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1.3 m-iu.zmLéﬂﬁ'ﬂ%ﬁjn'ﬁ‘uazqmiﬂﬁmwaqLmﬂﬁu‘%ﬂﬁaéfa"wﬁu Heterorhabditis sp.
dewug tne

mmum%asl.ﬁu%qw%r'naaLmﬂﬁﬁﬁﬁaq’%wﬁﬂ&aauwaal Heterorhabditis sp. i
GoeraamianiudisgnidnaslesldRoudatdhunm 48 1. vuawns NBTA  wamsdnmmuh
wnldlalaiivasueiGoiniypuuimiioms  Figure  54)  lelaillquaii@lumsgaddoas
bromthymol blue :MN@Wns NBTA Adumssemmdeannniilalafinsawey lelaifiddmes
nal & clear zone dansay dguenas-lalafizunabiwiuen (irregular) szeuaayuraslalaiid
anusAoUINU m‘%cyEje%umnE‘J'Jammwidmum’%uuLLazéﬁu‘%umm MaiuiewnT (raised) #1u
uade (opaque) Sumaudundudildaiaioadniian (undulate){Figure 5B) diovhanuenlelaiidien
U3 nutrient agar (NA) Iélalaiidads dnmsesinluoms NA slant dudnsosaSysieama
LLmﬁﬂgnL%a (filiform)

nnpuardnenesslalail uargmaNTvasnsged bromthymol blue anawns
NBTA aansodadswunidifhuueiiGuluana Photorhabdus sp.  Faduuuefiduunsuauinatilu
family Enterobacterioceae Annudmufuaviavunzasiuldifeudasluana Heterorhabditis spp.
L‘rhﬂ':u (Akhurst, 1990)  Gerritsen and Krasomil-Osterfeld (1994) wudn lelafiuas Photorhabdus
sp. Wivesniu 2 form @8 primary form WaY secondary form Tmuﬁmmwmnﬂmﬂuﬁamaamﬁ@mLmz
Liga& bromthymol bule wavlelafishe primary form winiu ffnademaniodulomenRnm
Tdoudasluamadion FilsnmmmawsdsiiuuafiSusands (monoxenic culture) athslsfine
msdnmnuuafi3elusdy species  dadpaimidnlumoavdontun 1un Snwnwmnadugnine
mIaTreuguEiimsduafiuasivingaada uasmafiemsandoluana Hudu

wefiBuana Photorhabdus sp. fenudusuaznvnziaizasiul@dowdaylusna
Heterorhabditis spp. Tudneoefidand symbiosis Snawandesaiuiar  larl@daussuiiu
'tinmﬂﬁf%'urﬁ'wfjﬁwLﬁammLmaaﬁLﬂuLméqawmi maidiularosndurEim 2 1ie awwamnmeludh
WA Tmumaé‘naumﬂﬂﬁUﬁwasia'm_rmmwmaﬁuﬁwaa‘lﬁlﬁauwau (Akhurst, 1980) e xduiutyas

o ol ¢

.",', - s v 1 = B S l L »_ o
Auviimdasriieiifienuddydomsndaldfoudosluamafion  TussrunadSaluamwmsine

A ]
t 2

= R o o X [ o a0 [”) a
\§eruUL monoxenic culture  Fuduitmamnzidnsl&ideudaslnufigadunswuaiiGesineiy  wande
‘l!’ = A:l"'l 1 3 1 :.l’ ) oo £uws 1.3 c‘l’ = A’

ddounaufldarganiiniaiRenusy axenic culture fibilduunfide waresndomsuonifGorars

nnldifauranHeterorhabditis sp. seiufing  Idhmafvsmnluawns NA figampil 4-10 7 e

{Iu stock culture uamhlugmssenuBnnd&idaulosluamafionsely
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Figure 5 Colony of the symbioctic bacteria (Photorhabdus sp.) isclated from Heterorhabditis sp.
Thai strain, A) absorbed BTB on NBTA medium: B) green colony, with clear zone

around colony.
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2. maﬁnmé‘numx\ﬂaa"lamaudau Heterorhabditis sp. awwuﬂﬂu‘lumsmammaaﬁmgﬁmry

2.1 ~ncaaauc-mumm‘mua:aja-nuquu-sa‘lun1sai1uuaa

HAMTAFBUANNANTOUALANINTALSI UM Tusates  Heterorhabditis sp. et
yuflne  fuwmmadeussosdvueTerauddnudrasmauiuiane (G melionella)  laonsld
taaoudouso: U Iudandous 0 4 6 8 war 10 heamunuwnagsy 1 67 uaveTRTLWasudns
mupanuanluusasdam fina 12 24 36 uay 48 Ty nasnldldifeudss  wuimeumemauu
Somldl&douron 4 6 8 uay 10 §h Hnsmefinauly 36 5. whiy 667 1333 36.67 uar 36.67
% way Aoa1 48 Ti. MupwedsLSes Ui mImemLAumNsa e dRoudas whiy 334 66.6
80.0 way 93.4 % MUAMFL  NHAMTIATEIERGuan RUFBus A sTaD MmN

HOMNUANAIUNIEDH (Table 1)

Table 1 Mortality of Galleria mellonella infected with Heterorhbaditis sp. Thai isolate at

different doses and times.

Doses Mortality of G. mellonella (%)

(J : insect) 12 hours 24 hours 36 hours 48 hours
0 : 1 (control) 0 0 0 c 0 d
4:1 0 0 6.7 be 334 c
6:1 0 0 133 b 66.6 b
8:1 0 0 36.7 a 80.0 ab
10:1 0 0 36.7 a 934 a
CV. (%) 36.6 23.1

YNumber with the same letters in the same column are not significantly different

at 5 % level, according to Duncan’s New Multiple Range Test (DMRT).

NNuaMmMedaudasisenumintnees ldiFoudsumuiug inulunzdumsasila
usTINNTraivan dulaud Whvnahn T VFDTAIDIMFANWRIMIN (spiracles)  RaLAGEUG
b - [ v - N . - . v
dlumeludvuouuaclfinmumian  Uamldosmisuas symbiotic bacteria  lufinavilfmau

NalsadaauRy (septicemia) (Akurst, 1982) UBLONEMYMTINIA 48 TN TINIILTDIVKAUTE
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wiag 5o%uas{ﬁmhmmaq‘lﬁ’@auﬂaU‘?';L‘i'hq’ﬁ’muauuazmmwmwaaaﬁﬁwﬁ\lﬁ@auwaaé'mﬁ'u
wefiGetasddauaansn  msldl@foudoadninu 10 fhdevuauvasay 1 6h Swvhlidwafifudms
mugeiam (934 %) fna 48w wedloh lnBoodieiuldfeudasaneiug Insluans
Steinernema sp. WU S. thailandense 10 ¢ndiaviuau 1 617 Slanumuusslumavin liviuaunaseuse

1&naiduau (whiu 83.3 %) Tua iy (Tangchitsomkid, 2000)

2.2 nﬂaaummﬂumusiaqmuqa‘i‘lumm’fﬁmw (heat tolerance)

naMIvadEaUaNuIUYRs [ddeudas Heterorhabditis sp. #eiuging dogampdl
vouane madwhmsusasssusiivueuses G. mellonella  luMINIMUELTRN infected ot
{fdoudaeszuy U ‘l’:’ﬁqquﬁé?ami 15 20 26 30 365 uaY 40 °7  uase I RFUIMIIYe
YMEUNAFALT I 48 TN, WU msmawauwmﬂanﬁgﬂ infected ﬁqnmqﬁ 25 war 30 %% ¥l
wuaummqaﬁqmﬁwﬁu 88 uay 98 % LLazﬁqmmii 20 uar 35 %% eewiiy 44 UsE 46 % MxdaU
qnmqﬁ@ﬁ (15 *%) Wargs (40 °z) viuaunadau oy %amﬂmﬁmﬂm‘%'auvawudw;‘Jmmumn@haﬁuma

anfraTEiuanvni (Table 2)

Table 2 Mortality of Galleria mellonella exposed to Heterorhabtitis sp. Thai isolate at different

temperatures.
Different temperatures (°C) Mortality of G. mellonella (%)
15 0c”
20 44 b
25 88 a
30 98 a
35 46 b
40 Oc

CV.{%) = 1883

YNumber with the same letters in the same column are not significantly different at 5

% level, according to Duncan's New Multiple Range Test (DMRT).
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mn?’a;gaé}’qnén waea i gmpfifuladomimenmifiensddyussiinade
mw?ul,m"naq\lﬁtﬁaudau‘lv.msshtmaq ﬂuﬁdszﬁu'ﬂaqqquﬁsinq ﬁﬁuﬁwﬁmmzﬁmﬁuﬁ‘naq
‘lé'u?mudauﬁﬁmmwmnwmmaatmﬁoﬁnﬁmﬁmn@inﬁu lonl&Aouelas Heterorhabditis sp. uenlat
ananhwinfimiadande senkmmalnefoingdluanioudu  Sonummisegomgiligeds 30 o
iwREry S. thatlandense 1‘7]Lmn‘lﬁmnaﬂuﬁuﬁﬁmi@mrywiﬁ fenamumusiogmmnii g
35 % lumsidynasunaadhvisny (Tangchitsomkid, 20000 auanaanl&deunas S. carpocapsae
DD-136 strain fuanidannaeadu  Saravwnusegnmniiotiuteswing 2527 *5 (Kaya, 1977)
PnWamMarauANEUIUs aguuni lumsdYnaousaITes  Heterorhabditis sp. eudiuanle
Tulszne Lﬂwﬁ’a;gaw:u@uﬁﬁﬁﬁt‘g‘lumﬂiﬂﬁlﬁaudau‘lﬂ‘l%’ﬂiziu%ﬁ Fomadunrawnzdosliowns

Fon wszmmh g dausaathwnoldeafitsedninm

2.3 v@aday Pathogenicity fuuNaddagaddmny

JNNIMAEaY  Pathogenicity 183lddoutlos Heterorhabditis sp. amﬁuﬂmﬁu
Wiaaeingdidusn 5 dudu 15 wiia luszduvipsfiidims  wuh Lmaﬂunfjwuau&ﬁa (order
Lepidoptera) 41w 10 5@ fwladifudnmsmussning 10-50 % wdsmsldldfavdsuiiunm 24 s,
Toslumusunssimonfiulofifusimamegeiiqn 50 % uasueulismuasvauduin Swefidudims
mudhign 10 % usdlanaehului 48 T waunesew 10 e Sulefdudmameniaitu For
Fausldl&doudasaudonm 48 . arjazwin 67100 % il arder Coleoptera vhmimasoulu
vuauun  Swefifudmsme 26 way 55 % Fm 24 uay 48 . enwddy waimsldlddeudas
W order Orthoptera noaURULLRINE AU 5’3\1Lﬂuﬁmgéwﬁmﬁmﬁuﬂnwrﬁﬂ.uﬁmunaéw wunldifau
dasasnsneiunsnzsauseld 50 % e 48 L-ﬁu@mﬁmmaamugﬁqaqﬂlu order Blattodea
1&fouransilé 30 % finm 48 . wdsmsld  d2ulu order Homoptera veaouluwasnsslangi
MauaENALINUETY wuwafiudnsmunity 19 war 11 % e 48 TN madheiy vdannld
&dounlay (Table 3, Table 4)

mmeadaumsifialye luwnassien easldifeuday Heterorhabditis sp. sneiuglng
wanatianuanIn lumsdvnmianuaunegoy  uasernguustlumain e leaufiamueumosas
tdaudon Wamdaust 2 Suduly vuavmboarmeluiign e lUuBaudeutiy S. thailandense
NNTNENUVAN Tangchitsomkid (2000) WU S. thailandense ﬁmnmunsn‘lummﬁwmmE‘]aLLﬂzﬁﬁnu
alumsshlénadailunm 24 e luvmeuiniie wiewanzauathy  visunssiven vuaunsw

AN auwiniu 100 92 66 uaw 60 % <Nl F9lw Heterorhabditis sp. e 48 o, usiaghalst
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a emupuus lynsshmBinval@daudauaoiug Inavissassiiad Wuauamiandden leny
ladoudasmeiuiindatunisdluliagiu (yninsn, 2543)
maweenai ddaudas i limiauwssdamnadn wu wionsleafiina  wae
ndudiden masdeu watuamian  Fedadhuwammethevanida hirswmquaalsaieiddgmas
i loun wRpdauthuvan Tomato Mosaic Virus &wqlsa lussvssnzidome  wamdtmmonen
L. T x ‘1 a ‘l 8  a ¥ oA - v e ‘[ a «
gemini virus dumglsaulumdasiunmufouder Jue fisws, 2544) Zamstlaafurindalsafaman
fdonmiauammeiisaemsmevaalsagiuis  inwammeseulildifeudss Heterorhabditis
sp. 2ALNIElnatihaa WiaawMeteven Rice Ragged Stunt Virus 13 luviin (Tﬁﬂ'-é) Y237 LAy
mRLINTUEEE uwnaswmzteman Rice Gall Dwarf Virus  dwqliayawasdn wuduwas 2 wia gn
shldRoadntooyini  fesmnuasiinnadn  [dfsudsudhgadhvasmasldmemmsuasma
thnwiniu - feuaneheainsnvuauvasunaifianalvg 1ty wiaunssien  uaswueufuldfndan
aoenad  dReudascnansndnldmatems wu ymaufudhlimadin dveems  wessmelamafn
L7 J <l 1 ot i 1 A ] [l o s 2 . (=3
whninmoguasiimnaivgnitdfaudas wisthalsfims  lddsudaudsnsnsiunasmwnendn
- : ] L A 3 -1 nﬂ. i 1 ¢=. L L . “l’ [ 5
winwaseen 16 fendasimadnmnluGaeansltsthavngan wie wlddoudadgimaots
athaslon 1 61 AsansovisWindomald
s v 4 o A v a v a A ¥ 9w
dwiuluwaey Fsiadusnidagiensamuiichédny fatuawns wibds ol
dio anudsmouaznausy  uennntudadiuwmahlsnunsiiefemniomnawazn  dammaudam
wawns viliemnayani wastisdiushunsnzansldvasnwensueeiialddndng Buniant, 2537) ms
ﬂ L Y - ‘lll ad a 1 1Y - ' € v ¢ & ‘lu
2aMumin Aunlfanedizall Dose fAaugngs  Wiiwsomwiuardadies  nnwammedauls
Heterorhabditis sp. ®IUNAIAIL  LEMINANSMEWINTY 30 % luam 48 ou.  wwdearumenuns f
S. thailandense SIMNRIFIWE 57 % lUnaWYiu (Tangchitsomkid, 2000) uwddlavnsdaunams
‘A A . - - X o
Mudaliisafing 72 uat 96 1. wuhwassnuiweiiFuinmaiaau  TuHATINUWNARIEURANNMY
mugniwmriedu) nmbsivimwessififoutlosdingn  Inhsimavannisldfaudan

Mﬁ'l'-‘iﬂ UWHRY ﬂ‘lU‘LuLﬂ'v'lzﬁﬂ'lquﬂLI.Ymn'ﬁ‘l‘Eﬁ'ﬁ'LﬂﬁViE]\lﬂ
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Table 3 Mortality\of various insect species when exposed to Heterorhabditis sp. Thai isolate

with 24 hours.
Tregted Control
Insect species Tested | Dead Alive | Tested | Dead Alive Mortality

(n) (n) (n) (n) (n) {n) (%)"
order Lepidoptera
1. Trabala vishnou 10 1 9 10 0 10 10.00
2. Omphisa fuscidertalis 10 2 8 10 0 10 20.00
3. Galleria mellonella 10 4 6 10 0 10 40.00
4. Leucincdes orbonalis 10 3 7 10 0 10 30.00
5. Maruca testulalis 10 2 8 10 0 10 20.00
6. Hellula undalis 10 3 7 10 0 10 30.00
7. Spodoptera exigua 10 5 5 10 0 10 50.00
8. Heliothis armigera 10 3 7 10 0 10 30.00
9. Danaus genutia 3 1 2 2 0 2 10.00
10. Cossus sp. 20 3 17 20 0 20 15.00
order Coleoptera
11. Tenebrio molitor 20 5 15 20 0 20 25.00
order Orthoptera
12. Gryllotalpa africana 5 0 5 5 0 5 0
order Homoptera
13. Nilaparvata lugens 50 2 48 50 1 49 204
14. Nephotettix virescens 50 7 43 50 2 48 10.42
order Blattodea

10 0 10 10 0 10 0

15. Periplaneta americana

YPercentage of mortality corrected by Abbott's formula (1925) which is (X - Y) / X x 100,

where X = % insect alive in the control treatment; Y = % insects alive in the nematode

treatment; (n) = number of test insect.
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Table 4 Mortality\ of various insect species when exposed to Heterorhabditis sp. Thai isolate

with 48 hours.

i Treated Control
Insect species Tested | Dead Alive | Tested | Dead Alive Mortality
(n) (n) (n) (n) (n) (n) (%)"
order Lepidoptera
1. Trabala vishnou 10 7 3 10 1 9 66.67
2. Omphisa fuscidertalis 10 8 2 10 0 10 80.00
3. Galleria mellonella 10 10 0 10 0 10 100.00
4. Leucinodes orbonalis 10 9 1 10 2 8 87.50
5. Maruca testulalis 10 8 2 10 3 7 71.43
6. Hellula undalis 10 e 1 10 1 9 88.89
7. Spodoptera exigua 10 9 1 10 1 9 88.89
8. Heliothis armigera 10 9 1 10 2 8 87.50
9. Danaus genutia 3 3 0 2 0 2 100.00
10. Cossus sp. 20 14 6 20 2 18 66.67
order Coleoptera
11. Tenebrio molitor 20 11 9 20 0 20 55.00
order Orthoptera
12. Gryllotalpa africana 5 3 2 5 1 4 50.00
order Homoptera
13. Nilaparvata lugens 50 12 38 50 3 47 19.15
14. Nephotettix virescens 50 9 41 5 4 45 10.87
order Blattodea
15. Periplaneta americana 10 3 7 10 0 10 30.00

YPercentage of mortality corrected by Abbott's formula (1925) which is (X - Y) / X x 100,
where X = % insect alive in the control tteatment; Y = % insects alive in the nematode

treatment; (n) = nurnber of test insect.
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3, msmmﬁm‘lﬁtﬁi\mdau Heterorhabditis sp. Muwug g luawnaifisuriaudfavasnv

monoxenic

QInmIaEaUW ALY Heterorhabditis sp. Tuomsudsfavagasdawas 4 gas
(MM1-MM4) LLEUULﬁuuﬁugmmm‘i BDM 4983 Bedding (1981) ﬁﬂmwm‘ngu\nmu monoxenic
culture #i1 symbiotic bacteria Taidhn  lotmawindnsfiaomndl 2612 °a funm 16 T wams
amatiuimunanda ddeudasildluusdargasamnawai gasownsdiauas MMz Tinandnmasg
figawhify 8.9 &wih WonBuufisuiugasews BDM 7iliranin 106 Sudsaams 30 nin wa
nARTRIRRNAD awnsdauadges MM3 MM1 uay MM4 vl 6.2 58 uar 55 auesaawns 30
N maddy  EaReaasunue M aWaIRRARIUALHAART WU 0 Igas MM1 MM2
MM3 uaz MM4 Seuvuvihifu 26 40 35 uaz 40 um enudndy Winanae didoudomdonihiy 101
293 205 uay 182 fudheioas 1 Aes ewdé laugasems BDM vy 60 um Wina

WAG 349 MusHeaaIs 1 Aa13 (Table 5)

Table 5 Number of infective juveniles of a new Thai strain of Heterorhabditis sp. after 15 days

on 30 g of different media.

Media No. of infective juveniles/30 g media (Mean)”
BMD 106 x 10°
MM1 5.8 x 10°
MM2 89 x 10°
MM3 6.2 x 10°
MM4 55 x 10°
i
N =

daRamonnnuandaldfeudssluudasgaramsivnwizides uaaaliviuhasd

thenaurasmasamslitéiu Sldud toamy 19 avm werammglisdSip Gadh) finasiananda
L ' v -~ & o o My a X

vaaldidioudss  laowud WWdoussfinsdulugasamslisiugs  wondaldidaudossgetumy

&6in lemamzvsdibfiuondalnondagmiumasistunniy Gl gudinudsamns
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stuiildsusinalagassdonadydulawsenssumemneiugaslfoudasluamafion d@an
AdaefULG3E999 Dunphy and Webster (1989)  aavnms@nmiasslsenautase i (nutritional
components) mawzdesl&doudaswui wande i doudostuiuansemsilsdufivanzan Tag
aaﬁﬂsxnawaammﬂum‘nwmgm S. carpocapsae DD 136 \lﬁmmmﬁd‘lﬂfmmu (15 % Tryptic soy
broth &y 5 % yeast extract) WHAIMSUAaU (14 % D-glucose) uay lipid (1 % sunflower oil} a&ny
sfnn aemmThasieg Siflnadanandn ddoudsuudiarsiounnshaiudiy oo culture 713

stearic acid TMaTueenURLTuRNHaRER S, carpocapsae wamnTs e manaa WY B
heliothidis

maewgasamimensaslumswnies Heterorhabditis  sp. safuameniuging
giin i ﬁﬁuyuuazmﬂﬁﬂmn Bedding (1981) fafludfwannmefiomamnzdoslddouroslu
snnsudatiamanluamw monoxenic culture funadiSauasmeiianmandaildyunsuansuathania
a1 loe Bedding lémeseumivdesldifaudonana H. heliothidis (New Zealand) luowniudefts
manFdaadsznaumaslansy 60 % e 20 % uanh 20 % Winandalddaudasads 210 &udn
doawvn 1 4 dimbwenaa ddoudessnuBupdiouiumswnsdssaeiugingluamns 1 Ay 289
grsamnadieniu wrhmeiudine WinanBagoniwviiy 139 (340-210) dwéhsioanns 1 as iy
wandef idnnmamnadssldideoudosivannadion Srdutustiouavanoiuglifaudaudney

nnnmedaudinan (quality control, QC) 1etldReurasmewus inufindaldan
avnsudsiammdaulas 4 gas wuh SaSdudmemeatemuannadaLTIrI 70-80 % M 48
w. e oC femuanshadnioodianReudouiEdeusasfimsdmnuaugasamsatd
(host) Favin iuauneseumuls 85-90 % Tunawiiu

gramInzAserseiugdaudesiafivdsndyraansanumenda  uenain
fiu mavanngasemtiidiasildhnpasdsznaviasomnsfiimengn midie  usrmmedesl
goENN Lﬁaﬁwmﬂwﬁuﬂﬂﬂﬁmmmmmuwa\lﬂfjmmﬁm"luﬁamfﬁ‘nﬂuamﬂw %qqmmmiﬁmmjm
MM2  wissanlilinmahiimy  Sugesamanisuwsdinengnansnsnnizd@esdidoudas i
Faru mah@meiug inedhgnsanumasda i Wifsleniothafuglesm Sematann

athasiaiiasna !
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dsUnamsin

1. WsTIewasldRounay Heterorhabditis sp. muﬁuﬂmmﬂuﬁmuauﬁﬁoﬁa (G
mellonella) B4 AnMNSivDs (26+2°9) Bamndhsausvasdvime (infective juvenile, 1J wia J3) g
wau  AmswTpdiulenn J3 aenerudu J4  wasWenndlusndlesiia hermaphroditic female (1™
generation) 1ﬁ§nLﬁu J1J2 uae J3 eNédy Maat 6 Tu (144 ) uay J3 mmu,iq'uﬁ 1 i lRSTYeY
IGILqu Ja  wWernuddluriia amphimictic female (2nCi generation) Nﬁuﬁuﬁﬁuéh@ 1ﬁ@nﬂu J1
J2 uay J3 mudeiy Womeiedn 4 T amiu J3 tusmwiu 1 smnmmszenaiuimaludh
yuau 2 Faa1g il 10 u (240 o) wimmulfdoudas 1 nrsouedoufionninenuamio
yadaL TS awRasrniy 213,300 dhelavion 1 6

2. qmwga‘iﬁmmzﬂmianmﬁty@uhLmz‘nmuﬁuﬁ‘nao Heterorhabditis sp. faWug
g molushvueuRussite agswin 25-30 % fmawspdulasmeiugmelusamiouldnm 2
oy WanhaBinigs  Teefignmnfisn (15 *0) wage 85 ) I&dounatbinSundiulauasaeneiug
wasfiguingfl 20 "¢ fmawsuiiula-Wennd Wianifpequien?ianain hermaphroditic female i
aTuduna 10 Tu

3. wonlfuuaiiSofiagihaiulédeuron (symbiotic bacteria) ymidanuamuauin
%’aﬁqﬁgnrﬁmwmﬂ@m Heterorhabditis sp. seugineg fina 48 au. uuawns NBTA  lasuuafie
fguandfvasnsged BTB uasinnsdnunzusalalail eatluana Photorhabdus sp.

4. lfifeudey Heterorhabditis sp. auuging fianumsnanlimandauiidigte
HamusrinmfirasvuautaranNus e Wuaudelsauacms  Tudanl&ideudsy 4 6 8
uay 10 dhdlavaufnieiia 1 6h aansnehlel 33 67 80 uaw 93 % enudei Tuam 48 an. wiald
Tidouslan

5. \&fawrlas Heterorhabditis sp. sewufing famammusiagomndl umsidh
vhaemuauRuson Lf}mmﬁqmma‘i 25 way 30 o mmmaimuau‘lﬁqaﬁqm 88 WAz 98 % 71 48 Tl
wialdl&dauray

6. lddaunat Heterorhabditis sp. aevuflng Senummlumsshusasioszessn
vuauuariadeTn 15 e Ao wuauifiryy  vwowdeln WEURUSIRY  Muawa s
vuawEEng  viuawRIztaanTd viaunTYvan  vupwmisarafhy  wdaudiuin wiauiuldia
Waanaaanes vueuun wavuNaInzweu Wwhit 67 80 100 88 71 89 88 100 67 55 uUaw 50 %

ﬂuﬁauﬁnamw‘lum'mhtmmﬁmmaJ 30 % %an 48 o wﬁﬂﬂé’tﬁaudau LarmImAdaLanNamMw
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ﬁaa‘lﬁtﬁauuauﬁmm\mﬂmmﬁn Yéun wasnslaadima warwasdnduddur o ldmes 20
Las 11 % SNEIe Weenviuwsiusmimefinanduimildididaudon

7. W& fennon Heterorhabditis sp. saiuging snsnmzdosldiuammsiionsiia
uSsAamaEmw monoxenic culture  Aiftasdssnoulusiunndad 60 % wasilauaInde (ﬁwﬁwa;l)
20 % uasi1 20 % WnowBawntl 349 293 205 uar 182 Awshden s 1 dns vasgamlusiivainla
vy laln Watam watawngiviidag (sedi) emddy uasmsligasensilsdvaniy (i

WAny 90 %) Wiy 10 % Winandaldidewdas 191 dudndsams 1 dar  Womlumamy

B 15 i
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LONE1581959

ol & L oo e “ o= =
U GRIAENAG. 2541 N. anvihrasmddolddoudandazuuas, w. 9-13. Iy furid
MUANKNAIARTNY. 1anMTUIENBUINTIAMS “NUNEASUNT 31 MNTIAN - 7 NNMWUE 2541

AMTINENTUINBATENFGTS, NTINW,
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LIFE CYCLE OF ENTOMOPATHOGENIC
NEMATODE, HETERORHABTIDIS SP., ISOLATED

FROM THAILAND

Nuchanart Tangchitsomkid and Somkid Disthaporn
Nematology Section, Plant Pathology and Microbiology Division,

Department of Agriculture, Chatuchak, Bangkok 10900, THAILAND
ABSTRACT

Heterorhabditis sp., a Thai nematode isolate was developed for
use in controlling insect pests of plants. The nematode was isolated
from the soil collected at Roi Et province. Its biological characters
were studied including its life cycle within the host insect (Galleria
mellornella), and influence of temperature on its growth and
reproduction within the insect. Results from studying on its life cycle
at room temperature (26+2°C) revealed that the juveniles molted four
times successively to be 1-, 2-, 3-, and 4- stage juveniles, then to be
the male/female adult. The female adult could be either
hermaphroditic or amphimitic female. The first generation infective
juvenile (IJ) produced from the hermaphroditic female completed its
life cycle in 6 days (144 hours) within the host insect. The

amphimictic female then produced the second generation 1J which
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could complete its life cycle in 4 days. After ten days, the IJs

gradually moved out of the dead body of the host insect. The average

number of reproduced IJ in one insect was 213,300. Low and high
temperatures at 15°C and 35°C caused the nematode to stop growing

and reproducing. It slowly developed at 20°C and produced only one
generation of IJ from hermaphroditic female within ten days. The

optimumn temperature for its growth and reproduction was between

25°C and 30°C.

key words - entomopathogenic nematode, life cycle, Heterorhabditis

sp., biological control

INTRODUCTION

Entomopathogenic nematodes in the genera Steinernema
and Heferorhabditis are associated with the symbiotic bacteria in the
genera Xenorhabdus and Photorhabdus which are obligate parasites of
the insects (Akhurst and Boemare, 1990). Steinernema and
Heterorhahbditis are becoming accepted as biological control agents,
especially against insects in the soil environment. They have survived
the tests of production, application, field efficacy, and safety
standards. A number of commercial enterprises worldwide are now

producing them (Poinar, 1990). The searching of new
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entomopathogenic nematodes have been conducted in many parts of

the world. Several species are currently under evaluation for mass
production and field efficacy for biological control of insect pests.
The ability of nematodes which differ among species or strain, leads to
the beginning of the bio-control. Thailand is situated in the tropical
region of the world and the insects are of the most damaging pests
causing losses in many crops. The control of insect is undertaken by
using hazardous chemicals which adversely affects human and
environments. Consequently, the search for indigenous strains of
entomopathogenic nematodes in Thailand has been commenced in
1996 under a financial support of the Thailand Research Fund (TRF).
The entomopathogenic nematode, Heferorhabditis sp. is one of several
isolates obtained from the soil surveys during June 1996 - March
1998. It was isolated from the soil collected from eastern Thailand.
The soil containing the nematode was maintained at the temperatures
of 26°C (at 10-15 cm deep from the soil surface) and 34 °C (at the soil
surface) (Tangchitsomkid and Sontirat, 1998). A comprehensive
knowledge of the nematode’s life cycle and pathogenicity in the insect
is needed as a prerequisite for genetic studies aiming at enhancing the
nematode’s performance under field conditions. The objectives of
this study were to describe the life cycle of Heterorhabditis sp.
isolated from Thailand, and to determine the influence of temperature

on its life cycle.



MATERIALS AND METHODS

Life cycle

A piece of 1 x 1.5 cm filter paper (Whatman # 2) was placed
into a 1.5 ml microtube which is later covered with a center-punctured
lid. One hundred infective juveniles of Heterorhabditis sp. -Thai
isolate in 25 pl of water were inoculated onto the filter paper. A wax
moth larva, Galleria mellonella was placed in the microtube on the
filter paper and then incubated at 26+2 °C. The growth development
of the nematode was observed at 24 hours intervals by dissecting 5
insect larvae daily and measuring the body length of all stages of the
nematode under the microscope until the nematode’s life cycle was

completed.

Influence of temperature on the life cycle

To determine the influence of temperature on the life cycle,
five larvae of G. mellonella were placed in a Petri dish (100 x 15 mm)
and exposed to 300 infective-stage juveniles of the nematode.  Five
Petri dishes containing wax moths infected with the nematode were
placed in the incubation chambers at 15, 20, 25, 30 and 35°C. After
24 hours, 3 insect larvae from each treatment were dissected daily and

the life stages of the nematode were determined.



' RESULTS
Life cycle
Heterorhabditis sp. -Thai isolate killed the insect larva within
24-48 hours after the insect was infected and the color of the insect’s
body changed from the typical grey to brick-red.
The life cycle of Heterorhabditis sp. -Thai isolate was initiated

in vivo from infective-stage juveniles. At room temperature

(26+2°C), it revealed that the infective juveniles molted four times
successively and became to be 1-, 2-, 3-, and 4- stage juveniles, then to
be male/female adults. The female adult could be either
hermaphroditic or amphimitic female. The first generation infective
juvenile (I1J) which was produced from the hermaphroditic female
completed its life cycle in 6 days within the host insect. The
amphimictic female then produced the second generation [J which
could complete its life cycle in 4 days. After ten days, the 1J gradually
moved out of the dead body of the host insect. The average number of

reproduced 1J in one insect was 213,300.

Description of life cycle (Figure 1)

At 24 hours, the 1IJs invaded the host insect through the mouth
or spiracles of the insect, and penectrated into the haemocoel. The
average number of IJs in one insect was 37. The insect infected with

IJs'appeared to be weak and moved slowly.



.}\t 48 hours, 1Js molted to the fourth-stage juveniles (J4s). The
body length and width of J4s were 1,279 and 70 pl, respectively. The
average numbers of IJs and J4s in one insect were 25 and 21,
respectively.

At 72 hours, J4s developed to the young females within 48-72
hours. Then the young females developed to be the first generation
adult females or hermaphroditic females in 72 hours after entering the
host. The body length and width of the adult females were 1,776 and
160 pl, respectively.

At 96 hours, hermaphroditic females developed the
reproductive system. An indidual female consisted of both functional
male and female reproductive organs. The female adult laid eggs
initially, but later the eggs were retained and hatched in her body.

At 120 hours, the first-stage juveniles (J1s) appeared in the
mother’s body. Their average body length and width were 335.4 and
15.7 pul, respectively. Then the J1s molted, broke out of the female’s
body and moved into the haemocoel of the insect. Some of the Jls
molted to the second-stage juveniles (J2s). Their average body length
and width were 507.0 and 21.6 pl, respectively.

At 144 hours, in the body of the host insect, dead bodies of the
hermaphroditic female were found and the living J1s moved out of the
dead body. At this time, the number of J1, J2 and J3 were numerous

in the insect’s body.



At 168 hours or during 144-168 hours, all stages of the
nematode were rapidly developed. J4 developed to become the young
and adult amphimictic female. Second generation adult was much
smaller than the first generation one. At this times the first male
appeared, the male and female mated, and then the female laid eggs.

At 192 hours, the eggs hatched within the female’s body. The
J1 broke out of it’s dead mother and moved into the haemocoel of the
insect. Then the J1 molted to the J2 which later became preinfective
and the preinfective J2 molted to the 1J.

At 216 and 240 hours, J3s were found inside the insect’s body.

The 1Js left the insect cadaver and sought for the new hosts.

Influence of temperature on the life cycle

Temperature was found influencting the growth rate and
maturation of Heterorhabditis sp. in G. mellonella. Low and high
temperatures at 15°C and 35°C caused the nematode to stop growing
and reproducing. It slowly developed at 20°C and produced only one
generation of 1] from the hermaphroditic female within ten days. The
optimum temperature for its growth and reproduction was between
25°C and 30°C.

At 15°C, the average number of IJs entering the insect’s body

was 2 %. Results from daily dissections of the host insects showed



that grawth and development to the adult stage was not found. The 1J
could survive in the insect bu.t could not develop further.

At 20°C, the average number of IJs entering the insect’s body
was 15 %. The nematode was poorly developed. The J4 first
appeared at 2 days after infection and developed to hermaphroditic
female in the fourth day. The hermaphroditic female produced the
first generation 1J in 7 days and the first generation IJ was slowly
developed to J1, J2, J3 and J4. In ten days, the amphimictic male and
female were not observed.

At 25°C, the average number of IJs entering the insect’s body
was 38 %. The IJ developed to be J4 within 2-3 days. The
hermaphroditic female first appeared in 3 - 4 days. The first
generation juveniles including J1, J2, J3 and J4 appeared on the fifth
day. On the 6" , 7" and 8" days, four juvenile stages and
amphimictic adults were observed and the adults mated and laid eggs.
On the 9" and 10™ days after infection, the IJ left the insect cadaver.

At 30°C, the average number of IJs entering the insect’s
body was 22 %. At this temperature, the nematodes developed well.
The 1Js molted to J4s and then developed into hermaphroditic females
in 3 days after exposure to the hosts. J1, J2 and J3 from the first-
generation females first appeared on the 4" and 5 days. On the 6"
day, the second generation juveniles were observed . The IJs moved

out of the insect cadaver since the 8™ day.



' At 35°C, the average number of 1Js entering the insect’s
body was 5 %. 1Js molted to J4s in 2 days. But the J4s did not
develop to adults on the 3™, 4™, and 5" days. On the 6" day, every
stages of the nematode was not observed in the insect. This
temperature affected the development cycle of the nematode.

It was shown from the results that optimum temperature
ranging from 25°C to 30°C could enhance the growth and maturation

of Heterorhabditis sp. -Thal isolate

DISCUSSIONS

The life cycle of Heterorhabditis sp. -Thai isolate is similar
to those of all other Heterorhabditis sp. already describéd (Glazer et
al, 1994). The adult females are hermaphorditic in the first
generation and amphimictic female in the second generation. The
third-stage infective juveniles enter the haemocoel of the insect to
deliver the associated bacterium and complete at least two generations
before emerging from the cadaver as infective juveniles.
Heterorhabditis sp. -Thai isolate is one of the heterorhabditids so far
isolated from the tropical region. The results from the present
experiments revealed that the parasitic period lasted 11 days from the
moment 1Js entered the insect to the time when new 1Js were formed.

During this phase, there was a succession of two generations : the first

generation with hermaphrodites (3-4 days after the death of the insect);
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the second generation with females and males (6-7 days) and
amphimictics. This is the shortest life cycle of heterorhabditids so far
reported. The comparable short-life cycled heterorhabditid is .
bacteriophora. It was reported in Oliva, Argentina that the 1Js of /.
bacteriophora developed to be the new generation of IJs with 15 days
after the death of G. mellonella (Koltai et al,, 1995).

Although entomopathogenic nematodes were found to be
natural enemies of more than 200 species of the insects, the infection
severity, growth and development, and multiplication of the
nematodes still depend on their species and subspecies (Poinar, 1979).
The period of time to complete the life cycle of the entomopathogenic
nematode depends also upon the species of the host insect because it
provides nutritions for growth, development and multiplication of the
parasitic nematode. Studying on the life cycle of the potential
entomopathogenic nematode in the targeted insect pest is essential for
the development of practical and efficient control of the pest.

In this experiment, the effect of different temperatures on
infection ability of infective juveniles of Heterorhabditis sp. -Thai
isolate was determined. It was found that the temperature affected the
number of infecting nematodes as well as the mortality of the test
insect. The numbers of infective juveniles found in the test insects at
15, 20 and 35°C were less than those found at 25 and 30°C. The

greatest average number of infective juveniles in one insect was 114 at
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25°C. I;s life cycle was shown to be completed at the temperature
ranging from 25°C to 30°C. The optimum temperature wvas
approximately 30°C, particularly in the insect where it developed to
hermaphorditic female within 3 days and completed its life cycle in 4-
5 days after initial infection. It’s life cycle was not completed at lower
temperature (15°C) or at higher temperature (35°C) due to survival in
capability of the invading lJs.

The understudied Heterorhabditis sp. —Thai isolate from
Roi Et province is not as heat tolerable as Steinernema sp. isolated
from Kanchanaburi province which was reported to be still infective at
38°C (Tangchitsomkid, 2000). However, these two reported Thai
entomopathogenic nematodes are biologically different. It is
fundamental to study on the biological characteristics of any potential
entomopathogenic nematode isolates to be able to develop them

further for practical and efficient control applications.
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Figure 1 Growth stages of Heterorhabditis sp. -Thai isolate :
A) first-stage juvenile; B) second-stage juvenile;
C) third-stage juvenile; D) fourth-stage juvenile;
E) hermaphroditic female; F) amphimictic female;
and G) male.
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ABSTRACT

Entomopathogenic nematode, Heterorhabditis sp. —That isolate was multiplied in

| semi-solid monoxenic culture media containing 60% animal protein, 20% lard, and 20% water.

The yields of 349, 293, 205 and 182 million nematodes per one litre of medium were obtained

from the media containing protein, pigs kidney, chicken egg, tuna fish meat, and canned dog’s

food (kidney flavor), respectively. The medium containing plant protein (90% soybean milk)

and 10% lard, also yielded 191 million nematodes per one litre of the medium within 15 days.

While the cost of pigs kidney medium was 60 baht per kitre and more difficult in preparation.
The nematodes can be produced in large scale with low cost in soybean milk, tuna fish meat,

chicken egg, and canned dog’s food media.

| This experiment indicated that the cost of nematode production using soybean milk, tuna fish

meat, chicken egg, and canned dog’s food, was 20, 35, 40, and 40 baht per litre, respectively.

Key words : entomopathogenic nematode, Heterorhabditis sp., Thai isolate, mass rearing,

semi-solid media
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INTRODUCTION

Entomopathogenic nematodes of families Heterorhabditidae and Steinernematidae are
obligate parasites of insects and are potential biological control agents of insect pests (Poinar,

1990). Large numbers of nematodes are required for successful treatment of insect pests in the

' field. Shearer (1999) showed that about 1,000-2,000 million Hererorhabditis bacteriophora per

acre would be required to effectively treat black vine weevil on strawberries. Consequently the
nematodes must be produced in very large numbers and at low cost if they are to be
economically effective. Commercialisation of nematodes, which have been widely used against
various soil-inhabiting pests, is dependent on an efficient mass rearing and storage. A major
constraint in the commercial development of these nematodes was overcome by inexpensive,
monoxenic in vitro mass rearing methods. The nematodes grows monoxenically with the
symbiotic bacteria on sponge culture (Bedding, 1981, 1984; Wouts, 1981) or in a liquid medium
system (Pace et al., 1984; Friedman, 1990).  Although the nematodes can be mass reared on
artificial media, several parameters such as medium components, temperature (Dunphy and
Webster, 1989), inoculum size, culture time (Han ef al, 1993) and strain of nematode are
critically important for efficient production. lFactors that affect nematode yields should be
adjusted simultaneously to be reliable, maximal harvest of infectives and at the low cost.

The objective of this paper is to produce a new Thai nematode isolate, Heterorhabditis
sp. (Tangchitsomkid and Sontirat, 1998) on the mass rearing with inexpensive semi-solid media
following the Bedding’s method (1981). The data can used as a appropriate media formulate for

the mass production of Thai isolate nematode.



\ MATERIALS AND METHODS

"Nematode inoculum

| Heterorhabditis sp., Thai isolate was obtained by exposing the larvae of the greater wax
' moth (Galleria mellonella) to 1,000 infective juveniles 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 26-28 °C. Two days afier exposure, the cadavers were transferred
to the White’s water trap. Ten days later, infective-stage juveniles were extracted from the
cadavers into the water trap. The infectve juveniles were surface sterilized with 0.1 % hyamine

for 15 minutes and gravity washed for three times with distilled water by using a high speed

microcentrifuge at 8,000 rpm/min.

Bacterial inoculum

The primary form of Photorhabdus sp. was isolated from infected G. mellonella by
Heterorhabditis sp., Thai isolate on NBTA medium (37 g nutrient agar, 25 mg bromthymol blue,
1,000 ml distilled water, 4 ml sterile filtrated 1% 2,3,5 triphenyl-tetrazoliuﬁ chloride solution)
with sterile loop. The Petri dishes were maintained in an incubator at 28°C. After 48 hours,
single colonies of the bacteria were subcultured by streaking them onto a nutrient agar (8 g
nutrient broth, 15 g agar, 1,000 ml distilled water) at 26 °C for approximately 48 hours. 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 —30 °C.
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Culture media

The five media formula were componented as follows :

Media formular Components Price/litre (baht)
1. BDM* 60% Pigs’ kidney, 26% Lard, 20% Distilled water 60
2. MM1** 90% Soybean milk, 10% Lard, 20% Distilled water 20
3. MM2 60% Chicken egg, 20% Lard, 20% Distilled water 40
4, MM3 60% Tuna fish meat, 20% Lard, 20% Distilled water 35
5. MM4 60% Canned dog food, 20% Lard, 20% Distilled water 40

> BDM : medium formula of Bedding (1981)

x MMI1, MM2, MM3, and MM4 : modified medium 1, 2, 3, and 4

The media culture were prepared as follows : Either pigs’ kidneys, soybean milk, chicken
egg, tuna fish meat or dog food and water were homogenized thoroughly before adding and
blending melted lard. The homogenate was added to the 1 cm® sponge size and evenly
distributed. About 30 g homogenate was added to 250 ml Erlenmeyer flasks. The necks were
cleaned and closed with lightly rolled bungs of non-absorbent cotton wool covered with

aluminium foil and autoclaved at 121 °C for 20 min.

Experiment procedures

The bacterial colonies were removed from the —30 °C storage and subcultured into 125
ml Erlenmeyer flasks filled with 20 ml nutrient broth under continuous agitation for 24 hours.
Each medium culture was inoculated with 1 ml of broth. The culture were incubated at 26+2°C
for 24 hours and then inoculated with 20,000 infective juveniles per flask. All cultures were

incubated at 26+2°C for 15 days.



Harvesting

All nematode cultures were harvested at 15 days post inoculation by crushing sponge in
the tap water three or four times. The nematodes in each media culture were released from
sponge. The total collective number of n;s:matodes per flask were average from three times

counting of the sampling suspension. Each culture was replicated five times.

RESULTS AND DISCUSSION

Yields of nematodes were estimated by counting infective juveniles in five samples from
modified media; MM1, MM2, MM3 and MM4 compared with BDM. The number of infective
juveniles produced in 30 g medium of protein source, pigs’ kidneys, soybean milk, chicken egg,
tuna fish meat and dog food as shown in Table 1. Production of infective juveniles was very
high in modified media MM2 containing 60% chicken egg. By contrast, the yield of nematodes
in MM1 and MM4 media containing soybean milk and dog food was lower than the other media.
The major components of MM2 and MM3 gave high protein which are necessary for the
production of nematode progeny. Chicken egg and tuna fish meat were the supplemented media,
both of these media differently supported greater nematode
Table 1 Number of infective juveniles of a new Thai strain of Hererorhabditis sp. after 15

days on 30 g of different media.

Media No. of infective juveniles/30 g media (N=5)
BDM 10.6 x 10°

MM1 5.8 x 109

MM2 8.9 x 10°

MM3 6.2 x 100

MM4 A 5.5 % 10°
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J' reproduction than did the dog food and soybean milk medium. It confirms the report of Dunphy

and Webster (1 9892\that yeast extracts are a nitrogen source which stimulate the reproduction of
nematode.

The bacterial symbionts are essential for successful mass culture production of
nematodes. These bacteria proliferate on artificial media and the nematodes feed on the bacterial
cells and other necessary nutrients to reproduce large numbers of offsprings.

Throughout the study, as exemplified by the data from the modified media, monoxenic
cultures of the Thai nematode isolate 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 (Gajleria mellonella), or
on dog biscuit, was $US 1 per million nematodes (Poinar, 1972). This experiment sﬁowed that
the cost of nematode production using chicken egg, and tuna fish meat was 40 and 35 baht per
litre, respectively. The total yield was 200-300 million nematodes per one litre. Consequently,
the nematodes can be produced in a large scale with low cost.

The monoxenic culture can be used as a guideline for Heterorhabditis sp. and other
nematodes to obtain more reliable productions and greater yields of all stages of the Thai
entomopathogenic nematodes in vitro culture. The techniques are suitable for industrial use with

little further development.
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