopathogenic nematode
exhibited qualitative and quantitative differences in its response to the modified
media. This may reflect species differences in nematode and/or bacteria

metabolism and differences in the nematode-bacterium metabolic association.

The cost of the production of nematodes on larvae of G. mellonella or
on dog biscuit was 1 USS per million nematodes (Poinar, 1972). This experiment
demonstrated that the cost of nematode production by using soybean milk and
soybean flour was less than 41 baht per 50 dishes (1 liter). The total nematode
yield was 33 x 10° and 31 x 10° in soybean milk and soybean flour, respectively.
Consequently, the nematodes must be produced in very large number and at low

COst.

The potential of §. thailandensis n. sp. against larvae and adults of 12 insect
pests was tested under laboratory conditions. From the results, this nematode species
could kill the insects in the order Lepidoptera better than those in the other orders. This
ability is accounted by the nematode’s own capable of causing disease towards the

insects, and by its association with the symbiotic bacterium, Xenorhabdus sp., which
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was usually found in the intestinal lumen of the infected insect species. Generally, the use
of entomopathogenic nematodes has been against the feeding stages of various insect
pests. These results indicate that this nematode will kill larvae and adults of insects.
Thus, utilization of S. thailandensis . sp. against various kinds of insect pests is feasible
for the field control. Further research is necessary to be able to use S. thailandensis n.
sp. more practically and effectively as a biocontrol agent against harmful insect pests in

the tropics.
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CONCLUSION

A new entomopathogenic nematode was collected from a coconut field in
Kanchana Buri province, Thailand. Studies had shown that the nematode did not fit
nominal species, and 1t is described herein as S. thailandensis n. sp. This nematode
species can be distinguished from the other species in its unique characteristics as follows :
The body length of the third-stage juvenile was the shortest of all the currently described
Steinernema spp. The juvenile was short-tailed and its lateral field comprised 6
longitudinal ridges. The spicules of male had long and strongly curved spicules. [ts
gubernaculum was large and slender. The first and second generation females had
protruding vulval lips and both with double-flapped epiptygma. The RFLP banding

pattern was also unique when compared to that of §. carpocapsae (All strain).

The life cycle at the optimum temperature of 30 °C was four days. The
growth rate, sex ratio and infection ability of this nematode were influenced by the
temperature. [ts life cycle was not completed at |5 and 38 °C. At 20-35°C, the
number of females in the population was greater than that of males, but at 30 °C, the
number of females constituted 82 % of the population. Atlower (15 and 20 °C) and
high temperatures (38 °C), the nematode could not kill the test insects within 24 hours
but at 25, 30 and 35 °C, 1t caused 80, 100 and 100 % mortality in the insects,

respectively.

A symbiotic bacterium was isolated from a drop of haemolymph of a nematode
infected G. mellonella larva. Like other Xenorhabdus sp., the phase I of this bacterium
was characterised by the adsorption of bromthymol bule from NBTA medium. Insect

cadavers parasitized by this nematode-bacterium complex presented a black coloration.
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Pathogenicity test indicated that S. thailandensis n. sp. with its symbiotic
bacterium was highly virulent against G. melionella. The nematode at a dosage of 10
infective juveniles per test insect caused 53 % mortality of the insect in 24 hours. This
nematode was a heat-tolerant isolate, still effective in killing insects even at soil
temperature above 35°C. It could kill 100 % of G. mellonella in 22 hours at 30 and 35

°C and was still effective even at 38 °C.

This pathogenic nematode could be mass produced ix vitro on culture medium
containing soybean under the laboratory condition. The yield of infective juveniles was

approximately 6.4 x 10° per 20 g culture medium.

Its potential as a biological control agent was tested against 12 insect pests. Those
were common leafworm (S. lirura), beet armyworm (5. exigua), diamond-back moth
(P. xylostella), American bollworm (H. armigera), jasmine flower borer (H.
duplifacialia), mushroom beetle (unidentified), wax moth (G. mellonelia), flea beetle
(P sinuata), grub of scarab beetle (unidentified), aphid (Myzus persicae), wet wood
termite (Coprotermes sp.) and American cockroach (P american). The mortality
percentage of 12 insects were 20-100 %, depending on species of test insect. S.
thailandensis n. sp. exhibited a higher degree of controlling the insects in the order
Lepidoptera than the insects in the other orders.  One hundred percent insect mortality
was found in the larvae of jasmine flower borer as well as in wax moth. In the insect pests
of vegetable crops such as aphid, leaf worm, beet armyworm, diamond-back moth and
American bollworm, the percentages of mortality were 44, 56, 60, 89 and 92 %,
respectively. The mortality of the Coleoptera such as mushroom beetle, scarab beetle and
flea beetle were 100, 20 and 33 %, respectively. Also, some household insects such as

termite and cockroach died at 42 and 57 %, respectively.
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