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SUMMARY

I. Title

Environmentally Friendly Control Development of Greenhouse Foliage Insect

Pests with Korean Indigenous Steinernematids and Heterorhabditids

II. Introduction

Not only control of foliage insect pests with indigenous microbial pathogens,
steinernematids and heterorhabditids is corresponded to the world-wide
tendencies to preserve stable environment but also these are alternative effective
biological control agents to realize efficient IPM of insect pests instead of
chemical insecticides. About 140 insect species have been developed and being
commercialized as natural enemies. 18 kinds of microbial insecticides are also
developed from some insects and commercialized. Although the proportion of
predators and/or parasitoids or microbial pathogens such as steinernematids and
heterorhabditids to total agricultural pesticides are expected to be increased to
control of insect pests, biological control of insects in Korea are dependent upon
exotic natural enemies. However, many effective indigenous natural enemies
such as steinernematids and heterorhabditids can be obtained from searching of
potential control agents and development of utilization technique of them.
Detection of control agencies and studies on biological and ecological characters,
field tests, application techniques of them are required to enhance utilization.
Therefore, the objective of this study is to control of greenhouse foliage insect
pests efficiently with entomopathogenic nematodes, steinernematids and
heterorhahditids.

Because entomopathogenic nematodes, steinernematids and heterorhabditids, are

safe to vertebrates including man, plants, and other nontarget organisms, Killing
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only target insects, and can be easily cultured, some  steinernematids and

heterorhabditids are practically being used in golf courses to control white grubs.

Developed biopesticides such as entomopathogenic fungi or bacteria do not
penetrate into host insects whereas steinernematids and heterorhabditids can
actively search hosts, penetrate, and kill them quickly. These nematodes penetrate
hosts through natural openings. In addition, the invasive stage (infective
juveniles) of these two families carries cells of a symbiotic bacterium in the
genus Xenorhabdus for Steinernema and Photorhabdus for Heterorhabditis,
respectively. When infective juveniles enter the haemocoel of a host, they release
the bacterium. The bacterium multiplies rapidly in the insect blood and kills the
insect by septicemia, usually within 24-48 h. Especially, Steinernema

carpocapsae has a wide host range at least more than 250 hosts.

Although predators and parasitoids are effective only against above-ground part
insects, steinernematids and heterorhabditids are effective not only against
above—-ground part insects but also under-ground part insects. These two
nematodes are effective to insect pests which agri—chemicals can not reach in
water and soil. Moreover, steinernematids and heterorhabditids are compatible

with agri—chemicals and bring synergetic effect by the mix—application.

Not only steinernematids and heterorhabditids are highly virulent to foliage insect
pests such as caterpillars and coleopteran pests but also these bioinsecticides can
be easily applied without special instrument. The applied steinernematids and
heterorhabditids recycle in soil as far as hosts are present in the niche. They

also persist about 6 months without hosts.

There are many foliage insect pests on vegetables being used leaves as food.
In addition, the pests developed resistance to agri—chemicals by frequent and
many applications. The effectiveness of agri—chemicals decreases thereby. Despite

— 12 —_



the leaf vegetables are being produced by organic farming in the center of Seoul
and Gyeonggi province and expanded to all the country, there are no suitable

control tactics.

The main insect pests of leaf vegetables are diamondback moth, Spodoptera
litura, S. exigua, Agrotis segetum, Artogenia rapae, Phyllotreta striolata, and so
forth. Although biological control of leaf vegetables in greenhouses is necessarily
required, biological control is tried to only diamondback moth using
entomopathogenic fungi in greenhouses. Therefore, biological control of foliage
insect pests using entomopathogenic nematodes is recommended as
environmentally friendly control tactics of leaf-feeding insect pests in

greenhouses.

IIl. Research scopes and prospective

This study was divided into three parts, that is, 1). Detection and isolation of
Korean steinernematids and heterorhabditids and mass production; 2). Study on
ecological characters of isolated steinernematids and heterorhabditids and on
storage, temperature effect on proliferation, virulence, persistence on top and
below of plants, and recycling; and 3). Bioassay of isolated steinernematids and
heterorhabditids against foliage insect pests and practical utilization study on
them. This study obtained many new isolates of Korean steinernematids and
heterorhabditids and investigated ecological characters of isolated Korean
steinernematids and  heterorhabditids, better storage methods, optimum
temperature for storage and proliferation, and proved persistence and recycling in
fields. In addition, optimum dosage, application hour and time, innovative

approach to use steinernematids and heterorhabditids were examined.

IV. Result and suggestions

_13_



1. Detection and isolation of Korean steinernematids and heterorhabditids and
development of nematode production

1). 46 sites were nematode positive out of 453 samples in 9 provinces.
Steinernematids were isolated from 40 sites but heterorhabditids were found from
6 sites. Positive sites were 40 from forest, 3 from upland field, 3 from riparian.
Nematodes were frequently isolated from Quercus spp. and Taxodium distichum
forest, average temperature was from 9.9C to 164°C, and average precipitation
was 1,116.9-2018 mm.

2). Morphological and molecular biological characters were used to identify
nematodes. Steinernema sp. GSNUS-4 strain and Heterorhabditis  sp.
GSNUH-1were new species. Some other species will be added as unrecorded
species in Korea by analyses of continuing molecular biology and SEM

investigation..

3). Economical artificial diets was developed for the great wax moth larvae,
Galleria mellonella. Malt and sugar decreased production expenses by 6 times
and 13 times, respectively compared with honey. Head width of Galleria
mellonella larvae was not different, but weight was the heaviest in the mixed

diet of honey and sugar at the rate of 1 : 1.

4). In vivo mass production using Galleria mellonella was developed. Galleria
mellonella stored at low temperature was less pupated and developed methods
inducing low mortality and low pupation. Proliferation method using plastic

materials and new harvesting equipment were developed.

5). Effect of temperature on propagation of symbiotic bacteria and virulence
was clarified. Xenorhabdus nematophila was separated from Steinernema
carpocapsae GSNI1 strain, X. poinarii from S. glaseri Dongrae strain, and X.
beddingii from S. longicaudum Gongju strain. Virulence of all the bacteria

— 1 4 —



increased with increasing temperature. LTs was the shortest at 35C. Each

bacterium was highly propagated in YS broth at 30C and 35C within 24 h.

6). Symbiotic bacteria showed antagonistic against phytopathogens. Symbiotic
bacteria from steinernematids showed higher antagonistic against plant pathogens
than Photorhabdus I[uminescens from heterorhabditids. P. [uminescens was
antagonistic against Rhizoctonia solani, Phytopthora sp., and Fusarium

oxysporum.

2. Ecological and physiological characters of Korean steinernematids and
heterorhahditids

1). Temperature influenced pathogenicity of entomopathogenic nematodes.
Optimum temperature for inducing high pathogenicity was different depending on
entomopathogenic nematode species and strains. Optimum temperature for S.
carpocapsae GSN1 strain was 24°C, 30C for S. longicaudum Gongju strain, 35C
for S. glaseri Dongrae strain. 30C for Steinernema sp. GSNUS-14 strain, and 2
4°C for Heterorhabditis sp. GSNUH-3 strain.

2). Temperature influenced nematode penetration to host and proliferation.
Maximum numbers of penetration nematodes and propagated progenies were
different depending on nematode species and strains. Temperature range for
nematode propagation was narrower than range for pathogenicity. S. carpocapsae
GSNI1 strain, S. longicaudum Gongju strain, and S. glaseri Dongrae strain were
not propagated at 15C and 35C. Optimum temperature for propagation of S.
carpocapsae GSNI1 strain and S. longicaudum Gongju strain was 24°C while that

for S. glaseri Dongrae strain was 30C.

3). Storage period of entomopathogenic nematodes was different depending on
temperature, that is, different depending on nematode species and strains. S.
carpocapsae GSNI1 strain, S. longicaudum Gongju strain, and S. glaseri Dongrae

— 15 —_



strain were the best at 13C. Zip-lock for home use was as good as tissue

culture container for keeping nematodes.

4). Penetration of entomopathogenic nematodes was different depending on soil
depth, moisture, nematode species, and strains. Although S. longicaudum Gongju
strain was not different in penetration by soil depth, numbers of penetration of
Steinernema sp. GSNUS-14 strain were higher at 2 cm than at 7 cm. However,
numbers were higher at 7 cm in Steinernema sp. GSNUS-18 strain and
Steinernema sp. GSNUS-36 strain. Over 15% was negative against

entomopathogenic nematodes.

5). Pathogenicity of Heterorhabditis sp. Gyeongsan strain was higher than S.
carpocapsae  GSNI1 strain in deeper soil. The number of penetrated S.

carpocapsae GSN1 strain was higher at 2 c¢cm than 10 cm.

6). Presence of host in soil influenced pathogenicity of entomopathogenic
nematodes depending on species and strains. However, Steinernema sp.
GSNUS-3 strain and Steinernema sp. GSNUS-6 strain  showed high
pathogenicity regardless of host presence. Pathogenicity of Steinernema sp.
GSNUS-2 strain was low in the absence of host. Heterorhabditis sp. GSNUH-2
strain and Heterorhabditis sp. GSNUH-3 strain showed high pathogenicity
regardless of host presence, but Heterorhabditis sp. GSNUH-1 strain showed low

pathogenicity in the absence of host.

7). Presence of host in soil influenced penetration of entomopathogenic
nematodes. The number of penetrated nematodes was lower at the release of

host 4 days later than at the same time release with nematodes.

8). Ultra violet influenced survival and pathogenicity of entomopathogenic
nematodes. Small nematodes were more susceptible against ultra violet than large
— 16 —_



nematodes. Most of entomopathogenic nematodes were dead when exposed to
ultra violet for 60 minutes. Although many nematodes exposed to ultra violet for

30 minutes were alive, pathogenicity was almost lost.

9). Nematode application time was more important in nematode survival than
level of shading the light or position of leaves. Persistence of S. carpocapsae
GSNI1 strain on leaves of Euonymus japonica persisted for no longer 6 h at the
application of 09:00 and 14:00. The nematodes survived for 12 h at the application
of 18:00.

10). Kinds of leaf vegetables, growth, application time influenced pathogenicity
of entomopathogenic nematodes. More nematodes survived on Chinese cabbage
leaf than on cabbage or kale and persisted longer on old leaves than young
leaves. When nematodes were applied at 09:00 and 14:00, nematodes did not

survive for 6 h.

11). Entomopathogenic nematodes were safe to bumble bee, Bombus terrostris
and earthworm, Eisenia fetida. Bumble bees were not dead at the direct exposure

and earthworm was not infected in laboratory, greenhouse, and field, either.

12). Ants avoided infected cadavers by entomopathogenic nematodes, especially
by Heterorhabditis sp. Gyeongsan strain. Ants preferred natural dead cadavers.
Ants did not feed on cadavers by Heterorhabditis sp. Gyeongsan strain for 6 h

and showed less preference than natural dead cadavers even after 16 h.

13). Effect of entomopathogenic nematodes on predators or parasitoids were
different. Encarsia formosa, Phytoseiulus persimilis, Aphidius gifuensis,
Diaeretiella rapae, and Aphidius colemani were not infected by S. carpocapsae
GSN1 strain whereas Diglyphus isaea, Dacnusa sibrica, Aphidoletes aphidimy:za,
Harmonia axyridis, and Chrysoperia carnea were infected and Kkilled.

_17_



3. Bioassay and utilization development of Korean steinernematids and
heterorhabditids against greenhouse foliage insect pests

1). Korean steinernematids and heterorhabditids showed high pathogenicity
against diamondback moth, Spodoptera litura and S. exigua in laboratory and
screened. The nematodes were highly virulent against them alone or mixed

occurrence.

2). Korean steinernematids and heterorhabditids were effective against
diamondback moth even from 15C to 35C. The optimum temperature was
around 25C. Entomopathogenic nematodes were propagated on diamondback moth

larvae from 15C to 30C, but optimum temperature was 25C.

3). Entomopathogenic nematodes were effective against diamondback moth,
Spodoptera litura, S. exigua, common cabbage worm, cabbage armyworm,
Hymenia recurvalis, cabbage sawfly, and striped cabbage flea beetle in pot and
field. When nematodes were applied at the rate of 100,000 infective juveniles per
m’, they were very effective against most of foliage insect pests. Two or three
applications by every 3 days showed more effectiveness. Common cabbage worm

was more susceptible.

4). Pathogenicity of entomopathogenic nematodes was different depending on
kinds of leaf vegetables. The pathogenicity was higher on Chinese cabbage,

lettuce, and leaf mustard than on cabbage, kale, and broccoli.

5). The suitable nozzle for the application of entomopathogenic nematodes was
folded type. The bigger in size of nozzle, the better for common cabbage worm
control. Pathogenicity was higher more than 13% with nozzle 5 m¢/second than

15 mé/second.

6). Entomopathogenic nematodes were resistant to agri—chemicals using for
— 1 8 —_



foliage insect pest control. When resistence of entomopathogenic nematodes were
tested to insecticides, etofenprox EC, dimethyvinphos EC, bifenthrin EC, daiazion
EC, emamectin benzoate EC, fungicides, dimethomorph + copperoxychloride(Cu)
WP, metalaxy WP, oxolinic acide WP, acaricides, milbemectin EC, tebufenpyrad
EC, and pyraclofos WP, only milbemectin EC and pyraclofos WP affected

nematodes.

4. Proposal for utilization

1). Proposal policy

(1). Utilization of entomopathogenic nematodes is strongly recommended in
greenhouses because these nematodes are highly effective biological control

agents against foliage insect pests.

(2). Law on the selling of exotic entomopathogenic nematodes in Korea should

be made to protect domestic natural enemies owing to safety.

(3). System for protecting domestic biological resources should be made and

supported for synthetic researches.

(4). Foundation of seed bank of entomopathogenic nematodes is recommended

for the purpose of (3).

(5). National support is recommended to develop new technique of symbiotic

bacteria.

2). Guidance for farmers to utilize entomopathogenic nematodes
1). Environmentally friendly control of main insect pests of Chinese cabbage in
spring cultivation with entomopathogenic nematodes (Suggested for 2004 farming

guidance)
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2). Keeping optimum temperature, 15-35C, is recommended to control foliage

insect pests in greenhouses.

3). Application of entomopathogenic nematodes is recommended on cloudy day

or just before sunset with keeping high humidity.

4). Application of entomopathogenic nematodes is recommended at the
beginning of insect pest occurrence regardless of outbreak of diamondback moth,

Spodoptera exigua, and S. litura alone or mixed.

5). Two or three applications of entomopathogenic nematodes are recommended

every three 3 days for the control of greenhouse foliage insect pests.

6). Optimum dosage of entomopathogenic nematodes is 50,000 to 100, 000

infective juveniles per m'.

7). Folded type of nozzle with 15 ml per second is suitable for

entomopathogenic nematodes.

8). Insecticides, etofenprox EC, dimethyvinphos EC, bifenthrin EC, daiazion EC,
emamectin benzoate EC, fungicides, dimethomorph + copperoxychloride(Cu) WP,
metalaxy WP, oxolinic acide WP, acaricides, EC, and tebufenpyrad EC, are

comparatively safe to entomopathogenic nematodes.

9). Because predators or parasitoids, FEncarsia formosa, Phytoseiulus
persimilis, Aphidius gifuensis, Diaeretiella rapae, and Aphidius colemani are not
infected by S. carpocapsae GSNI1 strain whereas Diglyphus isaea, Dacnusa
sibrica, Aphidoletes aphidimyza, Harmonia axyridis, and Chrysoperla carnea are
infected and killed, entomopathogenic nematodes should be not to use when
Diglyphus isaea, Dacnusa sibrica, Aphidoletes aphidimyza, Harmonia axyridis,
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and Chrysoperla carnea are present.

10). Let people know that entomopathogenic nematodes are safe to bumble bee,

earthworm, and ants.
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Fig. 1. Entomopathogenic nematode positive sampling sites.
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Table 1. List of entomopathogenic nematode, Steinernematid and Heterorhabditid
isolated sites

No. of positive entomopathogenic

No. of total collecting site nematode sampling site

Province
Mountain Upland Riverside Total Mountain Upland Riverside Total

Gangwon 15 48 3 66 2 0 0 2
Gyeonggii 23 13 - 36 4 0 0 4
Gyeongnam 7 38 9 124 3 0 0 3
Gyeongbuk 82 23 16 121 22 2 3 27
Junnam 13 - 1 14 0 0 0 0
Junbuk 13 10 1 24 1 0 0 1
Chungnam 10 18 - 28 1 0 0 1
Chungbuk 6 11 - 17 3 0 0 3
Jeju 7 8 8 25 3 1 0 4
Total 246 169 38 453 40 3 3 46

Table 2. Detection rate of entomopathogenic nematode, Steinernematid and

Heterorhabditid in Korea

No. of positive sampling site(%)

Site collec‘?i'n(g) site
Steinernematid Heterorhabditid Total(%)
Mountain 246 36(14.6%) 4(1.6%) 40(16.3%)
Upland 169 3(1.8%) 0 3(1.8%)
Riverside 38 1(2.6%) 2(0.8%) 3(7.9%)
Total 453 40(8.9%) 6(1.3%) 46(10.3%)

i

SHAEAS Y A9 AdEEs FUSF AR NN 304%7F el E
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P AEE]l wdon, 9dE MR 283%7F HEH A H(Table 3).

Table 3. Dominant species of entomopathogenic nematode isolated site

No. of positive sampling sites(%)

Dominant species

Steinernematid Heterorhabditid Total(%)

Taxodium distichum 12 1 13(28.3%)
Quercus spp. 13 1 14(30.4%)
Alnus japonica 1 1 2(4.4%)
Robinia psedoacacia 1 0 1(2.2%)
Fraxinus rhynchophylla 1 0 1(2.2%)
Other broad leaf tree 10 1 11(23.9%)
Turfgrass 2 0 2(4.3%)

Weed 1 2 3(6.5%)

Table 4. Meteorological characteristic of entomopathogenic nematode isolated site

Isolated site  Mean temp(T) Max. temp(C) Min temp(‘C) Precipitation(mm)

Baegbongryeong 13.3 27.8 -2.9 14279
Ansung 12.8 30.4 -6.5 1217
Pocheon 11.17 30.1 -9.8 1534.5
Cheonan 12.31 30.6 -8.8 1363.3

Bongwha 9.9 28 -11.6 1354.8
Yeongyang 12.13 29.7 =79 1408.5
Yeongdug 13.55 29.7 -3.6 1272.9
Pohang 15.1 30.8 -1.6 1403
Sangju 13 30.6 -5.6 1284.8
Jeju 16.4 31.2 3.2 1333.8
Suguipo 17.8 32.3 3.8 2018
Ullung 13 26.7 -0.5 1955.3
Yeongdong 12.13 30.5 -8.3 1503.5
Mungyeong 11.9 29.3 -6.7 1505.3
Gumi 13.6 30.3 -5.3 1286.9
Milyang 14.4 32.7 7.1 1377.4
Yeongcheon 13.1 30.2 -6.4 1116.9
Guchang 12.3 30.9 -85 1547.8
Jangsu 109 29.1 -8.8 1398.3
Wonju 12.9 28.2 -3.3 1401.9
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T @ AFES 17 2FY AAWstEA 1AHQ &5 ERstal, o] F
SoolE F2E WE Ue T8 FHA SAES siTdAnAdstelA 86 &
o= 2o A AFS EHFEAEUY FFdd HE 3 F 293 59 =
FAH U S Ringer's solution aholl A siF-ate]l dEs wals) wisdeh &gk A
%< Ringer's solution®] 9AYE nAWOR 27| 1AFH 60TCE #2 S
Ya 287 FAv &2 wjula TAFS Ringer's €92 1 : 12 4o 60C=2 ®¥
agye Yae 1247 & 1A NS wjg i, double-stenth &S H7bsto] 12411
FAth

- TAF : Formalin(40% formaldehyde) 7 ml + Triethanolamin 2 m{ + &< 91 ml
- Ringer's solution : NaCl 9 g +tKCl1 04 g + CaCl: 02 g + /5 1 #¢

o] F Glycerin IFHHoz nAHH AFo] 59 Udv A nAHAS wia
Seinhorst's solution I & ¥tk 1AWS &29 1/27FF¢] 95% alcoholo] =91 9L
= desiccatorel o] 35T @d-27]o 12417 B3 H 1240 & nAES A
Seinhorst's solutionlI & 2 W& #H7}slal, Petri disholl A H

glassE W% Qa1 40C =71 3A1F &<t LA

- Seinhorst's solution I : Glycerin 1 m¢ + 95% alcohol 20 m + S/ 79 md

g ] M]q— Cover

- Seinhorst's solutionIl : Glycerin 5 m¢ + 969 alcohol 95 ml
HE o AZFE slide cleaning solution® % slide glass®} cover glassE # #2 t}
+ glycering % W& "ol glycerine] 11A4g AFS ¢ WFor A gt
A
=

dA 59 oS A pEAdd Adder Fa, AdawEe] AVA &

’

F>
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=9 3 of Yol 28 B ¥ ¥, F& A
solution(pH7.3) 2.2 33] Al H3ltt. A 1A A A= 8% glutaraldehydeE %

Ao A 2A 7 FUAY. E=HFE 33 AFH S, Osmium tetroxide(O0)E 3+ A 7F
1 GAE AFT FHTE 33 AAFg F, 30, 50, 70, 90, 95, 100% ethanol =

= 3
g A AT A% S FAMEN Aoz #AEskY )

rlr
R
ol
ok

A
A% DNA Ed: A% DNA9 E3+= 54 lysisg o]y Phenol:Chloroform
WS o] 831% ¢l nuclease—free water (Promega)o] E8]2 o2 MES zZols

o] ZA] PCR9 template® O]’Q”:O‘}t st S YA Steinernema®l 7

=
T =2 gyl £59 FodA e dRAASTS Aud SHFE Ay W AT
ol WS ZEsA Ao & ve, AT dWe E7]E kimwipes® A# w1l 10

w2 nuclease-free water (Promega Co., Madison, WI)7} A% multicell plate
(Nalge Nunc International, Rochester, NY)&® 2 tt. A& 2387 dajxe= &

S BEEo® Fa¥A B EF92E IH S wrEo] AMESAT ASS e
3 A AeE dAtE ZolE v, 3 WE PCR tubed %74 tWE PCR reagent®} 49
+ ¥ FA PCRS Al d3ksitt

PCR %% Y sequencing: PCRS 3l = PCR buffer (10 mM Tris-HCIl, 40
mM KCl, 1.5 mM MgCl, pH 9.0), 250 uM dNTP, z+Z} 05 uM primer, 1.0 U of
Taqg DNA polymerase (TaKaRa Bio Inc. Shiga, Japan), 2|1 3 gl DNA
templates &3s F 50 w7F ¥H& o] &= Art Ribosomal DNAdmI ITSE %
3}7] ¢ 3%+ primeri= forward primer, 18s: 5'-TTGATTACGTCCCTGCCCTTT-3’ <}
reverse primer, 28s: 5'-TTTCACTCGCCGTTACTAAGG-3'7} A¥E A}t (Vrain
et al, 1992). 44 PCR %712 95ColA] denaturation (1 min), 56 C°l A annealing
(30 sec), 72TColA extension(lmin)® 7% 35cycle®} %7] 95C, denaturation (5
min) 281, BFAY 72T, extension (10 min)e] 7} H Y. PCR program<
DNA thermal cycler (Biometra, UNOIDo| A &% o™ PCR products (5 wl) &
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1% agarose gel electrophoresis® %3}o] 3eldidt). 2w P

PCR purification kit (QIAGEN Inc., Santa Clarita, CA)Z o]-&3}o], A3 t}& n}
2 CoreBio segencing service centeroll 4] sequence H % th ¢k 1 kb= 7]2] DNAA
A Z7]1E sequencedt’] $1dte], the2 F 7H9internal primerE * 718}t KN5S,
5'- GTATGTTTGGTTGAAGGTC-3' < KNRV,
5'-CACGCTCATACAACTGCTC-3" (Nguyen et al., 2001).

Multiple Sequences Alignment: Steinernema sp. GSNUS-4ZHE dojz ITS
DNA sequence H¢|H & GenBankel ©|v] 5Z% 1059 t& Steinernema ITS
sequence dl°o]E ¢} st/ CLUSTAL W (Thompson et al., 1994) X2 133 o]-&3}
o] v, BEAESTE GenBankoll Al 38 1059 steinernema £ 3} access W&
= gey 2vt S carpocapsae (AF121049), S. bicornutum (AF121048), S. feltiae
(AF121050), S. oregonense (AF122019), S. monticolum (AF122017), S. neocurtillae
(AF122018), S. glaseri (AF122015), S. scapterisci (AF122020), S. ceratophorum
(AF440765), S. intermedium (AF122016).

Restriction enzyme mapping: Steinernema sp. GSNUS-42] ITS DNAo| tjgt A
e ZE 9% " cutting size 52 B H+E internet program@l, Restriction
Mapper http://www.restrictonmapperS E3le] Ak H, 71E 1059
Steinernema ITSq o gk Al gtg A9 AR = website

http://kbn.ifas.ufl.edu/50seqcut.htmol] Y ERY Tables #1389l
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Table 5. Length of first generation male of Steinernematid (cm, N=20)

e
As HAd +4 % A= me ny 22 F2 F4
oA ~ EP NR 9 A4 D&
HE AE Ho] F Aol Ao £ o 2AE Aol Z T
1

S-16 1.367 0.126 0.006 0.005 0.068 0.115 0.157 0.033 0.054 0.068 0.013 0.035 0.005 0.433 Sc

S-14 1.226 0.107 0.006 0.006 0.083 0.111 0.159 0.030 0.060 0.083 0.013 0.059 0.008 0.521 Scer

S-13 1.303 0.109 0.006 0.005 0.069 0.101 0.149 0.035 0.050 0.067 0.010 0.031 0.005 0.472 Sc

S5-10 1.335 0.122 0.005 0.005 0.077 0.086 0.155 0.033 0.055 0.067 0.013 0.031 0.005 0.497 Sm

S-9 1.420 0.114 0.005 0.006 0.076 0.108 0.149 0.036 0.053 0.070 0.012 0.032 0.005 0.510 Sm

S-8 1.465 0.113 0.005 0.005 0.082 0.111 0.147 0.033 0.047 0.070 0.012 0.033 0.005 0.556 Sm

S-7 1.489 0.126 0.006 0.007 0.075 0.107 0.152 0.042 0.056 0.067 0.014 0.029 0.006 0.495 Sm

S-6 1.542 0.112 0.005 0.005 0.076 0.103 0.154 0.037 0.053 0.072 0.012 0.029 0.006 0.493 Scer

S5-5 1.137 0.089 0.005 0.063 0.061 0.090 0.129 0.032 0.040 0.063 0.010 0.035 0.006 0.476 Sc

S-4 1.396 0.106 0.006 0.006 0.076 0.112 0.155 0.036 0.051 0.070 0.012 0.033 0.006 0.492 Scer

S-3 1.491 0.126 0.005 0.006 0.077 0.104 0.151 0.033 0.044 0.073 0.011 0.040 0.004 0.511 Sm

S-2 1.296 0.112 0.005 0.006 0.073 0.094 0.150 0.033 0.053 0.065 0.012 0.032 0.005 0.485 Sc

S-1 1.279 0.097 0.005 0.007 0.063 0.108 0.132 0.030 0.047 0.064 0.012 0.030 0.008 0.483 Sc

EP;, FHF-wlAd37tA]  Zeo], NR, THF-AAE37x ZAeo|, DE; EP/ES, Sc
Steinernema carpocapsae, Sm; Steinernema monticolum, Scer; Steinernema

ceratophorum
— 4 O —_



Table 6. Length of first generation female of Steinernematid (cm, N=20)

g T

A% HAd 74 2w med
o AF T7% EP NR 2o SE7A D&

3 AE Aol 4 o] o]

Z 4 o]
S-16 3.717 0.227 0.010 0.009 0.068 0.141 0.193 0.037 0.042 2028 0.358
S-14 3533 0.212 0.014 0.011 0.073 0150 0224 0033 0.039 2007 0.324
S-13 2934 0.187 0.008 0.009 0.066 0.143 0.157 0.025 0.029 1507 0.421
S-10 3.022 0.230 0.008 0.008 0.069 0.126 0.168 0.040 0.049 1676 0.416
S-9 3516 0.186 0.007 0.008 0.067 0122 0.156 0.039 0058 1.236 0.428
S-8 3.849 0.186 0.008 0.008 0.069 0.152 0.191 0.024 0.031 2102 0.361
S-7 2643 0224 0.008 0.008 0.073 0121 0.158 0.038 0.062 1412 0.464
S-6 2498 0.160 0.008 0.008 0.062 0123 0.158 0.039 0.040 1.257 0.393
S-5 2791 0.169 0.008 0.008 0.057 0.118 0.155 0.039 0.052 1670 0.366
S-4 2676 0.191 0.009 0.008 0.065 0.118 0.178 0.037 0.041 1399 0.367
S-3 2.885 0.227 0.009 0.009 0.068 0.121 0.181 0.042 0.045 1500 0.566
S-2 2490 0.177 0.008 0.008 0.064 0135 0.166 0.039 0035 1301 0.386
S-1 2805 0.172 0.010 0.008 0.052 0.105 0.159 0.027 0.037 1563 0.326

EP; *75--uj

S7HA Aol NR;
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Table 7. Length of second generation male of Steinernematid (cm, N=20)

FE A
=]

A% A 7 % 4% 1) g PR HA
A% EP NR 59 A2 D&
ME 0 A% g % o] Aol A% Qo %

% o

S5-16 0.793 0.053 0.004 0.004 0.059 0.091 0.126 0.028 0.031 0.049 0.008 0.022 0.004 0.470

S-14 1.141 0.067 0.006 0.006 0.067 0.107 0.149 0.028 0.037 0.077 0.010 0.043 0.006 0.450

S-13 1.022 0.062 0.004 0.005 0.071 0.102 0.140 0.034 0.035 0.054 0.008 0.021 0.004 0.502

S-10 0.973 0.059 0.004 0.004 0.075 0.094 0.137 0.029 0.033 0.054 0.008 0.039 0.003 0.550

S5-9 0.933 0.063 0.005 0.006 0.069 0.104 0.106 0.033 0.036 0.053 0.010 0.022 0.004 0.655

S-8 0.977 0.059 0.004 0.005 0.071 0.108 0.143 0.029 0.034 0.058 0.009 0.025 0.004 0.497

S-7 1.017 0.059 0.005 0.005 0.064 0.097 0.132 0.031 0.034 0.054 0.012 0.021 0.004 0.486

S5-5 0.706 0.053 0.004 0.004 0.050 0.076 0.111 0.027 0.029 0.040 0.007 0.020 0.004 0.452

S-4 0.986 0.058 0.005 0.005 0.052 0.102 0.139 0.031 0.031 0.054 0.010 0.022 0.005 0.371

S-3 0.887 0.052 0.004 0.004 0.064 0.095 0.137 0.028 0.029 0.052 0.009 0.027 0.004 0.468

S-2 0.935 0.057 0.005 0.006 0.071 0.103 0.133 0.027 0.027 0.050 0.008 0.031 0.004 0.537

S-1 0.783 0.047 0.004 0.004 0.052 0.080 0.110 0.025 0.027 0.052 0.009 0.025 0.005 0.475

EP;, F5-wlAdF7tx] Zo] NR; FH-2174371%x Zdo] D&, EP/ES.
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Table 8. Length of

second generation female

of Steinernematid (cm, N=20)

A% Aq 73 g wme wE
. A7 AZ 2ol T74% EP NR do] 7o mejsm w7k D&
29|

s-16 2548 0.168 0.008 0.007 0.076 0.108 0.167 0.037 0.034 1281  0.456
s-14 1.811 0.116 0.006 0.006 0.080 0.135 0.171 0.057 0.035 0949 0.465
s-13 1560 0.110 0.008 0.008 0.071 0.145 0.163 0.050 0.034  0.687 0.435
s-10 1.520 0.109 0.005 0.006 0.070 0.100 0.147 0.057 0.036  0.864 0.478
s-9 1420 0.116 0.007 0.012 0.082 0.098 0.161 0.059 0.044 0434 0.509
s-8 1.557 0.127 0.007 0.007 0.074 0.112 0.165 0.036 0.039 0815 0.447
s=7 1.755 0.127 0.007 0.007 0.066 0.116 0.143 0.040 0.028 0.990 0.458
s-b 1.232 0.107 0.004 0.006 0.052 0.093 0.134 0.039 0.032 0735 0.391
s=4 1.492 0.108 0.008 0.008 0.077 0.125 0.168 0.052 0.038 0.854 0.459
s-3 1.584 0.095 0.006 0.007 0.075 0.097 0.144 0.049 0.030 0.880 0.517
s-2 1499 0.118 0.006 0.007 0.056 0.095 0.141 0.039 0.030 0.843 0.397
s-1 1497 0.102 0.007 0.006 0.064 0.104 0.129 0.040 0.025 0.809 0.501

EP; F4--wld-g7kA] Zo], NR; FH-4174 8744 2], D&; EP/ES.

Table 9. Length of first generation adult of Heterorhabditid (cm, N=20)

A& = % A i

Hdli A :}: Z:} T4% EP NR ;101 7;] wgw DE
H-3 2642 0.147 0.008 0.011 0094 0.142 0.193 0.083 0.041 0.484
H-1 2187 0.125 0.008 0.007 0.079 0122 0.177 0.082 0.035 0.449
H-2 3933 0.220 0.017 0015 0200 0.164 0.212 0.080 0.043 0.945
H-4 2163 0.142 0.007 0.009 0190 0.155 0.200 0.075 0.035 0.948
H-5 3.029 0.177 0.009 0.010 0218 0.151 0.191 0.069 0.037 1.156
H-6 2574 0.165 0.008 0009 0169 0.145 0.190 0.068 0.033 0.894
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Table 10. Length of second generation adult of Heterorhabditid (cm, N=20)

EEE
A% A 73 T L R S
EE: EP NR wel oAm D&
Ws AE go] = del Aol T T AR Aol #
1

H-3 0.881 0.044 0.003 0.003 0.049 0.067 0.100 0.031 0.021 0.050 0.005 0.018 0.001 0.490
H-1 1.008 0.050 0.004 0.004 0.051 0.076 0.107 0.039 0.021 0.053 0.005 0.001 0.001 0.474
H-2 1.002 0.049 0.004 0.004 0.140 0.086 0.113 0.031 0.024 0.049 0.007 0.021 0.001 1.242
H-4 0.948 0.046 0.003 0.004 0.138 0.088 0.116 0.034 0.023 0.052 0.006 0.020 0.001 1.190
H-5 0.854 0.044 0.003 0.004 0.131 0.079 0.105 0.032 0.026 0.043 0.006 0.018 0.00Z2 1.249
H-6 0974 0.054 0.004 0.004 0.143 0.083 0.108 0.036 0.027 0.048 0.007 0.020 0.001 1.326

Table 11. Length of second generation female of Heterorhabditid (cm, N=20)

e A0 4 = xe  FE 54 ow
R T74% EP NR - D&
N5 AZ Aol ol gol EAE A Qo

H-3 1.947 0.123 0.008 0.009 0.073 0.103 0.137 0.057 0.020 1.005  0.531
H-1 1.376 0.104 0.007 0.006 0.053 0.082 0.114 0.059 0.022 0.071  0.465
H-2 2.037 0.123 0.007 0.010 0.155 0.110 0.150 0.062  0.025 1014  1.034
H-4 1.834 0.138 0.005 0.008 0.154 0.108 0.144 0.058 0.022 0953  1.074
H-5 1.725 0.105 0.004 0.007 0.156 0.104 0.134 0.075 0.028 0.879 1.162
H-6 1.895 0.117 0.006 0.008 0.153 0.108 0.143 0.065 0.023 0907  1.069

Table 12. Length of 3rd instar juvenile of Heterorhabditid (cm, N=20)

e EE

E=ome %
jﬂ =} - :rL71-3TL_ NR -
Ms  ° AZ e %

1>

o

N
e

H-3 0.727 0.025 0.002 0.002 0.108 0.147 0.079 0.015 29.392 4.956 9.223
H-1 0.706 0.025 0.002 0.002 0.106 0.133 0.081 0.015 27869 5312 8.675
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d. GSNUS-4 24149 4
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j. GSNUS-8 14t A% 7

<ZFWH x25> <FH x250> <

=l
iy

{2} 400>

k. GSNUS-8 241t 4% A

TR x250> <gi x400> <are] x400>

1. GSNUS-8 24t 4% 7

<EHWH x25> < x250> <

&l
=N

92} x400>

_48_
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g. GSNUH-3 #bg-ol At A (42
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b. Heterorhabditis sp. GSNUH-1 Qe #=(a¢])

c. Heterorhabditis sp. GSNUH-1 A& A Al off (3%
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d. Heterorhabditis sp. GSNUH-1 A FZA AN (L EE7])
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f. Heterorhabditis sp. GSNUH-1 A2 A At (72 2])
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h. Heterorhabditis sp. GSNUH-1 A-2-o] A At <+ (A7)

i. Heterorhabditis sp. GSNUH-1 A-&olA At L4 (F5)
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j. Heterorhabditis sp. GSNUH-1 A-&-o] A At 4ZH(SE)

k. Heterorhabditis sp. GSNUH-1 #}-g-o]| A At] A (7))
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. Heterorhabditis sp. GSNUH-2 Y B3 (F5)
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m. Heterorhabditis sp. GSNUH-2 A} %A At

n. Heterorhabditis sp. GSNUH-2 A}&% A At (&&)
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o. Heterorhabditis sp. GSNUH-2 &5 A At (72 2])

p. Heterorhabditis sp. GSNUH-2 A-golA At 7 (F5)
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q. Heterorhabditis sp. GSNUH-2 A&l A At =7 (#g])
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r. Heterorhabditis sp. GSNUH-2 A}-&o] A At Z (F5)

s. Heterorhabditis sp. GSNUH-2 Aol A At <4A(SHE)
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t. Heterorhabditis sp. GSNUH-2 A}-2o] A Alt] oFZ(72e])

u. Heterorhabditis sp. GSNUH-3 AF-&-o| A A LA (FH)
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v. Heterorhabditis sp. GSNUH-3 z}-&-o] A At ¢4zl (2ze])

w. Heterorhabditis sp. GSNUH-3 A}-go] A At <= (7rg])
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c. Heterorhabditis sp. GSNUH-1 x}-&olA At A
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<ag x400> <A x1000>
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d. Heterorhabditis sp. GSNUH-2 #A}-$% Xﬂ A A5

TR x205>

5 x400>

T o—kal i <_7.11ﬂ ><250>
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e. Heterorhabditis sp. GSNUH-2 A}-&o]A At oA

<SS x25> <FHF x100>
<EFE x250> <EE x400>
& <ma] x250>
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f. Heterorhabditis sp. GSNUH-2 #}-2o] A Alt) 4F

<SS x25> <FH x400>
\
..\..

<:7 x400> <A A x1000>

_72_



g. Heterorhabditis sp. GSNUH-3 A5 A At A&

<&M x25> <FHF x100>
<L x400> <m7 x250>
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h. Heterorhabditis sp. GSNUH-3 A}-2o] A At A

<SS x25> <FH x400>
2
<EE x400> <m7 x100>

<me] x250>
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i. Heterorhabditis sp. GSNUH-3 x}-&ol A At 7

<&M x25> <FH x400>

<zrg] x400> <LH A x1000>



2) EAAESAH BF  PCRE 93 template DNAY Steinernema 9AS A
el oe] W A a mEA e G Aol nuclease free waterol] ZolFo] FH| IO R
A AAEAA PCR AHES A& F AT Steinernema sp. GSNUS-42]7 -, 56T
Cannealing temperature2] PCRZ7 slollA, ¢F 1 kb =719 ITS ribosomal DNA7}
=% HAtth (Fig. 2). GSNUS-4¢] Al's oAl 53 E PCRE F At=1tel= Wol
7F UEuA @ Alew gelE it

Fig.2. PCR amplification of ITS ribosomal DNA from single female of
Steinernema sp. GSNUS-4 on 1% agarose gel. GSNUS-4 represent a
Steinernema isolate originally collected from GSNI, Gyeonggi in Korea. Arrow
indicates a PCR product selected for sequencing. The molecular marker is an 1

kb ladder form (Promega Co., Madison, WI).

Sequencing ZA ¥} primer sequenceE A 9] F PCR TZH DNAJYS 956
bpz & E At} (Fig. 2). Figure 2014 A BW % DNA+1 - 21 bpE Forward
primer, 22-193 bpt H#A <1 18s ribosomal DNA, 194 - 439 bpe ITS-1, 440 -
607 bpi= 58S, 608 - 901 bpe ITS-2, Z8]al 902 - 977 bp:e HFE4 28S
ribosomal DNA, 183 m}A| 2 978-998 bp: reverse primer® T o] it 72
& primerE AFEAS ul, S biconutum S. intermedium ¥ FS AL3 x|
Steinernema®& << W4 1,000 bprlgke] F  PCR productE YERNAIL,
GSNUS-4¢} 7vd AFek 2719 DNA AHES yeld AL S capterisciZ2A 959
bp Tt (Table 13). Multiple sequence alignmentol] A, ©] ¢ & PCR AFE9] =17]
of g YA F2 ITS-13 ITS-20 93 2+e deletion?} insertion %<
DNAS] ®loloa 7|28t Aoz ey, Adldoz 1859t 28Se A= DNAHW

_76_



ol AEsL e YA Fge BT

TTGAT TACGT CCCTG CCCTT TGTAC ACACC GCCCG TCGCT GCCCG GGACT 50

GAGTT GTTTC GAGAA AAGCG GAGAC TGCTT CTCTG AGCGC TTTCG GGCGT 100
GAATT GAGGC GAGAA CCGCG TTAAT CGAAA CGGCT TGAAC CGGGC AAAAG 150
TCGTA ACAAG GTTTC CGTAG GTGAA CCTGC GGAAG GATCA TTATT GAGCT 200
TATCA TTTTA TGATT TGAAG TTCGG AACGG CACTG TGCGC ATCTA GGTGT 250
CGATT TCGIT CGCAA ACGGC TTCGA ATGGT TTCTA TAGGT GTCTG GAGCA 300
GCTGT ATGAG CGCGG CTGTG GTGAA GGACA TTTTA CATCG CTTTG CTGAT 350
GTAGA ATTAA AGAGG TCAGT CGGAG ACCCG CCGTT CACAA ACCCT ACTAT 400
TAACA TTTTA CTTGA TGATG CTCCA TTAAC TATGG TGCAA ACAAA GTTAT 450
CAAGT CTTAT CGGTG GATCA CTCGG TTCGT AGTTC GATGA AAAAC GGGGC 500
AAAAA CCGTT ATTTG GCGTG AATTG CAGAC ATATT GAACG CTAAA ATTTT 550
GAACG CAAAT GGCAC TATCA GGTTT ATATC TGATA GTATG TTTGG TTGAG 600
GGTCG ATTAA CTCGT GACTT GCAGT CAGCT GAGAC TGTTT TTTCG ATGAG 650
CTACT TTTTT GAAGT ACCTT TTCGG TATGG TCGCA ATGAA AAACG CGATA 700
GGTTA ATGGA AGTGT GCAAC TTCTG CTATC ATATC GGTITC TGTGC GTTGG 750
TGGTT TGGCG CGTCT CTTGC CAGCT GACTT GTGCG GACAG CTTCG TTCGT 800
GCGTA AGTTT CTAGA AGTCG GTAGC CATTT TAGTT TGACT CAACT TGTTT 850
CCGTT GGTCA ACGGA CGTAC GTGAA CTTTG AATTC GATGT TTTCG AATTA 900
CGACC TCAAC TCAAG CAAGA CTACC CGCTG AACTT AAGCA TATCA GTAAG 950
CGGAG GAAAA GAAAC TAACT AGGAT TTCCT TAGTA ACGGC GAGTG AAA 998

Fig.3. The full sequence of ITS from Korean GSNI1 isolate of Steinernema sp.
GSNUS-4. ITS sequence includes partial 18S (22 bp-193 bp) and 28S (902
bp-977 bp), and full sequence of 5.8S (440 bp-607 bp). Underlined sequences are
primers used for amplification of ITS ribosomal DNA.
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ITS DNAXMel Aggsie] A&AAE ZAeAs W, 71Ee Biud 1059
Steinernema ¢+= A3} " 4= = Steinernema sp. GSNUS-4¢9] = E31 3 & o]
UERTE (Table 13). ©] 52 #Ag &4, Acil [ Alu I, EcoR I, Hinf I, Mbo I,
Rsa IdlA & 4= e, 1 S A% Steinernema sp. GSNUS-49] Acil 13 Alu I

Bl ZgHe] Al A oln & FH Aol v, T A= 54
E5-99 ZAE 2AY, 1 A MR o Aotk 1 ¢ Hae III, Hind 1II

5 o e A shoAE Steinernema sp. GSNUS-47F = 3}

off X 1o

o
b
o
o

i
X
50

o
8

Table 13. Comparison of the total PCR products and the number of cuts by
8 restriction enzymes between Steinernema sp. GSNUS-4 and other 10

Steinernema species

) PCR Restriction enzymes
Species duct
Products “Acil T Alu I EcorR IHinf I Mbo I~ Rsa I Hae III Hind III
Steinernema @ 9 & L &g 186 .2 3 0 0
P : : . .

sp. GSNUS-4 164,444 :2,644,847

S. biconutum 1016 bp 6 2 0 4 4 2 0 0
S. carpocapsae 987 bp 7 5 0 3 3 9 30?;3 671 0 1
S. feltiae 980 bp 7 3 0 3 4 5 1 0
S. glaseri 988 bp 11 5 0 0 3 5 1

. . 2

S. intermedium 1061 bp 8 3 0 0 61,386 2 1 0
S. monticolum 916 bp 7 1 0 4 5 5 0 0
S. neocurtillae 968 bp 6 1 0 1:348 3 9 76% 788 0 0
S. capterisci 973 bp 7 4 1: 728 4 7 4 0 0
S. capterisci 959 bp 7 5 0 2 3 26 41 776 0 0
ceratophorum 992 bp 6 2 0 4 3 6 0 1

Represents the number of cut and the cut position of restriction enzymes in
ITS DNA sequence.
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3) A% Heterorhabditis exomali n. sp.2] FE|d EA:

- AFEA AES(m) - A 355766 + 322,10, AHAZ 196.26 + 2092, *+F
Zo] 1631 + 421, T77% 2188 + 299, NR 13850 * 1666, 2]%=Zo] 17023 +
12.86, 72 A o] 4936 + 9.89, I F-91= 3973 + 865, o] 1671.75 + 187.67.

- 1A g2 AE A 1360.86 + 368.09, A hAIE 81.22 + 2258, T
463 + 1.03, 2% 676 + 1.71, NR 8373 + 19.17, 2]=20] 111.36 + 22.10, %122
o] 51.67 + 895, FELHJE 2408 + 442, SE o] 66643 + 19451,

- 149 F# AFE 0 AlY 88839 + 5044, AWNAZ 4673 + 2.95 TFHA0]
412 + 101, 7% 511 + 094, NR 80.63 + 446, 2/=720] 10567 + 1094, %22
o] 23.88 + 237, FHHE 2051 + 1.32, wHAA 0] 4251 + 237, WHAE 602 +
0.79, A2 0] 21.80 + 1.76, ¥-A% 2,04 + 0.33.

- = 0 AF 56062 + 2042, AAZE 21.12 + 089, FHA0] 276 £ 048,
T7E 180 + 039, NR 10243 + 849, 2l=Zo] 11576 + 7.60, xgZe] 5530 +
368, F-H91E 1252 = 1.12.

@)

S an g A

<AgEAA dE dA>

<GHE X25> <EE <400>
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<A X250> <Al X400>

ARG oA A 7>

<A X400> <A E7] x400>

Ay

N o =
<HYJEH T3>

<FHE X400> <Ag] xX400>
- 80 -



<AEAAD 45 75>
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AEEAAY 45 o>

_82_



<AF-&-5 A Al o
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O BA

<FHE X400> <HE] X400>

<A sAAN HE>

<GW x25> <R X250>
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<R X400> S X400>

<are] x400>
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<AFgolAdF F2>

<& x25> <FH- X400>
k
.'II
|
<H e xX400> <HAA X1000>
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Table 14. Compositions of artificial diets for Galleria mellonella rearing with

different sucrose source

Diets!

Components

A B C D E?
Honey (ml) 200 100 0 0 200
Malt (me) 0 100 200 0 0
Sucrose (g) 0 0 0 300 0
Wheat bran (mf) 1200 1200 1200 1200 2400
Rice bran (mf) 1200 1200 1200 1200 0
Glycerin (mf) 200 200 200 200 200
Multi-vitamin 0.9 0.9 0.9 0.9 12
Calcium propionate (g) 1.5 15 1.5 15 1.5
Yeast (tsp) 1 1 1 1 1
Water (mf) 100 100 100 100 100

Diets for rearing of about 5 hundreds of G. mellonella larvae.

*Diet for G. mellonella by Poinar (1975).
HR o o] EHE AP L] f-F7]7ko] 30C A Wl 434U0o]7] w& o (Hwang
et al., 1998) Z}7}9] QAFALEANA AFFAIZ FF52 AbeshA] 404

‘?L
A Bonhel g e Qelw Awste] 3o FE dol, BAST AFH} 24

717F -3
A R Am A3 534S (Chemicial balance)S o] &3kl XA} - vl etk o &

g
AR g wastg A9 Fe U AHWonE NFoE AHgal
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= A digt v]&-2 Table 159 #Z9kth

AtedE deAbR 24 diE AAA H&S BY YAV 953U e w A7) 929
Hoh 10§ = "] &o] @Wol Eom, &9 FA T RS 4879, 'S 2129 o]
AE Wtdo] WELS 2778007 AN e Hl&Ol S0t webA] EE R Uy
e 500mte] & AbSshed == 7 AMRE AAA 982 A 57829, B 4,937
9, CE 34919, D& 32169, Ex 66439 0]t}

Table 15. Unit cost of each artificial diet for Galleria mellonella based on Korea

price information index

Unit cost (Won, ) of diet!

Ingredients
A B C D E

Honey 2,778 1,389 0 0 2,778
Malt 0 244 487 0 0
Sucrose 0 0 0 212 0
Wheat bran 953 953 953 953 1,906
Rice bran 92 92 92 92 0
Glycerin 1,512 1,512 1,512 1,512 1,512
Multi-vitamin 120 120 120 120 120
Yeast 162 162 162 162 162
Calcium propionate 165 165 165 165 165
Water 0 0 0 0 0
Total 5,782 4,937 3,491 3,216 6,643

1See table 1 for the amount of each ingredient of diets.

Zl FHRQE I §F59 FF do] 9 FA= Table 159
2ok, FE2 o TR wEk zolrt gler, 5] ZHol® 21 - 23 meE A

o7} itk ey FAlE HELS 238 mg, &R/ 1718 mg, 1/2HE + 12892
[e3]
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Table 16. Pupal length and weight (mean+SD) of Galleria mellonella reared on

artificial diets with different sucrose sources (n=10)

Sucrose source

Pupal
measurement Honey Malt 1/2Honey +1/2Malt Sucrose
Length (mm) 17.24+0.73 15.25+1.21 16.84%0.72 13.91£0.60
Weight (mg) 151.27+14.19  155.0+16.84 196.65+19.34 113.33+9.82
e A Ao 271ek FAE Table 163 2tk 27 HEA
oA 1724 £ 073 m= 7HF Aot FAE HEe] 151.27 £ 1419 mg oA
v gkl 1/28E+1/2% A A7]17F 1684 £ 0.72 moll FA&= 19665 + 19.34 mg= 7}
& AR

Table 17. Larval size (meantSD) of Galleria mellonella reared on artificial diets

with different sucrose source (n=50)

Sucrose source Egg Larva Pupa Total

Honey 5.6+1.2 31.4+3.6 8.9+0.7 45.9+35
Malt 6.8+0.4 35.3+3.3 79+1.3 50.0+2.7
1/2Honey +1/2Malt 6.6+1.2 30.9+2.6 6.9+0.9 44.4+3.3
Sucrose 6.8+1.0 36.5%2.6 9.3£1.0 52.5+3.4

AR EHRAE U] W73 Table 173 2 Skth 74 Abgd EH 5|
4

3 717, MEZI7IbE B HEe 247 56 + 129, 314

364, 89 + 0.79dE F 459 + 35¥U°I%a, ERE 68 £ 04%, 353 £ 33Y, 79 +
1.39% F 50 £ 27¢ol e, 1/2d8E+1/25%42 66 + 1.29, 309 = 26%, 69 =+
09Y = F 444 + 3.3¥¢] al 6.8 £ 1.0, 36,5 + 26%, 9.3 + 1.0

457 BT 6 - 7dR vszsigla, W)
9 < 1/28E + 1/2&9°] 309 =
264= A gskom, =93 d'o] Z47F 353 + 3.3¢ ¥ 365 £ 269 = AATH



Table 18. Developmental period days (mean*SD) of Galleria mellonella

reared on artificial diets with different sucrose sources

Larval measurement

Sucrose source

Head width (mm) Length (mm) Weight (mg)
Honey 1.96+0.06 22.48+1.27 238.0+33.8
Malt 1.94+0.08 23.03+0.93 171.8+23.6
1/2Honey+1/2Malt 1.99+0.07 21.01+1.12 255.5+32.4
Sucrose 1.90+0.11 22.46+1.44 144.3+25.7

Ap EERAYUe] 8583 $38L Fig 49 2t

B Pupation ratio
90 MEmergence ratio

%
&)
o

Honey Malt 1/2Honey +1/2Malt
Sucrose source

Fig. 4. Pupation and emergence ratios of Galleria mellonella depending on

artificial diets (n=30).

= 78.3%, EHAA= 93.4%, 1/2¥E + 125944+
88.3%°IATh. $-3& HEo A= 78%, =RoNA = 78.6%, 1/28E + 1/2&%

At B AEUE A AuldlM fo] BlES FHdolA ARG HEl A
55.8%, &AM 56.6%, 1/28E + 1/2=3lA 53.0%, A&l 54.1% HFig.
5).
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60 1

50 T
40 |
30 |
20 |
10 |
0 ‘ ‘ ‘ ‘

Honey Malt 1/2Honey+1/2Malt Sucrose

% female

Sucrose source

Fig. 5. Sex ratio of Galleria mellonella reared in a mass with different

artificial diets.

80
70
60 -
50 -
40 +
30 -
20 -
10

0

% female

A B ¢
Diets

Fig. 6. Sex ratio of Galleria mellonella reared individualy with different

artificial diets (n=30).

ada AFREE 300k E A AR EEE AU fo] v]ES HE(A)A
£ 61.2%, EAMB)AME 59.9%, 1/28% + 1/25H9(O)dM = 54.3%%2 AT AMS
ol Aol Aulet st (Fig. 6). 2 Ay Jok AS3 A AFSS B3 E
AR E U] o] v&-e v =8kl
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FRe 471 AR BE o F30 o o9

A Aoz YeElgthFig. 7). &, @Ed A= fo] 8.0 £ 1.7¢, 82 8.1 = 1.0¢
o], EGlo|AE 0] 7.6 £ 1.3Y, #& 8.8 + 1.8¥0o|ow, 1/2HE+1/2E9
o = 20] 6.3 £ 0.8Y, & 11.2 + 1.6¥90]Ar}t. 28] AEoAE= 0] 82 +
2.09, #& 10.0 £ 249tk 18y wuE A ekokd AFL 179 o)l
=
14 r
BElFemale
12 " mMale
z 10
3
i 8
g .
3 4
2
0

Honey Malt 1/2Honey+1/2malt Sucrose

Sucrose source

Fig. 7. Adult longevity of Galleria melionella depending on artificial diets.

AbEE ERESAEUE gl Al & w79 Abek s HEAlRdME 612
+ 12370, B9 716 + 15570, 1/2HE + 1/289& 828 + 1687, H¥& 1269
+ 162712 4 %W A 7Hd @okth(Fig. 8). Ak A" ow A3t Aol Fot
i1E T O‘Xl g AR §5S e ded doxe udd e i
of Abstarh wutar siA 'S o] &3 AuTAGel Frhae T jle Ao

Apsg,

_96_



1600
1400 r
1200 -
1000

800 r
600
400 r
200 r
0 ‘ ‘ ‘

Honey Malt 1/2Honey+1/2Malt Sucrose

Number of eggs
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Fig. 8. Number of eggs laid by a female Galleria mellonella emerged from

the larvae reared on artificial diets with different sucrose source (n=10).
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4, ZE5HIAAAAZ FAAHT ol& 7 A
7F As 2
1) FAAMTe w29 #HUA 0 2ZHAAAFT] FRAAMTLS Steinernema

carpocapsae GSN1 A& 3} S. glaseri Dongrae A%, S. longicaudum Nonsan A%
S o] g3t EEstAth FAA T Akhurst (1980)2] WS $83t e
g MacConkey agar (Difco, Sparks, MD)ol| Al v Al A o] &&tAtt. FAAMTY &
A& Kaya®} Stock (1997), Boemare (2002a)2] #rwol wz} 31312 colony
e EAS o]&3t9] phase I 2o FAATES o]&33tt (Kaya and Stock,
1997). wAA T 22y HAAS dolr 7] 93te] MacConkey agar Hi A A 12}
Hom AN FAAMTE YS broth wixe] Yol 24TolA FAAAT. T4 F
FTAATY U=s OD#HS ol &3ste] ZA4sA=d Xenorhabdus nematophila®t X.
beddingii= <F 100 cell, X. poinariit 10,000 celle] = A stadct 2z A& 2+
3t Ringer’s solution (9 g NaCl, 04 g KCIl, 04 g CaCls, 0.2 ¢ NaH-COs; in 1
liter of sterilized distilled water)@} &7 20 yl Fo=2 EHFANHUYY =75

FAsAt FAAT BE A, BARATPE FFS 0% ethanold FARSE

WA g S 1w &7 138 FAM] o 27 gauge HHES o]l &3ste] FAMES
9 cm petri dishell 2 FE 54

o AT S HEA EE ALY e
20 A 14 23, 100k Qe F, 13, 18, 24, 30, 35C 2] F27)e] mysw
122)3F 2 AAHRFE AT

2

rfo

T ZAF

i

3t SHAEAF FAATS X
nematophila®t X. poinarii, X. beddingii®l Phase I colonyZ ©o|&3th
MacConkey agart|#ollx =¥ FAATe F4S dolr”] $3te] Phase I
colonyE AH3ste] Algd o] o] gt ¥ 0.1 mE MacConkey agardl=]o] =7
stk FAAMTe] T 2 dARZ 343t 30 - 300 colony forming units
(cfu)/dish7} A &Rtk HF & 7 petri dishe 13, 18, 24, 30, 35C2 &-=27]°|
BastdaA WY colony® & AT F WA AP YS brothui Aol A A3
< T 38 = MacConkey agar ¥WiA[ol| A 124 o2 SAAZ1 & At 49.9 mle]
YS broth H{A| & -fala JE Stz 01 ml FFeAT. HE F A42gx
A+ 13, 18, 24, 30, 35C2 &d27]d R#AsIHA 424 7F @92 MacConkey agar Wl
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] AE A FAATY T 10

P
N

Aol =] colonyBA4E £ASAT

cfu/0.1 méAc}.

3) TETHARAAFTY AT 2 7HA A3 EY Fa AE el dg 2

W& Rhizoctonia solani 2-2, Rhizoctonia spp., Phythium,
Phytopthora, Fusarium oxysporum= AF-&3l9th. 28 $HRFoZ FZHAGHAS
Steinernema carpocapsae GSN1 A3 S. glaseri Dongrae A5, S. longicaudum
Nonsan A%, Heterorhabditis bacteriophora Hamyang A% ML X
nematophila®t X. poinarii, X. beddingii, Photorhabdus luminescens< ©] 83} th.
FAM TS Akhurst (1980)¢] WHS S&3te] EEletd=dl MacConkey agar
(Difco, Sparks, MD)oll A vl &AlA o] &3t AT H4L Kaya®l Stock
(1997), Boemare (2002a)¢] Wwol wz} 33t o™ colonyd] HE|H EAS o] &
3}o] phase I @9 FRAAMTS o] &3ttt (Kaya and Stock, 1997). Petri dish Z
g AAS s8] =AY Z23FS PDAWAIY MacComky agardf <o =
7171 Q& 25C <1FulolEo]l Btk 27 8 cm petri dishol PDA A S
T IS TAHCE 4 2 el 5m ZEARE HATEI] 2 =
ol tixelF AIATE ZF petri dishe 295 WXy Ha L&
7C AdFwlolEe] ®BAsn, WA ZFT clean zoneFA FHFES ZAEIAT A

wRow £dsa

oN:r
N

u, Az

1) AT EE e WYA X nematophila®t X. poinarii, X. beddingii®]
EHPEAEUYY FFo g HddS 25T moldaE FUke v (Table 19). X
beddingii= 12A17F Fo 925%¢°] EHEFAH U FZFo gk XAES Bt 1
g 56A1%F FolE A 2% oA 100%e HAAES Bt ¥hA X, poinariis
30Ce 35CANAT= 48417 Dﬁoﬂ 18CNA = 192A12F Fof] EHFEAPYUYY {35
100% AAFAIZ 7 ATt B 13Tl A= 432A13F Foll 725%°] XAME S H It
X. nematophila®}t X. beddingiiﬂ X. poinarii ©| H|ste] WYXl ¥ Z=4tH(Table
19, 20).
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Table 19. LTss and LTgs (Fiducial limits) for symbiotic bacteria Xenorhabdus
nematophila, X. poinarii, and X. beddingii on Galleria mellonella larvae at

different temperatures

Symbiotic Lethal

) ) 13T 18T 24°C 30C 35T
bacteria time
LT50 45.1 43.8 18.4x 15.1 12.6
Xenorhabdus. (44.1-46.0) (42.1-44.9) (13.4-16.9) (12.3-12.9)
nematophila LT90 49.4 497 18.7 16.4 9.7
(48.1-51.8) (48.1-52.1) (15.3-245) (13.3-14.4)
LT50 334.8 140.2 63.6 33.4 29.9
(322.0-349.0) (138.2-142.2) (61.1-655) (32.4-35.10) (29.2-30.7)
X. poinarii
LT90 469.0 147.8 67.7 38.2 334
(434.0-525.0) (145.3-151.8) (65.5-745) (355-475) (32.4-35.1)
LT50 56.4 40.8 16.0 14.6 114
(55.7-57.7) (40.5-41.1) (14.4-14.8)
X. beddingii
LT90 52.7 425 174 15.3 11.9
(52.1-53.2) (42.1-43) (15.1-15.7)

*Mortality occurred so quickly that the upper and lower limits could not be

determined.

BE FAATY HAAL BTAA 7FE =o} X. nematophila®] WHFIALA 7HE
12.6A17F01 o X. poinarii= 299413, X. beddingii= 11.4A17FelATh A A A
B 18T skl 24T o] Wk ARAZRo]l @A G AT X, beddingii=
12A]3F ?—01] 925%°] ERFAE Y Fol dE AAES BTk 22 5641

Fol= A % oA 100%9 HUAS Btk v X, poinariis 30°C ¢ 35Tl
A 48AIE Fol 18T el A= 192412 Fo] EEEANE YUY £35S 100% AAAZ
F AATh W 13T A A= 432417 3ol 725%9] AALES Bt
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Table 20. Effect of temperature on pathogenicity of symbiotic bacteria against

Galleria mellonella larvae

~ Time of
Symbiotic postinje- 13 18°C 24C 30°C 35°C
bacteria
—ction(h)
12 0.0£0.0b 0.0£0.0b 0.0+0.0b 25+2.5b 22.5+4.8a
24 0.0£0.0b 0.0+0.0b 100+0.0a 100+0.0a 100+0.0a
X. . 36 2.5%25¢ 12.5+2.5b 100+0.0a 1000.0a 100+0.0a
nematophila
48 775+7.5h 77.5+85b 100+0.0a 100+0.0a 100+0.0a
56 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
24 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0
48 0.0£0.0b 0.0£0.0b 0.0+0.0b 100.0+0.0a 100.0+0.0a
72 0.0£0.0b 0.0£0.0b 100.0+0.0a 100.0£0.0a 100.0+0.0a
96 0.0£0.0b 0.0£0.0b 100.0+0.0a 100.0+0.0a 100.0+0.0a
120 0.0£0.0b 0.0£0.0b 100.0+0.0a 100.0£0.0a 100.0+0.0a
144 0.0£0.0b 0.0£0.0b 100.0+0.0a 100.0+0.0a 100.0+0.0a
be dii(z:ngii 168 0.00.0c 67.5+4.8b 100.0+0.0a 100.0£0.0a 100.0+0.0a
192 0.0£0.0b 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
240 75+4.7h 100.0+0.0a 100.0+0.0a 100.0£0.0a 100.0+0.0a
288 32.5%4.7h 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
336 45.046.3b 100.0+0.0a 100.0+0.0a 100.0£0.0a 100.0+0.0a
384 70.0£7.0b 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
432 72.5+4.7h 100.0+0.0a 100.0+0.0a 100.0£0.0a 100.0+0.0a
12 0.0£0.0b 0.0£0.0b 0.0+0.0b 0.0+0.0b 92.5+4.8a
24 0.0£0.0b 0.0£0.0b 100.0+0.0a 100.0£0.0a 100.0+0.0a
X. poinarii 36 0.0£0.0b 0.0£0.0b 100.0£0.0a 100.0+0.0a 100.0+0.0a
48 0.0£0.0b 100.0+0.0a 100.0+0.0a 100.0£0.0a 100.0+0.0a
56 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a

Mean percentages of mortality followed by the same letters are not significantly

different among temperatures (P=0.05, Student-Newman-Keul's Test).

2) EAAT F4L 3 HH2E FAF : MacConkey agarif#| S o] &3] 2
S A A3 BE FAATS A o] &s d 2% dd
e ARl Wske] 24Colste] &
At} F, 13CAAM+= X nematophila®t X. poinarii= 2<
_’5_

¥ colonyE ¥ A3 cHFig. 9).

q
=g ggARel 52

A colonyE #Al3}
Lo A= colony EA o]

3 = J
ol colonyE At W X. beddingii= 3%
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Fig. 9. Growth of symbiotic bacteria, X. nematophila (A), X. poinarii (B) and X.
beddingii (C), on MacConkey agar at given temperatures. The same letters on
uppercase and lowercase over the bars indicate that there is no significant
difference among means in one day, 2 days and 3 days after inoculation (P=0.05,

Student-Newman-Keul's test).
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Fig. 10. Growth of symbiotic bacteria, Xenorhabdus nematophila (A), X. poinarii
(B) and X. beddingii(C) in YS broth at given temperatures.

YS brothul Aol A A AT o] S22 Fig. 109 23kt

A Al Aol A vl Tt mobglel wet FASERE Wb 53] 24T, 3
0C, 3BCTAAM FA&HEE 18C9 13Tl wste] z7] FA&EE7 weg o=
ettt X, nematophila= 124 X. poinariitt X. beddingiiol W|3}e] W& =
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flo

21& BAY. HE AN o]F o 7] AL X nematophila’} ©HE F £ nld}

o folstAl Wity A A= FAATY FAol =ZA JIHJ=W X

nematophila= A 71 017t AlZke] 35T 30T = 47 1641734 2043+
7

oo 18Tt 13Tl = 9647+ 1204 ZFo] At

=Y

3) LTHAAAZTY TN 2 A A3 AEY] F8 AE W oig 2
Gav 04 43
Table 21.
4 %
T Rhizoctonia Rhizoctonia ] Fusarium
] Phythium  Phytopthora
solani 2-2 Spp. oxysporum
X .nematophila - - - + -
X. poinarii - - - - -
X. beddingi - - - - -
P. luminescens - +++ - +++ o+t

- ! clean zone, + : < 5 mm, ++ : 5-10 mm, +++ : 10-15mm, ++++ : 15-20 mm
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A 2 A =W Steinernematid®} Heterorhabditid 1% 2]
A, A4 54 A

1. %7} Steinernematid®} Heterorhabditid A%< WA} F2 2 B P v X

1) &%7} Steinernematid¢} Heterorhabditid %2 B v X &= 3k &%
7F 2EHAA AT vAE S dolR ] fste] 1A=2 S carpocapsae GSN1
A% S. glaseri Dongrae A%, S. longicaudum Nonsan AlE& o] &3l 23S

TR, 2x2E  Steinernema sp. GSNUS-14 A3  Heterorhabditis — sp.
GSNUH-3 A5 oz A3S F=3h3519 1, 332+ Steinernema sp. GSNUS-2 A%
3} Heterorhabditis sp. GSNUH-2 A% & o]&3le] Adsdn). ZdRAqyuyd =
ZGfrEo A Dutky et al.(1964)¢] HH oz iz F2AA ol &A= 449 AE
S White traps o] &sto] F&st9don 13C Wi BastHA £33 5 3F o
o] AL A8t tHWoodring and Kaya 1988). % F-xj g upulbo 21 8] 2] of A
o AP A 180 - 200 mge] =5 FrEES &Skt

AL 12 AFo| = 55 x 16mm Z&2~E petri dishell 3% 284S 2= 2t
AFe HAYJEHF52S 5, 10, 20, 40, 80, 1607F]/05 md & =315 FJEFsA
U w5535 3 veldS ZF petri dlshoﬂ gtk A" petri
dish= & S22 BA38t7] 98te] polyethylene filmell %A S71& f3te] 4 - 5
M e B2 v 13, 18, 24, 30, 35C9] &g=27]d H#AsAT. =45 A
T 05 mets Agstdon A 10709 petri dishE 3+ o= dho] 4ukE o
2 T3 Ay & 159 sk Mid T FF5o AAFFE e
Ak 22 A= 12 AR w5 FAs A= AFe] AHE =
10, 20, 40v}21/05 mb =2 A stdct 32 AP 12 AP FAEHA T
“y Az Hel BEE 0, 10, 20, 0°}2/05 ml FE A e s,

—

r

u
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2) =9} HEFF %7} Steinernematid®} Heterorhabditid A&¢2] 7| =
of WA= 9 ¢ %7} Steinernematid®t Heterorhabditid X152 Aol

o8k Aao] 129} 22 Ay 7o ZZANA XA HHBEgE U 5322 7F A
| A

3) =9 HFE X7} Steinernematid®] Hx @At F4 7|3 FA B v
= o3 &% 7} Steinernematid®} Heterorhabditid A& WA wx= g3k 1

‘o [}
A A AAE BARARUY £35S AT F QR 4 - vk s Aes

o] White trap2 A %8} th. White trap< 100 x 15mm =7]9] petri dishell 55 x 15

m =719 petri dish F24<S ZthE 93, 55 mn ¢ #% (Whatman No. 2)& Alt}g
B RYoR gEHS AE T HE AXFES b 3 o|&sto] Adg 8 mwE ¥
Ak 2Eae AAME EHREAEUYE FF 3 v E oAd3A fd AAFsdth 1
2] 31 White trapE-< AAME ZAME 9l8te] HEstad d# %<1 13, 18, 24, 30,
35T &7 304 st BASHA wd gEd o= AT FE AFEnA

atell A &l o} st

4) %7} Steinernematid®} Heterorhabditid A159] H.#o)] v &= AT @ 2%
7h ZEHAALAFTY Bl mAe 9 dobr 7] flste] 3Ate] AA AIE T
skt 12 23¥& S. glaseri Dongrae 7%, S. longzcaudum Nonsan A%, S.
monticolum Jiri Al'%&& ©]&3ke] 4Tk 13T, 18Tl MFo AE&S 2/MLA7
A AT ZHe] AFE2 100 [js/m %2 5mlE multi-well tissue culture
plated] ¥iL, g @3} F & Fo] AFFE FAFste] AEES ARk 23 A

¥ & Steinernema sp. GSNUS-14 A% 3} Heterorhabditis sp. GSNUH-3 A%< o]

£3lo] 1000Ls/m¢ T2 30mlA S tissue culture containero] % i, 13C Wd3dard

E#ASIHA 1, 2, 3, 4, 5712 Fo AEES ARG, 3% A8 S, carpocapsae

GSNI AEs ol&ste] 2xd, dF wdiad 2 &7 TR e d39
¥

Aot Be94E5 1, 2 3, d Fol 2AE SFlvh AT mq

o EHHE
bl {55 o]83 In vivo vl A 274 9 cm—°4 petri disholl o3% 19j& 2z
3, BEEAEUY £F5 1008 S o] AFS 200 Ijs/mb FEee] A¥eR F
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AANZ AFd g s 01%5‘}04 o w FAAA FES e (F)A
Aol HAFE ol &tk |71 71Eo APAAA o] &t = 100 cc &
o] tissue culture container®} 7}8-& 02 AEE 1 Qe 100 ce &3] ALZE A9
g &71s A}ﬁf‘s}fﬂ Akt B EE 4T 9T, 13T, 18TATH 171€ &9
21 mA AFES vor follfo] AFFE Astdlon AFEe B¥AA A
S 93t A7 9 eme petri dishol A#A 1vjE Z3, EHFEAEUY FF 109
gAE 9e 5 AES 100 s/l 3522 HE23A0. §ZF F petri dishe Ax %
A& 9l ‘ﬂl”fﬁ A 4-5719] g7 Es ANCE HBe H, 25T &7l Hu
A 1, 2, 39 F AFe T FAARE A

L, A

1) %7} Steinernematid®} Heterorhabditid 4152 HAAdl v A& g :

Table 22. Effect of temperature and dosage on infectivity of Steinernema

carpocapsae GSNI1 strain

Dosage % mortality £ SD
{@s) 13T 18T 24T 30T 35T
0 0.0£0.0 2.5+5.0 0.0£0.0 25.0x17.3 2.5+5.0
5 92.5£9.6  87.5£5.0 92.51£5.0 67.5£5.0 12.5+5.0
10 92.5+£9.6 100.0+£0.0 100.0%+0.0 92.5+9.6 17.5+9.6
20 100.0£0.0 95.0+£10.0 100.0£0.0 95.0£5.8 80.0x8.2
40 100.0£0.0 100.0£0.0 100.0£0.0  100.0+0.0 82.51£9.6
80 100.0£0.0 100.0£0.0 100.0£0.0  100.0£0.0 81.0£5.0
160 100.0£0.0 100.0£0.0 100.0£0.0 100.0£0.0  82.5%17.1
257t 25HAAA AT vAe IS dolry] st 1A=E S, carpocapsae
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GSN1 A5 S. glaseri Dongrae 7§, S. longicaudum Nonsan %
AEs gt A= Table 223 23, 24, 259k 2otk 2= HI
carpocapsae GSN1 A& ZHEF-Fol ot HHRAYUYL {5 XAREA &
MAT 3B5TE AT BE 2EAN HFEETE SUHEFE AAEo] F

oAtk 40vhE] ol FFEEAAE HBTE AT BE 2=olA 100%2]
I:

N
bl
ol
-
rir
o o

)

AFES HYtH(Table 22). &M= 24T E 1078 oo HEXL A 100%<] X
AFES Kol & 2% H|dle] A Ab&o] =gkt wbd 35T M= 160vte] F ko
M 825%2 AALES HATH

Zex 0 HF BEY FUPAYLE 539 AAst oo Az Table

Table 23. Effect of temperature and dosage on lethal time of Galleria mellonella

larvae by Steinernema carpocapsae GSNI strain

Dosage Lethal time (day) £ SD

Ijs) 13T 18T 24T 30T 35T

5 5.6+0.5 4.7+0.7 2.7£0.7 2.5+0.4 5.0+1.2
10 5.9£+0.3 4.3+0.9 2.2+0.0 2.6x+0.5 5.5%+1.3
20 4.9+x0.4 3.7+0.3 2.3£0.3 2.1+0.3 1.5+£0.2
40 4.2%0.1 3.8x0.6 2.1+0.1 1.8+0.2 1.9+0.1
80 3.9£0.1 3.4+0.4 2.0+0.0 1.3+0.2 1.0£0.0
160 3.5%£0.2 3.4x0.5 2.0£0.0 1.1+0.1 1.7£0.5

AAg FAG Ao AANAGE Lk JEEEC] st IS werth
Axbel RHE AZHE 1307 43 Atk AR LE7} FelAEE ARl
He AFolArh BCAME 5okl 10vke] FmelA AARAI] 5U o] gelglo
b 20skel ol el SRR L0-189e] Saslel AEEEAE ot Qe
b 18Tl AL HEBES] mheh AAAZIN A Aol7k YRor] 24CTel A =

exsh gy wE PEFEA A Aol ws Zol b HATh 30Tl A

rr
S
S
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wkE] o]ste] HEFEmolds XA FTE 24T oF v Szt AAIRE 407k o] o] F e
M= 35T e B3-S Bt

S. glaseri Dongrae 71§ 35ColA WMol 7Fd =4 Yehy b AbgFo] A
=AY 244 1.1 Ijs, 7€# 2} 1444 09 Ljsth. WA S, longicaudum Nonsan 7l
& 24TolA Mol 7 =Sk tH(Table 24).

Table 24. LDsys and LDgs for entomopathogenic nematodes, Steinernema glaseri
Dongrae strain and S. longicaudum Nonsan strain on Galleria mellonella larvae

at different temperatures

13T 18T 24T 30T 35T
DAT" LD
Sgh SIN  S5gDh SIN Sgh SIN SgDh SIN SgDh SIN
5 LDso - - - - 763 6.2 44 28 1.1 3.0
LDgo - - - - 491 33.8 194 83 9.0 14.2
- LDso 308.3 - 83.4 54 165 18 1.8 43 09 3.5
LDgo 302.7 - 6328 84.8 139 95 95 50 7.7 6.9

’ LDsp 33.8 11.3 197 12 165 1.8 1.8 4.3 0.9 3.5
LDgo 502.3 325 441.29 59.3 13.9 9.5 95 50 7.7 6.9

‘Day after treatment. ~No larval mortality. SgD, Steinernema glaseri Dongrae

strain, SIN, Steinernema longicaudum Nonsan strain

b2 ARA ZEe] 7 §- % REFX| AL} f-ALSAl S, glaseri Dongrae A& -2 35T 9l
A 283A17Fe. & 13T 9 269.6A 7kl B)&e] 10w 7F=F Zekth Wb S longicaudum
Nonsan AlZE& 30ColA 27417tz 7F4 #Uth(Table 25). Steinernema sp.
GSNUS-14 AEE A% A= v&9 JT25dd uet kst ¥ddEs Boen
13TCAA = B ATE 0%E HEHo] A28 o] Holx& Ao=m yeyth 1
2t 18T o9 2xoAe= =& BHUdS Hol AFS 10sw At 83.3%
o]de] WS BATE ey 35T oA = 30Tl vt Mol A3
Wol At} kA Steinernema sp. GSNUS-14 AlE9] HAA &8y L& 18TolA
30C= AtmF )
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Table 25. LTss and LTgs for entomopathogenic nematodes(EPN), Steinernema
glaseri Dongrae strain and S. longicaudum Nonsan strain on Galleria mellonella

larvae at different temperatures

N Le'thal 13T 18T 24T 30T 35T
time
LTso0 269.6 169.5 44.6 30.1° 28.3
SeD (251.2-292.3) (163.8-177.5) (26.1-58.1) (27.6-29.1)
LTgo 367.9" 210.9 82.4 31.1 33.3
(345.7-397.9) (197.0-235.9) (63.2-141.8) (32.2-33.9)
LTs0 226.0 106.7 42.1 27.4 30.5
SIN (217.2-234.7) (102.3-111.0) (27.7-53.1) 26.1-28.6 (29.2-31.7)
LTgo 367.9 146 71.9 32.5 37.5

(345.7-397.9) (138.3-157.8) (66.9-114.2) 31-35.1 (35.7-40.4)

SgD, Steinernema glaseri Dongrae strain; SIN, Steinernema longicaudum Nonsan

strain. EPN were inoculated 40 IJs/larva concentration on Galleria larva.

Wb Heterorhabditis sp. GSNUH-3 A%< 18T 24TolA &2 HAXHS B
i, 13TCdAE FdRAEUd 3o diete HddS detdil oy, 35T =
BAARSEO] 0%2 2o ek &0 WojA= Aoz Yy thTable 26).

Steinernema sp. GSNUS-2 A& 3} Heterorhabditis sp. GSNUH-2 Al A2 %
Aol e HMFEoAY. F AHAF BT 13TCoA =& HAANS HYgoH
Steinernema sp. GSNUS-2 A5 24T o]AtollA W AA o] F73ttH(Table 27).
kA olE F FE AA Ao AR FHAARE At s & Ao®E 7igiE

.

O
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Table 26. Effect of temperature and nematode concentration on pathogenicity of
Steinernema sp. GSNUS-14 strain and Heterorhabditis sp. GSNUH-3 strain

against Galleria mellonella in petri dish

Concentratio Nematod % mortality £ SD

n(Ijs) e strain 13T 18T 24C 30C 35T
0 Control  3.3%£5.8 0.0£0.0 3.3£5.7 3.3%£5.8 20.0%10.0
10 S223"  3.3£5.8 86.7+£5.8 83.3%+15.3 100.0+£0.0 63.3+15.3
H217 0.0£0.0 86.7£5.8 93.3£11.5 6.7x11.5 0.0x0.0
90 S223 3.3£5.8 100.0£0.0 93.3£11.5 100.0£0.0 66.7+20.8
H217 6.7£11.5 86.7+£11.5 100.0£0.0 6.7£11.5 16.7+5.8
40 5223 0.0£0.0 100.0£0.0 100.0£0.0 96.7£5.8 76.7+11.5

H217 0.0£0.0 100.0£0.0 100.0£0.0 6.7£11.5 10.0£10.0

Check at 5 days after treatment. "S223; Steinernema sp. GSNUS-14 strain, H217;
Heterorhabditis sp. GSNUH-3 strain.

Table 27. Effect of temperature and nematode concentration on pathogenicity of
Steinernema sp. GSNUS-2 strain and Heterohabditis sp. GSNUH-2 strain

against Galleria mellonella in petri dish

Concentratio Nematod % mortality£SD
n(1JS) e strain 13T 18T 24°C 30T 35T
0 S24 0.0+0.0 0.0x0.0 0.0x0.0 0.0x0.0 0.0x0.0
H205 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0%0.0
5 S24 23.3+11.5 20.0£0.0 13.3+5.8 20.0+£10.0 13.3%+5.8
H205 60.0£10.0 63.3£5.8 43.3%£5.8 36.7x11.5 26.7%£11.5
10 S24 63.3+15.3 20.0£0.0 40.0£10.0 40.0+£10.0 20.0£10.0
H205 63.3+15.3 86.7£15.3 83.3+5.8 40.0£10.0 36.7%5.8
90 S24  80.0+£10.0 66.7+£11.5 50.0+£10.0 33.3+11.5 13.3%+5.8
H205  73.3£5.8 93.3%£5.8 86.7x11.5 50.0+£17.3 56.7%£20.8
40 S24 96.7£5.8 90.0+0.0 53.3*5.8 56.7+11.5 10.0%+0.0

H205  93.3%£5.8 100.0£0.0 100.0£0.0 56.7£11.5 40.0+£17.3

Check at 5 days after treatment. S24; Steinernema sp. GSNUS-2 strain,
H205; Heterorhabditis sp. GSNUH-2 strain.
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5.:
o
2

2) +x9 HFFX7} Steinernematid®}t Heterorhabditid A%< 7]
o M= JgF : 259 HFEFEE S carpocapsae GSN1 AlF9] HHE Hué
5 W g AE=e 93-S v FHtH(Table 28). 35C2 A% 20wk olte] HF
Aol A8 e b 2=dA= 10vte] olste] HE sk
st AESFE HY 13T, 18T, 24T, 30TCoAA = AT sEHZ AE A5
AARE 3BCAME BE A7 & 2% Hlgto] dAA 3] A

th 7b Wol dFol AzE 7 24T9 160vie] HEFF oA 34.2vk2] )

2
=

Table 28. Effect of temperature and dosage on the establishment of infective

juveniles of Steinernema carpocapsae GSNI1 strain in Galleria mellonella larvae

Concentration Mean number of Ijs established £ SD

(Tjs) 13T 18T 24T 30T 35T
5 1.0£0.7 1.4£0.8 1.4%1.1 1.2+1.1 0.0£0.0
10 0.9£+0.7 1.1£1.0 2.1x1.5 1.3+1.3 0.0£0.0
20 3.0x1.9 4.2£2.0 3.9+2.3 4.3+2.7 0.0£0.0
40 4.7+3.3 3.3£3.0 6.71£3.7 10.5£3.3 0.1£0.3
80 8.214.6  11.4£5.7 16.3x4.6 15.5+8.0 0.3+0.5
160 12.2+£7.0 13.6x6.9  34.2+£7.2  26.9%£13.7 0.3+0.7

S. glaseri Dongrae A% 3} S. longicaudum Nonsan A% %7} ol wz}
Azo g wgate A= =71 71}, S, glaseri Dongrae A9 A A
T g 21e 30T, 160 Ijs AR 472027 Ao Wi th(Fig. 11). S.
longicaudum Nonsan Al52] Ao A% &8 Z7AL2 S. glaseri Dongrae A& 3 v}

AAAZ 30T, 160 s A2 423787 AFo2 #8383k 35T E 153 Ijs
qho] AE o= et oh(Fig. 11).
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Fig. 11. Effect of temperature and dosage on the establishment of infective
juveniles of Steinernema glaseri Dongrae strain and S. [ongicaudum Nonsan

strain in Galleria mellonella larvae.

Aeexdd W& Steinernema sp. GSNUS-14 AE3 Heterorhabditis  sp.
GSNUH-3 Alg¢] 7543 dsax A5 HE w59 2= wat o]zt A
tH(Table 29). F+ Als BF §&7F =255 A2 A5 = 7oy 224
o WM E F AFe HH x7o] o7t AUATh

Heterorhabditis sp. GSNUH-3 A5 2 18TCoA A& AZFo 47} 36 Ijs&= 71
weton 30CH 35T Hste] A< 13TCollA e A2 AFe 71 o @kt

&

rx
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Table 29. Effect of temperature and dosage on the establishment of infective
juveniles of Steinernema sp. GSNUS-14 isolate and Heterorhabditis sp.
GSNUH-3 isolate in Galleria mellonella

Concentration Nematode Mean number of Ijs established £ SD

(js) strain 13C 18°C 24°C 30T 35T
$223°  1.240.7 2.6+0.3 2.840.6 3.640.5 0.3+0.3
o H217  0.640.2 1.5+0.4 1.2+0.2 0.2+0.1 0.1+0.1
$223 0505 4.940.3 4.040.6 6.5+1.6 0.5+0.2
20 H217  0.0+0.0 2.1+0.8 2.3£0.3 0.2+0.4 0.4+0.1
$223  0.7£1.2 7.6414 7.6422 11.5+2.6 1.5%1.0
40

H217 1.6+1.3 3.6x0.9 3.4%£0.5 0.2+0.2 0.0£0.0

"S223; Steinernema sp. GSNUS-14 strain, H217; Heterorhabditis sp. GSNUH-3

strain.

3) =9 HEFE7} Steinernematidd] Hx @& A3 27|17, F2 o] v

= 9% S carpocapsae GSN1 straine 18T} 24°C, 30TCol A7t S22 o] =it}

EAFAE UL FEAWAA F2 5ol White trap 2 &3] Hes Hx A
30Ce] 4ovhe] s=E AQstais w7t S wel g5y = Ad el A H(Table

30).
4 % /102 18COIA 2453109 713 e A HE ol gol )

b | =4
AT 24T M= 1570 A 21592 A2 FX kol Zol7F gldlent 30CAA
= 160mkE] Aol 9d = 7 #okoh 2y foAde gl th(Table 31).
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Table 30. Effect of temperature and dosage on the first emergence day of

Steinernema carpocapsae GSNI1 strain from Galleria mellonella larvae

Dosage First emergence day * SD

(Ijs) 13T 18°C 24°C 30C 35C
5 0 22.0%1.4 4.0%1.0 3.0+1.6 0
10 0 22.3+2.3 3.940.9 2.6+0.9 0
20 0 22.5+2.0 3.3%0.9 4.842.6 0
40 0 20.0+3.2 2.4%+1.3 5.242.9 0
80 0 18.8+2.7 2.7+1.1 2.3+3.5 0
160 0 19.3+3.2 1.840.5 1.3£0.5 0

Table 31. Effect of temperature and dosage on propagation period of Steinernema

carpocapsae GSNI1 strain in Galleria mellonella larvae

Dosage Propagation period (day) £ SD

(Tjs) 13T 18T 24T 30T 35T
5 0 25.5+0.7 21.4%6.1 12.6+5.5 0
10 0 26.0x£6.1 18.4+5.5 11.6+8.3 0
20 0 30.0£2.5 21.5+8.5 17.0£6.0 0
40 0 24.5%+5.8 15.7+4.3 18.8£6.9 0
80 0 27.4%£3.0 17.9+4.0 15.0+6.5 0
160 0 31.0£2.0 20.1+9.2 13.1x£7.5 0

Z2 Z=18C7F M A9low 24T7F 30CHTE Bka 24T 9 80wla] ol A
1.88 x 10°vta] & 7}4 2 tH(Table 32).
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Table 32. Effect of temperature and dosage on progeny of Steinernema

carpocapsae GSNI1 strain in Galleria mellonella larvae

Dosage Number of Ijs £ SD
Tjs) 13T 18C 24T 30T 35T
5 0 3,200+4,324  70,383+44,506 53,834+£28,621 0
10 0 26,943+45,255 59,168+33,032 63,292+£56,316 0
20 0 32,119£28,635 100,688+46,534 27,258+11,842 0
40 0 15,380%£20,297 123,480+43,043 48,567+24,131 0
80 0 51,062+56,798 188,903+£73,318 61,692+31,372 0
160 0 77,785%15,655 163,997£33,150 54,898+34,556 0

<%=+ Steinernema glaseri Dongrae A% 3 S. longicaudum Nonsan A2
AU FEodA T4 F dEste At S H]iﬂxﬂ}(Fig. 12). EH 55
FEoRREH AFe] Hx EF2 24T 0TCAAE HEF F 9 - 10 &

ATk 18Tl = e F 2% dio] Hs] &% A|zto] AAGH 71017@ 25 -
AR

A 2roks By AFe] AFvss HAx 2F Lo o

=

= "A

By
OSL'

259} FX+ Steinernema glaseri Dongrae A3 S. longicaudum Nonsan 7l
<o T4 Fol dF= A Fig. 13, 14).

Steinernema glaseri Dongrae A& 524 % 24Ceol Hsto] 30TolA <kt =
okth(Fig. 13). Al T4 4+ 30T, 160 IJs A9 94353vteldct. /% 2 5-1
Iis §% AgeA e t& sk Hlste] FostA F457F AUt

S. longicaudum Nonsan AlE2 HZ F2 &%= 24T, 160 =& 80 IJs 5% A

g2 FAE 5o 7+ 27 71,1020k ¢F 725719 Atk (Fig. 14).

(@)
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Fig. 12. Effect of temperature on the time of first emergence of progeny of
Steinernema glaseri Dongrae strain (A) and S. longicaudum Nonsan strain (B).

At the same concentration, the same letters over the bars indicate that there is

O18C mM24C @30T
a
a
b b b b
20 40
a
a
T
b
c b b
20 40

80

Nematode concentration (IJs/larva)

no significant difference (P=0.05, Student-Newman-Keul's test).

- 17 -




12000

18T

10000

8000

6000

4000

Mean cumulative no of ljs/cadaver

2000

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

100000

80000

60000

40000

20000

Mean comulative no of ljs/cadaver

140000

120000 | 30°C

100000 o ’ o ’

80000

60000

40000 |

20000 |

Mean cumulative no of ljs/cadaver

0

1 2 3 4 5 6 7 8 9
Day after White trap

Fig. 13. Effect of temperature and dosage on progeny of Steinernema glaseri

Dongrae strain in Galleria mellonella larvae.
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Fig. 14. Effect of temperature and dosage on progeny of Steinernema

longicaudum Nonsan strain in Galleria mellonella larvae.
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4) €57} Steinernematid®} Heterorhabditid A 3¢ Hito] wx&= 3 @ B
I 2 23U AFT) AEd dE&S v S glaseri Dongrae 7l%s3 S.
longicaudum Nonsan A%, S. monticolum Jiri A%< o]&3lo] 4TC< 13T, 18Tl
A Mz BESS 2MEA7A 2ASE A3 S, glaseri Dongrae Al%-& 13T ol A
BEEO] 7M1 =kal, S. longicaudum Nonsan AlE<& 13TC¢ 18TC7F vl &3 A&

£S5 HYtH(Table 33). S. monticolum Jiri AEL A &% EFoA H =3 HES
S HAou 18T tha =& AEES Bk

Table 33. Effect of keeping temperature on alive of entomopathogenic nematodes,

Steinernema spp.

% alive £ SD
Keeping -
S. longicaudum
temperature S. glaseri Dongrae S. monticolum Jiri
) Nonsan
1 MAT® 2 MAT 1 MAT 2 MAT 1 MAT 2 MAT
4 3.0£2.6 1.6%x2.8 60.9£3.8 62.3+16.4 89.0£5.1 73.7x7.0
13 95.6£4.6 97.0x£5.3 85.3x6.6 68.0+11.8 84.8+49.5 87.5£5.1
18 87.1£2.6 91.6x4.8 77.6x3.7 86.4£12.0 94.24£5.8 91.4%x7.1

Entomopathogenic nematode was kept in multi-well tissue culture plate. "Month

after treatment.

Steinernema sp. GSNUS-14 A% 3} Heterorhabditis sp. GSNUH-3 A%< o]&
3te] 1000 s/m¢ T == 30ml® S tissue culture containerol] ¥ i, 13C W ae] H

[e]

#dstAEA 1, 2, 3, 4, 5/E Fo AEES FAMGE A= Table 349 2%

E A

Heterorhabditis sp. GSNUH-3 A5 ¥ 37/1¥ FHE AEE] 50%U= 3hg
3tk WhH Steinernema sp. GSNUS-14 A58 B 47/ L /74 90% the] A=
&5 B —0«‘11 B 5E Fox 766%< vl =2 AEES EAth

Zo} MZE9 mjUdW S Steinernema carpocapsae GSN1 A5 2] X3 o
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o] o
d&S

n] Z tH(Table 35)

Table 34. Effect of keeping temperature on alive of entomopathogenic nematode

Entomopathogenic % alive
nematode 1 MAT 2 MAT 3 MAT 4 MAT 5 MAT
Heterorhabditis
95.7 93.8 50.2 27.0 31.5
sp. GSNUH-3
Steinernema
98.4 92.0 89.7 91.4 76.6
sp. GSNUS-14

Entomopathogenic nematode was kept in 100 m¢ tissue culture container. “‘Month

after treatment.

Table 35. Effect of keeping temperature on alive of entomopathogenic nematod,
Steinernema carpocapsae GSNI1 strain depending on culture type and keeping

material at different keeping temperature

Keeping Culture Keeping

temperature type

material

% alive = SD

1 MAT

2 MAT

3 MAT

4 MAT

Small
4C
Large

Container
Zip-lock
Container
Zip—lock

10958+1545
13600+997
4244+316
4644+570

12875+1408

15617£1415
5250623
6167+390

13250+1536

172341400
6017+368
53671638

15092+1134
18967+373

711712256
5233+574

Small
9C
Large

Container
Zip—lock
Container
Zip-lock

13833+1145

15825+1759
5360463
5320951

153671266
15607+1237
6350531
7035+705

17325+1017

15567+2260
712831923
6567542

17442+1531

18600+2064
7524+919
6558838

Small
13T
Large

Container
Zip—lock
Container
Zip-lock

14058+1964
16742+2458
7244+1426
5813£1126

15625+1300

1706742395
7146+1110
6319845

16300+1446

14608+1881
9025+2823
6350+550

17950+3155
19008+491
8459+3222
73001101

Small
20C
Large

Container
Zip-lock
Container
Zip—lock

1224241237
18875+2221
6257+969
4554+1207

14267+1243

18690+2902

64711677
4848770

15025+1653

17934+2960
6183507
5708+532

16133+1423
16875+2047
4068+2660
5492+1245
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Table 36. Effect of keeping temperature on pathogenicity of entomopathogenic

nematod, Steinernema carpocapsae GSNI1 strain depending on culture type and

keeping material at different keeping temperature against Galleria mellonella

larva

Keeping Culture
temp. type

Keeping

material

% Galleria mellonella mortality + SD

1 MAT

2 MAT

3 MAT

4 MAT

2DAT

3DAT

2DAT 3DAT Z2DAT

3DAT 2DAT 3DAT

Small
4T

Large

Container
Zip—lock
Container

Zip-lock

75.0+12.9

95.0+5.8

92.5+15.0

875.£5.0

92.5+5.0

100.0£0.0

95.0+10.0

90.0+0.0

77.5+9.6

80.0+27.1

80.0+18.3

92.5%9.6

82.5+12.6

85.0+17.3

95.045.8

82.5+15.5

95.0+10.0

90.0+14.1

85.0£17.3

82.5+15

97.5%5.0

97.5+5.0

92.5%9.6

95.045.8

95.0+10.0

92.5%5.0

85.0+19.1

97.545.0

100.0£0.0

97.545.0

92.5+15.0

Small

Large

Container
Zip—lock
Container

Zip—lock

90.0+11.5

97.545.0

100.0£0.0

92.549.6

92.5%9.6

95.0+5.8

100.0£0.0

100.0+0.0

100.0+0.0

92.5+5.0

100.0+0.0

97.5+5.0

100.0+0.0

97.545.0

92.5+9.6

100.0+0.0

92.59.6

87.5+12.0

92.5%9.6

100.0+0.0

100.0+0.0

95.0+5.8

97.5+5.0

95.0+5.8

95.0+10.0

95.045.8

100.0+0.0

95.045.8

95.0+10.0

95.045.8

Small
13T

Large

Container
Zip—lock
Container

Zip—lock

97.5+5.0

100.0+0.0

97.5+5.0

97.5+5.0

100.0+0.0

100.0£0.0

97.5+5.0

97.5+5.0

92.5+9.6

87.5+12.6

100.0+0.0

97.5%5.0

92.5+9.6

90.0+14.1

100.0+0.0

92.5+9.6

92.545.0

T7.5%22.2

97.5+5.0

92.5%9.6

97.5+5.0

92.5+15.0

97.5+5.0

100.0+0.0

100.0£0.0

92.5+15.0

92.5%9.6

100.0+0.0

100.0+0.0

97.5+5.0

92.5+9.6

Small
20C

Large

Container
Zip—lock
Container

Zip—lock

97.5+5.0

100.0+0.0

100.0+0.0

100.0£0.0

97.5+5.0

100.0£0.0

100.0+0.0

100.0£0.0

95.0£5.8

95.0+5.8

92.5+15.0

92.5+9.6

95.0£5.8

95.045.8

95.0+10.0

92.5%9.6

95.0£5.8

97.545.0

95.045.8

95.0£5.8

97.5+5.0

100.0£0.0

97.5+5.0

97.5%5.0

97.5+5.0

92.5%9.6

100.0+0.0

97.5%5.0

100.0+0.0

97.545.0

100.0+0.0

100.0£0.0

Small
Control
Large

Container

Zip-lock

100+0.0

100.0+0.0

100£0.0

100.0+0.0

100.0+0.0

100.0+0.0

100.0+0.0 97.5+#5.0 97.5+0.0 97.5¢5.0

100.0+0.0

100.£0.0

95.0+5.8

95.0£5.8

S. carpocapsae GSN1 A& 4 - 20T
71Zke] 7 gol| uwhet thAi
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4 3
t}. S. carpocapsae GSN1 A& tissue culture container$}t 7\]31%} -
Foll & AolE HolA ol Byt &7V|E AHg &U1E AT 7 AS
HA. 3H S carpocapsae GSN1 AlT& 2wk wjoko] n]3te] o=k wje
Al BFEF7E 7 ool A Al iz deolx o B 73k Aol mE RS

S FAEHAT. dAFu G o FF HFo Bago] AP AdolA
H AFo) nste] dA43 "olA = 292 AAFANA g tiale
AbEStE A3 B A AUAA xR BastEs, 3 A AF |
k7] WEo® AtgEd 3 1409 B AFSe WEst
of Rytdol= ZA7E gle Ao Ay 7] e A0S AAA
7IH A Al HA S Aoz AZbET

RE A 2xoA 4Y B w7tR] S carpocapsae GSN1 A5 I Aw
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He vtolz o] UHol| nAFAA AAF HEUTE o] &7]9 A ofgf =
FAPUE §5S 9, AFde RAE A =ol2 A H S. carpocapsae
GSN1 As3 S. longicaudum Nonsan A%, Steinernema sp. GSNUS-14,
Steinernema sp. GSNUS-18, Steinernema sp. GSNUS-36, Heterorhabditis sp.
GSNUH-1, Heterorhabditis sp. GSNUH-2Z gttt ZelE 121Col A 1583t

st & o2 Az A FH 77 3,6, 9, 12, 15, 18%(W/V)E &
g o #aEAY T wsfF 100 E 2 10 g9 EHE SHA

A T Feryg TS 9F Fow o] Yol f35o] offFow o
= :0‘}9?\‘:} Aol 9 FEAE ZHHE 472 2 m9t 7T em2 AL FH 474 A
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2) Steinernematid A% 3} Heterorhabdid A& SA] A8 A E%o $E 3 2o

b MM WA= g T o= o]xc}sq 8 5ol A3t Steinernematid A1 Z 3%

Heterorhabdid A% S &4l AHgE & AL F A% 1 #Ase T4 FFE
dolr 7] 93l HHEANGUY FF5S o83t 7Tl digh WAddy Hg=EH
2 XTI AZF 7]
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AL v 2 RE 45 en Frol www HAol 1 ml EwE vholzeo] Wl uA
AA AAE wHEATt o] 8719 H ofgfFele EEFAEUY FFS ©WAL,
A& = ZPgE A Fol2 AL F S. carpocapsae GSN1 Al5S A sAtt
R 121TCoA 15683 s & A dx A7 51 13%(W/ V)2 5%(W/V)=
Fis BFEAT &7)9 H W Fidd EEFAgEu =553 10vEE ¥
10 g9 2HE Al AL & Fo2E F4& 45 AFo R ol Yol {fFo] oy



Zow gEehA Hotes it o] 9 FiEde REUE 247 2 en(97 g)¢F 10
em(463 g)& A F S. carpocapsae GSN1 A= 3} Heterorhabditis sp. Gyeongsan
As 7 AFS F 252 yro] Atk A WA 152 S. carpocapsae
GSN1 A% 3 Heterorhabditis sp. Gyeongsan A%< @& T F3tsle] z4zb 322
vhe)/ml(=10°vke) /ha) TER AL ol &ste] 1 m A Bl 1T HFsAC

i

S HYA &H FS A s At EFAEY A= 3227 /05me] FE
2 At 28 F HA 15 A A vEE WoR go #e 2o
2 AHEstdeh FAg s st 1 m HEstdoen A F SR £4 PAE 9
stol 8719 91%S FehaE T2 uhogth ol g A ﬂalfﬂ of=y To]x §7]

13]
24T &g=7]d ®H#sta AP 39 ¢ {5
golstitt ALY EFHPEAAYUY §F5FS AdFEE #
A S Fske] Z]1FA 3]
14

ga]—io = 2§] A) }\] O].oﬂ

J&?L rir
Olt

i =

_&

5

3) EY U 22HddAE v72Fe EASE7F Steinernematid A% 7}

Heterorhabdid X159 WA 7Y vX e 9 @ EY ] 59 Ao

gulste] dugon TEUAAES At W mitel Ao] f¥E olw
7] Slstel BARAYIY §5L AR o] g3t R HolWE 7Tl U@ W
qol Aole zAlskdth Axel EF Zolsh FEFFE wE TFYAYNE
o 7% AL BAY Aoleh FAF Yo 4PL FAstAe Vel A
o] £ 47 65 m®) o}2Y fol= §71% olgate] AParh 71 WA Aol

9]
Ag e 2= 121ToA 1583 e F A4d Az Al

FAR ALY =555 1002
dad F42 A% dEoR Wol Yol f3o] old%ow YFeA LAES Y
2o 10 g& A9 2T Bwe) 9 RRel:

Z2HE 42 2 9, 5 m 10 cmE A H Steinernema sp. GSNUS-2,

Steinernema sp. GSNUS-3, Steinernema sp. GSNUS-4, Steinernema sp.

GSNUS-6, Steinernema sp. GSNUS-14, Heterorhabditis sp. GSNUH-I,
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Heterorhabditis sp. GSNUH-2, Heterorhabditis sp. GSNUH-3& =@ &tadvt. 27+
o] AE=2 322vke)/mi(=10"ke)/ha) FEE T o] gdte] 1 m A EFe] 1T
AEaatt FAgs At 1w Agsigleon Ay & &/ &4 2AE fst
of §71¢ FS FhayY TR Itk olFA A ofad dolx g7+
of R, w7EF AHETE AHE 49 F F5E Ao A5l

el
WU FEe ARFE BRSNS F AFAvGstelA et

D 2389445 & F @5 Ad A B s o7t A vA=

]
F 2THAEAT T ATl wet Egzlold, e wE a7
]

=
el Frol xpolE B AT S carpocapsae GSN1 AlEL sand column 2 cm Z o]l

2
Me BT mel HdAdel & Aols HolA FYARE 7 em oAM= FE
o] 12% ol’dd A = vgel tgk ¥Adol sl tH(Table 32).

Z1FA N AP Ao F= 2 an Zold Hlste] 7 em zeololA dAA} FA 4

=

o BedE BEG ol ool wet Aolrk ilal, A 4Fe = 6%
T AgE Aetas 2 an 2ol Hlgte] 7 em ol B kth(Table 33).
Aule] A 3 2AER 4FAe] U gt FEEe] Sk e AAAAF

T 9% 18% T A& Alestars Z Aol HolA &t
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Table 37. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Steinernema carpocapsae

GSN1 strain at 24C

Soil . Mean number of
Mortality (%)
moisture Female Male Larva Total
(%) 2em 7em 2cm 7em 2cem 7em 2cm 7em 2cem 7 cm

3 100 977 89 2.6 4.9 1.3 0.6 0.1 143 40
6 100 100 7.1 2.3 4.0 0.6 0.1 0 11.2 2.9
9 100 933 54 14 2.9 0.4 0.1 0 8.4 1.8
12 977 833 69 0.6 4.7 0.1 0.4 0 120 07
15 977 700 38 0.2 3.2 0.1 14 001 8.4 0.4
18 100 533 638 0.9 3.9 0.5 1.0 0.3 11.7 1.7

Table 38. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Steinernema Ilongcaudum

Nonsan strain at 24C

Soil . Mean number of
Mortality (%)
moisture Female Male Larva Total
(%)

2em 7em 2cem 7em 2cem 7em 2cm 7em 2cem 7 cm

3 917 977 64 6.4 3.7 4.9 0.1 0.4 102 11.7
6 100 100 8.3 6.8 5.5 4.4 0.1 0.2 139 112

9 93.3 100 5.0 7.8 3.0 7.1 0.1 0 8.2 14.9
12 9777 100 7.5 89 49 0.7 0 0 124 167
15 100 97.7 8.6 9.6 4.1 7.8 0 0 127 173
18 100 100 56 75 3.6 5.8 0 0 9.2 13.3
Balgn Eggolde] we YA4e

Steinernema sp. GSNUS-14 Isolate= <+
7

- 12
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18% it el 83nte]l & vh& gl vlste] A At

Table 39. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Steinernema sp. GSNUS-14

Isolate at 24C

: Mean number of
Soil Mortality(%)
moisture Female Male Larva Total
(%) 2em 7em 2cm 7em 2em 7em 2cm 7 cem 2cm 7 ocm

3 97.7 933 7.3 1.5 6.3 3.8 0.2 0.2 13.8 b5
6 97.7 977 6.6 2.8 5.2 3.4 0.2 07 120 6.9
9 100 100 5.8 1.9 2.0 2.1 0.9 1.2 116 5.2
12 97.7 100 8.4 4.7 5.9 2.7 0.5 04 148 7.8
15 100 97.7 6.6 3.2 4.1 2.2 0.5 0.7 11.1 6.2

18 90.0 100 4.5 1.9 3.5 2.9 0.3 1.1 8.3 5.8

Steinernema sp. GSNUS-18 Isolatex sand column® Zolo] wel H9A 2 A
MZFo] Fol xpo]lE B TtHTable 40). 7 cm Zolol] H]3le] 2 em Zo]ol A H A o]
A et e HAdMdFe] Fo A= T ooan ALt 2 em zolo] Hlste] F ufA
L =St Al diAlfe® 1 1ot

Steinernema sp. GSNUS-36 Isolates= T}FE Steinernema spp.ol H]sle] ®H Al 9]
AAs] tekom 7 cm zolol Bt 2 cm ZololA WA o] A YER o Fi
& Abolol= W eAdol & AolE HolA gFskth(Table 41).
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Table 40. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Steinernema sp. GSNUS-18
Isolate at 24C

Soil Mean number of

Mortality(%)
moisture Female Male Larva Total
(%) Zem 7em Z2Zem 7em 2cem 7em Z2Zcm 7em 2cem 7 ocm
3 83.3 100 2.0 7.6 2.6 7.1 0 0 46 14.8
6 97.7 100 2.9 6.0 4.5 6.1 0 0 7.4 121
9 90.0 100 2.8 5.9 2.3 5.2 0 0 5.1 11.1
12 777 1000 1.1 4.7 2.2 4.6 0 0 3.3 9.3
15 97.7 100 3.8 4.8 3.0 5.0 0 0 6.7 9.8
18 83.3 97.7 2.6 4.3 2.9 4.8 0 0 5.5 9.1

Table 41. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Steinernema sp. GSNUS-36
Isolate at 24C

Soil ' Mean number of
Mortality (%)
moisture Female Male Larva Total
(%) Zem 7em Zem T7em 2cm 7em Zem 7em 2cm 7 ocem
3 70.0  40.0 14 8.1 0.5 4.9 0 0 19 13.0
6 70.0 477 2.8 7.6 1.1 4.1 0 0 3.9 11.7
9 733 377 2.1 8.6 0.9 45 0 0 3.0 13.2
12 T 317 2.6 5.5 1.3 3.2 0 0 3.8 8.7
15 700 277 2.3 3.5 1.2 2.3 0 0 3.6 5.8
18 67.7  50.0 2.3 3.3 1.3 2.5 0 0 3.6 5.7
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Heterorhabditis sp. GSNUH-1 Isolate®} Heterorhabditis sp. GSNUH-2 Iisolate
‘F Heterorhabditid &1t EZ o wep HAFe] Wedido] Aolg HATE
(Table 42). Heterorhabditis sp. GSNUH-1 Isolatex= 2 cm Zlo]ol A& i ko] =
Alglel 100%<] WUAES HRIREA 7 en ZHololAe WUl AL vkt
a8y Heterorhabditis sp. GSNUH-2 Isolate= F+ Zo] ESFolA 100%< H#HAA
Btk 71538 AF9 % Heterorhabditis sp. GSNUH-1 Isolate:= 12% <=
2 S At v)$289] 1L, Heterorhabditis sp. GSNUH-2 Isolate®= 2 cm

Zol7F 7 em Zlolel wlste] A} AF7F Wtk

Mr o

N

Table 42. Effect of soil depth and soil moisture on mortality of Galleria
mellonella larvae exposed to infective juveniles of Heterorhabditis sp. GSNUH-1
and Heterorhabditis sp. GSNUH-2 Isolate at 24T

Soil Mortality (%) Mean number of hermaphroditic female
moisture  GSNUH-1 GSNUH-2 GSNUH-1 GSNUH-2

(%) Zem 7 cm 2 cm 7 cm 2 cm 7 cm 2 cm 7 cm

3 100 30.0 100 100 0.9 2.3 4.6 3.5

6 100 50.0 100 100 15 2.0 5.1 2.3

9 100 50.0 100 100 19 2.3 3.1 1.1
12 100 60.0 100 100 4.8 1.1 3.0 1.7
15 100 50.0 100 100 1.3 1.1 3.0 2.8
18 100 53.3 100 100 0.9 1.8 3.5 14

A A Al ESFe] R Zo]
7F Bl wmAE 4 EARAEUY w45 VFAANES EYY Zol9t
T8, 283 A 214 we IS BUvh S carpocapsae GSN1 AlE 2] %4
Bf5nh Agaetds 4 1 wj= Zlo]o] Aagle]l 100%9] 715 A
AFES HOAT EYSE 13%Y "W Eddo] 2 end W 100%2] 715 A A7} o]
Fol Ak a2y 10 emel A= 43%9] EHFAPUY fFTo] X ALE A th(Fig.
15).
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Fig. 15. Effect of soil depth and soil moisture on mortality of Galleria mellonella
larvae exposed to infective juveniles of Steinernema carpocagpsae GSN 1 (scg)

strain and Heterorhabditis sp. Gyeongsan (hg) strain at 24C.

Z128) 3l Heterorhabditis sp. Gyeongsan A% A YEH 3=

2
_>Jl_|4
ik
ol
2
o
2
rr
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carpocapsae GSN1 A& 9] =37 14
AP wsfFe] AAREe] tEA #AEAT EYSFE 5% ol 2 md
uje] 75 XAbg&o] 93% = THE = , BT 13%, Zol 10m¥ #W& 63%=
7HE vkkth ESd 5%¢ A wje} S 13%, o] 2em A=
80%° 715 AAES #EZ S UAAT S carpocapsae GSN1 - AlE3
Heterorhabditis sp. Gyeongsan A%< HYElF5S &3 A9 S 4+

W 5%%t 13%, E¥ze] 2 en¥d wf 100%9] 715 AAMES HOAI, EFFE 13%,
7;101 10cmd o] 7] XAMES 86%= 7Fd $okt) aela EYSE 5%, 2ol 10
am 27N E 97%9 715 AAES #F T F AR (Fig. 15). 99 FL 3 A
g A HJHFS AYFE e 98 W BE Ay 2dA o F
=2 Agstdes ek FARE 23E 22 F A=, S carpocapsae GSN1 Al
of FAHFFTE AaAS e EFFE 5% 13%, EFol 2 and W 100% €]

&S BEY F A3, ESFE 13%, Zo] 10 end we] 7|5 HALES

63%= 7 stokth e i EGFR 5%, ol 10em 1A= 97%°] 715 AL
£S Ye A tHFig. 15). Heterorhabditis sp. Gyeongsan AlZ9 Y5 o=
Ao = i/ 5%, 2ol 2 an oAM= 7157 93% A AME O] A A& o] 7}
kL, EGTE 13%, 10 em ZHo]l ¥ w& AAREO] 57%ATE 1Elal EGSE 5%,
Zlo] 10em¥ W= 63%2] AAMSES T & = A, BEY FE 13%, Aol 2emd
W= 715 A AREO] %AHFig. 15). S.  carpocapsae GSN1 A=
Heterorhabditis sp. Gyeongsan A% HYEF5S E33AE 39S ue Ay
ESTE 13%, 4ol 2 and wWE 75 =
5%, o] 10 em¥ W= 715 AARE] 73%=
2149 W= 97%9 715 AAES HET 7 A3, ESFE 13%, ol 10 andd
= AARgo] 87% Atk FAHYNAE BE A FHRAEY &350

A ArE A ek okt (Fig. 15).

A

2l =
o 3T

~
ol
o
o
—_
()
Q
X
u
N
s

N,
Al

o

Fl

AL EHBEAAYUL w5 fFo JYD3 S carpocapsae GSN1 AE 9 & E
GrBa Eggole] S WYL S carpocapsae GSNI AL A §E T o
5+ 7.07}

S.

[e}

=48 s W AFo HdTFE EYGTE 5%, ol 2 om 274 18
2]

2 7P Wk, EYSE 13%, Hol 10 and wf 36 + 467t 7HE A9l
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Fig. 16. Effect of soil moisture and depth on the establishment of infective
juveniles of Steinernema carpocagpsae GSN 1(scg) strain in Galleria mellonella

larvae at 24°C. hg ; Heterorhabditis sp. Gyeongsan strain.

a8 Al EYFE 5%, Zo] 10 cnd 4 £ 667 AL, EGT
2

o A 8.
i 13%, #eol 2 eang W] MY AF F= 170 £ 1097 Avh(Fig. 16).



S. carpocapsae GSN1 A=3¥ Heterorhabditis sp. Gyeongsan AlE< A JH =
S EFAHE 39S W, FHEAE M) w555 %‘?Ji’l S. carpocapsae GSNI1
AFel 5 ZAS Ay, EY 1 13%, EYZOl 2 and wf, 252 £ 11.3v}E] =2
7MY B AFe AYg7 #EEHJL EYSFE 13%, el 10 end W& 7.2 £ 59

e 7 HFEAY 28 EGFE 5%Y We] ol 2 em9t 10 o

A= 2z 187 + 91nbElef 121 + 74vtE] vk(Fig. 16). ¢t &4 ¢ Ag =1

3 J2l & woz £98 we ZE 2ddA o T2 As9s

i

8 . Z10] 10 em¥ Wl 3.7 +

= 7}%} AJtt a8 ESFE 5%Y Wi Zo] 2 et 10 cmollA EHE-AWL

W esfol HYs A5 = 242 7.0 £ 399kl ¢F 5.8 + 3.7 tH(Fig. 16).

A% Heterorhabditis sp. Gyeongsan A=9] < e

S TFAY SARE we EFHPEAE U i‘?%zoﬂ A3 S carpocapsae GSN1

AT FE5 BH ESTFE 13%9 o]l 2 and o 128 + 74nte] 2 7Hg @kl

EGFE 5% Zo] 10 ¥ Wi 36 + 34vtEl2 7bF At ada ESSFE

2 md W 55 + 32vhE], B 13%, 2ol 10 cnd W= 37 + 2.87H

o
i
ok
b
Ay
Ho
ofj
-3
)
S
2
ofj
o,
¥
rlr
Hrl

N %0,
I
d
k)
L
N
N
o
52
0
R
\I

S. carpocapsae GSNI1

A EEEAE U w5 fFd HY3 S carpocapsae GSN1 AlE 2] 4710 &
2> BEY S ol dEgs A okrh agla BE A A EYe i
Zolol #AGle] &AL H&o] 66% AR 7 H} wo| #FHHFig. 17).
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Fig. 17. Effect of soil moisture and depth on the sex ratio of Steinernema
carpocagpsae GSN 1 (scg) strain in Galleria mellonella larvae at 24C. hg ;

Heterorhabditis sp. Gyeongsan strain.

sf-20 Y3 Heterorhabditis sp. Gyeongsan & ¢

2 =
FAEFZel o BEdrdd dolod 9F&F& LATHTig18).
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Fig. 18. Effect of soil depth and soil moisture on the establishment of infective
juveniles of Heterorhabditis sp. Gyeongsan (hg) strain in Galleria mellonella

larvae at 24°C. scg ; Steinernema carpocapsae GSN 1 strain.

a8y S, carpocapsae GSN1 Als 9 HUEFZFd= @] Heterorhabditis sp.
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Gyeongsan €9 Y F& EE %

FARY a3l FYF A %, #1°] 2 an¥d o
vhElE 7 BE e R T o A9, BEdaw 5%, ol 10 et

13%, Z°l 2 cnok 10 cm Z=olA = 2vfe] wivke] AdFsr @2 &
(Fig.18).

S. carpocapsae GSN1 AE3} Heterorhabditis sp. Gyeongsan A%2 AP F3=
S 23dAY sgS u FHRAEuU =<fZo YIS Heterorhabditis  sp.
Gyeongsan A% & HW EAGFE 5%9M 2 me 10 cnd Wl EdFE
13%, B4l 2 cnd B Fol ol FoAAA FUAT, EFsE 13%, EFL O]
10em A2 2= 1.9 + 1.2v1819] A J e fFo] %%Q?ﬂ"/HFig. 18).

Aot 5 & AE 2olA A og S M 9 sEE Ais

w9} F-AMSE A3E @ & = AU Heterorhabditis sp. Gyeongsan A9 X
AHFreS d5Hg 39S v EdFAEUYY =5f4F0 HYgst AFe ++
RE Aol 2ute] wwk o] At} (Fig. 18).

S. carpocapsae GSN1 AE3} Heterorhabditis sp. Gyeongsan Al%2 AP+

S 23dHY 9SS wWlE Heterorhabditis sp. Gyeongsan A& ESFE 59%0l A
2 em9t 10 emd W} EGTE 13%, 2ol 2 en¥S W FF59 Yol o]F oA A

BAIRE, EFFE 13%2] o] 10 cnolA= 11 + 04vtele] AdeFEes 42 &

3) EY U 22HadAE v72Fe EASE7F Steinernematid A% 7}
Heterorhabdid %9 WAAH 7|53l mA= d3: ES W w7259 75
= Steinernematid A%< Algol wel Aoldt WAGdS HAoh(Fig. 15, 16, 17, 18,
19). Steinernema sp. GSNUS-2 Isolater= A= Z7]o 7|57} &2 ¥ow o=
g3 HYAdo] v Aow ey o (Fig. 19) Steinernema sp. GSNUS-3 Isolate
9} Steinernema sp. GSNUS-6 Isolatex= 7| 7|71 &A% fyat= 7|F A Y
Hol HolyutH(Fig. 20, 22). Steinernema sp. GSNUS-14 Isolate®e HZE Z7|o] 7]
F7F guEtE =2 HAdEES Yoy 10 em Zeolol A= WAl dA3] AsHE A
tH(Fig. 23).
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Fig. 19. Corrected mortality of G mellonella by Steinernema sp. GSNUS-2
Isolate at various sand column depth and presence or absence of hosts in the
first 4 days. W-4(4DAT) 4 days after treatment with presence of host introduced
at the day of treatment. W-4(8DAT) 8 days after treatment. WO-4(8DAT) 8

days after treatment with absence of host during first 4 days.
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Fig. 20. Corrected mortality of G mellonella by Steinernema sp. GSNUS-3

Isolate at various sand column depth and presence or absence of hosts in the

first 4 days.
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Fig. 21. Corrected mortality of G mellonella by Steinernema sp. GSNUS-4

Isolate at various sand column depth and presence or absence of hosts in the

first 4 days.
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Fig. 22. Corrected mortality of G mellonella by

WO-4(8DAT)

Steinernema sp. GSNUS-4

Isolate at various sand column depth and presence or absence of hosts in the

first 4 days.
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Fig. 23. Corrected mortality of . mellonella by Steinernema sp. GSNUS-6
Isolate at various sand column depth and presence or absence of hosts in the

first 4 days.

Heterorhabdid A& %= ZAledel wel 7]FfF5o & Haddd o7t AUt
(Fig. 24, 25, 26). Heterorhabditis sp. GSNUH-1 Isolatex= HZ Z7]o 7|F7F §1&
Ae WAool #AA3 HolHuh(Fig. 24). ¥WH  Heterorhabditis sp. GSNUH-2
Isolate®} Heterorhabditis sp. GSNUH-3 Isolatex= 49 3o 7|FE2 Fdox 4
T 3 7T 25 FYe AR A BUA8ES BAtH(Fig. 25, 26). MREA o=
Heterorhabdid A& E¢°] Steinernematid A&l ¥ste] HE 27|14 7157F glo 2
T =S HY9AHE Btk olE Heterorhabdid A&FE9 AS$ 7|+ FFHo=w 3
g E2418 7}A] 4l Steinernematid A &5 7|F7F H

=
7 7InE s AEEe SAS A V] Wi e Az
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Fig. 24. Corrected mortality of G. mellonella by Steinernema sp. GSNUS-14

Isolate at various sand column depth and presence or absence of hosts in the
first 4 days.
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Fig. 25. Corrected mortality of G. mellonella by Heterorhabditis sp. GSNUH-2
Isolate at various sand column depth and presence or absence of hosts in the
first 4 days.
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Fig. 26. Corrected mortality of G. mellonella by Heterorhabditis sp. GSNUH-3

Isolate at various sand column depth and presence or absence of hosts in the

first 4 days.

WAEge frel 4 EEYAdage

o
H\i

dold HAAZFe = A5 A
Eoll wet dolstdd=l WA fARE S E‘;M (Fig. 27, 28, 29, 30, 31, 32,
33, 34). Steinernema sp. GSNUS-2 Isolaterx A &ol o] &3+ Steinernematid A%

==

= HAEF A m7EFol Jdu F2HAAAM AR AFe &7t 7?” A A thH(Fig. 27).

1 AN
Steinernema sp. GSNUS-3 Isolate= HZ 9A] "7l &% v 2313 HIF 44

3
T 7IeEsE 7Y 9 W ¥dAe] 25% A= Aolrt %\L?i%tﬂ(Fig. 200 + =4
A ZIFel HAFdF HAFel F= wl ol Aolrt wWrhFig. 28). ol¥d Aol
Steinernema sp. GSNUS-6 Isolate®} Steinernema sp. GSNUS-14 Isolatedl] A %=
ALer B8-S B9 oH(Fig. 30, 31). Steinernematid AZE9 715 F5Fo wE AYA

Fo St 1T S 2ANA A gtk hekd B A% PAE 9l

NES AT A AP Aol NF2F] e A BALLI} A% o
F2 F JoR 47uth =@ ok 2NN AW HFl FTAHOE pachd
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S Hole Z2 o]gg Ul 7|Ag o= AZtE
Heterorhabdid 4155 Heterorhabditis sp. GSNUH-3 IsolateZE #|2]&}a, =

A 7 EEol EAE du 44 Fol VlFEsE W Wi, vA s T
|

i
b

RS "Wy e HFS DA v 25E FYX ,

S wy )5l Hgs A °] T & AolE HolA Zdth(Fig. 32, 33, 34). °] &
‘} A2 Heterorhabdid A552 A% Edgoly FEH wel 7|50 HAYste
Aol 71 aA Aozt UA| g& AP} 22 olf= AZHEr}. =, Heterorhabdid
ASEL 717 Y £ 1A4AY dols AFEAZ2 2539 Steinernematid 455 ol
Hisle] w23, @ 5o &S FAAA ¢ QY] oz AZdEY
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Fig. 27. Number of established nematodes at various sand column depth and
presence or absence of hosts in the first 4 days. W-4(4DAT) 4 days after
treatment with presence of host introduced at the day of treatment. W-4(8DAT)
8 days after treatment. WO-4(8DAT) 8 days after treatment with absence of
host during first 4 days.
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Fig. 28. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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Fig. 29. Number of established nematodes at various sand column depth and
presence or absence of hosts in the first 4 days.
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Fig. 30. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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Fig. 31. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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Fig. 32. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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Fig. 33. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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Fig. 34. Number of established nematodes at various sand column depth and

presence or absence of hosts in the first 4 days.
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SIS

u g stell A Al Adel]  ol&st XFHYAHAZFLS  Steinernema  sp.

GSNUS-14 Isolate®} Heterorhabditis sp. GSNUH-1 Isolate, S. carpocapsae GSNI1

o

A%, S. glaseri Dongrae A%, S. longicaudum Nonsan A&, Heterorhabditis sp.
Gyeongsan A% o % EHEAHUE w&f-FoA F2 A7 White trapo @ 83+
2 13C WHae Basjed 25 oo AL o] &3t}

Aol 2EPARAF AL G Sopmr] e T Aol AA A
de FAssd s AR AgxAe BYse 49 FAsAL, 2
QoA Ael AZre B skl Nae Fastgth 13 49 15 m

55%, 75% A3 B w71 o] &3 AFE stdow txae RS ATIA F

skt ZF A e o= S carpocapsae GSN1 A5 <

E M8 AZyo)2 X ed AEALS o 94, oF 24, 2F 6A

o A & AFHOERE 20 cm, 50 em, 1 m EoldlA Z AgTd 10719 A&
]

]
Aeddel Hitke 131T3,

& ZAbsE e wiFek AY, Fai S
A ARS AT 44 A=e 3F F 30, 50, 609 FH ©H FHAA F3
st = S carpocapsae GSN1 AlZ< 109 [js/m' ZFo g 2% 3 o 1A 7 64
Zh12A1ZE Sl g9 Holds AFe 5 dAvAstelA] ARSI HF AHE

T o 9N 2F 24], &5 6Al9 FFSiTh

&

2) ALl A wmFo] AFo WAl A= A ¢ Aol 2FH
AR AF] B mA s FEFS Gotry] flste] Al Aol 24 A& FAst
Aed 12 A238L A 9 cem petri dishel 1,000 Iis/m¢ FE% 10 me] A=S 2%
t}h. 7} petri dishe 7188 392 ¢ o} UV 3go] o714 Ese=
petri dishE 2 o5 ZPWA YA 30W UV #AEZE o] &3l 0+, 108, 30+ &
b ZAMAIZ] AL, o] Feofl 0.1 meo] AFE Jglor oo} A 09 mesh 4o A
49 cm Petri dishel oJ3+] 1S 23, 315 HIFAAT 7]l 58 1A Fol=

= q

Astgich. Aol ol @ =EW AL



=2 Steinernema sp. GSNUS-14 Isolate®} Heterorhabditis sp. GSNUH-1 Isolate,
S. carpocapsae GSN1 A%, S. glaseri Dongrae A%, S. longicaudum Nonsan 7|
%, Heterorhabditis sp. Gyeongsan Al 22 HHEANGUW Lw=f-FoA] T2
71 White trape.® 433 t}2 13T dAae masjed 25 oo AE o] &3}
A Th.

22 AL ArpEAd 2AE 2 AAAFY HdAd mAle S Gotr7
13t S, carpocapsae GSN1 7Al'&S ol&3ste] AdS FdsAt 274 9 em petri
dishell 1,000 Ijs/mt §== 10 m¢e] A5 ARtk 2,000 Lux ©]de] 2Aapgido]
Hd&H e aE0] AA & Xl Z petri dishE 0%, 10+, 308, 60 &< ZAAIA
otk o]Fe 0.1 mo] MFE FAo=R Wolo] At 09 mlet 4ol AFE 9
petri dishell AA3x] 10j& Z31 1F HIAAY. o7]d 53 144 FoAE 3 vl

=

A Ge oy 29 Foll XAFE ARSI

32k Aye WMUL o S carpocapsae GSN1 AlES 109 [js/m Fo® g

AFs Axd v, UV 3345 Adsts vds 9 5 ofefo & ), 22

304, 60% b AAbFA =EAAL 1AL T 2 2
o

2e Fohaw vhpud] FaA

rM
ot
N
2
L)
A
o

4

A rel ol AARREE 24

=

. A
1) ALz AAapgdo] AFe] Ao vAE dFF @ Ao =52 2F3HY
ARz AEo] 2 PGS v H HTable 43).
S. glaseri Dongrae A3 S. longicaudum Nonsan A%< A¢stis UV-Cel
603 =F Al 100% AALE Ak #Fe]del te dFo AEES A5 THE

wgb = AbolslAl yEebWth. = Steinernema  sp. GSNUS-14  Isolate%}
Heterorhabditis sp. GSNUH-1 Isolatex= UV-Col 10% =% Alol= A Fo] XA}y
A kAW S carpocapsae GSN1 A5 =% 108 Fo 50.6%7F X ALE At
UV-Col 30&7F =% Al S glaseri Dongrae A% 3} S. longicaudum Nonsan A%,
Steinernema sp. GSNUS-14 Isolate®= 60% o] AEES HIAT
Heterorhabditis sp. GSNUH-1 Isolatet} Heterorhabditis sp. Gyeongsan A%, S
carpocapsae GSN1 752 1%4] o]l vt AEES BT
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Table 43. Effect of UV-exposure time on mortality of entomopathogenic

nematodes in petri dish

Uv- % alive
S.
exposure 77 sp. H. sp. S. glaseri S. longicaudum S. sp.
. . carpocapsae
time(min) Gyeongsan GSNUH-1 Dongrae Nonsan GSNUS-14
GSN1
10 87.0 100 49.4 88.1 87.3 100
30 0 1.3 0.9 86.6 61.3 76.7
60 0 0 0 0.4 0.2 0

o AgAdel Adxd B e A= AFEUT oA
AAMZF S carpocapsae GSN1 Al%E2] A &Aoo S vzt 24 9A Y
5 24 A A Ag 6AZF By Fol= 94 A 75% AdH =S
AlQlsl = Aokl AFo] gl tHTable 44).

2% 64 Ao A% A 12412 Fo 9 0.08 whele HdFeo] AESHA
gl AE7F goldaE AE AFe v dAdezr Frtete A¥FS RS
aelar Aol g FEe] dol A9l ol midte] dee AEHAde] Edth
A Azt M2 dFe AE = A 307 F ZXE 2d 94 HEvh oF

7

of mlske] mlawH A e ol 2 94 A9
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Table 44. Persistence of Steinernema carpocapsae GSNI1 strain on FEuonymus

japonica leaves in field

Treatment Shading Leaf Mean number of alive nematodes/10 leaves + SE

time  condition position 10 min, 30 min. 60 min. 360 min. 720 min.

0 U 430+24a-d 22.0+33a 10.0+3.5hc Oe of

0 M 39.0+55a-e 23.8+29a 16.0+4.3a-c Oe of

0 D  338+75a-e 233+40a 83+2.0c Oe of
Insect net U 51.3#83ab  185%35a 12.0+1.7bc Oe of
Insect net M 57.0+11.6a 21.5+4.2a 10.31.6bc Oe of
Insect net )  330+6.3a-e 255+4.2a 10.8+1.5bc Oe of
35 U  46.0+65a-c 30.0+54a 85+2.1bc Oe of

9 am 35 M  355+72a-e 215+21a 10.3+1.6bc Oe of
35 D  308+45a-e 275+45a 17.0+4.4a-c Oe of
55 U  360+88a-e 26.0+69a 16.3+4.6a-c Oe of
55 M 323+42a-e 280+34a 13.8+4.4a-c Oe of
55 D  34.0+72a-e 26.0+6.4a 10.0+2.7bc Oe of
75 U 31.0+24a-e 220+3.1a 14.0+2.2a-c Oe of
75 M 355+6.0a-e 22.0+35a 10.8+2.7bc 0.5+0.5de of
(8] D  51.0+80ab 23.0+22a 9.0+2.6bc Oe of
0 U 223+37c-e 143+23a  80+1.9c Oe of

8 M 17.3%+22de 16.3+2.0a 9.5*1.6bc Oe of
D  238+44c-e 163+18a 9.8+1.0bc Oe of

Insect net U 16.3%25de  135%24a  10.8+0.5bc Oe of
Insect net M 20.3+29c-e 183+2.2a 14.8+1.7a-c Oe of
Insect net ) 180+2.1de 14.3+24a 11.5%1.5bc Oe of
35 U 145+23e  15.3%£3.7a  9.3+0.9bc Oe Of

2 pm 35 M 17.8+32de 125+26a 16.3+3.0a—c Oe 0f
35 D 185+1.9de 12.8+1.8a 13.3+25bc Oe of
55 U 14.0+2.7e  18.0+1.7a 14.8+4.2a—c Oe of
55 M 193+25c-e 20.0+0.8a  9.3+2.5bc Oe of
55 D  16.0+16de 183+26a 10.5+1.9bhc Oe of
75 U  175+35de 15.0+28a 11.5+2.4bc Oe 0f
75 M 22.0£3.2c-e 19.3t1.5a 13.5+19a-c Oe of
(8 D  208+27c-e 183+38a 11.5+2.9bhc Oe of

*Means in each column followed by the same letter are not significantly different

at 5% level by Tukey’s studentized range test.
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Table 44. Persistence of Steinernema carpocapsae GSNI1 strain on FEuonymus

Jjaponica leaves in field(continued)

Treatment Shading Leaf Mean number of alive nematodes/10 leaves + SE
time  condition position 10 min. 30 min. 60 min. 360 min. 720 min.

0 U  260+4.2b-e 183%22a 12.3+1.3bc 9.8+25bc 4.3+1.6¢c-f

0 M 283*l.1b-e 188+20a 95+05bc 88+1.3bc 5.0+1.1b-f
0 D  285+30b-e 19.3+34a 9.3+22bc 7.0+2lc-e 2.0+0.9ef
Isect net U 21.0#47c-e 17.0#4.3a 9.3+1.1bc  7.8+1.8cd 5.3+1.4b-f
Insect net M 253%37b-e 21.3+15a 12.0+1.2bc 88+0.8bc 4.3+1.7c-f
Insect net ) 198+20c-e 183+3.6a 153+16a—c 7.3+34c-e 1.8+0.9ef
35 U 225+0.7c-e 17.0425a 10.8+2.0bc 7.0+1.2c-e 3.8+1.3d-f

6 pm 35 M  28.0+6.3b-e 17.3+42a 17.0+4.1a-c 11.8+15a-c 55+1.3b-f
35 D  298+47b-e 22.8+1.6a 185+2.1a-c 11.3+3.1a-c 6.3+1.3a-e
55 U  283+44b-e 26.0+19a 21.5+4.9a-c 13.3+2.3a—c 10.0+3.la-¢c
55 M 375+25a-e¢ 288+4.0a 288+32a 185+3.7a 10.5+3.3ab
55 D  343+30a-e 315+22a 185%3.0a—c 14.0+1.5a—¢c 6.8+2.3a-e
75 U  265+34b-e 163+19a 18.3+4.6a-c 158+1.8ab 12.0+l.1a
75 M 380+1.2a-e¢ 280+6.2a 23.8+2.2ab 153+2.0ab 9.0+2.0a-d
(8 D  39.8+26a-e 30.8+1.7a 165+39a-c 13.3t29a-c 6.0+1.6b-e

Schroer and Ehlers (2005)%= #]F oAl Sceo] REFAIAMAIZE (LTs)ol AUlH%E
0%l Hlste] FUlFE 60%° A oul o] Futa ste] HERIF AF AL
QS 7AHT AAEUTE de ¢ FHol mig wjinygA Hol & {IT

A H
Qut ol Ao "Eol B Yuths Fasy] Wi Az Fui g Ao
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°
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QAR QA AFS AL 2 A QAT FFY AL, S

of met 2FPAYAFE] Aol el T HATHTable 45). BAF FRHERE
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Table 45. Persistence of entomopathogenic nematode, Steinernema carpocapsae
GSNI1 strain on leaf of different vegetable

Number of alive nematode + SD
Vegetable 30 day 50 day 60 day

Treatment Time after

time treatment
old—-plant old—plant old-plant
Chinese cabbage 30.2 = 12.1 121.7 £ 541 1504 + 58.1
1hr. Kale 1.7 £ 1.7 213 + 379 942 £ 571
Cabbage 1.2 + 1.1 6.1 + 6.8 226 + 181
Chinese cabbage 0 01 =03 1.1 + 26
am 9 6hr. Kale 0 0 0.1 + 0.3
Cabbage 0 0 0
Chinese cabbage 0 0 0
12hr. Kale 0 0 0
Cabbage 0 0 0
Chinese cabbage 30.0 £ 16.7 734 + 536 1150 + 81.2
1hr. Kale 01+ 03 9.8 + 151 863 + 144.1
Cabbage 22 + 23 129 £ 155 148 + 155
Chinese cabbage 0 01 =03 1.1 + 26
pm 2 6hr. Kale 0 0 01 £ 03
Cabbage 0 0 0
Chinese cabbage 0 0 0
12hr. Kale 0 0 0
Cabbage 0 0 0
Chinese cabbage 36.8 £ 9.2 1103 + 536 134 = 75.0
1hr. Kale 12 £ 1.0 94 + 146 227 = 279
Cabbage 46 + 5.2 37 + 43 26.8 + 304
Chinese cabbage 30.0 + 125 648 + 320 676 = 57.1
pm 6 6hr. Kale 21 £ 26 6.2 + 6.3 196 £ 14.8
Cabbage 41 + 54 2.8 £ 4.1 11.3 £ 124
Chinese cabbage 165 * 6.2 619 + 352 11.8 £ 23.7
12hr. Kale 05+ 05 3.8 £ 33 70 £ 49
Cabbage 1.3 £15 22+ 28 6.3 + 56
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Table 46. Effect of UV exposure time on pathogenicity of entomopathogenic

nematodes against 3rd instar of Bombyx mori

Exposure % mortality

time(min)  ScG’ S 223 SgD H 202 SIN HG Control
0 100 73.0 100 30 93.3 13.3 0
10 3.3 0 3.3 6.7 3.3 6.7 0
30 0 0 3.3 0 0 0 0

*S; Steinenema, H; Heterorhabditis.

N AR =E0] A9 wE 60E K PR fAdEd ARAE Aot

& A5, T3kl "kl Ao F7Fsk i tH(Table 47).

Table 47. Effect of sun light exposure time on pathogenicity of entomopathogenic

nematode, Steinernem capocapsae GSNI1 strain against 3rd instar of Bombyx

mori
Exposure % mortality
time(min) With spreading agent Without spreading agent
0 100 100
10 97.6 87.8
30 97.6 75.6
60 75.6 2.5
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A 2 A 7o) ©E Steinernem capocapsae GSN1 Al Z9] Follo] thst H
O,

DAL AL A Algke] AFE Eolx = Ao|JAR & Aol yA| L?IEP
(Fig. 35).
18
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X 6
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Exposure time(min)

Fig. 35. Effect of UV exposure time on pathogenicity of entomopathogenic
nematode, Steinernem capocapsae GSNI1 strain against 4th instar of Bombyx

mori.
4. Steinernematid®} Heterorhabditid A1%0°] f-&<50 1 X+ I
7h As 2wy

1) "ol gk b HA - Ho] gt oIS OHd AAHL sud
< ol&3ste] Fsttt. zRbE S g wpEly ofamYE AojAd WARgE g S
carpocapsae GSN1 AE 3} Heterorhabditis sp. KCTC 0991BP A< 109718/’
FEE 78 2z ol g o] &eto] xSt o] A xHoel FA|sHA 7] 95l

Hlgho] oJ3x] F A Za IES petri dishel EFol HolZ FFEAUT. AEF A

X F 5%, 10%, 15%0] AWE H 2 WEe B3 H, gol Sl AAw
SAFA o1 F WY AN {79} Aol A3 FedolnE 2AES
) Awlel g ShAd AA  2EEAAAF] Anle] WAL e cholw

|
O,
(@)
|



Aol A At
(Sc)AE Heterorhabditis sp. KCTC 0991BP (He)Al2& A& o]&3tsdtt. Sc
= "7IHE o]&sle] EE 3 AFol L (Bedding and Akhurst, 1975), Hete ¢
S3Fdol FF AAA A EEs AlE oItk (Choo et al, 1995). A%< Dutky
et al. (1964)9] Wy o g Z23lo] White traps A X, 738ke] 10 C W o] =
#AatF o =83k 219 oo AW AFo| o] L83t} (Kaya and Stock, 1997).
Sc ¥ Heoll ZHE9¥ AAEEL2 Z74 85 cm petri dishel o] #%](Whattman #2)
St A S 23 1,000 js/ml FE2 Scot HeE 2442 1 ml HE 8tk o 7)o &4
FAEUYY 5 100k S 9, 25T 271 54z nast & 23Hdd AF
o 93 AAAZ Ao o] ULt FEZFUY o5 XAE AHEle vy 2ol
stk A ARAl= @ FaE ARl 1 ecm W9 7S ¥ petri dish (87 85cm)
el @ o ztzko] XARAl 1nteA S AR widet itk 10709 petri
dishs & WHEo= dfo] 3k ow sttt petri dishol AAFE L7 A
W A= A9 (Namepen, Monami) &2 A7z g EA Y
o

2004 64¥ 149 MMl ~ESZ ] 49 & Hofdeo|g =

Ho
p‘L
>‘

)
i
ofj
ot
o
O>"
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o
rlo

Steinernema carpocapsae KCTC 0981BP

=2
R
4>
0%
ol
oL
32
iy
2

Z AAA A e drTRsE Ay 1ddd FxA 2|

X
o
= WAl g o2 5E50] 9l fenitrothion ECE X AMA 7] ER B Ut {5 AHA
3

of EHFAAH U AFS AN AAXAL H AMAE o] &3t wEkA gk Il
petri dish ¢tell= Scx|AlE, HeXAbE, fenitrothionX|AtE, AAXALE Z+ 170 A7}
dolz wjdE et WS W petri dishts 2z} Hojgo] FEo AAMAA 2
m 7gE Fi, 10 m Ao 2 wAdtt 159 A7 29 2% 4A]o] A g
st 2A13F HA o' w7 Ea 3 A ARAC e ] F B 58 ZAFSE T

A= ZHE] A7I7F AFET] A ok 8A17HA 16/\]{% st T
3) A Golel W kA A Wéoloﬂ \’41?} AR HAE HAst

o
HAE 17 cem x 105 em x 7.0 em 2719 ZepAE 3HEo] &
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g, BezA ol

!

ol
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opefell A A

T3l
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100 x 100 cm =712 A @

A 7

[oig
)
carpocapsae

=3

S 109/t EEE 474 9

=
&5

d

/KC-)]/K

G

=1

M

op

ol

A& 2t

GSN1

Steinernema

b o,

5|

Heterorhabditis sp. Gyeongsan A% & ©]&

£44 Aol v

4)

carpocapsae GSN1 A%

ol

Ao
)
pzel
ol
mO
_z#vo
M

tol  Bedding ¥

5|

n| 7] =2

O = O
76 =

(ScG)e2 THEANY U (Galleria mellonella)

Akhurst(1975)¢]

H

ol
No

%)

7A
o

—

N

BX

—
1o

(1964)¢] ®

==
[

Ay msfrs ol A Dutky

°F 10,0007t /me == 500 ml &F°] tissue

<
T

st
culture containere] 50 m¢® Yo 10C Y&

White trapg o] &

=

F9 o (Kaya9t Stock 1997).

0|43
A

2 7} 50| F 9 (Encarsia

o}J

22750 E o] 1]

]
ZS|

ScG7t =47l

formosa) ™ vl <}t
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o] Z# = A 55 cm, =°] 15 cm petri dishel]l &27}F o)Wl 7] A

ol A7 5 cm
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7] wu 1070 A& A€
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ok 28l ScG
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o3
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s e 7

= ¥ AF 10
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M
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ojn
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A
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=
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& F 2aNztA o R wid vl -5 fRE RAEEIG A9 104A7 =

2] s
ojlE 3+ 7l petri dishE 1¥HE- o2 5dbE 2] 319 T},

ScG7bF Lo HA ZHgolgl ool mXAE g3 : A olg &l (Phytoseiulus
persimilis) °¥Z3 /dZFl gk ScGel TS FAMsH7] fste] 27 S5em EH H o]
¥ 3 FHo] ZHAd= A4 55 cm, ¥°] 15 cm petri disholl Z# o] -Sof <F53

AES A4 107 A EATh 71 SeG A 2 2AF HHE 2ATEFolRE AY
I FdsAl sk

ScG7F A=yl A FugFHd vXE 9 0 =92 FH(Diglyphus isaea)

fr, 7] 2 Sl g ScGe FEFS A $1ste] A4 5 cm HE] o] H

2 5 cm petri disholl =385 H 3, W7

2 AFS 474 10ved Sl =g Ar1e W st 29 E

ScG7F A=yl A JduEgEluxde vXe d @ dEuel X (Dacnusa
sibirica) %, Wd7] 2 AZFo 3k ScGe FFS ZASHY] 8t A7 5cm 2
HEoly 3 #o] Zyds= A7 55 cm, =°] 15 cm petri disholl A= uxd
%, HH7] 2 AFS 22 10048 @l =3 Ao Wy Fde A d=3)

7
7]
g Xl He|7]o] ScGE 9% TR s T 24X AoR ujd Wy 7)Y
= s ]

3t 5 AT 718 ScG AE B 2AF B e 29 Ed AP sdst
A s ATt

ScG7F A9 E AA AYEaegd wx= 0 AGEY 22 AFHQ WY S
3}2] (Aphidoletes aphidimyza)oll ™3 ScGe AFS ZAFsH7] ¢t A4 5 cm
e o]y 3 #Ho] ZAedE= A 55 cm, E°] 1.5 cm petri disholl &, §3, W

7] 2 AES 100 ¥R 9. 2832 SeG FYEES 1000078 =2 05 ml¥
HZe At A= HE F petri dishe vd oz A the &% 265+3C, A&

60 + 5%, 16L : 8D FF719 F2&FFAd DAL 54 Foll &, 73, Hul7] 2 A
= 47 Aol siFAn Al aF-ste] ScGel VARFFE ZAFSEA T A E
, .

S Z17F 1070 A7 Eo1d= @ 709 petri dishE 19¥H5 0 & 59H5 A 2]alit)

of
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ScG7l ABlE WA FPuwe ol 2B WAL G AGBe L4
Axe Tgw %

dl(Harmonia axyridis)®t o181 & & %A (Chrysoperia carnea)dl] ™3
ScGel Gl dF AP Aoy AP FAdstA FRheAh

ScG7F ABE A Al ol nA= JaF 0 2FHPP A5 ScGrF A Xt
(Aphidius gifuensis), 7}F=X ¥ (Digeretiella rapae) 2 =@ vty Ao (Aphidius

colemani)d| WXE QTS dolrr] dte] AZA 55 cm, =°] 15 cm ST~ E

petri dishel 217 50 cm ZE# o 3 A& Za Ao wujeh F& ZhzF 107
A @Ak 2E)al ScG #EFS 10,000vHe] =2 ZhZF 05 ml¥ AP stk A
= AFT ¥ petri dishe vHld oz & g &% 25 + 3C, FUFE 60 £ 5%,

16 : 8D #5719 Fegsdd YAn 59 Fol vivleh AEE 77t Aol A
A g AFehel ScGol ANARTE 2D B gl W FAs
A Y wvlel ScGE AW BEE AGd T uAZ pAem v vvle

°35 §572 zAEgTh AP 77 10/A 7 SdUE 8 A9 petri dishE 1w
O F 5Nk A elskalth

ScG7t FAEY A oFem=dAd] mA = G 0 FAEE Y £448 HAHA
o= 2 -AA(Orius strigicolis)ol ™3 ScGel AFE FAe7] 9ste] 27 5cm
dejd o)y 3 Fo] A& dE AA 55 cm, =°] 15 cm petri dishol] =3 A&S

ZbzE 109k 2Rt 18 A ScG 9SS 1000098 FEE 05 mly F 0“5‘}9?\
th, 4% HE ZF petri dishe vHlY oz 2 018 &% 25 + 3C, HUl5%E 60 +
A A

5%, 16L : 8D #7119 FLF% T
‘3Hl|j‘§"iu]7§’a*°ﬂ*1 sl -ato] ScGel 7B RFFE AT A2 10 7F E013d
= 3 719 petri dishE 1¥HE- o 2 5Hkl 2] 2] 319t}

ScG7h FAEY A Qofolg]Eofol WA= FF ¢ LFHAYAFT ScGrt 0]
o] 2] &l (Amblyseius cucumeris) °Fo2 AZFo] v A= FIFS dolrr] 9ste] A
A 55 cm =0] 15 cm Z82E petri dishol 274 50 cm Z2E#H oy 3 %S 72
AL At 05 mls Atk 2Ea ok S A4 10vkeA 9ol 71E

ScG A B A S oFoix=dA AP sdeA FPsA
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AAFS Axs & FAES PN ALE, AAEE HE B3R U THEKIm,
unpublished data). o]&]st 72 HE9 HS &S wy] 93 FFol5 7FA7] Wi

2) el A= G FHHMUEESZIE TH Zo FHoldolst glZoA A
AL A Jme] A Adads AR A #lojelolel] Ag AAMA = A

7F skl 2ol gkon H el A gk AApAlell = A b skl ek

100
—&— Control
g0 + |—®—Fenitrothion
—4&—Sc
——He

% consumption

6 8 10 12 14 16
Time after treatment(h)

Fig. 36. Consumption (£SD) of 5-day-postinfected Galleria mellonella with
Steinernema carpocapsae KCTC0981BP (Sc) or Heterorhabditis sp. KCTC0991BP
(He) by ants in Dongrae Benest Golf Club. Percentage consumption was the ratio

of cadavers taken away by ant from petri dish. Bars represented standard error.
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ox
o
of

o] 3 e E Eoe AA#HASo Y
fenitrothion A ARA|ol &k 412 =9t (Fig. 36). 53], He A#o 4%
Al 621 5 kA Am ] Ao flom, 1243 Foll = 16.7%°] 414
Ho] AAAANS56.7%, fenitrothion * ] F-9] 53.3%¢°l H]s}] o] 8}A gt A
AR 78 A2 E petri dishs & v 7F HESHA] &2 22 13 £ 35% Ao, WE
3 Jhm o] EF+= n%EN (Lasius japonicus)?} 76 + 2.9%S A8k aL, AA 7L
vl v (Monomorium floricola)7} 10%S =}A) 8} 94 t}.

LFHAEAFTE sHAF BAE fste] tdsiA &85 vt (Kaya and

Gaugler, 1993). A ¥ d ZZHAAAZTS HUAHG A A&EAo] Fasith 53

lo
r
of

Hojgolel A JinEe ZFHA
2 A

o
fol
ox

o]

%

LS

ol
o
¢

-

q
£A71E ARl AEA Vel 2EHAdAE AHe] dIsA £ASL 9

o} (Kaya et al., 1998; Kaya, 2002). L8} o] HAEo] ZFHIAAAAZT A&
Gl #HeA = 2HEA AFHIL JA Rrh 5| LITHYAAFTY ALl B2
ol LEHAAANZF HA3 AHE AFe AFI Aotk weq B oo

(Choo et al., 1997).
Hooodo] Ay J/nEL  Heterorhabditid 459 XA}
Steinernematid A%l 9|t X ALz dsix = 719844 Ze=

7
S Baur et al. (1998)¢] California®] &4 A oA G338 23 o Aytel Ax]3=

7
o)At} Baur et al. (1998)2 1 o]-F& FAATol WEsI= A A 2o &

o

A HALA o] A7 SoA F2AEF A, Zhou et al. (2002)&
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luminescens=5-E 71l A2 7]9] A2 FFH = B4 EAE AFHow F
Hale] FAA T phase® s} FAA T F24 7|7kl wEt v A v &
Fgol vES FHEIHAG. a2l Y FAAY HlaEe oYy AR
Heterorhabditid A% 79 XAl HUth=  Steinernematidi A% 7 X AFA ol A
Aule] A MaAo] EHdd AXH FAATF Xenorhabdus nematophila>] 2] 7}
Photorhabdidus luminescens= ]ol Blsto] 7jm] ] wh-o] @Sk

LTHAAAZT AAAE H AvE 65 8F°l 7IEHY Attt (Baur et dl,
1998; Zhou et al., 2002). ¥ ZAMAA = o5 7]E9 v EdE @8 asdiv e
ARmvuiv, FEAN, SEES/N0, ARG, Fo4v], Av A, vkt s
ol7fm o 8% 8F ] MmEol FHAALNF A AAAE AA adnh o= A
s T dEYv= AdHe FE& Ao s = T/HZ (Choo et al, 2000), &

S AQdtae A FE W3A /vl St (Brown, 2000).

]

>~

N
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Table 48. Effect of Steinernema carpocapsae GSNI1 strain(ScG) on Encarsia

formosa
Instar of Encarsia Emergence rate of mummy(%)
Infection rate(%)
formosa With ScG Without ScG
Mummy 0 80.0 82.0
Adult 0 - -

ScG7b Aelole golol MAE A ScGE AAolaSolel kEn AFol 0%
71 ES EAHTable 49).

Table 49. Effect of Steinernema carpocapsae GSNI1 strain(ScG) on infection of

nimph and adult of Phytoseiulus persimilis

Instar of Phytoseiulus persimilis Infection rate of ScG(%)
Nimph 0
Adult 0

ScG7t =Sl H A= 43 1 ScGE =2 EE M7 AFAA s 0%
NAES B0 fFEolAs 100%9 78 ES et A e (Table 50).

Table 50. Effect of Steinernema carpocapsae GSNI1 strain(ScG) on Diglyphus

isaea
Instar of Infection rate of Emergency rate(%)
Diglyphus isaea ScG(%) With ScG Without ScG
Larva 100 - -
Pupa 0 74.0 74.0
Adult 0 - -

ScGE A mMu7|eh AelstA &2 W7o 382 Z42F 74%9F 74%
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24 zol 7t gl
ScG7} 9@ shel Ao um% G 1 ScGE AETHALAY FEol 100%2] 7]
S UrE}LHSiiD}(Table 51). ®d” ] ]

Table 51. Effect of Steinernema carpocapsae GSN1 strain(ScG) on  Dacnusa

sibirica
Instar of Infection rate of Emergency rate(%)
Dacnusa sibirica ScG(%) With ScG Without ScG
Larva 100 - -
Pupa 0 76.0 78.0
Adult 0 - -

ScG7F XY & gtgle m X 93 0 ScGE AU Eay gu JZd = A 7)1 AAE
2] ekgron} AYIEatE] §ZoA 100%, W7 A 4% AAES HYTHFig.
33).

80 1

R 40 4

20 1

& =3 Bl ol
X

dcEme gol

0x
o 1

Fig. 37. Infection rate of Steinernema carpocapsae GSNI1 strain(ScG) on

Aphidoletes aphidimyza
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ScG7h R ek o EEdAe el MAl= dF 0 ScGe FEd Lol 71A4s)
A gskou fFrEelME 100%, WHZIAAM = 32%, dFodAMs 82%] VAES B
Atk oAelEE3Ae &3 vuE ScGell 71AEA FRoey FFAA 100%, 4E
oA 68%° 7IHES HAHFig. 38).

100

80 A

60 -

AFE (%)

20 1
0 :
o o= o g0l =
Sgwy 2|
100
80 1 [
< 601
o
=
R 40 -
20 1
0 : :
o o= ol 0l g5
ozEExe 2|

Fig. 38. Infection rate of Steinernema carpocapsae GSNI1 strain(ScG) on

Harmonia axyridis and Chrysoperla carnea.
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ScG7b AtpdFel mAE 9 ATy, ARA0E, SFeegAoy o)
BEol ScGE AED AT 0%0) JNAES WY 1D ScGE Ad A

H “

d sbEAud Fee Ao wee 388 853%, 81.3%, 81.3% L T3

=

o] §-3182 88.0%, 79.3%, 82.7%=A <A<l 2ol 7k flAtH(Table 52).

>

Table 52. Effect of Steinernema carpocapsae GSN1 strain(ScG) on Aphidius

gifuensis, Diaeretiella rapae and Aphidius colemani

Infection rate(%) Emergency rate of mummy(%)+SE

Species
Mummy Adult With ScG Without ScG
Aphidius gifuensis 0 0 85.3£2.3 88.0£1.7
Diaeretiella rapae 0 0 81.3%£2.3 82.7%£3.9
Aphidius colemani 0 0 81.3+3.1 79.3%£1.2

o] MBS wt
ScG7b S.ololEgofol A= G ScGiE QololEgol ekEa AEe] 0%e]

7N ES BATH
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Al 3 A =) Steinernematid®} Heterorhabditid A1=<S o] &

AE JAF s dedAd R olE Ve AT

1. A GAF = 3 Steinernematid®t Heterorhabditid 1% ¢] Petri dish

1) SE3HAAR XAF 0 Ago o) g3 =& AAAE, Steinernematid 1153
Heterorhabditid 3% < FHWHE YUY (Galleria mellonella) 55 1712 3}
Bedding™ Akhurst(1975)¢] W o g2 EdoA] Hegd Aoz &4 Es AL

Al EEEANEUYY =5 fF5olA Dutky 5(1964)9] WHo = dFs2 3kt
2% AFE White traps o&ste] g3k 5 °F 10,000vt2l/ml ==

89| tissue culture containero] 50 m¢% ol 10C wWyxire] R¥sIATE A gl
T8 149 ol o] MFS o] &3 H(Kayal Stock 1997).

[e)
L
R

2) di=o 3k Ul ¥ #HA(One-on-one assay) @ HiFEUH(Plutella
xylostella), B2 A X v I (Spodoptera litura), - (Spodoptera exigua)ol T
3 Shapal 2E5H YA ASF Steinernematid 1153} Heterorhabditid 352 W YA &
AR 7] et AR} 58 2 - 398, 4 - 58 FEoE pHsAY 4 {52

1.5 em E2F2H petri dishel 27 50 em ZH o8 2%4& 2
2 9l A7 50 em WiF s SEFEdT APEEol S2AUE petri dishel 25
w}ﬂ/0.5mﬁ FEE AF dHAS 5] volazvIloR 05 M E A8l
A2 % petri dishE # 2C, JUls= 60 + 5%, 16L : 8D &
7] 279 7)o ¥k gl AF: AP F AANIA SR 5Y FF A
ofgk wiFF by, FEiAAV U, spuhge] AAMF RS S¢te® FAbetaL ol &
O AestA ##&str] flste] SRR A dlA AAE FE5S dfFste] dFe

B

o Agtal

d
slt
_0|L
2
=
>,
Qh
o
[u—
=
=
Ak
Ho
o
lle} 0
—
rE
e
o
it
w
[-'!I.

) A% FAMA Ea AR FEUE, SR G, shigge] F
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F 5o A F Azl BA WANAL B FFA 2FIANFY GHE @

ol® 7] 93}e] Steinernematid 1153 Heterorhabditid 3% o]&st=d | H 3+

fres 2 - 3%, 4 - 5% fFFo= AT 4 52 A% 87 anm =o] 15
Z g} 2¥ petri disholl 374 80 cm oA 2% 24, 1 1"401] A7 80 cm HIZ o
= SUFEUTh AR 08 sdiFFol 2vte, 3ntEt &8 A U= petri dishell %
T 5 AdE Aoles sovtE/mE, ATS Addd A= 5u}al/mfa S
dAgd S wrEo] mpolazgdloz 1 S Atk g F petri dishE H2&
Z Ak oe 25+ 2°C, FFE 60 + 5%, 16L @ 8D #FF7] 2719 F7]d YAtk

aga A Ag F 24N A 0% 59 st AdFel o7 wjFEE g, S A Al

U, e AASREE Solo R zANLE, olE U Al B2 9ls

B&elA AR frEE dRetel Aol AHe Al sl AP
10vhe] frEs 10802 3uke 23 st
. A

el EakAl Steinernematid 1153 Heterorhabditid 328 #) Eubst, ghal A A
uh seruel] oiald Mo AeolE H I tH(Table 53, 54). 5 wiFFu
Sl A A e shkuer 2 - 3@ Foll ik X ALE- o] Steinernema sp. GSNUS-4
AZo] 96.7%, 90.0%, 86.7%, Steinernema sp. GSNUS-6 ZAlZEo] 96.7%, 83.3%,
90.0%, Steinernema sp. GSNUS-10 Al ] 93.3%, 83.3%, 86.7%, Steinernema sp.
GSNUS-14 AlE°] 93.3%, 73.3%, 90.0%, Heterorhabditis sp. GSNUH-1 7|5 9]
86.7%, 76.7%, 93.3% A3l 4-58 5o thgt XAL&-2 Steinernema sp. GSNUS-4 7|
2o] 96.7%, 60.0%, 80.0%, Steinernema sp. GSNUS-6 AZo°] 96.7%, 60.0%,
80.0%, Steinernema sp. GSNUS-10 AlE ] 93.3%, 80.0%, 80.0%, Steinernema sp.
GSNUS-14 A%E°] 100.0%, 60.0%, 73.3%, Heterorhabditis sp. GSNUH-1 7§ 9]
93.3%, 73.3%, 80.0%ZA d=AF Steinernematid®t Heterorhabditid A% 145<& ¢
A T slTd wEFEEE, S AR, sl oig Had dee wS
el 7 AAbE o] Eokal byt gl A AU S §ARE A S ek
Ak =3 FolA Q) Aol Aoy AAFom ofd FrloA WAde] tAi =
ket
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Table 53. Pathogenicity of entomopathogenic nematodes,

Steinernematid and

Heterorhabditid against second and third instar of vegetable leaf-feeding insects

Mortality (%) = SD

Nematode Plutella Spodoptera Spodoptera
xylostella litura exigua
Steinernema sp. GSNUS-1 63.3+5.8 43.3+5.8 53.3+5.8
Steinernema sp. GSNUS-2 90.0£10.0 70.0£10.0 76.7£5.8
Steinernema sp. GSNUS-3 83.3+5.8 83.3+5.8 86.7+5.8
Steinernema sp. GSNUS-4 96.7+5.8 90.0+0.0 86.7+5.8
Steinernema sp. GSNUS-6 96.7+£5.8 83.3+5.8 90.0+0.0
Steinernema sp. GSNUS-7 83.35.8 56.7+11.6 73.35.8
Steinernema sp. GSNUS-8 76.7+5.8 40.0+0.0 60.0£10.0
Steinernema sp. GSNUS-9 90.0+10.0 70.0+0.0 83.3+5.8
Steinernema sp. GSNUS-10 93.3+11.6 83.3¥15.3 86.7+11.6
Steinernema sp. GSNUS-13 63.3£5.8 53.3+5.8 66.7+11.6
Steinernema sp. GSNUS-14 93.3+11.6 73.3+5.8 90.0+10.0
Heterorhabditis sp. GSNUH-1 86.7£5.8 76.7£11.6 93.3+5.8
Heterorhabditis sp. GSNUH-2 83.35.8 66.7+15.3 93.3+5.8
Heterorhabditis sp. GSNUH-3 73.3t5.8 63.3+5.8 86.7+5.8
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Table 54. Pathogenicity of entomopathogenic nematodes,

Heterorhabditid against forth and fifth

Steinernematid and

instar of vegetable leaf-feeding insects

Mortality (%) + SD

Nematode Plutella Spodoptera Spodoptera

xylostella litura exigua

Steinernema sp. GSNUS-1 63.3+5.8 26.7+11.6 40.0+0.0
Steinernema sp. GSNUS-2 90.0+£0.0 46.7£11.6 53.3%¥11.6
Steinernema sp. GSNUS-3 0.0+£10.0 66.7+11.6 66.7+11.6
Steinernema sp. GSNUS-4 96.7+5.8 60.0+20.0 80.0+20.0

Steinernema sp. GSNUS-6 96.7£5.8 60.0+£0.0 80.0+0.0
Steinernema sp. GSNUS-7 86.7+5.8 26.7£11.6 46.7+11.6
Steinernema sp. GSNUS-8 73.3t5.8 46.7+11.6 66.7+11.6

Steinernema sp. GSNUS-9 90.0+0.0 60.0+20.0 60.0+0.0
Steinernema sp. GSNUS-10 93.3+5.8 80.0£0.0 80.0£20.0

Steinernema sp. GSNUS-13 76.7£5.8 46.7+11.6 60.0£0.0
Steinernema sp. GSNUS-14 100.0+0.0 60.0+20.0 73.3¥11.6

Heterorhabditis sp. GSNUH-1 93.3+5.8 73.3t11.6 80.0+0.0
Heterorhabditis sp. GSNUH-2 90.0+£0.0 60.0+£0.0 73.3£11.6
Heterorhabditis sp. GSNUH-3 86.7+5.8 46.7+11.6 66.7+11.6
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i S S A A U g 2-38 28 S5y sle] 23 AA AFe
HAE A3 A7 Steinernema sp. GSNUS-4 AlEo] wjF=11ata Gl 7 A1)
yrk A4 Al 80.0% +66.7%, HiFEuhiy gty EA Al 80.0% +73.3%, Tl A

Aujuara shebub E4 Al 73.3%+80.0%2 AAMES YERNALL, wiFEuU, @
B A MmUY 2 b 3% EA Alddl & 76.7% +63.3% +60.0%2] 2| AMES UE}
Wl tH(Table 55). Steinernema sp. GSNUS-6 7% w|F&uda) whul A Al v vt
A Al 93.3%+80.0%, wFEvEE Sbud S Al 86.7% +86.7%, wHEl A Al
v} sebubl =4 Al 80.0% +86.7%, WilFE U, S A A v v g gkl 3
ZF &4 A 83.3%+73.3%+63.3%2 AAIES BTt Steinernema sp. GSNUS-10
AEol viFF st g AA U A Al 86.7% +60.0%, wiFEUE et sbiud
A Al 86.7%+80.0%, Tl AAW I ghubub e X Al 73.3%+80.0%, B FE
v, el A A E v 5l skg &2 Al 80.0% +70.0% +60.0% 9] X AMES UHEE
Wl th(Table 55). Steinernema sp. GSNUS-14 AlE-2 v]FEubdal whul] A A vy
W EA Al 80.0% +66.7%, WS s A Al 80.0% +86.7%, HEl 1Al
vy sk E A Al 73.3% +86.7%, Sy, gl A A v v 2l shibunk
A Al 83.3%+70.0% +63.3%°] AAMES RS 3L, Heterorhabditis sp. GSNUH-1
A wFF b} g A AR E2] A 86.7% +66.7%, v FE it st
A Al 86.7%+86.7%, Tl AAW I ghubub S X Al 80.09% +80.0%, Bl FE
i Fef A e U 2 gk EA) Al 83.3% +80.0% +76.7% = A dll Fo] & A

G55 7 AFe P94 BE Adu wy g wgot FoH9 Hel 919

o BHdd AEE ol EAH ASAET vh wskoy 3% TS Al
WAstt = SHodA 2 A8 Al w9 g o R AlgEY, Egk gAaE
Steinernema <%=  Steinernema sp. GSNUS-4 A%, Steinernema  sp.

GSNUS-6 A%, Steinernema sp. GSNUS-10 A&, Steinernema sp. GSNUS-14 A
Fol &8 JteAol w2 AF AToE FANE AL, Heterorhabditis 4ol A+
Heterorhabditis sp. GSNUH-17} 713 &8 7teAo] =& Aoz ZAMEST %
o] T4l & Agolk AT BV mxst das WAl ta "olAe A
&S RYHTable 55, 56). weba] EFo|A ol& sl A Al 2ZHILAF

Aee A9 27 PA B8 Ao Azga,
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Table 55. Pathogenicity of entomopathogenic nematodes,

Heterorhabditid against mixed vegetable leaf-feeding

Steinernematid and

insects(second and third

instar)
Mortality (%)
Nematode
Px+Sl Px+Se Sl+Se Px+S1+5Se

Steinernema sp. GSNUS-1 53.3+33.3 46.7+46.7 40.0+53.3  50.0+36.7+36.7
Steinernema sp. GSNUS-2 80.0+46.7 73.3+60.0 53.3+73.3 70.0+40.0+30.0
Steinernema sp. GSNUS-3 86.7+60.0 86.7+60.0 66.7+80.0  73.3+60.0+46.7
Steinernema sp. GSNUS-4 80.0+66.7 80.0+73.3 73.3+80.0  76.7+63.3+60.0
Steinernema sp. GSNUS-6 93.3+80.0 86.7+86.7 80.0+86.7  83.3+73.3+63.3
Steinernema sp. GSNUS-7 73.3+40.0 66.7+53.3 46.7+63.3  83.3+43.3+40.0
Steinernema sp. GSNUS-8 66.7+26.7 60.0+46.7 40.0+50.0  60.0+30.0+30.0
Steinernema sp. GSNUS-9 60.0+60.0 66.7+60.0 66.7+66.7  60.0+73.3+63.3
Steinernema sp. GSNUS-10 86.7+60.0 86.7+80.0 73.3+80.0  80.0+70.0+60.0
Steinernema sp. GSNUS-13 53.3+26.7 60.0+80.0 46.7+86.7  56.7+36.7+36.7
Steinernema sp. GSNUS-14 80.0+66.7 80.0+86.7 73.3+86.7  83.3+70.0+63.3
Heterorhabditis sp. GSNUH-1  86.7+66.7 86.7+86.7 80.0+80.0  83.3+80.0+76.7
Heterorhabditis sp. GSNUH-2  80.0+60.0 86.7+80.0 66.7+80.0  76.7+73.3+60.0
Heterorhabditis sp. GSNUH-3  66.7+40.0 60.0+66.7 53.3+633 56.7+63.3+60.0

Px: Plutella xylostella, Sl: Spodoptera litura, Se: Spodoptera exigua
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Table 56. Pathogenicity of entomopathogenic nematodes,

Steinernematid and

Heterorhabditid against mixed vegetable leaf—feeding insects(forth and fifth instar)

Mortality (%)
Nematode
Px+Sl Px+Se Sl+Se Px+Sl+Se
Steinernema sp. GSNUS-1 66.7+36.7 60.0+43.3 33.3+50.0 60.0+33.3+53.3
Steinernema sp. GSNUS-2 90.0+50.0 80.0+60.0 40.0+63.3 86.7+40.0+60.0
Steinernema sp. GSNUS-3 83.3+63.3 83.3+66.7 63.3+66.7 93.3+63.3+66.7
Steinernema sp. GSNUS-4 93.3+70.0 90.0+83.3 60.0+83.3 96.7+53.3+83.3
Steinernema sp. GSNUS-6 96.7+73.3 86.7+83.3 63.3+86.7 90.0+66.7+86.7
Steinernema sp. GSNUS-7 83.3+36.7 86.7+86.7 63.3+86.7 90.0+30.0+53.3
Steinernema sp. GSNUS-8 80.0+50.0 70.0+53.3 30.0+50.0 80.0+53.3+70.0
Steinernema sp. GSNUS-9 90.0+63.3 90.0+70.0 60.0+80.0 93.3+60.0+73.3
Steinernema sp. GSNUS-10 90.0+80.0 90.0+73.3 73.3+76.7 83.3+73.3+73.3
Steinernema sp. GSNUS-13 80.0+53.3 80.0+70.0 50.0+80.0 80.0+60.0+70.0
Steinernema sp. GSNUS-14 93.3+63.3 83.3+80.0 63.3+83.3 90.0+66.7+83.3
Heterorhabditis sp. GSNUH-1 93.3+70.0 90.0+86.7 80.0+90.0 93.3+70.0+86.7
Heterorhabditis sp. GSNUH-2 90.0+63.3 86.7+80.0 76.7+83.3 83.3+70.0+80.0
Heterorhabditis sp. GSNUH-3 80.0+56.7 73.3+70.0 63.3+66.7 70.0+63.3+70.0

Px: Plutella xylostella, Sl: Spodoptera litura, Se: Spodoptera exigua
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$5 2ASYEL, FE& §5L Ringer's $004 dRete]l AY AF5E 245
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. A

g2k Steinernematid®} Heterorhabditid A& HEw =9 &% 2 s F2 #7|
of wel WA 2olE R AtHTable 57, 58, 59, 60, 61, 62, 63, 64). Petri dish 7
4A¥ AE Steinernematid THA A& wlFE Ul Ui HFFEEH X ARE
N % @ kg A0mbE s REAS W 733 - 100.0%0] e WAL gl

a1, o213t 4 &S Heterorhabditid Al 75 %= %/\}6,} FFE BT 8AlT] AFe

s #5 § vkeld 20vke] Welel & o ®E 50% ol AAL BTt

AT 2 Ak A A5 %*éoﬂ FFs vzed Ay AT A
5T,

Z9 HAAAY S5+ 20T, 25C, 30CH o,
S|

Table 57. Effect of temperature and concentration on mortality of Steinernema sp.

GSNUS-2 strain in Plutella xylostella

Mortality (%6)
Concent-
ration 15T 20C 25T 30C 35T
() 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar instar instar  instar instar instar instar instar instar  instar

0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 20.0 26.7 26.7 333 26,7 36.7 233 300 200 333
10 53.3 60.0 533  956.7 56.7  70.0 46.7  46.7 26.7  50.0
20 70.0 66.7 80.0  90.0 80.0  83.3 733  80.0 36.7  66.7
40 80.0 93.3 96.7 100.0 100.0 100.0 83.3  100.0 733 833
80  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 83.3  100.0

160 100.0 100.0 100.0 100.0  100.0 100.0  100.0 100.0  90.00 100.0
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Table 58. Effect of temperature and concentration on mortality of Steinernema sp.

GSNUS-3 strain in Plutella xylostella

Mortality (%)
Concent-
ration 15T 20T 25T 30C 35T
@Js) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4

instar  instar instar  instar instar  instar instar  instar instar instar
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 23.3  30.0 33.3 36.7 36.7  46.7 33.3 36.7 20.0 36.7
10 60.0 60.0 60.0 50.0 66.7 73.3 50.0 50.0 267 53.3
20 73.3 733 83.3 86.7 90.0 933 73.3 86.7 36.7 73.3
40 83.3 96.7 100.0 100.0  100.0 100.0 90.0 100.0 73.3 833
80 100.0 100.0 100.0 100.0  100.0 100.0 100.0  100.0 83.3 100.0
160 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0

Table 59. Effect of temperature and

GSNUS- strain in Plutella xylostella

concentration on mortality of Steinernema sp.

Mortality (%)
Concent-
ration 15C 20C 25C 30T 35T
(IJs) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar  instar instar instar instar  instar instar instar instar  instar

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 23.3  26.7 33.3 36.7 40.0 467 30.0  40.0 33.3 333
10 63.3 63.3 63.3 73.3 700 767 533 533 40.0 56.7
20 70.0 80.0 86.7 90.0 86.7 933 83.3  90.0 56.7 70.0
40 80.0 100.0 100.0 100.0  100.0 100.0 83.3 1000 833 86.7
80 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0
160 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0
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Table 60. Effect of temperature and concentration on mortality of Steinernema sp.

GSNUS-6 strain in Plutella xylostella

Mortality (%)
Concent-
ration 15T 20T 25T 30C 35T
@Js) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4

instar  instar instar  instar instar  instar instar  instar instar instar
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 30.0 333 40.0 40.0 36.7 40.0 33.3  40.0 30.0 36.7
10 66.7 60.0 70.0 76.7 733 733 50.0 60.0 46.7  60.0
20 767  83.3 90.0 93.3 90.0 90.0 767 933 60.0 733
40 90.0 100.0 100.0 100.0  100.0 100.0 100.0  100.0 86.7 90.0
80 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0
160 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0

Table 61. Effect of temperature and concentration on mortality of Steinernema sp.

GSNUS-10 strain in Plutella xylostella

Concent—

Mortality(%)

ration 15T 20T 25T 30T 35T
Ms) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar _instar instar __instar instar __instar instar __ instar instar __instar
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 36.7 40.0 43.3 43.3 43.3 50.0 36.7 43.3 30.0 40.0
10 66.7 66.7 76.7 80.0 76.7 80.0 66.7 83.3 43.3 56.7
20 80.0 80.0 90.0 90.0 90.0 93.3 90.0 93.3 60.0 70.0
40 90.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 83.3 86.7
80  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
160 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 62. Effect of temperature and concentration on mortality of Heterorhabditis sp.

GSNUH-1 strain in Plutella xylostella

Mortality (%)
Concent-
ration 15C 20C 25C 30T 35T
IJs) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar  instar instar  instar instar  instar instar  instar instar  instar

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 13.3  16.7 367 36.7 43.3  50.0 50.0 53.3 40.0 43.3
10 30.0 36.7 56.7  60.0 66.7  80.0 700 733 60.0 63.3
20 50.0 50.0 60.0 60.0 86.7  90.0 90.0  90.0 76.7  80.0
40 66.7 70.0 80.0 83.3 96.7 100.0 100.0 100.0  86.7 90.0
80 83.3 90.0 100.0 100.0  100.0 100.0 100.0 100.0  100.0 100.0
160 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0

Table 63. Effect of temperature and concentration on mortality of Heterorhabditis sp.

GSNUH-2 strain in Plutella xylostella

Mortality (%)
Concent—
ration 15T 20C 25T 30T 35T
1IJs) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar instar instar  instar instar  instar instar instar instar instar

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 100 16.7 33.3 36.7 40.0 433 40.0  40.0 33.3  40.0
10 33.3 333 50.0 533 60.0 66.7 60.0 66.7 53.3  60.0
20 46.7  50.0 60.0 63.3 83.3  90.0 80.0 86.7 70.0 70.0
40 63.3 70.0 86.7 80.0 93.3  96.7 93.3 100.0 83.3 90.0
80 80.0 86.7 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0
160  100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0
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Table 64. Effect of temperature and concentration on mortality of Heterorhabditis sp.

GSNUH-3 strain in Plutella xylostella

Mortality (%)
Concent
~ration 15C 20C 25T 30T 35T
(@Js) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar  instar instar  instar instar  instar instar  instar instar  instar

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 10.0 133 200  26.7 30.0 367 300 333 1677 233
10 20.0 233 33.3  40.0 53.3 93.3 43.3 433 30.0  36.7
20 36.7 40.0 50.0  60.0 6.7 83.3 53.3  60.0 46.7  56.7
40 50.0 53.3 733 733 86.7 90.0 76.7  80.0 733 767
80 66.7 76.7 90.0 1000 933 100.0 933  96.7 80.0 86.7
160 933 100.0 100.0 100.0  100.0 100.0 100.0 100.00  90.0  100.0

==

3= AL Steinernema sp. GSNUS-10 Al5L w|FEU 39 0.3-8.07a]7F XA
o HEeRrt BeTs A BokAe A4S et (Table 65).

Heterorhabditis sp. GSNUH-1 A& Steinernema sp. GSNUS-10 A&l H]|3}<]
AAAFe] 7k A= 1 - 2vke] el ASo] HAdstlt(Table 66). A
© 2 Heterorhabditis%:oll W|3sto] Steinernema 4 X559 715 HAA57
FEUYWLAME Fd3 AES UeAY. Steinernema sp. GSNUS-10 A
FEU 5 & w102 - 134577 S Heterorhabditis sp.
GSNUH-1 A& 83.0 - 19237217} 52 = A tH(Table 67, 68). 52142 20 - 3
octHen, wWEFEuw 2 - 3"¥FS FAY A7 UF A7) wiel
Heterorhabditis 7€ A5 2ol &olatA] X3 Aeow AzHw wguj7 A
thdolu spihuptel M= BE Al Aol HYoely FAol EarFstiint ol ¢

@ 80e olF ¥ AFe A%, MEFELR] wste] AFEM LAFHAL ol
=

U

=
a2

a2
rlo
=

o
fo
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Table 65. Effect of temperature and concentration on the establishment of infective

juveniles of Steinernema sp. GSNUS-10 strain in Plutella xylostella

Number of Ijs established + SD

Concent-
ration 15C 20T 25C 30C 35T
1Js) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4

instar _ instar instar  instar instar  instar instar  instar instar  instar

5 0.7+06 1.0+00 13+06 1.7+06 1.7#0.6 1.7+0.6 1.3+0.6 1.3+06 0.0+0.0 0.3+0.6

10 1.0£0.0 1.3+0.6 1.7+0.6 3.0+1.7  2.0+0.0 3.3+0.6 1.3£0.6 1.7£06 0.3+0.6 0.3+0.6

20 1.7£0.6 3.3+£0.6 2.7x0.6 4.3x15 2706 4.7£0.6 2.0+0.0 3.0£0.0 0.7+0.6 0.7+0.6

40 2.3+0.6 3.0£0.0 2.7+0.6 5.7+1.2  3.3+06 53+0.6 23106 3.7+1.2 07206 1.0£0.0

80 3.3+06 57+1.2 3.0+00 6.7+21 3.0£0.6 7.7+1.5  27+0.6 4.0£00 0.7£0.6 1.0+0.0

160 3.7+1.2 6.3+x15 4.0+£0.0 7.7£1.2 4.3+1.2 8.0+0.0 2706 57+06 1.0+x0.0 1.3+0.6

Table 66. Effect of temperature and concentration on the establishment of infective

juveniles of Heterorhabditis sp. GSNUH-1 strain in Plutella xylostella

Number of Ijs established * SD

Concent-
ration 15T 20T 25T 30C 35T
@s) o3 g 23 4 2-3 4 2-3 4 23 4
instar instar instar instar instar instar instar instar instar instar

5 0306 0.7¢0.6 0.7£0.6 1.0£0.0 1.0+£0.0 1.3+0.6  1.0+0.0 1.0+0.0 0306 0.3+0.6

10 0.7£0.6 1.0£0.0 0.7¢06 0.7£0.0 1.0+0.0 1306 1.0£0.0 1.3+0.6 0.3£0.6  0.7£0.6

20 0.7+06 1.0£0.0 1.0£0.0 1.0£0.0 1.3+0.6 1.7+0.6 1.3+06 2.0+0.0 0.706 1.0+0.6

40 1.0£0.0 1.3£06 0.7+06 1.3+06 1.7+06 1.7+06 1.7+0.6 2.3£0.6 1.0£0.0 1.0+0.6

30 1.0£0.0 1.7+0.6 1.3+0.6 1.7+0.6  2.0+0.0 2.0+0.6  2.0+0.0 2.3x0.6 1.3+0.6 1.31£0.6

160 1.3£0.6 1.7£0.6 1.3+¥0.6 2.0+06 2.0£0.0 2.3+0.6 2306 2.7£0.6 1.3£0.6 1.7x0.6
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Table 67. Effect of temperature and concentration on progeny of Steinernema sp.

GSNUS-10 strain in Plutella xylostella

Number of progeny

Concent-

ration 15T 20C 25T 30T 35T

Js) 2-3 4 2-3 4 2-3 4 2-3 4 2-3 4

instar instar instar instar instar instar instar instar iInstar instar

5 =" 10.2 13.3 38.6 20.0 53.6 - 47.2 - -
10 - 125 16.8 58.7 24.3 79.4 - 66.3 - -
20 - 18.3 22.3 73.3 27.8 93.2 - 74.8 - -
40 - 20.6 23.0 80.4 33.3 102.4 - 95.5 - -
80 - 22.2 25.4 82.3 30.0 1135 - 105.2 - -
160 - 23.3 26.3 90.5 36.4 1345 - 110.3 - -

‘no progeny

Table 68. Effect of temperature and concentration on progeny of Heterorhabditis sp.

GSNUH-1 strain in Plutella xylostella

Number of progeny

Concent
—ration 15T 20C 25C 30C 3T
@MJs) "2-3 4 2-3 4 2-3 4 2-3 4 2-3 4
instar  instar instar instar instar  instar instar instar instar  instar
5 - - - 83.0 - 102.3 - 120.5 - -
10 - - 112.2 - 115.3 - 136.4 - -
20 - - 114.5 - 120.7 - 1455 - -
40 - - 120.3 - 140.6 - 160.8 - -
80 - - 121.5 - 160.2 - 165.5 - -
160 - - 140.5 - 192.3 - 184.3 - -

“no progeny
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WEZEU 50 3t Steinernema sp. GSNUS-10 A% 3 Steinernema sp.
GSNUS-14 Al's9 Axsed A& XE F 10,000s == 139k A ¥3=
90.0% o]/de] AALES YERR e 23] A9k 33] AxoA = ZH7F 100%°] XA
&2 e tH(Table 69, 70).

Table 69. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Plutella xylostella defending on

nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) ne time application L .
(Tjs/30me) application application
S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 93.3 96.7 100.0 100.0 100.0 100.0
10,000 90.0 93.3 100.0 100.0 100.0 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 70. Effect of entomopathogenic  nematode,  Steinernema  sp.
GSNUS-14(5223) and S. carpocapsae(ScG) on Plutella xylostella defending on
nematode application time

Larval mortality(%)

Concentration . L Two times Three times
. One time application . .
(Ijs/30me) application application
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 96.7 96.7 100.0 100.0 100.0 100.0
10,000 90.0 93.3 100.0 100.0 100.0 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0
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a% v Heterorhabditis sp. GSNUH-1 Al%2 13] AXoA 73.3% - 90.0%, 33
Ayol= XE T 10,000sE Aol = 83.3%2 XAES el o] Steinernema
SHtE WAool wektk(Table 71).

Table 71. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Plutella xylostella

defending on nematode application time

Larval mortality(%)

Concentration . L Two times Three times
. One time application . .
(Ijs/30me) application application
H202 HbH H202 HbH H202 HbH
90,000 90.0 96.7 100.0 100.0 100.0 100.0
30,000 83.3 90.0 96.7 100.0 100.0 100.0
10,000 73.3 30.0 76.7 96.7 83.3 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0

G A A e f-Foll ek AEFSE XANES Steinernema sp. GSNUS-10
Algol 13] A Al 733% - 90.0%, 23] AX Al 833% - 96.7%, 33| AE A
93.3% - 100.0%¢] AAFES YEFNAIL(Table 72), Steinernema sp. GSNUS-14 7|
Tol] Z+7; 139], 23], 338] AXE A] 70.0% - 93.3%, 86.7% - 100.0%, 96.7% - 100.0%
o] XAL&S HAtHTable 73), Heterorhabditis sp. GSNUH-1 Al%2 13], 23], 33|
A2l Al 70.0% - 86.7%, 86.7% - 100.0%, 96.7% - 100.0%<2] XA}&S HER O
(Table 74) FwiAAP Y F3ol izt LFHAZAFT HAH L wiFF

et AALg R TE UAh "ol oy TEAEEES 90,000ls(1 x 10%s/ha) 13] A
Ehuigith wek 2FE AT EERTh gujrl e

Yo% 86.7% o]l =2 AAES U
[e)]

10,000Ijs& & *sttele 39 HA o ® 23|97 AFstH 83.3% o] =& AAES
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Table 72. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Spodoptera litura defending on

nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) One time application L L
(I3s/30md) application application
S210 ScG S210 ScG S210 ScG
90,000 90.0 93.3 96.7 100.0 100.0 100.0
30,000 80.0 83.3 90.0 96.7 100.0 100.0
10,000 73.3 73.3 83.3 86.7 93.3 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 73. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-14(5223) and S. carpocapsae(ScG) on Spodoptera litura defending on

nematode application time

Larval mortality (%)

Concentration ) o Two times Three times
) One time application L L
(I3s/30md) application application
S223 ScG S223 ScG 5223 ScG
90,000 93.3 93.3 100.0 100.0 100.0 100.0
30,000 83.3 83.3 90.0 96.7 100.0 100.0
10,000 70.0 73.3 86.7 86.7 96.7 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 74. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1

strain(S202) and H. bacteriophora Hamyang strain(HbH) on Spodoptera litura

defending on nematode application time

Larval mortality(%)

Concentration
(Ijs/30me)

. L. Two times
One time application

Three times

application application
H202 HbH H202 HbH H202 HbH
90,000 86.7 90.0 100.0 100.0 100.0 100.0
30,000 70.0 76.7 90.0 93.3 100.0 100.0
10,000 70.0 73.3 86.7 93.3 96.7 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 75. Effect of entomopathogenic  nematode,

Steinernema  sp.

GSNUS-10(5210) and S. carpocapsae(ScG) on Spodoptera exigua defending on

nematode application time

Larval mortality (%)

Concentration ) o Two times Three times
) One time application L L

(Tjs/30me) application application
S210 ScG S210 ScG S210 ScG
90,000 90.0 93.3 96.7 100.0 96.7 100.0
30,000 73.3 83.3 90.0 93.3 96.7 100.0
10,000 73.3 73.3 83.3 86.7 90.0 96.7

0 0.0 0.0 0.0 0.0 0.0 0.0
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spbubalbel] el X AVS-S Steinernema sp. GSNUS-10 AlZEo] 13] AX A
73.3% - 90.0%, 23] A¥ A] 83.3% - 96.7%, 33] AX A 90.0% - 96.7%2] A&

[e)

S XA 3(Table 75), Steinernema sp. GSNUS-14 AEL 13] 44X Al 70.0% -

90.0%, 23] A3 Al 80.0% - 96.7%, 33] AE Al 90.0% - 100.0%2] AALSS HA
t}H(Table 76).

Table 76. Effect of entomopathogenic  nematode, Steinernema  sp.

GSNUS-14(5223) and S. carpocapsae(ScG) on Spodoptera exigua defending on

nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
. One time application . .

(Ijs/30me) application application
S223 ScG S223 ScG S223 ScG
90,000 90.0 93.3 96.7 100.0 100.0 100.0
30,000 76.7 33.3 36.7 93.3 93.3 100.0
10,000 70.0 73.3 30.0 36.7 90.0 96.7

0 0.0 0.0 0.0 0.0 0.0 0.0

Heterorhabditis sp. GSNUH-1 A& 13] 24X A] 60.0% - 80.0%, 23] A% A
73.3% - 86.7%, 33] AXE A 86.7% - 96.7%Z A (Table 77) 3vprtol] o3l &4
VAT WA Sl AN bt} fAReE S e QLT

HjF=3slvnlo] W3 Steinernema sp. GSNUS-10 A3 Steinernema

sp.
GSNUS-14 A% 9 Heterorhabditis sp. GSNUH-1 AlE¢ Ax3)4d AE&S =
Abet A3 XE @ 10,000[jsE 139 Azl E 933% o] =S §F AAES



Table 77. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1

strain(S202) and H. bacteriophora Hamyang strain(HbH) on Spodoptera exigua

defending on nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) One time application L L
(I3s/30md) application application
H202 HbH H202 HbH H202 HbH
90,000 80.0 83.3 86.7 93.3 96.7 100.0
30,000 73.3 73.3 83.3 86.7 90.0 96.7
10,000 60.0 63.3 73.3 80.0 86.7 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 78. Effect of entomopathogenic  nematode,
GSNUS-10(S210) and S. carpocapsae(ScG) on Artogeia

nematode application time

Steinernema  sp.

rapaedefending on

Larval mortality (%)

Concentration . o Two times Three times
) One time application L L
(I3s/30md) application application
S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 96.7 100.0 100.0 100.0 100.0 100.0
10,000 93.3 96.7 96.7 100.0 100.0 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 79. Effect of entomopathogenic  nematode, Steinernema  sp.

GSNUS-14(5223) and S. carpocapsae(ScG) on Artogeia rapae defending on
nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) One time application L L

(I3s/30md) application application
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 100.0 100.0 100.0 100.0 100.0 100.0
10,000 90.0 96.7 96.7 100.0 96.7 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 80. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Artogeia rapae

defending on nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) One time application L L

(Tjs/30me) application application
H202 HbH H202 HbH H202 HbH
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 93.3 96.7 96.7 96.7 96.7 96.7
10,000 90.0 90.0 93.3 96.7 96.7 96.7

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 81. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Mamestra brassicae defending on

nematode application time

Larval mortality(%)

Concentration ) o Two times Three times
) One time application L L
(I3s/30md) application application
S210 ScG S210 ScG S210 ScG
90,000 96.7 100.0 96.7 100.0 96.7 100.0
30,000 93.3 93.3 96.7 100.0 96.7 100.0
10,000 80.0 86.7 93.3 96.7 93.3 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0

ES5udte gt 2EH AP FES] AAES Steinernema sp. GSNUS-10 Al
2 13 A2 Al 80.0% - 96.7%, 23] A Al 93.3% - 96.7%, 3% AE Al 90.0% -
96.7%°] AAHES B ATHTable 81). ey dAH oz dix dFez Ag @
S. carpocapsae GSN1 A&l H|3te] B YA o] YA e
Steinernema sp. GSNUS-14 A& 13] A2 Al 833% - 100.0%, 23] A3 A
93.3% - 100.0%, 33] AFX 2] 96.7% - 100.0%<9] XAFES HAHTable 82).
Steinernema sp. GSNUS-14 A& =54 F3o diste] S carpocapsae GSN1
A A8 HAAS vEFY o] Steinernema sp. GSNUS-10 Al Ed] vt &3
Aol AEow yzter)

Heterorhabditis sp. GSNUH-1 A2 13] 24X A] 73.3% - 90.0%, 23] A¥E A
86.7% — 96.7%, 33] AxE Al 93.3% - 100.0%<] X A}&S YEFN AT Table 83).

T 3ol tid LTHAAAFTEY HAdS ARH SR Steinernema %
M ZEo| Heterorhabditis sp. GSNUH-1 AExRT} thA 2ALEo] =gkom A3
F7t 57 FFE AAME = F7FeitH(Table 81, 82, 83).
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Table 82. Effect of entomopathogenic  nematode, Steinernema  sp.

GSNUS-14(5223) and S. carpocapsae(ScG) on Mamestra brassicae defending on

nematode application time

Larval mortality(%)

Concentration . o Two times Three times
One time application L L

(Tjs/30me) application application
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 90.0 93.3 96.7 100.0 100.0 100.0
10,000 83.3 86.7 93.3 96.7 96.7 96.7

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 83. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Mamestra brassicae

defending on nematode application time

Larval mortality (%)

Concentration . . Two times Three times
One time application o o

(Tjs/30me) application application
H202 HbH H202 HbH H202 HbH
90,000 90.0 93.3 96.7 100.0 100.0 100.0
30,000 80.0 86.7 90.0 93.3 96.7 96.7
10,000 73.3 80.0 86.7 93.3 93.3 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 84. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Hymenia recurvalis defending on

nematode application time

Larval mortality(%)

Concentration . L Two times Three times
. One time application . .
(Ijs/30me) application application
S210 ScG S210 ScG S210 ScG
90,000 93.3 100.0 96.7 100.0 100.0 100.0
30,000 90.0 96.7 96.7 100.0 96.7 100.0
10,000 33.3 90.0 90.0 96.7 96.7 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 85. Effect of entomopathogenic  nematode,  Steinernema  sp.
GSNUS-14(5223) and S. carpocapsae(ScG) on Hymenia recurvalis defending on

nematode application time

Larval mortality (%)

Concentration . o Two times Three times
) One time application L L
(I3s/30md) application application
S223 ScG S223 ScG S223 ScG
90,000 96.7 100.0 96.7 100.0 100.0 100.0
30,000 93.3 96.7 96.7 100.0 100.0 100.0
10,000 80.0 90.0 90.0 96.7 96.7 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 86. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Hymenia recurvalis

defending on nematode application time

Larval mortality(%)

Concentration . o Two times Three times
. One time application . .
(Ijs/30me) application application
H202 HbH H202 HbH H202 HbH
90,000 93.3 96.7 96.7 100.0 100.0 100.0
30,000 80.0 90.0 90.0 96.7 96.7 100.0
10,000 73.3 83.3 83.3 93.3 96.7 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0
Slugipdoel] tigh XS APAFY A2l &= Table 84, 85, 867 # Ut A
A& Steinernema sp. GSNUS-10 A& 13 A¥39S 4% 83.3% - 93.3%, 2

3] A Al 90.0% - 96.7%, 33] AE Al 96.7% - 100.0%E YEFU 3L (Table 84),
Steinernema sp. GSNUS-14 AES 13] A¥X Al 80.0% - 96.7%, 23] AFX A
90.0% - 96.7%, 33] A3E Al 96.7% - 100.0%<] AAF&S H G H(Table 85).

Heterorhabditis sp. GSNUH-1 A5 18] 24X Al 73.3% - 93.3%, 23] A3 A]
93.3% - 96.7%, 33| A Al 96.7% - 100.0%°] X[AL&& YERUYO] AFE 3|7 STt
g AAe = S7HeFitH(Table 86).

Ao 3k =W AN F A &= Steinernema sp. GSNUS-10 A5 <
13] A3 A 90.0% - 100.0%, 23] 43 Al 96.7% - 100.0%, 33] A3 A] 100.0% -
100.0%°] 2 AH&-S B A ThH(Table 87).

Steinernema sp. GSNUS-14 A5 13 A3 Al 93.3% - 100.0%, 23] A3 A<}
33] Ax wee 25 100.0%9 XAMES dERo] iAo w2 HAALES B
tH(Table 88).
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Table 87. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Athalis rosae ruficornis defending

on nematode application time

Larval mortality(%)

Concentration . o Two times Three times
One time application L .

(Ijs/30me) application application
S210 ScP S210 ScP S210 ScP
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 93.3 100.0 96.7 100.0 100.0 100.0
10,000 90.0 93.3 96.7 100.0 100.0 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 88. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-14(5S223) and S. carpocapsae(ScG) on Athalis rosae ruficornis defending

on nematode application time

Larval mortality(%)

Concentration . o Two times Three times
One time application L L.

(I3s/30md) application application
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 96.7 100.0 100.0 100.0 100.0 100.0
10,000 93.3 96.7 100.0 100.0 100.0 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 89. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Athalis rosae

ruficornis defending on nematode application time

Larval mortality(%)

Concentration . o Two times Three times
] One time application o o
(Tjs/30ml) application application
H202 HbH H202 HbH H202 HbH
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 86.7 93.3 96.7 96.7 100.0 100.0
10,000 80.0 86.7 90.0 93.3 96.7 100.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Heterorhabditis sp. GSNUH-1 Al52 13 23X A] 80.0% - 100.0%, 23] A3E A
90.0% - 100.0%, 33] A3 A] 96.7% - 100.0%=ZA v$ =2 AAES YERY AT
(Table 87, 88, 89).

FortEdd ol 3 XALES Steinernema sp. GSNUS-10 A& 13 A%
Aol = 73.3% - 83.3%, 23] A3 Ao & 83.3% - 90.0%, 33] AE Al 93.3% -
96.7%2] A|ALES H S TH(Table 90).

Steinernema sp. GSNUS-14 A& 13] 232 A], 733% - 90.0%, 23] A 4]
86.7% — 93.3%, 33] A Al 96.7% - 100.0%<] AAL&S YEM T (Table 91).

Heterorhabditis sp. GSNUH-1 Al52 13] 24X A, 70.0% - 83.3%, 23] AX A
80.0% - 93.3%, 33] A3 A], 90.0% - 96.7%°] AAME-S YER A TH(Table 92).

’

Foteduee 4% 0e BRe UF dzug 2auddadel e g5
el %

ol wol EFAoR FertuddE WA A Holw 28 o)
A

BAYNF AL Fursofol & Ao Az,
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Table 90. Effect of entomopathogenic  nematode, Steinernema  sp.
GSNUS-10(S210) and S. carpocapsae(ScG) on Phaedon brassicae defending on

nematode application time

Larval mortality(%)

Concentration . L Two times Three times
. One time application L .
(Ijs/30me) application application
S210 ScG S210 ScG S210 ScG
90,000 33.3 90.0 90.0 96.7 96.7 100.0
30,000 76.7 33.3 83.3 90.0 93.3 96.7
10,000 73.3 76.7 83.3 90.0 93.3 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 91. Effect of entomopathogenic  nematode,  Steinernema  sp.
GSNUS-14(S223) and S. carpocapsae(ScG) on Phaedon brassicae defending on

nematode application time

Larval mortality(%)

Concentration . o Two times Three times
) One time application L .
(Tjs/30me) application application
S223 ScG S223 ScG S223 ScG
90,000 90.0 90.0 93.3 96.7 100.0 100.0
30,000 80.0 83.3 90.0 90.0 96.7 96.7
10,000 73.3 76.7 86.7 90.0 96.7 96.7
0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 92. Effect of entomopathogenic nematode, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Phaedon brassicae

defending on nematode application time

Larval mortality(%)

Concentration . o Two times Three times
) One time application L L
(Tjs/30ml) application application
H202 HbH H202 HbH H202 HbH
90,000 83.3 86.7 93.3 93.3 96.7 100.0
30,000 70.0 73.3 83.3 86.7 90.0 93.3
10,000 70.0 70.0 80.0 83.3 90.0 93.3
0 0.0 0.0 0.0 0.0 0.0 0.0

4. GAF EZo] 2 Steinernematid®} Heterorhabditid 4139 pot B YA H L

AbS&AF =L Steinernema  sp. GSNUS-10, Steinernema sp. GSNUS-14 A E 3}

Heterorhabditis sp. GSNUH-1 AlF 283 tx2A 502 S carpocapsae GSN1 7|

X7} 90,000]js, 30,000Ijs, 10,000Ijs7F =

Al st 30 ml BEFoE A 7MEE 2FRFUIER X FAYUE A
- 197 -
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Steinernema sp. GSNUS-10 A& A7 THdo web wjFEvbidel djsh
HAAd Zo]lE HAT wlFol e 93.3% - 100.0%2 XAFES EAar, Fufso
A= 83.3% — 93.3%, AdAAAM = 76.7% — 90.0%2] XA L&S K.Y TH(Table 93).

HAAAN A= 833% — 100.0%2] A AL&S HAom AFd A= 86.7%-100.0%, &
B2l e wjFEEuded digh X|ARE o] 76.7% - 86.7%F X THTable 94).

Steinernema sp. GSNUS-10 AlE2 #F AR, oA wlFEdd o
g a7t mskom o A, dBEZYdAE FHoR v g3E KBS
=

Table 93. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-10
strain(S210) and S. carpocapsae GSN1  strain(ScG) on Plutella xylostella

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 86.7 100.0
30,000 96.7 100.0 86.7 96.7 83.3 96.7
10,000 93.3 93.3 80.0 86.7 70.0 80.0

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 94. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-10
strain(S210) and S. carpocapsae GSN1  strain(ScG) on Plutella xylostella

defending on red mustard, Ssamchoo and leaf broccoli

Larval mortality(%)

Concentration Red mustard Ssamchoo Leaf broccoli
(I3s/30ml)
S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 86.7 100.0
30,000 90.0 100.0 93.3 96.7 83.3 96.7
10,000 83.3 93.3 86.7 86.7 76.7 80.0
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 95. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-14
strain(S223) and S. carpocapsae GSNI1  strain(ScG) on Plutella xylostella
defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration

Chinese cabbage Cabbage Kale
(Tjs/30me)
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 83.3 100.0
30,000 90.0 100.0 90.0 100.0 83.3 90.0
10,000 80.0 96.7 83.3 93.3 73.3 76.7
0 0.0 0.0 0.0 0.0 0.0 0.0
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Steinernema sp. GSNUS-14 A& wjFFudd tiste] wFoAs 933% -
100.0%, oA+ 80.0% - 100.0%° AA&ES HIo ALdAAE 70.0% -
86.7%2] w2 AAES K tHTable 95). A ARl A= 80.0% - 100.0%°] A&
Fo A= 83.3% - 100.0%, EEFFE A= 73.3% - 83.3% W&
tH(Table 96).

Table 96. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-14
strain(S223) and S. carpocapsae GSN1  strain(ScG) on Plutella xylostella

defending on red mustard, Ssamchoo and leaf broccoli

Larval mortality(%)

Concentration )
] Red mustard Ssamchoo Leaf broccoli
(Tjs/30me)
S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 83.3 100.0
30,000 90.0 100.0 90.0 100.0 83.3 90.0
10,000 80.0 96.7 83.3 93.3 73.3 76.7
0 0.0 0.0 0.0 0.0 0.0 0.0

Heterorhabditis sp. GSNUH-1 A& n]FE vt thsle] wiFoA s 76.7% -
93.3%, FulFol M= 66.7% — 86.7%, ALl = 60.0% - 80.0%] AAMES H A}
(Table 97).

2 AR M= Heterorhabditis sp. GSNUH-1 Al Eo] wlFEUwe] thate] 733
- 90.0%2] AAFES Bow, #AFoHE 601 - 86.7%S] XAES B, AN
Felo M= 56.7% - 80.0%2] AAM&S R THTable 98).

£ % Steinernematid A%l ®|3to] Heterorhabditis sp. GSNUH-1 Al%o] 4
gAgo=z v HAdd S R

LU
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Table 97. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1

strain(S202) and H. bacteriophora Hamyang strain(HbH) on Plutella xylostella

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Ijs/30me)
H202 HbH H202 HbH H202 HbH
90,000 93.3 100.0 86.7 90.0 80.0 83.3
30,000 83.3 90.0 73.3 80.0 73.3 73.3
10,000 76.7 83.3 66.7 70.0 60.0 66.7
0 0.0 0.0 0.0 0.0 0.0 0.0

Table 98. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1

strain(S202) and H. bacteriophora Hamyang strain(HbH) on Plutella xylostella

defending on red mustard, Ssamchoo and leaf broccoli

Larval mortality(%)

Concentration )

] Red mustard Ssamchoo Leaf broccoli
(Tjs/30me)
H202 HbH H202 HbH H202 HbH

90,000 90.0 100.0 86.7 90.0 80.0 83.3
30,000 76.7 90.0 76.7 80.0 70.0 73.3
10,000 73.3 83.3 60.0 70.0 56.7 66.7

0 0.0 0.0 0.0 0.0 0.0 0.0
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(Table 99).

Table 99. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-10strain(S210) and S. carpocapsae GSN1 strain(ScG) on Spodoptera

litura defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration

Tis/30m0) Chinese cabbage Cabbage Kale
S210 ScG S210 ScG S210 ScG
90,000 93.3 100.0 73.3 83.3 76.7 86.7
30,000 83.3 86.7 53.3 70.0 70.0 73.3
10,000 73.3 76.7 33.3 50.0 60.0 63.3
0 0.0 0.0 0.0 0.0 0.0 0.0

Ltk Steinernema sp. GSNUS-14 A& HlFo A 733% - 93.3%, <FHlFollA
36.7% — 76.7%, ALAA 567% - 80.0%9 XAE&S K Y3 (Table 100),
Heterorhabditis sp. GSNUH-1 A% Z+7F 63.3% - 86.7%, 30.0% - 73.3%, 36.7%
- 76.7%%] AAMES H 3t (Table 101).
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Table 100. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-14strain(S223) and S. carpocapsae GSN1 strain(ScG) on Spodoptera

litura defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration )
. Chinese cabbage Cabbage Kale
(Tjs/30me)

S223 ScG S223 ScG S223 ScG
90,000 93.3 100.0 76.7 83.3 80.0 86.7
30,000 80.0 86.7 60.0 70.0 70.0 73.3
10,000 73.3 76.7 36.7 50.0 56.7 63.3

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 101. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Spodoptera litura
defending on Chinese cabbage, cabbage and kale

Larval mortality (%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

H202 HbH H202 HbH H202 HbH
90,000 86.7 93.3 73.3 80.0 76.7 83.3
30,000 76.7 80.0 56.7 66.7 56.7 70.0
10,000 63.3 70.0 30.0 43.3 36.7 50.0

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 102. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-10strain(S210) and S. carpocapsae GSN1 strain(ScG) on Spodoptera

exigua defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

S210 ScG S210 ScG S210 ScG
90,000 90.0 93.3 70.0 80.0 76.7 83.3
30,000 76.7 80.0 60.0 66.7 60.0 70.0
10,000 70.0 76.7 46.7 50.0 56.7 63.3

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 103. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-14strain(S223) and S. carpocapsae GSNI1  strain(ScG) on Spodoptera

exigua defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

S223 ScG S223 ScG S223 ScG
90,000 93.3 93.3 66.7 80.0 73.3 83.3
30,000 73.3 80.0 60.0 66.7 63.3 70.0
10,000 73.3 76.7 50.0 50.0 56.7 63.3

0 0.0 0.0 0.0 0.0 0.0 0.0

- 204 -



Table 104. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Spodoptera exigua

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

H202 HbH H202 HbH H202 HbH
90,000 30.0 86.7 73.3 76.7 80.0 83.3
30,000 73.3 76.7 53.3 60.0 63.3 70.0
10,000 53.3 63.3 33.3 40.0 40.0 53.3

0 0.0 0.0 0.0 0.0 0.0 0.0

w3} w3, AL A Steinernema sp. GSNUS-10 AlE<] spdbpate] 3l X
AE&S 27 70.0% - 90.0%, 46.7% - 70.0%, 56.7% - 76.7%E X 3 (Table 102),
Steinernema sp. GSNUS-14 7A§2 73.3% - 93.3%, 50.0% - 66.7%, 56.7% -
73.3%(Table 103), Heterorhabditis sp. GSNUH-1 A% °] 53.3% - 80.0%, 33.3% -
73.3%, 40.0% - 80.0%(Table 104)=A] XA Ab&-2 wjF, FujF, AL ol AtHTable
102, 103, 104).

Steinernema sp. GSNUS-10 7l%&2] wjFavn]o] tfst XAE2 wjFoA A A
FEEoA 100%2 UER L, FujFol s 96.7% - 100.0%, ALl E= 1 e
FE A 100%°] A|AES B A tHTable 105).

Steinernema sp. GSNUS-14 AES RE GA1F ¢ A F Lol 100%e XAS
& Hol(Table 106) thE AEE0) Hlste] Fidor w2 HALS BHATH

Heterorhabditis sp. GSNUH-1 A% wj3=olA 86.7% - 100.0%, 3ol A
80.0% - 100.0%, ALelA 833% - 100.0%< XAt&S Ho] F Steinernemas A
ol wlstel Aol FdiA o wkth(Table 107).
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Table 105. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-10strain(S210) and S. carpocapsae GSNI1 strain(ScG) on Artogeia rapae

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration i
] Chines cabbage Cabbage 0 Kale
(Tjs/30me)

S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 100.0 100.0 100.0 100.0 100.0 100.0
10,000 100.0 100.0 96.7 100.0 100.0 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 106. Effect of entomopathogenic nematodes, Steinernema  sp.
GSNUS-14strain(S223) and S. carpocapsae GSN1 strain(ScG) on Artogeia rapae
defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Ijs/30me)

S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 100.0 100.0 100.0 100.0 100.0 100.0
10,000 100.0 100.0 96.7 100.0 96.7 100.0

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 107. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Artogeia rapae

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)
H202 HbH H202 HbH H202 HbH
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 96.7 100.0 90.0 93.3 93.3 96.7
10,000 86.7 93.3 80.0 83.3 83.3 86.7
0 0.0 0.0 0.0 0.0 0.0 0.0
i S=3uba]o] et 23R AdAZTe] Hddel e g slsEdd vk E=2
Ae Be UE IR §5S 42Ae 9 v Fz AN uF s
o fel F= da JAel do] wig Br] v E¥ HEFSH =o] FFHAY
gol @ 27 Mt 54 AU Qo] A A% A gHo] o] FojAW A
BE f%o AAeAl B Aew 4zun

A

S5 i3k Steinernema sp. GSNUS-10 A& 9] XALES Hj o A= 83.3%
- 100.0%, FuljFol A= 73.3% - 90.0%, ALAA = 80.0% — 93.3%E H G TH(Table
108).

Steinernema sp. GSNUS-14 AELS m=%ubbo] thale] w3 A= 80.0% -
100.0%, YujFol A= 73.3% - 86.7%, ADolA = 73.3% - 90.0%° AAH&S HIA
tH(Table 109).

Heterorhabditis sp. GSNUH-1 A& HjFo A= 70.0% - 93.3%, )3l A
66.7% - 80.0%, ALNA 70.0% - 83.3%2 AAE&S Hol(Table 110) A 3ol o] &

g 3AE e AE ZFF wiFol A 7 A A&l =k tH(Table 108, 109, 110).
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Table 108. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-10
strain(S210) and S. carpocapsae GSNI1 strain(ScG) on Manestra brassicae

defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration )
. Chines cabbage Cabbage Kale
(Tjs/30me)

S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 90.0 100.0 93.3 100.0
30,000 93.3 96.7 80.0 86.7 86.7 93.3
10,000 83.3 90.0 73.3 83.3 80.0 86.7

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 109. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-14
strain(S223) and S. carpocapsae GSN1  strain(ScG) on Manestra brassicae
defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration .
] Chinese cabbage Cabbage Kale
(Tjs/30me)

S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 86.7 100.0 90.0 100.0
30,000 90.0 96.7 76.7 86.7 90.0 93.3
10,000 80.0 90.0 73.3 83.3 73.3 86.7

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 110. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(S202) and H. bacteriophora Hamyang strain(HbH) on Manestra brassicae

ruficornis defending on Chinese cabbage, cabbage and kale

Larval mortality(%)

Concentration )
. Chines cabbage Cabbage Kale
(Tjs/30me)

H202 HbH H202 HbH H202 HbH
90,000 93.3 96.7 80.0 83.3 83.3 86.7
30,000 80.0 86.7 76.7 76.7 73.3 80.0
10,000 70.0 80.0 66.7 70.0 70.0 73.3

0 0.0 0.0 0.0 0.0 0.0 0.0

AdgeA 71 TslE Beol T Auwuywe] digk  Steinernema  sp.
GSNUS-10 A9 Hel &r= 80.0% - 93.3%9 AAMES HS)ow(Table 111),
Steinernema sp. GSNUS-14 AlEo] 83.3% - 96.7%(Table 112), Heterorhabditis
sp. GSNUH-1 Al&e°] 76.7% - 90.0%°] A& B AtH(Table 113).

Table 111. Effect of Steinernema sp. GSNUS-10 strain(S210) and S. carpocapsae

GSN1 strain(ScG) on pathogenicity of Hymenia recurvalis on red Swiss chard

Larval mortality(%)
Concentration(Ijs/30ml)

5210 ScG
90,000 93.3 100.0
30,000 86.7 100.0
10,000 80.0 86.7
0 0 0
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Table 112. Effect of Steinernema sp. GSNUS-14 strain(S223) and S. carpocapsae

GSNI1 strain(ScG) on pathogenicity of Hymenia recurvalis on red Swiss chard

Larval mortality(%)
Concentration(Ijs/30me)

5223 ScG

90,000 96.7 100.0

30,000 90.0 100.0

10,000 83.3 86.7
0 0 0

Table 113. Effect of Heterorhabditis sp. GSNUH-1 strain(H202) and H.
bacteriophora Hamyang strain(HbH) on pathogenicity of Hymenia recurvalis on

red Swiss chard

Larval mortality(%)
Concentration(Ijs/30me)

H202 HbH
90,000 90.0 100.0
30,000 83.3 93.3
10,000 6.7 80.0
0 0 0

EoWo)| thdt Steinernema sp. GSNUS-10 AlE9 XALEE A AR A 90.0% -
100.0%, Sl Al 93.3% - 100.0%, EF-olAl 86.7% - 100.0%E X S iL(Table 114),
Steinernema sp. GSNUS-14 A& 93.3% - 100.0%, 93.3% - 100.0%, 83.3% -
100.0%(Table 115), Heterorhabditis sp. GSNUH-1 A& 86.7% - 100.0%, 80.0%
- 93.3%, 76.7% - 93.3% % tH(Table 116).
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Table 114. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-10

strain(S210) and S. carpocapsae GSN1 strain(ScG) on Athalia rosae ruficornis

defending on pak—choi, Ssamchoo and young radish

Larval mortality(%)

Concentration . )
. Pak-choi Ssamchoo Young radish
(Tjs/30me)

S210 ScG S210 ScG S210 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 96.7 100.0 100.0 100.0 93.3 100.0
10,000 90.0 96.7 93.3 93.3 86.7 90.0

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 115. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-14

strain(S223) and S. carpocapsae GSN1 strain(ScG) on Athalia rosae ruficornis

defending on pak-choi, Ssamchoo and young radish

Larval mortality(%)

Concentration ] ]
] Pak-choi Ssamchoo Young radish
(Tjs/30me)

S223 ScG S223 ScG S223 ScG
90,000 100.0 100.0 100.0 100.0 100.0 100.0
30,000 100.0 100.0 100.0 100.0 96.7 100.0
10,000 93.3 96.7 93.3 93.3 83.3 90.0

0 0.0 0.0 0.0 0.0 0.0 0.0

- 211 -



Table 116. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(H202) and H. bacteriophora Hamyang strain(HbH) on Athalia rosae

ruficornis defending on pak-choi, Ssamchoo and young radish

Larval mortality(%)

Concentration - ]
] Pak-choi Ssamchoo Young radish
(Ijs/30me)
H202 HbH H202 HbH H202 HbH
90,000 100.0 100.0 93.3 100.0 93.3 100.0
30,000 90.0 93.3 86.7 90.0 83.3 93.3
10,000 86.7 90.0 80.0 83.3 76.7 90.0
0 0.0 0.0 0.0 0.0 0.0 0.0

FortEAddg o ek Steinernema sp. GSNUS-10 AlE9 XAES Hj 3o A
76.7% - 86.7%, &5l 70.0% - 90.0%, A AAANA 70.0% - 83.3%, Steinernema
sp. GSNUS-14 A& 767% - 90.0%, 76.7% - 90.0%, 73.3% - 83.3%,
Heterorhabditis sp. GSNUH-1 A& 66.7% - 83.3%, 70.0% - 80.0%, 70.0% -
80.0% % tH(Table 117, 118, 119).

Table 117. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-10
strain(S210) and S. carpocapsae GSN1  strain(ScG) on Phaedon brassicae

defending on Chinese cabbage, cabbage and red mustard

Larval mortality(%)

Concentration -
] Chinese cabbage Ssamchoo Red mustard
(Ijs/30me)

S210 ScG S210 ScG S210 ScG

90,000 86.7 93.3 90.0 96.7 83.3 90.0
30,000 80.0 86.7 83.3 90.0 73.3 83.3
10,000 76.7 80.0 70.0 83.3 70.0 76.7

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 118. Effect of entomopathogenic nematodes, Steinernema sp. GSNUS-14
strain(S223) and S. carpocapsae GSN1  strain(ScG) on Phaedon brassicae

defending on Chinese cabbage, cabbage and red mustard

Larval mortality(%)

Concentration i
) Chines cabbage Ssamchoo Red mustard
(Ijs/30me)

5223 ScG S223 ScG S$223 ScG

90,000 90.0 93.3 90.0 96.7 83.3 90.0
30,000 83.3 86.7 86.7 90.0 76.7 83.3
10,000 76.7 80.0 76.7 83.3 73.3 76.7

0 0.0 0.0 0.0 0.0 0.0 0.0

Table 119. Effect of entomopathogenic nematodes, Heterorhabditis sp. GSNUH-1
strain(H202) and H. bacteriophora Hamyang strain(-HbH) on Phaedon brassicae

defending on Chinese cabbage, cabbage and red mustard

Larval mortality(%)

Concentration i
) Chines cabbage Ssamchoo Red mustard
(Tjs/30me)

H202 HbH H202 HbH H202 HbH
90,000 83.3 86.7 80.0 83.3 80.0 86.7
30,000 73.3 76.7 73.3 76.7 76.7 80.0
10,000 66.7 70.0 70.0 73.3 70.0 73.3

0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 120. Effect of nozzle type of sprayer on pathogenicity of entomopathogenic

nematode against Artogeia rapae

Control efficacy(%)

Nozzle type

3 days after treatment 6 days after treatment
Fold type 93.4 96.2
Strait type 84.2 86.3

19 =35 4xd 5 9= Aol /M &34 o]tk (Table

5 m
121). 29 15 mle =534 ajF3un] WA gye A ¢ 394 93.2%,



644 97.1%°] =2 WAZAE BT weA FAFok 2ol AEe] gl AE
o ZFHIA AT A = AL ofgt =l st A

Table 121. Effect of nozzle size of sprayer on pathogenicity of entomopathogenic

nematode against Artogeia rapae

Control efficacy(%)

Nozzle size(ml/sec.)

3 days after treatment 6 days after treatment
5 ml 79.8 84.2
10 ml 92.3 95.7
15 ml 93.2 97.1

o

A GAF =] 3k Steinernematid®t Heterorhabditid A%¢] x| w
= o]: g A5

2L

d

7F s 2

T dadTa AN wE, FulE ALE 49 Fell 509 BE AAF

T 7 -10¥ HAo 7 A FFe] UEE ALHA FALsle HAAZAZE Ao
S. capocpsae GSN1 A&, Steinernema sp. GSNUS-14 A &3} Heterorhabditis sp.
GSNUH-1 A&S ol&3te] WAl a3 Ads S8t 2 A ge Wy 1.2

m x 6.0 m(72 m)QYIL F FZ 40 cm HH O 1454 2855 AUTE AF Az
T 79 38" B 7,200,000s, 2,400,000Is, 800,000[js9] FE2 Z+7} A5}
o] 2089 Wi AREFV|Z2 AEIHT. o 35, S, A= 10081808 o
58 ek mold AES sk AFT) WHe 25 m x 4 m(10 mI)S
1 15 em~25 cm {HF o2 ZAES A ST S carpocapsae GSN1 A& A& s
Z= 79 421859 &9 10,000,000]s, 3,333,000L;s, 1,111,000Ijs2] s=2 Z+7} 34
sho] 208]E wiR-A BRI = Axsinh A4xe 3Y HFoe = 139, 23], 33 A Ed)

dev, HF Ax 5 744 A o] YRS ARSte] AR AR WEg vl



stol WAZLE TeATh wEe @ e FH MEOR suBsgon 7 10F

E Y9z Ao s 2=
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S.  carpocapsae GSN1 A3}  Steinernema sp. GSNUS-14 AT 2=
Heterorhabditis sp. GSNUH-1 A& o] &38to] wjFFuobdel] ok WA AE S )
FEGANA Fgt A= Table 1229F 2 9kth

Heterorhabditis sp. GSNUH-1 A% H|3}e] S carpocapsae GSN1 A% 3}
Steinernema sp. GSNUS-14 AlE9 WAEH7 =4 Uegor s=tdes & %

dE HolA vt Wb AdFe A St BeFs WAL mobsth

Table 122. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Plutella xylostella in Chinese cabbage field

Concentration Application Control efficacy(%) at 7 days after treatment

(Ijs/3£/72m')  time ScG GSNUS-14 GSNUH-1
7,200,000 1 79.8 73.2 706
2 93.9 835 81.2
97.7 91.9 89.5
2,400,000 1 726 70.0 63.8
2 86.6 78.0 75.1
3 94,0 876 846
800,000 1 716 69.3 60.0
2 84.3 74.2 70.7
3 90.5 80.8 80.5

0 . . . .
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S.  carpocapsae  GSN1 A3  Steinernema sp. GSNUS-14 AT ¥
Heterorhabditis sp. GSNUH-1 A& o] &3] wjFZubdlo] o BAddSs o
v =gl A G gk A= Table 1233 2%
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Table 123. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Plutella xylostella in cabbage field

. o Control efficacy(%) at 7 days after treatment
Concentration Application

(Ijs/3 2 /7.2m') time

ScG GSNUS-14 GSNUH-1

7,200,000 1 '70.6 66.4 65.3
2 81.0 74.3 73.8

3 89.9 84.5 80.6

2,400,000 1 68.2 63.1 60.8
2 80.5 71.8 66.4

3 86.2 81.5 74.8

800,000 1 63.5 62.7 59.3
2 71.2 65.7 64.2

3 81.5 79.7 1.7
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Table 124. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Plutella xylostella in Kale

Concentration Application Control efficacy(%) at 7 days after treatment

(Ijs/3 ¢ /7.2m') time e GSNUS-14 GSNUH-1

7,200,000 1 67.2 63.7 62.2
2 75.2 72.1 72.0

3 81.5 76.7 75.3

2,400,000 1 59.9 59.2 58.8
2 63.7 62.6 60.0

3 73.5 72.1 70.6

300,000 1 53.2 544 52.3
2 57.0 55.6 58.9

3 70.8 70.2 69.8

0 _ _ _ _
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Heterorhabditis sp. GSNUH-1 7Al&< o] &3t Ful AAMu o] st WA AgS
33 Avt= Table 1259 23k},

S. carpocapsae GSN1 Al A2l Al WAZ}7F 748 =kom AF o A w7t
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A d3dFs B

Table 125. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of

Spodoptera litura in chinese cabbage field

Concentration Application Control efficacy(%) at 7 days after treatment

{is/3¢/7.2m")  time ScG GSNUS-14 GSNUH-1

7,200,000 1 887 815 766
2 93.1 83.1 825

3 9.9 9.2 876

2,400,000 1 815 789 757
2 876 803 79.0

3 94.9 873 86.0

800,000 1 76.8 69.8 67.1
2 835 765 763

3 887 84.9 78.1

0 . . . .

Gl F=x Gl A S carpocapsae GSN1 Al-&3 Steinernema sp. GSNUS-14 A&
9 Heterorhabditis sp. GSNUH-1 Al%5& o] &3lo] whulAA v el ofsk A4
315 433 A3 Table 1267 2t}
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Table 126. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Spodoptera litura in cabbage

Concentration Application Control efficacy(%) at 7 days after treatment

(Ijs/32/7.2m’) time ScG GSNUS-14 GSNUH-1
7,200,000 1 80.2 70.0 66.5
2 86.3 79.4 75.8
3 92.1 86.9 84.9
2,400,000 1 N 60.0 60.4
2 30.2 72.0 71.0
3 38.1 80.8 80.7
300,000 1 745 57.3 59.1
2 76.3 70.0 68.9
3 36.1 778 75.8
0 _ _ _ _

Hj F= S el Hlsho] a3 ol A o] g AAm el digk ALY W
Aeg&e ddez A vepyg e w2y U S carpocapsae GSN1
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Sl7b S7hekel whel WAlVbE mokAE S Btk

AL EAANA S carpocapsae GSN1 A=} Steinernema sp. GSNUS-14 A% 2
Heterorhabditis sp. GSNUH-1 A& o] &3t FajAA v vl sk WA E S

Feet A% Table 1272 2 %4th.
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Table 127. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Spodoptera litura in kale field

Concentration Application Control efficacy(%) at 7 days after treatment
(lis/34/72m)  time ScG GSNUS-14 GSNUH- 1
7,200,000 1 74.1 717 69.2

2 84.9 79.4 76.9
3 33.6 83.8 82.7
2,400,000 1 65.9 59.6 60.4
2 2.7 66.1 65.4
3 82.5 74.9 74.6
800,000 1 59.6 54.0 55.5
2 67.6 57.6 58.5
3 75.2 717 71.7
O — — — —

Table 128. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of

Spodoptera exigua in chinese cabbage field

Concentration Application Control efficacy(%) at 7 days after treatment
(Ijs/3 ¢ /7.2m*) time ScG GSNUS-14 GSNUH-1
7,200,000 1 83.9 73.3 75.0

2 93.8 825 80.0
3 100.0 93.1 90.0
2,400,000 1 81.3 72.0 73.3
2 88.8 76.0 76.7
3 92.0 87.2 84.0
800,000 1 71.9 64.0 65.7
2 78.9 72.6 73.3
3 87.5 84.0 81.8
O — _ _ _
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Table 129. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of

Spodoptera exigua in in cabbage field

Concentration Application Control efficacy(%) at 7 days after treatment
(Ijs/3 ¢ /7.2m’) time ScG GSNUS-14 GSNUH-1
7,200,000 1 71.4 62.5 62.6

2 78.6 70.3 71.4
3 83.3 815 82.7
2,400,000 1 6.7 58.3 57.6
2 76.9 67.6 70.2
3 81.6 7.3 30.1
300,000 1 61.9 54.2 56.7
2 74.3 63.0 63.4
3 78.6 5.7 735
0 _ _ _ _
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Table 130. Effect of Steinernema carpocapsae GSNI1 strain(ScG), Steinernema sp.
GSNUS-14 strain and Heterorhabditis sp. GSNUH-1 strain on pathogenicity of
Spodoptera exigua in kale field

Concentration Application Control efficacy(%) at 7 days after treatment
(Ijs/30/7.2m’) time ScG GSNUS-14 GSNUH-1
7,200,000 1 66.8 59.6 56.4

2 73.0 64.6 61.6
3 86.5 7.3 76.0
2,400,000 1 63.2 54.6 52.0
2 69.9 62.8 57.3
3 76.3 74.7 72.6
800,000 1 52.6 50.0 48.0
2 64.5 54.6 52.0
3 71.6 67.6 69.5
0 _ _ _ _

- 223 -



o
rh
Ho,

v 3ol e ALEAGoA =S5yl o
GSN1 A%< &3+ Table 1313 Z 9k}
A GAFY =F BAGOl S carpocapsae GSN1 AE9 A& 347 &
5 WAlEYde =20t JdAF TRE S5l it BAl g TE v F 2l A
doEsken duiFot AdxFolM= FAE 23E UEidT AFe] s
w2 9A7F= 800,000Ijs A 2lell wlske] 2,400,00005s 2y 7,200,0001 s A]
=AYbt 2y 2,400,0000s A2y 7,200,000Ls A g kel WA 7Fel] &
o] HolA gkt

FHARAHAZE S carpocapsae

n
o

}

N
bl

-

=

Hie

‘
-

Table 131. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of

Mamestra brassicae in Chinese cabbage, cabbage and kale field

Concentration Application Control efficacy(%) at 7 days after treatment
({js/34/7.2m’) time Chinese cabbage Cabbage Kale
7,200,000 1 83.5 71.7 73.0
2 88.1 76.4 76.3
3 92.3 86.1 385.4
2,400,000 1 79.9 65.5 67.8
2 86.6 2.7 74.3
3 92.0 79.5 31.0
800,000 1 70.2 59.5 61.5
2 76.2 63.3 66.2
3 36.6 74.0 74.5
0 _ _ _ _
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Table 132. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of
Plutella xylostella in red mustard field in Gongju and Yangpyeong

Control efficacy(%) at 10 days after treatment

Concentration Aoolicat .
(Ijs/4 ¢ /10m’) pplication time Gongiu Yangpyeong
10,000,000 1 85.4 87.1
2 91.8 93.2
3 93.9 94.0
3,333,000 1 79.5 779
2 88.8 83.2
3 935 91.5
1,111,000 1 72.0 71.1
2 81.1 30.1
3 86.3 34.1
O — _ _

Table 133. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of

Artogeia rapae in kale field in Suwon, Gongju and Yangpyeong

Concentration Application Control efficacy(%) at 7 days after treatment

(Ijs/34/7.2m') time

Suwon Gongju Yangpyeong

7,200,000 1 94.8 92.1 91.0
2 96.7 94.3 93.5
3 99.5 99.0 100.0

2,400,000 1 33.7 85.9 85.7
2 95.8 92.6 92.0

3 989 97.7 96.5

800,000 1 37.1 34.1 81.4
2 93.1 914 93.5

3 979 93.0 94.6

O _ — —
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Table 134. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of

Athalia rosae ruficornis in pak-choi field in Hwasung and Yongin

Concentration Control efficacy(%) at 5 days after treatment
] Application time
(Ijs/4 ¢ /10m’) Hwasung Yongin
10,000,000 1 84.3 82.7
2 93.2 90.5
3 97.8 96.8
3,333,000 1 76.9 72.6
2 88.5 84.9
3 95.4 95.8
1,111,000 1 66.6 63.1
2 88.1 81.6
3 93.9 93.9
0 - - -

AT EANA Ao bd A S 9ste] S carpocapsae GSN1 AES 283k
ZAy= Table 1359F 2gkc}.
Table 135. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of
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Hymenia recurvalis in red Swiss chard field in Gongju and Yangpyeong

Concentration Control efficacy(%) at 7 days after treatment
] Application time
(Ijs/4 ¢ /10m’) Gongiu Yangpyeong
10,000,000 1 83.5 82.5
2 919 90.3
3 94.8 94.6
3,333,000 1 76.9 75.0
2 85.5 85.3
3 90.7 91.8
1,111,000 1 715 69.8
2 80.8 79.5
3 88.5 87.1
O — — —

Table 136. Effect of Steinernema carpocapsae GSNI1 strain on pathogenicity of

Phaedon brassicae in red Swiss chard field in Gongju and Yangpyeong

Concentration Control efficacy(%) at 7 days after treatment
. Application time
(Ijs/4 ¢ /10m’) Gongiju Yangpyeong
10,000,000 1 80.7 81.3
2 93.7 90.2
3 97.8 95.2
3,333,000 1 75.0 72.6
2 89.9 86.3
3 9.1 92.4
1,111,000 1 70.1 70.5
2 79.7 81.0
3 84.9 86.3
O — — —
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tH(Table 137). Steinernema carpocapsae GSN1 Al=& Av]A] dWu e {7 o A
86.7%, FetARE2 F3fA A 96.7%2 EHEAH T XAES AL 9F ] T
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Table 137. Effect of pesticide on mortality of entomopathogeic nematode

Mortality of Galleria(%)

.. . Dilution
Pesticide Chemical name

fold  scg s210  s223 1202

Insecticide  Etofenprox EC 1,000 100.0  86.7 96.7 80.0
Dimethylvinphos EC 1,000 100.0 90.0 100.0 8&6.7

Bifenthrin EC 1,000 100.0 90.0 100.0 8&83.3

Diazinon EC 1,000 100.0 967 100.0 93.3

Emamectin benzoate EC 2,000 100.0 100.0 100.0 100.0

Fungicide Dimethomorph - copper

) 2,000 100.0 90.0 100.0 96.7
oxychloride WP

Metalaxyl WP 2,000 100.0 100.0 100.0 100.0
Oxolinic acid WP 1,000  100.0 90.0 1000  93.3
Acricide Milbemectin EC 1,000 8.7 767 833 500
Tebufenpyrad EC 2,000  100.0 933 1000 56.7
Pyraclofos WP 1,000 96.7 93.3 93.3 53.3
Control - 100.0  100.0 100.0 100.0
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