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SUMMARY

I. Title

Development of In Vitro Mass Rearing and Bioformulation Techniques of

Entomopathogenic Nematodes

II. Research Aims and Significance

Entomopathogenic nematodes have been regarded as a promising biological
control agent against insect pests. Steinernema cafpoazpsae, an entomopathogenic
nematode species, is highly virulent to most lepidopteran insect pests. After
entering host hemocoel, the nematodes cause hemolymph septicemia and lead to
host death within 24h. Entomopathogenic bacterium, Xenorhabdus nematophilus,
inhabits within the nematode intestine and has been regarded as the major
insecticidal lethal agent of the nematodes.

Mass rearing of the nematodes and formulation techniques are required for
their field application. Although the nematodes are easy to be reared within
insect hosts, in vitro mass rearing techniques are needed to cope with the
tremendous amounts of infective juveniles required for effective field application.
Another problem is the relatively labile nature of the nematodes under natural
conditions such as desiccation, UV, cold temperatures, and pesticides. To
overcome these adversities, biocapsulation of the stress-resistant strains are

needed to prevent direct exposure to the adverse environmental conditions.



This project was focused on development of mass rearing and biocapsulation
techniques of the entomopathogenic nematodes. To increase the field control
efficacy of the nematodes, we also analyzed the insecticidal mechanisms of the
nematodes, which then were used for optimizing control techniques. We also
developed a control technique using only the entomopathogenic bacteria, X.
nematophilus, which is now under patent process as a new insect pest control

agent.

II. Research Progress and Contents

The project is subdivided by three sections: mass rearing section,
biocapsulation/field application section, and insecticidal mechanism/environmental
safety section.

Research progresses of mass rearing section consist of 1) determining faivorable
rearing conditions 2) selecting optimal insect host for mass-rearing of the
nematodes 3) developing in vitro mass rearing techniques 4) identification and
development of culturing method of X. nematophilus 5) development of improved
collecting method of the mass-reared infective juveniles.

Research progresses of biocapsulation/field application section consist of 1)
developing storage methods such as liquid storage, long-term cryopreservation,
alginate storage, and high density-granular formulating storage 2) developing
biocapsules using alginate granules for aerial application of the nematodes or
coarse wheat granules for underground application of the nematodes 3) selecting

optimal antidésiccant (Keltrol-F) and its field application 4) testing field -control



efficacy of alginate formulation 5) testing control efficacy of X. nematophilus.
Research progresses of insecticidal mechanism/environmental safety section
consist of 1) dose-mortality of S. carpocasae 2) dose-mortality of X. nematophilus
3) immunodepressive effect of the bacteria on the insect host by showing
hemocyte lethal effect and decrease of nodule formation and phenoloxidase activity
4) the blocking effect of the bacteria on eicosanoid pathway of the host insect
immunity 5) environmental safety tests of both S. carpocapsae and X.
nematophilus against beneficial insects such as ants and silkworm 6) mammain
toxicity tests of both S. carpocapsae and X. nematophilus against rats by oral

application.

IV. Research Results and Application

This project gave a lot of significantly practical research outputs to be used

for the biological control against insect pest.

1. A new mass rearing insect host was found. Tobacco cutworm, Spodoptera
litura, could produce about 500,000 infective juveniles per 5th instar larva, which
were compared with at most 100,000 infective juveniles from the current insect

hosts, Spodoptera exigua and Galleria mellonelia.

2. Xenorhabdus nematophilus, a symbiotic bacterium of the entomopathogenic
nematodes, was identified first in Korea and could be mass-cultured. This

bacterium was turned out to be the major insecticidal agent of the nematodes,



while the nematodes were responsible to deliver the bacteria into the insect
hemocoel. The bacteria are very indispensible and used for mass-rearing the
nematodes. Our results also indicated that only the bacteria could be used as
insect control agent without any help of the nematodes. This application

technique is now in patent process.

3. Two types of nematode biocapsule formulations were developed for field
application. Alginate capsule was developed for controlling Ieaf-infesting‘ insect
pests. The capsules included a specific feeding attractant so that they could
attract the target insect pests and gave significant oral toxicity.  Granular
formulation was developed for carrying high density nematodes in a capsule and
being easily dissolved in water. Granular formula will be used for easy delivery
of the large number of nematodes and applied for controlling underground insect

pests after being released from the capsules in water.

4. Optimal antidesiccant was selected from several commercial antidesiccants for
field application of the nematodes. The nematodes (5,000IJs/m¢) with the selected
antidessicant, Keltrol-F, gave about 90% control efficacy on the beet armyworm in

field condition.

5. Several storage methods of the infective juveniles were developed. For liquid
storage, optimal storage conditions were determined in pH, salt concenfration, and
temperature. For long-term storage, cryopreservation technique was developed
using -170C liquid nitrogen. Two bioformulations, alginate gel and granular

formulation, could be used for nematode storage and field spray.



6. A new collecting method was developed for easy and fast retrieval of the
infective juveniles from the cultured nematodes. Previous method used white trap
which took several days and low retrieval efficiency. New method using

Baermann funnel collected only infective juveniles within a day.

7. Insecticidal modes of action of the nematodes were elucidated. The symbiotic
bacteria, X. nematophilus, could depress the host insect immunity reactions. This
inhibitory action was focused on blocking eicosanoid pathway inl insect
immunity-mediating process. The inhibition caused immunodepressiveness and

hemolymph septicemia.

8. Toxins secreted from the bacteria were analyzed into antimicrobial and
insecticidal activities. The cultured media had antibacteial, antifungal, and
insecticidal activities. The toxins were separated into organic solvent (ethyl ether)

layer.

9. Environmental safety tests of the nematodes and the symbiotic bacteria were
performed in the toxicities on rat and beneficial insects. Both nematodes and the
bacteria did not give any harmful effect on the mammalian toxicity. But the
silkkworm and the ant were affected by the nematodes and the bacteria. Especially
the ant was relatively resistant to the nematodes, but very ssuceptible to the
symbiotic bacteria. We hypothesized that the symbiotic bacteria produced
antibacterial toxins in the digestive tract in the ants, and that the toxins changed
the microbial flora in the ant gut which were indispensible for normal digestion

activity.

_10_



Most of the developed results could be used for practical bioinsecticide
development and could be directly applied on the agricultural field. All the results
have been published in Korean or international scientific journals or are under

patent process.
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oju} Ao} ¢tA &} (Gaugler, 1981; Akhurst, 1990).
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(Gaugler and Boush, 1978)0ll 9802 HA AEYS A28 ol WAs7] A

WAA (Glazer et al, 199204 E+% AHEAY (Navon et al, 1998)0] Al=H Ut

2 d7age

I

3] AR #AFE Uz Y S g A ARE Ho
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A2 718459 T4 FHs =443
1 254 7150 34 &=

HA4F F40 Lxo) Y 9P BA}A 15 20, 25T A LEF o] g3
of EAHYT. 71F S @ ohel % Ad SH834E o 1000007 ol ich

(Table 1).

Table 1. Developmental pattern of Steinernema carpocapsae with incubation

temperatures in the host, Spodoptera exigua

Temp Time N # of nematodes
() (Days) 3¢ 4" adult
6 6 03x08 57%75 45*91
8 5 0.0x0.0 22x26 58169
10 12 83%+19.2 14+13 2.8*24
15 12 8 41151.3+45496.7 1501.6+3347.9 49172
15 6 10900.5+16197.7 2261.2£5505.9 20£27
20 2 0.0£0.0 0.0£0.0 25%0.7
25 1 17000.0+0.0 1000.0£0.0 3000
3 9 6.1%£13.7 76%11.0 2.0£3.3
6 11 33417.3+52028.8 55t126 53%65
9 5 6406.8 £9443.6 1011.8+2229.6 0.6£06
20 12 3 137666.7 +178808.1 1341.7+2302.2 1.3+1.2
15 10 95850.0 £ 48189.5 2008.1£2018.9 01x3
17 5 55062.4+74360.1 1910.4+3968.8 0.0£0.0
20 2 65250.0+87327.7 0.0+0.0 0.0£0.0
95+83 29.51t30.6 0.0%+0.0
14 9401.4+19588.0 27+3.0 38+£77
10 106450.0 £37643.4 3642.0+ 37094 145145
» 8 14 86870.9+68542.7 6267.3+10366.1 36%6.9
10 6 66583.3£58194.0 4084.7+3041.6 1537
12 1 127000.0+0.0 00x00 0.0x00
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olgiE Hdl FARAE L/AFIE AR HFY L{LLALLE x4 ua
ggorn 2x7t Fistel me Bagd. 20TAME AEF 1290 489 w4
BCoAME B3 6d%l Hd FAHHF S vebdd

2. A9A3d 4= R J1F e HdAF9 54
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Fig. 1. Temporal infecting nematode numbers after topical application on the fifth

instar larvae of Spodoptera exigua and S. litura
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HAdF UES 71F 2FY AAtge BAE E4sto HH J1FY HALF
o FA2ze ZAAsy] AN s g AAT RS o83 ZAHAT.

F 2F WY BAAFY AYS st 2ASHAT (Fig. . ¥ AF (¢ 2009
) 71F 2F AEYF 2AAAA ABEE 2AEHAS 9 JYE 459 FE B
3} osbelol st of$ maA N1Fe) AYTE ¢ & AT FAE A} Shannag
F (1999)e o3 RuHARen Ho J|FAGEE Roly] AAMME Holx 243
o] el MFAYANLE &k §& 2ufdd. o FEd dANE A &AM
& AFSAA AQAFRAS 71FAEETHS] BAE s 4o AYF Ak

A2 HAAFe Yxrt F/rge g 23 A JALdHe A5 7 S
T} (Tables 2, 3, 4). ol2¥ zUxAE AHEd sl 539 F¢ Agd A%
F o 5%7F AL FuiAAEEe 3FAA o 10%<% wHE 539 2 o
15%7tA 2 dF e Adee 7IFd g 21 Fd ZIFUAAE F717 1
ol wet Frhsle BES B

NFWel A FAHE WUHZ FE AYRARGE 7F9 Av)e) s At
(Tables 2, 3, 4). AR 71FFAA 7b3 2L S¥lAv Y 3852 @4 715U
Hd 54 *27F oF 50,0000t R, s 5839 A S 10000002 € R 7|E
o gdF ALY F£EE RAY. au delAAw G 589 F$ oF 500,000
vte]7t £AH gulAAR Y 535S 7IFE o) 4¥ BT AANNF dZFT
ARe] dEsts THFAA HAHolgt X



Table 2. Developmental pattern of Steinernema carpocapsae 6 days after topical

application of different numbers on the fifth instar larvae of

Spodoptera exigua

Nematodes # of initial 1Js # of nematodes 6 days after application
s) n 3rd n 3rd 4th adults
100 8 31x£25 2 43000.0+ 421545 5666.7+89629  23%32
200 8 24%15 12 81125.0+69358.8 3166.8+39504 11.8+219
400 22 1801275 24 73666.7+46340.4 34070t 4468.3 104£158
800 13 56.2+68.8 8 12621251 130564.9 7736%21120 156*186
1600 18 414%90.8 16  58281.3+50551.9 916.8+1689.4 28+%38

Table 3. Developmental pattern of Steinernema carpocapsae 6 days after topical

application of different numbers on the third instar larvae of

Spodoptera litura

Nematodes # of initial IJs # of nematodes 6 days after application
(LJs) n 3rd n 3rd 4th adults
100 19 637491 11 35227.3%27560.3 38+41 21£35
200 20 245012524 11 46363.6%24163.1 2629 06*14
400 20 46.25+47.69 27 53595.2%55454.4 3.7+108 0.4 + 1.2
800 21 68.19+80.91 18 4238891344787 1.0+243 0.2x0.7
1600 21 14410%19301 20  42975.0+%35682.3 0204 01x02




Table 4. Developmental pattern of Steinernema carpocapsae 6 days after topical
application of different numbers on the fifth instar larvae of

Spodoptera litura

Nematodes # of initial IJs # of nematodes 6 days after application

(Ijs) n 3rd n 3rd 4th adults

100 12 13.3%125 9 418111.1+£265051.6 82222*6851.6 9.1%116
200 12 28.4%324 9 486333.3£209910.1 9336.8%93235 223%221
400 | 12 80.3*74.8 9  312000.0%1529526 34556+39614 263+*319
800 12 163.5£165.8 12 266500.0£190992.4 34178160364 183%314

1600 12 395.6+356.0 12 494166.7+275285.9 0712 1.0x15

48 49 439 713723 UP ¥3ALNF 2 J1FY wsAEE U
Ho ZAEUTh (Tables 5, 6, 7). &% 7179 w5 A7) 4BYel o 505h2le)
EolA VEAAMZEE NSUh 0B J1E9) 10% 71FAYLE FASY of 59

AT J1FUE AU o] HAUZFL o §3te] AFWA H5HE AAbgt

Table 5. Mortality test of Steinernema carpocapsae on

the third instar larvae of Spodoptera exigua

# nematodes n # dead
0 29 0
33 27 11
66 26 14
133 21 16
266 25 22
533 22 21

LCs : 50.63 (27.12~77.12), slope = 1.62+0.34
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Table 6. Mortality test of Steinernema carpocapsae on

the fifth instar larvae of Spodoptera exigua

# nematodes n # dead
0 30 0
33 27 10
66 29 13
133 29 17
266 29 24
533 30 29

LCs @ 74.01 (44.65~97.87), slope = 1.64£0.30

Table 7. Mortality test of Steinernema carpocapsae on

the fifth instar larvae of Spodoptera litura

# nematodes n # dead
0 30 0
33 30 14
66 : 30 16
133 30 20
266 30 26
533 26 24

LCso : 47.98 (21.69~73.46), slope = 1.30+0.29
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A3d dFTHE AA7F A

AWl £QY 13 dFANE AFNGAS Ausdch  H@H ol
WHFOE Aol Jhsd ThIbgs) el AT gl mms gt

1. 2389459 A9

FIIFESd g HE4459 IAdS=0 vEHAqG (Fig. 2). AFAA
vl SR A7 271AJEE} e 71F XSRS BFPY F AUy &2
FolM Frrvto]l gulAAw e g XAbZe] Etth Y AAxAE H
2ad el AA o] ghvbde] HlE gt & AFNA ol8dE HAedF
AP E (00vt)olMe HedFol ML 7150 FAGlC] 100%2] 439
dHEE 1222013 AU7IEE 7hA ok & dERh

HANEE 1% 220 AUF 2AA AP ZAHYL W 5 A5 2T

o
=

n!.

A AAAZFY & B3 2vtg o3z ujf =gA 7F IdPey FET

€ 9 (4ANZH) F 21F BRFAA Y HAdNF vt St @
g 23 A Adde AFY 71 Ty IJdE A FFE 1FT Bl
3 (Figs. 2 and 3). HHUY 5339 A5 Add AFF & 10%7F AYdsAxn
A AP T 3R FAM oF 10%, 585 A F 30%7A Ho AFe AL
s Rt s guiAA R A gojgen Y V1F FAME 77t AHE
o wa} Frtete AF¥E B

2. 34439 w49

rH
of
ok
rjg
r>~
ofj
Ri)
g

Fe 7NFZF AP 4F3HE AAAHAY ez vuEAH
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(Table 8). 7158 E{A7]o) F@dol F 20789 oM WFEXALsE (LCx)

g Yerdr.

= A a -
o N & O

Penetration (%)

©023BUYUBES om0

S linra T

il

——

1 3 6 12 18 24

Exposure time (hr) to nematode treatment

100

8 8 8 8

ity (%)

S. exdgua

Host mortal
8 o

3 8

&

S. litura

1

3 6

12 18 24

Fig. 2. Infectivity of Steinernema carpocapsae (400 infective juveniles/insect)

to the fifth instar larvae of Spodoptera exigua and Sp. litura at . 25°C. White

(1) and black ( S ) bars represent the filter paper and topical



applications, respectively. Vertical error bars represent standard deviations of the

mean.

500

1 Spodoptera litura (3rd instar)
400 Spodoptera litura (5th instar)
Bz Spodoptera exigua (5th instar)

N\

300

200
100

Number of recovered nematodes

=1

100 200 400 800 1600
Number of topically applied nematodes

Fig. 3. Penetration of Steinernema carpocapsae to different insect hosts after 24h

treatment at 25C. Vertical error bars represent standard deviations of the mean.

Table 8. Pathogenicity of Steinernema carpocapsae on different insect hosts

and developmental stages

Hosts Instar N LCs' (95% C.I) Slope = SD

Spodoptera exigua 5th 30 2467 (14.88~32.62) 164 = 0.30
Spodoptera litura 3rd 30 16.88 ( 9.04~25.71) 162 = 0.34
Spodoptera litura 5th 29 1599 ( 7.23~24.49) 1.30 + 0.29

' LCx represents the lethal concentration of the infective nematodes applied' to the

filter paper method to kill 50% of the host insect population.



C— Spodoptera litura (3rd instar)
Spodoptera litura (5th instar)
600 - e Spodoptera exigua (5th istar)

500 - T 1 ;

400 - %
300 -
200 -
100 -

3

Number of multiplied nematodes x 10

f T

100 200 400 800 1600
Number of topically applied nematodes

Fig. 4. Number of Steinernema carpocapsae produced in different insect hosts

at 25°C. Vertical error bars represent standard deviations of the mean.
3. 44439 F49

HAM4%e Aol we JFY YAdNF F4&E F FY 71F9 284
710 wet =AY (Fig. 4). RAME RZE 71FA F4E H94% I=5& HAFF
Zol BAQel & 7|F LKAV ma} gt sy 53F AN FAL

HYdFTE oF 1000009k, FElA AW 3R F A ek 50,0000k, B ulA A v
5B FolM Adred wet MFL JAAT FAHLE Ao)7t gIReH (F = 213,
df = 4, 46, P = 0.0919) o < 500,000v}2] & e

ZAd F 7HA a‘%%Eﬂ Heds F4d nAe 9% E43 A0 (Fig. 5).
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Fig. 5. Yield of infective juveniles, Steinernema carpocapsae, in different insect
hosts with rearing temperatures. Vertical error bars represent standard deviations

of the mean.



A4d SANAEY 4 2 FHIAF3) J)& A
1. A AT colony HH wWol
1) 21aF

TAATE 25Tl A 48A12F 1t Tryptic soy agar (TSA)ujA| oA} Al o) vl %3}t
149 (F1), 104 H(F10), 2041 cH(F20), 304 (F30)e] AduidZS AUt  Penicillin
250ppme] H7HE TSAWAGA Zt Aduigd FAATE 42 2282 =23
o 48A1ZFEA 26T #2710 uigFstAt. wlgd® AF colonys Z7|E 3@A=
Ul o

YA 2 in vitrodH )M E primary forme] AT E°] LA in vivoX H
Al A £ primary forme] secondary form©. 2 phase variation®] Yojdtt B A g
Al primary formo|A secondary formo.29] ¥3lE Lolr7) st 304U A
wgol ZAA B wiFFol st colony 7'M phase variationd #23}

Aoy colonyZ 7]l A& o]y WEE #&E7] o2 Yot (Table 9).

Table 9. Size variation in the successive colonies of Xenorhabdus nematophilus

on Tryptic soy agar (TSA)

Proportion (%) of colony size with succeeding cultures

Colony size'
F1* F10 F20 F30
small form® 100 95.74 95.38 96.43
mid form 0 4.26 4.62 357
large form 0 0 0 0
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! Small colony: < 3mm, mid colony: 3mm - 4mm, large colony: > 5mm

> Number of succeeding culture
2) AT ARG B4

27 AduigGd F5FEE TSAHA A 4822 Tt 25T M viFst g v grid
€ & 5 E°l dipping® ¥ 2% phosphotungstic acid (PTA, pH 7.0)& 51‘?:.{}' g4
4t ol AHAAVE (Zeiss EM. 109, Germany) 2.2 Ao el BEatgol.

B A7 2Y FAAFS phase variation flagellad] #%°| @& primary %
secondary® 2tz dojdth. 1y & A7 Ade AduiG 14, 1540 282
304 el it HAERE AAE RS W 0AAAME HFE AF colony7t
flagellaE E#3tL AU (Fig. 6). =etA 304do A Aduigol ot A7

o] primaryoll Al secondary form2 2¢] phase variation®] YU srrl.



Fig. 6. Electron micrographs of Xenorhabdus nematophilus (A and B) and
Streptococcus faecalis (C), bacterial pathogens to Spodoptera exigua. A: 7,000X,

B: 20,000X, and C: 20,000X magnification, respectively.
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2. TAAZY £54 v

2zt A2 TSAuIR A 48R F<t vlFE FFE 0.7% soft agard] ¥ a7d
O FAIAE ol &3l HFT F 48A1XF 25T wiF7IoA wiFE F AT EFHE
T

Fi, F10, F20 222 F30&4 W9 #F EF F4< 7IAx JUH. S HF5$
ZoA F IenFE EFA

fjo

YEelUlth (Table 10). ©1RL AX&ER 7 HAA A
#29 flagellac] siM &FAHE Yeld A2z FA=AG

Table 10. Motility change in the successive colonies of Xenorrhabdus

nematophilus on Tryptic soy agar (TSA)

Character F1' F10 F20 F30
Motility + + + +
Diameter (cm) 1.07+0.9 1.00+0.3 1.00+0.6 0.93x0.1

! Number of succeeding culture

3. 34A 79 WaY va

TRATE] BAYL A4FYA FHAAHE Roz2A AWrIWuigs F3 HLH S
FAGTE ol g &4 ol UoN EAHE FA Aok oHF $AE Loir
71 A8 71€ WG ZANA AEE Ad wiFAND F A Adig B47HE 45H
2 golr gt

o

Az Adege AT HA (Nutrient broth) WA o] HFdk 25T w7

ol A 48A17+E5 <t B @§ 3 Eppendorf tubeo] ImeE &AA 7,000rpmolA 2837 A4
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st Wi EE AAYY. a8l3 0.7% saline solution (NaCl) 1m¢& =2 st
o 40Hz9| Voltex-mixZ 287 AFd 4L o 7,000mpmolA 287 ALAEHF
% Hamilton microsyringeg °]§3t 53¢ s srtse 9% oA dels
B3 AFAGY 2t (C, 10°%el/nt)E HF3H 25T wFrlolA 2423 ¢ BB
F WA e xAEA G

Adid wigedl & HYY AAIA F307HA HY8e] 24 HA g Aoz 4
gZ2% Yewd (Table 11).

Table 11. Pathogenicity variation in the successive cultures of Xenorrhabdus
nematophilus on Tryptic soy agar (TSA) against Spodoptera exigua 5th

instar larvae

F1 F10 F20 F30

Pathogenicity + + + +

4. TAAMTY JEH A

1) 3942 &9 59

AT E 25T A 48412 F<¢F Tryptic soy agar (TSA)Ul Aol A wjgd F 3
7 6mm®] aluminum rod& ol &3te N 2E TSAv§A o) spottingdttt EF AP
FE& 25CAA 48413 B¢t wlddlx, spotting® TF& 25Tl 24X+ S wjRs}
o chloroform 3m & Ab#l] <roll Aejste] 2417 F<t HEAN F 50C FESY 0.7%
soft agarg& AlY TFEH YA o] oM Az 9o n=2 A =2 oA 25T

ol 4 24717t A= %3 F inhibition zoned A | FE BA S}
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Table 12. Antibiotic activity of the symbiotic bacteria, Xenorhabdus nematophilus

Bacteria Inhibition

Escherichia coli +
Pseudomonas putida -

P. fluorscent -

P. aeruginosa +
Erwinia carotovora +
E. rhapontici +
Ralstonia solanacearum +

TRAEH 2L FWAZ N &8E Escherichia coli, Erwinia carotovora , E.
rhapontici &€& AAFIR gGulel AFH Evig ¥E& {L3:  Ralstonia
solanacearum WHME FYPEFE Y. 22y B FHY A2 disty
FFHY, vlEY, EBANESY 28x AYY & Y27 Pseudomonas ol
& AFAME P. aeruginosa® Astne & AYPolA FAAZA siM A=
¥t (Table 12).

2) 3 E A (streptomycin # penicillin)e] d& 44

FAATY A9d wMAE BEE L o] AFS WA Rohhn EHEHE 0
QolM e Fo @A IYLHFY 5L AXNI AE o Az FAA

rie

°

2A dutH oz O HAegHoz JAAFE streptomycin F penicilling F &
AAE o] 83l AAFNAE AAHFoRZ € AHF 8L HUYFog JAs:s =
2 A w3e £4 Iud
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Streptomycing F =% (0.1, 1, 100, 1,000ppm)Z, penicilling ¥ =¥ (625, 125,
250, 500, 1,000, 2,000ppm)2 TSAw Aol A2t wj2A7t 2oW FZ4x28 & o
435t 100u9] AMTBE NS =2F F 25T wjg7lolA 48X B wigd F
Ad4E ZAEIA

FAEdo dgtd o] 71A] AFEC} ©HEE Udegutn. & dPdAME B
g ATl streptomycinel W3t FEAHQAQ Roz Yewt (Fig. 7). 28 %
4ol 16000ppmol M E AAEHA] G ¥HA FAAHFL 4000ppmol A ZFasE H
S 2Ad. 28x FAMTL penicillin®l thale] 125ppmoll A 250ppmE ol A &
de wA Yoy 1T F4FY A VU2 125ppmel A AR F7 BA5)
Al2tated 250ppmoll Al A 3] Al E At

uetx 2egd AT i@ wlx A penicilling 250ppme elstH oY% %
AdE da JAY + A2, streptomycin® 739 3,000ppme A 3H FAAHFo
FHFE FA Wokd F2 & YA wiAZ € £ ddzn dgdd
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Fig 7. Susceptibility of Xenorhabdus nematophilus to two antibiotics. The Gram

positive bacteria was obtained from Spodoptera exigua hemolymph.



A5A A R WuA wjAE & Z1HuE 71E A

AWRG AN Z1Ee oA L wuA WAE ol gsted Ao WAHAY. =
BHoz 3 288 TANARY F4% AUMIriEe] ALHUAG (A4E B2),
NG FAATE 42 WA hS FP SAZA e AAqute)l ol &
97 "o, |

DAY A BFe $H 248 HEUE J= UMY AIU. A
S gREe ST HE 42E BAUZA ok YFS AWM Fuehe] A
4g A7) Wed JuFAe AdHE o5 43Y 2=z Awe) aved

o)2 98l M e axenic culture’t &FE}
Axenic cultures

1) Surface-sterilization (modified from Nicolas (1962))
299429 dANFozRH ALY L 1% NaOClol 1583 FUAFS &

rH

Ringer's 802 23 AH&c} o]AL nutrient agartix|o] L7112 25T Q7o)

Holl A wjgslaet. FAE 1498 49702 ZAFSE ).

2) Alkaline lysis (modified from Patel & McFadden (1978))

ZFEANFY dAAYF S 04M NaOHel 1583 Hgstq ¢ 2tz 1%
NaOClo| Al ERA T3 ol A& NAuA o) %713'- 25C AfFHlolE oA st
o ZALE 195E 4977 24

Z43 moz2 A" ZAY HFL oL %"*E.*ﬂ‘&% HEE XT3 gUst
monoxenic 7| Wil F7l&-& o] &3 F4&A ©o



Monoxenic_cultures

1) Honda methodell & 43 F4] ¥y
.%7}%*}%3 Lard, Beef fat, Corn Oil, 223 #7]&, Linseed Oil
%9 ¥=d 324 25-8001], 1000~-60001]
w2 8719 Wz APH, JAEG23, 2 FL7]
Aol w28 FA: AZE vxE2 AP A AFE AF

2) Han methodoll &J& A3 34 ¥y
H7HE A8 Lard, Beef fat, Corn Oil, 234 7]&, Linseed Oil
A9 =¥ F4: 25-8001], 1000-60001)
A 718 Wz ANgR, dRER23, 2ANEEY)
AT T2 T AZE FEEE AW H 45E AT

3) Wout’s methodell 9§ A3 F4 ¥y
Sole W3k FFFE o] &% R, Sorensen phosphate buffers
o] & Iy
4719 ¥k 4z4E223, petri-dish
Awlolele g nAHT vaAYY AFHIHE ol &

4) Bedding methodel o1& 4% Z444
WA S FRYF W 209, 30%, 40%
g9 Watsh pH: F4% ANe3 e olgagon Angsde
o]&3ld pH 6.0, 65, 7.0, 75, 80, 852 ZA3lo
Wxg 2480



AZF9] AT 1% NaOCI9l 5, 10, 20, 302 T RATF 8 & H=,

+

Honda methodell @& 35g9 Al six|olAgt WigF 750,000 AFE 13
A & AR, 2 F EE HYolM AFERA FUYG. I 9 wiR A HFFHS
HA A, FEEFo] =2 w9}, pH 65-75 vixol HEF MFe MEo] 2

SEL
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A6A T4 AW AT AT AF

B ATE FANG 1 BdY 439 BES £ W 7138 A¥sg 4%
& w2A7 %PE 439 BEL E4FoL £ANNE BEAIATE A5
N2 AYYE 2A8A Hoh 58 AFANAN AAHez 4Fe @EL 4
sgoz HAHE LSHY EAE o= HE Wy H ‘White trap'RTHE
‘Baermann’ 2071 & $+ARReZ Adaar oA AN ndd M2 FA
e s1Ee Wy aewel uusy] e FAYUL FIH HFY PFE
Bee, AYge Ao|g AU

i)

S B A7 FYsA @ A BEE L8

Al B = Al

254X %F (Steinernema carpocapsae)g& EF7\F ZHAHE ¥
25C 327]9A 6dF FAANZFLY (Han et al. 1998) o1& F4 € 7IFAHNZ A
Fiel e HdFHA5-ET 2L ST 28d #F9H 52 ¥4 A
A& 8 AHEE d7tA 15T E@3 T (Park et al. 1998). 71FZ5Y sy
v (Spodoptera exigua (Hiibner))2 FA}8& (Gho et al. 1993)& o] &3t Ay

A o AbSEHT. 59 AISRAL 2% 25F1TC, FF7] 16:8h (L'D)olRH

7 b iy

2 dFdA vng F /A FARYEE 54759 AMAWyd w2 EFEd
gutx oz FAE JIFE R Fx 222 JFAE wAULA e 7|E9
S FAE AdH 7§59 €28 &olstA U] A JIFA AL AFE F
3 =EAAFE YyoE FEAY. ZIH AF FAE FAHHH ZIFAY B



e FF0] 222 AU E dE £9°] 28go2 Yoz go] o]&Hn
A= ‘White-trap™d (Bedding and Akhurst 1975)2.2, s ¥ 7|F A2 7Y ZdH &5
FAE YAl #7471 18§ ‘Baermann’ Z7]d (Kaya and Stock 1997)& ©] 83}
Aok F WY EF 25C A2dA FAd 71F AAZEEH wAYLLE 5& 4978
A7lE 98§ o4, AolFdL 7|&9 'White-trap’ oM & 544 715 /;}iﬂfé—
olf& g glo] J#A (H7% mm: Advantec #2, Toyo, Japan)7} Z&E e 715 H
Al (50x10mm: A FxEol) el TR WAl o] NFHAE FHd ATFFE A
AR FAEL €71 (150x20mm: 2] Fxzolol] FAAHT. of AHoA Al ZEE wA
Uers ZdH fFS FH T2 RolHI o] AFFE FAXNIYFE 1095
g 184 mA ) FAc

N#FE ‘Baermann’ Zd71HAME FAE 71F AMAE 9 #A (107x210mm: 7FEx
A2, Kimwipes® $-150, Yuhan-Kimberly, Korea)sl &2l§ 3 7159 ¥7o] =25
EE EIE MFeEAT olFA HdE AfAe AFEHAY (7% 50mm, 30 mesh) $
o ZAHARG. o] EFAE L4F4E AYA FYZd7] (60x60x8mm: JTAHxZ
olx2747%, Duran, Germany)] €3 $3 Zt7le] #7& nFEFus YA =
A P9 AF(AE FALY Z2Uy] EFFHLR RO E AFS 051413 17
o2 uoj7jd Rolxi ZAgrle MEZE AFFE AN oY@ AL 29F%
g AU WA BFAE 2l HEF4EE AAGT AFAFEAE A
3o MEo AES FAANNEN £AE 4A FUHT S 4F54E 22U

Aedy F7AFHA] AL Y= A

HaMzo A=axA
BEAFY 43S E43r] 98 HEAS HEHAY (Han et al 1996)S
o) g Ht. oleld WEHAHL o93x (90mm, Advantec #2, Toyo, Japan)7t 22

HEYYH (90x15mm: AFXEoD 257te] (05ml FH4) Zddl #5& A
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% 3utd e Sl 53 FH AFTAE (% 198 U EL AYE 10REHAL
o AYdE AFE7ES 27 (% 25+1TC, #57] 16:8h (L'D))elA 48212 73

& F AYES ZAEIAT

MEFE '‘Baermann’ ZW71 2 71&9 'White trap’ W 5 7tA AFFA
ol wet £AE MFL YHH ez ZAFH 5 FAATL. 53], gdd 7F
< 4853 TEE7] 98 A 2L =717 ey, 2717t 400melE] Aoz
WA A (Kaya and Stock 1997). ol#A A AdAA {FFo] 7IsHoz ZEH
TEE 273 JE AE 2437 A o5 FFEL 7I1F 4FHE YA

EAE AEY A Ec duryoz o 25%9 XAEE Hole 222 (Han
et al. 1999) Wi W& MAlFLoM F Yoz FedE HAFY AAEY AolE
SAFAI7I7] Agoltt. olFHA HeElg F 484 Hol AFol g JIFXNAES
ZAet (e (Fig. 8). F #WHoz 748 Y AZFE 71FAAE 3101.%}01%
Bolx eskth (X? = 0.001; df = 1, P = 0.98).

Al ALY BE olE HEH #3594 71F IUYY Aol dolHgtt
EdY4 AAYTA FAE BHeE Rdd #F 5000EE 05me SR ¥4
AF{A o} AZPERE sy 58F (BT AF 1368 £ 162 mg)E 3WECE At
[t (Fig. 9. F %Y EFdA AHegAte] 37145 Add 4F9 & 3714
o olg 435l Aolst ARG (F = 0.04; df = 1, 48; P = 0.85).

FA LR BE FAFY ZAol7t JA=AE Lotrr] Add, HEHTH FAY
Z Al 4009kl o FEAHAS S v 53 S A F 2% 25£1Co 6Y
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Host mortality (%)
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Whitetrap  Baermann funnel

Fig. 8. Comparison of the infective juveniles collected by either classical 'White
trap’ or improved '‘Baermann funnel’ methods in their pathogenicities to the fifth
instar larvae of Spodoptera exigua by petri-dish (90 x 15 mm: diameter x height)
assay. FEach treatment consisted of 10 petri-dish, each- of which had 3 insect
larvae on filter paper (90mn diameter, #2 Avantec, Toyo, Japan) with 25 nematodes.
Mortality was assayed at 48h after the treatment. The vertical bars represent the

standard deviations.
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Fig. 9. Comparison of the infective juveniles collected by either -classical
"White~trap’ or improved '‘Baermann funnel’ methods in their penetrating activities
into the fifth instar larvae of Spodoptera exigua. The penetrating activity was
measured by the number of the nematodes found in the hemocoel of the larvae
treated for the specific times on the filter paper (90mm diameter, #2 Avantec, Toyo,

Japan) with 500 infective juveniles.

b gstAdh old T JbA FANYHLRE RE AFE FAT F HFY TEAY

d2 TEIIAeH e s Y& HR EF 95%cldel ZEH FFU 3

n

HEog FAHNAY (Table 13). 2 o]9d] 48 Fo] dF FAHUL & LS
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FAHA Fdd. 2HY F A FAYELS FGH FALUES FAL 870 3
of A AolE YEHHY. ZIF9 FFE x=EAVL AAH HEE FAND A
#F¥ 'Baermann' 271} & @3 299 FA7%e B 71FA =ald o 50,0007
7k FAH[UT. wrdo] ol F Y A2glel APH HAFol NFAE EEAEE 1t
¥ 7]&9 ‘White-trap"¥H & 1049 FALE T3 E7 o 20000029 FHE &
At

Table 13. Age distribution of the nematodes collected from the fifth instar larvae
of Spodoptera exigua which were infected with Steinernema
carpocapsae and incubated for 6 days at 25TC. Nemafode colléction was
conducted by either classical ‘White trap’ or improved ‘Baermann

funnel’ method.

Developmental ages Number of nematodes/host according to collecting methods

of nematodes '"White trap’ 'Baermann funnel’
Larva 2nd. 0 ' 0
3rd 21,028 * 5,765.0 54,522.3 * 43154
4th 101.7 £ 492 309.3 £ 500
Adult 0 0

odel A#2 mol £A Wyel mE FuF FAY F3& PAA} SF WY
gole Aozt e Aoz BYHUL. 28y M=o WYY ‘Baermann’ ZtH7]H
o] 712} 'White-trap$ o] M8l $AANzZ] BEHT P £39 FAYES}
gol 71F THo2RE TFYAHSL U Z4NL. FS AZY ‘Baermann’ 2
Bridel tg BEHA FAYYolGy B AT I ANB



H 3 & ZS74M39 Fj2dy A duy
e Z0f

Ad A A

HEFFA gl Mzg P WA JA2AN SFHLLSTE oFg X 3
oM A F /HA T AFHol Ao $AH4 HF ASE =IELLNF T EH
€ EfHoz Busie Jleolt. &, ¥t FARUFA Po] Holx 29 x|
A g 2ol BEHE Rfdol due ot Aq7AM BBold BEHH Y
g3 R5g EFAUH

HA A ofgl ¥Aol AXHAL ASolt. dwtHoz THHYMFL
EQU MYz ZFoz IWelg 2L AR dHFS WA AdMs A
EAE & vt AAz Z2FHANFTE o83 HFLAR olF H WEd A
3% i3l Foslo] Agatn Ak Qrle] o] AF L ARE HF9 wAd o
g3eia Az A9 F9 83 AL AYA & £ e Bt JYHo o
doi= Holoh

ol el F 7tA Atgre @79 Ay AMA FHe WAL REY AZY
A2E vtol A€ol g FH3A HJe dNH BaAYS VIEe] JARAS
HAJANL F ' 7S ¥ F, V€Y HEAAY XA JAPE =Y
F71 A8 RAAY sido] WastA HU

ol gL F 7HA WwEgoz AF AEHNUG. F, V€Y FIY AEL ¢S
ge 9y AF& 2PN & e 23H AFAA FH2 ALY ol d
g 20 B A JEE RYoen FANC BE& £AY AFE ste
F4E& AYA B8k F HAZ &AGAE ol &F AN AFWAL ZLEAY )
dolh, 71&9 2AY AAe BFE 2 AH A2 T g2 FHAE EvHn A

el



FAA L €20 "Wy 2 AU, AVIAE o AAE WIFANA AHARAAE

IYG AAE ALTFOR HASS FBAAE A2 Agsac,



A2A FHALAFT B ay
1 AAAZ AR5 1% AL

HAMZe dIFAF 3 2B2dAA AFeATr 98T woprg ofge) A
239 AETH A FELZAH HAHNEFE o) & ATT §8F AT A &
A71FA FAHL Je BLHFE EAde Aol ¢ T

ol# g ZFAd HAXZFY AFIATFE FZIETG (F 0¥ °Ju)F ArEd (1
olhez yHel A7yt AAHAY. ZHAEdE FrIRBAXAE AAsE o F
BE Foy ol A AAVFAAM FAHHL e HLEAFES A8 AT H
8% et FH oz FFINAYE T ALPAAE FRIFAT dAHoE o
A AEE AEINE | BRE&Yde Aol HelAM 43 H %‘—3*&.‘% Zeg.

TZHWLMAZ (S carpocapsae)d) BBE AT 2k, FAol2¥E R 9%E 59
HAEY FH2UE0] AEHY HAF &Y ¥FE FAUoh "HF2 B AT7E
F3y3te o FEE A7EEE IA LU |

AEFY. Z3994%F (S arpocapsae)e AFU g FAES oA ALS3aL
VE FHtg 583F 1007819 FEAAF (Infective Juveniles: IJs)S =HA2 W
Hoz HFst 2B5CTHE7INA 64 I F 71FE @53 BaermannZd
NAYez ANPAES £ANG. Fel® o 2000000]s€ 50mee] FTFvt @I R
BEA23 (75em’, Comning, USA)l &713 10T #27]o) sasigich mad
X4%& BaermannZ 7| AH o2 Mol #FMEFE A BEse AP o] &3}
At

5 ZA 7 NPEBd A3 (25em?, Corning, USA)Y 1,0008t8le] @A Z0] X



e 15me ddTE ¥ BEHEFS X 15709 NYEP23E 5FF
Ba2E (0C, 5T, 10T, 15C ¥ 25T) 39EHA A s, AE&F ZAle 59
RHeg dg F& AAAG

pHZAL. 7} pH$Z £ 92 Henderson-Hasselbalch3 4] o] wg} 0.01M NaH:PO,2
0.0IM NaHPO.o| 4ol ul&o] &) A=tk ZFAE (1L,0001)s)# 8FF< A
2 Y& pH ¢589 (85 82 79, 77, 75, 68, 63 2 6.1) 15mE Z AJSd23
o 3wRoR I F 15T F&7ld BHee. AEFE 5¢Y PR I
L 2AE A

deExA NaClE F2d olAFHFo &85 43759 M2 d& NaCls:
(0.5%, 1.0%, 25% R 50%)2 A8ttt ZFIAHIFT (1,000I)s)o] E¥E 15m
NaClgdle 2 AgEetsad 32 HYF F 15CY F27)d RBAFAG

AEFE 59 BHLE JFEEL 2AEIR .

W g AL WP ZALE 1 AF 5ol AL BgdE 100nta e Ag42e
I -10Cek -20Col 2412 R 4N <t 2h 3ukE X3 F A4 127 X
F dolgle HEFFE AUIFsA #FFoZ AAHJG. A2edAHIdeE 5T
A 2AZ% A A F HFPRALE AAEAY. WEE BA2AN S2YHE0 A%
o WA F7tel miAle S A 98 4 = (1.0%, 50%, 10% 2 20%)

ZAE 1Imeoll 2AEL NI ZALE A A8
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Fig. 10. Effect of temperature on preservation of infective juveniles of S.
carpocapsae. The vertical bars above solid mean bars represent

standard deviations.



Table 14. ANOVA on environmental factors for preservation of S. carpocapsae

Source df SS MS F P
Temperature

Temp' 4 13543522.22 3385880.56 35.70 0.0001
Time® 5 1529245.56 305849.11 3.23 0.0121
Temp*Time 20 2650904.44 132545.22 1.40 0.1597
Error 60 5689933.33 94832.22
Total 89 23413605.56

pH
pH’ 7 80185.86 11455.12 65.87 0.0001
Time 5 102934.75 20586.95 118.38 0.0001
pH*Time 35 11525.81 320.31 1.89 0.0121
Error 96 16695.33 173.91
Total 161 211341.75

Salt
Sait’ 4 7730566.73 1932641.68 397.55 0.0001
Time 5 671510.23 134302.05 27.63 0.0001
Salt*Time 20 236523.27 11826.16 243 0.0042
Error 60 291680.67 4861.34
Total 89 . 8930280.90

' Temp represents the treated temperatures of 0, 5, 10, 15, 20, and 25C.

% Time represents the storage periods of 5, 10, 15, 20, 25, and 30 days.

3 pH represents the hydrogen ion concentrations (pH 6.1, 6.3, 6.8, 7.5, 7.7,
79, 8.2, and 85) in 0.01M phosphate buffer.

4 Salt represents the NaCl concentrations (0, 0.5, 1, 25, 5%) in the distilled

water.
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Fig. 11. Effect of hydrogen ion concentration (pH) on preservation of infective

juveniles of S. carpocapsae.

standard deviations.

The vertical bars above solid mean bars represent



BH7|e] wE 2x7t ZdY 23HYAF (S aarpocapsae)®] AEH] 1l
T %S BYsUT. dFEY 2EdA BRAULd we &gl #aFAT
(Fig. 10 and Table 14). ey Ag® 0CA 25C7HA 9 5879 &% 7120 1
5CAAA, 2A1E d28<d 718 2 A& &0 FAHAN (F = 165 df =5, 17, P =
02200). I ©go2 10CAAM & 4&E&E BArh 0T 5TE 10T v 23ty
JaFoz ¥ AEEE YR, 25T H&E&e) 7HF AxdAC

%, 22 15TAA ZAIE AEE9 WF0] o HAHY HAL=E W3
. 53] 25T neoA AFof A&l H2A 0T 5T Hlgo] ¥ Roz
ZAME O] 2E7F gzt wat FuFez daEEe Ft2 AU AF R g
HE LRV AEE #AA49 9oz FAHAY. ol2fd AL 2FHLHEZFY B
B7I1ke] A&ggo] wet AW A FFo] FAINAEM AEEH FPYo] ot}
= 23 (Robinson et al. 1987, Fitters et al. 1997)A Af @t = 1o wat
AEEY Zae AW dvx FHLA A F§F 7:}:1:9} 42 AL F ey o
T A A7 HEAFY RE71AEAA (A4 23 FR) AFHU

€4 & (0.0IM AAEFEY) LHE FroleF e e HadHF A&
guiolg ZABIYY. Faxol&FE ¥WHE pH 6.1 ~ 852 UwtA< AW pHY
oz AT Faol2Erd g HEFe R@F ASHY wHolrt A
At (Fig. 11 and Table 14). A&&°) pH 85914 71% E¢3 AN 2 42 A
E&o] Yol AL YeR. ‘

ARt o2 FF9 BF F20]2FE (pH)7F 62~78°x2 E¥3 UYHE TFHF

Y 4 A3 (2 66)) A& (Blum 1985) L dH o] FEE r|Fow Y

459 3 28 pHE ZAME Z3 o3|z ¢4ZdsE & AEH S By 24
EREEERET pHAlA 713 A Ba#zdg A 5 olF9 pH HAd o
F o] HAHF e AEYNEE ZAEloF & RozZ Alsdr. olg§ JFxAG

HAE B2 AojH e WddFol E8A71d e MZ b2 #RFzANM 42

i

f
i
E)

Lo

dg

o
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[e]

£ FANLTE FdA 71F AAW zde] T HAHFe ruzxdogs F4&
AEEA geda 4AIG. F, o4d {FH 4FL 71F AAWY /FAHY 724
49 38 #3711 EGSAAAM EUHEA 71FE @45 ok (Kaya and Gaugler
1993).

dezol g HFY Y&EE AN E NaCl 9 o188t T3 Yy d+
o FEE 7IELR NEYUYEEE TAHNY. RIEAY FFEe wiE o] HAMF
o] B&EHL I3t} (Fig. 12 and Table 14). FAH e vls) A5 =7t 05%< 1.0%
o) mogdes o] YUMEe HEYo] oo o o4 dFEE fastAnh

FFEE AF9 2HF AYEH FF L FAL A ¥ E F 05-1.0%9
BAANA HH HAdF AEH] 7]1EHUY. ol& Kim# Kim (1997)0] A
715 s Aol oF 200mOsm/Kgelit o] & NaClY) %s =z #4kskd (1%
= 17ImOsm/Kg) 1.17%7} €% & d¥ExT 715 AW d5=9 A9 /A
Zz7dol HAHYL ou gt
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Fig. 12. Effect of salt concentration on preservation of infective juveniles of

S.carpocapsae.

deviations.

The vertical bars above solid mean bars represent standard
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Fig. 13. Cold tolerance and low temperature acclimation of infective juveniles
of S. carpocapsae. The vertical bars above solid mean bars represent

standard deviations.
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Fig. 14. Effect of glycerol on cold hardiness of infective juveniles of S
carpocapsae. The vertical bars above solid mean bars represent standard
deviations. Different letters above the error bars were different at ¢ = 0.05 (LSD

test).

AN Fo] A2 Ade WAl 2AEAT. AL (25T)M AY HHols)
g &< -10T% -20TE AR 9 5% o3t A&F e Yo (Fig. 13).
& kA0 Tt wel 4L o Fasdd. a3y WA
9213t7] ol 5TAA 2429 &3R4 AR 2% £8%A0] ¢l
w2 4E&2 YeliAT (Table 15).

P HRAPLGAME 5%FEE Had HEFAdol 24y
SR -10TAA ool &L AEE L UYeiAD (Fig. 14). a8y 10%°]4H¢]

S

o

lo

rlo

n
oo A

AC)
X
fth
o
_>|l_|’
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rok



UM EL 238 AEHo] Rold AU FYAHEY TEE AFAA FA
BYHFTL -10Tolste] WA 2EAAN =& Zte] w2} E&o] Faxd oY

& FAAMNE A ot UTEAE B2 SUAEC A oaiEo] of 25

AFol ALEHE EFE UFdE vedld o8 AL g 2YAE g

4 270 EFE AF o] M3 WE AV RBEL A FLE 802 ojgW &

Ay
PN
>
e
f

T 8HUAAIL o] HPMFe] HAF AELA FFE vy olE
BRAJAEE 71Fo2 o] HYAF9 A A nAZAL 2% 15T, pH 85 ¥
AFHJ} o] HYHNZLS AN e Hgen Wsd 32

=z
A SAAMEL UFES FAANHDG. 28U 10%0149 2HAE = edld

Table 15. ANOVA of the cold acclimation effects on S. carpocapsae at 5C

Source DF SS MS F P
TEMP' 1 273.38 273.38 41.79 0.0001
TIME* 1 23438 234.38 35.83 0.0001
ACCL® 1 70.04 70.04 10.71 0.0048
TEMP*ACCL 1 117.04 117.04 17.89 0.0006
TIME*TEMP 1 77,04 77.04 1178 0.0034 .
TIME*ACCL 1 15.04 15.04 2.30 0.1489
TIME*TEMP*ACCL 1 63.38 63.38 9.69 0.0067
Error 16 104,67 654

Total 23 9549

! TEMP represents the temperatures (-10C and -20TC) used for cold bioassay

of S. carpocapsae.



® Time represents the exposure periods (2h and 4h) of S. earpocapsae to the
bioassay temperatures
* ACCL represents the low temperature acclimation of S. carpocapsae at 5TC

before cold bioassays

I5Co] 23 Fold AF& e/ E2 HotM, €3 A& AA s 53 %
Z1Fel 32 AAZY (20002 ZEF/mDE o83t HFe #HAHSE zAEAG
(Fig. 15). ZA71ZF (26847tA]) <k AEH] o] & Aol B2 HAHAA
= 2 Aol glol 90%elde 458E ngh

100 - t—o—o—o—\_‘/—o—v—-

5 8 8

Infectivity (%)

<]

4 5 7 9 12 13 15 75 169268

Storage at 10°C (days)

O T T
1 2

3

Fig. 15, Change in infectivity of Steinernema carpocapsae during storage in

distilled water at 10T
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2. 371282 A® F2A43Y AL

AEE 2X1001)/mIE ¥%89) 2% 2SN ¥ o] YA L BOmEH2A
o 10m¢ ¥} rotary shakerdl 100rpmo 2 6, 12, 24A12F wjF g 2z ZEAE v
FALE HEe AEFH 2 L FA YR} (Table 16).

YA Eg MY AF L 1000pme 2 A ZYAE 434 AA
83, 0C 70% methanolgtel ¥ F& oA 108 FA}ADG. SAEH
methanoldl] ¥ol & MEE 085% salinedl ol 24X A F AEFEHE &4
S8tk ZAMENM WFN] B4E methanol Ao B HELL dehyn
(Table 16).

Table 16. Effect of glycerol preincubation for freeze storage on the survival of

Steinernema carpocapsae

Nematode survival (%)
Incubation time (h)

in 22% glycerol

Before methanol treatment After methanol treatment
6 96.7 = 16 467 £ 58
12 9.3 + 0.7 866 £ 41
24 937 £ 24 917 £ 06

Methanol¢toll & 4% @g AL 15n¢ tubesol 1me4 ¥ I liquid nitrogengtol ¥
Ba3gt. AEL =9 g 30T, 085% salined] Wol #H3 =& #@7x EE
of 31, AEF& 7}eb%d salined 103] o4 g Agth AEFTHLE 5 F 2443
Holl zAlatde. SYAHE wFAIzto] &A%d A (6ADE ALt HIE &



70%9 & AFAEEE YUY (Fig. 16).

YEAZHANY L5 71F 2FFIE S gotr7] 98 petri dishe] 3=
g 23, 2 AR 5 4F d99(400/05m)E AFHA o) HFE oS oy
Y 5% 32 3vhaY 3EA JFAEEE 2AEETD. AAId #AY e
90%°14e 2 AAAELE S 7IEAT (Table 17).

100
—8— 6h glycerol
80 —A— 12h glycerol
—- 24 glycerol

R wl

.g 40.-

20~_
‘.

Or

0 20 40 6 & 10 120 140 160
Storage period (days)

Fig. 16. Storage effect in liquid nitrogen on survival of Steinernema carpocasae

with glycerol preincubation time
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Table 17. Infectivity of Steinernema carpocapsae recovered after freeze storage in

liquid nitrogen into the fifth instar larvae of Spodoptera exigua

Storage period Incubation time (h) Infectivity to S. exigua

: 0,
(days) in 22% glycerol N Mortality (%)
0 36 889
12 9 889
1
24 9 100
12 9 100
10
24 9 100
20
24 9 839
30
24 9 100
60
150

3. vl &g o] &Y WHLFT AZY AL

dut FHFU AFTol 2SS W AL AFsrid= ZFEole Aolst ©d
Aot AFrizie]l AojFo wet YEgo] oY, E, ¥FEBIE U= F
Ao Bades APy A2 AFHRNE B¢ BHde FAR ol e
B2 % /ud voleiies] dPLE alginate gelE AWdtd o] AFWAA o

E MZo v ae HZs9ct Navon et al.,(1998)9 W& %43 My HY
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AZo] X3dE alginate gel2 TEUTE  ©] alginate gel& FHFFo To} 15Co) =
BN YEE S ZAEAT

alginate gelldl BUNFE A7 F HE o ALY 60Y7HA] 80%ol el =
< AdF AEEE YEEG (Fig. 17).

100 |-

g —4
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Q 40 |-
(]
£
(0]
Z 20}
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0 10 20 30 40 50 60
Storage period (days)

Fig. 17. Survival of Steinernema carpocapsae with storage in alginate gel at 15C

g alginate geld] ¢ HAXNZF9 HFo] AZFHUY. Alginate gel (240
mg)¢te]l TEHWPNSFL 25 50, 100, 200IJ2 St Fukvw 38 &3 58 E o
A A vy 535S @ petri dishol] ¥ ola]¥ W3, alginate gelS sty WolF

ATt 24A Holl F2 alginate gel& AAT F AFARE WolFu HFAHE
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E A

of vlole&el @ FTFe HFIAE A 3 olFARH HA ¥
FUlH B9 BedEo WANE 3 AU AYNe At F I
F RRolA AFUES F7H wet 43do) Fisgen, HasHe we 53
Fol 3350l Hlal g44el =% (Fig. 18).
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Fig. 18. Insecticidal effect of alginate géls capsuled with different concentrations of

Steinernema carpocapsae on Spodoptera exigua and Sp. litura larvae

Alginate gelW}e] TEFZFH U5 AEHHS #AE Lolndtt Gele 2
gFol 10%°18 FHANS | AF &L 80%ol & FAsH oY, 10%0]82

HEE Fde AF ALY 33 g2 A (Fig. 19).
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Fig. 19. Relationship between moisture content in alginate gel and survial of

Steinernema carpocapsae

Alginate geli 8] FE& o] HFe AE & v FFo] FdHo|2g o] 7

€9 FEHZ FIFE F= IAESL £43AH

Citric acid yr-&Alztol| wpet £EEM oA & G

Alginate gelg T RNIE o ZAZA citrate} ol olA T o FaAdlA W

S A1tel whet gele] A WUSLE opr|A PR wSAIZGH FEZLETA BAE
Az BEX3tgd (Fig. 20). Alginate 48 0.2M$} citric acidell 3, 10, 2023 W&
AlA alginate gel (26.26 = l.lmg)& UE ¥ &% 2B = 1T, FUax 40% 74



oEeld BRAAT. VAU DL citric acide] FEAIZH] BAY) RERE
s¥e HAE.

60

E= 3 min
R 10 min
3 20 min

Moisture content (%)

60 90 120 150
Exposure time to 25T and 40% RH

Fig. 20. Effect of citric acid reaction time on water loss of alginate gel

Alginate gel®] F 7)o we} F£REM vx= 3k

Alginate gel 6.28+2.04mg, 36.37+2.09mg, 2560+20.44mg, 338.57*+1459mgo. 2 TH&
o] 2% 25 = 1T, BUSE 80%oA AXAATL. Geld) Z77F F718d @ B
#8o) AAgE AL & F AU} (Fig. 21).
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Fig. 21. Effect of alginate gel size on its water loss

R 2 %7l alginate gel®] F£E&A n A= 9t
Alginate gelS 4708 Z7|2 WE AUFE 35% AFHiolEAA 2% 20, 25

30Cel w2t A=x49E stHch. 2=7F 2z we FE&AFL FHAG (Fig
22)
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BE== 669t 0.44mg
E 35.45t 0.8mg
1 24763t 6.99mg
H 34498t 7.64md

350 +

Time (min) to lose 50% moisture

20 25 30

Temperature (TC)

Fig. 22. Effect of air temperature on water loss of the alginate gel

& X7} alginate gele] T&E&AH v 93

Alginate gel& 47019] 7|2 vEo 2% 25T UFHolEdA &% 35 65 80%

of W zAYL St FE7 LB ga +EEAFE AU (Fig. 23)
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Fig. 23. Effect of relative humidity on water loss of the alginate gel

E==3 6.46% 0.25mg
Il 3567t 1.0mg
[ 24585% 554mg
B 341,441 4.08mg

Relative humidity (%)
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A3E ZF7NBAF £ 2y A
1 A% WAAE ol gd ¥ 4xY AL
D HAA A%

EM 44 BAA AR Laponite LXG (aluminium magnesium silicate, 0.5%)
Keltrol-F (Xanthan Gum, 0.5%)
Kunipia-G (Bentonite, 0.5%)
CMC. (Sodium carboxy methyl cellulose, 0.5%)
alkyl glucoside (5%)

glycerol (5%)

8

8

Survival of nematodes (%)
\.
o

&

A x;ﬁf

Antidesiccant

Fig. 24. Effect of various antidesiccants on the survival of Steinernema

carpocapsae on the filter paper in the condition of 25C and 60-70% RH for 2h
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WA &4 oy

D petri-dish (55X 10mm)9)| filter paper (55mm, Whatman #5)& 7ttt

@ Cotrol#} Z+zte] WAA ) 1000I)/mE 0.5meE filter paperdl] A&

® 25£1Tel RH 60-70%9 &7 2h =&A 0t}

@ 2ho] AU petri-disholl 5m¢e] 33 FHTE B3 15£1Ce 24h 23§ ¥

Ao JEES AT

=EAT] AP wet AFl AF o AEHo] oAk ol Az
g Z5AAe WRAE HOMg adg Ae)lE BAY (Fig. 24). Alkylglucosides 2
g AFe Yed s dFe Aoz ey B 8gE A WdAz fEEdnh
o] diz7e WdA A TE vnstyS W Keltrol-F$} Laponite LXG7F Wd
Az Z37F Hold Aoz AFHYT

922 o)F F U AolE B7] Y AAFE AHEU} (Figs. 25 and 26).

3 8 s

3

Nematodes Servival (%)
Nematodes survival {%)

o

00S 0005 00005

a01 [} 05
Antidesiccant dose (%)

01 005 002
Antidesiccant Dose (%)

Fig. 25. Comparison of two optimal antidesiccants‘ in their survival effect on

the infective juveniles of Steinernema carpocapsae
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(v:1)] @ ® 0w (v21) @ GO Om
Tehwtddyesh) Tenetddyesth)
Fig. 26. Bioassay to select the optimal antidessicant for the survival of

Steinernema carpocapsae

F UM 2T fAE AFPEE S 2oy (Fig. 26), 53 22 BE 0.05%0
Al Laponite LXG 2.t Keltrol-F7} iR A 24 Age Roz AgGEdot. a3y
FF WA = M3 WA a3t #9d 01%2 o

2) HAAE o] £ ¢ X4 F8 HYYHA3Ix 44
34 @ Keltrol-F 0.1%9 Z+2 0, 250, 500, 1000, 50001]s/mee] 4% & FAch.

@ A% 120mme| XEC] 242 159 FFo] AAYR 7] shiuvy 38 F
< AFAAD. HEF 2¢h H BFVIF FFE PP 222 A
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I olg MHHIAEE HAh. 4 TEE Hgubde olFE 7] s
FALZ AYHJH
@ zZt XES] FFol 15mH ] AFEYE 4XJY. & FE& 3WHEHUG
@ AYF 48, 72h Hll Ao AAES AN

) LY

© &

) &,
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9 9

D D
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Tamneatdravtoksisi Teinetd renatocks )

Fig. 27. Control efficacy of Steinernema carpocapsae supplemented with 0.1%

Keltrol-F antidesiccant on the third instar larvae of Spodoptera exigua by leaf

spray method

Hel dZe 4d=& F7HRA we gehpgel AR Eol IR (Fig. 27).

Al E BATEGE T2ATAN AAREol F¥T. WAEIHAIF 90% o1de] Hew
50001]Js/ml ©14& M dtdol st Aoz ZAH AU
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3) 4R ZF A48 X3 FA 23

4y @ dd7e dAARE AHEeTh
@ gy 38EE 2 FF7IF0 80vteld HFF 48h ol F ©A Z+ BF
of AaE sy £AE ZAEIY HYAUEE A
Q dz7 MYTE FAZ AGAAT. 29 oz SAdgdujAs
pedad
@ HEAEYTFE 01% Keltrol-F7} &f8 5,00072)/ml %8 A& 15mi 4
IR M Fe FHFE ’&i%}ﬁﬂ}. A2 F 48, 72h o AFEH

WA 7HE EAbECh

TEHAAFol THAA RAAE ol &t GAAEA bl WiE oF 90%
o WAZLE YELWH (Table 18).

Table 18. Control efficacy of Steinernema carpocapsae on the third instar larvae

of Spodoptera exigua by leaf spray method supplemented with 0.1%

Keltrol-F antidesiccant

Number of Survival (%) Control efficacy (%)
Treatment S. exigua/plant
before application 48h 72h 48h 72h
Control 10.1x55 779+7.1 682+78 0 0
S.
carpocapsag 76%21 133144  84%69 82.9 877

(5,0001Js/ml)




2. gto] 2 &S o] &Y XY XY AY
) 7153 AAE o|§& B35 AAs

HQAES AAsel DE Wgoz Holgle 430l HUNF L FIANYCE A
AP 2 PAxEY 7L FA oFAL ZHoz ATHUL. WA 439 7
3 2 3430 FEAU.

Triton X-1000] X#8 22WA43 @00U/03n0) &4 S8 190 Ay
st A% TRAYSAY. A3ET U FAGRE 2AAT. 459 B
WHe uoh BeAo2 9y Aa $HAY Wuld At PHe A
At Petri dishol &€ B I #io] Suhbd Ar)E $IFUT 2 F 3RS
Il 25HAUFL BOOUZ 53k & Aol RAFAL. Y $BH5% 24
og%g zASR

BEe A% 330k Aested 939%9) FUES EAL AAF 679 A & A
ZolA4 10000 - 2000072 9] P Fe)l FHHUL. &9 AS 15w EFH
o 12kt §712+% AlRSD 3ukelzh SBSAT o 3uheF bl 2vhelsh
Agol FAY 2HZ SIS0l BT

2) ¢AIAEL o848 X FxY AL

w21 1Js9 S. carpocapsaest €2 F& ¥ #FZEo] Ael@ alginate gelS A
9 (10, 20, 30, ¥ 4002 BF ol MP3Aoh. AT FFol= A4 02mme] Ho
2 Aot AP Boz sgon, 7+ AaF 1007t 33 s &
%o] B#F XE AHUG FAHHE AFo] EUA &L alginate gel& A3}
Aok,



23 021 [Js9) HZo] He)d alginate gel 10718 APsQL o) FA T HZ3}
o 96AItel o] 22 53%°|4e] HFHE ¥ ¥ & U, 80749 alginate gelo]
A HAUE A o 90%°l ol AF Yol ZAEUTE (Table 19). E7 40789} 8074
9| alginate gelol AN W 5 ol FYxrt QT 22T 4843k
M 96AEe R gelo]l AHe®E Azto] HojASE AFHFA PAAYI EolXE RS

¢ % gk

Table 19. Effect of alginate gel treated with S. carpocapsae on peanut with S.

exigua.
Number of insects/plant Survival (%) Cantrol efficacy
Number of (%)
N 9%h 48h 9%h
spray

0 100 ' - 572 512 d - -
10 - 100 - 33+3.61 23671569 c 70.82 53.58
20 100 - 26.67+t1.53 18436 b 5321 = 647
40 100 - 16.63+1.53 8*2 a 70.82 84.31
80 100 - . 1663*153 533+(058 a 70.82 89.55

® Nematode concentration was counted with 21 +2.65 1Js per an alginate gel.

3) £33y RJAAFAA AL

g AF5E AgE Qo oz IFsT 0§ F3yoz wEo &4
A oA ZhE AFE 73 FH2 HEEE AA Ade]l AEHYY ol A



Ae 71&9 38 A A granule formulationd &8t TEFHAAEFE A A 33

7, AAY Azst AA) $ELEd BE AFAL TAGAL,

Ag 2w

U7}2(FHE), Semolina®l Kaoling H718Ath. 18l Pear mosst B 227]0)
Zro} 80-meshA o] Z# AM&3tA T} (Table 20).
AF& 40000 IJs/m2 T3t e Age A58 18mE vistn &0
Zadch WES 1-15m FAZ HA 20T AFHolHAA 7A% AZARY. A
2% BHFHe gav)dM 1-2mA7E Zo} Azt Je FEHel ¥I Parafime 2

sAE wsreh ol A& 5T 20T BBaA HEFAELS ZASAT

Table 20. Component and materials of formulation

Formulation Dried product (g)
H:0O No. z:)%tiv;:
Component  Kaolin Peat Nematode (o) 10-18 nematodes/g
(%) (%) rx(&s) S sup(emrBlon Gross mesh
20 0 18 18 35.75 16.78 6800
Fine wheat
flour (80) 10 10 18 19 37.04 16.92 21645
10 10 18 23.3 39.01 18.18 18200
20 0 18 17 359 20.32 7500
Coarse 20 0 18 21 3757 1979 9570
durum
wheat flour
(Semolina 10 10 18 186 36.26 20.82 9996
80)
10 10 18 245 3819 21.22 11000




27 2 1@ FFPALAFE AASSta, 5T 20Co ARstd  AAste] A 5ol
e AR AAEY sEGFA BE HFAEEY ol ZAEAC. AA s
o] FAEA YT ARV Wt 7t U715 (Fine wheat flour)9t A3 27HF
(Semolina)& Y7o AL ZAIEAE 4 L7159 YAV ©E AEHe 2
ol Holx ¢kgken, peat mossE H7IFAF} HsstA &L RAAAE peat moss

g HIE R AFHol 23 & AL et (Fig. 28, 29, 30, 31). AlA st

FEGFEZ Uro] AP 2AHAL W 5CANE FEFPo 224F 43
BEZO A Uehtou, 0TAHE UF BAL, & $2TFo] 288 43 4
22e REUAG. VTAME AA FEFF] o 19%U7 A% HAFsd

(Fig. 32, 33, 34, 35).

100

Formulation, Moisture

—e— BOFR20K, 18%
80 - \ -0+ BOFMOK/1OP, 19%
—v— BOFHOK/OP, 233%

4l

Nematode survival (%)

20 -

0 1 2 3
Storage period (Weeks)

Fig. 28. Nematode survival on Fine wheat flour by peat moss at 20C
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100

Formulation, Moisture

\ —e— 80C/20K, 17%

e ---0-- 80CI20K, 21%
80 - N\ —v— 80C/10K/10P, 18.6%
W —v--- 80C1OK/10P, 24.5%

60

40

Nematode survival (%)

20 A

0 -— T T

0 1 2 3

Storage period (Weeks)

Fig. 29. Nematode survival on Coarse durum wheat flour (semolina) at 20TC
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Fig. 30. Nematode survival on Fine wheat flour by peat moss at 5T
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Fig. 31. Nematode survival on Coarse durum wheat flour (semolina) at 5C
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Fig. 32. Effect of nematode survival on formulation by high density of moisture at 5C
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Fig. 33. Effect of nematode survival on formulation by low density of moisture at 5C
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Fig. 34. Effect of nematode survival on formulation by high density of moisture at

20C
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Fig. 35. Effect of nematode survival on formulation by low density of moisture at

20T .
3. FAVAES ol 8Y XY 24Xy A

A% Bojgn e 500ppm ¥ =9 BT (dekad, A244) 20mest 582
(10°, 10% 107, 10%, 2 10° cfu/20m)Z ZAHo A=X. nematophilusS Egsto 23
A B% HAstAct gFAE 3% Ay oy 1000kt HAHAYG. EEA
g A2e ¥ U7 02mme HoET FTIEE A5 TAYE BT 500ppm
AT o 20m2] X. nematophilus (10° cfu/nt)& A2tk

TAAZH BTHE A2 # o5 Adoes FAHcz axns) A= A
o2 2N B¢ FAATH BTE £¢od AAa9e 4 24429 S5}
10°3 10° I 713 £ FARAIL AR olF M FEDE FAaHY 3
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ol7b AAHA gtch 2T EFANN FAAZEY FE 10°19¢ @ %A
A BAER7L 75% o)dez g EA ZAEUT (Table 21).

Table 21. Effect of B.T and X. nematophilus mixture on peanut with S. exigua

Number of

. Survival (%) Control efficacy (%)
insects/plant
Treatments
. Just before
Introduction 48h . 96h 48h 96h
spray
Control 100 83.00%6.08 33.00£520 27.00x6.00 ¢ - -
Bt only 100 86.00+2.00 24.00%5.29 21.33+153 b 27.28 21.00
Xn only 100 90.00 i 50 2300557 2067153 b 30.30 23.44
Bt+Xn(10°) 100 91.00£404 21003 2067%x153b  36.36 23.44
Bt+Xn(10") 100 90.00£2.00 14.00%4 20005 b 57.58 25.93
Bt+Xn(10") 100 89.00£152 767115 100%x173 b 76.76 64.19
Bt+Xn(10%) 100 86.00*+3.46 13.00x2.00 667x2.00 a 60.61 75.30
Bt+Xn(10%) 100 91.00x493 1350%+4.00 7.33*231 a 59.09 72.85
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M4 TS7144 39 A48 M1 JlE WYL
A AMEY HILEO0k

A1d A A

ZFELAT AF71%e] FEaA delA AR . ol TEHYHFY @
Q8% FAATHRY A2 4R UHA EA g

TAATE EAste HEHFT S 4F 713 QoA 713 30 olg ATEg
drets q¥E 298 "o di i A INATE d5o2 A3 wHg

Ney Steinernema glaseri® 7% ©] AEFe FAATL Xenorhabdus poinarii

it

2
d5oz SFEE 43He THEA R (Akhurst, 1986). F X. japonicak Y%
T35 438 L BAsA X3 ol F FAAMEC) thE XenorhabdusE el Mol
B3 dF 45 AEo] 2dH UL&E A AT (Forst et al, 1997).

ditH oz 2Fe AYAZA d& AN dr|ag B doA wojsA €
o 2y FYAT dF o9 Welsde g du My oS FEd
& T M. sexta®d B¢ ol %L XAMAJE= ©l Pseudomonas aeruginosa®
LD50E 1054 /% %<1 E’l‘?‘;,AXenorhabdus nematophilus< £33} 20vigle] AFo g
90%9 M. sexta® AArA1E 4 U} (Dunn and Drake, 1983).

AT FEF7)FL ol AFol THFAU) AJYY F TFo WAWML L
3he 713 d84E g 49 7F TZUE HAFol d sty AFe B
A4 4371%E ¥t FAAZY 9D (outer membrane)S AT e o
LPS (lipopolysaccharide) 54 & 7FX|z ol AukdFol o} o] LPSE &Zo 2
st AEe YANAES A st T3 WYV B doAA Y (Xu et
al, 1995). Iy FYATE LPSt #EIF9 dGukgd Qo] nj$ 33

4

o
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prepolyphenol oxidase’} polyphenol oxidase2 A3 se GAE JAAIIA FHo
HAurA ol Aur g JAsA ot (Dunphy and Webster, 1991). = 9179 g4
EEL 7AXY N7 A2 S Balsd ErALERE d9712E AASA o
ARG BAwgol dsl] FHATLE Ao WS HolAY o]E9 UAE
AAA7NA T} (Forst et al, 1997). R #ZIAHE Hole FAAT EJWUIAE

o] RuHYen olge MEZL JEol WAHNL EIHUG (Akhurst and

|

Dunphy, 1903). = o|E HE% HEe FANEY /1% 22ozRH uYs%e
2AHNIE o 9$ o8 dndch 53 LPSY lpd ANEE W7 AEY
s BHANE Que s FIHoz sF =2 HUEE FLAAA dh
(Dunphy and Webster, 1988).

JNeEse WelsRe TANRAY § FAATS AT Fr YAFUAAL ¥
Mg Rol @3 WREAL ANl 4Pl fUY zHo2 HBAUYG. o 23
ol AZEe Wl 108/mitd S48 9k olF 248 AZH 2AY 2
Hg Aol AAse AYHE HEe Ao HuA Yok

e BAE Azl U YAUAH ZHUAN |27 Wl Y A
2o Eustod @28 A 9ot 4 du@th Akhuste X. nematophilus
eng 4298 AU 31 KDa 2719 @9de 2AAL & A& $A4E Ry
t} (Forst and Nealson, 1996).

E AgAd e sutvdte) g Steinernema carpocapsae®l AZ712E& 4 &
3 gon o] MZEol FAMER Xenorhabdus nematophilusE ¥2l3te o] ATR
OA 22l BEHUL W Aol AFAAE HATG oA AZPET AT
4 7zEse YTHES ol uude BAQ A A AEF 18ACIF YT
ATE 9ds BHHt. 58 o Aue ¥eudl: SDS-PAGERIA A€
4 e Asel So guAdsst AENAG. o BuHol ARFAE wE £F
GHEQA oD AFo] BulE wRAAN dHAE A& A7F 9ok
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o] A}

to] Weuzs FTAATFY A4 FHetel w3
Asatn @A 4F71%] QoidE FAATE E3YREC
s B0 WAl Solzt FAMEE LPS £& 5o S 8
o PN WA TAHARAAY AU g FAR B
0% o5 AFY 4Pl wet 2FE YAY HWZl WY
g, &, 4%7)3e EAE FAATY 48 2o a7gn
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A2d 239A8%9 837 £

1. 23943 A&7 A §3749 844

HANFLS APV, dF%, pH, ¥ ko we & & WHolE EHAT
ol WM ZFol AU e AAFFH AL E43taA & AYvi WAL F
el &4 FAAZGF viasdo.

27130l Aol wat AE AFY HAE HolA oo wa} e FFol
wolH ok (Table 22). %7t ot wat FA8A A& M55 Zas tEo
AAgFe] Fa7t FHEAG (Table 23). F20]2 =7} gobiol we A&AF
FE oA ol W AAFFE Eolxlt (Table 24). £ FH g B4
Ao AEYWUSE H7]9Y3 shaking incubatorg ©]&3te 30A7tA FHE F
Ak (Tables 25 and 26). Zelu AE AFFole AA Aol ANy w2 A
Ao BT WUt oo ATE WAME AEF AW ANAFFHRY e

2ARE B OA AdF9 HAHEE ¥HF FAY0 =S FUH AAJG

Table 22. Triglyceride (TG) contents of Steinernema carpocapsae with storage

periods

Storage

40 57 108 118 141 181
(days)
TG 56.4+277" 382+16.4%° 188+116™ 227+10.1% 11.2+83" 68+58 256*+11.3"
(mg/0.1me)
# alive 3934 4000 3664 3679 3989 3723 .3283
(4000ij) 74 *0 +198 *+106 +23 114 222

* Duncan’s multiple range test ( @ =0.05)
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Table 23. Triglyceride (TG) contents of Steinernema carpocapsae with storage

temperatures (Temp)

Temp (TC) 5 10 15 20 25
TG 487+19.1* 255%£7.3° 24.0+10.7° 9.1x70° 6.4+52°
/o 1n) 719, 5%7. 0%10. 17, 45,
# alive 3441+ 143 395341 3965+ 61 2193+468  1111+405
(4000i;)

* Duncan’s multiple range test ( a=0.05)

Table 24. Triglyceride (TG) contents of Steinernema carpocapsae with storage

pH
pH 5.14 6.03 7.09 7.87 8.32 891
TG 335%10.7*  326+65° 27.1%10.3* 31.1%74™ 357+256™ 60.7+21.3°
(ng/0.100) . . 6E6. ) . 1+£7. . . . .
# alive '
(40005 3800+143 3672165 3857+43 3774159 3765+ 72 3704%59

* Duncan’s multiple range test (a =0.05)

Table 25. Triglyceride (TG) contents of Steinernema carpocapsae with storage

temperatures (Temp)

NaCl (%) 0 0.1 05 1.0 20 4.0
TG a* a a a a
100.4%6.1 7621135 1027+£14.8 1181*127" 1445+7.3* 5250+3715°
(mg/0.1m¢)
# alive
(4000i}) 3821t46 3871+62 3844193 3837+57 3798+28 310677

* Duncan’s multiple range test ( @ =0.05)
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Table 26. Triglyceride (TG) concents of Steinernema carpocapsae with shaking

(200 rpm) times

Shaking

(hr) 0 6 12 18 24 30
TG 91.3+206> 564%+12.0* 583%9.2° 7147 627+119° 620*365°
(mg/0.1me) ) ’ '
# alive
(4000i}) 30841343 2764+466 3674+307 2085£610 3730135 3565259

* Duncan’s multiple range test ( « =0.05)
2. 99AZFY 4337

HANS (S carpocapsae)ol % Aol So7HA F1FAA AL Lotr7] 9
H4 BQA2E Db guAA Ll BEQ F ABEE 2 774 WY
g 22890 o YYSARUA Y= WVAZY SoHY wRAL 2]
93} SDS-PAGES ol€83% ¥ YTFAEe W3S 2] 3l hemocytometer
2 o]gstel 3 YTATE 27Uz B2

5 2273 25 w43 o A3Ez So)mQ w@we uehd

I

(Table 27). ©°l& @¥MA F 53] F 2% IFF3HLE YelvdE 40kDa# 24kDa
wuge] etk oF w@¥Ae) Aol RHlse H49X EH: 2o Rulg
= AguNIANe] gANE ol AEFA Atk @A BIEY 1F2RY 229
gAe ¥EAA A4 23 FUE F 439 A4S AT gon 58 os
B34%e] BUAAANE BASATL FFHL] BoIUE TE $FYAL XY
F 2ANAT. cle® 4Y ARE 4% FYF dolue AE71He oldlse o
Antelg 2 + Qo dARG,
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Table 27. Specific proteins in the hemolymph of the fifth instar larvae of
Spodoptera exigua and S. litura after inoculation of Steinernema

carpocapsae on 10% SDS-PAGE

Specfli‘flir:eprfg{eins S. exigua S. litura
after 24hr - 43kDa, 31kDa
after 36hr 40kDa -
after 48hr 24.8kDa, 24kDa, 20kDa, 19kDa 23kDa, 15kDa

NHEE F28 YT F FAXY & 12hr, 24hr, Ohr &2 o] ysgto
B,  25-50m YFAHEE 12M3F] FE2F FPZAAM 7HF @o] ystoy
50-10.0im ETFHEAAE 24X 3F 71 Bol HAY. 36hrolERE 5% ¥Y
ZoMe ETAHAEE BEE + AAT o)) ABE dFo) IYF ol Ry I}
el EFAREIE Fotsthsl 1243 ol ¥ 58 FMEFIE A EA gyl
AAstE A& € F AW (Table 8). & BAAZ HF7179 8 898 HY
TYE FBAUL

Table 28. Change of hemocytes in I ml of hemolymph of Spodoptera exigua after

topical application of 200 1Js Steinernema carpocapsae

Hemolymph # of hemocytes according to their sizes

samples 2.5-5.0m 5.0-10.0m > 10.0tm total hemocyte
Ohr 10402.5£2373 8814.2+16645.6 2213318223 21430£2921.7
12hr 19980.0 £ 6961.4 9775.0+1840.5 875.0% 301.4 329251+6793.9
24hr 13356.3+3718.7.6 10293.5+3642.1 2696.9+2448.2 263461 7552.3
36hr 0 0 0 0
48hr 0 0 0 0
60hr 0 0 0 0




3. AT FENF
) AL FANEETE

AdE& AA (Nutrient broth)uf o HF st 25T wjgrlelA] 48MFL BBAF
F A EYstd WAL ES AAS}S 0.7% saline solution (NaCl) 1mg A2l &to
Aadgdes Az AZILAL dilution method2 F=E (10° 107, 108
1092 4% 3 sl 539 240 (C, 10°cel/m)E HFdt 25T wjdr) oA 24
NzZF B9 HBE F WAY S RAYT probit program? ol &3td LD@RE T3t
Rt

degd e 10°84E §A THo] FANL o FIyEe wfo)d AR
o a2z 1070 e 24X St @ ulaE XARA )R Rshed 10 Su)
AN wrEs HEFPS o 10°% 2o we AALE Uehis Re B
probit program$& ©]&3tHth. ©l& AAH AFY =24 FA4£2 (cfu: colony
forming unit)2 $4HE LDxpe 325 (8§91 = 203 < LD < 849, 7187] = 26=
08)2 EANHAT. waA 24AE¢ Fu uisg QA $ YE ARFsE
32 cell2 ZAHE A, oldl whate] FulA A ut 38 & 23cells/ larvae 123 5
2 8dcells/ larvae2 ZAFH AT (Fig. 36).
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£ 25¢
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-l
1 10 100 1000

Bacterial concentration (CFU)

Fig. 36. Lethal dose (LD) of X. nematophilus on Spodoptera spp.

2 AYoME NYE2 230 YoM X nematophilus®] WA FE7L T
A deon ge 2FFAME 229 97l me B4x4 FE7 g2A Ju
Yt Aoz 2AHYG oA solk AZe B5F0 AL Uk B4 o @
259 A7ld A 71AHE Aoz gLt

2) Ao g Hg3= FAMTY 4

Hoduk g o] FIIAZA arachidonic acid®] &3} o)o] Wi FAMTFL 2}Eo)

T4 = Ak, Arachidonic acid€ of@&ol 10u/mE £3AFc &3lE 159

arachidonic acid& Hamilton microsyringeE ©] 83l 53 myihvwl fi7ise 9z
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g gelg Fil HFE F LD A7E"HY 15mE AFFAYG. gz
control2 o && 15uE HES F ATd"Ed 15mE AHFIA.

Arachidonic acidg& HF Aol HFH FYupte 25 Ag&dgouv (Fig
37). EF AEEE AT controld LD XAHES Yl webA sy
of 9le]A arachidonic acide ZFH Y B|A3= prostaglandin, epoxygenasest
lipoxigenase AtE 59 eicosanoidel HFES vy WAL S wo FAIFANIE A

o2 AZdd. FRATELE o] TEEFTNAL F¥E FHIYMNIE Aoz FHAY

100

80

60

Survival (%)

40

20

Bacteria only ~ Bacteria +
ARA (15 ug)

Fig. 37. Antagonistic effect of arachidonate (ARA) on the insecticidal effect of

Xenorhabdus nematophilus

ol4+e] A= eicosanocids?t FHFUe] WA 2| BA3IT X, nematophilust
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ol FRTE2 9 HF S FHIAA WA FAAAG L WE HPFZF
2 YPs 24t o HEE g AwAEy] YsiHs $A arachidonate®
¥ro }E FTAXNYH o2 arachidonate A A A dexamethasoned 8 3}

o Gt 77 dasA HU

Hamilton microsyringe (Nevada, USA)E o] &3ld FEdE FH|E arachidonic
acid (0.01, 0.1, 1, 10, 100ug/1t) ¢} dexamethasone (1, 10, 100xg/wt) 10E 5% =}
s B5 ek gad] FAME £ 0.7%9 saline solutionol A€ LD8OT+
LD20 5% X. nematophilus 1u£E microsyringe® ©]43l9 #& X AHF3
Aok ATHE 24X Holl AHFARE A3 A .

X. nematophilust ZF AWM toxing EH3tY 7|FIFd EAZHA HFaHE
Uelde Aoz ZAEUY. a2y LD80Y A7ds:EE Z9d sy 58S
0.1-10xg®l arachidonic acid& A z3tA& ® Hhdel s Mg 4Fade 7
%‘*i?% AEEAE FolE Aoz FAEUY. I o} EE 3 ¥E9
arachidonic acide &7} fId (Fig. 38). vt o] 1LD209] AMFEZelA
phospholipase Az (PLA2)E 9 A]A)7] & dexamethasone® A #)stqe W+ ¥ty 3
Pl Al ES Fole RLE ZANEJUY (Fig. 39). ol& g JA&anE A€
dexamethasone®] HAFE lugll A= A} oAt

wetA B A Zdaz sud el X nematophilus arachidonic acid

-

A/d3l= PLA2 mechanismE HIFAAAXN JFZEFE AAAINA sl Aoz A

[

rir

Bu

He RoZAM o WM Tl HHdes AFEAL PLA; dAAS ABAE 2
RNoz Azt 7)€l eicosanoidsd FHE EA437] YsiME ©HE  inhibitors
(ibupropen, naproxen, esculetin, phenidone 2 piroxicam)E& %% t& Ao ot

AFdEo] dastn
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Fig 38. Dose response of arachidonic acid (ARA) in its therapeutic effect on the

fifth instar larvae of Spodoptera exigua infected with Xenorhabdus nematophilus
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100

Mortality (%)

Fig. 39. Lethal effect of dexamethasone (DEX) on the fifth instar larvae of

Spodoptera exigua infected with Xenorhabdus nematophilus

Arachidonated] "HFAA H&3 o] AA&2E X nematophilus®) AE=A
Lol FAE AL FHE7] 3] A2 MIAH dg9raa AaaUny. A A
HEur-g-2 AA HFIFE, FLE (nodule) HAHAEE FAYPAHLoz Uy g

2 ATAE FLEYYIS ATHARGAES] WP w1 BAHYG.

o]

of¥
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71Z2AH P2 0.75% saline solution, EtOH, ARA % DEX 2% sbutvjulo) &

o] 16A17F Fof sEEr A A dEsted 4 o ¥AE nodule & B3
9o}, saline solution, EtOH, ARA ¥ DEXol] W3l nodule 84 &7 RE X7 o)

A 1-27he 247 deion Azt stelsh Qe ReE ZAUY (Fig. 40. 3
A9 noduled] Z7E w9 Fgirh

Number of Nodules
N
T

Saline EtOH ARA DEX
Chemicals

Fig. 40. Nodulation of the fifth instar larvae of Spodoptera exigua to the
hemocoelic injection (1¢¢) of some chemicals in the absence of Xenorhabdus
nematophilus, where EtOH, ARA, and DEX represent ethanol (100%), arachidonate

(10pg/1k), and dexamethasone (10ug/ul).
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0.75% saline solutionl %X X. nematophilus® %% (LDO, 20, 40, 80 2
10002 g 53 5o HFE F 16AT Fo HFEnFPo)A Rt FA
o ¥4¥€ nodule & BEEHAT. AT FALA dwrA oz 1-2709 nodule
< YA AgUl 53%FL X nematophilus7t FEHJEL o AFY FEZ7}
w2 nodule el F7hE BT (Fig. 41). A3 BF 6789 nodule2t= LD
A deEigten LDISE MAZAE F7HHYE nodulexte] F7He Jeluiz £
3'}9&‘4. olgig ZAdes A ol of Aol diEl uAZIAA  (nonself
recognition)o] 1AM LS ouigtt. 2y NFE HsHE vy HA Fotd
nodule®] ®£z& o] Mol TFol W nodule¥A AAUAE Ewlstn Y& W

¥t

0 20 40 60 8 100
Lethal doses (LD) of Xenorhabdus nematophilus

Fig. 41. Dose response of Xenorhandus nematophilus on nodule formation of the
fifth instar larvae of Spodoptera exigua, where LD represents the bacterial

numbers equivalent to the lethal dose.
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10

Number of Nudlies

0 1 2 4 8 16 24
Time (h) after bacterial injection

Fig. 42. Time course of nodule formation by Xenorhabdus nematophilus in the
fifth instar larvae of Spodoptera exigua which were injected with the bacterial

concentration equivalent to LD80.

9 4dolA ZAE At noduleF A AT FE2 589 sl HFsH
Azkd (0, 1, 2, 4, 8,16 2 24h)2 A€ nodule & AT (Fig. 42).° 84
¥ nodule® AT HAAFRE Az g FrrHes 4-84120] AUd Ho

FAE NERY. F AEXA v F R ygPARg e EF 12400 Aoyt
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16

Number of Nodules
o o

E-N

Control Heat killed
Xenorhabdus nematophilus

Fig. 43. Comparison between alive and heat-killed (60C, 30min) Xenorhabdus

nematophilus on nodule formation in the fifth instar larvae of Spodoptera exigua

0.75% saline solution°l &3=oiflE LD80 FE9 AoldE X. nematophilust
60Col A 3083 EME 8 X. nematophilus& 5% 9 IHiwtel] FF st 16K F
ol ¥4€ nodule +& AT o RN AP AFL ZF A HT
2218 AT dolgle AEE 2 AFAZ dhvhe] Aol dixste
Agtgo xolE dolie AYgoz EAYH MFAA RT (6-871) Hl& H

N

2

A B2 11709 noduled Aoz Aold+ X nematophiluse nodule FA & 4

Aqete €3 H g 202 (Fig. 43) AYFTHAD.

{o
o
M

U&& X nematophilus®| 2%712%F o] Ade] fEdts 23 HIF L 1A
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Abe] @A @etrz] 948 o) M AaF F Agto]l Aol wat Held:
7} £ T ¥l xAEAT

Microsyringe& ©]-§3t] LD809| X. nematophilus 1u4& 5% 9] Fuhiube] HZE
F A (0, 4,8 12,16, 18, 20, 22 2 24h)2 AL FARAT. A Y
< 0.04% Trypan blue} 1:12 49X HemocytometerdolA A 7L o
Aol £ YFHNESFE 47 AR

120

100

80 -

60 -

40 -

20

Total hemocyte count (THC) X 104

o
I

0 4 8 12 16 18 20 22 24
Time (h) after bacterial injection

Fig 44. Temporal change of the total hemocyte count (THC) after Xenorhabdus

nematophilus injection into the fifth instar laryae of Spodoptera exigua
A HEFF Aol AyF we AA s FAF Za27F AU (Fig.

44). AFPEL A Fe A e YAl E 19 x 1070/mee) WA
27} BaEgey Aol NG4S FHEFI} Faste) /|FES0] NAE A
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2 16A AN E 5 x 1070/me] FMES BREQAT, UANDTANE 1 x 1070/
mee] FFALZF BRHAG. FAHY ALLL 16-18A17F Alolol A dojwtrt,  Aj7o]
AT E 0.04%9 Trypan blued] 44 FFHNEFE Azl AGFE Frlete A
o2 ZAE O (Fig. 45) 24N ele ¢A38 A4 HO) X, nematophilus® cytotoxicd

T UANZ, AT M fPFol fFEEdE A= FHHUL

kol
X
Ui
oA

100 —

80

60 |-

40 -

Proportion of the dead hemocytes (%)

0 4 8 12 16 18 20 22 24
Time (h) after bacterial injection

Fig. 45 Proportion of the dead hemocytes in the total hemocytes observed
temporally after the injection of Xenorhabdus nematophilus into the fifth instar

larvae of Spodoptera exigua

ojde AFAEL FRAT] JIF TF9 WYF S £835 ANUdE Az F
EXg F Ut T ¥ A ol F8F FHA2Q phenoloxidased A&
ZAFSl Bsko
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s AolgleE AT @Az Qs F& AFE shEud 53 %) Hamilton
microsyringe® ©] 459 10" cfwmEEE FALG F 1Az 243, 2 3A% FH o
2 ¥Yg 2289 3329 ¥YL 5CAA B#E 81 14000pmolM 382 2
AEYE slo Ay YFHAEE A 1048 el 1me9 101 xPBS (2mg/
m DOPA)E A3|¢ F 25CoA 2083 wide & ¥ 49%5nmolA %%E%Z&A}fﬂ

Aot FrEE 5% BFoz 39 XA

A3 Z AEE 329 g9 ¥FA POY BHE 2ASHES | AR A
Fo] Hole AEH vudd & E28HL HEhAH (Fig. 46).

2000

= | jve bacteria
— Heat killed bacteria

1600

1200 |
800 +
400

i AN BN

1hr 2hr 3hr
Time after bacterial injection to larve

Abs/min x 10,000

Fig. 46. Effect of Xenorhabdus nematophilus on phenoloxidase activity in the

plasma of the fifth instar larval Spodoptera exigua
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Aolgle FAAETL 71F %9 phenoloxidased B4 dAgTE AlAg o
F A} (Fig. 46). &, B9 F7/MAQ eicosanoid pathwayE HAFez FFAHA

phenoloxidase®] &4& YA & F# Ut

Gee oA e AFsH] A Aolgls FTAAEE MeST arachidonate
(ARAE Asde o Bejo) ¥ Hohte A8 FHsAch $4 ARAY ¥E%
3 BA st

W X nematophilusE 10" cfu/mte] FEZ FAF ¥ oA FTEE (025 25,
25, ¥ 250ug) =A@ arachidonic acid 2ulE A FEsYUct 308 Mg & 89
€ FE3dAY. PO FAWYS 949 At FAHEE AFY HF F 0%
Ethanol& A &%t}

A3} © Arachidonic acid 025489 ¥ =7} A HAE 9 /1Y ¥& PO %um Bneglo
U FE7F 25ugT 25pg0 2 FUHEIAE W POY &40 FUkste A € & AN
. 23y ¥ EY arachidonic acid 250ugE M QYL dele oAl POS g4 o)
Zadte AL ¢ 5 AU (Fig. 47).
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-
[4)]
(=]
o

1000

Abs/min x 10,000

500 |

250 25 25 25
ARA concentration

Fig. 47. Dose response of arachidonate ('ARA’, ug) on the plasma phenoloxidase

activity of the Xenorhabdus nematophilus-infected fifth instar larva of Spodoptera

exigua
%522 ARA9 phenoloxidased] W@ 4 Z7} 278 FAAsY),

B 0 Aol X nematophilus& 10cf/md] FEEZ FAIG £ TA] 2504g9)
arachidonic acid 2t & A HF3 Aot 02T NP ¥ YA 253 ¥y. PO =
AYE 2 A9 2tk EHee AT HE F 70%9 Ethanole A et

A . & YA e AFE Aesla Ethanole A A2§ AL PO Ao A9
WebA] @sko}, arachidonic acidg HasAg W A28 & 849 POst 2AF

519] arachidonic acid7t PO®A4 | 43¢ F& Aoz 2AEUT (Fig. 48).



3000

2500 ¢

000
2
o

—_
[6)]
[=]
o

Abs/min x 10
o
8

g

CON  BAC+EtOH BAC+ARA

Fig. 48. Rescue effect of arachidonate ('ARA’, 250ug) on the phenoloxidase acticity
of the fifth instar larval Spodoptera exigua infected with live Xenorhabdus

nematophilus ('BAC’, 2 x 10° cells)
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A3 FAVAE] §423 29 2 54 =4

TEHAMF FAATol Buldte FAYEAR toxind #F SAH& AT
AEH FAEAHRE AL JE AL AYH JEA A& F= HLdH 5%
=

st WAl A E ZAMSAT
1. FAATF] Fgolo) A FFEIN A
1) FFang =4

FAATE 25CAA 4827+ F<t Tryptic soy broth (TSB)HiX|olA] wjekdt &+
slFel 1me (10%fw/me)E 6meel 0.7% soft agarst FL3A 4& F H7% 9ne PDA
PhupAol A =2edet. 28l: YA chloroform 3mE Akd <ol Meldhed 24
B FHAAY F g FBo] FFE needled 0183 712, AR % 05mA7]
2 A9 ¥ PDAMA Y X4&Att. iZFE TSB sig g PDAMIA o] =233
o FBo] FFE AT F BTANAN dFY T vigs £ A gyols B
Zaan.

X. nematophilusl A £2§ FAEHAL 4 FFold disA 2 JANEAHRE
et (Table 29). £3] Fusariumel F%olo)l gy FAE Adxoz o
AA e Aog ZAHJT, olF /A & A dAe Folu Y RAE

¥We fuale F. oxisporumol A YeRN o0, Cochliolous miyabeanus® TA7b 7t
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Table 29. Effect of antibiotic produced from X. nematophilus on fungi

Diameter of Fungi (Cm, 8days)

Target fungi P
X. nematophilus Control
Cochliolous miyabeanus 1.15 £ 0.07 250 £ 028 -6.5485 0.0225
Alternaria kikuchiana 050 + 0.14 215 £ 007  -14.7580 0.0046
Fusarium wilt 025 £ 0.07 340 £ 014  -28.1745 0.0013
F. solani 025 £ 007 340 £ 000 -63.0000  0.0003
F. oxisporum 005 £ 0.07 160 + 014  -13.8636 0.0052
Collectotrichum gloesporiodes 0.09 + 0.14 220 £ 0.14 -9.1924 0.0116
G. oingulata 060 £ 0.14 390 £ 014  -23.3345 0.0018
Colletotrichum sp. 0.25 = 007 320 £ 014 -26.3856 0.0014
Phytophthora sp. 050 = 0.14 335 £ 021  -13.5902 0.0054

2) Antibiotics®] dAelA FFEH A}

TSBuj Aol M wjgd FHATE 45C, 60C, 121TANA 3083 water batho) 4] &

g & F gl Imt 10°cfwm)E 6meel 0.7% soft agarst FYU&A HE F

7 9cm2 PDA H@ujzlo] kA @82, chloroformol] 2417 9 =& A Z )
oxisporum #FE AGT F 25CoM IFY U viged F FAle AFYo)=

ZE Ao
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Antifungal effect of X. nematophilus treated with heat
on F. oxisporum

Mycelium diameter {cm)

25 45 60 121
Temperature (°C)

Fig. 49. Heat effect on antifungal activity of Xenorhabdus nematophilus

45C2 60TCAAM 308 AT AT wWiFAL FFole TAIZ 43e F
o] ¢ 25cm ol3tE AAE AIHAIT, 121ToNA 0% A3 vjkd e =7
Zo] FAAF AY FFS FA Rate A2z ZAEHAG (Fig. 49).

3) AT sxd FFAT FA

TSBHl A wje FHAFE =¥ 10, 105 10° 10 10°, 10°, 10, 23z
10°%fwn)2 HE & F Fd 1mE 6m 07% soft agarst ZUSA 4L F
A7 9eme PDA F@ufz|o] ghAl =L3 1, chloroformo] 2A13F < =& A A}
F. oxisporum @5 & AZ& F BCoAAN dFY T i F A Aol &

B3 A
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Effect of bacterial concentration on F. oxisporum

Mycelium diameter (cm)

Bacterial concentration (107cfulml)

Fig. 50. Antifungal activity according to the concentration of Xenorhabdus

nematophilus

AT wigde] FEr 10°FERE 105 107, 283 10%cf/mAREEE  FALY
2ozt lem vIRoZ 713 & FZAEFE UENNAAT MR FFH Role
YelgA eskeh (Fig. 50). a3 105 =4 10° 10%cfw/m7tA e S #
Abe] Zol7t 25mul ez 7Y ¥e 22 10cfw/me AYHGS o o 35
g4 2 A7 de Aoz 2AHUD. gty FBe) FFEZ JAAANAAE 10°
TR Mg AR A2 YERY.
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2. F4AZ9 Shide) g S2a7

1) FAAFAAN B2 fractionse] HIAAAA

TSBuj Aol M 48212k T2t widd M NFYS 02me] membrane filterg o]-§
st A& AAs L vigYdrt 7. 28)m YA separating funnelol A ethyl
acetate®} 1'12 41 & & organic fraction® aqueous fraction®2 2zt A W AR
2algdo, 28d 429 fraction® rotary evaporatorg o] &3] 50812 % o) o}
2 ¥ fractionE-2 Hamilton micro syringe& o) &8 4,4 vt 533 §3o A
FES 2T YA 24A0FS 5T Gr|o HB3E F )1F2F ARES 24}
&Rt

Table 30. Effect of fractions from X. nematophilus of pathogenicity on

S. exigua
Concentration Fraction Pathogenicity®

organic -

X 25
agueous -
organic +

X 50
aqueous -

? Symbols: -, non pathogenicity; +, pathogenicity. Test was observed

at 24h after injection

Organic fraction& < 18AI1Ztghdl 7] T&o] WA #HYALS YA
aqueous fraction2 24A17t F<¢ HYA L AF Jehlr £atgct (Table 30). uwad
A FAM T toxineZ AZE = E7 o) organic fractiond] EA3le Aoz Aoy

A
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2) FAATANA T Toxin-like compound?] LDso

€ 508 Fx=9 organic fraction® Z+ FE (1, 2, 3, 23X 4u)2 HIHA
. ®% aqueous fraction® 8ubs} 4 ZZt 539 Do) Hamilton micro
syringeg ©ol-&3 HZFs AT HRFE 50% ethanol 409} saline solution 8uE 3
FaAS. 2I YA 2425 B5THIE7e) BEE F 7FTE5 AYES =
AH3H R ot

Aqueous fraction& 7]F &%l M BAHE dehhA R37] W&o LDg
& T87] o2 Yoy organic fraction® 4utolA G NFE2F BEF o xAHeg
I 1AM e 24A3 B AMRES HElA] REgo. wetA LDy = 232 (181 <
LD < 2.27), Slope = 10.86 + 3.74 22 ZAIH Yt}
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A4d BAAFAY 371845 g

L Azxs s A A4
iR o AFe ofolo FEXHUE o Axs Ao s AEHL %A &

o ARSI Um)Wdl €0 e MFol 25E1T, % 50% FFEe =AM 34]
kel 50%9) AAMEE UEHAY (Fig. 51).

100

F=44.8, df=512, P=0.0001

3

Mortality (%)

0 60 120 180 240 300
Time (min)

Fig. 51. Susceptibility of Steinernema carpocapsae to desiccation in a condition (25

+17, 50% RH)

oX

WAL ‘98 ATl FHEen -10CoAA 50%HAeo] 2A3E AR 2
k. g WA HLMF FAeAol 2AEJUG (Fig. 52). #F7I1UJA, A=
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2ol=7, Jtutvio]EA, IGR Fol ZAHNALH way PR AIYE 2goy

#% methomyl 450 o] & F4A4E e

100,
O
A
80} v
led
— o]
E el °
b
£
£
t 4o
=
20 -
o-— -:;

0 250 500 1000 2000 4000
Dose (ppm)

Fig. 52. Dose-mortality of Steinernema carpocapsae to several insecticides

2. AgAE G A

W dzS Adatz] s -10CAlA 2A13 Mg & F 715 ZEstod g
AdE F2 BHEFAT. RIAG AFE Ader] A3 25:1TCTAA 323 M @
A 715 AFsHA g5 AdE F2 BEHAL. Fiuielo]lEA 524 methomyl

A AYH M2e MustA A8 o] oA 400ppmol MU T BEICH L8 T

tlo

SCAM 24N B & 9 713 AFse] FAUE 41 wEas
AdAtizt egghel] wel zZt A% 2 AP FsE Bolx Rk
(Fig. 53). o1& 29 2H@elA FH% Wol7l HYgd Fddnin GARG,
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100

Selection to dessication

go | (F=0.27 df=5,24 P=0.93)
60
40

o—© —@ @— 4\.
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0 L
100

Selection to coid
80 | (F=6.64 df=5,24 P=0.67)

60 -

w. TS —9 —o o

20 -

Nematode survival (%)

100 -
Selection to methomyl

80 [(F=2.19 df=3,20 P=0.12)
60 |

40

20 | ./.\‘“*—0

1 2 3 4 5 6
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AS5A 5718 AF9 #7RAAA H7t
1. 5l (Bombyx mori)o] 4§ <4AA H7}

F 7HA AERAY (AAAAAY, IFAYRLE oo dF TF7PAF

B8 48t
1) AARAZHAY

Wy 0 BEW (0, 4, 8 16, 32, 68, 136 Js/ut - larva)2 2AHY TFPAHFL 47
9cm9] filter paper’} Z# 2 petri-dishell Micro-pipetteg ©]&3t 2004 T FH
FAFRAS. dFol NH petri-disholl Foll & 308 Fo AFAE S A A sH
o HEFe $E G 3WEoz TSN, vy T 6rlale 53 3UE ¥t ¥
ARG iz TE AF5E MY T3P LAZ EYRAE AY ¥ 24/~Rll

FALE T2A A ZAMSEA O

23 : LCx = 3 IJs/larva, Range = 474 < LC < 2858, Slope = 423 + 1.86

3 YAFol T FAM FHeo] HYL 3JslH LCxe YEINE Roz =
AFEIT @ 25 AAFo]l AEE Folv 24AT ATA AEIAT . 23y
°](1999)¢] AN Ze Yul g FQ shhvhiat dulAARbEE qaes &
Ae W T3P UHFY LCoS o 50Js22 ZAEAT. watA Fol:= mhubvura
AU RY FiFez ZFHAAF dato Zedd Reg 2AE Y.
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2) ALY

Wy FEE (0, 4, 8 16, 32, 68, 136 IJs/uh - larva)E A Y TFHYMEFE AH
9cme] filter paper’t 22 petri-dishol Micro-pipetteS ©]-§3%t 20044 F1nF
Folo] Fe FAFAT. AHFe % B WELZ FAHJLH, vE T 69
o 5% 39€ Fo7t AT dE2Fe AFFE AP TFHAHZY 5
AzAe A F 24X BFHL2 AR ZALSHE .

A3 LCsx = 120 IJs/larva, Range = 12.87 < LC < 32.74, Slope = 430 £ 141

Filter paper method®} B]$3%F 120IJsZ LCs°] ZAME ST

2. 18709l (Pristomyrmex pungens Mayr)o] g 714359 49y #A

Wy C FEEE (0, 50, 500, 5000, 50,000 IJs/m - larva)2 ZA4¥® ZFHAAFE
micro-pipette g ©] 83l 3m¥ SFILF 500m vlolAC At Hole A& H
2RE ol§3tRed, EFES IRFF7IAA 121TAA 2083} ZZHANeH I3
&
Z

o2 7

2 25g 4 ®Hlo]A <ol FAY FEEFFL AA lem 2719 Fol| FHRTFE

X

g

Hlol7 oto] AMelsAch MelFE s0mHe A Avez FHPUeH,
225 APY A% w20 AYHY BHRANE Ay T uNT D
Az =AY h

BN

fr

o
4
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Table 31. Effect of Steinernema carpocapsae on the surival of an ant,

Pristomyrmex pungens Mayr

Nematode treatment Number of death out of 50 ants .
Mean mortality

(# Is) [ I m
150,000 2 3 2 467°*£1.15
15,000 4 2 0 4+ 4
1,500 0 0 0 0
150 0 0 0 0
0 0 0 0 0

The data represent the mean and standard deviations of three replicates.
The asterisk indicates significant difference between control and bacterial

concentration at P<0.05(%).

23 : 150005 150,0001)so =2 dFo] MEH T 4%} 467%9 ALRE
ZALE QAL HFe) FAL QT (Table 31). WA =82 gy 25944
T 220 daty nFxe ZEH AFd =2HAS o AR dFE 1K

T A2 ZAEAY.

3. 2%7144% E570 U 54 A7
Sbte 7172 olgsed 2ANY  @2HA4 A3 Steinernema
carpocapsae® 10° SE2 8o SPF R=o] ZAAT Fodstdch SAZE Iy %
deen o4 7 12vteld AWANT. 4% 5o F D1, D3, D7, D4, D219 2
Aoz We £A%% A%E 2483 D3, D7, D4, D219 grAoe fgss A
A7EE HASUG. 2AY AUATANE WAL AAsn 9, 2% G Fz
Aste] M%) BERE FARAT. M2 AL A Zze QY] ANE
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2mee] AFFUA AT FelM AF e {FFE FUHAU.

o] Yol A =5 YA MFQ Steinernema carpocapsaed MUY A= 4
71 F %o §¢F BFAN ou o FFAE A oy, FHE WY
ANAME FUHo2E oo YAY AF £ dET Aol7t glo] FEAHY
%742 9o (Table 32, Fig. 54, Table 36), ¥AT B7dM= A5 #2HA
okttt (Table 33). olgi@ 2}z Rol TFHYA HF<Q  Steinernema
carpocapsae = R o] W olFA {FaAEge] gl Aoz Aleldn
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Table 32. Weight change of the rat after application of Steinernema carpocapsae

Number Sex & Weight {g) after treatment period
of test Number
cage u DO D1 D3 D7 D14 D21
31 219 228 231 S
31 22 215 225 229 S
23 241 259 262 S5
2250 | 23733 | 2407
Mean = SD | 1140 | +188 | #185
31 224 239 253 271 S
s T 32 226 244 263 284 Sy
23 230 251 %7 283 S
2267 | 2447 | 2610 | 2810
Mean * SD +31 +60 | %72 | =89
31 220 234 %52 274 281 Sie
s 12 234 251 268 303 201 Su
23 227 245 272 303 208 S
2270 | 2433 | 2640 | 2933 | 2900
Mean = SD +70 | +86 | *106 | *167 | +85
31 242 260 276 304 335 341
3V 12 228 244 263 290 319 324
23 215 232 239 263 204 295
Mean + SD 2283 | 2453 | 2593 | 2857 | 3160 | 3200
€an = +135 | =141 +188 | *209 | +207 +236
21 219 279 232 S -
21 22 212 230 28 S
23 203 211 211 S
2113 | 2233 | 2237
Mean % SD +80 | *107 | =112
21 212 277 235 253 S
e 22 222 23 237 254 S,
23 200 209 216 226 S
2113 | 2233 | 2293 | 2443
Mean * SD +110 | +129 | *116 | *159
21 200 210 220 238 258 S
em 22 215 227 230 240 252 Su
33 215 231 242 246 957 S
2100 | 2227 | 2307 | 2413 | 2557
Mean £ SD £87 | +112 | *110 | *42 +32
21 208 218 232 236 254 240
2N 22 217 228 238 251 250 248
23 222 231 245 253 251 243
2157 | 257 | 2383 | 2467 | 2517 | 2437
+
Mean * SD +71 | 68 | %65 | 93 | =*21 +40
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Table 33. Autopsy test of Steinernema carpocapsae in the orally treated rats

I Decision
Rep. [Js/rat Organ after 3day after 7day after 14day after 21day
Blood Non Non Non Non
Stomach Non Non Non Non
31 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
32 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
%3 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
1 1¢° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
22 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
%3 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non

' 'SI’ and ‘LI’ represent the small intestine and large intestine, respectively.
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A6d TAUAES FRQAAE H7}

1. %l (Bombyx mori)o]l @& <A H7}

D AT 54 24

Tryptic soy broth (TSB, Difco, USA) AollA 48A1% T wigd FAATES
4,000 rpmell Al 383 A4 EE gt wiAGEES AANL AFFE 33 AH £ %
=9 (10° 10° 10, 10° cfwm)2 248 A7 d=do] Fol9 AFAEE 58 5
A A F petri-disho]l Helsdch. AFe 3NER FAHAoH, 6ute]9 5
3 398 ¥l AFHAADG. HRTFE 07% NaCl A FFoll Mg Folo AFAIE
& AHgEATh SAZRAE AE F 24AL HF o 7930 AR

Table 34. Effect of Xenorhabdus nematophilus on the surival of an ant species

Bacterial dose Number of death out of 50 ants Mean mortality
(cfu/ml) I I m
150,000 3 2 3 4444 = 962
15,000 1 1 0 11.11° = 962
1,500 0 0 0 0
150 0 0 0 0
0 0 0 0 0

The data represent the mean and standard deviations of three replicates.
The asterisk indicates significant difference between control and bacterial

concentration at P<0.05(") and P<0.001(*).
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B AgoMe FAAZFY $=7 10° chu/meol A o 44.44%9 Follo] iy AE
go]l ZAEUTH (Table 34). wahy 2FHAMFAAN  Ed IFHYAZ
(Xenorhabdus nematophilus)®l Folo] 93g ZFohe ol FAHAAL. 2y 10°
cfw/miol A& oo el o}Fd FFL vXA e Aoz AEHUG

2) 872 v HF 44

F=d (10, 10°, 105 10° 10% 10°, 10° 10, 102 249 FAAMFo Solye
0.75% Saline solution 2E To1¢ ¥7 Wl Hamilton micro syringeg o]& 3}
FAF G dZFE 0.7% Saline solution 248 FAIY S A7 & 9 24
BEoz FAHNULH, vty T 6ulel9 53 39d ¥t Ag=dct. FYATY o
LA RAFE FA F 24X HF o2 3Y 7R A .

LDs = 1.4x10°, Range = 121.63 < LD < 9944 , Slope = 0.72 * 0.23
2 AdYodA A Foldd dd FAATY dFE AT waAANsEE 1,40070
o E24rt ey, vy (LDs = 26+08)7 HlEsle] Hudlxez gs
d mle Aoz 2AEUYG a2y EEHAXMZAA B FAAZ A7 ¥

BFAA FAE AFAS Jehle Aoz ddgdd

2. 28719 (Pristomyrmex pungens Mayr)o] d& AN HLY AA
Tryptic soy broth (TSB, Difco, USA) Aol 48213 H<¢t wjgdd TAHAFE

4,000 rpmol A 383 FAEY &t wAAZ RS AAST AFFE A A A A&

tUe Hxd (105 10° 107, 10° cfu/m)E® ZA Y AT degde AL vlAAL 5B
B¢ AAAZN F 500me oA HsA EFS mgATFIIAA 121TCTHA 20
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T AFHUNeH Hds By A FAL FEFFL AA lm 2719 Fo FF
TE ZA o] Adof AdAh HYFE F=T B2 FAHYo, wE
F 50vtele Jiv] FeeE FAHNLH, dxFTe 4TS MY A& v2Ag
Attt SARAIE Ag §F 24N BHo2 743 2AEAG

Aelgd BAATEY TEV 5EFE AR g0 FUhEAT w2 AYPdME
TEHYRFAM 2@ FWHE (Xenorhabdus nematophilus)ol 7Hulol Al 4 &g
FUT (Table 35). Y olfr& 7imle) F&o] AT Yt FAFEC 254
AN 28 ATl #Hlse dAIZE gaM A G e RO
2 Atelgdh

Table 35 Effect of Xenorhabdus nematophilus on the surival of an ant,

Pristomyrmex pungens Mayr

Bacterial dose Number of death out of 50 ants Mean mortality
{(cfu/ml) I I m
10° 50 50 50 100™ + 0.00
10 50 50 50 100 = 0.00
10° 46 40 50 90.67" *+ 10.00
10° 40 38 36 76 £ 4.00
0 10 2 3 10 £ 800

The data represent the mean and standard deviations of three replicates.

The asterisk indicates significant difference between control and bacterial

concentration at P<0.05(") and P<0.001(*").
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3. 2371 BAF i A 54 34

cTEdE AT g 100559 Y UE SPF A= 45 Z 120184 1w
AT Fostfen, 74 dz7E & 3749 SIS 1Y HFEHATS
FAG. AFE FAs7A AFE FAT F AIE AT FAG ¥ 1, 3, 7, 14,
219 A2 FFA SAHAY. 2L @R AFHLR ¥ F£AsL 3,7, 14, 219
BALE RS AT, AT AYgFdAe Y, 9, 2%, dFE AFHAC
A WFEZ71e A A& ARE &Astr] At FAF Fr1e 4 3emB =
g AL20F 2me AFFo) A7E 58D AAsn FUivt AHE dTT 200mE
NBTAu| Aol 2E 3t 48212 Wl ¥ Ao FHARE FAsHT

2 4gIAE 2299443 FUAZY Xenorhabdus nematophilus€ 717
7 Ra@ Y=o AT ANE 2WY A7 AT ATl 9P FA Y= e
2 uehdth (Table 36, Fig. 54. 28% A& SASE o3l EAMY sn
(Table 33). AYTHANM A% ¥} 719 AZHTE FA57] Qs o) W
@ A% X nematophiluse WP YT (Table 3. Iedu FulAgd Sshs
Be 79 AZEo MYNYOD o] FEE BFAY Xenorhabdus nematophilussh
S 284 Ads @ #S2 Uehdth (Table 39). U8o] A8 ¢ SPF A=t 4%
S RAH BHAH YRTH MEYS @ o3 ool AL, HE £ Y]
59 597 BRANE HEZTS o] okRA P VA Y= o BAHYL.
A9 F A2L A A=e FAY F3R0) 27 wiey Ao 2ARY
AF Aao] YA N BRHALH, o= AU FA SAHolol B A
# ool FAUZ BE Fodso] AYE Roz AVHAL AR ¢ Age oy
Aoz Adgn
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Table 36. Weight change of the rat after application of X. nematophilus

Number Weight (g) after treatment period
of test Sex &
cage |Number|  pg D1 D3 D7 D14 D21
51 241 265 266 Ss
51 32 234 256 260 Ss
33 229 247 256 Ss
men = 5D | B0 | 200 | %eq
31 220 235 252 282 Sz
s 52 238 254 278 316 S:
23 229 245 258 283 Ss
v =50 | 20| AT | BT |
51 227 DO - - - -
41 52 237 255 265 302 337 S
53 239 256 27 301 332 S
Mean +sD | P67 | D07 | Tap | Fo7 | a5
51 230 DO - - - -
IV 52 225 238 254 282 314 323
53 226 241 260 290 3% 332
Mean + SD 2270 | 2395 | 2570 | 2860 | 3200 | 3275
+2.7 +21 +42 +57 +85 +6.4
21 217 221 229 Ss
21 22 200 205 205 S
23 213 226 215 Ss
e = sp_| 200 | 3285
21 209 220 224 239 Ss
91 $2 202 212 223 235 S:
$3 197 204 208 222 S
Mean = SD | Tg0 | 5o | =mo | gs
$1 200 216 224 240 232 Sia
$m $2 206 217 227 242 244 S
23 218 DO - - - .
Mean £ SD | gy | %ag | oy | 14 | es
$1 214 225 231 240 251 242
SNV $2 211 DO - . - -
$3 218 227 235 250 250 239
Mean + SD 2143 | 2260 | 2330 | 2450 | 2505 | 2405
35 +14 +28 +71 +07 +21
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Table 37. Autopsy test of Xenorhabdus nematophilus in the orally reated rats

Rep cfu/rat Organ' Decision
after 3day after 7day after 14day | after 21day
Blood Non Non Non Non
Stomach Non Non Non Non
31 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
32 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
33 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
21 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
22 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non
Blood Non Non Non Non
Stomach Non Non Non Non
23 10° SI Non Non Non Non
LI Non Non Non Non
Excreta Non Non Non Non

' 'SI’ and ‘LI’ represent the small intestine and large intestine, respectively.
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Table 38. ANOVA on the body weight changes of the test rat treated orally

with S. carpocapsae (1Js/rat) and X. nematophilus (cfu/rat)

Source' df SS MS F P

TRT 2 270.20 13510 1.02 0.3611
SEX 1 119023.61 119023.61 900.80 0.0001 |
AGE S 146747.32 29349.46 222.12 0.0001
TRT*SEX 2 4039.33 2019.67 15.29 0.0001
TRT*DATE 10 1051.26 105.13 0.80 0.6331
SEX*DATE 5 28275.72 5655.14 42.80 0.0001
TRT*SEX*DATE 10 1563.35 150.33 1.14 0.3340
ERROR 270 35675.54 132.13 65.07

Total 305 336586.33

' "TRT’ represents three treatment including control, S. carpocapsae and
X. nematophilus.
'SEX’ represents male and female rats.

'AGE’ represents the days after treatments.
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Table 39. Other contaminated bacterial flora in different organs of the tested rats

Bacteria isolate from Rat (%)

Organ of rat . Bacteria
Control Treatment
Proteus vulgaris 3567*£31.34 10.07£8.99
Proteus mirabilis 26.73£23.16 -
Proteus penneri 21.73+18.84 -
Klebsiella pneumoniae 30.53+26.67 11.00%£10.26
Stomach  Klebsiella rhinoscleromatis 30.53+26.67 -
Klebsiella ozaenae 17.67+1587 10.07£8.80
Enterobacter amnigenus 26.60+23.04 -
Enterobacter aerogenes 20.10%17.42 0.13*+0.15
Enterobacter agglomerans 897+7.98 15.37+14.27
Stenotrophomonas maltophilia 46.17£39.99 12.57+10.99
Yersinia pseudotuberculosis - 14.30+12.43
Large Acinetobacter calcoaceticus - 22.63119.67
intestines Acinetobacter radioresistens - 13.23£11.68
Micrococcus luteus 19.87+17.22 22.20£20.67
Deinococcus erythromyxa - 22.63+19.61
Bacillus megaterium - 1953+17.30
Bacillus psychrosaccharolyticus 6.83%£6.01 3497+£31.97
Small
intestenes  Staphylococcus xylosus 9.43+856 26.53+£23.10
Staphylococcus saprophyticus - 12.10+12.92
Brevibacillus brevis - 16.87+1547
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