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Research and Development for Commercial Production of Entomopathogenic

Nematodes

Abstract

Chemical pesticides have been the practical method used by farmers for many decades,
but their side-effects on non-target organisms, groundwater contamination, residues on food crops
and the development of insect resistance to chemicals have forced both the government and
industrial sectors to focus on the development of alternative control measures. Alternatives,
including entomopathogenic nematode, characterized by their mutualistic relationship with
Xenorhabdus bacteria have been sought. Steinernema carpocapsae, the high potential insect
nematode has emerged as an excellent candidate for biological control of insect pests. Attributes
making the nematode ideal biological insecticide include its broad host ranges, high virulence,
safety for non-target organism and high efficacy for controlling insect pests in favourable
habitats.

The research on the use of entomopathogenic nematode for controlling insect pests in
Thailand has begun since 1986. The field trials were firstly conducted in Chantaburi province to
determine the effectiveness of Steinernema carpocapsae against bark-eating caterpillars, Cossus
sp. (Lepidoptera : Cossidae) and Microchlora sp. (Lepidoptera : Pyralidae), the serious insect
pests of Longkong (Lansium  domesticum). Nematode suspension was sprayed at the
concentration of 2000 nematodes/ml. along the stems and twigs of longkong tree in the evening,
and 80% mortality of bark-eating caterpillars were found after the application for 24 hours. The
nematodes used were cultured In Vivo by using the cotton bollworm (Heliothis armigera). The
cost of producing nematode suspension by insect host was rather high about 36 baht for 4 x 10°
nematodes.

In 1988, as a result of the first success in the efficacy field trials, the research on
production technology of large quantities of the insect nematode S. carpocapsae by using
artificial media received much attention and was strongly supported by the Department of
Agriculture. Mass production by semi-solid artificial medium was successfully developed and
later on the technologies have been adopted by a number of commercial companies which could
produce nematode at a cost of 30 - 40 baht per 1 sachet of 4 million nematodes. Anyway, there

were some limitations in the potential production of large quantities of insect nematode, either



by semi—solid medium or /n Vivo process which needs more labor and capital in order to get
success.

During 1991 — 1993 the further field trials were conducted successfully for controlling
striped flea beetle Phyllotreta sinuata (Coleoptera : Chrysomellidae), sweet potato weevil Cylas
Jformicarius (Coleoptera : Curculionidae) and beet armyworm Spodoptera exigua (Lepidoptera :
Noctuidae) which are the important pests of chinese radish, sweet potato and marigold
respectively. In comparison with chemical insecticides the application of the nematode-based
product was limited only for the high value crops because of its high cost.

In November 1995, the project of research and development on the fermentation
technology for commercial production of entomopathogenic nematode was established under the
support from The Thailand Research Fund (TRF).

The suitable liquid medium and key factors necessary for development and reproduction
of S. carpocapsae were found. In approximately 2 weeks product yields as high as 300,000
nematodes (Infective Juveniles) per milliliter in shake flasks and yields of 400,000 nematodes per
milliliter in fermentors were obtained. The equipments used for settling the nematode and
filtration processes to clean and to separate the nematode from the culturing medium were
developed. Powder formulation of the insect nematode utilizing attapulgite clay as carrier packed
in a sealed polyethylene bag covered with aluminium foil, which is proved to be the
recommended storage condition suitable for maintaining the high virulence and high percentage
of nematode survival for one year, had been carried out. The liquid production process can
reduce more than 60% of capital cost compared to the semi-solid media production processes.

Recently, this production technology was already adopted by the private company,
Uniseed Co.,Ltd. which signed contact with Department of Agriculture and The Thailand
Research Fund for the support on establishments of a pilot plant producing the nematodes
commercially 8,000 sachets (4 x 10° nematodes per sachet) per month which so far are the largest
number of nematode production. The increasing capacity of production will be planned in the
coming year (year 2000). These efforts have led to a successful introduction of the nematode-
based product into the local markets which plays an important role as one of biopesticides to
substitute the imported chemical insecticides and to be used as alternatives for insect pest control
measures which can save the quality of farmer’s lives. Therefore, this technological advancement
in the nematode production process will be beneficial to the country’s agricultural environment

and economic.
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unAnLo

= A 9 dy Y A Y o A Y a va T av
Anwommsmadi dae ldidoudos  lakiminaaesiidetfianms nguanide
[ A = = @ a o a 9 & oA
M3UUAag AFNFINN NoNguazdnIIer TaeinMsAnAugaIonis 9 gas Faldiu
1 v d J o % 1 a a 1 {
UsznevannnuraslUsaunaazdad wrasms lulaasa luiiu indeus uazimiuaien #
o & 1 a a v 7 3 o J
tufludemsniyauladuiugvedldifoudes  vmiuihll1dded1ddoudes  wams
' Yo o a4 & g A g Hq v
NAADINDIGATOINIT gas B (Tsb) Idsumianamoniosdn iesnniugaseriisiliwa
a A g Y A Y A a9 ' ' 2K o g
paniiluldifoudosis 3 sz I geiigaluszeznmndund AeuIaiaIgATeIMITI
[ (3 1 1 [ 1 Y 1 ds’ Y A d‘
Tagilsvdadivvesdivilsznovomsananlimunzauaensiaes ldidoudesuiniga
1 d' =) Y a Y A [ d' 1 5 1
WUNFATOMITNNUIZANAD Tsb, THHanaa Idiaeurosis 3 szez 17 madelid1na1 200,000
Y
arvwa. Tuszeznams@es 9 Tu msnaaed ldimsAnluuiaun (flask) vine 125 va.

1 oA < { a
Tae1m31vad 30 wa. (veINAMWEI 120 501/U1N NQaIvigil 25° &



A1

I [ o
ld@oudos  Steinernema  carpocapsae iluldidourlosdagunasenunsodiane
Y a S o .. . . Y !
uuadlavatesia Taadunngii symbiotic bacteria Xenorhabdus nematophilus w1 Teduws Tu
o ' < Y

szuudeaveuuaayi1 ¥ uaInIoed1959A157 (Poinar and Thomas, 1966) Tuilagiiuiinig
= o Y A a dy [ =) 9 dgl o
ﬁﬂ‘]eﬂl,mgu”lblﬁm@uPJE]fJ"]ﬂ!ﬂLlthf"I’J'TJﬂNLLNﬂQﬁ@EW‘Kﬂ?N%’JN"’UH ﬂﬁgﬂ'ﬁlﬂﬂﬂﬂq‘lﬂﬂmaﬂ

[

A ¥ Y 1 ' A § A 2
ATNTFAINANUATUNIUADTITHILNA Llagﬂiyﬂ'ﬂi@\‘iﬂ'ﬁﬂulﬂf]uéllf]\iﬁ'lilﬂilﬁlua\n!jﬂ

ﬁ U
douuazkaamamanuas  hldinyasnsuazdaulanenildidoudeslldnaumuaisai
421 3 =) a Y A = 9 = o A a
puaanniy  azdwmaluladlumswaa Iddoudosisdpalimsiaun  FuanmInaa
Y A [ a Y ~ Y o A a 1
I&aourosainunaserds uazwaa lannesienlunuudy (395 wazfivans, 2535) ao
o a 1 9 ~ gl [ 4 = a
wiiauunadaluilagleemsmounauaeouidunsizn (395 uaziiuans, 2538)
A a < a 4 a a . J
awnsomuranaalmdulSinanniuludegsne @ws189UU09 Friedman (1990) 11013
4
nan Taoldo1ismadludanidn (fermentor) dgmangaund mszezlsendanaussnunas
A A S s 1A Yt o = a Y A Y A a
fuinziuIuine laimswauma TuTagmswaa lddoudesdisomsmar  Tasisuds
1 = o % A 1 Aa a 1 ;’f
WIgAToIMsMa) nurawe s 1Usau mslulaesa luiu indeons Iaduaieg neen
A v d dy 1 o .. . . £ & o & Ao o w
WA TAINUAITINNY symbiotic bacteria  X. nematophilus Fuiluiladevtianinnudifgy
1 a a o 4 Y A o A a o Y Aa
aomssyay Tatazaeeiuiued ldiaoudeos (395 wazgnide, 2542) HAINNTUGAT
[ 4
o115 ldideuresazniganla ldUsuaunluszeznardulasAnu luszauvaae

[l 2 Y
Aowieiluteyaiiugmuaeui e ludaminde 11

QU



A o

a a
IHAUHUNIT

ailnsal

4 d' A 1 Y v 9 d! [} AQ‘ 9 dy d‘ u'z d' ]
1. ginseimsesiionisy ldun qouiisainge duasaie nioeda lui inseauvd
Y 4
NavIYaANITIAU
s A Y 1 Y 1 . ..
2. Qﬂﬂimmiﬁ)ﬂll,ﬂi)mﬂ@] 1dun flask, beaker, cylinder, petridish, test tube
2 4
3. siaeuie laun peptone 0.1%, Yeast Salt broth, TTC + Tergitol 7 agar
Y [
4. 1ddoures Steinernema carpocapsae 38 3 3583 1J
5. uUANISY Xenorhabdus nematophilus
4
6. MUBUNUSING Galleria mellonella

7. #15195@199 1Aun hyamine 0.1%, formalin 0.1%, alcohol 75%, KH,PO, , NaCl

o A

9y 1 o A a A =
8. 1TADU llﬂ!l,ﬂ 18 NITAHIQUIUYY 1hnav

M3

[ ngl =
uuadu 2 TunounD

1.

' v
msfaRengaseIsaIlmngaud msuaes ldidoudos S. carpocapsae

a g

Aa 1A 1 Ao & 9 [ [ =}
Andugasommsiaaniiasosaeanduiu - 1dun  uwdsensTusau
o o a a A 1 .
s Tulamsa ludiu nazimiiiu - ndeus uaz emulsifier
[ 2

lagasommsimanianawnsorhwndes ldidourdos1ds 1 9 gas (Table 1.)

os/’ 4 < 1 1
TaoaaFoillugas A, B, C, D, E, F, G H uaz 1 diuilsznouvegasomisunas

4 4
gastiuveduans hidlame

Y

wseNeIIMNEIUTzneUA1 Aana1 1 9 gas Tdluvraudavuia 125 wa.

o Y a

] k4 v
vInaz 30 va. Uagndrdadunszavegiiiion ndeviisainyenguugil 121°%

AN 15 Youd/msain wm 20 1

93 oUIUANIEY X. nematophilus 191314 inoculum (593 taziiuans, 2538) Fauihy
symbiotic bacteria tazlinnudAnsenmnTadu Tanazvneiuivesldinou
Woe (Poinar and Thomas, 1966)

[ <4 o 1 AA A A 9 1
waqmmﬂummaum1mﬂmmﬂmsfmm'ism‘laaﬂum’mmmigmaxqmmﬂ

]
= =

an dy Y o A <3 a
z 1 wa. lagdsmsdasaeuaniliivernianuis 120 seuanii fguwgi
< v
25% 9 1funan 24 19
Y Y ' 1
ildineuresis 3 5ve: U d19l¥azo1adle1i1e1 hyamine 0.1% waziinauiiou

% ' g Y o o 9 ' o 4 & 1 ¥
wasigeuaniluasigamenouhaudssluriaomsne 9 gas Tasldldaeu



Hooszunm 500 @/ems 1 wa. udnihlwdwe fimsnaassgasaz 10 vaa
(10 “]?1)

- nsduiudSina ldideudesnn 24 $1Tua néald | dideuresasdeiluuin
pmnsngas uazdunamsniyaulavesldnoudos auldldifoudssis 3
3oz I quln (ATU 1 2993330)

- uiinSinaldideuros’s 3 seo 1 118 Tuemsudazgas

]
=KX o v A

Y
I
ansuTun@es ldibourssau ldiluszes 1

1
ﬁe

= [ [ 1 A w A Y dy Y A
2. Anvszaudiuilsznoua1en vesgasemisialndamenual lumades ldiioudey
a 1 dy Y A -9
MINMINATOUFATOMITIHAIFUAAE Tunsides [difouros S. carpocapsae Tuii
' Y "
Yoh 1. WU MITIMAY Tsb ¥30 g3 B (Table 1.) dmnsnnes Idinoudos ldlSinuganga
:/l d’ [ lel = ) dy 1 d‘ q./ [ ] 1
luszeznarduiga 9 Ty aziudahgastiyvmaaeuaemolsumssaudiulsznonnigg
9 A2 = g o Y ' o A
Tmunzaugy Tasmsanyiailuiidedosniudiuilsznouueagnionisaail
o A { J ' o
2.1 szavdsnaomsndluuvaalisau uazas lulamse
[ a d' I~ 1 a a A 1
2.2 szaulsuaesntluuradveIn iy - tnaous
o a A 1 o
2.3 seaulsuaensituuvas iy

2.4 52aU53uv09 emulsifier

= [ a A d J = o A
2.1 ﬂﬁﬁﬂ‘]&ﬂﬁgﬂUﬂﬁiﬂﬂl"’ll’f)\ifﬂﬁﬁVIL‘]JULLWQQT‘IJSQH Llﬁgﬂ']ﬁjﬂllﬁl!ﬂﬁﬁﬂlﬁiﬂgﬁll

aomssapanlavesldidounos S. carpocapsae Tuvrvinsmargas Tsb

Y
v A

9
MNAWUNUMINAAOIUUY CRD 3§ 4 N5SUIAT 5971 A9l

2.1.1 155 0.75%
212 1515 1.5%
213 1515 2.25%
2.14 1515 3%

Y
AUUUNMITNADDY Al
~ Y ] a A g 1 =
- IRSEUNANDINIIEAT Tsb Tagsudasidiuvedsunaennsnitluuvaslisau uas
o I as [ 1 9 Y o 1 A A A
M35 1ulaase Wu 4 33Msaenandedy nauiuainlszneudue Avae
0 A Y 1 9 a\ o 9 =& ]
- hemsfinauuar ldluwaunving 125 wa. viaag 30 va. Yagniutdiouian

a

Y ] v
Wongauugil 121°s anwau 15 Uoua/mis1aia uiu 20 wii

U

@ <3 R 1 ~ A . @ 9 J o [l
- ﬁﬁ\iﬁﬂﬂfﬂ?ﬂ‘ilﬁlu%\iﬁlmmﬂﬂLiElX. nematophilus Gll.l’t']ﬁﬂ 3x 10 1s¥aa/v79A uﬂ‘ﬂl"llﬁﬂ

A < P a o
NAINLTI 120 5OU/UMN NYUNHY 25



[ 09.1’ M =] n ¥ A c!y [ o
- waenniu 24 $alue Wldlddeudes S carpocapsae audsalusns1 1,000 @/
) T 1< v A A o

011115 1 wa. nazi lwdneilune 9 Ju Nguwgl 25°

) [} a 9 A [ d' 9 1 an
- dimsesaniudsualdmeurdesds 3 szor U Aldnnesluuaaziimsg az 5

Y

1 (5 ¥an) Idndosgansseni

C=

- unnlSualldifourlesde 3 szee I 11dluuaazisms

= a A Qg 1 a a A VA 1 a a
22 aAnvsunaemsndunrasueianlu - indous AmmzauaemMIniyau e
Y A
vou ldiaouros S. carpocapsae TuoM5IMAIZAT Tsb

Y Y
MAHUNTNAADUUY CRD U4 AFSUIDT 5 51 Addl

221 l4)3ua 0.5%
222 195w 0.25%
223 195w 0.125%
224 1F15ma 0%

Y
AUUUMTNABDY Aall
=~ YY) 1 A & 1 a a A [~
- IA3IN0IMIIEAT Tsb Taellsudasiaiue s niluumadveddenniiv - naous 11 4
ax [ 1 9 9 [ 1 d' =
AFNIAINaNT AU IagnaunuaiulseneusIrIsNvian

9
- il iamarwdennuiimsnaassluiade 2.1

=2 o a A 1 &Y A 1 a a
23 ﬁﬂBWﬁZﬂUﬂﬁM?ﬂl@WﬁWiﬂL‘]Jul!fﬁﬁﬂul"’UiJu ‘V]Lﬁil?$ﬁﬂ@]ﬂﬂ13lﬂﬁﬂ]ulﬂﬂjﬁﬂlﬂﬂ

I&dourlos S. carpocapsae Tuomsmadgas Tsb

9
[

Y
MAHUNTNABDAULUY CRD U 5035035 5 51 Aall

23.1 195w 0.2%
232 1915w 0.33%
233 195w 0.5%
234 %15 0.66%
235 195w 0.83%

9
AUUUNMITNADDY Al
~ YY) [l A & 1 % I an @
- IAsUR SRS Tsb TasllSudasidivuvesonmiisiitluuvasludu ihu 5 35msas
nan Iagnaunuaiulszneuoisnmae

9
- wawmniulfiamsuRedtuIsmsnaaesluiade 2.1



= a . A ' a a Y A
N TGIGIGR emulsifier MmzauaoMsnsyanlaveslditoudss s
carpocapsae TUDIMIIINAIGAT Tsb

AINUAUNTNADDILUDY CRD U 40553035 59 Al

241 135 6.6%
242 155w 10%
243 135w 13.3%
244 1355w 16.7%

Y
AUUUNMITNADDY Al
= [ 1 . I an [ 1 Y Y
- 93IURIMIIEAT Tsb 1all5u0nT1aIUUeY emulsifier 1T 4 3TM3 AINA1IVNAY
Tagnauiudiuilsznousmisnmae

k4
- wawniul§riamamuReaduitmsnaasluiide 2.1



Nan1INAael

v k4
1. msfabengasemsmalivnzaudmsuaes ldidoures S, carpocapsae

[

4
msfaAudINLsZNeUYeIgATENIIMAING 9 gas TanIsanaInuaIe msdIny

9

[

Aa 1 I o [ a a 9 A £ v 1 9 1
VIﬂﬂ’Jﬁ]”lLﬂ‘l!ﬁTﬁi‘Uﬂ?il%imulﬁﬂiﬁﬂlﬂﬂllﬁlﬂﬂuﬁjﬂﬂ PFIWTINUURDAIDINITA NG "lmm

uvaeTsauuazas lu'lamsa 0y uazdas

- uMaIMiu - indous
J Y A v
- wradluiunniisezdad
- emulsifier
2y ya &
MnMInaasuded Idiioulo S. carpocapsae 1o MNTIHAINT 9 AT AW Table 1.
' o A4 Y A ¥ a yyaA o
WUNGATOIMIING 9 gas Maedldidoudes S carpocapsae wazlinanaaldinourosds 3
4 A
' @ @ < 1 a
oz 1 gand1 100,000 dywa. yuliin szmiuigasems B F uaz G ldwawdnga
@ o w 1A a 4 < '
181,000, 181,000 L@z 155,000 A/ua. MUAIAY uAiBNITBITzazNA TUMIEET U
4 v v A
qa3 B ldnaduiige 9 Tu luvmegiigas F uaz G ldnan 16 wag 23 Tu awdny aziiu
= = v 9 1 d' [ Y a' dy [ A
Tumsfinuseazidealuiadede i) wedivljsgasennsIimngauddiuvezaaidengas

<3| [ Sldl dyl
21115 B 1Iuwan LLa%iﬁ%@q@iﬂTWWiuj'] Tsb

= [ ! 1 Ao = 9 dy Y A
2. ﬁﬂ‘]&lﬁ%ﬂﬂﬁ?ﬂﬂi%ﬂ@ﬂﬁﬁﬂ VDNFATDINITINAINAAADNLLAY °lummm”lﬁmauvlaa

= @ a A 1 = o A
2.1 ﬂ'liﬁﬂ‘h!'l'igﬂﬂ‘]_]iiﬂmell@\‘]@'lﬁ']ﬁ‘lflLﬂuLLﬁa\‘]Iﬂi@]u LLﬁZﬂ"IiI‘UVlEfLﬂiﬂ N

mmzauaemsnsuaylnves ldinounos S carpocapsae Tusmisivan Tsb

< 1 o a A g J 2
INHANIINATDINN Table 2. wiUNIzAVTINVVRIO TN UNMaLTsau uaz
o o’j [ Y a Y A (% [] 1 [
s lulansa Tuomismadia 4 szau Tiwanda ldifoudesdo 3 szez 11 Tuuanaanums
an <3 1 o 1 [ c; a
aoa Tagazmiuiud Tdums 19 Tdsan vazans Tu'lamsa fszaudiga 0.75% vz 1dwanan

A 207,600 A/NA.

= [ a A 1 a a A oA 1
22 #An¥1szAVUTINUMT N UIHAIUeIINIIY - (NABLS MU TUADNT

n3ua Iavesldideures S carpocapsae Tua1vitsmaigas Tsb

[ 1

< ' 1 a A 1 o
MINHANITNATOIAIN Table 3. WU UNAWBINTY - indauTHANUAIAYAONT
niyaulavesldidourdes TaafsugainiSumuediaiiu - ndeus luemis 0.5% ldna
HARTIEA 209,400 A/ua. FaliHauanavednTiTod1AyneadanuITNMIoug Nandaiu -

A 1 A ] 1 a Yo @ Y 1 a a A 1A
INABLITAN Llﬁg‘ﬂhlhblﬁ Nﬁﬂaﬂﬂghl@?’l'm’lﬂ 29,000 f13/44a. LLﬁﬂ\ﬂ’I’iLWH'ﬂ'NﬂNu R IGRIYERY



o o y Q’J‘ Il L
anudiay luemisiandes ldioures mivzasdunuesiudesnasemsoumilu

UUAUDIANY - INADUT IFUALINUUATIAIYNNIININALNY

=~ @ a A g J % A 1 a a
2.3 ﬂﬂHTiZﬂUﬂiN?ﬂ!ﬂ?ﬁ?iﬂlﬂullﬁﬁﬂllsllllu ‘VIL‘H?JTS?”J@@ﬂTiLfﬂiﬂJum‘UIWUﬂQ

1&dounes S. carpocapsae lue1misiman Tsb

I~ [ 1 o o'

VINWANITNAADIAIN Table 4. 921U uvad luiiu drga Av 0.2% luom1smad Tsb
Tinanangege Ao 134,000 Ar/ua. uananediiisdynieananinmsld luduluszay
A ~ Yy 1A A Y v o o v ~ 9 A 2
auq vaziiuu Tdyhganivanuutuved lviuasdluewns i lvinanan ldinoudests

AN

= [ a . A 1 a a Y A
2.4 ANMI5ZAVUSINUUDY emulsifier mwmzamamimmmuimaﬂﬁmau

V\]E]EJ S. carpocapsae ﬁlummimmqm Tsb

MINHANINAADIAN Table 5. 5eRuMsld emulsifier luoiisimal ildwandn
Tadeurosgagalunat 9 Tu fAeszdn 6.6% luermama 30 wa. ldwanda ldifouros o 3
202 17 A0 270,600 §/ua, c?qgmﬂGiNasinﬁﬁﬂé’nﬁmummﬁﬁmﬂmﬂd emulsifier 10%,
13.3% o 16.7% Ua. G?Qiﬁﬂﬁﬂaﬂlﬂa'ﬂ 172,000, 127,800 tiag 166,000 A/ua. MR LA
3 e emulsifier NT2H 10%, 13.3% 1z 16.7% Mnaliuandafunsana

= 1 1 dy Y A d’
ﬂ1ﬂﬂ1iﬁﬂ1&l1ﬂﬂﬁf)ﬂﬁ"}uﬂi$ﬂﬁ)ﬂﬁN‘] VDIFATDINTLHAD Tsb Lam”lmﬂauvlaa IND

Y 9
QizauaNudIAyLazMINzaNvesaslszneunaaza el Taensannnnanan ldidou

rowi Idgaiiundn wui

uragseisndluTdsau wazas lu'lamsa  0.75%

1 A a a A [}
- memmﬁmﬂmmuu I RIY] 0.5%
- Tgiu 0.2%
- emulsifier 6.6%

09/’ o [ zd' P [ [Y] 1 1 [
a:uumm‘uz;fmmmsmm‘n"lﬂnmiﬂsuﬂu;qﬁﬂmummmuﬂamaummﬂwm W

< . ' 4 Y
HugasemnsildlunmsAnuimaassae 1 wazli¥ogasemisiiin Tsh,



d
F15UNANITNAADY

g Y a gy v =
NanamMInaasziiu lai msnan ldneurdssdlsemsiial Tagsmsiaesluia
Y 3 A o [ ] 9 = 9 1 [ 1 ~ =
udniu Hiladenarsedraudnunerdos drulszneunazdadiuiminz auvesgaio1nsi
] a a = Y4 9 A 9 A A ] ~ [
panemInsayaula miduiuguesldidoudosTasass dranaviol linevzlinansznuso
9 1 o I~ [ v 1 [ <3 1 a a A
msasely msimundudieendonieg vyuavedieae @annUnd Uszansamlums
Y o ¥ ! HAq v Y A '
Wihatsuuasaneeas 9a4 aIudsznevuvesesnlHass ldideudesunnnunaies
1 A =~ % A v I a a A (Bl 1 =) o
a19q Ao TUsAuuaz lvdunnisuardas Ianiivuazindonsaes $URINUNUNABDIUDS
Pace et al. (1986) F@MsHallszneuals duhanatluasiden, yeast extract Iasan1sn
Y
@edldaeudesde 3 szaz 1 1815z 190,000 d/va. Tuvdaudl  Friedman ef al. (1989)
Y v
lananeudodldidoudos lu fermentor Tagldgasorsiarsznoudie uilnunaos
yeast extract, UiV INA 1AY egg yolk Hawan @ 110,000 @3/4a.
Faauvesauilseneuvesorisuazlsaems 30 wa. Alaluviaudiviia
oaj = Y dy Y A 4 an = [
125 wa. WU lanunemugnumsiaes idineoudes ldnsy 1 2995%3aned wasnnems
o I q’j o A o Aa yw
viua lddeudesaziaunily 17 Mevuae lififedulzdu dldldwandage wenviniids
A A [y . A o A <3 AR A o I Y A ~ (]
MeNTOIN aeration o liwe1inuss 120 seuanit Falidrild ldaeudosiodu
Z Yo ' v = ~ ] A A Ay e <
p I IATY 0, sdamatauaziiissne MemsilSuamnuiedosndil (ANWS)
[ 1A a [ a 1T A 3 [
Tumswauniay) wananvzanad luvaz@edudlsnamudy anus lumswaidag
A & a Aa ] = v o & dy
niaisunuld HandAIzanal IFUABINUNUNITNARDIVDY Stoll (1953) UL S. glaseri
o 1 { a < a 1
Tunasanaaos il 100 sevani Twandage duimsod liwandnvzanas dau
' 9 Y
Hansen and Cryan (1966) 518014319 lananan lddeudeaivyusn 5 mh dudeeldinen
{ Aa { ] I 1" o d 09.1} Y A
tlosluomnsmarnilsuadesnudnsnailuuruildynieg  Matidiesnndineudssld
ad

o ' o = dy o o Ao
U O, BYINNIDY u’E]ﬂi]ﬂlﬂuqmﬂﬂllﬂﬂ\uﬂuﬂﬂﬂﬂﬂﬂw

Y

[ a

k4
wdmsumInaaesi guugil 25° He
1o aa
Nilugamgiifningay (Kaya, 1977)
' A A . £ g .. . 3 < @
ANUANITY  Xenorhabdus nematophilus U symbiotic bacteria 11U 1Tuilady
0 w ' [ dy ' o Y A o 9 A
drauiy lums@esswnu ldideudesluomamar msziuszadsanmitnunzay
[ a a o 9 A v A aw < Y a
aomssyan Tanazmaauves ldidoures (395 nazgnide, 2542) azmuldin manda
4
o a @ (R <
Tadourosdrogasenis Tsb, Wu'ldnananldidourosds 3 szoz 1J gega uaed1elsnaw
Y = = = o A4 9 o A g A o o= a a
wAoalimsfinylIsumeuiuaniniinesdienuadede (host) ivertlumssudunlszans

A
ammadrihaeusawazminsyau lavesldinoudsetiumuiioniu



ajdwanminaaea

1 Y
M3InaapIgasoITmad mohes ldidoundss S. carpocapsae 1% 1a1lSunmgagalu
Y ' Y

szoznAduUNgAINgATEITINAING 9 gas udnihwndnuszaudiulsznouaies veq
Ao oA Y q v 4 2 ' < i
gasomamaInAa@enudd MM auEavy W0 IMISHaIgAT Tsb, Tugase1nIan

Y

a I [

manzanlumsiaedldineudes S, carpocapsae wazlanananilulddeounosds 3 svee 1
v v v I
maelid1nn 200,000 dvva. Tasdealuviaudiviia 125 va. lae1mis 30 va./ana e

< A A a o < v KR a
ANLTT 120 TOU/UIN NYUNYN 25 % a9 Tu JunuHanan



Table 1.

Yield and culturing periods of Steinernema carpocapsae in the different medium

formulae (average from 10 replications).

Recipes No.of nemas.(IJ)/ml. | Culturing periods (days)
A. 35,722 14
B. 181,000 9
C. 303 8
D. 2,000 12
E. 74,600 10
F. 181,000 16
G. 155,000 23
H. 17,700 17
1. 18,500 21




Table 2. Effect of protein and carbohydrate sources in liquid culture (Tsb) on the

production of Steinernema carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of protein and carbohydrate sources)

1. 0.75% 207,600
2. 1.5% 189,800
3. 2.25% 175,200
4. 3% 182,000
CV. (%) 11.03
Table 3. Effect of vitamin and mineral sources in liquid culture (Tsb) on the production of

Steinernema carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of vitamin and mineral sources)

1. 0.5% 209,400 a
2. 0.25% 166,200 b
3. 0.125% 158,400 c
4. 0% 29,000 d
CV. (%) 10.08

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.



Table 4. Effect of lipid source in liquid culture (Tsb) on the production of Steinernema

carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of lipid source)

1. 02% 134,000 a
2. 0.33% 94,200 b
3. 0.5% 40,600 c
4. 0.66% 15,800 cd
5. 0.83% 460 d
CV. (%) 46.55

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.

Table 5. Effect of emulsifier source in liquid culture (Tsb) on the production of Steinernema

carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of emulsifier source)

1. 6.6% 270,600 a
2. 10% 172,000 b
3. 13.3% 127,800 b
4. 16.7% 166,000 b
CV. (%) 26.21

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.
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Table 1. Effect of bacterial cell Xenorhabdus nematophilus on development of

Steinernema carpocapsae in liquid culture.

Treatments Yield of nematodes/ml.
bacteria and nematode in liquid medium (9 days)
1. culturing bact. 24 hr. prior nema. inoculation 166,140 a
2. nema. and bact. cultured at the same time 131,213 b
3. 24 hr. cultured bact. was filtered prior inoculation of nema. 5,646 c
4. nema. culturing alone without bact. inoculation 5,086 c
CV. (%) 20.40

In a column means followed by a common letter are not significantly different at the 5% level by

DMRT.

Table 2. Effect of bacterial inoculum sizes on liquid culture production of Steinernema

carpocapsae.

Treatments Yield of nematodes/ml.
Inoculum sizes of X. nematophilus (cells/ml.) (9 days)

1. 3x10’ 81,200 ¢
2. 3x10° 99,800  be
3. 3x10 109,000  ab
4. 3x10" 128,800  a
CV. (%) 14.21

In a column means followed by a common letter are not significantly different at the 5% level by

DMRT.
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Table 1. Average yield of nematodes Steinernema carpocapsae per ml. cultured in 125

ml. shake flask for 10 days at different combinations of quantity levels of liquid

media and nematode inoculum sizes.

Liquid medium Levels of nematode inoculum sizes (nemas./ml.) (B)

(ml./flask) (A) 1,000 2,000 3,000 4,000 A Mean "
15 266,775 a(a) 250,108 a(a) 267,764 a(a) 158,333 a(b) 235,745 A
20 215,250 b(a) 207,566 b(a) 216,216 b(a) 153,000 a(b) 198,008 B
25 176,400 c(ab) 196,266 bc(a) 171,850 c(b) 157,599 a(b) 175,529 C
30 131,383 d(b) 175,000 c(a) 162,550 c(a) 118,300 b(b) 146,808 D

B Mean 157,452 A 207,235 A 204,595 A 146,808 B 189,022
CV. = 6.9%

In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.

In a row, means followed by a common letter in a bracket ( ) are not significantly different at 5%

level by DMRT.

1/ Means factor A, B, followed by a common capital letter are not significantly different at the

5% level by LSD (LSD 0.05 A, B =21789.9 nemas./ml).
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Table 1. Average yield of nematodes Steinernema carpocapsae per ml. cultured in liquid
medium for 10 days at different combinations of bacterial and nematode

inoculum sizes.

Bacterial inoculum sizes Nematode inoculum sizes (nemas./ml.) (A) Mean
(cells/15 ml.) (A) 1,000 2,000 3,000 4,000
10’ 181,120 ¢ 190,460 b 193,000 a 116,800 c 170,345
10° 200,060 ¢ 210,280 ab 204,640 a 163,800 b 194,695
10° 221,330 b 215,820 a 207,840 a 188,300 a 208,322
10" 308,800 a 224,520 a 203,960 a 200,840 a 234,530
B Mean 227,827 210,270 202,360 167,435 201,973
Cv = 79%
Table 2. Average yield of nematodes Steinernema carpocapsae per ml. cultured in liquid

medium for 10 days at different combinations of nematode and bacterial

inoculum sizes.

Nematode inoculum sizes Bacterial inoculum sizes (cells/15 ml.) (B) Mean
(nemas./ml.) (B) 10’ 10° 10’ 10"

1,000 181,120 a 200,060 a 221,330 a 308,800 a 227,827

2,000 190,460 a 210,280 a 215,820 a 224,520 b 210,270

3,000 193,000 a 204,640 a 207,840 ab 203,960 b 202,360

4,000 116,800 b 163,800 b 188,300 b 200,840 b 167,435

A Mean 170,345 194,695 208,322 234,530 201,973

CV = 79%

In the table 1 — 2 , means followed by a common letter in the same column are not significantly

different at the 5% level by DMRT.
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Figure 1. Effect of the interaction between the bacterial and nematode inoculum sizes on the

yield of nematodes Steinernema carpocapsae cultured in liquid medium for 10 days.
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[ d' dy 9 o am ] [ Y o A
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wagnisulnd uaasliimumsnesensiann pH 5 aggunsanilugnimeIis pH
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Y [ an A (o < o 1 ' o
i uIsmsnlsuanme sty pH 6 sgwualeeu J, taz J, Tusiaral 168 ¥1lug
3 @ ] 9 1 a 1Y A a v Aax A (o <
azumsilndrved lzdning 3 -4 Ju WerfeuduIsmanysuanimerisiilu pH 7 -

q’j 1A @ [ Y
9 UU WIS WAL I, uag J; uad



WeaN 192 — 288 2l Fuilusigato (Figure 1.2. 1.3. 1oz

Table 1.)
manldsuuilasvesszay pH Tuowinsveannismnaass hinuveulimamuuaz
1 ag A (o I 1 dy Y A 09/' Y
anluy1are asmsndSuanmerinsdu pH 5 Aewdes ldneudeeiy nudlseusey
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\ (% 1 a Y A '
ﬂNﬂ‘Nﬂﬁ)NﬁNaﬂllﬁ!ﬂﬂuﬁjﬂﬂcluﬁlliﬂlﬁllﬂ1sllu1ﬂ 500 va.
Effect of Bacteria Culturing Periods in Different Quantities of Liquid Culture
in 500 ml. Shake Flask on the Yield of the Entomopathogenic Nematode

Steinernema carpocapsae (Weiser)
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9
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4 A [ U
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. qﬂmn‘fm?amﬁ’whm"lﬁuﬁ beaker, cylinder, flask, slide, plate, pastuer pipette, vial
. mﬁﬁlﬁyﬂﬂt‘ﬁﬂ ulﬁg{!,!,f‘i peptone 0.1%, ®11M131HAIYAT Tsb,, Yeast Salt broth, NBTA
. 1&idounes Steinernema carpocapsae 3 3282 1)

. WUANS Y Xenorhabdus nematophilus

. wu@uﬁui"qﬁyq Galleria mellonella
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P [} . 9 . . Y Y A
. Q‘]Jﬂim’ﬂuﬂ %W counter, autopipette WIDN tip, magnetic bar, mavyldineurles

o A A Aa A A a ~
i}ﬂ?ﬂﬁ Y NITAIHIUILEY qunmaauﬂimmmw ‘]JWﬂﬂ‘]J

v
TNUHUNTNAROIUY 4 x 4 factorial in CRD 16 95N (treatment) 5 1 (replication)

2 11999 (factor) A1)

[

flave A USuaervisvian 4 ¥aU Ao

30 wa./v79

40 wa./vA

50 Wa./v79

60 UD./UI9
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fade B maassvensuuanGelueiiismad 4 szeznanouldldiaeu

Y
Hosaudes Ao

30 92134

36 %2134

42 ¥71734
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2. ﬂﬁmiﬂmmﬂmiEJiJi?fVI‘ﬁLW’E)Gl‘b'Lﬂu inoculum
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Hiunoudsae lil
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& A A A a =
2.1 MILINYDUUANLIINUIANTINNHUADA (haemolymph) VDNUUBDUNUIINN

q

o a o 4 [ ' o { g
- WMUOUNUSIHA Galleria mellonella Yog@inenouananudnudans 2-3

@1 11HIN13 infect Ao ldiAoureede 3 5202 17 Tuauda (petridish) NTnsza1unIT0IT00Y

a

° g A o )
i linufiguuai 25 w48 42 Tug

Y

o A vy v . v vy d o 4 ,
- HINUDUNANYAINAIG U hyamlne 0.1% UaZANNUAIIUINAUNDUN
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4 v ~ o a vy A Y o a
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< & < P A o & o A4 & A A A
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a = Y o 9 dﬂ/ kY dy A a
UTENT LAINMINITIYLTDVAY) ﬂﬁﬂﬂullﬂlslfﬂﬂ']_ﬁq%‘ﬁ
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a
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q
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Y
T&doures Tihwuanisennds 2.1 wudseveslsinaly YS broth TaglduuainGe 1
[ H < a o ] o a
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Table 1. Average yield of nematodes Steinernema carpocapsae per ml. cultured in 500
ml. shake flask for 10 days at different combinations of quantity of liquid

medium and bacteria culturing period.

Quantities of liquid Bacteria culturing periods (hr.) (B)

medium (ml./flask) (A) 30 36 42 48 A Mean
30 280,480 a(b) 264,620 a(c) 262,200 b(c) 321,160 a(a) 282,115 A
40 242,420 b(b) 246,280 b(b) 224,540 c(c) 319,360 a(a) 258,150 B
50 225,060 c(b) 229,900 c(b) 209,540 d(c) 326,720 a(a) 247,805 B
60 230,920 be(d) 268,720 a(c) 305,160 a(b) 322,980 a(a) 281,945 A
B Mean 244,720 B 252,380 B 250,360 B 322,555 B 267,503.8
CV. = 3.7%

In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.

In a row, means followed by a common letter in a bracket ( ) are not significantly different at 5%

level by DMRT.

1/ Means factor A, B, followed by a common capital letter are not significantly different at the

5% level by LSD (LSD 0.05 A, B = 12,639.3 nemas./mlL.).



Table 3.

different combinations of quantity of liquid media and bacteria culturing period.

Average pathogenicity assessment® of nematodes cultured in 500 ml. flask at

Quantities of liquid

Bacteria culturing periods (hr.) (B)

medium (ml.) (A) 30 36 42 48 A Mean

30 44.164 a(a) 45.000 a(a) 44.166 a(a) 44.168 a(a) 44.375

40 44.168 a(a) 46.668 a(a) 44.166 a(a) 44.166 a(a) 44.792

50 44.168 a(a) 46.666 a(a) 45.000 a(a) 44.168 a(a) 45.001

60 44.168 a(a) 46.666 a(a) 45.000 a(a) 45.000 a(a) 45.209

B Mean 44.167 46.250 44.583 44.375 44.844
CV. = 12.80%

* = The method utilizes a culture cell well with confines one infective Steinernema carpocapsae

with one insect host and results infection within 48 hours (Miller, R.W. 1989.).

In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.






Figure 1. Comparative growth curves of symbiotic bacteria Xenorhabdus nematophilus cultured in

No. of bacteria (cells/ml.)

125 and 500 ml. shake flasks.
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.= 125 ml. shake flask with 15 ml. media

= 500 ml. shake flask with 30 ml. media

.= 500 ml. shake flask with 40 ml. media
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500 ml. shake flask with 50 ml. media
500 ml. shake flask with 60 ml. media



Table 4. Density of symbiotic bacterial Xenorhabdus nematophilus counted at 6 hour intervals during
culturing periods of 54 hours in 125 ml. shake flask (15 ml. media) and 500 ml. shake flasks

(30, 40, 50 and 60 ml. media).

Bacteria Bacterial cell density (cells/ml.)
culturing In 125 ml. shake flask** In 500 ml. shake flask** (with media)
periods (hr.) (15 ml. media) 30 ml. 40 ml. 50 ml. 60 ml.
7 7 7 7 7
0 1.17x 10 142 x 10 142 x 10 1.42x 10 1.42x 10
6 223x 10 ; ; - ;
10
12 3.12x 10 - - - -
18 8.94x10 - ; - ;
12 8 8 8 8
24 1.29x 10 3.01x10 325x10 298x10 4.21x10
11 9 9 9 9
30 7.62x 10 277x10 440x10 2.0x 10 3.11x 10
11 9 9 9 9
36 7.60x 10 2.86x 10 5.0x 10 236x10 3.14x10
1 10 10 10 10
42 7.61x10 223x10 3.10x10 1.65x 10 1.75x 10
1 12 12 12 12
48 6.98x 10 2.73x 10 1.18x10 321x10 2.81x10
1 12 12 12 12
54 6.90x 10 271x10 1.20x10 3.20x10 2.85x10

(-) = not recorded

* airflow rate = 8 1/ min.
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Table 1. Comparison of the yield, number of symbiotic bacterial cells and percent infectivity of the entomopathogenic
nematode Steinernema carpocapsae cultured In Vitro by using inoculum of nematode and symbiotic

bacteria produced by pure line technique to those produced from insect host (Galleria mellonella ).

Treatment Yield Multiple increasing Average number % nematode
Inoculum Media of yield of bacteria* infectivity **
Nematode and liquid 4,254,000/flask 283.6 a 760,000 a 383 b
bacteria from (Tsb,)
pure line semi-solid 13,600,000/sac 302.2 a 270,000 b 55.0 a
(dog food)
Nematode and liquid 3,658,400/flask 2438 b 74,000 ¢ 433 b
bacteria from (Tsb,)
insect host semi-solid 8,250,000/sac 183.3 ¢ 44,000 ¢ 433 b
(dog food)
CV. (%) 7.4 23 13.1

Means followed by a common letter are not significantly different at the 5% level by DMRT.

* cells / 500,000 nematodes
** The method utilizes a culture cell well with confines one infective Steinernema carpocapsae with one insect

host and results infection within 48 hours (Miller, R.W. 1989).
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Table 1. The number of bacterial cells Xenorhabdus nematophilus counted at the culturing period of 24 hours

prior to nematode feeding in the two different conditions of fermentation cultures.

s nd
Bacteria 1 t condition * 2 condition **
culturing nematode inoculum nematode inoculum
period (hr.) 5000 nemas./ml. 1000 nemas./ml. 5000 nemas./ml. 1000 nemas./ml.
Bateria pH Bateria pH Bateria pH Bateria pH
(cells/ml.) (cells/ml.) (cells/ml.) (cells/ml.)
7 7 7 7
0 1.28 x 10 6.99 1.31x 10 7.01 3.08x 10 7.10 3.14x 10 7.11
14 14 14 14
24 2.33x 10 7.60 2.45x 10 7.58 2.11x 10 8.30 2.34x 10 8.34

* minimum airflow rate 0.1 1/min.

** minimum airflow rate 4 I/min.



Table 2. Comparative development of the entomopathogenic nematode Steinernema carpocapsae

culturing in the two different conditions of fermentation process.

nematode 1" condition * 2" condition **
culturing | stage nematode inoculum nematode inoculum
periods 5000 nemas./ml. 1000 nemas./ml. 5000 nemas./ml. 1000 nemas./ml.
(day) % nematode pH % nematode pH % nematode pH % nematode pH
development development development development
1 I 11.58 8.02 6.79 8.01 31.16 7.98 29.29 8.87
J, 88.42 93.21 68.84 70.71
I 6.20 5.07 30.19 25.46
2 J, 1.46 8.25 4.12 8.24 3.05 7.88 5.13 8.66
M 35.77 42.45 17.45 25.64
F 56.57 48.11 49.31 43.59
I 5.80 3.00 28.16 11.96
3 M 37.56 8.13 30.08 8.15 20.68 7.44 28.26 8.78
F 56.64 66.92 51.17 59.78
I, 94.84 97.98 97.82 98.79
4 M 2.02 7.98 0.76 8.09 0.27 7.54 0.40 8.55
F 3.14 1.26 1.90 0.81
5 I, 10.65 7.54 28.10 7.61 1.44 7.44 7.64 8.68
AN 89.35 71.90 98.56 92.36
6 I, 2.71 7.53 6.97 7.65 0.07 7.48 - 8.12
I 97.29 93.03 99.93 100.00
7 I, - 8.34 4.47 8.31 - 8.10 - 8.20
1 15.06 95.52 20.09 76.70 8.42
1 84.94 - 79.95 23.30
8 I - 8.34 70.73 8.35 7.90 8.10 21.29 8.61
1 100.00 29.27 92.10 78.71
9 I - - 52.84 8.35 - 8.10 11.50 8.52
8 - 47.16 100.00 88.50
10 I - - 19.78 8.41 - - -
0 - 80.22 - 100.00 -
11 I - - 5.00 8.40 - - -
1 - 95.00 - - -
12 Iy - - 100.00 8.40 - - -

* minimum airflow rate 0.1 1/min.

** minimum airflow rate 4 1/min.




Table 3. Yields and pathogenicity of the nematodes Steinernema carpocapsae cultured in the two different

conditions of fermentation process.

1St condition™® 2nd condition**
Items nematode inoculum nematode inoculum
5000 nemas./ml. 1000 nemas./ml. 5000 nemas./ml. 1000 nemas./ml.
Yields (nemas/ml.) 104,000 157,000 240,200 304,100
Yields/1 female 36.723 234.61 93.49 508.68
Period1generation(days) 8 12 9 10
% nematode

development in 88.42 93.21 68.84 70.71

24 hr.
% pathogenicity 38.00 48.33 43.33 45.00

* minimum airflow rate 0.1 1/min.

** minimum airflow rate 4 1/min.
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Table 1. Number of symbiotic bacterial cells observed at 3 hour intervals during 24 hours culturing period before

nematode feeding in fermentation cultures in different condition.

Culturing Batch of fermentation process
st nd rd th th th th
periods (hr.) 1 2 3 4 5 6 7
7 7 7 7 7 7 7
0 223x10 135x10 6.63x10 1.18x10 223x10 543x10 1.02x10
7 8 8 8 8 7
3 8.15x10 1.21x10 2.02x10 1.0x 10 - 223x10  997x10
9 9 9 9 9 9
6 1.02x10 1.62x10 344x10 1.22x10 - 326x10  1.28x 10
9 9 9 9 9 9
9 1.19x10 2.19x10 351x10 1.31x10 - 330x10 1.72x 10
10 10 10 10 10 10
12 231x10 395x10 5.11x10 245x10 - 3.84x10 3.74x10
12 12 12 12 12 12
15 234x 10 1.0x 10 1.23x10  1.14x 10 - 226x10  1.12x10
13 13 13 13 14 14 14
18 9.74x10 1.10x10 121x10 9.74x10 7.14x10 1.01x10 1.01x10
14 14 14 14 14 14 14
21 131x10 1.01x10 243x10 2.18x10 7.10x10 1.48x10 1.11x10
14 14 14 14 14 14 14
24 138x10 1.11x10 244x10 2.15x10 7.12x10 1.44x10 1.14x10

(-) = notrecorded
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Table 3. Air supply during 24 hours culture of the symbiotic bacteria Xenorhabdus nematophilus

before nematode feeding in the fermentation process.

Batch Air supply
min. - max. (I/min.)  Average airflow rate (I/min.) Yields (nemas./ml.)
! 0.0-2.0 0.48 137,000
" 0.5-0.5 0.5 145,200
3rd 0.0-10.0 2.85 112,800
! 1.0-10.0 3.52 157,400
: 40-5.0 4.69 321,000
! 5.0-10.0 6.27 334,600

th
7 8.0-8.0 8 424,600




Table 4. Comparison of density of symbiotic bacterial Xenorhabdus nematophilus counted at 6 hour intervals
during culturing period of 54 hours in 6 liter bioreactor (3 liter media), 125 ml. shake flask (15 ml. media)

and 500 ml. shake flasks (30, 40, 50 and 60 ml. media).

Bacteria Bacterial cell density (cells/ml.)
culturing In 6 liter biorector* In 125 ml. shake flask** In 500 ml. shake flask** (with media)
periods (hr.) (3 liter media) (15 ml. media) 30 ml. 40 ml. 50 ml. 60 ml.
7 7 7 7 7 7
0 1.02x 10 1.17x 10 1.42x 10 142 x 10 142 x 10 142 x 10
6 128 x 10 22310 ; ; ; ;
10 10
12 3.74x 10 3.12x 10 - - - -
14 11
18 1.01 x10 8.94x 10 - - - -
14 12 8 8 8 8
24 1.14x 10 1.29x 10 3.01x10 3.25x 10 298x10 4.21x10
13 11 9 9 9 9
30 7.25x 10 7.62x 10 277x10 4.40x10 2.0x 10 3.11x 10
13 11 9 9 9 9
36 7.00x 10 7.60x 10 2.86x 10 50x 10 236x10 3.14x10
13 11 10 10 10 10
42 7.10x 10 7.61x10 223x10 3.10x10 1.65x 10 1.75x 10
13 11 12 12 12 12
48 6.69x 10 6.98 x 10 2.73x 10 1.18x10 321x10 2.81x10
13 11 12 12 12 12
54 6.98x 10 6.90x 10 2.71x 10 1.20x10 320x10 2.85x10

(-) = not recorded
* airflow rate = 8 1/ min.

** shake speed = 120 rpm.
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Figure 2. Correlation between the bacterial cell density observed at the 18’ culturing hour and the yield of

nematode in the fermentation cultures.
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Figure 3. Correlation between the average airflow rate during 24 hours bacterial culturing (before nematode

inoculation) and yield of nematode gained in 6 liter fermentor.
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Figure 4. Correlation between the average minimum airflow rate (1/min.) supplied during bacterial culturing

and the yield of nematode in fermentation process.
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Figure 5. Comparative growth curves of symbiotic bacteria Xenorhabdus nematophilus cultured in 6 liter bioreactor,

125 and 500 ml. shake flasks.
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Table 1. The comparison of nematode numbers gained before and after harvesting by

shaking funnel and standing tray sieving methods.

Funnel sieve (shaking) Tray sieve (standing) Chi-square
No. of nema (X106) % of nema left No. of nema (XIOG) % of nema left (Xz)
before the process  after the process before the process after the process df=1
126.8 64.58 160.5 88.83 25.0 **
Table 2. The pathogenicity assessment* on Galleria mellonella of the nematode

Steinernema carpocapsae (1J) collected by the shake funnel sieve and standing

tray seive.
Funnel sieve (shaking) Tray sieve (standing) Chi-square
No. treated % dead No. treated % dead (Xz)
(G. mellonella) (G. mellonella) df=1
600 35.67 600 42.67 5.90 **

* = The method utilizes a culture cell well with confines one infective Steinernema carpocapsae

with one insect host and results infection within 48 hours (Miller, R.W. 1989).



** = highly significant different (P <.01)
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Table 1. Comparison survival and infectivity of entomopathogenic nematode

Steinernema carpocapsae storaged in crumbed synthetic sponge and Attapulgite

powder at 6C.
Periods of Formulations
Nematode storage Synthetic sponge Attapulgite 100%
(month) %Survival  %lnfectivity %Survival  %lnfectivity
1 96.68 40.80 95.54 40.10
2 96.49 40.30 94.71 40.80
3 93.11 40.50 92.10 39.20
4 91.53 39.50 90.74 39.80
5 88.34 34.30 89.80 33.00
6 86.34 34.00 91.58 32.50
7 86.40 33.30 89.05 32.50
8 84.95 33.30 88.76 31.80
9 85.28 32.50 83.12 30.80
10 82.16 31.70 84.95 31.70
11 82.16 30.80 80.06 30.00

12 83.55 30.80 79.50 29.00




Table 2. Survival, pH and percent of humidity of S. carpocapsae stored in sponge and
Attapulgite 100% at 6 C.
Storage period Sponge Attapulgite 100% Chi-square (Xz)
(month) % survival pH | % humidity | % survival pH | % humidity (survival)
1 97.26 7.16 - 90.00 7.26 36.19 1.109(P=0.2923)
2 96.00 7.23 - 87.10 7.28 35.62 1.560(P=0.2116)
3 94.87 7.29 - 86.67 7.74 36.12 1.591(P=0.2072)
4 94.59 7.23 - 86.36 7.40 36.10 1.466(P=0.2260)
5 94.59 7.04 - 86.84 7.31 35.78 1.128(P=0.2883)
6 94.67 7.33 - 86.84 7.54 35.51 1.174(P=0.2785)
Table 3. Survival, pH and percent of humidity of S. carpocapsae stored in sponge and
Attapulgite 100% at 25 C.
Storage period Sponge Attapulgite 100% Chi-square (Xz)
(week) % survival | pH | % humidity | % survival | pH | % humidity (survival)
2 94.44 7.37 - 91.67 7.31 38.07 0.019(P=0.8901)
4 87.10 7.56 - 87.10 7.36 36.64 0.108(P=0.7428)
6 86.89 7.48 - 85.71 7.44 35.51 0.034(P=0.8540)
8 63.08 7.80 - 69.23 7.41 33.00 0.098(P=0.7547)
10 62.86 7.80 - 65.00 7.52 32.67 0.008(P=0.9301)
12 50.75 7.81 - 47.37 7.52 30.73 0.000(P=1.0000)
Table 4. Survival, pH and percent of humidity of S. carpocapsae stored in sponge and
Attapulgite 100% at 30 C.
Storage period Sponge Attapulgite 100% Chi-square (XZ)
(week) % survival | pH | % humidity | % survival | pH | % humidity (survival)
1 46.48 7.44 - 80.00 7.39 38.07 7.101°(P<0.05)
2 45.83 7.50 - 79.17 7.42 36.36 6.769 (P<0.05)
3 36.84 8.05 - 65.00 7.57 34.52 4.044*(P<0.05)
4 33.82 8.17 - 52.63 7.65 33.61 1.504(P=0.2201)
5 1.56 8.26 - 40.00 7.79 32.77 19.687*(P<0.05)
6 0.00 8.30 - 11.76 7.82 31.16 3.608(P=0.0575)
N = total numbers of nematode counted

significantly different
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f . The comparison of nematode production cost between In Vivo and In Vitro culture.

Item Production cost of the entomopathogenic nematode (baht/sachet)
In Vivo In Vitro
G. mellonella Semi-solid medium Liquid medium Liquid medium
(insect host) (shake flask) (fermentor)
Material 14.8 1.93 1.06 1.01
Labor 11.14 8.63 2.87 2.5
Operating™ 15.56 3.33 2.36 2.11
Total 41.50 16.88 6.29 5.62

*The cost of equipment, electricity and water were included
notes : 1) production cost = bath/sachet

2) 1 sachet of nematode = 4 x10° nematodes
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NARDINDINITTZAVDINUN (fermentor) 100 ANT = 5.62 UIN/HD9
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MANHIN

NBTA

- Nutrient Agar (NA) 1 l.
- Bromothymol Blue (BTB) 0.025 g.
- Triphenyltetrazolium Chloride 0.04 g

Ringer’s solution 10 litre

- NaCl 10 g.
-KCl 42 g
- CaCl, - 2H,0 37 g
- NaHCO, 2 g.
- Distilled water 10 L

Steriled egg’s solution

- 4M NaOH 1.25 mlL
- Sodium Hypochlorile 12% 1 ml.
- Distilled water 7.75  ml

Tergitol 7 Agar + TTC (Triphenyltetra Zolium Chloride)

- Group 1 ingredients Tergital 7 agar 33 g.
Distilled water 1000 ml.

- Group 2 ingredients TTC 0.1 g
Distilled water 100 ml.

Yeast Salts 1139 YS broth (Akhurst 1980)

-NH,H,PO, 0.5 g.
- K,HPO, 0.5 g.
- MgSO,7H,0 0.2 g.
- Yeast Extract 5.0 g.
- NaCl 5.0 g.

- Water 1 1.
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