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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)



B2

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
wLaunsyYMaN (Spodoptera fitura)  MuleunIzyjiin (S. exigua) wiewladn (Plutella xylostelia)
WURULRNSANRENE (Heliothis armigera) WUAWANZARNNER (Henedecasis duplifacialia)

wuwaunuRie (G. mellonela) wuaulugain (unidentified) srsudmnszing (Phyllotreta sinuata)
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WUBUANUIINARIAWLES (unidentified) IWREEAU (Myzus persicae) wazilaan (Coptotermes
sp.) WU S. thailandensis n. sp. dAnanwlunireiunes Taedwlefidusnisanaminiy 56 60
89 92 100 100 100 33 20 44 1aT 42 % lulan 24 94, AL uarlunnasany (Perplaneta

americana) WinfiL 57 % W80 48 .
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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
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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

49



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.
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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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Wsunu S, thailandensis n. Sp- “ﬁaﬂﬂu
Tddaudaauiiolnaaswusng fuanldain

Aulufuidaninmgauy’ (younse, 2541)

t
al a

uazlfifouroe S. carpocapsae TEWUETI
wmnnawdnuazkdmdunsilutdagiu
nandsanlaaansomih Wlddsslamiluau

=4 = ar
mstiuTusslddsudssasnugnauas

eWugau g asaennlumaiuTIuTIN
1d\dau Haglungu entomopathogenic nema-

tode oMt U laUs=lamisaly
o o =4
qﬂﬂsmuam N3

1. Mmsanaaduannldiiaudas
aadmldinaucpandazlalyan
fadurnadnluwuaas worm lysis buffer
(50 mM KCI, 10 mM Tris pH 8.3, 2.5 mM
MgClz, 0.45 9 Tween 20, 0.01 % gelatin,
€0 pg/ml proteinase K) vudladuimela
ﬂﬁaqqaﬂsﬁﬂﬁﬁwﬁwmﬂeﬁ QRVAINBUAU
Hluvaaanagausin 0.5 Na. MWD
TAEUL - 40 % e -80 "% 1fluom 10-
20 117 wacan 65 °w 1 alue uay 95 "

10 u¥

dnaslsaiauazeaing



2. MadngmeUSinadEuedmnnaiia
PCR

hiduaiedoals slhfuduw
fmsumarmsUnad Buamuitues
Jovee et al. (1994) laaldlwsiwes 18s
(TTGATTACGTCCCTGCCCTTT) uax 268
(TTTCACTCGCCGTTACTAAGG) Tu
Uismsw 50 lulasies Yszaaudia 10x
PCR buffer 5 lulasdas dNTP 0.5 lulas
Aots  18S (forward primer) 0.5 lulasang
268 (reverse prirer) 0.5 lulasdns Taq
polymerase (2U/pD) 0.5 lulasdns Léw
induludiizenliasu 45 lulashas wax
TaaBunduiuy (worm lysate) 5 lulaséns
ﬁWUﬁﬁ%mtﬁ’ﬁLﬂ%aﬁ DNA thermal cycler

& @ P =] P
AalUTuNTNFUATEVALA UL

1 sau 94% 2 W

40 AU 94% 30 I
45 60 N
72°% 1.5 UM

1 sau 72°% 5 UMW

ynsasasaudiuaild  los
WaNeIY 1% agarose gel electrophoresis Tu
0.5x Tris-borate buffer (TBE)  ldnszua
IW# 100 Tav Junar 30 i dand
gel 618 ethidium bromide WASATILOU
(band) 2RRLBUBDMIELEBANTILBIRE

(UV transilluminator)

UF 10 aUUf 1 unsay - ien Wi, 2543

3. MmAaTizRoaua laaldinaiia RFLPs
GAULBALAIINTD 2 WIeaeE
ulgianduwie 9 wulay fa Alu I, Dde
I, Hha I, Hind 11, Hinf 1, Hpal, Rsa I,
Sau3A I waz Xba I USmnasusaztaulad
L7 = o B
winu 10 lulasdas saunudiEue 5 lules
305 veusazleluan  Unfiguugll 37
o & y & o ad
dynaaiue 3-12 73, NNUWINOHULEN
Lanaualy 1.5% agarose gel electrophore-
sis lanszualuwh 100 ey Wurisn 3 .
wazdaNFAI8 ethidium bromide ®5798BU
Puulaznuaadduace UV transil-

luminator LarUUDAMWAIBNFD lWananse
BaNISNAaad

NWa RELPs pattern zae@Ldutaly
lddausas Sieinernema sp. ToTsan SK,
AY uwar PC w3nuaufiu patem w84
ldidauelas S. thailandensis n. sp. WRE S,
carpocapsae Neasraaulmidaiime
1w 9 ulud wuih Tweulsd a1 da
fdwaratlalman AY uay SK udasiiuiu
LOUUALIRBNALD UL UNLHUIRAMTTa U
WELANGINDIN S. thailandensis n. sp. WAz S.
carpocapsac @34 PC ARV pattern 284
S. carpocapsae wazluaulad Dde 1 uas
Hha I wuh lddaudasynlalzenliuan

@1 (Figure 1A)



RFLPs pattern

Sr ST K AY PO AQ &) ST SK AV PO SC ST SE AY PC SC

Alu §

Dde 1 Hha 1

SFE 8T SA A PC R0 A ST Sk AW OPC SR AT SK AY 80 &

Hind II1 Hinf | Hpa 1

Rsa 1

Fieure 1

SE &) SKOAY K8

Al SLCNE AN PO R W

ST 8K AY PC SO A
bl ~J——

Saa3A 1 Xba 1

RFLPs pattern by digestion of three
isolates with 9 ditfercnt restriction
envymes, SF lane is the digest of
Steinernema feltiae with Alu 1. S+ lane
is S.thailandensis n. sp., SK lane s SK
isolate, AY lang i« AY solate, PC lane
is PC isglate, SC lane is 8. carpocapsae.

M, melecular weight.

14 RELPs pattern #iaashgaulyy
Hind 11 wud ldifioudas AY uaz SK
T Mununauuazuaadiduemlauny
S. thailandensis n.sp. W&z PC wislaufu S.
carpocapsae sy Hinf 1 wu lalgan
AY wanenannnlalsan  duluaulssd

Hpa 1 wilaunuynlaleaw (Figure 1B)

Tuiaulzyd Rsa 1 wu lddeudas
AY uaz SK (MHaUNU S. thailandensis I.sp.
wufeniu PC wiaunu S. carpocapsae
duluoulul Sausa 1 lolman SK uanans
nnynlelaan dnsuluulyd Xba I
loluan SK iwliauniy S. thailandensis n. sp.
waz AY, PC Uax SC willaufu (Figure 1C)

= Ed
amsmuazagﬂ

FIUIULD VU ULHULIBUAZYUINADI
AOULD LEAITIANHUANALUTEAUEUT D
ladaudaslundazlalaen lasduivyie
vaupulmifiindafisumia ITS 299 rie
bosomal DNA 371 RFLPs pattern ‘f’%ﬁ@lﬁ’;ﬂ
wulad 9 afia wuh Jeuled 3 ata la
NS DU LENANNLANA I DIR B UL L
Tolmaniithaasasauldde Dde 1, Hha 1
waz Hpa 1 d3uluaulod Rsa 1 waz Hind LI
aNsoutanendBueealdidouclaaaan

w2 ngwu Tealalaan Ay uaz SK inilau

#nslsANTuazyatzineg



U S. thailandensis n.sp. wazlalgan PC
Wfiaunu S. carpocapsae @IUTIAUBLAY lua]
fulsuanenuuandavatudazlalaan
aanaInnu laun Alu 1, Hinf 1, Sau3A T uas
Xba I#eansalimasurasanumainmais
yowliouazaneiuglddavsl pafuanldluud
srlolaanlaadiaiay  Tasweulsd Al
WLNWEN AY e SK panaIN S. thailandensis
n. sp. hazipulal Hinf 1 uaz Sau3A T wiluen
AY #ann sK aanu lddaudanlelaan
AY ilawiia@ernulalzien SK uaz S.
thailandensis n.sp. fulalzian SK uanea
W0 S. thailandensis n.sp. Lﬁaﬁ@ﬁamaﬂﬁﬂ

Alu T tay SaudA 1

awivlalman PC wuh mIaaai
taulwadvia 9 wiia 19 RFLPs pattern Mnilau
ar rF=l @ [~
AU 5. carpocapsac WA N?iﬂﬁ?ﬂl@l]ﬁtﬁu
Tddoudopafiadaniu  uazmsuUaLen
PC 28NN AY, SK was S. thailandensis n.sp.
WU RFLPs pattern @@ | MAUAMINUANGN
woeddupadaaI8taulud Al 1, Hind 11T

LAz Rsa l

MsIATIziNe lumsdaduunseeu
wiinualdidaurloediemaile PCR-RFLPs
TWéneauraarnananumaraadiTialy
S3UU ccosysiem Lahdpurlaefinanldanndu

TumnAufsdanuuandmwedEiuimaninn s

7 10 auudi 1 NATIAN - WWMIPN WA, 2543

saumemnaiiamaaqdingn ﬁ’lﬁ'ﬁmaugﬂ
Aed WNUSILATTIONET HAZEIANHLANGII
wasduiudayatuiumauismenldifaudas
Tuudazlalotan  Teeldidausosiiuanle
nnduluiuidmiafidas  Susfiodionu
l&faudas S. carpocapsae ( Weiser, 1855)
Fadummiugiwumlan duldidauslasd
UENAINNINBYGE UBrdsEUAd  HANW
L@ nshwaqﬁumﬂﬁq S. thailandensis n.sp. 1711
wanlanndaninmegauyd (Tangehitsomkid,
2000) uwax S. carpocapsae Fariu lalaan
AY ude SK iwwltmaamsidu new
species %’wzﬁaqﬁﬁa;&amqﬁﬁuﬁmimf‘mm
wardiinen  UszpaumsAaisandadiuun

#uaco 1

cs'imamsgm

PpEaUAM AMATaRUE Neddnsal
A5, Tuiiey F@Snaetn war @3, Well @31h
anudladuntiu  uazzazaunn UMY
nasnuEdUaYuMISITe (an2.) BN
aOMULATIMS MIPHUTIUNNUEIATI LN

e ldeaussstulszmalng
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