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Executive Summary

Between 1986 and 1990, the research group of entomopathogenic nematode, Department
of Agriculture, had developed in vivo mass production of Steinernema carpocapsae. The strategy
was to rear nematodes in the insect host, the greater wax moth (Galleria mellonella). Yields per
larva ranged from 1-3.5 x 10’ infective juveniles (IJs). In vivo production depends on the availability
of relatively inexpensive supply of hosts and are far too high for large scale commercial production.
The first attempt at mass production of the entomopathogenic nematode on artificial media was the
development of monoxenic semi-solid culture technique, that achieved much higher and more
consistence and gave yields as high as 8 x 10" Us per one kilogram of media. This technique has
been choiced by three of commercial operators to produce nematode-based products for a local
market, the cost of the product available was about 30-40 Bath per sachet containing 4 millions of
1Js carried on moist sponges.

During 1996 — 2000, the research and development project on commercial production of S.
carpocapsae by liquid fermentation technology and yield harvesting process techniques were
established under the cooperation between the Department of Agriculture and Thammasat
University financially supported by the Thailand Research Fund (TRF). The research focused on the
development of small-scale liquid culture in shake flasks and 6 liter bioreactors. Areas of
investigation included nematode and symbiotic bacterium inoculum, interaction between nematode
and it’s symbiont, growth media, process development such as shear sensitivity, optimum aeration,
population dynamics, timing and storage, harvesting equipment for separating nematode from
culture. In 2000, the developed liquid production technique in shake-flask, yields per 1 ml medium
ranges from 200,000-300,000 1Js, can reduce more than 60% of capital cost compared with the
semi-solid culture and has been adopted by the commercial operator, Uniseeds Co., Ltd. signing the
contract with the Thailand Research Fund for an investment in establishing a pilot plant
commercially producing the nematode 8,000 sachets (4 x 10° s per sachet) per month.

A major breakthrough in a commercialization of the nematode was the development of the
scaled-up monoxenic liquid culture of S. carpocapsae in 130 liter bioreactor in order to produce
sufficient yields for the demand of local market at a competitive cost compared with chemical
insecticides. Additionally, the nematode formulations provide a long shelf life for storage and

transportation and make application rapid and simple.



At present, Steinernema carpocapsae can be successfully produced with yields as high as
250,000-300,000 IJs/ml (media). In order to maintain the nematode quality by producing reliable
and consistent nematodes and minimize variation in nematode pathogenicity among in vitro
production batches, the stock of nematode used as inoculum for the fermentation process was
produced by pure line techniques. In stead of the sponge based formulation made by applying
nematode to small pieces of moist sponge providing 2-month and 2-4-week shelf-life when stored
at 7 °C and 25-30 °C, respectively, the water soluble powder formulation with an appropriate
package was so developed that kept the nematode shelf-life of 6 months and 4 weeks at 7°C and 25-
30 °C, respectively, and can maintain viability and pathogenicity of the nematodes after they are
harvested from the fermenter until the product is applied by the end-user. To ensure the stability,
the standard quality control procedures of Miller (1989) was used to measure at every stage of
production process. The advanced technology in the nematode production process and formulation
were adopted by a private company, TFI. GREEN BIOTECH Co., Ltd. which signed the technology
transfer contract with TRF and DOA in June 2007. Also the patents for the production technology,
the nematode formulation and the technique for separating the nematode from culture residue have
already been registered at the Department of Intellectual Property, Thailand since 2002.

Now, the nematode-based product is introduced to successfully control of various
economically-important insect pests such as Longkong bark-eating caterpillars (Cossus sp. and
Microchlora sp.), chinese radish striped flea beetle, (Phyllotreta sinuata), sweet potato weevil
(Cylas formicarius), marigold beet armyworm (Spodoptera exigua), strawberry root beetle (Mimela
schneideri), Turf grass carpet beetle (Ataenius nigricans) and mushroom tineid moth (Dasyses sp.).

Making the nematode production a local business will create new opportunities and
potential for the nematode-based product used as a biopesticide to substitute imported synthetic
pesticides. Because of the less environmental impact and selectives of nematodes, they will be ideal

components in intergrated pest management programmes.



Development for Commercial Production of Entomopathogenic

Nematode in Fermenter

Abstract

Research on development for commercial production of entomopathogenic nematode
Steinernema carpocapsae in fermenter during 2001-2005 encompassed the study on the large-scale
liquid culture of the nematode for producing high yields (concentration) of infective juvenile in a
130 liter stirred tank reactor, and the effort to develop water soluble powder formulation and
containers suitable for storing of the nematode with long shelf-life at 7 °C and 25-30 "C. For the
liquid fermentation processes, the experiment was started for developing the advanced technique for
producing pure-line nematode inoculum to meet quality and quantity needs for scale-up production
in a 130 liter stirred tank bioreactor. Healthy fertilized eggs were directly isolated and selected from
living females, and released to hatch and develop to the infective juvenile (IJ) on the nutrient lipid
agar under aseptic condition. The harvested 1J were then mass cultured by utilizing semi-solid
media for producing high concentration of 1J for inoculation in the fermenter. Approximately 1 x
10" bacterial cells/ml of medium were inoculated in the fermenter containing 70 liter liquid culture
(Tsb,) and grown for 24 hours at 28°C prior to inoculation with the nematode concentration at 1000
1Js/ml of medium.

After bacterial inoculation into the culture, different air flow and agitation rates are
introduced to be tested in culturing symbiotic bacterium. At the time of nematode culture, the
partial dissolved oxygen (pO,) is maintained in the same levels in each fermentation batch and
airflow rates are varied according to O, requirements of different nematode population densities in
each growth stage.

The result showed the higher average air flow and stirring rates (2.7, 2.3 vvm and 195,
197.5 rpm) accelerated the growth rate of the bacterium reaching the stationary phase (1014 cells/ml)
at 18" culture hour, earlier than in other treatments . These conditions are most suitable for
reproduction of the nematodes giving highest yields at 313,000 and 302,000 IJs/ml, respectively.

Addition of various concentration rates (0.1, 0.3, 0.5 and 1%) of antifoam (Glycerin
Alkoxylate) tested in the culture time of symbiotic bacterium resulted in reducing yields and

efficiency of the produced nematodes.



The study on formulation development, including the selection of formulation types,
ingredients, packaging sizes and storage condition, was also undertaken. The result showed the most
suitable formulation 100 grams comprises Attapugite powder 30 grams, Zeolite powder 15 grams,
antimicrobial substance (Benzoic acid) 0.1 grams, Steinernema carpocapsae 50 millions, water 40
ml . The mixture of the formulation is sealed tightly in a contrast cylinder container
(vol. = 311 cms) with a opaque spiral cap. The shelf life (90% survival) of the nematodes can be

prolonged for 6 months at temperature 5-7°C and 4 weeks at 25-30°C with constant efficacy (90%).
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Table 1 Comparison of sex ratios of Steinernema carpocapsae adult stage developing in a dead

insect host (Galleria mellonella) infected with different injective juvenile (1J)

concentrations per larva by penetration and infection methods.

Concentrations

of IJs/larva

Average number of male and female/larva

Penetration method

Injection method

Male Female M:F | Total Male Female M:F | Total
100 442 57.0 1:1.3 | 101.2 40.7 60.5 1:1.5 | 101.2
200 68.1 92.4 1:1.4 | 160.5 91.7 108.8 1:1.2 | 200.5
400 116.8 152.7 1:1.1 | 269.5 | 185.1 2294 1:1.2 | 414.5
600 182.1 220.3 1:1.2 | 4024 | 279.5 337.1 1:1.2 | 616.6
800 282.6 348.8 1:1.2 | 6314 | 36l.1 456.3 1:1.3 | 8174
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Table2  The numbers of eggs per female, yield and efficacy of infective juvenile (IJ) of Steinernema carpocapsae propagated in a G. mellonella larva infected with

different concentrations of infective juvenile (IJ) per larva by penetration and injection methods.

1J concentrations Aver. no. of eggs/female Aver. no. of yield Efficacy of 1J (%)**

per larva Penetration Injection Different Penetration Injection Different  Penetration  Injection Different
100 838.9 a* 838.7 a* 0.2 ns 127,640 a* 112,400 a* 15,240 ns 53.3 a* 54.2 a* -0.8 ns
200 630.7 b 590.1 b 40.6 ns 76,120 b 65,600 b 10,520 ns 525 a 56.7 a -4.2 ns
400 4913 b 3392 ¢ 152.1 ns 56,960 be 50,400 b 6,560 ns 50.0 a 533 a -3.3 ns
600 2545 ¢ 2414 ¢ 13.2 ns 42,360 bc 34,800 b 7,560 ns 51.7 a 533 a -1.7 ns
800 214.1 ¢ 1844 ¢ 29.8 ns 28,520 ¢ 26,400 b 2,120 ns 50.0 a 50.0 a 0.0 ns

CV (%) 42.7 53.8 16.7

* In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
ns = not significantly

** The method utilizes a culture cell well which confines one infective S. carpocapsae with one insect host and results infection with in 48 hours (Miller, R.W, 1989).



Table 3 Numbers of the first stage juvenile (J,) of S. carpocapsae emerging in a culture cell

well containing 1 ml Y's broth and added with different number of nematode’s eggs.

No. eggs/well No. emerging J,/well % emergence
230 68 d* 29.6
460 268 ¢ 58.3
690 461 b 66.8
920 680 a 73.9
CV(%) 25.8

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

by DMRT.

Table4  Yield and multiple increasing of different numbers of the first stage juvenile (J,) of
S. carpocapsae cultured with 16 g semi-solid media spread over a sheet of sponge in

aclosed stainless box for 12 days.

Treatments Yield of nema. (1J) Multiple increasing yield
No.J, /16 g media per 16g media (%)
8,000 6,800,000 b* 850 a*
16,000 7,470,000 a 466.8 b
24,000 6,080,000 ¢ 2533 ¢
32,000 5,650,000 ¢ 176.6 d
CV(%) 7.2 6.3

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

by DMRT.
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Table 5 Comparison of yield of nematode cultured with liquid medium in shake flask and 6
litre stirred-tank fermenter by using inocula of S. carpocapsae produced by pure line

techniques and using insect host (G. mellonella).

Treatments
Yield (IJ/ml.) Efficacy of 1J(%)**

Culturing in Inoculum
Shake flask Pure line 349,200 a* 433
Insect host 326,600 a 42.5
Fermenter Pure line 336,860 a 438
Insect host 229,223 b 47.6
CV(%) 13.5 18.5

Table 6 The quantity and efficacy of each generation of nematode /n Vitro cultured

continuously by using a pure line nematode inoculum.

Generations of Quantities of production
Efficacy of 1J (%)**
nematode inoculum (IJs/1 ml medium)
1" 290,000 a* 55.8
2™ 283,200 a 43.3
3 284,100 a 60.0
4" 180,200 ¢ 30.8
CV(%) 10 16.1

* In a column, means followed by a common letter are not significantly different at the 5% level
by DMRT.
** The method utilizes a culture cell well with confines one infective S. carpocapsae with one

insect host and results infection with in 48 hours (Miller, R. W, 1989).
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12 manezeddneudes Steinernema carpocapsae (Weiser) MBI sIHaluaInn
YHIA 130 anT
Mass Production of Entomopathogenic Nematode Steinernema carpocapsae (Weiser)

In Vitro Liquid Culture in 130 Litre Fermenter
UNAAEe

ﬂizmumiwam”lﬁlﬁauvlaﬂﬁ"@lguum Steinernema  carpocapsae 1u535ﬂq€1ﬁ1ﬁﬂiiu
v g o 29 YN Y |a v v ~ o a o
AwMIMIzasIveenug 19 ladFunamndiseninsmial Tagldmaluladmsniin § 2 duaou
o < Y & o
TupouusNUNSIAeY symbiotic bacteria Xenorhabdus nematophila WU 24 $alug  u
v v Y
Juneuae l3wimslaldifeurlos infective juvenile (17) aelidseasusunuafiisodanan fa

QSJ} 9’o I o o y a 1 <3
2 dupeuiiiuuvzdeslivilasenToanmmadedimunzan  nanaagaien lanne ldiaou
y 4 4
Woede 17 1w
dy o = [ o A o @ A o Y

Tununasesil MmsanywavesnsUsviletendidyae onsinslvoimeiaznmsniu
~A ] 1 ] dy . . . 1 Y] Jd (A Y A [ [
Nszaua1e Tug9MI18e9 symbiotic bacteria Aomsveneuilsuveldidoudosrdeninld

Y 9
ad l@eeswnuuuaiGeaenaln MmsmizaeelugaminLUY stirred tank bioreactor YUIA 130
aM3 UITPOIMIINAIGAT Tsb, 70 A3 nreulfianmsngquanilsiudagisniedinim
ANinITeRAUINMT0ITNINNY NTVINMIINBAT T2HIN QAN 2547 — NULIBY 2549 HIM5

dy A 1 o Y @ <
naaealy 5 @7 NNI51@ea (batch) AANNLananulumsldemanazmsdsuanusalums
] dy A A (% dy A = v @ Y A ]
NIUFWMTAeWUANGE a9l Tubatch N1 2 3 4 waz 5 IMsUSudasimsIdemende (339
24 %3109) 127.5 109.2 127.1 172.5 wag 162.5 aas/uil (W50 1.8 1.6 1.8 2.5 uag 2.3 vvm)
a1y LazlSuUonTIMInIWmae 180 174.6 178.8 195.0 uag 197.5 58U/UIM ANEIAU
Y Y v

daulurrmsdes ldimeudeestiuinmsdsvanmindfesiulunng bach Taolugiesiluans
Y v
@O0 0-24 24-48  48-72 72-96 96-120 wag 120-312 $nw15EAU pO, Aremitlsuilatenieg

Ioglanszay 90-100 70-90 10-50 10-30 30-50 wag 50-100% AWAIAL

wansnaasd wun Mssuiladelu batch 1 1 2 vaz 3 TasmsIormemaslusnii
127.5 1092 uag 127.1 aa5/110 130 1.8 1.6 1ag 1.8 vvm a9y tazlsumsniun 180
= o w o 9 A A a A a a

1746 wag 178.8 59U/ANN awady  MlnuuanGelunn batch wIgvlIannlsuna
A 9 dq g . 7 s 3 14 s A o

suaunlaaaass (inoculum) 107 5aa/01%15 1 va. 111 10" waa/01115 1 ¥a. N 21 %2 199U94
2 A g Ay . Y A Aq 1 e s

mM3eesuluszezisuduved  stationary phase g ldtneudesilaavdesluaaniiauise

YU nUTIaIFUAY (inoculum) 1,000 §2/01M13 1 wa. iy 161,000 131,000 way



' v
131,500 §/01%115 1 wa. u3easomiuld 161 131 uag 131.5 91 AWa19Y  1agna 3 batch
9 dy Y] ! A Y [ A A 1 A
Tsarlumsi@es 13 Tu d@auly batch 11 4 vag 5 Tomaludasundsnganii Ao 172.5 uag
a =1 A o W [ <3 A A J A
162.5 AA3/UN 130 2.8 Az 2.3 vwvm Mua1ay tazdsuanusirlumsniumasiiganin A
~ o W A A a ] 4 a O’Q' 9 d‘ [
195.0 Az 197.5 J0U/ANN MUAIAY LuANFea oI yuUaraannlInaadsuaunld
g 7 ¢ Y (a 14 ¢ A o g
audss 10" 1vad/o1ms 1 wa. lalsnagega 107 wad/eis 1 ua. 01 18 $2Tusvesmsides
I 1 { A (] e
(5909110 batch 1 1 2 waz 3) uazi5udgszo stationary phase  Tuanmil ldineudosannsa
v & A a Y I ] A [ a

yenenuginulTunalaitu 313,000 302,000 42/01M15 1 WA, ©30 313 uaz 302 tM1vealTuI
A v . o w 9 dy o & 09: 1 1 Y
133AY (inoculum) Mua19y tazldnarlumsaes 12 Tudadundn uaaad Ms e rmeagns

[ [ { ] v < A a [ {
Ysumsmulusasiigalinasemsveeiugiiulsinavesldideudos Ialudasingauas

3 a Ao ' ' a Y A Ay Y

52OZNAMINUNANAANTUNTT daunaNINvoINanan lddourosh Ida1nnsnaaeann batch

28 1UIzAVINTTINMNATAIVDY Miller (1989)
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nnInsamanannmsnan ldiaeurdosdaguuas Steinernema carpocapsae Tuszaumsn

= a o Yo a dy a Y A a dyﬂl
93 wazgnide (2544) 1ddutiuminaasudessvenslsua ldinoudessiiatidieo1misman
Tu52M1 shake-flask Y11A 250 ¥A. (91415 15 ¥A.) LAZVUIA 500 Ua. (91115 40 wa.) lagld

a Y A = Vo 1 o 9 A [ [ dy a
nanaa Idiaeuroamas ludini1 300,000 A2/0115 1 wa. Jeyaneanuiledelumsi@esdsun

2

1&deudesti a1 lumsiannmseaavenslsunalfinoudeslussdudansin - 6 das
(#1113 3 an3) mamIsnaassausanan ldmeures 1aluszanlid1inin 300,000 drua. Uy
o 4 oaj 1 dy S A A = o a'ltls}d o o
Tagiszasdvesmananesluduae Uil AienszAnveeiug Ididouros ludaniinuuia

ld? & [ % a A 1 ao a Y A a FY
Tnglu Flivuaussguestmin 130 das  deduilumsdidenmiswan ldideudoslusanis
Tagmslddoyanionamsduniinaaoaluszay shake-flask uazdaniin 6 ans wusuldield

Yo ] 1 = [ 1 g Y Aa o ]

1d5umaduSalulasamasuerdy vazeanusoorenoamalulad liuamaeasunansiviie

Trunnbasns wazdauloni ) ldmuguuuasdagisunums dmsnisinwas



AadA o a
IFAUHUNIT

Saaailnsal

v 2
911151084150 symbiotic bacteria (Xenorhabdus nematophila)

dy Y A v Ao
psaaes [difouroagas Tsb, (43 uazgnive, 2544)

- UUANISITINOAY Xenorhabdus nematophila

1&dourlos Steinenerma carpocapsae 38 3 3 A ARG (infective juvenile = 1J)

Y
NUDUNUTING Galleria mellonella 38 5

E‘TTiLﬂﬁGI'NG] 1un hyamine 0.1%, formalin 0.1%, alcohol 75%, Ringer’s solution
- G};@ﬁwﬁmmu autoclavable stirred tank bioreactor YUIA 6 AN VYBIUITEN B. Braun
. . ' . ® 9 L4 9y 1w t% Y ]
Biotech Internatiol 31 Biostat B Wiﬂwqﬂﬂimﬂizﬂﬁ)u laun daminuda HUIYAIUAN (control
unit) szuummuqmwgﬁ (cooling system) §LUUNT Temea (air pump), gas mixing unit,
manual sampler, JEUUAIUAN pH, srUuMInIuGIlseneudeluiia 3 *A 1411A 6 blade disc
impellers, up-pumping impeller wazlusasidanles Fasiideuniy silicone

- YADINNN 130 aNT (:Jj‘ﬂﬁ 1) 11U In-situ sterilizable stirred tank bioreactor Faa519

Q

tazisznovIagnazIAINT MNUHIINGIRIVDULAL

9
¥ v S (3

169 A9 stainless steel VAR W73 2 F (double jacket) @115 In-situ sterization

k4
a v 9 a o o

HAZAIUANYUNYN VOUNIA AN port FHMFUAAAINIIA (sensor) pO, pH LazuUHN Az
Y
) ] < % 1 ] o @ A o a o (DR ]
AeNd M SUAUAI081991113 HFINTZIN NMINIAANTTINUINNU 10 VY. ARAIDYAIINAN
VOITINAA 1NOMITUNAFAINATIINUA I DI

1 Y
fhda (510 1, 4) Tgunsaleneg Aadeuushds 1dun

- %AIANNAY (pressure guage) HaQANNNN YU
o A . A
- %ag1lnIaingI0IMANNIND air pump (FUN 2, 3)
1 o [ ' o o . . dy S A Y A
- NedMTUAPA188 AT inoculation IeuuaiSe wag ldineures azms
AuAuANNAUTUDY

ginsaimsnau (514 5) Uszneudae

- luwanauiien stainless steel 3 2 HUY Av TUWANIULIATTIU (6- blade disc
impeller) wazluwaniuuy Up-Pumping impeller
v o w I v o Aan
- Tuiadsareaduluiaidresa lau

- Llﬂuﬂﬁu@ﬂﬁlﬂﬂﬂlﬁﬂi{ﬂlu"lﬂ 3 !,Lixiil}"l
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P2
P3

P10

P14

i1 urasdnyuzneuenuesdavalin (Fermenter) ¥u1A 130 Ans

Pl -

P4 -
P5 -
P6 -
P7 -

P8 -

Bl =——¢
P12 -
P13 -

P15 -

P16 -
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Relieve Valve
Pressure gauge

Feed

Balance pressure

Inlet air filter

Qutlet air filter
Spare

pH-probe

DO-probe
Temperature-probe
Spare

Sampling Valve
Drain

Outlet warm water and
Vent for drain water
Inlet steam

Inlet cool water and

Drain water
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(D

1 . ii¥ounaldnsoa (Filter Casing)

K 2 - dodemunaaudhdaniin

YUIA ¢ 8 WY, (Quick connect

{

©)

@

for air inlet)
pif't 2 LTALANYAZYDIRINTBIDIMIRYL I Pressure gauge 0-2 bur
4 - Drain valve (Condensate)

/7 5 g 1&n30901N1#1 (Air fiiter)
- /

0

U7 3 uaasdnuuznisluvesdinsesenin
J '
sziriuldnsesomedangniolu



717 4 uaAsdnYAzNIIADIENINAITAEINNLAY

moludidudinseaomevidnuazeionn

| - dose 90 dmFudeiuduanusuveveanaliIualuds

>
- P | - w 1
> - mwssFalausuie % i dmivdeieliuaudu Undegluanamila sxilaneuins
Y S
AuFominiv
; . . ' e =

3 - dospmums dmiudesuduanuduveslehduvumiloszAvvoamasluds
>

4 - MeL1eFaTnuna ¥, i1 dmiudedyldnsesemmneen Undegluaniwia sxllanou

o - A,
MINITHUFDINIUY
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| - wowesusihuinaseuludvuia 3 useadh

1470 380 Thad 3 e 3 1dw)

2 - Bolt AUAUIAD IN5A 304 size M x 65 mm
U 4 i dmSudanemes du
UUTBINDIADT

3 - Nut UAUIAY (NTA 304 size M 114U 8 A2

4 - Coupling (v8) dmiudsidannuaimaigiman
5 - Housing DUAULDT INTA 316
dm3ugnilu (bearing) vomvhudaudiuuy
6 - Bolt and Nut FLUAUIAT 1N 316
size M8 x 60 mm $1U7U 8 %A
7 - Housing MA@ NTA 316
dmiugnilu (bearing) vommrhuaud
8 - INAUAUIAH 1N3A 316
YHIA 30 WA, 8717 142 .
9 - luwamudalau dmimhanes

da da § o
NINANHIUTHUN

10- luNanauuuy nasgu

(6-blade disc impeller)

11 - TuWANMUUYY up-pumping impeller

1t 5 umsinvuzvosadahdalunmniu
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gilnsailo1me

- air pump, airflow meter, YANTOIDINIA (air filter) (gﬂﬁ 2 1ag 3)
FANUAUNTDIDINA YUIAYFDI 0.2 micron

gilnsaiilszney ldun

4 o g} < . o o A [ 3
- %ﬂlﬂ?@ﬂﬂ’]u“ﬂu (chiller) ﬁ”lﬁﬁ‘]Jﬂ’J‘]Jﬂ?JQﬂlﬂQiJiUﬂ\ﬁ’iﬂﬂ

] 9 1 k4
- YAINT0IHAA 19111 (steam generator) dMSUBVIIA TN T WD

Qe

aa a o)
aﬁﬂgmmsmmﬂam

4

= y & Y A . A A =
1. mansouduie ldidounos (inoculum) NUSgNG

v ' v
R A o 1

Y
ABMINVTUADUVOIIFT A GNTFY (2544) FAUTUADUAII AT
[l v Y] 3 Y Y] an
1.1 msuen 'l lddsudosdududamemle (Fuase ldanuuateds) vuwzilndie35ms
Y
aoaraln 1d ldinourose 1

2 2
12 msdelddoudesis 1 audssluomsdudisitmstasaio w'ldldinoudosle

4
=

4 =
3 520 (1) NUTAN
4 H A
1.3 msassveneliualdifoudesds 3 szoy 1 Ausgnsld lAdsmanndleenis
< & @ Y [ o 4 <
enndenanad (70x10° audymsiaealudansn 1 batch) o lHiu inoculum

4

4 ] [ { a a 4 I~
2. MO IUAUIFOLUUANIS I IWDIFY (symbiotic bacteria) NUSaNT 1o 1911 inoculum

T

Y 7

9
2.1 MIUeNFOUUATIZY Xenorhabdus nematophila 14 1A1¥0UTgNE
Y [
VIMUOUAUSIHY (G. mellonella) Nonedeldidoudles S, carpocapsae Naitan 24 ¥u. wndrald
@ o 4 < { Y g’ {
A201A978 alcohol 75% Anvufisunueu (hludiasawe) ldluvsdudanuinaoahn lnasen
Y o < & ' 2 & 4 Ay g o
VWAMNNT streak UUOWNTIABUFE NBTA  Uunudsusengurgiveuiluna 2 u
% A = S A d‘ a Q( d! S = 3’ a o d' dy
Aadenlalativouaiisenusqns  FaldnaznanyudmhiEy himsdeuenasaoalueImis
a = o VoA <
187 Ys broth Y311a3 150 wa. Feu339luwia (flask) auia 500 wa. 1hldwdrnanusisen
A d A Ay
180 30U/17 1T unat 1-2 33, Ngaviniies
dy a aAa ] o o a A 9 I 9 da’ [V o

22 msassvenedsuauuanseswerdelusmin 6 ans weldduauyeludanin

130 205 Taelyunouadil
&Y @ a 09.:’ dy Y A [ o a

22.1  dsznevginsainaniin 6 ans amduaeumsaesldiiouresludwin 6 das

YOITHT UATYNT Y (2544)
v
o 1 [ @ a a o o
222 IN3IN0IMIT Ys broth 91U 4,457 wa. laludandn 6 ans Aadginial

a oy Y =2 o L A 4 o & a
ﬂﬁgﬂﬂﬂlﬁﬂﬂﬁﬂﬂlla’l AHNVIDUUINUEDN 121 Lﬂuna'] 30 1IN



=\

223 ©a9noIms ludwiintigurgiianaudl 3uhewinaodiuya control unit

3

Q{ )

o ' an ¥y A A '~ Y 9 ] ™ o A o
224 shimsldunaiiGedureusgninwion Nudrlude 2.1 avludwiin 6 ans U5
a 0 < 1 @ a Y
gannil 28°% Anwsaseuvesluianiu 150 seuanit Tiemedas 10 aas/aunil @esvens
[ I~ 4 A A 4 ) I
nuaiGeaenlunal 24 ¥u. a2 ldaduuanG oy lualsun 10" wad/ua. Jandeuiilddludu

dﬂl o 4 dy U L4 a 3 1
Wod s uaess lunanin 130 ans 1umu@auma"lﬂ

k4
a o 4 v % a
3. ﬂ1§¢]ﬂ@ﬂ@ﬂﬂim‘]Jﬁ%ﬂi’)‘].l“ljﬂﬂﬂﬁﬂﬂﬂlu"lﬂ 130 a9

A Y dy o £ 1 dil 4 [ % 1 1 ~
3.1 wetlestumstuidlou Mimsevilainieginsalllsznouvesduniindrsn nounaz
o a 09/’ v % Y . 9 1 1 Yy 1 Aaa @ % @
i ldaadenudandn 18un O-ring  Yoren19 uAvAen unugalausesrhdentn luwa
39A %A air sparker  YANITBIDINA T IAUAIHIVAIBAIUDINITHAL inoculum G0
90
a :ll (% d' U % % C% a % dy
3.2 AAAlUNANIY 3 AN 3 3EAD ALLAUNIUVRINININ 130 BAs ATl
1 4 '
- yaluWauUD up-pumping Bl luWavLIA 6.3x11.2 @, (1A19xe17) IMsAaan
szavanga Iasldveuangavewnunarsluiasgiiasninlategaveununiu 3 aw.
- yaluWanumIATgIu (6 blade-disc impeller) dalufiativuia 3.1x4.7 %u. (MAx
017  Taglivevarsvewnuluiariennvevunvesunuluwa up-pumping 15 .
1 v
- galuadidanes (luwesalauw) Fadiluwavue 10x13 au. aaasldiiennluia
WIATTIU 25 B,
o [ . . v 1 9 1 1 19 d‘ 1
3.3 mMsUSUMATgIU (calibration) ®aiaa1ea 1Aun pH, po, neuldidni port voa
aziianveumuaiavesdaniin
Y v
3.4 AN TIUIU 56 Ans a9 TUDININ
[ 9 4 Aa g o Y 9 d? a v v %
3.5 anrh99 niouvawmesUAUNIUNAAAT IUNANILLEY (Mudo 3.2) Vularkhnudaniin
Tagdlurue19%a 1ANI9T09NUNTZUNNTL NN DA 91N
g Y o [ % & [ Y
3.6 UsgnougUnsalanee Wy port VUFAINIHEN FIWWIATTANNVAY FANTOIDINA
oIV IMA NoFa AU MTVO8RIY inoculum tuAGe was ldiReunesasdenin
o ] dy A o Y 4 Qy I =
3.7 MMseuai e 121 anuad 15 Yeua/mrseid iunal 30 uin

= Y 9 o a = Y
4. ﬂﬁmiﬂﬂ’fﬂﬂ'ﬁﬁj{@i st3(lflliJ6Uu) 1UIU 10.6 AT %Qﬂi%ﬂ@ﬂﬂ’w

Tryptic soy broth 525 AU
Yeast cell 350 NS
Corn oil 1.7 ans
Egg 47  ang

Distilled water 335 aas
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Talunfoauauaa Fanrined 1M Ve1801115HIY peristaltic pump a3 ludanin 130 ans Tag
o A A [ 1 =& ] dy 1 ~ o [ 4 Qy 3|
homsnwssuainan leutiain@ensun 121 anuau 15 deua/m1s1eid Wuna 30

1 v Y
i WweeingudIai loeasludein 130 daseld luduasudsli
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Y 3 { 1 @
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Y Y
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2
AREIGEN
o 9 1 3| 1
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] Y
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. - <
4 batch 91 1 (Table 1, Figure 1) 11195390a1m3 o mauazanusisenlums
' Y
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9299 1 3 . 13n) YSUda31013 101018 50 8a5/u19 (0.7 vvm)
VoA ) ~ ' v ] 2 A
¥9N 2 a3 (¥ 1399 4-5 uaz 6-7) AveUTuoa31M3 I IMAGIUUN 80 100
805/119 (1.1 1.4 vvm) Mua1ay
[ d' Q'l d‘ a 1 [ [ [ Y d‘ Y]
B9 4 (F2 109N 8-24 WU 16 BY. Aanny) USVInI 1M o ImaAgaganssa
a I~ ]
150 Aas/u1f (2.1 vwm) Huseganiie
1 A 1 o A [ Y a =}
ANATAADATIY 24 ¥21u9 11 batch N1 1 ©ATINT I0IMA = 127.5 aas/UN

W30 1.8 vvm 0A351013AIU = 180 50L/UIM
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H 1 1 <3
T4 batch 1 2 (Table 2, Figure 2) 411993913213 Iomauazanuis5oulu
1 Y
MINIUNDATIANANINUAIT]
] d‘ (% [ Y a = (%
%990 1 3 ¥y usn) Usuonasimslvernia 50 ans/un (0.7 vvm) LAZOATING
AU 150 5OU/UN
(] ~ o A A o 9 I a =1 [
%199 2 (32 1399 4-7) 1iuoa 3103 19101medu 80 ans/U1N (1.1 vvm) LAZOAT
2 -
AIUAIN 170 591/11N
] A M A A o Y < a =
299 3 (FTU9N 8-15) 1WINOATINT W 1MAT L 100 ans/u9 (1.4 vvm) uay
9NIIMINIUAIN 180 BU/AUN
] d' u'.: d' a 1 [ [ Y d‘ a
%299 4 (F2 19N 16-24 WU 9 B, AAdDN) 673N IHOIMAZIgAN 150 B/
W (2.1 vwm) 1ag8nIININIUGIZAAIN 180 30U/ANN U
1 ~ 1 o ~ [ Y a =
AMATNaDAYIe 24 $139 11 batch 1 2 99151013 1410107 = 109.2 aas/AN
%39 1.6 vvm 0A31NINIU = 174.6 39U/40N
~ [ [} <
4 batch 1 3 (Table 3, Figure 3) 411499391321M3 Iemauazanuis15ou Ty
v Y
ATNIUNDATIANAINUAIT
#2390 1 3 . u3n) Usudasimsliernie 50 aas/ANN (0.7 vvm) HALENTINT
2 -
AIUAIN 170 50U/UN
T oA o ~ A o 9 I A =
¥4 2 (210990 4-8) 1INSATINS Io1mMadly 100 ans/Aun (1.4 vvm) Uag
9M3107U 180 50U/UN
oA ) A A o 9 g A ~
$9N 3 (F2T9N 9-24) MBI Iiomagagaily 150 aas/ani (2.1 vwm)
HAZEAITINTNIUAIN 180 50U/UN
1 A 1 ) A [ Y a =}
ANATAADAYIY 24 $I 109 1U batch N1 3 09515 1H01MIA = 127.1 aA5/UN
139 1.8 vvm 9931971 = 178.8 50U/
- nguN 2 (batch 91 4-5) Teimaludasiegszninadigain 50 aas/ui da
] Y
qaga 200 aA3/1U1MN (0.7-2.9 vvm) TUFII oI NUANA NN YA
. v <
U batch 91 4 (Table 4, Figure 4) 41993913 eimeazanussenly
v Y
ATNIUNDATIANAINUAIT
] d' [ 9 a = (%
299 1 uww. usn) Usuoasimslvernie 50 aas/419 (0.7 vvm) LALOATINT
2 -
AIUAIN 180 5OU/UN
] ~ o d‘ A Y] 9 I~ a =1 Y
299 2 (32 199 2-4) 1Muea3 13 1vemenily 80 an5/119 (1.1 vvm) HaZoAT

< ~
NIUANN 180 9U/UN
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[ ~ o ~ A Y] 9 3|
%90 3 4 wag 5 (¥ 19N 5 6 uag 7) NeATINS IeImealy 120 150 uag
180 a95/479 (1.7 2.1 uag 2.6 vwm) MIUAIAY  LazonsIMInIuIuIZAY 180 180 uaz 200
FOU/AUIN MUA N
[ A o A a 1w A o Y 3 a
¥299 6 (2 199 8-24 WU 17 B, AAADNU) INNOATINST 101N 1enTlu 200 aas/
= % d' =
UIN (2.9 vvm) HAZHATINTAIUAIA 200 58U/UIN
1 A 1 M A o Y a =}
ANINAIAADATIN 24 ¥I119 11 batch N1 4 ©A1IAT IHDINIA = 172.5 aas/AUN
N30 2.5vvm  9931AMINIMU = 195.0 50U/UN
4 1 1 <
U batch 71 5 (Table 5, Figure 5) 419939813 Ieimenazanussenlu
' Y
MINIUNDATIANANINUAIT]
[] ~ v @ Y a = @
YN 1 (4 V. L43N) 5uens1ms1venma 50 ans/aui (0.7 vvm) UALDNIING
~ ~
AIUAIN 190 59U/
VoA ) ~ A o 9 a3 A ~ ~
FIN 2 (mimm 5-7) BRI Mol 100 ans/Aui (1.4 vvm) N 5-6
[ ] ~ PR A Y] [~ ~
¥1.9A51NIUHIAIN 190 TOU/UIN N 7 B, INVOATIANTNIWAETU 200 T01/1N
] ~ ) ~ A @ Y 3 a =~
¥9N 3 (F2 109N 8-24) MWBAINT Iiomagagaily 200 ans/Auh (2.9 vwm)
HAZHATINTAIUAN 200 50U/UN
1 d' 1 0'.1 d‘ [ Y a =
ANATAADATIY 24 1N 1U batch N1 5 051N 1WA = 162.5 aA5/UIN
N30 2.3 vvm  9AIINIAIU = 197.5 TOU/AUN
v Y
5.4 msdSvammmsaeslddeuresvidininldaslilinessiuny symbiotic bacteria
A 2y = v o A
11199910 UNADDINADINTANYINAVDINT 1D IMALaz MU ludas N
1 @ [ Y I o [ 1 Y fl
A9 1150889 symbiotic bacteria 1Wunan 24 ¥11ue (Neuldlddeudsesadliides) dems
Y] 4 a a I~ @ 1 [ o
veneiugnsolsunmvesldifoudesru ldnandngaiailuieouis 3 szeziatouuas (1)
Y
JedeatlSuiladennsg Tuaemsaedldineudeslunaas batch (1-5) IanmlndiResiu Tay
v v Y A o @ Y 1 Ao £ 1 o 1
m3dsugan ieimatazmInIuiesnuIseay po, neglugnnivua  Fauananuluua

a a A [ Y A [ Y 9 1 dy
i$8$ﬂﬁliﬁﬂ)j!@”ﬂi@]ﬁii’)ﬂ"li‘l/‘lﬁl\ll!"lsll@ﬂ“lﬁm%)uﬁj@ﬂ ﬂQLLﬁﬂQUl’JGLMQ"IiNGUNaNu
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nmsUSuifadaseqludaminlugramsiteddiaourosnaimisias symbiotic bacteria

24 %31, 4
BITLILIN 3 Y 326 pO,
- - Jovoaldineuron WIS
(#2139) U (%)

24 1 -1, 90-100

48 2 J,YM, YF 70-90

60 2.5 1J, YM, YF, M, E( 1) 30-50 Fadfuazdusioiuguaniiug
nulugaeii ldideurdesinam

. AoamsoimAgen  msdsy

72 3 1, M, F(l) 10-30 . )
8n31N13 IR IMALAZNITNI
quavlihilesnuszdu po, 79

96 4 J,. 1 M. ECla) 10-30 R VT DAV R RE ST
pauiug  edesli o,
uSqninauivene

120 5 I, M,F 30-50

144 6 1,00, 50-100

168-312 7-13 LU 50-100
@ A @ z 9 v v Y . J =
NINBVQ M3USUNNTEAD poO, THzA0ISUERI 1M T IMA (airflow rate) NOUIIVY

U5udas1msnau e lil¥iAa shear force Fallnanomsduguaniug

J

E)

] = infective juvenile 1306100138 3 52821 1@18LLAY (inoculum)

%

J

12
v 9

YM, YF = @94
v 9
7

M, F(la) = @

1,1, = @eeudel 2 uaz 3 uaau

1959y

[

J

v A Ao 1A o g A
Ll,ﬁ%{v'l’)mﬂ‘ﬂElﬂlliJL%iiUuWM‘ﬁmiJﬂ

E]

Y v A A
1an !,Lam?lmt’lil"l"ll



o = g
6. NTUUNNUBYA

- ufinszdu po, pH dAT1M31%01MA 8ATIMINIU N9 Falug

- asvtiulSuna ldideudesdonisn nn 24 ¥ T

a Y 3 a
- nadounuMNVeINanan ldiApuHosAaINSINUNN batch ATWATNTV Miller, 1989.

45



46

J
NaNazIIUNINAG0Y

Y
mIneaesiuneumsnanvenels e ldineules S carpocapsae AreovImaN luGHn
a 4 A & A ' g 2 J - . 3
WA 130 ang 7 1 2 TuaoU Ao FIMDEELTINMEAaUee symbiotic bacteria 1WAl 24
' v
FTuanou udrdalaldideurosadliliaeasudy bacteria lainmsnaasalumsdsviladedian
A 9 dy Y A Aaa 0’/’ & dy 1 QsJ‘
nanegiluuy ioasanmMsRe I M auroIdalFIANIad FININAADUTSAALAT
Y v k4 Y
(batch) (521991uA 133981 25 batches) THananNuana 1Ty tazuans lulinanaa aziu
a o dy o dy d‘ Y a dy d' 9 a d'
Tus181um el voruauamIzaMMsasIn MnanangIgataz s n@ean inanani
¢; 1 ti! a 1Y [ v d' 1 1Y d' d' Y A = [ 3
M Faunannmslsuszaviladeiuanaiany ez lanSeufeuiusunarua 5 batches
Y
fane 1Tl
1. BI3TEMIDE symbiotic bacteria
[V < 1 a a
oas M3 IomeazanusalumsniuiinasomsniguauTaues  symbiotic
A o 4 a A {
bacteria Xenorhabdus nematophila 14 Table 6, Figure 6 UEAIMTINNTIUINYBUFAAUUATIT 8N
y [ a 3 [V =
@esdearsmad ludaving 130 ans Wunai 24 sy, Taeliemadnsunae (average airflow
1 Y
rate) NuAna191UNITNARDY 5 batches A48l 127.5 109.2 127.1 172.5 uag 162.5 ans/uf 3o
o w o 3 1
1.8 1.6 1.8 2.5uag 2.3 vvm MU0 U 1azons w5 lumsniumae 180 174.6 178.8 195.0
1oz 197.5 50UANN MNAIAY @IUTLAU pO, YBINN batch 8YTLHIN 90-100% INNITATID
o 4 o 1 % { 4 c'v ] ] 1
WIaaues bacteria NN9 3 $1lus wun milidasiomemasidiegluseszning 1.6-1.8
[ = 1 ~ o 9 A A A a 4
vvm LagOATINMINIUMAITZTHIN 109.2-127.1 sou/and M lnuuanGanulsunaaasn

=

° a . { % < % { o & o
muamﬁm?fu (inoculum) ﬁ 107 ¥aa/91%13 1 Ua. Lﬂu 1014 I¥AQ/91%13 1 Ua. N 21 GD"JT‘JN “dl);\u‘]_lu

9
=<

A 9 ==t 9 . 1 Y [ A A 4
ILHZITUAUVOUANGBING stationary phase  aIUN3 1M IMATUEATINGAUNTZAY 2.5 uaz
@ = o w eﬂ// o Y Aa A a 3|
2.3 yvm 4agAIININIY 1950  197.5 590/10  anudrduiiy i lduuanGeamiuilsunaniy
14 4 A o Y 1 . < d? A = ~ Y
10" 15aa/01M15 1 Wa. N 18 $2114 19195282 stationary phase 13931 1101T8UMEVD 3 batch
E4
AanaeAY FUAGINUMINARDIUBY T¥3 uazgnide (2544) lumsi@evesilsum
puaiFeriaeiuluesalgasfedny uiiiminaaedludamiin 6 ans (01M131mad 3
893) 90131713NIUAIN 300 39VANT WM 8aT1M3 IR 0IMARAETEHIN 0.5-3.5 aAT/ U 15D
A A Y . 14 4 A ) v 1
0.2-1.1 vvm UUANLTYUIFTLYE stationary phase (10 1500/01%117 1 Ua.) N 21 F21u9 M3
Thoma ludasiigeszning 478 aasanii wie 1.6-2.7 wm  Fuhlduuafisodngszey
. A ) 1 1 a A A a dy =~ 9
stationary phase N 18 F21u3  Turiedee veeszezMINITYVoLUANGe¥HAll UMIas
4
exoenzyme $1149) YU AUBY  Thaler et al. (1998) WUN LUANLTY Xenorhabdus sp. ®INITD
[ 4 . & - Y v Ao & ' a a
AUATIZH  lecithinase FaG8eTNIN  phospholipid  1dens luifunduilusdemsnsiyanlaves

Y A . d a dy 9 1 ~ Y .
1&aourlos Steinernema wazonlaiwtiaiivzgnasialusieidngszoy stationary phase 18
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o 1 o’/’ { < o 3
primary cell ¥aatumniunvzadaduleidi'ld Voleyi er al. (2000) 1taz Dunphy et al. (1997)
' Y . &~ a Y 1% o Y a
WU Xenorhadus nematophila ©3N lipases “]N‘JJFI'J']11LﬂEJ'J"’U’l’)\iﬂ‘]Jﬂ'J”lNiq‘l!Llﬁ\‘]GlUﬂ'lﬁ‘VI']GlﬁLﬂﬂjﬁﬂ
1 IS dyo/ = 9 & 1 ] 9 . % a
UNLUAN LUANLTYUIINNTTTI N proteases “]fﬂﬁ')uﬁlﬁﬂluﬂggﬂﬁﬁ'lﬂjﬂﬂ primary cell UBJINU ‘]JﬁﬁJ'lﬂl
1 3 o’dy 1 o 1 . A A a dysl
LLﬁS?J‘].]LL‘U‘Uﬁ"N‘] ﬁummullcmuilzttﬁﬂmﬂmﬂmmaz strain UDUIVANITIFUAUAIY (Bowen ef al.,
Y A o g A ¥ o ! a o v Ao & 1
2000) ‘Humﬁummuvlcﬁu%Lﬂmﬁumﬂ‘um'iEJ@EJM‘J@]uclumm\lamaﬂﬁmimmimuﬂu@ﬂmi
a a [ 4 9 A v @ dy S A a dy
Lﬁ]itymUimmzﬂTiﬁllfnEqu‘ljﬂJm]lﬁmaqu@mmmlam’mmm NN UUUANLITYIFYUAUFTINITO
v . s o v 9 . £ A g oA
T3 crystal protein meluaaue i lusiedu stationary phase FUFoINYULvaInaan
{ o w 4 2 '
a1ia1w1ﬁﬁa1ﬂm3181ugmaa (Couche and Gregson, 1987; Bowen and Ensign, 2001) wazaan
o v A ] £ QA dy a aa .. £ @
ﬁ’lﬂiy'ﬁ]ﬂ@fﬂ\ﬂ/iu\‘]ﬂﬂ@ Xenorhabdus uﬁ’lﬂ\l'ﬁﬂwaﬁa'ﬁﬂa"ﬁﬂug (antlblotlc) G]f\?ﬁ’lll’lﬁﬂﬂ'ﬁ]\‘]ﬂuﬂ'li
9/ - 2 ¥ 1 4 o [
Yuidlouningaunidouq laluemsnldaes1didoudes seluduuasiats (Paul er al., 1981;
. A 19 YA ' o Y A Ado o
Akhurst, 1982; Richardson ez al., 1988) ia 111 inansznuaemsiannves lineuresnnmads

4

@ Tavenenug

a

< a = o = [~ < 1 1
NNV 2 NITNATDI Lﬂu"lﬂslu‘nﬁmmmm gyoauuutueamu 2 Ny NQULLIN

[

= 9 ° 1 = A o 4 A Ao 9
y ﬁ‘ﬂﬂﬁclfl’i®1ﬂ1ﬁlla$ﬂﬁﬂ’luﬂ1ﬂ’ﬂ LUAZUBATINITINUITIUIUYAALUANLITINA 1

e

stationary phase 91 21 %1114 $nIIMInaasenguiiaes Flioasins Ide1mauazMInIuigs
1 @ A 4 1 1A @ a
N1 dATIMIINNVPUYAauDARE oAz stationary phase 8§71 18 HITU9  9INITNINAADY
@ y 3| ) o 1 y L @
NA9IN@E9 symbiotic bacteria 1Tunan 24 ¥ Tuaudrvaiimsla 1ddenelesaslideaswiu
<3 [ [ [l 1 o 1
wziu 1411 lumsnaaeenguusn bacteria 191 stationary phase nouiimsldldidoudosasly 3
& ' v oA Y A o & A . 9 A S a
$1u  drulunguil 2 iWhgszezi@eaiunon 6 2109 1109910 bacteria taz IdiRourooriul]
v o < L. g a o o A 4 v . 9 =
ANUFURUTUVY symbiotic N51A898181/5118 bacteria NOUTIUINDNIZ 19 bacteria a3 19dnWN
o [ [ 9 A zﬂ' =) = [ 1 1
winzauluennsmal dmsumsnanvesldidourdes wenlSeuiouiuszring 2 ngums
= Y dy VoA = A 1 A
naaed szmu lan luanmmsi@esngui 2 lanwiminzaunit ieean
1. 8a51m3Ivemenazmsnuimnzansii i bacteria WARENTANNY 1Y exoenzyme
. 1 @ 1 Y Y Y dy n Ya J 1 = o
metabolite #1199 aenan laluanududuigs (Juaumasesii luladmsizd) su@ernums
Y ) 2
nAaeeluN3aee bacteria ¥HUADUY Potumarthi er al. (2007) WU lUMSIAS  Bacillus
licheniformis NCIM-2042 @gowinsimadludandnuunluianiy vina 5 aas msliemealu
@ < a a §
8A31 3 vwm 1Az 1uMInIg 200 50D/ 9zHAA alkaline protease T3 IMgIgad 72
' Y
109 AIWMIROUUATRSY Paenibacillus sp. aree1msvadludensin 5 aas uuuluianiu
Y Y] 09: a 3 4
M3 lHeMAsAI1 3 vwm 1azMINIUSAITT 200 sOU/MT  Wuannsonandulasd chitinase 18
U31g99a (Koa er al., 2007)
v 1 Y
2. uuafiGedng  stationary phase 6 1lus neunvzldlddoudesadliifes sild

. a A o J 1 Aa 1 Y ~ d? o Yy
bacteria FIWITONAANTOTAUATICHAITANCG] LASUNINTTUAG ”lﬂ“luizaznammumumﬂm



A A o 1 Y A a d? Y

MIAzaNaTOMITIazansoug nuaNuluse 1dineuroslTinauniudls 910 Table 7

4 3 a r o 9 44 - A
ANIMNINADBIN 2 FIUANNNMIIZANNI OATINIT IHOINIARALN 2.5 vwm (172.5 a95/UIN)
P93 IMIMUNTZAY 195.4 50U/ANR  UALdnT M3 17 IMA 2.3 vvm (162.5 ans/ANi) 995113

Y
1 I
AU 197.5 50U/ TUFNMTRWUANITY symbiont Xenorhabdus nematophila 1IUan 24
' Y
1 lus  (nouldldidourdesasliidessuiu) Idwanaa ldidourosganin 300,000 dv/em1s
A ] 9 1 1 [ VoA @ 9 ~

a2 1 ua. (M3evenemus laganii 300 111) daulumsnaasanguil 1 Taedasilierman 1.8
1.6 48z 1.8 vvm UagdnIIMInIui 180 1733 waz 193.7 sou/anin  ewdey Winawan
1&idoures 161,100 131,100 waz 131,500 /01113 1 ¥a. ANSIFY ARSIV UTUMTNAADI

- (% a

Nsgaudaniin 6 ans (393 uazgnide, 2544) M3liemedasunae 4.7-8 8A3 130 1.6-2.7 vwm
< = = Y a 1o 1 [ & o ]
AN lumsniumae 300 souani Tdwanda lidind 300,000 @/e115 1 wa. Favaeglu
nquiiigmwimangeay (nqui 2) dumsliemasening 0.48-3.25 vwm 8AT1N15AIU 300
a { o 1 1 ] ] 3 1
souani Idwanaandiniieglusedy 112,800-137,000 @/01M15 1 wa. uaaa i anm
dy . 1 n ¥ A dy ] v A 1 a 9 A A 9

M31A8 bacteria nould lddeurssauasssiuduinasenanan ldinoudesnld Tasmwiglu
ANNMINABINGNN 2 FlanIMmagaund1 11109910 bacteria ANNIDEAI WO IMITHALAS

. a 1 9 J 3 a a o I Y A a a
metabolite  ¥laA1e Idmnnnnalsuaazatian i ldineudesannionia@y Tanay
YNIWUT 177

1 1Y ] dy . 1 o’/’ a1 Y Y L] 1

@M32AY pH TUBIWMIIALN bacteria TR batch WuUAINAABINUDETEHIN 7-8

. & J 1 A a o v 1 Y dy .
(Figure 17) B us19anmangay (qnse uazdas, 2543) Tagluy9auvedan1siaed bacteria (lag
4 4
phase) pH vz0dluszAUTENIN 7-7.5 WAIINUY pH 2A89g97UTUSI log phase 1oy
Tuaaq stationary phase pH %zagjizwdn 7.5-8
| A’ U Y A
2. Yramsiesvenaug lnaoudos
o Y ' o o Y o
Tuduseutitumslalddeudesss 3 szavitniate ) agldideesuiy symbiotic
Y v Y
bacteria (M8901n@eaN A2 24 $21u9) Tudasi 1,000 Avemsvan 1 va. Tunnanmmsiaoa
o [ [ 1w < 4 o 1

(batch) taimsdsuammiladeaag 1dun sasimsliierma anwsilumsniu esawia

[

Y l Ao J @ Y A a
pO2 Gl,wagiummmwuﬂ‘lmmazizﬂzmiwmuwm”lamauvlaa ITAUVYUNYUANDATZISLIAN

Q

dy Y A A o v o A
ﬂﬁlaﬂ\ihlﬁlﬂﬂupjﬂﬁlﬂﬁﬂ 25 azANuAUNY 1UD9N 0.3 bar AaeAIal

v H U H
Tugaamsdesn 24 $aluausn (1 3w lumsfezineszan po, Tiiisegszning 90-

100% ﬁwmiﬂ%’uamwmﬂﬁyaﬂunﬂ batch Tagldormeludnst 150 Aas/undi (2.1 vwm) 1oy
AnusIMInIu 180 seuanii 1dideurdesss U fildadllu bach @1 2 3 4 waz 5 fims
wannuiludeeudv 4 0,) 715 734 83.9 732 1Az 84.6% AMWAIAU Strauch and Ehler (1998)
wuh Mdeudests U amindiduszesfiogdass lusssuma 1ndlalifuewns  ieldas

g ~ A A A A . 4 A L .
e luomsian Tesalsianiesend food signal FINan 1Ay symbiotic bacteria Tuseoe
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v Y

] v A a o 1 I Y o %
log phase 11nszAuU 1A Iddoudpesletiludansunue1s uazWaunee lihifludveuds 4 7)) @9

E4
5N52E2UN recovery period

Tugaamsinesh 24-48 $21u9 (2 Tu) (Figure 12-16) 910 batch 1#oIMAdAT1 150 AT/

= ] ~ Y A A o o3| v 9 A
UIMN Llagf"l?n\llﬁ'}{luﬂ"ﬁﬂﬁlu 180 59U/U N ulﬁ!,ﬂﬂuP\lﬂﬂLiﬂJW@JH"IL‘]JH@YJ?EJLWﬁEj (YM) Lagineye

J 9

Ao [~/ o a o A o d? 1Y) [ (] A o
(YF) ﬂaq"lmﬂmmmujwuq AUABINIT O, LTNUNINVUITEAU PO, ﬁﬂﬁﬂhT@giu%ﬂﬁV]ﬂWﬁuﬂ

52119 70-90% Tagludesimslsu

Tugamsiaesii 48-72 $2Tua (3 $u) (Figure 7-11) lunn batch 1didourosiimuniuda

3 o Y} ~ A g o ¢ 9 A A P-4
AUIINAR (M) LAZINALNE (F) NMWIDUNTUNUTLAN Taelubatchf 1 2 3 4uaz 5 Unlosisua
v & o 3 v 9 Y= o w A =i =1 v o J
AUANIY (MIAIWLATANVY) 91.9 91.1 96.4 95.6 96.8 MuaIAl WworlSeumeunuauNuT
1 a o S 3 4 o I v & o 1 ]
szuawananves ldidoudosiules dudmsiaundududnie o, F)  isingar il
v o Jdo . ' J 3 4 o I v & o =) 1
ANNANNUTNU(r = 0.583) (Figure 18) HHAAIIN nlesisudmsanuiuduay o lilinadenwy
[ a kg [ Y < 1 S 3 o
uanarananved ldinew/esniaesues 1dluuaas batch uenvnilazminladnilesigudams
@ v & o = d’ 1 W s 3 4 o o
Warvesd uadanetlalu batch N1 1-5 19110U 63.3 63.4 50.0 way 63.0 WosFUA AWaIA
= (=) v o Jdo aa . =3 (B! J 1
Fa lufanuduiussuneana (r = 0.309) ( Figure 19) 39 AN TN UADANULUANAIIVDA
a Y A ~ dy Y 1 ] [ (] dyd A o 9 v A o 1
YSinavedldineudesn@es1aluusay batch wuny “l,uﬂmqmﬂuizax‘wmwmzmmawﬂwau

@

J a Y 1 v A o A 1S a £ o Ay Y oA =
UINU G]’JHJElLiiJ’s’fiN]l"UL!ﬁgﬂ’JLﬂJEJ‘iJNG]’JiJHl"UL’iJu“lJﬁﬂﬂﬂ‘!iﬂﬂ cm!,ﬂuiww”lamauvlaﬂumm

% v A

W
Foams 0, lulSuaiinn Seduiudewdivsasmsliformaluudas batch Tu 4 $ranm@ein
Fadazdramaiu 6 99T Fail
batch 7 1 Tomealudnsi 180 200 225 uay 225 aas/u1i
W392.6 2.9 3.2 uay 3.7vvm MNEIAU
batch 71 2 Tomaludnsn 220 225 250 uag 250 ans/u1i
W30 3.1 3.2 3.6 uay 3.6vvm MNEIAL
batch 71 3 Tomaludns1 200 200 200 uag 200 ans/u1A
w301 2.9 vvm Aafinaen
batch i 4 Tomaludnsi 210 230 266 uag 300 ans/U1H
%3503 33 3.8 4.2vvm Mud9U
batch 71 5 Tomaludns 180 180 180 uay 180 ans/u1f
%30 2.6 vvm IMNUAGDA

Y
1 % v

{ o [ o <
Auon 1M NN U1 batch N1 1-4 §9A9TNBITEAVUANUS 180 50U/ 1Az 1 batch

9 d
o a

~ [ I~ =1 A ] dyd 1 ~ 9 A o I @
75wy wudasimanmuily 190 sewany  esnngatiturran ldmeudes siamuilud)
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Table 1 Air flow (I/min) and agiation (rpm) rates set in culturing symbiotic bacterium
Xenorhabdus nematophila in 70 liters of medium for 24 hours prior to Steinernema

carpocapsae inoculation in the 1" batch of a 130 liter fermenter.

Culture period (h)

Air flow rate (I/min)

Stirring rate (rpm)

Max. Min. X Max. Min. X
0-3 50 50 50 180 180 180
4-5 80 80 80 180 180 180
6-7 100 100 100 180 180 180
8-24 150 150 150 180 180 180
Average (24 h) 127.5 180

Air flow rate (I/min)

123 456 7 8 910111213 14151617 1819 2021 22 2324
Time (h)
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Figure 1 Air flow rates adjusted for culturing symbiotic bacterium in 70 liters of medium for

24 hours in the 1" fermentation batch.



Table2 Air flow (I/min) and agiation (rpm) rates set in culturing symbiotic bacterium
Xenorhabdus nematophila in 70 liters of medium for 24 hours prior to Steinernema

carpocapsae inoculation in the 2" batch of a 130 liter fermenter.

Culture period (h)

Air flow rate (I/min)

Stirring rate (rpm)

Max. Min. X Max. Min. X
0-3 50 50 50 150 150 150
4-7 80 80 80 170 170 170
8-15 100 100 100 180 180 180
16-24 150 150 150 180 180 180
Average (24 h) 109.2 174.6

150+
140+
130
120
110+
100+

90+

70+
60

Air flow rate (I/min)

40+
30
20+
10+

1 2 3 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24
Time (h)
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Figure 2 Air flow rates adjusted for culturing symbiotic bacterium in 70 liters of medium for

24 hours in the 2nd fermentation batch.



Table3 Air flow (I/min) and agiation (rpm) rates set in culturing symbiotic bacterium
Xenorhabdus nematophila in 70 liters of medium for 24 hours prior to Steinernema

carpocapsae inoculation in the 3" batch of a 130 liter fermenter.

Culture period (h)

Air flow rate (I/min)

Stirring rate (rpm)

Max. Min. X Max. Min. X
0-3 50 50 50 170 170 170
4-8 100 100 100 180 180 180
9-24 150 150 150 180 180 180
Average (24 h) 127.1 178.8

150+
1404
130+
120+
1104
100+
90+
80+
70+
60+
50+
40+
304
20+
10+

Air flow rate (I/min)

12 3 456 7 8 910111213 141516 17 18 19 20 21 22 23 24
Time (h)

Figure 3 Air flow rates adjusted for culturing symbiotic bacterium in 70 liters of medium for

24 hours in the 3" fermentation batch.

59



Table4 Air flow (I/min) and agiation (rpm) rates set in culturing symbiotic bacterium
Xenorhabdus nematophila in 70 liters of medium for 24 hours prior to Steinernema

carpocapsae inoculation in the 4" batch of a 130 liter fermenter.

Culture period (h)

Air flow rate (I/min)

Stirring rate (rpm)

Max. Min. X Max. Min. X
0-1 50 50 72.5 180 180 180
2-4 80 80 80 180 180 180
5 120 120 120 180 180 180
6 150 150 150 180 180 180
7 180 180 180 200 180 190
8-24 200 200 200 200 200 200
Average (24 h) 172.5 195.0

200+
180+
160
140
120
100+
80+
60
40+
20+

Air flow rate (I/min)

1 2 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24
Time (h)
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Figure 4 Air flow rates adjusted for culturing symbiotic bacterium in 70 liters of medium for

24 hours in the 4" fermentation batch.



Table 5 Air flow (I/min) and agiation (rpm) rates set in culturing symbiotic bacterium
Xenorhabdus nematophila in 70 liters of medium for 24 hours prior to Steinernema

carpocapsae inoculation in the 5" batch of a 130 liter fermenter.

Culture period (h)

Air flow rate (I/min)

Stirring rate (rpm)

Max. Min. X Max. Min. X
0-4 50 50 72.5 190 190 190
5-7 100 100 100 200 190 193
8-24 200 200 200 200 200 200
Average (24 h) 162.5 197.5

200+
180+
160+
140+
120+
100+
80+
60
40+
20+

Air flow rate (I/min)

1 23 456 7 8 91011121314 151617 18 19 20 21 2223 24

Time (h)

Figure 5 Air flow rates adjusted for culturing symbiotic bacterium in 70 liters of medium for

24 hours in the 5" fermentation batch.
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Table 6 The numbers of symbiotic bacterium Xenorhabdus nematophila observed at 3 hour

intervals during 24 hour culturure period under 5 different conditions adjusted before

nematode inoculation in 130 liter bioreactor containing 70 liter liquid medium.

Bacterium culture

Bacterial cell density (cell/ml.)

62

period (h) 1" batch 2™ batch 3 batch 4" batch 5* batch
0 32x 10 2.8x 10 3.5x 10 1.5x 10 32x 10
3 83x10° 3.4x10° 42x10° 2.8x10° 1.5x10°
6 52x10° 6.5x 10’ 1.8x10° 48x10° 3.5x 10°
9 6.4x10"° 2.1x10" 32x10" 1.8x10" 2.0x 10"
12 6.4x10" 4.8x10" 1.5x 10" 24x10" 1.5x 10"
15 1.5x10" 9.3x 10" 4.8x10"” 4.1x10" 6.7x 10"
18 1.7x10" 20x 10" 1.5x 10" 1.9x 10" 1.6x 10"
21 1.4x10" 2.1x10" 3.8x 10" 2.5x 10" 7.6x 10"
24 23x 10" 2.8x 10" 2.5x 10" 2.0x 10" 2.0x 10"




Table 7 The quantity and quality production yields and ration of inoculum density to final yields of

Steinernema carpocapsae infective juveniles (IJ) produced in 70 liters of liquid medium

under different process factors set in 5 fermentation batches of a 130 liter fermenter.

Average Ratio of
Batch No. | Air flow rate | Stirring rate Yield (IJ/ml) inoculum to QC. (%)*
(I/min) (rpm) yield
1 127.5 180 161,000 161 45.17
2 109.2 174.6 131,000 131 40.63
3 127.1 178.8 131,500 131.5 41.67
4" 172.5 195.0 313,000 313 45.17
5" 162.5 197.5 302,000 302 60.00

* Quality control : the method utilizes a cell well which confine one infective S. carpocapsae

with one insect host and results infection within 48 hours (Miller, R.W. 1989)
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Figure 12 Culture process parameters including pO, (%) air flow rate (I/min) and stirring rate (rpm)

set in developing liquid fermentation for the entomopathogenic nematode S. carpocasae

in the 1" production batch of a 130 liter fermenter.
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Figure 13  Culture process parameters including pO, (%) air flow rate (I/min) and stirring rate (rpm)

set in developing liquid fermentation for the entomopathogenic nematode S. carpocasae

in the 2™ production batch of a 130 liter fermenter.
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Figure 14 Culture process parameters including pO, (%) air flow rate (I/min) and stirring rate (rpm)

set in developing liquid fermentation for the entomopathogenic nematode S. carpocasae

in the 3" production batch of a 130 liter fermenter.
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Figure 15 Culture process parameters including pO, (%) air flow rate (I/min) and stirring rate (rpm)

set in developing liquid fermentation for the entomopathogenic nematode S. carpocasae

in the 4" production batch of a 130 liter fermenter.
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Figure 16 ~Culture process parameters including pO, (%) air flow rate (I/min) and stirring rate (rpm)

set in developing liquid fermentation for the entomopathogenic nematode S. carpocasae

in the 5" production batch of a 130 liter fermenter.
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Figure 17 pH level in the liquid medium culturing symbiotic bacteria Xenorhabdus

nematophila for 5 batches.
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Figure 18 Correlation between percentage of nematode adult stage developing from infective
juveniles (IJ) inoculum at the 4" culture day and production yields of the harvested 1J
during liquid culture in the production batches 1-5.
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Figure 19 Correlation between percentage of adult females developing from infective juveniles (1J)

inoculum at the 4" culture day and production yields of the harvested 1J during liquid

culture in the fermentation batches 1-5.
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Table 1 Production yields of nematodes cultured in liquid medium added with different anti-

foaming oil concentrations in the culture time of symbiotic bacterium and nematode

developing to adult stage.

&3

Treatments Yield (nema./ml.)
Anti-foaming Culturing time Mean Dift.

oil (%) Symbiotic bacteria Adult nematode

0 (control) 317,000 a* 317,000 a* 317,000 ns
0.1 184,000 b 297,000 a 241,000 Hk
0.3 37,000 c 288,000 a 163,000 *k
0.5 31,000 c 292,000 a 161,000 *k
1.0 13,000 ¢ 286,000 a 149,000 *k

Mean 116,000 296,000 206,000

CV = 10.8%

*

*%k

ns

= In a column, means followed by a same letters are not singnificantly different at 5% level

by DMRT.

= In arow means between columns singnificantly different at 1% level.

not significantly



Table 2 Effectiveness against greater wax moth (Galleria mellonella) of the entomopathogenic

nematodes Steinernema carpocapsae produced by liquid culture in shake flask added with

different concentrations of anti-foaming oil in the culture time of symbiotic bacterium and

nematode developing to adult stage.

84

Treatments Quality of nema* (%)
Anti-foaming culturing time Mean Dift.
oil (%) Symbiotic bacteria Adult nematode
0 (control) 50.00 a** 50.00 a** 50.00 ns
0.1 40.63 b 44.79b 42.70 ns
0.3 40.63 b 43.75b 42.18 ns
0.5 39.58b 42.71b 41.15 ns
1.0 38.54b 41.67b 40.10 ns
Mean 41.87 44.58 43.23
CV = 4.9%
ns = not significantly
* = The method utilizes a culture cell well with confines one infective S. carpocapsae with one
insect host and results infection within 48 hours (Miller, R.W. 1989).
** = Inacolum, means followed by a same letter are not singnificantly different at 5% level by

DMRT.
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Table 1 Survival percentage of nematode kept in four different powder formulations in plastic

containers with opaque screw lids, for a period of 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 93.4 a (a) 93.8a(a) 942 a (a) 933 a(a) 93.7

2™ 93.2 a (a) 92.5a (a) 92.5a (a) 92.7 a (a) 92.7

3 94.4 a (a) 93.7 a (a) 92.1a (a) 90.8 a (a) 92.8

4" 93.5a(a) 92.8a(a) 91.4a(a) 90.6 a (a) 92.1

5" 89.4 b (a) 87.9b (a) 82.7b (b) 82.1b (b) 85.5

6" 86.4 b (a) 85.5b (a) 80.4 b (b) 80.6 b (b) 83.2
Average (1) 91.7 91.0 88.9 88.4 90.0

CV=25%

Table 2  Survival percentage of nematode stored in four different powder formulations in sealed plastic

bags contained in plastic cans with opaque screw lids, for 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(II)

1" 90.4 a(a) 91.7a(a) 91.7a(a) 91.6a(a) 91.4

2" 88.0a(a) 88.1a(a) 89.9a(a) 89.8a(a) 89.0

3" 89.3a(a) 88.2a(a) 83.3b (b) 81.6 b (b) 85.6

4" 82.0b (a) 81.2b (a) 74.5 ¢ (b) 73.2 ¢ (b) 71.7

5" 69.9 c (a) 69.9 c (a) 59.9d (b) 67.3 d (b) 66.8

6" 69.5c (a) 68.4c(a) 59.2d (c) 63.4d (b) 65.1
Average (1) 81.5 81.3 76.4 77.8 79.3

CV=32%

In a column, means followed by the same letters 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.
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Table 3 Survival percentage of nematode kept in four different powder formulations contained
in plastic cans with 3 holes-perforated opaque screw lids (each hole having 0.5 cm.

diameter) entirely covered with plastic sheet underneath, for 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 90.2 a (a) 91.9 a (a) 90.2 a (a) 91.4a(a) 90.9

2" 873 a(a) 90.1a(a) 88.7a(a) 88.9a(a) 88.8

3 86.7 a (ab) 88.4a(a) 83.6 b (b) 83.1b (b) 85.5

4" 86.8 a(a) 86.8 a(a) 79.2 ¢ (b) 78.6 ¢ (b) 82.9

5" 76.0b(ab)  78.1b (a) 758¢c(ab)  752¢(b) 76.3

6" 76.0b (a) 74.83 b (ab) 71.9d (b) 71.6d (b) 73.6
Average (I) 83.8 85.0 81.6 81.5 83.0
CV=28%

Table 4 Survival percentage of nematode maintained in four different powder formulations
contained in plastic cans with 3 holes-perforated opaque screw lids (each hole having

®
0.5 cm. diameter) entirely covered with Tyvex pad underneath, for 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 88.8 a(a) 89.4 a (a) 88.4 a (a) 85.9a(a) 88.1

2" 89.3 a(a) 90.2 a (a) 82.3 a(a) 81.3 a(a) 85.8

3" 89.7 a (a) 88.9 a(a) 83.6 a(a) 63.6 b (b) 81.5

4" 85.2 a (a) 85.7 a (a) 77.4b (a) 62.5b (b) 76.2

5" 77.6b (a) 76.9b (a) 71.7b (a) 454 ¢ (b) 67.9

6" 76.4b (a) 75.90b (a) 51.1¢c(b) 31.4d(c) 58.7
Average (I) 84.5 84.5 75.8 61.7 76.4
CV=72%

In a column, means followed by the same letters 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.
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Table 5 Infectivity percentage of nematode maintained in four different powder formulations

containers with opaque screw lids, for a period of 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 100.0 a (a) 100.0 a (a) 100.0 a (a) 100.0 a (a) 100.0

2" 96.0 a (a) 97.3a(a) 96.0 a (a) 94.0 a (a) 95.8

3" 98.0a(a) 99.3a(a) 96.0 a (a) 96.0 a (a) 973

4" 98.0a(a) 98.0a(a) 94.7 a (a) 953 a(a) 96.5

5" 96.7 a (a) 98.0a(a) 933 a(a) 933 a(a) 95.3

6" 95.7 a (a) 95.7 a (a) 94.3 a (a) 93.0 a (a) 94.7
Average (1) 97.4 98.1 95.7 95.3 96.6
CV=4.0%

Table 6 Infectivity percentage of nematode maintained in four different powder formulations in

a sealed plastic bags contained in plastic cans with opaque screw lids, for 6 months at

7°C.
Month (IT) Formulations (I)
A B C D Average(Il)

1 96.7a (a) 97.7a (a) 96.7a (a) 957a (a) 96.7

2" 9.0a (a)  957a (@  953a (@  947a (a) 95.4

3" 95.0 ab (a) 92.7 ab (a) 94.7 ab (a) 93.3 ab (a) 93.9

4" 93.3 ab (a) 92.0 ab (a) 94.7 ab (a) 92.7 ab (a) 93.2

5" 92.0 ab (a) 91.0 ab (a) 94.7 ab (a) 89.0 ab (a) 91.7

6" 86.7b (@)  853b (@)  867b (a)  843b (a) 85.8
Average (1) 93.3 92.4 93.8 91.6 92.8

CV=57%

In a column, means followed by the same letters 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.
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Table 7 Infectivity percentage of nematode maintained in four different powder formulations

contained in plastic cans with 3 holes-perforated opaque screw lids (each hole having

0.5 cm. diameter) entirely covered with plastic sheet underneath, 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 100.0 a (a) 100.0 a (a) 100.0 a (a) 100.0 a (a) 99.8

2" 97.7 a(a) 95.7a(a) 95.7a(a) 96.7 a (a) 96.5

3" 98.7 a (a) 96.7 a (a) 95.3 a (a) 953 a (a) 96.5

4" 98.7 a (a) 98.7 a (a) 95.3 a (a) 953 a (a) 97.0

5" 96.7 a (a) 97.0a(a) 89.0b (a) 88.3b(a) 92.9

6" 953 al(a) 95.7a(a) 85.0b (b) 87.0 b (b) 90.8
Average (I) 97.9 97.4 93.4 93.6 95.6
CV=32%

Table 8 Infectivity percentage of nematode maintained in four different powder formulations

contained in plastic cans with 3 holes-perforated opaque screw lids (each hole having

®
0.5 cm. diameter) entirely covered with Tyvex pad underneath, 6 months at 7°C.

Month (IT) Formulations (I)
A B C D Average(IT)

1" 993 a (a) 973 a(a) 933 a(a) 99.3a(a) 97.3

2" 96.7 ab (a) 953 a(a) 92.7 a(a) 96.0 ab (a) 95.2

3" 96.7 ab (a) 96.3 a(a) 90.0 a (a) 93.0 ab (a) 94.0

4" 94.7 ab (a) 933 a(a) 91.0a(a) 90.0b (a) 92.3

5" 94.7 ab (a) 91.0a(a) 90.0 a (a) 89.3b (a) 91.3

6" 92.0b (a) 90.0 a (a) 80.7 b (b) 76.7 ¢ (b) 84.8
Average (I) 95.7 93.9 89.6 90.7 92.5
CV=43%

In a column, means followed by the same letters 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.
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Vessel lids without hole.

Sealed in plastic bags contained in the vessels with lids without holes.
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Vessel lids with 3 holes covered with plastic sheet underneath. Vessel lids with 3 holes covered with Tyvex pad underneath.
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Figure 1 Change of moisture content of various soil powder formulations keeping nematodes in different containing method.
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Vessel lids without hole.

7 4Sealed in plastic bags contained in the vessels with lids without holes,
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Figure 2 pH changing of soil powder formulations keeping nematodes in different containing method.
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Table 1  Survival percentage of infective juveniles (IJs) of Steinernema carpocapsae kept at
three different densities in powder formulation, each storaged in a sealed container at

7°C during 1-6 months.

No. of nematode contained in a vessel (million/can)

Month . . .
40x10 60x10 80x10
1 98.0a (a) 96.5a (a) 96.7 a (a)
o 96.7a(a) 95.0 ab (a) 92.5b (b)
3" 943 b (a) 93.3b (a) 89.9 ¢ (b)
4 92.8b (a) 90.2 ¢ (b) 84.6d(c)
s 92.9b (a) 852d(b) 81.5¢(c)
6" 90.0 ¢ (a) 80.3¢(b) 75.7(c)
CV=  14%

Table 2  Efficacy againt wax moth (Galleria mellonella) of Steinernema carpocapsae infective
juveniles(IJs) (1 larva/200 1Js, and died within 48 hours after infection) after different
containing density rates (40x10°, 60x10° and 80x10° IJs/containers) storaged in a sealed

container at 7°C from 1-6 months.

No. of nematode contained in vessel (million/can)

Month . . .
40x10 60x10 80x10
1" 100.0a(a) 100.0a(a) 100.0 a (a)
2 100.0a (a) 100.0 a () 98.9a(a)
3¢ 96.3b (a) 94.4b (a) 94.4b (a)
4" 94.4b (a) 91.1c(b) 90.0 ¢ (b)
s 91.1c(a) 87.8d(b) 85.9d(b)
6" 91.1c(a) 87.8d(b) 82.2¢(c)
cv= 18%

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.
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Table 3  Survival percentage of infective juveniles (IJs) of Steinernema carpocapsae kept at
three different densities in powder formulation, each storaged in a sealed container at

25°C during 1-6 weeks.

No. of nematode contained in vessel (million/can)

Week . . .
40x10 60x10 80x10
1 97.8a(a) 97.1a(a) 93.6a(b)
2 93.9b (a) 92.6b (a) 86.9b (b)
3" 87.5¢(a) 85.7¢(a) 80.9 ¢ (b)
4 83.2d (a) 80.3d(b) 70.7d(c)
s 758 ¢ (a) 722¢(b) 664 ¢(c)
6" 65.7f(a) 60.4 f (b) 59.1 f(b)
V= 1.7%

Table 4 Efficacy againt wax moth (Galleria mellonella) of Steinernema carpocapsae infective
juveniles(IJs) (1 larva/200 1Js, and died within 48 hours after infection) after different
containing density rates (40X106, 60x10° and 80x10° IJs/containers) storaged in a

sealed container at 25°C from 1-6 weeks.

No. of nematode contained in vessel (million/can)

Week . . .
40x10 60x10 80x10
1 98.9a (a) 98.9a (a) 96.7 a (a)
2 97.82(a) 95.6b (a) 95.6a(a)
3¢ 95.6b (a) 94.4b (a) 91.1b(b)
4" 91.1c(a) 88.9 ¢ (ab) 87.8 ¢ (b)
s 85.6d (a) 83.3d (ab) 81.1d(b)
6" 77.8 ¢ (a) 75.8 ¢ (ab) 744 ¢ (b)
CV= 20%

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.
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Table 5 Survival percentage of infective juveniles (IJs) of Steinernema carpocapsae kept at
three different densities in powder formulation, each storaged in a sealed container at

30°C during 1-6 weeks.

No. of nematode contained in vessel (million/can)

Week . . .
40x10 60x10 80x10
1 983 a(a) 973 a(a) 94.4a(b)
oM 96.1a(a) 94.0b (a) 84.0b (b)
3" 94.5b (a) 81.6¢(b) 750 ¢ (c)
4 92.7b (a) 69.7d (b) 64.5d(c)
s 82.5¢(a) 64.5¢(b) 543¢(c)
6" 71.8d () 60.3 f(b) 51.1£()
cV= 19%

Table 6 Efficacy againt wax moth (Galleria mellonella) of Steinernema carpocapsae infective
juveniles(IJs) (1 larva/200 1Js, and died within 48 hours after infection) after different
containing density rates (40X106, 60x10° and 80x10° 1J s/containers) storaged in a

sealed container at 30°C from 1-6 weeks.

No. of nematode contained in vessel (million/can)

Week . . .
40x10 60x10 80x10
1 97.8a(a) 95.6a(a) 95.6a(a)
2 95.6a(a) 95.6a(a) 922 (a)
3¢ 922a(a) 922a(a) 87.8b (b)
4" 86.7b (a) 85.6b(a) 81.1c(b)
s 789 ¢ (a) 78.9 ¢ (a) 72.2d(b)
6" 744 d(a) 74.5d(a) 67.8¢(b)
CV= 24%

In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
In a raw, means followed by a common letter in a bracket () are not significantly different at 5% level by

DMRT.
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Figure 1 Variation of moisture contents measured in powder formulations containing each 40x106, 60x10° and 80x10° infective juveniles of Steinernema

carpocapsae while storaged in a sealed container at 7°C (A) for 6 months, at 25°C (B) and 30°C (C)for 6 weeks.
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Figure 2 Effect of variation of moisture content measured in powder formulations on survival percentage of 40x10° infective juvenile of Steinernema

carpocapsae while storaged in a sealed container at 7°C (A) for 6 months, at 25°C (B) and 30°C (C)for 6 weeks.
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Table 1 Survival percentage of the entomopathogenic nematode S. carpocapsae maintained in

powder formulation mixed with 4 different rates of Benzoic acid for 6 weeks at 7°C.

% Benzoic % Survival of the entomopathogenic nematode S. carpocapsae (during 6 months)
acid 1™ 2" 3" 4" 5" 6"
0 92.6 ab (a) 91.3 ab (a) 89.9 a (b) 88.5b (be) 86.8b (c) 85.2b (c)
0.5 93.2 ab (a) 91.4 ab(ab) 90.4 a (b) 89.3 b (bc) 89.3 a (bc) 87.6a(c)
1.0 943a (a) 92.6 a (ab) 90.6 a (b) 91.1a(b) 89.3 a(c) 88.9a(c)
1.5 91.6b (a) 90.5b (ab) 89.9 a (b) 89.0 b (bec) 88.9 a (bc) 88.4a(c)
CV=12%

Table 2 Mortality percentage of G. mellonella larvae caused by the entomopathogenic nematode
S. carpocapsae maintained in powder formulation mixed with 4 different rates of

Benzoic acid for 6 months at 7°C.

% Larval mortality of G. mellonella caused by nematode S. carpocapsae
% Benzoic

(during 6 months)
acid 1 2" 3" 4" 5" 6"

0 100.0 a (a) 100.0 a (a) 100.0 a (a) 98.9 af(a) 97.8 al(a) 97.8 a(a)
0.5 100.0 a (a) 100.0 a (a) 100.0 a (a) 98.9 a(a) 989 al(a) 97.8 a(a)
1.0 100.0 a (a) 100.0 a (a) 100.0 a (a) 100.0 a (a) 100.0 a (a) 98.9a(a)
1.5 100.0 a (a) 100.0 a (a) 100.0 a (a) 98.9 a(a) 97.8 al(a) 97.8 a(a)

CV=16%

In a column, means followed by a common letters are not significantly different at 5% level by
DMRT.
In a row, means followed by a common letters in a bracket () are not significantly different at 5%

level by DMRT.



151

Table 3 Survival percentage of the entomopathogenic nematode S. carpocapsae maintained in

powder formulation mixed with 4 different rates of Benzoic acid for 6 weeks at 25°C.

% Benzoic % Survival of the entomopathogenic nematode S. carpocapsae (during 6 weeks)
acid 1™ 2" 3" 4" 5" 6"
0 90.9 b (a) 85.8 ¢ (b) 83.3b(c) 76.2 ¢ (d) 72.6 ¢ (e) 68.1b (f)
0.5 93.6a(a) 924 a(a) 89.1 a(b) 89.0 ab(bc) 87.4 ab(bc) 86.5a(c)
1.0 909 b (a) 90.1 b(a) 89.0 a (ab) 89.5 a (ab) 88.9 a (ab) 87.9 a(b)
1.5 90.3 b (a) 89.0 b (ab) 88.8 a(b) 87.4 b (bc) 86.4b (c) 86.2a(c)
CV=12%

Table 4 Mortality percentage of G. mellonella larvae caused by the entomopathogenic nematode
S. carpocapsae maintained in powder formulation mixed with 4 different rates of

Benzoic acid for 6 weeks at 25°C.

% Benzoic % Larval mortality of G. Mellonella caused by nematode S. carpocapsae (during 6 weeks)

acid 1" 2" 3" 4" 5" 6"
0 98.9 a(a) 98.9 af(a) 95.6 b(b) 94.4b (b) 91.1¢ (¢) 89.1b(¢c)
0.5 100.0 a (a) 100.0 a (a) 98.9 a(a) 97.8 a(a) 93.3 be (b) 92.2 a(b)
1.0 100.0 a (a) 100.0 a (a) 100.0 a (a) 98.9a(a) 94.4 ab (b) 93.3a(b)
1.5 100.0 a (a) 989 a(a) 97.8 ab(ab) 97.8a(ab) 96.7 a (bc) 94.4 a (c)
CV=18%

In a column, means followed by a common letters are not significantly different at 5% level by
DMRT.
In a raw, means followed by a common letters in a bracket () are not significantly different at 5%

level by DMRT.
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Table 5 Survival percentage of the entomopathogenic nematode S. carpocapsae maintained in

powder formulation mixed with 4 different rates of Benzoic acid for 6 weeks at 30°C.

% Benzoic % Survival of the entomopathogenic nematode S. carpocapsae (during 6 weeks)
acid 1™ 2" 3" 4" 5" 6"
0 87.7¢c (a) 84.2 c (b) 73.4 ¢ (c) 69.0 ¢ (d) 559c(e) 36.5d (f)
0.5 90.8a (a) 89.8 a (ab) 88.1 a (bc) 86.3 a(c) 70.8 b (d) 56.5c (e)
1.0 89.5 ab (a) 89.2 a (ab) 88.7 a (ab) 87.0a(b) 71.1b(c) 58.2b(d)
1.5 88.5bc (a) 86.6 b (a) 83.9b (b) 80.6 b (c) 73.8 a(d) 63.5a(e)
CV=12%

Table 6 Mortality percentage of G. mellonella larvae caused by the entomopathogenic nematode
S. carpocapsae maintained in powder formulation mixed with 4 different rates of

Benzoic acid for 6 weeks at 30°C

% Benzoic % Survival of the entomopathogenic nematode S. carpocapsae (during 6 weeks)
acid 1 2" 3" 4" 5" 6"
0 96.7 a(a) 92.2b (b) 90.0b (b) 84.5Db (¢) 77.8 b (d) 71.1¢c(e)
0.5 100.0 a (a) 96.7 a(a) 93.3 ab (b) 87.8b(c) 81.1b(d) 76.7b (e)
1.0 100.0 a (a) 989 a(a) 96.7 a (be) 94.4 a(c) 87.8 a(d) 80.0 b (e)
1.5 98.9 af(a) 97.8a(ab) 96.7a (ab) 94.4 a (¢c) 91.1a(c) 85.6a(d)
CV=22%

In a column, means followed by a common letters are not significantly different at 5% level by
DMRT.
In a raw, means followed by a common letters in a bracket () are not significantly different at 5%

level by DMRT.
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Figure 1 pH level of powder formulation mixed with 4 different Benzoic acid concentrations for

maintaining the entomopathogenic nematode S. carpocapsae for 6 months at 7°C.
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Figure 2 pH level of powder formulation mixed with 4 different Benzoic acid concentrations for

maintaining the entomopathogenic nematode S. carpocapsae for 6 weeks at 25°C.
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Figure 3 pH level of powder formulation mixed with 4 different Benzoic acid concentrations for

maintaining the entomopathogenic nematode S. carpocapsae for 6 weeks at 30°C.

—— rate 0%
40 - —— rate 0.5%
—&— rate 1.0%
rate 1.5%
39.8
—
S
239.6
Z
E
39.4
Y
39.2
39 ‘ month
st nd rd th th th
2 5 6

Figure 4 Moisture percentage in powder formulation mixed with 4 different rates of Benzoic

acid for maintaining the entomopathogenic nematode S. carpocapsae for 6 months at

7°C.
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Figure 5 Moisture percentage in powder formulation mixed with 4 different rates of Benzoic

acid for maintaining the entomopathogenic nematode S. carpocapsae for 6 weeks at

25°C.
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Figure 6 Moisture percentage in powder formulation mixed with 4 different rates of Benzoic

acid for maintaining the entomopathogenic nematode S. carpocapsae for 6 weeks at

30°C.
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Table 1 Survival percentage of Steinernema carpocapsae in powder formulation contained in

different quantities and sizes of vessels at 7°C for 6 months.

Quantities of nematode contained in vessels (million/can) (I)

Month (IT)
50 100 200
1" 97.7 a (a) 974 a (a) 96.7 a (a)
2" 959 a (a) 94.9 ab (a) 94.9 a (a)
3" 91.3 ab (a) 90.9 be (a) 90.6 ab (a)
4" 91.7 ab (a) 88.5 ¢ (a) 87.0 b (a)
5" 892 b (a) 85.1 ¢ (a) 878 b (a)
6" 90.1 b (a) 85.1 ¢ (a) 872 b (a)
CV =4.0%

Table2 Comparative efficacy of Steinernema carpocapsae (200 nema/larva 48 hrs.) after
maintenance in powder formulation contained in different quantities and sizes of vessels

at 7°C for 6 months.

Quantities of nematode contained in vessels (million/can) (I)

Month (IT)
50 100 200
1" 100.0 a(a) 100.0 a (a) 100.0 a (a)
2" 100.0 a(a) 100.0 a (a) 100.0 a (a)
3" 96.7 al(a) 100.0 a (a) 100.0 a (a)
4" 96.7 al(a) 96.7 ab (a) 96.7 a (a)
5" 933 a(a) 90.0 ab (a) 90.0 ab (a)
6" 933 a(a) 86.7 b (a) 86.7 ab (a)
CV =6.8%

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 the 5%

level by DMRT.
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Figure 1 pH change of Steinernema carpocapsae in powder formulation contained in different

quantities and sizes of vessels at 7°C for 6 months.
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Figure 2 Moisture percentage of Steinernema carpocapsae in powder formulation contained in

different quantities and sizes of vessels at 7°C for 6 months.
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Figure 3 Survival percentage of Steinernema carpocapsae in powder formulation contained in

different quantities and sizes of vessels at 7°C for 6 months.
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Figure 4 Efficacy of Steinernema carpocapsae (200 nema/larva 48 hrs.) after maintenance in

| months

powder formulation contained in different quantities and sizes of vessels at 7°C

for 6 months.

168



169

PN
IGHGARIANGE

Gaugler, R. 2002. Entomopathogenic Nematology. CABI Publishing, Wallingford. 388 pp.
Nelson, C.E. and Mannion, C. 1986. Hydrogel encapsulated nematodes U.S. Pat. No0.4,615,883.

11 pp.
Silver, Scott C. 1999. Granular formulation of biological entities with improved storage stability.

U.S. Pat. No. 5,965,149. 30 pp.



2.5 aﬂ?amﬁﬂué’mmﬁasjﬁaﬂ sazdszansmwvesldinevrles Steinernema carpocapsae

d‘ (=3 s a 90’ lﬂ' U a
Mfusnlugasaume nazwein Nszdugamagiinigg

Comparative Survival and Efficacy of Entomopathogenic Nematode Steinernema
carpocapsae Maintained in Powder Formulation and in Sponge at Different

Temperatures.
% |
UNAAYD

~ = o ] a a Y A A g
mafSeuisudasimsedsoanazlszaninmvesldidouros S carpocapsae M

9 < a g’ { v al o a {
TugasduSauuuAuNe (powder formula) tagluoauir  NszdvuguMglaIe AudUMIN

Q U

Woulfiamsngquauasemsdaudagiamednm  dninitewaumsersnniy  nsu

Y
INMINBAT AWARDUAUIBY 2548 — HUIAY 2549 1) 3 MINAABIGOY MNTZTAVYUTINIAD

U

Y
o

7 25 uag 30°% LAaTNINAADIINLANULIUY Factorial in CRD § 2 11938 (2x6) 12 35M5 5 419

Y
o

a @ 1 ] a <}
az 3 g3 (waradn) Tedeusn laun guvumany Ae Tugasaums uazmanuluveai

i
a

o W ' < ! o & {
Paded 2 1dun namany 6 szez Tashguugil 7w nuuI 12 3 4 5 1az 6 @ou

QU

a

QUNANL 25"% Lﬁﬂlﬂu 246 8 Uay 12 ﬁﬂﬂ"lﬁ Noungil 30°y !ﬁ‘]_llﬂu 12345008 6

q U £l QU

a

[ 4 1 o Y] 1 a 9 A J ~ o
dlav uaazszeziimsnsdaimsegseaazszdninmved ldifoudes  wud @ 7'y
o 1 Y A (] A A Q a (] 1
onTIMIegsoaved Idinoudeslure 3 weunsninuTugasAurIog sz NI 94.3-98.6% 1oz
I~ 09} ] [ ] 1 [ Aana 1 ax d‘ =) i)
nuluenitegsznin 92.7-96.7% hinanauiumeadasznin 2 35ms Weonlseuiien
' <] ' ! <3 a Y 1
Tugeszeznamanuuaaziaoey ludoui 4 manulugasaumiidnsimaagson 92.8% g9
1 1 <3 09} (] A v o o aAa A dgl A ~
nIuana1nMsn U luneai (89.5%) sdntsdidgneada sanuvulu@eun 5 uaz 6
Y] ] { g a ' 1 < g’
on3IMsogsoaiinylugasaume (92.9 taz 90.0%) ganiuanannmanylunesi (8.2
l v o o A aa < 09/’ a 09/’ 1 {
oy 84.4%) pENTNsdAYTIM AN MIAVIT 2 ITMIAWARDUN 3-6 WUNTAAAIUDY
oasIMIogsoauAnaNINAeUl 1 uaz 2 ednlvdsdingnuada diuilsz@nsmnues
Y A A QA o 3 = ~ a [} 1 :’
Tadoudosiinun 7°x anasdumi@oud 1-5 lugasAumIvgsznIN 91.1-100% waz luroarh
[l 1 [l 1 aa 1 [ A = = 1 <
PYIZTNIN 88.9-100% MuanaNNanasznINdy WeonlFeumenlugesseznamanuly
A a o A A A a Y A A g A '
wouwdeiu  lwdeui 6 Uszaninmvesldneudosiinulugasduns (91.1%) ganan
1 I 3} v v o o A aa { [y}
uananmsnulunesi (86.7%) egniisdiingsaneddd 125y 9nTINII0gI0AVDY
1 @ J { g a < g’ ]
Tddourdos Tugae 2 dlaniusn Mnulugasauns (983%) wazinuluweniv (95.5%) li

1 an 1w 1< o oA a @ '
UANANNWNADA Lm’ﬂﬁﬂﬂ1ilﬂ‘ﬂ1uﬁﬂﬂ1’ﬁﬁ 4 Qg 6 Gluqm&mm 2A31N1I0YI0A (95.3 uag

170



[ 1 <3 oy 1 v o w aa 4
83.7%) ganiuanannnmanylugasieit (90.3 ez 79.5%) edwiivednynedda o
< 2 =2 oo P g o an o \ A
AUVIAUDIFUA MR 8-12 MIAUNT 2 3FMI NMIAAAIUBITNITINITOYT0A TUGATALRM
Y
(53.5-76.7%) wazlulearin (50.5-73.2%) hiuanaadunansd daiulszansanvodldaou
{ 1] < a oy [
doef 25°s Tu 2 dlaniusn manulugasauns 98.9%) uayluenii (97.8%) HiarlndiRea

@ @ qgj qgj 1o Il < a = a a '
- raniuawadlanin 4-12 manulugasAums (56.7-98.9%) Nilssa@nsnmgand

o w

1 {2 oy 1 ] A an 1 o [y
uana Ny luroain (48.9-86.7%) sdnalitioddgydmuana  91.30° dnINegsen
Y A as.l‘ K] s a 1 1 <3
vou ldaourosdadamin 1-5 Tugasdums (82.5-983%) gendmananinmanylu
J | Aw o o A O Vo .
o (73.3-83.1%) esnudsdAgdInuand wenlssumeudananasszninanulugig

3 1w o P [ Y o 1 1
2SI IMINUNINU Gluﬁﬂm‘n‘n 6 ﬁﬂaﬂﬂ’]@giﬂamﬂﬂﬂlﬁgﬁ??\? 70.3-71.8% [358)"

a A 9 A R a 2 o 1w P a
ﬂﬁgﬂﬂﬁﬂ1wm’ﬂ\‘lllﬁlﬂﬂuN@ﬂﬂlﬂﬂiuq@iﬂquﬁaﬂﬂixElgna']ﬂ']ilﬂ‘ll@]\ulﬂﬁﬂﬂ'lﬁﬂ 1-6 U198

U

=

' ' ' < g’ 4 J [l 1 [
JENIN 97.8-74.4% @:Qﬂ')’ll,!,@ﬂﬁ'l\ﬁ]']ﬂﬂ'lﬁlﬂ‘U‘IUW'fNu'l @Qﬁmagizw:m 85.6-36.7% DY

v
[

o a an o 4 <
gan iUEJ\Wl'I\‘IﬁOGIGlu‘V]'ﬂ“"] ’ﬁ‘]Jﬂ'l’VieUENﬂ'lilﬂ‘]J

g

e

171



A1

o yy a ax (% Y A
WA lAdunugasAumALIIDRG  ATMIUTIINIUE  8ATImMIuTIy ldineurdes
U w1 A s o Y A YA o 1 = a a
uazilateang Amunzavlumsmusnmlddeurdesliioninmsegson waziidszansam
< A A o a o Ay v o D,
qIAADATZEZNAIMSINY 6 1AY NszAuguugll 7'y Mawamsnaaesd ldtannsoirly1d
a g’ 3w { a a a Jd o
naunuIsms e s lumsnusou 1ddoudsennaa 18 lu@amnalsd (395, 2544) Tasms
Y A ¥ J 2 J g A a = = Y o <
von ldiaeurosniouhaslusuenivanignussylugenaradn  Hewiingaudnirlny
@ A 3 A y, 1 . 3
Snwi 7’y manuastidodenatelszms laun Tdaeurosd shelf life duilszum 1 How
v
dmah 11 luanmsssunaneuteguen  Tasazdesudlonir 1 la ldidouroseonin
1 :I g' o 1 1 { g
agluiih nsowouAronioan udruhlddoudesllldwn  dauldideudosiinulugas
Aa o & o oy Y o ' Yo A 1 A o Y A
audiuSawuns awnsoi ldazaneiudwhmsnuldiui  uaneuniih ldidourosgas
o < 1 a [ a o
duSavvuns Wduasulddld ldRoudosnuauumasdagiivlusssuna  Suludesims

< = ~ Y < 3‘ Y o A 1Y a o
nageuamumanulseumneunumsnulureuilvsanu NITAUYUNYN 7 25 uag 30

[

S A

k4 9 9
witiiedumstududlddoudesgasdrSawuns aunsoi lunaunums 1¥oaild

172



Aad o

ABAUUUMNS
[V 4
Jarq 9ilnsal
¢ A oA Y 1 Y ¢ 4 o = A4 o
1. gUnsalinTesiie laun ndosganssen  1AToIAzIBEn 1950911 (counter)
A o A o wa . A o & .
1139999 pH (pH meter) Yilaunuda Tuia (auto pipette) NTDIIANINNYY (moisture analyzer)
¢ A Y 9 (=1 4 v v a
2. Qﬂﬂimmiﬂﬁllﬂﬁ Vlﬂllﬂ VANDITUUIAANG  NTTUINAWVUIAANES UNATANN
(petridish)
3. U Attapulgite LY Zeolite
Y A @ Y o
4. 1&ipeuros s carpocapsae 38 3 3LYZUINIAGLUNDN (17)
4
5. WUOUNUSIAY Galleria mellonella 38 5
A 9 1 g' [ 4 a Qy Qy =
6. DU Vlﬂllﬂ Wouhduns iz NNATANVUIA 8x12 U AT 4x6 U NITUDNAAY

WNE@ANUIUA 10 WA, 1ATeYaniingInaaan

25N15NAABY

szneudie 3 mineassdos Tagihmsnaaosfiszatguuigil 7 25 uag 30°% uaas

9 9

MINAABINNTINNULLL Factorial in CRD 3 2 11998 (2x6) 12 35015 5 41 Al

o o A ad 3 o A I a < g}

Haden 1 Fmanuine 2 uny ae Manulugasauws wazmanylureai

o o A <3 1 0 <3

fladen 2 NaMINY 6 5282 A MINAABIN 7°% NUUIW 1 2 3 4 5 LAz 6 1Aou

A o o o e o0
MSNARDIN 25°F VMU 2 4 6 8 wag 12 dUard MsNAaeen 30°y NUWIW 12 3 45
waz 6 dla
Y
UABLMINARDY 111 5 61 B 1 93 (Wanaan)

OZ

ax (a
FmianInaass

mapusnldinoudesluloindunsiz

a

) Qy oy o PR £ 1 tﬂy ~ o 1]
- FuneuhdunIzERUUIe 1 au.ww. 'lﬂ@ummwaﬂqmwﬂu 1217 94U 15

QU

Yous/ms1aiia funa 20 1 mﬁ”@mmfuﬁﬂdquamﬁﬂiaﬁﬁmmﬂ 4x6 11 998y 22 Fu

-~ wienldideuresiy 3 szox 1 WTarududiy 4 Sudlinhindy 10 va.

- vamsvienlddeudesiinien 3nude 12 adludeuhinien 13 lugmanadn u
S 4 8/t ganh 10 wa.

a

- Yahngaldaiin udnirlineiigungil 7 25 naz 30°s

U

173



s v Y A a
mafusnnldneudealugastumasmuumg

a

a . . 9 = Y 9 A o o
- UAAY Attapulgite 1182 Zeolite 11T umazidon ovliudsngumai 100-120°y wauiu
Y
Tudasraiu 2:1 Tasnimin oz ldaunaunuun
Y
- senldfourlose 3 szezdnimenas 1) Tudlsua 40 druda luai 20 wa.

[

- thAuway (39 2.1) 59 TN KAUAUAINUYA Benzoic acid 1 n5u aulidiuling
1 Y Y
udwaunulddeudosiaIon Tiaude 2.2 wiounudsuarmsuvesdunauiavua 1914
Y ] Y A Aa 1A =~ dy o
40% vz ldgasduis ldRoudesnuuneniidiumauszrine@unay JGaudu 40%) 100 N5y
ao ldiaouros 40 A1ue
1 1 Y & Y A 9 [ ! a Qy
- wlsduway 10 n3u &l ldiRourdes 4 i Tdasluganaa@nuun 4x6 17 1 99
a a o a3 { Y a 1
Yaniingeldain udnhlnunsedugungl 7 25 uaz 30° muurumsnaassse i
M3INTIIND
d' a o &Y a Y A d‘dda a A
- fgamgl 7'y avivdinaldneudesniiziaseauaznaaouiszansammn

A < A
wou 1uNaT 6 1Y

D.

a o 1 = @ 1 [ Jd 3 (%% J
- NQUNHU 25 ATIUFUAYINU LANTIINN 2 gt Wunan 12 ddent

=)

a 0 1 = @ 1 o Jd 3 o L4
PUNNY 30 ATIUFUIAYINU mea%nﬂﬁﬂmw a6 duanv

Y

o ax A g g; o = a Qy oy =~ Y A @ 1
mmmﬁmsmﬂﬂumqm ﬂWﬂTiLﬂﬂQﬂWﬁ?ﬁ@]ﬂ L“I/]%‘LW\IENI!”I“])’QM%?(L@@UNﬂﬂﬂ?ﬁﬂﬂgﬁﬁ

S & o J & I 9 A 9 o J Y a oqy
GLuu']ﬂau EUEJ”W\I@QT!"IWa']EJG] AN ’ﬂullﬂulﬁlﬂi’JUN’ﬂfJ@ﬂﬂllﬂlﬂgiuu'] LLEJﬂV\I@QU’]@@ﬂLLﬁ’J!@?JUTGlW

]
A

A31 500 WA, 3ansouir lasrriulsuna lddeudesniFIauazme

) v A, 2 a a Aa a o [ 1 1Y) 1
dwmsvatmsinulugasauns Aagenaradn agnaunanlin dndiuwan 5 nsy 1d

Y 1
Tumsuzianiiliasy 500 va. Fandewaziilastnda pH tazasrvivlsuna lddeudes
=\ [ ) Y] dy 9 A .
2N 5 NI i lSaanududonio moisture analyzer

o a a Y A A g an o a
‘Vl'lﬂ'li‘ﬂﬂﬁ'@'ﬂﬂig'ff‘Vl‘ﬁﬂTWGU@thaLﬂE]UF‘Jf]EWHﬂUGlunﬂ?‘ﬁﬂWﬁIﬂﬂWﬂﬁ@UﬂUWu@uﬂu

b4
% %

v 1 o a { 2 1 J
Sanede 5 14 1dReures 200 @2 deriveu 10 41 Tusuwaaanidsila (durgudnais 9

o < { a9 ) o ) { [ A
3).) N UNQaIMNNND AT 48 11 T3 Mimsasanfusunueuaeluimazisms

9

m3tiunnUeua

o R

-4 ' Y A A g an
- Uu‘ﬂﬂL‘IJ’E]’i!,G])"L!Glﬂﬁﬁ)g’i@ﬂ“ﬂﬂﬂﬁlﬂﬂuﬂj’ﬂﬁmlﬂﬂlu‘ﬂﬂ"}‘ﬁﬂﬁ ATULAUNTITINADDN

=

o I o a A Y A A o Y Aa o dgl ax
- ‘]J’L!‘ﬂﬂlﬂf]ﬁLcﬁuﬁﬂ‘igﬁﬂ‘ﬁﬂ1wellﬂ\1”lﬁlﬂfluﬂj’ﬂﬂﬂﬂWiﬁﬂu@uﬂuiﬂWﬁﬁWﬂiunﬂ’J‘ﬁﬂTﬁ
ANULHUNITINAADN

v =R

tﬂy o I 1 Aa A g Y A A g
- UUNDANUTU Llﬁ$3$ﬂUﬂ'J'HJL‘IJ‘Hﬂiﬂ-ﬂ"NGluQUWﬁiJVILﬂﬂllﬁlﬂﬂup\]@ﬂﬂlﬂﬂﬁluzﬂW\i

a <Y
NI13IATITHUBDYA

- 1% 71511n53 IRRISTAT

174



Wan1Inaael

A o ' g o a s o v ¥ & o a
N 7% Gluclfjﬂﬂ']ﬁlﬂﬂﬁﬂy1 3 DULLIN lﬂﬂil“])'u@'lﬂ]iﬂq%ﬂﬂmﬂq‘lﬁlﬂ@up‘lﬂﬂﬂ\iﬁlu@‘HW\‘]

=

g' ] 1 1% an [ <} <] a
LL€1$WﬂﬂuﬂNLLWﬂWNﬂu‘ﬂNﬁﬂﬁ (Table 1) LLGIE)Eﬂ\‘lvliﬂgnhﬂﬁlﬂ‘]ﬂl'lﬂuwﬁ (94.3-98.6%) ¥

e

9 [ < :I d‘ 1 A 3 <3 o
v Tnganmanulugenii (92.7-96.7%) wieaninlugirvdeuusniu msmnylunein
= 1 Y A 1 < a & A w =~
lisasimsogsenved ldifoudesanas (3.3%) ganiimanuluauss Fadidasimsanaaiio
[V aa.l‘ A A =\ o ~ Y 2 o A ~ S I 4
1.4% #9901y (9ouN 2 uag 3) msanadluonsinlnamesny lwdoun 4 nesisuams
1 Y A A g a 1 <3 oy 1 A v o W
agioauod Idieudosinuluauns (92.8%) genimanulurenit (89.5%) edniivedinny
aa A & dg’ A A 1 ' <3 091' A d?’
naada  dunununlu@oui 5 uag 6 ANUUANANIENINMINUNG 2 JUuDY Banay
= 1 [ A v o W A QQ S 3 4 [ ] = [ dyd
WAANULNA NI NN IAYEINada  uaznlosiFuamsegsealuyig 3 MoUNINY
anuuanagedaiiedfynamanulu 2 Wounsn agwiulan Tudouit 6 myauluAuAg
=1 S 3 4 (] ] [ v A =3 1 < o [
mﬂmmummi@giaﬂmm"lamauNaamagimmquam 90.1% mumu"luﬂmmagiu
[ o 1Y o [ < a
5o 84.8%  amsudszansmwmlumadiaenuasvesldmouresndimanulunumg
g' 1 A 1 1 aa 1 < a = Y
uazWouiye 5 iWouusn (Table 4) lunanarnuadd samsnuluaumziiou g
[ =K A d' < 2/' 1 Y 1 A v o @ A aa d‘ <
N1 WoduRUN 6 MINVIN 2 31 uana N UedNTsdARdIN1and Tasnmsinylu
a = a A Y o [ A 2 :I =1 a A
aurallszansnulumsniaieriuou 91.1%  awinulueaimlssansan 86.9%
A o \ 4 o o @ P v ¥ A Ad o
1 25°% Famanusne 2 dlaniusn wedudmsedseavesldiaourosinnun 2
1 ] Y] aa [ P Y] ]
U1 (Table 2) iupnaeiumeada wodediaii 4-6 dasimsegsenvesldiaeunesly
a 1 3 g’ v v o
Aura  (83.7-953%) ganmanulurenit  (79.5-90.3%) el YN 1NADA (ile
=y = 1 [ 4 tig} 3
afSeumenluunazdlan)  eonlsdammafuluyieszesnannuiudaue 812 dlad
@ 1 a [ < o
oasImsogsenved ldinourosTuaun (53.5-76.7%) ﬁuuﬂﬁfuqqmmﬁmu“luwmm (50.5-
= Y ] 1 an 3 a Y] 1 o P
73.2%) Doz iuanaaneadd  manulugesaums samsanassgnindlaia 2 uay
Y
1 1 aa [} [ [} Jd o 1 1 ] v o W 1
4 hinena 1 eameadd nasnmiugng 2 dla dasimsegieauanavednitisd g sznin
] (] = Y < 3} = A :Il Y P a 42’ 1 I~} a
A wuRenunumanuluesin Famsasassuawadlanrii 4 meavunsumsnuluay
[ [ P < 3 an =Y [ Y A Y] ® o o’d‘
W Maemndlandin 6 manuiia 2 35ms Uoasimsegsealnameny audedilamin 12 ms
< a :’ [ ] H @ o w 1
nulugasdunaazenii daimsegseamaonszay 53.5% waz 50.5% MusEy @
a A ) 1 a 3 o a
Uszansnmmadnimeuuasesldidoudesisoadiinnmsnuinmlugasauraas
oy 1 %% s A o dy 1 @ o_w ] v
Wouh Tuge 2 dilad 1 25% 1 (Table 5) ogluszay 98.9 uaz 97.8% mwdAy luuanaia

o aa A 3 o 42’ qﬂ// 1@ A Aa A Y A A g
AUNNEADA WONUTNHINUIUALATUaYN 4-12 ‘ﬂigfﬁ/]‘ﬁﬂTWﬂJﬂleﬁLﬂﬂupjﬂﬂﬂlﬂﬂiuq@]i

'
0o Y A

a 1 < g} [ @ aa Aa A o
ﬂ°L!FNﬁ]Sq\iﬂ??ﬂ?i!ﬂﬂiﬂﬂ@\iﬂ?@ﬂﬁﬁuﬂﬁ?ﬂﬂ]ﬂ\i‘ﬂNﬁﬂ@] Tﬂﬂﬂ5$ﬁTl‘ﬁﬂ1Wﬂ"I§L{l}"ITI"Ia18LUJﬁQ

g

[
[

9y A a A [ 1 [ P 1
‘1Jﬂ\‘1hlﬁ!,ﬂ81!PJE’JEJGI,‘L!@‘L!W\ilillflﬂaﬂua@ﬁq\mﬂﬂizﬂﬂ 92.2% Tuddavin 6 LAZLONANNIIN 2

Y

o @

o J 1T Ao 1 [ 7 a A o 4 J
dlaiusnedaliiediay ualudidamn 8-12 Uszaninmanainne 2 dded tazuaneig

175



[

' o l v o 1 < oy a A o {
3$ﬂ313ﬂu@81\1ﬁu‘(’1ﬁ1ﬂﬂ] ﬁ'Juﬂ']'iLﬂ‘UGlLW‘I'[’)\1u']1!'f)ﬂfﬂ"lﬂﬂ'ﬁaﬂaﬁm@ﬁﬂigﬁﬂ‘ﬁﬂWWGluﬂ@]i']ﬁ

g

1 9 v A 1 A o P & A a A 1 o L4
FINIad MIaaadusunoundlarin 4 Galilszansnm 86.7% uanannndlariusn
Y
poniiiod vy wawniu Usz@niamasamn 2 e tazuanaedaiived g
Y
A0ATZH IR Aaue 6-12
A ° s o ) S Y A gy v a
130°% AaeaszoznMIMaNUiNE 5 dlasd Idnourdosiionsimsedsenlugasau
1 1 $ 1 [ (] v o w A aa o < g’ L [
HIDGIZNIN 82.5-98.3% Faganimananes iivedagsameadanumsnuluveaiddin
] 1 d' = =1 < =) Y] =R o o’d‘
PYITNIN 73.3-83.1% (Table 3) twanfssumesumanuluszeznanferny wodsdiavin 6
Y
9AIINTTOATIAVDNT 2 IBMTanasuegluszaulndifeanuszywing 70.3-71.8% msanad
[ ana 9 A A 2 a ] [ o’d‘ @ ;
V03905 1MITonT Ul IdmourpennuluAuns Tusieadlain 1 vag 2 anasludasidias
d‘ [ Y A v A o w 1Y P n:‘ [
miszaulndineanune 98.3 tay 97.6% auay  ludlaivin 3 tay 4 anaaednIza
A < d? 1 @ [ ~ 1A % [ P
92.7-94.5% BINUUUIUMIBYI0ATIanadludnI N gIaamegnIzal 82.5% ludiamn 5
[ I'd $ 1 1 1 1 v o w Aana o [y
waz 71.8% luddanin 6 myanasluugazsnianuuana Ned NNsdAYNNada dmiy
< 3‘ (% ] @ d‘ d! 1 < a [ o’d‘
munulurenivanmsegsenanadluonings dsnnnmanulugasauns ludiamn
] [ Y A v o w [ o’d‘ ld'
1 waz 2 anatedluszaulnameny 83.1 uag 81.1% awdwy  Tudian 3 anasunegn

[

o % J ' v o w aa o oA @
FEAU 78.2% Fauanawesuliisdngmuananu@ounsn  ludiasin 4 uaz 5 anasludns

v v
o ]

=1 @ 9 A [ A [ 1 ] Y] s l (9
Aunegnszaulnamesny APBYITVIIN 73.3-75.0% dluddendin 6 ag"lusmu 70.3% N3

U
Y

o ' o s 1 ' v o w aa 1
anasaadlain 4 azuana e nIited Ay adann 3 weuusn  daudszansam
Y A A g a A 0 ule VA :I 1 Ao o o A aa
vou ldidoudosinuludunai 30°s ungenninyluneuiedaivediaoanedda (Table

<} o L4 < Y [ L4 =} a 1
6) aavaszeznamany 6 dlani  zmnlannluddaninsnmanuluaunsanaegly
(% 1 % P a A 9 A 1 Y]
s2en 97.8% daludilamin 2 uag 3 dszA@ninmvedldifeuresanauneginluszauy
Y o w : 1 I A @ o W aa o J
Indifeeny Ao 933 wag 91.1% w1y Fwandneduiiisdnynieadaanndlaninen
A @ I d?’ =R o P a A Y A o
Wanuiluszeznaurudadilanii 4 5 uag 6 Yszanimmves ldimeurdovanasludas
[ 9 1 [ o o [ ] (] A v o w ~ 9 A A g I
AoudganNluyie 3 dlamiusn vasuananiuedniiisdiiy Tash ldReudosiinuily
@ J A A a A < Y I a aa.z‘ =
szozne 6 dilawt TuszanBamnde 77.4%  szmuldn madulugasaunainiins
! Y J 3 4 [l 1 A ] :j
nlasunlasndifestunlesisuamsedseavodldifoudos  dawdtmanuluveni lu
o J a A v A 1 o ' = o
dlamusmlszaninmanaslusaingunn Tasanawunegluszdy 85.6% wumediuly
o P o <X 1 A a 9 A A Q 1Y) P 1
dlanin 2 waz 3 dasiMyanasndigeeg Usza@ninmvesldneudesitnuludianii 3 og
1Y) <3 Yo o P 3 A 1 3 ] AN 9
Tusean 56.7%  vzmnlangndilama 3 uag 4 vy delulluynniidnrimsanatiosun
1 1 aa 1 ' ' o 7 a A v Ay '
w liuanaanwadd drusnsznindlami 4 suaz 6 Usz@ninmanasludasngini
A ' ' Ao oo W A A 9y A = a a 0 =
3 ounsn wazuanaedltvd Ay Tavluwdeun 6 Tdideudosiilsza@niamdrgaiios

36.7%

176



a d
JTUNANINAADY

0o

A Ao A . 3 o Y A Y
N7% QUUYUAT ANTDIADIY (shelf life) msnusne ldiReudes s carpocapsae 4

d? A g a A o 1 = a a J I
HIUUVU I@’IEJ‘VILﬂ"UGl,‘l‘lﬂuFNSJE]GIi'lﬂﬁ?)giﬂmmghﬂi$ﬁ1ﬂﬁﬂﬂ/‘|q\1ﬂ'ﬂ 90% PADATLYTNITIND 6

'
a o A

A a o & A J Y A a oA A O
won  guugiszauiituguugiiminzauae Idnoudosriiall  esnnduiinuiuiialu
[ [ 2 v [
wanllguuQian (Grewal er al, 1994) wonanigungimduihld ldiaoudeanaoulid
A 9 A% a & g9 o A A Y
Wiotlosad  nszvIUMsAURATUNATU  mawwangy luduinuazauive Tl 15y
@ o aAa So A ' 9 Y o Y o A < Jq I 9
wasmlumsarsasianduiullodedng wudu sldi lviumden o139 1duu aunse
A < Y dy Y A a 09/' @ 1 1 a dy
gaogmny 1a wenvnil ldasuresluaunaiuIzofrRgs T nINOYMAAY  ANNTY
v @ 9 a o Y A vy 1 < g’ =2 9 3 aa
soudiuzgngadulasaui iinmamaounadas daumsnulueaninwdinulugamvgiin
o o Yy A o S A & 2 0 9 Yy ¥ A
7y daw Iddeudoserdelugwguvesenimalinnuduguiey 100% hld ldidoudes
A Y 1 o a [ A g 9 9 < d? <3 Y
waeu i lddmnniimserdeluay  wasouinvazan PBazgnldvuadiu wiulden
o 1 Y A = g J ya o < a ' <
onsIMsogsoaved ldimeuresiiny luenihgalndafesiumanulugesaulusemany 3
9 9
@ounsn uazdszanimmmuiiendulusig 5 @eunsamiy  uanaanniiulaommzly
A ~ o Y A A g g’ o A v <3
@oun 4 5 waz 6 onsIMsseaved idaeudosinnylurenihanasludasgenimamny
Tuges@um  ileenniidasuumueady  dasimsielaly o, lulSinannndlimisame
A o 1 ] 3’ A A tg < I Aa 1 9 A [ <
oudeiunweenazaweg i iWellnnyunazilunvse ldideudosos  uamamnyly
a g a o A Ay YA o 1 = A g
AUHITY Auansagedveude ldifoudesdunisosnin eaamaitluiy  uenaniing
I a g w Ao w A Y dy AN Y o @ [ I
nulugasaunaingadiihivoulaun pH tazamudud dimsialugumanuaseaszezinm
61hou 90 Fig. 1 manfasunlas pH og1us19 6.9-7.0 & hilinansznuae ldifourdos dau
= & . ' = A ' ' =
manfasuulasnnuyy (Fig. 2)  Tus9amsiiy 3 @eunsnegssning 37.1-38.2% (qaude
A A A = A A = &
ANNAY 1.8-2.9%) uazlu@eun 4 uaz 5 UANNYY 35.4 1AL 34.3% HIOGUIAEANNIY 4.6
o w < P = dy 1 A A :;I 1 Y ~
uaz 57% ey szwulanmsgaderurulursaeun 4-5 Wuneudegiod
[ (] a a Y A Y 1 [ o A 3 A
HansznUAedaIMIagsenazlszantnmves ldaeurestng ua luwnniniosnmanudn

Tugamgiien

EA
v A

25 uaz 30y gugiigeszavil hivingause ldiRoures S. carpocapsae 1HipI91N

v
o a o

Tuuvraan e luva NN NAT (Grewal ef al, 1994) &1 NYUNYUFINTTUIUMIWAILD

QU QU

[ 4
Fulge  lufuiazay e ledsiad answgmi Il undsamunaiiu Tu

E2)))}

= v A [

9 & 10 = (=1 =S 1 U @
vauzReIN UM 1y 0, C])’\iiJi’)EJi]”lﬂﬂiNllmWENWﬂ CO, LlagmﬂﬂlﬁﬂgﬂﬂaﬂﬂﬂﬂﬂﬂWLLTI‘L! flave

u
9

1 A 1 o = 9 A 1 < | 1 1 dy a
ﬁ’Tﬁ']‘LlllWE.W]ﬂﬂ1§ﬂ']5\1GIfW"U't’)Qllﬁmi’)LlN@ﬂiu‘ﬂ?ﬁﬂ?ﬁ!ﬂﬂlﬂuﬂﬂ”ﬁﬂ’]ﬂ HAgaTMINHAIUITINA
9 v

tg o Y A A g o v A ] < Aa '
‘UUﬂ‘]Jhlﬁmi’)uN@ﬂ%tﬂﬂiuﬂ@ﬁu’ﬂu5gﬂUﬂq@ﬂ31ﬂ1§LﬂU1uq@ﬁﬂqu ANULANANUDY

]
=

va Y ] { 1 Aa o Lo 1
ﬂmﬁﬂﬂﬁﬂl@ﬂ?ﬁﬂﬂi%&ﬂﬂ@’]ﬂﬁﬂa"lllll“!,é}'g ﬂum?mJ1‘5ﬂﬂﬂ«ﬁumms?{ﬂ‘ﬁmumﬂaaﬂmaﬂ

q

177



a 1

[ Y A 1 oy d! = dy 1 [ Y o 1
aumwmﬂmmgﬂuwym"lﬁmauvlaﬂ muﬂmuwmmquq ul‘JJﬁ'lﬂJ']iﬂﬂﬂ“]ﬁJllﬂ@\WD'u

=

a ] g’ A A g a o
gasaums  veudelwwandzduegluh  Balianududuinnsailunvee ldaeuresunn

] - osl v o Q" g’ ! A 1 <
wonnnilgamgivenihngngasy lusunesingn/dsunlamugurigineuenedasiaEg

u
]

£ v v Aa = Y A J Aa 4
G]NLLmﬂmﬂﬂuﬂumwmmiaﬂﬂ‘ﬂm‘lﬁmﬂuﬂaﬂﬁnﬂwaﬂiwu%ﬂqquuqmmuﬂﬂqmﬁﬂﬂ

9

o Y ay 1 (A 3 a v W 1 3 A o Y v [l
mﬂwqmwﬂu"lmﬂaauu‘ﬂmmmu“lﬂ i]”lﬂ:ﬂﬁ]i]EJ@Nﬂa"I’JTl\iﬁiJﬂu‘Vlﬂﬂ@ﬂi?ﬂﬁ@ﬁljii’)ﬂuag

G

Aa A 9 A A g a [ < 09} (] A
TJ5$fﬁ/]‘ﬁﬂ']WGIJﬂ\‘]blﬁm'E)‘LlP\]i’]EWILﬂ‘]Jhluﬂ1!FNQQﬂ31ﬂ1ilﬂ‘]Jiu‘i/\lﬂﬂu"liuslﬂﬂﬁzﬂgﬂﬁ"l 6 ADU

1 3 I a . = A 1 I @ < A
pge lsnaumanuluauns (Fig. 1) Imsalaeunlas pH lusaamsiny 12 dland aeg
J A @ 0 o d A A 0 2 12 1
FEMIN 7.3-7.1 N3zdu 25° waz 6 dUend A1 6.9-7.1 N 30°w Falulinansznuaens
o an Y A 1 = dy ' < [ o 1 S A
fsarnvedldimeudes arumsnlasuulasnnuyulugremsnu 6 da wud manun

o a = = ' ' = & 1 '
seauguUngl 25" Umanlasuu)asedszring 35.3-38.6% (GUEAIANUFUDYTENIN 1.4-
1 3 A 0 . 1 o Jd A A 1 1
47%) IUMIAVN 30’y (Fig. 2) ¥ 6 denyi umsnlasunilasegszriing 32.6-38.0%
= dy = dy dyd o @ & A~ (Y 1
(UABANNFY 2.0-7.4%) MIgadeanusuidluilateniianinansgnunedasINiegion
a A % < 1 Ao 1 { 4 =
Uszanimmvedldfoudos  Falumsinun 30°s  Tadnd 25 lesnnmsgade
dy ' [ I [ o 7 9 A @ a o I
AMFUINNNT dauamumanurasnndladin 6 Taglanaaesszaugungil 25% Ny
9 o 4 <3 Y <3 a =\ = tﬂy . 1
Poyasuasy 12 ddam szmuldnmanulugasauns Imsgapdenanusu (Fig. 2) Tura
o P (] [ = & U @ o w o Y o [ 9 A
dlami 8-12 ogiznin 5882% Fuiuilwedngilioasimsedsoavesldiouroy
1% A Y A o < 3‘ 1 A A Yo Y =
anasludanigalndifesnumamnuluenit dvilszaninmlasunansznuifosningaiia
v < 09}
gannmanulueai
g ¥y & 3 o ¥ & a °
NMINARDIHLEAI AU manuine Idaeudoslugasaumeansniimn
I 3/ : ) 1 ) 1 [
naunumanuludeain  Fazi ldazaindemathldly  mswuds  wezdiernandunu

Aa o 4 Y
WaanumNadld

178



ajiwamsnaaes

nnramsnaaeulssuisudasimsogsen  uazdszansnmlumsdiiaeuuad
Y A Ad o a 7 Y
vod'ldifoudes S, carpocapsae MivFnulugasauns uazluonir aansoagyldims
< a 9 A A o 1 Aa A 1 < 2’ ~
nulugasaums 1ddsudesiisnsimsoegseauazdszaninmganiimanuludesih  Ainn
@ a o A = = 1 1 = [ A a9 |
sEAUUUYL 7 25 tay 30’y WonfTeumenluugazyiaanaeiiuy Tashnguvigil 7 11l
aa A <} Y A [ dyd
gagiiingauigalumsny ldideudos astife
A o 1 A ) v Y A A g A
7% Tugae 3 wounsn dnnimsegseaved ldnoudssiinylugasaunaaz lu
09} = Y o (] 1 [ o 3 A < a
Woai Uarlnameany egszring 92.7-98.6% LaANA1INIY (4-6 1Aou) Manulugasaum
Y A A o ' 1 3 g’ 1
”lﬁmaquamemmﬁagiaﬂ (90.1-92.8%) qqmmmﬂu”luvlmm (84.8-89.5%) aIu
a a Y A 1 A < a g‘ = Aa A
UszansmwvesIdnoudes Tugs s mouusn manulugasaumaazvoni dszansamw
o [ [] 1 1 { [~ 1 1
Tumsdiihareunaslndifesiuogszning 88.9-100% uaneduAoui 6 ILHUANNLANA I
A g a =\ a a 1 { g g’
Tddoudesiinulugasauniitszanininga (91.0%) nnmnuluvleait (86.7%)
{ ] ] 4 [ {2 a
N 25° Tugae 2 dlamiusn danmsegseavedldifourosiiny lugasaunaaz lu
09} A Y Y] ] 1 o 3 o ¢ A <3 1
Weouhiiamlndineany 0d5e1i19 95.5-98.3% 1AINUY 4-6 Fa FUHUANULANAI Tag
A g a Y A A o v VA g oy
mnuluauwe lameurdosiidnsimsogsen (83.7-953%) gannimnulunenit (79.5-90.3%)
1 o P o 1 Y A < 09/’ am ] [ o
uanodain 8-12 daimsegioaves Iddoudeslumsmuie 2 35ms liuanaraiu (50.5-
4 [ ] [ 4 1 a aAa ] [ 4
76.7%) WeanlFeuimeu luuaazedileny  diudszansamvealdidoudes Tuaie 2 dlan
< a g’ a A Y o Y A Y 2
usn manulugasaumaazonit dszansnmlumsdviaeunasvesldidourdosIndifio
o 1 ' o :JI o P Y A A d a =
AU 0gITNIN 97.8-98.9%  wasmniu (Flawin 4-12)  Tddeudosiinuludunsazd
Aa a 1 < ;y A = = 1 1
Use@NnTamga (56.7-98.9%) nnmsinuluneatin (48.9-86.7%) wenlseumenlumnazesia
dlo
A o 3 o ' o ¢ v Y A A g
1 30° manuinulug 1-5 dlai danimsegseavedldidoudesiinulugas
a ] I~ 2’ 1 ] P <
AUMIGY (82.5-98.3%) n1imsnulueari1 (73.3-83.1%) uanedadlanin 6 ldidoudssiiny
09;' ad o 1 Y A 1Y (] 1 ] a a 9 A
luns 2 35 dasimsegsoalnamesny odsznin 703-71.8% dvdszanimmuesldiaou
1 < ] 4 g a a A
oy aaoaswaImsny 1-6 dilani dideoudesiinulugasaunsiidszansnmlumsdn
o 1 [ % 1 {2 :’ & A Aa A 1 [
Maneuuas 0gsznin 74.4-97.8% saganiinulureauir Falidszaninwegsznin 36.7-
tﬂ' = = 1 1 [ Jd o’/’ an
85.6% wonlTeumenluinaz¥edaivesn 2 35ms
09/' <3 o 1 Vo ]
aziumany ldneudesIdiiongduniu  (shelf life) Taolionsimsogson lidinai
I v
90% wazilszansammlumsiniansuvadlinlaswnlasiv

L o . < a ] J
N7%  shelf life vou ldinourosnulugasaumla 6@ou muluwenirld 4 @ou

179



180

7 25%  shelf life vouldiAouroonulugasaunsld 4 dlani wie 11@ou Aulu
9
Wonirld 2 dland
#130°%  shelf life vouldidouroannlugasaundld 4 dlad wie 1 dou wulu

Y v
Weailddina 1 dalensd



181

Table 1 Comparative survival percentageof entomopathogenic nematode Steinernema

carpocapsae maintained in powder formulation and in moist sponge during 6 months at

7°C.
% Survival of entomopathogenic nematode in different formulations
Month Diff.
Powder formula Sponge
1" 98.6 a 96.7 a 1.9ns
i 96.7 ab 94.4 ab 2.3ns
3¢ 94.3 be 92.7 be 1.7 ns
4" 92.8 cd 89.5 cd 33 *
5" 92.9 cd 882 d 4.6 **
6" 90.0 d 848 e 5.2 %%
CV=2.0%

- Ina column, means followed by the same letter are not significantly different at the 5% level by DMRT.
* In arow, means between columns significantly different at 5% level.

** In a row, means between columns significantly different at 1% level. ns =not significantly

Table 2 Comparative survival percentage of entomopathogenic nematode Steinernema
carpocapsae maintained in powder formulation and in moist sponge during 12 weeks at

25°C.

% Survival of entomopathogenic nematode in different formulations

Week Diff.
Powder formula Sponge
2" 98.3 a 955 a 2.8 ns
4" 953 a 90.3 b 5.0%*
6" 83.7 b 79.5 ¢ 42 %
g" 76.7 ¢ 732 d 3.5ns
10" 69.2 d 66.1 d 3.1ns
12" 535 ¢ 505 f 3.0ns
CV=2.9%

- Ina column, means followed by the same letter are not significantly different at the 5% level by DMRT.

* Inarow, means between columns significantly different at 5% level. ns =not significantly



Table 3 Comparative survival

percentage of entomopathogenic nematode Steinernema

carpocapsae maintained in powder formulation and in moist sponge during 6 weeks at

30°C.

% Survival of entomopathogenic nematode in different formulations

Week Diff.
Powder formula Sponge
1" 98.3 a 83.1 a 15.3 *x
i 97.6 a 81.1 ab 16.5 **
3¢ 945 b 782 b 16.2 **
4" 922 b 75.0 ¢ 17.7 **
5" 82.5 ¢ 733 ¢ 9.2 **
6" 718 d 703 d 1.4 ns
CV=2.1%

- Ina column, means followed by the same letter are not significantly different at the 5% level by DMRT.

** In a row, means between columns significantly different at 1% level. ns =not significantly

Table4 Comparative mortality percentage of greater wax moth caused by entomopathogenic

nematode Steinernema carpocapsae maintained in powder formulation and in moist

sponge during 6 months at 7°C.

% Mortarity of G. mellonella by S. carpocapsae

Month Diff.
Powder formula Sponge
1" 100.0a 100.0 a 0.0 ns
2 978 a 956 b 2.21s
3" 944 b 944 b 0.0 ns
4" 933 b 91.1 ¢ 22ns
5" 91.1 b 889 cd 22ns
6" 91.1 b 86.7 d 4.4 %%
CV=19%

- Inacolumn, means followed by the same letter are not significantly different at the 5% level by DMRT.

** In a row, means between columns significantly different at 1% level. ns =not significantly
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Table 5 Comparative mortality percentage of greater wax moth caused by entomopathogenic
nematode Steinernema carpocapsae maintained in powder formulation and in moist

sponge during 12 weeks at 25°C.

% Mortarity of G. mellonella by S. carpocapsae

Week Diff.
Powder formula Sponge
2" 98.9 a 978 a 1.1 ns
4" 98.9 a 86.7 b 12.2 **
6" 922 b 78.9 ¢ 13.3 **
8" 833 ¢ 744 d 8.9 **
10" 66.7 d 544 ¢ 12.2 **
12" 56.7 e 489 f 7.8 **
CV=2.9%

- Ina column, means followed by the same letter are not significantly different at the 5% level by DMRT.

** In a row, means between columns significantly different at 1% level. ns =not significantly

Table 6 Comparative mortality percentage of greater wax moth caused by entomopathogenic
nematode Steinernema carpocapsae maintained in powder formulation and in moist

sponge during 6 weeks at 30°C.

% Mortarity of G. mellonella by S. carpocapsae

Week Diff.
Powder formula Sponge
1" 97.8 a 85.6 a 12.2 **
2 933 b 711 b 202 **
3" 91.1 b 56.7 ¢ 34.4 #*
4" 86.7 ¢ 533 ¢ 33.3 **
5" 789 d 422 d 36.7 **
6" 744 e 367 e 37.8 **
CV=3.6%

- Inacolumn, means followed by the same letter are not significantly different at the 5% level by DMRT.

** In a row, means between columns significantly different at 1% level.
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Figure 1 pH level in the powder formulation maintaining entomopathogenic nematode

S. carpocapsae at 7, 25 and 30°C.

184



185

40 7°C
(] _
538
2 |
= 36
X

34

32 s " nd! ! w | m | g |month

2 3 4 5 6

60 - 25 C
g
§ 40 — ‘*’—Q_‘\‘
S
g
X 20

0 nd th th th ' m  week
6 8 10 12
(6]

40 — 30 C
o
835
2
© 30

25 I I I I I week

th th

Figure 2 Comparative moisture percentage in the powder formulation maintaining
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Fig.1  Comparative survival percentage of entomopathogenic nematode S. carpocapsae

maintained in powder formula and in sponge during 6 months at 7°C
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Fig.2 Comparative survival percentage of entomopathogenic nematode S. carpocapsae

maintained in powder formula and in sponge during 12 weeks at 25°C
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Fig. 3 Comparative survival percentage of entomopathogenic nematode S. carpocapsae

maintained in powder formula and in sponge during 6 weeks at 30°C
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Fig.4 Comparative mortarity percentage of greater wax moth caused by entomopathogenic

nematode Steinernema carpocapsae maintained in powder formula and in sponge during

6 months at 7°C
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MANUHIN 1
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Yeast Salt 1130 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
- Distilled water 1,000 ml
NBTA

- Nutrient agar 20 g

- Bromothymol blue 0025 g
- Triphenyl tetrazolium chloride 0.04 ¢
- Distilled water 1,000 ml
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- 913U 99 g
- Wiuny 2 g
- 1ndu 331 ml

-Woeih 36 g
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Ringer’s solution

- NaCl 45 g
- KCl 2.1 g
- CaCl2. 2H,0 185 g
- NaHCO, 1 g

- Distilled water 5,000 ml
Steriled egg’s solution

-4 M NaOH (1.60 g + water 10 ml) 125 ml
- sodium Hypochlorite 1 ml
- Distilled water 7.75 ml
Hyamine’s solution

- Hyamine 015 g

- Distilled water 100 ml
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