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SUMVARY

62 famlies 123 species 127 plant sanples were tested
against the larvae of Thecodipl osis japonensis. The steam
distillate of Thujopsis dolabrata var. hondai sawdust
belonging to Qupressaceae famly showed 100% |arvicidal
activity. The larvicidal conponent was isolated by
chromat ographi c techniques and characterized by spectral
analysis as carvacrol. Insecticidal activity of 37 famlies
71 species 94 sanples of plants was tested agai nst 2nd instar
nynphs of Mt sucoccus thunbergi anae. The nethanol extract of
neemtree (Azadirachta indica A Juss) kernel showed strong
activity. The larvicidal conponent was isolated by
chromat ographic techniques and characterized by spectral
analysis as azadirachtin. In field study wth trunk
inplantation, these two conpounds showed synergistic effect
when applied with the commonly used systemc insecticide
phospham done. Berberine chloride was isolated from Coptis
japonica root and it showed strong antifeeding activity
agai nst Hyphantria cunea and Agelastica  coerul ea.
ad nnanal dehyde isol ated from G nnanonum cassia and it showed
strong insecticidal activity against Mechoris ursulus.
Essential oil of C obtusa showed fumgant toxicity agai nst
C chinensis and bornyl acetate, terpinolene and |inonene

were active conpounds.



Three hundred eighty eight B thuringiensis strains
isolated from agricultural fields and forest resources in
Korea were examned for insecticidal activity and crystal
protein shape to be divided into four groups: 244 Bonbyx
nori-toxic strains, 18 Qulex pipiens-toxic strains, 95 both
B nori and C pipiens-toxic strains and 31 non-toxic
strains. Awng all B thuringiensis isolates, an effective
strain harboring high toxicity to nosquito |arvae was
sel ected and was nanmed as Bt 185-1.

Ent onopat hogeni ¢ fungi originated from soils and insect
cadavers were characterized, mass produced and eval uated
their bi ocont r ol potentials to develop biological
insecticide. Awng 61 isolates of entonopathogenic fungi
collected, 36 were classified into Beauveria spp., 21 were
Metarrhizium spp., and five were Aspergillus spp. The
ent onopat hogeni ¢ fungi, Beauveria spp. and Metarrhi zi um spp.,
were grown well on all the six commercial nedia. Metarrhizium
sp. 066 showed strong strong pathogenicity against several
i nsects such as Agelastica coerul ea, Meganol a nel ancholi ca,

Anonal a orientalis and Agrotis segetum
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(Nucl ear Polyhedrosis Virus, Ganulosis Mrus,

Cytopl asmc Pol yhedrosis Virus ) ,

pher onone ,
(toxins),
(attractants), (deterrents),
(repel I ents) (insect growth regul ators)
('secondary
net abol i t es) : 1960
Shaaya(1991) ani se

(Pinpinella anisumL.) peppermnt (Mentah piperita L.)

, Rajapakse  Van- Erden(1997)

(1993) (Qupr essaceae)
car vacrol : , (1995)
car vacr ol
, (1997) (1998)

phosphan don



2
(1999) ci nnanal dehyde, sal i cyal deh

yde  eugenol
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1. Neemtree

1)
)
(Mt sucoccus
t hunbergi anae MIler and Park) 1997 1998 2
1 2
20
, 24
)
1995 1996
36 70 93
1 1 (Tabel 1) 37 71 94 random
anecdot al
50 2 ( ;
)
30g 500m  Erl enneyer
flask 300m

24 48
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1996 Dr. \Visetson, S (Department
Agricul ture, Jatuchak, Bangkhen, Bangkok, Thail and)

Neem ker nel extract

2
, 5,000ppm
2 50
5,000 ppm
30 ( 2 10 ) 1
1
72 2
90
+++, 61 89 ++,

60 +, 40
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Table 1. List of plant species to be tested

. Par t
P ant speci es )
col | ect ed
d nnanonum canphor a L
Machi | us thunbergii L
d nnanonum | oureiri i B
d nnanonum j aponi cum W B
Neol i t sea seri cea W L
Machi | us j aponi ca
Li ndera eryt hr ocar pa W B L

Li ndera gl auca
Cast anopsi s cupi data var. sievoldii
Quercus aliena
Quercus acuta
Quercus salicina
Quer cus gl auca
Prunus sargentii
Rubus cor eanus
Photinia gl abra
Pyrus pyrifolia
Fat si a j aponi ca
Heder a r honbea
Aaliaelata

Kal opanax pi ctus

o

o

=
[ [
-

Anpel opsi s brevi peduncul at a
Vitis amurensi s var. coignetiae
Par t henoci ssus tri cuspi dat a

Puerari a t hunber gi ana L+T
Sophora j aoni ca L
A bizzia julibrissin W
Juni perus chi nensi s L
Thuja orientalis B L
Chanaecypari s obt usa L
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(Continued Tabl e 1)

Part

P ant speci es
col | ected

Mel i osna nyri ant ha B L W

Ml i osna ol dhanii B L

Abi es hol ophyl | a

P nus rigida

Qornus cont rover sa

Qornus val teri

Zant hoxyl umschi ni fol i um

Zant hoxyl um pi peri tum

D styl i umracenosum

Qoryl opsi s coreana

Vacci ni um br act eat um
Rhododendr on schl i ppenbachi i var. schli ppenbechi i

Euonynus oxyphyl | us

E fortunei var. radicans L

H aeagnus unbel | ata L, T

H aeagnus nacr ophyl | a L

Acer ginna a B

Acer triflorum L

Car pi nus cor eana B L
Betul a platyphylla var. japonica W

W
L

l—l—gwl—gwww

wr
I

Magnol i a kobus
Liriodendron tulipifera
P atycarya strobil acea W B
S yrax j aponi ca L W
Il'liciumreligi osum B
Mrica rubra L
Cer ci di phyl | umj aponi cum B L W
Synpl ocos chinensis for. pilosa L
Zi zyphus jujuba var. inernmis L
M bur num awnabuki B L
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(Continued Tabl e 1)

A ant speci es Fart
col | ected

Eurya j aponi ca L
Ilex cornuta B
Hoveni a dul ci s w
Unus parvifolia L, B
Securinega suffruti cosa T, L+T
Koel reuteri a pani cul ata B L
F rmiana si npl ex B L
Ratanus orientallis L
Paul ow ni a cor eana B
Sl ax chi na L

Neemtree Azadi rachta i ndi ca S

"B: bark, L: leaf, S: seed, T: twig, W: xylem

) Neemkernel extract
Neem kernel extract
HPLC (Fg 1).
(1)
Neem ker nel 100 g 800
800 219 ,
; 800
2
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800

800 2
800
2
800
2
, , 45
(2)
3. 41g
100% . (® 5.5x70 , PIEE
end plate ) 500 g
100% 1000
25/1, 15/1, 5/1 (Vv/v) 100%
(Thin Layer
Chr omat ogr aphy, TLO
, TLC plate band pattern W hand

lanp (WQA-58, W-254/366nm WP Inc.)

spot

(25/1, VIV)
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W hand | anp

(3) HPLC (H gh perfornmance |iquid chromnat ography)
TLC

W spectrophotoneter (HP 8452A D ode
Array Spectrophotoneter, Hew ett Packard)

(reference solvent: nethanol) Therno
Seperation Products HPLC system
Cs sem-prep. columm (7.8 x 30 , particle size 10
m cron) 3: 7

flowrate 1 /mn. 217

0.25 syringe 0.1

(4)

W (JASCQ \-550), H-M
(JEQL, AXG05-W, 70eV), 4-MS (JEQL, AXS05-WA 70eV), ‘HNWR
(JEQL, JNVLA 400, 400MEz)  “GNWR (JECL, GS% 400, 100M+,

TMB as internal standard)

)
neemtree (Azadirachta indica A Juss)
1996 12 1997 12
cm 0.6 (
) : neem ,
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neem phosphani don (1:1

phosphani don , phosphani don

5m)

20

), carvacrol

SAS(1987)
Tukey's test
1)
71 94 5,000 ppm
2
, 72
Table 2 Neem ker nel
90%
, (Zant hoxyl um pi peritum
(Li ndera erythrocar pa) 70 %
(Table 2).
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Table 2. Insecticidal activity of plant extracts

against M thunbergi anae determned by insect dipping

net hod.
Pl ant speci es® | nsecticidal activity®
Azadi rachta i ndi ca +++
Zant hoxyl um pi peritum ++
Li ndera eryt hrocar pa ++

a

Pl ants showi ng insecticidal activity with >70 are

pr esent ed.

* Mortality>90 , +++; 90 61, ++ 40 60, + <40 ,-.

2) Azadirachta indica

Azadi rachta indi ca
neem ker nel

100 g 800 800

, 45
2,000 ppm

100%

(Table 3).
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Table 3. Insecticidal activity of solvent fractions of
neem kernel extract against M thunbergi anae detern ned

by insect dipping nethod.

Fraction Mtality (% (+SEM
Hexane Fr. 100.0 a’
Chl orof orm Fr. 20.5 =+ 4.5 b
Et hyl acetate Fr. 23.7 £ 510D
But anol Fr. 18.0 = 3.4 b

*Means followed by the same letter in colum are not
significantly different (P= 0.05; Tukey's test SAS

Institute 1987 ).

3) Azadirachta indica

W (JASCQ V\-550), H-Ms
(JEQL, AG05-W, 70eV), ‘HNWR (JECL, JNMLA 400, 400M),

“CNWR
Kraus  (1985) azadirachtin (GsH4Qs)
Fig. 2 . ,  NWR
spectral data Table 4
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Neem seed ker nel
MeCH ext r act

Slica gel open col um chromat ography
(hl or of or mi Met hanol gr adi ent
(100/1, 25/1, 15/1, 5/1, 0/100; v/v)

Fr. 1 Fr. 2 Fr. 3
(Active)
Slica gel open col um chromat ography
(hl or of or i Met hanol i socratic
(25/1, viv)

Fr. 21 Fr. 22 Fr. 23
(Active)

HPLC (reverse phase)
solvent : MeCH Véter (7/3, viv)
A=217nm Howrate = Ini/mn

Fr. 221 Fr. 222 Fr. 223
(Active)
HPLC (reverse phase)
solvent : MeCH Véter (7/3, v/v)
A =217 nm Howrate = Ini/mn
Active conpound
(4 ny)

Fig. 1. Isolation precedure of active conpound from neem seed

kernel extract
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Fig. 2. Chemcal structure of azadirachtin.
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Table 4. "H-NWR (400 M) and G NVR (100 M) spectral data
(CbAds, TMB=0) of the isolate

'H I'sol at e “C | sol at e
1-H 4.75(dd, 2. 9; 3. 1) G1 70. 52( d)
22H o)  2.23(ddd, 16.7;2.9;2.7) G2 29. 79(t)
22H B)  2.19(ddd, 16.7;3.1;2.9) G3 67. 00( d)
3-H 5.49(dd, 2.7; 2. 9) G4 52. 51(s)
5-H 3.33(d, 12. 5) G5 37. 10( d)
6-H 4.57(dd, 12. 5; 2. 7) G6 73. 76( d)
7-H 4.65(d, 2.7) G7 74. 43(d)
9-H 3. 34(s) G8 45. 39(s)
15-H 4. 60(d, 3. 4) G9 44. 70( d)
16-H a) 1. 69(ddd, 13. 0; 3. 4; 5. 1) G 10 50. 18(s)
16-H b) 1.29(d, 13.0) G 11 104. 19(s)
17-H 2.38(d, 5. 1) G12 171. 79(s)
18-H 1. 99(s) G 13 69. 12(s)
19-H a) 3.60(d, 9. 6) G 14 70. 51(s)
19-H b) 4.14(d, 9. 6) G 15 76. 68(d)
21-H 5. 62(s) G 16 25. 03(t)
22-H 5.03(d, 2. 9) G17 48. 68(d)
23-H 6. 44(d, 2. 9) G 18 18.38(q)
28-H o, B) 4.06(d,9.0) G 19 69. 12(t)
3.75(d, 9. 0) G20 83. 62(s)

30-H 1.73(s) G21 108. 83(d)
7-CH 2. 74(br . s) G22 107. 38(d)
11- CH 4. 99(s) G23 147. 19(d)
20- CH 2.78(br . s) G28 73. 03(t)
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'H I'sol ate (e | sol at e
3'-H 6.90(qg, 7. 0; 1. 5) G 29 173. 35(s)
4'-H 1.76(dg, 7. 0; 1. 1) G 30 21.32(q)
5'-H 1.83(dg, 1.5; 1. 1) G1 166. 24(s)
Q0 1.93(s) G2 128. 69(s)
Qo0tH: 3.77(s) G3 137.56( d)
3.67(s) G4 14. 31(q)
G5 11. 97(q)
CHOD 169. 64(s)
CHOD 20.90( q)
OO00CH: 53.30( q)
52.76(q)
4)
1-2
neem tree (Azadirachta indica A  Juss)
azadirachtin 1.5% 4.5%
, azadirachtin 4.5%
78. 0% phosphani don 79. 5%
azadirachtin 1.5% 61. 4%

phosphanmidon 1 : 1
93. 8%

phospham don carvacr ol

- 33 -
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phosphani don

5).

(Tabl e

Table 5. Susceptibility of Mtsucoccus thunbergi anae

i nternedi ate nynph (second instar) to phosphanidon al one and

in nmixture wth neem

i npl antation application

seed kernel extract by trunk

Chenii cal Dose Mortality (%
( /cmin DB (xsBV°

Neemextract (1.5%° 0.6 614 (x2.7 ¢
Neemextract (4.5% 0.6 78.0 (229 b
Neemextract (1.5% 0.3+0.3 93.8 (£3.9) a
+ Phosphan don

Garvacrol + Phosphani don 0.3+0.3 86.9 (+2.1) ab
Phosphani don 0.6 79.5(+x3.6) b
Uht r eat ed - 1.8(+£0.8) d

* Treated on 5 Decenber 1997 and deternined on 2 May 1998.

b

significantly different

Institute 1987 ).

¢ Azadirachtin content.

Means followed by the same letter in colum are not

(P= 0.05; Tukey's test SAS
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1)

(Thecodi pl osi s japonensis Uchida et I|nouye)

1993 9 13

1995 9 22

42
79 (Table 6),
1994 8 19 43 1 1 (Table
7) 62 123 127 random anecdot al
T.

dol abrata var. hondai ,
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(steamdistillation) ,

50 2 ( :
)
30g 500m  Erl enneyer
flask 300m
24 48
)
(1987), (1992, (1992)
( ]
1987), 5, 000ppm

filter paper-inpregnated nethod
(o 6cm 1 5 hood
30 ;
20

48
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20
5,000 ppm
0.5m ,
mcro-tib
(¢ 6cm
6cm
+++, 61 89
60 +, 40

- 37 -
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Table 6. Qiental nedicinal plant species to be tested

P ant speci es Part
col | ect ed

Angelica reticul ata r oot
Angel i ca dahuri ca r oot
Torilis japoni ca seed
Bupl eurumfal cat um r oot
Ant hriscus syl vestris r oot
Ledebourel | a sesel i odes r oot
Syringa reticul ata | eaf
Fraxi nus rhynchi phyl | a | eaf
Aconi tum car mi chael i r oot
Aconi tum erect um r oot
Qenatis florida r oot
Paeoni a j aponi ca. r oot
Puer ari a t hunber gi ana r oot
Ast agal as nenibr anaceus r oot
Indi gofera kiril on r oot
Qeditsia sinensis stem
Fheum undul at um r oot
P europterus tripliana r oot
Prunus persi cae seed
G at egus nmaxi NoOW Czi i fl over
Kerria j aponi ca seed
ot oneast er w | soni i seed
Spi raea fritschi ana | eaf

iraea prunifolia var.
g)nplocilt)lora | eaf
Aralia continentalis r oot
Kal opanox pi ctum r oot
Aralia elata r oot




(Continued Tabl e 6)

P ant speci es Part
col | ected
BEucormmia ul noi des | eaf
Mtex rotundifolia seed
Liriope platyphyl la r oot
I'nul a hel eni um r oot
Arctiuml appa r oot
Artemsi a nesser schmdtiana stem
Aractyl odes j aponi ca r oot
CGart hanus tinctorium 1 over
Genant he decuniens stem
Inperata cylindrica r oot
Becknanni a syzi gachne r oot
Gynanchum car ni chael i r oot
Bel antanda chi nensi s r oot
BEpi nedi um kor eanum r oot
Qoptis japoni ca r oot
Asarumsi ebol di i | eaf
Megnol i a kobus r oot
Schi zandra nigra r oot
Pol ygal a tatari now r oot
Leonurus sibiricus | eaf
Schi zonepta tenuifolia var.
| eaf

kaponi ca
Li t hosper num er yt hr or hi zon stem
Gtrus aurantium fruit
Poncitrus trifoliata fruit
Phel | odendr on anur ense stem
Gtrus aurantium r oot
A at ycodon fradi fl orum r oot




(Continued Tabl e 6)

. Par t

P ant species
col | ected

ndonopsi s | anceol at a r oot
Loni cera subsessilis stem
Loni ca j aponi ca 1 over
Quscut a j aponi ca fruit
Gyper us rot undus fruit
Sirpus fluviatilis r oot
Scrophyl ari a buer geri ana r oot
Eqi set um hyenal e stem
Akebi a qui nat a stem
Zi zyphus j uj uba r oot
Gnti ana scabra r oot
Typha orientalis pl ant
Trichosantes kirilow i r oot
Euonynus oxyphyl | us | eaf
Euonynus nacr opt era | eaf
Il ex nacropoda | eaf
Hydr angea nacr ophyl | a 1 over
R bes fasci cul atum | eaf
Deut zi a coreana r oot
Deut zi a parviflora stem
Deut zi a gl abrata r oot
Gorydal i s turrschani novii r oot
Fhododendr on schl i ppenbachi i 1 over
B eut erococcus senti cosus stem
Anenar r hem asphodel oi des r oot
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Table 7. M Han-la plants to be tested

P ant speci es Part
col | ected

Ilex integra | eaf
Euscaphi s j aponi ca | eaf
Far f ugi umj aponi cum | eaf
Adi na rubel | a | eaf
Mel i osna ol dham i | eaf
Lozoste lancifolia | eaf
d nnanonum j aponi cum | eaf
d nnanonum j aponi cum stem
Neol i t sea acicul ata | eaf
Machi | us t hunber gi i seed
Machi | us t hunber gi i | eaf
d nnanonum canphor a | eaf
Neol i t sea seri cea | eaf
Machi | us j aponi ca | eaf
Li t sea j paponi ca | eaf
Sapi umj aponi cum | eaf
Daphni phyl | um nacr opodum | eaf
Mil | ot us j aponi cus | eaf
Ml ia azedar ach var. .

) ) fruit
j aponi ca

Kadsur a j aponi ca | eaf
Li gust rumj aponi cum | eaf
Popul us naxi now czi i | eaf
H aeagnus naritina | eaf
H aeagnus submacr ophyl | a | eaf
Broussoneti a papyrifera | eaf
Saururus chi nensi s | eaf
Puni ca granatum | eaf
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(Continued Tabl e 7)

P ant speci es Part
col | ected
Mrica rubra | eaf
( ) P nus korai ensis | eaf
( ) P nus koraiensis | eaf
Rhus succedanea | eaf
Zant hoxyl um ai | ant hoi des | eaf
BEvodi a dani el lii | eaf
Phel | odendr on anur ense | eaf
Zant hoxyl um pi peri t um | eaf
S aunt oni a hexaphyl | a | eaf
I desi a pol ycar pa | eaf
I desi a pol ycar pa seed
Sanbucus si ebol di ana | eaf
M bur num anabuki | eaf
D styl i umracenosum | eaf
Ternst roenia j aponi ca | eaf
Quercus gilva | eaf
Quercus acuta | eaf
Quercus gl auca | eaf
Desnodi um het er ocar pon | eaf
Tilia taguetii | eaf
. Thuj opsi s dol abrata var. sandust

hondai

'The sawdust was obtained from Aonori Forest Experinental
Station, Aomori, Japan. The crude oil of the sawdust was

obt ai ned by steamdistillation.
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) Thujopsis dol abrata var. hondai

1 Thuj opsi s dol abrata var.
hondai
Ahn - (1995)
centrifugal thinfilm
evapor at or 4
500 g 8 , 5 torr
Fraction 32 g , 95 , 0.95 torr
Fraction 165¢g
90 , 0.5 torr Fraction 143 ¢
Fraction 160g . , Ahn  (1995)
T. dolabrata var. hondai
Fr |1 cedrol, a-terpinol, B-thujaplicine
carvacr ol ,
(
, 1995) t huj one,
t hynol
(authentic sanpl es)
cedrol, o-terpinol, B -thujaplicine Funakoshi

Chem cal Co. carvacr ol Wako Chemnical Co.
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carvacr ol
1994 6 15
carvacr ol phosphani don
(2-chloro-2-diethyl carbamoyl-nethyl vinyl dinethyl
phosphate, 50% LC)
, carvacrol cm 0.1
0.3 , phosphani don
0.3 carvacr ol
phosphani don 1:1 0.3
3 3
: 1994 9 20
1995 6 20
phosphami don (0.3 / in DBH,
carvacr ol phosphani don 0.15 1:1
0.3 , 1994
Neem 1997 6
17 neem
, phospham don, carvacrol phosphani don
(1:1) neem phosphani don (1:1)
3 3 , 1997
9 8 12 ,
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neem

3 (  5m
1
1 10
SAS(1987) Tukey's test
1)
123 127
10
48 , (Unbel i fera)
(L. sesel oi des) 70%
(Ranuncul aceae) (A pseudo-|leave var. erectum -
(A carmchaeli) - (C. florida) 90%
(CQupr essaceae) T. dol abrata var. hondai
(Tabl e 8).
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Table 8. Insecticidal activity of plant extracts
agai nst T. j aponensi s det er m ned by filter

paper-i npregnated and i nsect dippi ng nethods.

Tr eat nent”

M ant speci es’
Filter paper-inpregnated  Insect dipping

Ledebouri el | a sesel oi des + +
Aconi t um pseudo- | aeve ++ +

var. erectum

Aconi t um car m chael i ++ +

Qenatis florida ++ +

Thuj opsi s dol abrata ++ +
var. hondai

a

Pl ants showi ng insecticidal activity with >70 are

pr esent ed.
* Mrtality>90 , +++ 90 61, ++ 40 60, + <40 ,-.

* Treated with 10 ng/filter paper(d 6¢cn).
‘ Treated with 5,000 ppm

2) T. dol abrata var. hondai

T. dolabrata

var. hondai

100

Fr. |1
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100 , Fr. 58
, Fr. Fr.
(Table 9).

Table 9. Larvicidal activity of the crude fractions of

Thuj opsi s dol abrata var. hondai against T. japonensis.

Fraction® Mtality (% (£SEV
Fr. 100.0 = 0.0 a
Fr. 58.3 + 4.4 b
Fr. 26.7 £ 3.3 ¢
Fr. 10.0 £ 0.0 c

Means followed by the same letter in colum are not
significantly different

(P= 0.05; Tukey's test SAS Institute 1987 ).

*10 /filter paper (& 6 ).

Fraction I Ahn (1995)
carvacrol, p-thujaplicine, cedrol, a-terpinol
nonot er penoi d , 4

thujone  thynol

, Table 10 carvacr ol 1

75.5 10

93.3
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Table 10. Larvicidal activity of Thujopsis dolabrata

var. hondai-derived naterials and terpenoids agai nst T.

j aponensi s.
‘Mortality (% (£ SEM
Gonpound
1 5 10°
Garvacrol 75.5+ 2.3 a 79.0+3.8 a 93.3+x1.7 a

B -Thuj aplicine 67.3+£3.7 ab 70.0+5.8 a 73.3+4.4 a

Cedrol 59.3+ 5.8 abc 70.0+5.8 a 70.0+7.6 a
o - Ter pi nol 52.7+ 6.4 abc 55.0+5.0 a 70.0+ 7.6 a
Thuj one 47.7+ 3.9 bc 65.0+5.0 a 67.7+4.3 a
Thynol 42.3+6.2 ¢ 60.0+5.8 a 76.3+ 4.5 a

a

Means followed by the same letter in colum are not
significantly different

(P= 0.05; Tukey's test SAS Institute 1987 ).

* Application rate, ng/paper (d 6 cnm.

3)
phosphani don carvacro
2
Table 11
1994 carvacrol 0.3
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10.8
,  phospham don 0.3 81.8
phosphani don carvacro
0.15 95.0

phosphani don

(synergi sm
Table 12 1995 6 20 3
3 9 25
, 94 carvacro
phosphani don , phospham don
phosphani don carvacr ol 5.0

(55.6 )
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Table 11. The synergistic effect of the carvacrol by

trunk inplantation application in 1994.

Dose
Chemcal "Mrtality (% (=S
(/7 in

Garvacrol 01 0.0 d
Garvacrol 0.3 10.8 + 1L.4c
Phasphani don (50%LQ 0.3 8.8 + 6.5ab
Phosphanidon + Gar vacr ol 0.15+0.15 %0+ 53a
Utreated - 18+ 0.7d

* Dianmeter of Breast Height.
® Mean followed by the same letter in colum are not
significantly different

(P = 0.05; Tukey's test SAS Institute 1987 ).

Table 12. The synergistic effect of the carvacrol by trunk

i nplantation application in 1995.

Dose @l | fornati on ‘Mrtaity
Ghencal .
(/7 in@ (% (=5 (% (x5
Fhosphanidon (5096LGQ 03 120+ 15b 8.4+ 16¢C

Phosphanindon + Gir vacrd 015+015 50+ 18b 23+ 25b
Utreated - 5.6 + 33a 20+ 06a

a

Means followed by the same letter in colunn are not
significantly different (P=0.05; Tukey's test SASInstitute
1987 ).
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3. (Coptis japonica) (Agel asti ca

coerul ea) (Hyphantria cunea)

1)

25 65% 16:8( @ )

2)
(Berberine chloride, pal matine

i odide, coptisine chloride) S gma

3)
(4.5 ko)
. 60 2
20L

.3 (EYELA aut oj ack

NAJ-160, Japan) 40

, . 21%

hexane( 70. 9g) , chl or of or n{ 37. 8g) , et hyl
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acetate(14. 2g), butanol (165.4Q) (656. 79)
chl orof orm
Chl oroform  net hanol
(1, 2.5, 5 109% 10%
HPLQ high performance liquid
chromat ography)  Prep. TLC (Fg 3).
'HNWR G NWR
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GHd : fraction (24 g)
S QO gel colum chr.
(CHd :: MeCH gradi ent)

a (1% Q (225% G (5% G (109
A1 2 A3
W, A=254nm
Prep. HALC
MeCH HO=3: 2
21 22 23
Prep. TLQ Bz: B QAc/ PrCH
[ MeCH NHCGH=8/4/2/1/ 1, VI'V)

221 1222

dssdved in HO
precitated by addng
7.5%H

Ber berine chl oride (17 ng) Pal matine i odide (20 ng)

preciptated by adding
5%0H2 @ MAH(L L VV)

Fig. 3. Isolation procedure of antifeedant from CHds

fraction agai nst H cunea and A coerul ea.
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4)
(leaf dipping nethod)
Gork borer (3cm

. 24
24
= (GT/CT) x 100
(C= , T= )
5)
SAS Scheffe‘s test (P = 0.05)
1)
, IR NWR
i soqui nol i ne al kal oi d
berberine chloride pal matine iodide (Fig 4).
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OCH,

Ber berine chloride Pal nat i ne i odi de

Filg. 4. Chemcal structure of berberine chloride and

pal nati ne i odi de

2)
berberide chloride
i soqui nol i ne al kal oi ds
pal natine iodide coptisine chloride (Tabl e 13)
500 ppm , berberine chloride palmatine iodide

75. 4 76% . ber beri ne
chl ori de pal matine iodide
125, 250, 500 ppm 61.2, 82.3 100%
berberine chloride pal natine
i odi de
(synergic effect)
Table 14 i soqui nol i ne al kal oi ds
Berberine chloride
250 ppm 91.1% 500 ppm 97. 2%

pal matine iodide coptisine chloride
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Table 13. Antifeeding activity of isoquinoline alkaloids

isolated fromC japonica against H cunea

Conpoun

. Conc, ppm Activity (%

BC 500 75.4 £ 2.5b

Pl 500 76.0 £ 3.1c

BC + PI 125 61.2 £+ 3.1c
250 82.3 £ 2.1b
500 100. Oa

°BC  berberine chloride; P, palmtine iodide; and CC

coptisine chl oride.

Tagle 14. Antifeeding activity of isoquinoline alkaloids

isolated fromC japonica agai nst A coerul ea

Conpound® Conc, ppm Activity (%
BC 125 57.5 = 2.6b
250 91.1 £+ 0.8a
500 97.2 £ 1.8a
P 500 41.4 + 3.8b
ac 500 52.4 + 4.6b

°BC  berberine chloride; P, pamtine iodide; and CC

copti sine chl oride
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1)
8 9
3 4
2)
0 2
, 3.6 kg 10L

3
(EYELA aut of ack NAJ-160, Japan) 40

3)
cinnamc acid, eugenol, salicylaldehyde
S gma , cinnamc al cohol Tokyo Kasei
4)
hexane, chloroform ethyl acetate
but anol hexane
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hexane
hexane ethyl acetate (0, 10, 30, 50, 80 100%
50%
hexane ethyl acetate 2:1(v/v)
HPLC net hanol 3:7(vlv)
'H “GNWR

5)
acet one 100
2 pol yet hyl ene cup(
50mm 60mn)
6)
SAS Scheffe‘s test (P = 0.05)
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1)

t rans- ci nnanal dehyde

(Fg. 5).

trans - Cinnamaldehyde

Fig. 5 Chemcal structure

2)

Tabl e 15 . 5ny
trans-ci nnanal dehyde  100%
acid 86%

trans-ci nnanal dehyde  96%

t rans- ci nnanal dehyde

3)

of trans-ci nnanal dehyde

eugenol , salicyl al dehyde,

ci nnanc
ci nnamc al cohol 60%
2.5my
1ng
sal i cyl al dehyde 76. 7%
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Table 16
5ny sal i cyl al dehyde
eugenol 83%

salicyl al dehyde  80%

t rans- ci nnanal dehyde

sal i cyl al dehyde  eugeno

- 60 -
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Table 15. Insecticidal activity of C cassia barks-derived

naterial s agai nst M ursul us

Gontentration Chenicals* N Mrtality (Man = SE; %
S5my/filter paper @ 30 86.7 = b5.77ab
a 30 60.0 = 26.46b
EN 40 100a
SA 30 100a
CA 40 100a
2.5ng/filter paper EN 30 90.0 + 17.32ab
@ 30 76.7 = 11.55ab
SA 30 86.7 = 15.28ab
CA 30 96.7 = 5.77a
Ing/filter paper EN 30 66.7 + 20.82a
@ 30 53.3 £ 15.28a
SA 30 76.7 £ 25.17a
CA 30 76.7 £ 11.55a

EN Eugenol; @, dnnamc acid;, SA Salicylal dehyde; CA
trans- d nnanal dehyde; ., d nnam c al cohol .

"Nunber of insect tested
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Table 16. Insecticidal activity of C cassia barks-derived

nmaterial s against M ursulus by different application nethod

Mrtality (Man + SBE
con. Mthod N

BN @ A A

o A 12083+ 57b 6.7 + 577ab 100a 66.7 + 5.7/

B 120367+ 57/c 367+ 230% 8.0+ 10.00b 46.7 + 11 5%

C 140 100a 8.7 + 577a 100a 100a

°A Polyethylene cup contains filter paper treated with test
naterials, sea sand and lid; B: Polyethylene cup contains
filter paper treated wth test materials, sea sand and no
lid; CPolyethylene cup contains filter paper treated wth
test nmaterials and lid

"EN  Eugenol; @, dnnamc acid; SA Salicylal dehyde; CA
trans- d nnanal dehyde.

‘Nunber of insect tested
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1)

(N laparvata |ugens), (Plutella
xyl ostel | a) (Spodoptera litura) 27 £
1, 55 = 5% 16L: 8D ,

(Myzus persi cae) 22 + 1 | 45 + 5%
16L: 8D , (Tetranychus urticae) 25 £
1, 55 = 5% 16L: 8D ,
2)
150
random anecdot al
50 2
, 50g 500m Erl enneyer
fl ask 300m
3 (EYELA aut oj ack

NAJ-160, Japan) 40

3)
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(Spary net hod) . ( : )
( 5cm  3-5
( 3x 15cm)

3 H
5, 000ppm
, 48
( © N3BL)
cork borer ( 5cm 1 5, 000ppm
10 hood (9cm
10
48
bor er
( 5cn) 1 5, 000ppm
10 , hood
48
cork borer ( 5cm 1 5, 000ppm
10 hood (9cm
10 48
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1)
5 Tabl e
17

100% 95%

80% : ,
: ; 70%
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Table 17. Insecticidal activity of plants extract against
five ngjor agricultural pests
(ppm  BPH GA BM TON TSM

5000 50 0 0 0 10
5000 0 0 10 0 0
5000 60 0 0 0 20
5000 0 0 40 0 0
5000 0 0 60 0 0
5000 0 0 90 20 0
5000 0 0 70 0 0
5000 0 0 80 0 0
5000 0 0 50 30 0
5000 0 0 60 0 0
5000 0 0 80 20 10
5000 0 0 70 30 0
5000 0 0 60 20 0
5000 0 0 40 0 67
5000 0 0 30 0 0
5000 0 0 60 0 0
5000 0 0 50 0 60
5000 0 0 60 0 0
5000 0 0 50 0 0
5000 0 0 40 0 0
5000 0 0 70 0 0
5000 0 0 40 0 10
5000 30 0 10 0 0
5000 0 0 10 0 0
5000 0 0 0 0 0
5000 0 0 0 0 0
5000 0 0 0 0 0
5000 0 0 0 0 0
5000 0 0 10 0 0
5000 0 0 0 0 0
5000 0 0 50 0 0
5000 0 0 0 0 20
5000 0 0 0 0 0

“‘BH ; GA ; 0BV e , TSV
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Tabl e 17. conti nued

TON  TSSM

(ppm BPH GA BV

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

10

10
30

20
30

10

10

80

30

60
50

50
60
43

37

70

40
57

20
20
23

50
33
70
73
50
57

70

100

95
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Tabl e 17. conti nued

CBM  TON TSSM

BPH GA

(ppm)

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

20

10

50
20
20

20
10
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Tabl e 17. conti nued

BPH GA DBV TON TSSM

(ppn
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

10

20

20
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Tabl e 17. conti nued

TON TSSM

BPH GA BV

(ppm)

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

10
10

60

20

40
57

10

7
70

20

95

25

20

10

10

20

10
10
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1)
35
r andom anecdot al
50 2
: 509 500
Erl enneyer flask 300m
.3 (EYELA

aut oj ack NAJ-160, Japan) 40

2)

- 5

3)

- 5

1) 5
5
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Table 18 Table 19 . 5000 ppm

80%
80%
5,000 ppm

2,500 ppm . 2,500 ppm

, 80%
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Table 18. Insecticidal activity of aromatic nedicinal plants
against five major agricultural pests at 5,000 ppm

( + : =3)

BPH GA CBM TON TSSM
63.6+35.183.3+20.8 50+17.3 16.7+58 73.3+x6.5

100 90.0+17.3 56.7+30.6 - 48.0+8.5
78.3+17.6 100 100 - 45.7+19.1

100 - - - -
18.3+16.1 - - - -

45+ 17.3 - 66.7+35.1 - -
100 100 - - 35. 715

28.3+20.2 96.7+£5.8 100 -

90+5.0 86.7+£23.1 36.7+15.3 - 32.3x21. 4
30+27.8 - - - -
98.3+£2.9 100 100 23.3£58 60+10

- - - - 53.3+15.3
- - - 46.7+15.3 -

( ) 467:t126 - - - -

( )  45:20 - - - -
- - - - 84.3%5.1
33.3+2.5 - - - 30+ 30
60+ 20 100 100 -
95+8.7 - 100 - -
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Table 19. Insecticidal activity of aromatic nedicinal plants

against five major agricultural pests at 2,500 ppm

~—~
I+

=3)

BPH GPA BV TON

TSSM

46.7+45.1 56.7+23.1 20 -
16.7+24.7 100 96.7+5.8 -
8.3%£7.6 - - -
- 96.7+5.8 - -

28.3+20.2 83.3+11.5 40+17.3 -

- - 96.7+5.8 6.7+£58 23.3+20.8

9%5+8.7 - 93.3x11.5 -

*See Table 17
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7. (Pi per nigrum 5

1)
(Pi per nigrum (2kg)
10% . 100g
(800 Mt x2), (800 M x2), (800
m x2), (800 M x2)

open col um

chr omat ogr aphy

2)

5
3)

5
1)

Tabl e 20
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hexane
chl orof orm

Bt hyl acetate butanol

2) @l um
hexane chl orof orm
Table 21 . Hexane Fr.|

2,500 ppm 86. 7% . Hexane

Fr.ll 90% 100%
Chl orof orm Fr.oll
86. 7% . Hexane Fr. 1,

hexane Fr.1l chloroform Fr. 11

Table 20. Insecticidal activity of solvent fractions of P.

ni grum ext r act

Con. Mrtality (Man £+ SE %
(ppm) BPH GPA DBV TOW TSSM

b

Sol vent fractions

MeCH 5000 +++ +H+ - +
Hexane 2500  +++ - +++ + +
Chl orof orm 2500 - - 4 - .
B hyl acetate 2500 - - - - -
But anol 2500 - - - - -
°See Table 17

“+++ > 80% ++ > 60-80% + >40-60% -; <40%
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Table 21. Insecticidal activity of colunm fractions

Mrtality (Mean, %

fracti on®

BH GA B3\ TN
HR.I 2500 0 33 8.7 0
HFE.II 2500 4174 D 100 53.3
HFE.I11 2500 16.7 233 6.7 0
CH. | 2500 0 0 0 0
CH. Il 2500 0 16.75 8.73 0
CH. Il 2500 0 0 0 0

H hexane; C chloroform
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1)
lcm AQAC
19. 117 1¢ 1509
100 3-4
25 , RH 65%
16:8 (L: D
(filter paper diffusion nethod)
50
2 : (40m)
10
5 , 24
2)
Tabl e 22
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Table 22. (Gonditions of Gs chromatography and nass
spect r onet er
aC HP6830
%) JMG-600W JECL
ol urm [I%VWX (60m 0.25 ﬁn]IP,IO.ZS film
thi ckness, J & WScientific Co.)
Qven tenperature 70 to 200 (2 /mn)
I njection vol une 2
1)
Table 23
LGo LGs 1.17 2. 83my/

1.80 7.65 myl

t er penoi ds
al pa- pi nene, terpinol ene,
sabi nene, bornyl acetate nyr cene
Table 24 . 2my/
bornyl acetate, terpinolene I|inone
al pa- pi nene, sabi nene nyrcene
bornyl acetate, terpinolene [imne LGS0

Table 25 . Bornyl acetate LGo

- 79 -

| i monene,

LCO5
LGs



2)

0. 66 2. 61ny/ t er pi nol ene 0.94
3.11 my/ | i nmonene 1.65 3. 97my/

Fig. 6

stm » 4 . ] . a '] . a - 4 &
Tima 0 B Bl 100

Figure 1. Gas chromatogram ofC. obiusa essential ail, 1; camphene, 2; sabinene, 3; myrcene,
4; (+}k2-corene, 5; limonene, 6 @-pinene, T; l-methyld-(l-methylethyl-henzene, R, -
lerpinodene, 9; o -cedrene, 10; bornyl-acemate, 11: 4-methyl-1-(1-methylethyl)-3-cyelohexen-
t-nl, 12; widdrene, 13; & -cadinene, 14; phellendrene, 15; @ -terpinyl acetate, 16, -
elemens. 17; A -himachalene, 18 cadinens, 19 elemol, 20; & -selmene, 20 13-methyl-1-17-
norkaur-15-ene, 22, @ -cudesmol, 23; & -endesmol

Fig. 6. Gas chronatogramof C obtusa essential oil



Tabel 23. Insecticidal activity of C obtusa essential oil

agai nst C chinensis

LGo (95%Q), LGs (95%Q),
ng/filter paper ng/filter paper

Sex S ope

Mle 250 1.17 (1.06 - 1.29) 2.83 (2.37 - 3.70) 4.30

Fenale 250 1.80 (1.46 - 2.10) 7.65 (5.42 - 15.09) 2.62

*Nunber of insect tested

Table 24. Insecticidal activity of conponents of C obtusa

essential oil against fenale adult of C chinensis

Chemi cal s* N Mrtality (Man =+ SE), %
Bornyl acetate 50 9% + 5.5a

Ter pi nol ene 50 86 + 13.4ab

( )-Linonene 50 62 £ 4.5b

Mr cene 50 20 + 4.5c

(' )-Sabi nene 50 20 £ 4.5¢c

O - pi nene 50 Oc

2ny/filter paper
"Nunber of insect tested

*Mortality:Investigated at 24h later after treatnent
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Table 25. Insecticidal activity of bornyl acetate,

terpi nol ene and | i nonene agai nst fenmal e adult of C chinensis

_ LGo (95%Q), LGs (95%Q),
Chemcal s N ) . ) S ope
no/filter paper no/filter paper

Bornyl
acetate

Ter pi nol ene 250 0.94 (0.80 - 1.09) 3.11 (2.40 - 4.55) 3.16

2500.66 (0.55 - 0.78) 2.61 (1.97 - 4.06) 2.77

Linonene 250 1.65 (1.48 - 1.86) 3.97 (3.13 - 6.09) 4.31

Mortality:Investigated at 24h later after treatnent
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1)

1998 1999 . 2
5 , RH65% 16:8 (L:D

5
25 , RH65% 16:8
(L:D
2)
9 . Tabl e 26
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Table 26. Plant species tested for host preference

Genus M ant speci es
A hirsuta Ruprecht
A nus A japonica Seud.
A maxinow czii Callier
B. schmdtii Regel
Bet ul a ]
B. davurica Pallas
C. siebol diana var. nandsburica B .
Qoryl us N ]
C heterophylla var. thunbergii Schnei der
) C cordata B.
QGar pi nus . ) )
C tschonoskii var. brevical yci na
3)
choi ce no choice
choi ce cork borer (720 mf)
24h
8
No choi ce 9 cork borer
24h col or
i mage m croscope syst em ( Sansung)
4)
Y-t ube
ol f act onet er chanber
chanber
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600m/ mn char col

1 Y-t ube
ol f act onet er chanber
5 5
60 , 46
5)
2-3cm
(50m)
2 . hexane
6)
GG M
Tabl e 27
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Table 27. (onditions of gas chromatography and nass

spect r onet er

€ HP6830
M JMS- 600w JECL

DB-WAX(60m 0.25 mm ID, 0.25 film
thickness, J & WScientific Co.)

Col um

Qven tenperature 70 to 200 (2 /mn)

I njection vol une 4

1) (No choi ce assay)

no choi ce Fig. 6
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Mezan percentage of infested areals

I i b ' i
|T I
o |
0| .
o
o
.-'I
m.
10| & - G
AL B C D E F

& H
Arue Chpus == T E] Chonus
Fig. 6. Host preference of A coerulea |larvae (no choice).
A=A hirsuta, B=A japonica, CA nmaxinowczii, D=C
sieboldiana var. nmandsburica, E=C  heterophylla var
thunbergii, F=B. schmdtii, GB. davurica, HC cordata, 1=C
tschonoskii var. brevical ycina. Replication=3.
Fig. 6
, 100%

60%

Fig. 7 choice

- 87 -



a | ]

F 1

E L g

o T—

C | TiE—

B[ ]

i)
ul 50 100 180 200

Maan parcentage of infested areal %)

Fig. 7. Host preference of A coerulea larvae (choice). A =

A hirsuta vs A japonica, B = A hirsuta vs A
maxi mow czii, C = A hirsuta vs C sieboldiana var.
nmandshuri ca D =A hirsuta vs C  heterophylla var.

thunbergii, E=A hirsuta vs B. schmdtii, F=A hirsuta vs

B. davurica, G=A hirsuta vs C cordata, H=A hirsuta vs

C tschonoskii var. bervical ycina. A hirsuta | eave, ;

other tested |l eaves. Replication = 3.

Fig 7
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Y-tube ol f act onere

Fig. 8

A, janoea
A, Arsuta

0 10 2l al 40 q) 1]
Mumbter of insedt tested

Fig. 8 Qfactory response of A coerulea adult to host

pl ants. | eave, ; clean air, ; N0 response.
Fig. 8 60 57
95%
52 91. 2%
3 8.8%
46 42
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93. 3%
33 78. 5%
9 21. 5%

FHg 9

(D-3hexenr1-0l acetate (6.9, 1-hexen-d (1.2%,
(D-3hexenr -0 (19.5%, Llindod (6.3%, hotriend (115%,
tetradecand (3.2, betacitronelld (1L 29%, trans-geraniol (1 4%,
2,6-hi s(1, 1-di nethyl et hyl -4-nethyl ) phend (3.3%, 1, 2-net hoxy-4-(2-pro
penyl) phend (2 0%, tricosane (2.3% and pentacosane (2 9%

, (2-3hexenr1-ol acetate (1.3%, 1-hexen-d
(0.9%, (2-3hexen-1-0 (16.8%, L-lindod (0.9, harieno (1 3%,
trans-gerani ol (3.7%, 2 6-bis(1, 1-dinethyl ethyl -4-nethyl) phenol (0. 79,
neophytadiene (2.6%, vaencene (0.7%, 1,2-nethoxy-4-(2-propenyl)
prend (5.0% and kaur-16-ene (50.1%
green leaf wvolaile conpounds (D-3hexenr1-ol acetate,
1-hexen-ol, (2 -3-hexen-1-ol

['i nal ool ger ani ol

- 90 -



o ]
o
o | b b
4 ! .
. | | Il
‘ o 15 ’I In 1z 13 ’
- lﬂ“‘"—“--.,-*-*-—_" P | N '_ll,_.,..,,....l l ey II._
s s . ]I: s I.] Ei - - al] - . Il il
Ba 2
& ‘ 3
%4 ‘ E |
? £
I
B 1 E [
.I Lzl u..H.a |
el \F\\—n—u‘,_r\'\.ll'u-‘__‘l"‘ hLu...,J__,\,J.._.JLwJ\a llJ—L,LALLJ_“l L o

FHg. 9. Gs chromtogram of A hirsuta and A japonica. A = A
hirsuta ; 1 (2-3hexen-1-ol -acetate, 2: 1- hexenal ,
3:()-3-hexen-1-0, 4Linalool, 5hortrienol, 6:WUK 7:tetradecanal,
8 WK O:Beta-citronell o, 10:trans-gerani ol , 11:2,6-bis

(L1, dinethylethyl -4-nethyl) phend,  12:2-net hoxy-4-(2- propenyl )

phenal , 13:tricosane, 1l4:pentacosane B = A j aponi ca
;11 (2 -3 hexen-1-ol -acet at e, 2:1- hexenal , 3:(29-3hexen-1-d ,
4: Li nal ool , 5 hortrienadl, 6:trans-geranial, 7:2,6-bis

(1,1, di net hyl et hyl - 4- net hyl ) phenal , 8: neophyt adi ene, 9: WK
10: val encene, 11: 2- net hoxy- 4- (2-propenyl ) phenol , 12: kaur - 16- ene.

- 91 -



An, Y. J., K H Km N J Park & K Y. Cho. 1992
Establi shnent of bi cassay system for developing new
insecticides Il. Dfferences in susceptibilities of the
insect species to insecticides according to different
application nethods. Korean J. Appl. Entonol. 31: 452-460.
An, Y. J., M Knon, H M Park & C G Han. 1996. Potent
insecticidal activity of dnkgo biloba-derived Trilactone
terpenes against Nlaparvata lugens. In Phytochem cal Pest
Gont r ol Agent s (P. HED N R HOLLI NGARTH J.
MYAMOIQ E MSLER and D THOWSON eds.). ACS Synp. Ser.
Am Chem Soc., Washington, D.C, pp.

Arnason, J. T., B. J. R Philogene & P. Mrand. 1989.
Insecticides of Pant Qigin ACS Synp. Ser. No. 387, Am
Chem Soc., Washington, D C

Arnason, J. T., B. J. R Philogene, P. Mrand, K Imie, S
lyengar, F. Duval, C Soucy-Breau, J. C Scaiano. N H
Wrstiuk, B. Hasspieler & A E R Dowe. 1989b. Naturally
Qceurring  and  Synthetic thiophenes as  photoactivated
insecticides. In Insecticides of Plant Qigin (J.T. ARNASON
B.J.R PHLOENE and P. MORAND, eds). ACS Synp. Ser. Nb. 387.
Arer. Chem Soc. Véshington, D C, pp. 164-172.

- 92 -



Benner, J. P. 1993. Pesticidal conpounds from hi gher plants.
Pestic. Sci. 39, 95.

Gamer, H H 1967. Pant protection and crop production.
Pflant zenschut z Nachrichten, 20. Farbenfabriken Bayer AG
Lever kusen.

Edwards, C A 1973. Environnmental Pollution by Pesticides.
P enum Press. New York.

Georghiou, G P & T. Saito 1983. Pest Resistance to
Pesti ci des, P enum Pub. New Yor k.

QGeen, M B, H M Lebaron & W K NMberg. 1990. Managi ng
Resistance to Agrochemcals from Fundanental Research to
Practical Strategies. ACS Synp. Ser. No. 421, Am Chem Soc.,
Wshi ngton, D C

Har bor ne, J. B. 1993. Introduction to  Ecol ogical
Bi ochemstry, 4th Ed., Academc Press.

Hedin, P. A, R M Hollingworth, E P. Masler, J. Myamoto &
D G Thonpson. 1997. Phytochemcals for Pest Control. ACS
Synp. Ser. No. 387, Am Chem Soc., Véshington, D. C
Jacobson, M 1989. Botanical pesticides: past, present, and
future. InInsecticides of Pant Qigin (J.T. ARNASON B J.R
PHLOENE and P. MRAND, eds). ACS Synp. Ser. No. 387. Am
Chem Soc. Véshington, D.C, pp. 1-10.

Kwon, M, Y. J. An, J. K Yoo & B R Choi. 1996. Potent
Insecticidal activity of dnkgo biloba |eaves against

N | aparvata |ugens (Honoptera: Del phacidae). Appl. Entonol.

- 03 -



Zool . 31: 162- 166.

Lee, C B 1982. Illustrated FHora of Korea. Hyangmunsa,
Seoul, Republic of Korea.

lee, S G, S I. Km Y. J. An, J. B Km& B Y. Lee
1997. HEfectiveness of carvacrol derived from Thujopsis
dol abrata var. hondai sawdust  against  Thecodi pl osi s
japonensis (D ptera: Cecidonyiidae). Pestic. Sci. 49:
119-124.

Lovery, DD T & M B. Isman. 1995. Toxicity of neemto natural
enemes of aphids. Phytoparasitica 23: 297- 306.

Myakado, M, |. Nokayama & N Chno. 1989. Insecticidal
unsaturated isobutylamdes: from natural products to
agrochemcal leads. In Insecticides of Plant Qigin, (J.T.
Arnason, B.J.R Philogene & P. Mrand, eds). ACS Synp. Ser.
No. 387. Aver. Chem Soc. Véshington, D.C, pp. 173-187.
Namba, T. 1986. Colored Illustrations of WVékan-Yaku (The
Qude Drugs in Japan, China and the Neighbouring Gountries)
(Vols. | and I1). Hoi kusha Publishing, Gsaka, Japan.

National Research Council. 1986. Pesticide Resistance,
National Academc Press.

SAS. 1989. SAS user's Quide: Statistics. SAS|Institute, Gury,
North Carolina.

Saxena, R C 1989. Insecticides from neem In Insecticides
of Pant Qigin (J.T. ARNASSIN BJ.R PHLCENE and P
Schrutterer, H 1992, (Control of diamondback noth by

- 94 -



application of neem extracts. In D anondback Mth and Q her
Qucifer Pests, Proc. 2nd Internat. Vdrkshop (NS TALEKAR
ed.). Tainan, Taiwan, pp. 325-332.

Swain, T. 1977. Secondary conpounds as protective agents.
An. Rev. Plant Physiol. 28: 479-501.

Verkerk, R H J. and D J. Wight. 1993. Biological activity
of neem seed kernel extracts and synthetic azadirachtin
against larvae of Putella xylostella L. Pestic. Sci. 37:

83-91.

- 05 -



- 96 -



- 97 -



- 08 -



50

(  1992).

1940
( 1983).
(Forgash 1984)
green round

, 2010

- 99 -



(Leger 1993) 700 (Hhjek Leger 1994).
(Tanada Kaya 1993),

( 1989).
(Ferron 1978, 1985).

pH :

1987, Sanchez-pena  thorvilson 1995).
(1994a) Beauveri a
brongni artii
B brongniartii
( 199b), (1997)

- 100 -



- 101 -



1)
1994 4 98 4
B ackshaw( 1988)

() (Fg. 1),

[

S

Fig. 1.Sanpling sites (o) for isolation of entonopathogenic

fungi fromsoils and/or insect cadavers from1994 to 1998.

200m , 2 4
10x 10 x 15 5 800
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250 300cc

, (Gl leria nellonella) 5
25+ 2 7
(what man #2) 1 petri dish 25+
7
PDA (potato dextrose agar) 7
col ony
PDA 7

0. 05% Tween 20

1 9cm  petri dish
10 (2.1x10" conidia/ )
25+ 2 8
Sanson(1981)
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2)

PDA  CSA
potat o dextrose agar-+yeast (SDAY), yeast extract agar (YEA),

sucrose nitrate agar (SNA), ashour's nutrient medi um (ANV)

9 petri dish 15 PDA
2 disc(5 )
25 14
3 . PD broth B.
brongniartii 5913 PD broth
wat er agar 0% 0.5% 1.0% 2.0% 4. 0%

9 petri dish ,

25
0. 05% Tween
20 10 (200 x)
henocyt onet er . 3
) pH
pH
0.5N Ha NaCH pH 3.0, 5.0, 7.0, 9.0, 11.0
PDA , 15, 20, 25, 30
7,9 ,14
3

25 , 15 PDA (potato
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dextros agar 39g water 1¢)

cork borer di sc
25+ 2
10 23
2 3 ,
bor er 0. 05% Tween 20
30 , (200 x)
3

Beauveria spp.

25+ 2 14

0. 05% Tween 20

coni di a/
0.1 5
germt ube
10
, 5 3 1
)
066 Beauveria sp. 523
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14 4
1, 2, 3
15+ 2
25+
23 1 cork
9

henocyt onet er

Met arr hi zi um spp. PDA

1x10°
PDA
(400 %) pl ate
3 24
6 24

Met ar r hi zi um sp.

50% (8



D 2) 2 , 5 10 , 25
60, 120, 180 VWA

(pH2.7)  0.001% 0.01% O0.1%

1% 2% potato dextrose broth 0.5%
2 10 . 121 1.5
30 . PDA 2
Beauveria sp. 523 Metarrhi zium sp. 066
disc(5 ) 1 25 . 24
(400 %)
germt ube 12

fenitrothi on 50%

EC (OOdinethyl-O4-nitro -mtol yphosphor ot hi oat e) 100
ppm 500 ppm 1,000 ppm 10,000 ppm pot at o
dextrose broth 0.5% . 2 10
121 1.5 30
PDA 2 Beauveria sp. 523
Met ar r hi zi um sp. 066 disc(5 ) 1
25 . 24 (400
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x) )

germ t ube 12

300 tissue culture contaner 200
, (10° ) 25 10
(400 x) C
PDA :
1)
234 45
(Fg 2 19. 2% , Beauveri a

20 (8.5%, Metarrhizium 20 (8.5%, Aspergillus 5

(2.1% . 21

135 30 (2229, 20
2 (10.0%, 11 6 (54.5%, 28 7
(25.0% (Table 1).
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Table 1. Sources and numbers of entonopat hogenic fungi

col lected from1994 to 1998

Nb. sanpl es contai ni ng ent onopat hogeni ¢ fungi / Nb. sanpl es

Locat col | ected
ocation Qil tivat ed . ol f | nsect
For est Fallow R parian
| and courses  cadaver
Chunnam (B 1)(A1)/5 0/2 (323(2'\“) (B1Y)/2 05 (B3)/3
Chunbuk 0/6 ND (Bl)(lMl) (B1)/2 ND (B1/1
(B8 (M10)
Gyeongnam (A1)/55 (A2)/10 (B1)/6 (M3)/20 04 (B5(M1/6
Pusan 0/ 4 ND ND (B1)/1 0/10 (B1/1
Greongbuk (B 1)(M1)/5 ND ND (M1y/1  O8 (B1/1
Taegu 0/6 ND ND ND 0/10 ND
Chungbuk (B2/5 ND ND ND ND ND
Chungnam (B 1)(A1)/11 ND ND ND ND (B1/1
Greonggi i (MD/9 ND ND ND ND (B3)/3
Cheju (M2)/29 0/8 0/2 0/2 0/3 (B1/1
(M14) (B 13)( . (B4)(M2) (B3)(M (B:16)(M1)
Total A313s (K220 ay/28 I /17

‘B, Beauveria , M Metarrhizium, A Aspergillus.

“"ND Not det er nined.

""The great wax noth larvae were used as a bait to isolate

ent onopat hogeni ¢

fungi fromsoil.
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Fig. 2. Myp of Korea show ng the actual positive sanpling
sites for Mtarrhizium spp.(m), Beauveria spp.( ), and

Aspergillus spp.( A).
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Table 2. Location, soil texture, and vegetation of the
ent onopat hogeni ¢ fungus positive habitats
&PIr g\élap an t e?t)lulr e’ Habi tat \?grgnep :P |t on Fungus ! Sltzlloat ¢
Chunbuk
Soonchang S For est Cast anea crenata Beauveri a 674
Jangsoon S R parian Turf grass Beauveri a 656
Jeongj u S Agricultural Fallow Beauveri a 681
Nanweon S Agricultural Fallow Met ar rhi zi um 671
Chunnam
Hrasoon S Agricultural Fallow Met ar rhi zi um 612
Hrasoon S Agricultural Fallow Beauveri a 613
Hrasoon S Agricultrual Fallow Beauveri a 614
Kurye S R pari an Turfgrass Beauveri a 664
Bosung S For est Pi nus palustris Beauveri a 694
Sungj u S For est Chamaecypal i s obt usa Aspergillus 661
Unidentified ceranbycid Aspergillus 662
Hanpyeong S For est Pi nus densiflora Beauveri a 615
Changhung S For est Pi nus densiflora Metar rhi zi um 665
Changhung S For est Pi nus densiflora Met ar rhi zi um 666
Gyeongpook
Sangj u S R pari an Turfgrass Metar rhi zi um 582
Kor young S For est Pi nus densiflora Met ar rhi zi um 543
Kor young S For est Pinus rigida Beauveri a 544
Pinus rigida
Eusung For est Unidentified Beauveri a 576
cernbycid | arvae
Pi nus densiflora
Andong For est Unidentified scol i tyd Beauveri a 571
adul t
Gyeongnam
Chinju 59 R pari an Turfgrass Met ar rhi zi um 591
Chinju For est Japanese  walking stick Metar rhi zi um 5912
adul t
(Phraortes el ongatus)
. ) Soybean field )
Chinju C Agricul tural un?/dent ified Beauveri a 5913
scarab larvae
Chinju For est Peach pyralid noth |arvae Beauveria 5914
(Dichocrocis
punctiferalis)
Chinju S For est Cryptoneria japonica
Beauveri a 5915

Quitivated field that was fallow at the tinme of sanpling.

°G day, S Sandy, Sc; Sandy clay.
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Table 2. Qnti nued

otton totue "IN e cn g1
Chinju For est Lhidentified fly adult Beauveri a 5916
Qinju For est Lhidentified | eaf insect adult Beauveria 5917
Ginju For est Lhi dentifi ed grasshopper adul t Beauveri a 5918
Ginju For est Agel astica coerul ea adul t Beauveria 5919
K nhae < R parian Turf grass Mt arrhi zi um 525
MIyang C For est Quercus aliena Mt arrhi zi um 527
MIyang S Agricultural Z zyphus jujuba Aspergillus 528
Yangsan S Agricultural Fallow Beauveri a 523
Keoj e < For est R nus thunbergi i Beauveri a 558
Changnyoung S Agricultural Barley Aspergillus 559
ujin < For est R nus thunbergi i Aspergillus 565
ujin < For est R nus thunbergi i Mt arrhi zi um 566
Sancheong < For est Beauveri a 596
Lari x leptolepi s 597
Sancheong < For est Lari x leptolepi s Beauveri a 598
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 599
Sancheong < For est Lari x | eptol epi s Mt arrhi zi um 600
Sancheong < For est Lari x | eptol epi s Mt arrhi zi um 601
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 602
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 603
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 604
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 605
Sancheong < For est Lari x leptolepi s Mt arrhi zi um 606
Sancheong For est Agel astica coerul ea adul t Beauveria 607
Nanhae For est Japanese al der ninute weevil Beauveri a 594
(Fhynchaenus excel | ens)
Nanhae S Agricultural fhajilerIZifi ed Formici dae adult Beauveria 595
Hapchon < For est Robi ni a pseudoacaci a Beauveria 5990
Euchang < For est Qeercus aliena Beauveria 551
Hanan < For est A nus densiflora Beauveria 552
Hanan < R parian Turf grass Mt ar hi zi um 553
e DR mwen w
Pusan
Qupo < R parian Turf grass Beauveri a 002
Tongr ae < For est B nus densi flora Beauveri a 003

Quitivated field that was fallow at the tinme of sanpling.

°G day, S Sandy, Sc; Sandy clay.
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Table 2. Qnti nued

Provi nce Soi | ! Do nant Isolate
& location texture' Febi tat vegetation Fungus genus Nb.
Kyeonggi
Gan - For est A nus densiflora )
Uhi denti fied scol ytid adults Beauveri a 339
< For est Quercus variabilis Metarrhizium 340
| cheun - For est R nus rigida )
Lhi dentified ceranbycid | arva Beauveri a 33
Ansoung - For est R nus densiflora )
Wi dentified scolytidlarva Beauveri a 334
Chungnam
@ngj u < For est R nus rigida Beauveri a 416
Chungbuk -
A nus densiflora )
Mongyeong ) Forest Uhi denti fied scol ytid adul ts Beauveri a S8t
Bal d cypress )
Chechun Forest Lhi dentified ceranbycidae | arvae Beauveri a a3
Cheju
Nanthej u For est P ne sawer |arvae Beauveri a 064
(Mnochanus al t er nat us)
Nanchej u < For est Carpinus laxiflora Mtarrhizium 065
Nanthej u S For est B nus densiflora Metarrhizium 066

* G clay, S Sandy, Sc; Sandy cl ay.

105 25
23.8% ) , ;
10% ,
Beauveria, Metarrhizium
Aspergillus , Table 2
Beauveri a , ,

, , Metarrhi zi um
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Mt arr hi zi um
8 (3.6%.

Aspergil | us 2, 1,

Beauveri a
Met arrhi zium

Aspergillus . (Table 3).
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Table 3. List of entonopathogenic fungi isolated frominsect

cadavers

Host insect Sage

@l lected site Fungus
Mbnochanus al t er nat us Larvae, Adult For est Beauveri a
Lhidentified bark beetle Adul t For est Beauveri a
Lhidentified scarab Larva For est Beauveri a
Lhidentified weevi | Larva For est Beauveri a
tL)zie?FZt 'fied longicorn Larva For est Met arrhi zi um
Dchrocis punctiferalis Larva For est Beauveria
Phraortes illepidus Adul t For est Mt ar r hi zi um
Rhynchaenus excel | ens Larva For est Beauveria
Chil o suppressalis Larva Agriculture Beauveria
Lhidentified fly Adul t For est Beauveri a
Lhi dentified grasshopper Adul t For est Beauveria
Lhi dentified ant Adul t Agriculture Beauveria
Agel asti ca coerul ea Adul t For est Beauveri a
Lhi dentified ant Adul t Agriculture Beauveria
Rhycaci oni a dupl ana Larva For est Beauveri a

Met ar r hi zi um
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B. brongniartii

. B. brongniartii

2)

B. brongniartii 5913 DY
5 , SDY
, 1 22.0
23.5 .2 SDY
37.5 , 31.4 34.0
(Tabl e 4).
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Table 4. Mcelial growh of the entonopathogenic fungi on

various comercial ned a

D aneter( ) of fungus col oni es

Fungus Medi a*
7 days 14 days
';’élgro”g”i artii- oop 22.3+2.2a  33.8+3.1ab
PDA 22 5+1.4a  3L4+2.1b
N 220+2.1a  32.1+14ab
AWM 22.2+¢2.5a  343+2.6 ab
DY 23.1+1.1a  37.5:t13a
YEA 235+3.1a  340+2.2ab

*CSA, Czapek solution agar, PDA Potato dextrose agar, SNA
Sucrose nitrate agar, ANM Ashour's nutrient nedium SDY,
Sabour aud dextrose yeast, YEA Yeast extract agar.

Date were shown with nean val ue of 3 col oni es.

) pH
15 14

Met ar r hi zi um spp 24.7 40.0 , Beauveria spp. 24.7 55.5
(Tabl e 5).
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Table 5. Mcelial growth and sporul ation of the entonopat hogeni c

fungi on potato dextrose agar at 15 and 25

Fungi Daneter () of fungus col oni es® Coni dia® x 10/
15 25 15 25
Metarrhizium582  37.3x 0.5 ¢ 65.3+ 0.5 b - 17.1+ 0.8 a
525 33.7+£ 0.5 cd 66.3+1.2 b - 2.8£0.5 b
598 24.7+ 0.5 d 46.7+0.5 cd - 4.9+21 b
681 32.0+ 0.8 cd 72.7+1.2 a - 4.3£0.7 b
592 26.3+0.5d 47.0+£ 0.8 cd - 14. £ 61.2 a
065 26.7+0.5d 64.3+2.5b - 49+16 b
551 40.0+ 0.8 c 63.7+1.2b - 3.2¢0.9 b
674 25.0+0.8d 58.0+ 1.6 c - 6.5+17 b
527 27.0+ 0.0 cd 63.0+0.5 b - 20.£2.9 a
600 26.7+ 0.5 cd 54.7+2.9c - 3.3t12 b
Beauveria 601 30.7+0.5 cd 44.7£0.9d - 3.1+12 b
594 55.5+£ 0.5 a 77.3xt2.5 a - -
613 30.7+0.5 cd 52.3+ 0.5 cd - -
064 33.0+£ 0.0 cd 3H.7+t41e - -
600 31.7+0.5 cd 42.7+0.5d - -
523 28.0+ 0.8 cd 43.7+3.8d - -
664 34.7+£0.5 cd 49.0+ 1.4 cd - -
598 24.7+ 0.5 d 57.7+0.5 ¢ - -
002 440+ 1.4 b 54.0+2.8 ¢ - -
5990 46.7£0.9 b 55.7+1.3 c - -
543 46.0£ 0.8 b 54.3t3.3 ¢ - -
544 48.3t 0.5 b 52.7+ 2.1 cd - -
671 47.0£ 0.8 b 53.3t1.3 ¢ - -
614 39.3t12c 48.3+1.3 cd - -

*14 days after inoculation. ° 21 days after inocul ation.

Data were shown with nean val ue of 3 col oni es.

Means within a colum followed by the same letters are not
significantly different (P=0.05 : Duncan's multiple range

test).
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15 Met ar hi zi um
sp. 551 Beauveria sp. 594 14
40.0 55.5 . 25 Metarrhiziumspp. 46
7 727 , Beauveria spp. 35.7 77.3

Met ar r hi zi um Met ar r hi zi um
sp. 681 (72.7 ) Beauveria sp. 594 (77.3 )
Met arr hi zi um Beauveri a
601

Met arr hi zi um sp. 582
17.1x 10, Metarrhizium sp. 527 20.0x10°, Metarrhizi um sp.

592  14.0x 10’ (Tabl e 5). ,
Table 6 7 .5
2 Beauveria sp. 614 98%
20% , 6
64.5 100% . Beauveria sp. 551,
335, 607, 600 . 10 5
, 3 100%

Beauveria sp. 661, 614, 002, 576, 671, 600, 443, 5441, 594
, 5 Beauveria sp. 600
10 551, 607, 335 3
100%

Metarrhi zium Beauveri a
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10
Metarrhi ziumsp. 606 591, 582 10
100%
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Table 6. onidia gernmnation of

dextrose agar at |lowtenperature, 5 and 10

Beauveria spp.

on potato

Qonidial gernmination (% / days after treatnent

Fung 2 3 4 5 6 7 8 9

Beauveria 523 10 97.7 100

5 0 100
Beauveria 661 10 100

5 7.5 100
Beauveria 551 10 4,0 43.0 50.5 53.3 93.6

5 0 0 0 0 0
Beauveri a 664 10 42,1 93.5 9.7 100

5 33 86.6 97.0 100
Beauveria 614 10 100

5 98.0 100
Beauveria 334 10 90.9 100

5 16.7 9.7 100
Beauveria 335 10 0 23.7 385 93.3 100

5 0 0 0 0 0
Beauveri a 5990 10 98.7 100

5 01 100
Beauveria 607 10 0 19 53 125 42.8

5 0 0 0 0 0
Beauveria 002 10 100

5 12.5 100
Beauveria 576 10 100

5 0 100
Beauveria 671 10 100

5 20.0 100
Beauveria 571 10 98.4 100

5 4.7 100
Beauveria 595 10 0 0 13.5 36.4 50.0

5 31 64.5 94.2 100
Beauveria 600 10 100

5 0 0 0 0 0
Beauveria 443 10 100

5 25 100
Beauveria 556 10 14.3 48.5 62.5 98.2 100

5 0 9.8 10
Beauveria 335 10 90.6 100

5 0 86.7 95.7 100
Beauveria 5441 10 100

5 24 100
Beauveria 594 10 100

5 0 71.1 100
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Table 7. Gonidia germnation of Metarrhizium spp. on potato

dextrose agar at |lowtenperature, 5 and 10

Tenp. Qoni dial gernmination(% / days after treatment

Fungi
9 () 2 3 4 5 6 7 8 9

Met ar r hi zi um 599 10 0 0 333 80.0 846

5 0 0 0 0 0
Met ar r hi zi um 554 10 0 2.8 45,9 66.7 69.2

5 0 0 0 0 0
Met ar r hi zi um 665 10 73.5 96.7 100

5 2.0 20 20 20 20
Met ar r hi zi um 605 10 0 0 49.3 100

5 1.7 100
Met ar rhi zi um 600 10 54.6 52.4 61.9 100

5 0 0 0 0 0
Met ar rhi zi um 598 10 10 1.6 159 259 47.0

5 2.5 31 41 7.5 9.6
Met ar r hi zi um 606 10 100

5 0 0 0 10.0 35.0
Met ar r hi zi um 591 10 100

5 0 0 0 0 0
Met ar r hi zi um 602 10 0 0 135 36.4 50.0

5 0 0 0 0
Met ar r hi zi um 601 10 0 0 1.1 2.2 11.1

5 0 0 0 0 0
Met ar r hi zi um 603 10 0 0 56 30.0 622

5 0 0 0 0 0
Met ar r hi zi um 582 10 100

5 0 0 0 0 0

Percentages of germinated conidia were detremned by

m croscopi ¢ observation of 500 coni di a.
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|
£
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]
0 + 1S . LIS gl 1A L LI
15 °C 0T 5 oG a0 c
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Fig. 8. Effect of pH on mycelial growth of the entomepathogenic
fungus, Beavveriz brongniartii 5913,

Fig. 3. HEfect of PH on nycelial growh of the

ent onopat hogeni ¢ fungus, Beauveria brongniartii 5913

B. brongniartii pH
: pH
(Fig. 3).
pH , 20 25
15 30
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5 10 180
(Table 8).

Table 8. Long term survivability of the entonopathogenic

fungi at different tenperature

Tenperature ( )

Preservation

peri od 5 10 Foomt enp.
( days )
@l ony o @l ony o @l ony -
gronth Pat hogeni city growth Pat hogeni city groth Pat hogeni ci ty
60
120
180

Ent onopat hogenic fungus was either stored under organic
fertilizer or through susceptible hosts.

Goni di a suspensi ons were obtai ned usi ng Tween 20

The fungus was inoculated to the larvae by injection at the

rate of 107/

0.1%

1 100% , 1% 2%

- 123 -



30
1% 2% 30
100%

(Table 9).

Table 9. Grmnation and survivabilityof entonopathogenic

fungi depending on the concentration of wood vinegar on

quarter strength potato dextrose broth

Percent of gernination (survivability’) /

Concent rat i on days after treatnent
Fungi of wood vi negar
(%

1 10 20 30 days
Mt ar r hi zi um 0.01 100
066 0.1 100

1 0() oC ) o() 0( )

2 0() oC ) o() 0( )
Beauveri a 0.01 100
523 0.1 100

1 0() o(C ) 0() 0( )

2 0() o(C ) 0() 0( )

"The fungus was sporurated when the stock culture was dil uted

with distilled water.
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fenitrothion 50
ppm 500 ppm 1 2
100% 1,000 ppm
1,000 ppm 5, 000
ppm 30 100%
(Tabl e 10).

Table 10. Germnation and survivability of entonopathogenic
fungi depending on the concentration of fenitrothion on

quarter strength potato dextrose broth

Percent germination (Survivability)® /
days after treatnent

Qoncent rati on

Fungi  of fenitrothion
(ppm 1 2 10 20 30 days
Mt ar rhi zi um 50 0 100
066 500 0 100
1, 000 o(C) o0C) oC) o(C) o(C)
5, 000 o(C) o0C) oC) o(C) oC(C)
Beauveri a 50 0 100
523 500 0 100
1,000 o(C) o0C) oC) o(C) o(C)
5,000 o(C) o0C) oC) o(C) o(C)

*The fungus was sporurated when the stock culture was dil uted

with distilled water.
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1)

)

(G leria nellonella)
petri dish (P9 )
(Watman #2) 1 10
PDA (10" conidia/ )

1 25+
2 4

) (Agel asti ca coerul ea)

0. 05% Tween 20
Beauveria sp. 523
7x10°, 7x10°, 7x10°, 7x10" conidial
, Metarrhizium sp. 066 9.6x10° 9.6x10° 9.6x
10°, 9.6x10° conidia/
500 300 1
20 . 9x1.5 1 petri
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di sh (What nan #2) 1 1

: 3 10
, petri dish
25+ 2 7
3
) (Meganol a nel anchol i ca)

Beauveri a
sp. 523 0.3875x10°, 0.775x10°, 1.55x10°, 3.1x10

coni di a/ , Metarrhizium sp. 066

2.7x10°, 1.35x10", 0.657x10°, 0.3375x 10" conidi &/
500 300
1 20
(What man #2) 1 1 9 x
1.5 1 petri dish
10

(Bacillus thuringi ensi s)
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) (@ yphodes perspectalis)

, 1 2%

10", 2x10°, 2x10°, 2x10" conidial Beauveria sp. 523

. 4x10", 4x10°, 4x10°, 4x10° conidia/
Met ar r hi zi um sp. 066 1
20

petri dish 1
10 petri dish 1 3
del tanethrin 1% EC 1, 000

, 7
) (Anonal a orientalis)
44 x 33 x 15
(Agrostis palustris Hiuds.)
15 3
15 . 1 Beauveri a
523 3.7x10" coni di a/ , Metarrhiziumsp. 066
3.4x10" conidial 49
49 ,
fenitrothion 50% EC 1, 000 49
2
3
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) (Agrotis segetun

Beauveria sp. 523 2.5x10°  conidia/
Metarrhizium sp. 066 6% 10" conidia/ : 7

) (Plutella xylostella)

Beauveria sp. 523 2x

10, 1x10°, 0.5x10" conidia/ , Metarrhizium sp. 066
4x10", 2x10°, 1x10", 0.5x10" conidia/

pot 20 ( ) 1
20

(Watman #2) 1 1 9x1.5 petri
di sh ,

3 10 25+1

1 5 . 1
pr ot hi of os 50% EC 1, 000 . 3
2)
0. 5mx 0. 5m
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4  back tee
3 50 4 4 5 50
Metarrhizium sp. 066 Beauveria sp. 523  10°cfu/
219 . , 25

3)

SVAY (10g neopepton, 40g mal tose, 2g yeast extract,
159 agar, 1¢  water) fenitrothion, nepronil,
net al axyl , tol cl opos- net hyl ¥, ,

2 9 petri dish
PDA (399 potato dextrose agar, 1¢ water)
Beauveria sp. 523 Metarrhizium sp. 066 0.5
25+ 2 .4
cfu (colony formng unite)

cfu . 3

Tabl e 11 1,
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Table 11. Pesticides used in the test

A in
Qassification Gommon nane F;rir::: Chemical nane formil ation
(%
Her bi ci de al achl or EC 2-Qhloro-2,6' -diet hyl -N (et hoxyl 43.7
methyl) acetanilide
I nsecti ci de Baci l | us WP Bacilus thuringiensis Berliner Variety (16 BU/ )
thuringi ensi s Kurstaki (Serotype  a, b)
car bof uran G 2, 3-Dhydro-2, 2-dinethyl 3
benzof uran-7-yl nethyl carbanate
fenitrothion EC Q Odinethyl-OG4-nitro-mtolyl 50
phosphor o-t hi cat e
tefl ubenzuron SC 1-(3, 5 DOchloro-2, 4-difluorophenyl) 5
-3-(2, 6-difluorobenzoyl) urea
Fungi ci de i prodi one W 3-(3, 5-Dchrol orophenyl)-N 15
thiram i sopropyl -2, 4-di oxoi midazol i di me-
1- car boxan de
Tet ranet hyl t hi uramdi sul fi de 40
neproni | W 3'-isopropoxyl -Gtol uanilide 75
net al axyl W Methyl - N (2-net hoxyacet yl ) -N 25
(2, 6-xylyl)-D L alaninate
tolclofos-nethyl W G2, 6-dichloro-p-tolyl Q G 50
di net hyl phosphor ot hi oat e
)
Beauveria sp. 523 Met ar rhi zi um sp. 066
14 1g (3.0x10" conidia/g)  0.05%
Tween 20 fenitrothion, nepronil,

net al axyl , tol cl opos- net hyl
1 , 3 , 5

, (VS5500 G, Mision scientific (o. Korea)
3,000 rpm 30
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10 3
9 petri dish (Wat man #2)
(Glleria nellonella) 10
1 25+
2 1
3
)
20 (
) 94 9 1
9 28 0.5x1m
alachlor  Bt, carbofuran, netal axyl, teflubenzuron
219 , 6
2 Metarr hi zi um sp. 066
(4.3x10° conidia/ ) 2.4¢ 1
4 300g 200g
300 ,
10 25+ 2 4
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( )

2 Beauveria sp. 523 Met arrhi zi um sp. 066
20g(10" cfu/ g) : 1,2
, 3 i prodi onetthiram fenitrothion, nepronil,
t ol cl of os- net hyl 3¢
3¢ . 1 4
15 5 10 300g
200g 300
10 25+
2 . 7
3
1)
)
, Metarrhiziumsp. 554 681 2 Beauveria sp.
598 601 2 4 5%
) 6 4
5%
(Table 12).
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Tabl e 12. Pat hogeni city of entonopat hogeni ¢ fungi

Gncentrati on Pat hogeni ¢ | evel *
Fungi
( x 10") 4 days 5 days 6 days
Met arrhi zi um

554 7.4

681 4.4

552 6.2

671 7.8

525 5.2

553 6.4

582 7.2

612 5.2

066 5.8

527 6.4

5981 5.8
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Tabl e 12. Conti nued

Fung Goncent ra:ti on Pat hogeni ¢ | evel
( x 10") 4 days 5 days 6 days
Beauveri a
596 6.0
598 7.8
601 8.4
559 7.4
594 6.6
664 6.6
558 3.8
523 9.4
614 3.4
5990 5.3
5441 8.8
544 11.4
671 6.4
614 58
0% ;1 25% ;26 50% ; 51 75%
; 15%<.

Pat hogenic level was deternmined by nortality of Glleria

nel l onel |l a | arvae.
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) Beauveria

Beauveria sp. 523

Table 13 : 7.0x10
coni di a/ 100% , 7.0x10°
coni di a/ 7.0x10° coni di a/ 90%
, 3.1x10
coni di a/ 100%
2.5%x 10 63. 3%
, 3.7x10
46. 7%
5 2x 10" conidi a/ 100%
, 1x10" conidia/ 84. 4%

) Metarrhizi um

Metarrhi zi um sp. 066

9.6 x 10° coni di a/ 100%
, 10" conidia/ 20%
0. 3375 x 10" coni di a/ 73. 3%
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3.7x 10" conidia/

53. 6% : 2.6x10" conidi &/

100% . 4.0x10
coni di a/ 100% , 0.5x10
coni di a/ 70. 7% (Tabl e 14).
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Table 13. Virulence of an entonmopat hogeni ¢ fungus, Beauveria

sp. 523 agai nst several insect pests

| nsect Goncentration
Kor ean nane of conidial suspension Mrtality (%
(Scientific nang) /
7.0 x 10 100 a
(Agel asti ca coerul ea) 7.0 x 10° 98.0 a
7.0 x 10° 90.0 a
7.0 x 10 57.0b
Gontrol Oc
3.6 x 10 100 a
(Meganol a nel anchol i ca) 1.55 x 10° 92.0 a
0.775 x 10 77.0 b
0.3875 x 10’ 66.7 b
Gontrol Oc
2.0 x 10 Ob
odes perspectalis .0 x
(G yphodes perspectal i s) 2.0 x 10° 0b
2.0 x 10° Ob
2.0 x 10 Ob
Del tanet hrin 100 ppm 100 a
Gontrol O0b
3.7 x 10 46.7 a
(Anonal a orientalis) Feni trot hi on 500 ppm 0b
Gontrol 0Ob
2.5 x 10 63.3 a
rotis segetu ni t rot hi on ppm
i Feni hi 500 Ob
Gontrol 0Ob
2.0 x 10 100 a
Putella xylostell a 1.0 x 10 84.4 a
( %
0.5 x 10 52.2 b
Gontrol Oc
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Table 14. Mrulence of an entonopat hogeni c fungus, Metarrhi zi um

sp. 066 agai nst several insect pests

I nsect Goncent rati on
Kor ean nane of conidial suspension Mrtality (%
(Scientific nang) /
9.6 x 10° 100 a
el asti ca coerul ea .6 x .
(Agel ast i | ea) 9.6 10° 73.3b
9.6 x 10' 20.0 c
9.6 x 10° od
Gontrol od
2.7 x 10 100 a
(Meganol a nel anchol i ca) 1.35 x 10 80.0 a
0.675 x 10' 80.0 a
0.3375 x 10’ 73.3b
Qontrol Oc
4.0 x 10 0a
(G yphodes perspectal i s) 4.0 x 10° 0a
4.0 x 10° 0a
4.0 x 10' 0a
Gontrol 0a
3.7 x 10 53.3 a
(Anonal a orientalis) Qontrol 0b
2.6 x 10 100 a
(Agrotis segetum Qontrol 0b
4.0 x 10 100 a
(Plutella xylostell a) 2.0 x 10 93.8 a
1.0 x 10 93.2 b
0.5 x 10 70.0 b
Gontrol 0c
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2)

)
Met arr hi zi um sp. 066 22. 4% ,
Beauveria sp. 523 52. 4%
(Tabl e 15)

Table 15. Evaluation of entonopathogenic fungi against

Anonal a orientalis larvae in turfgrass of Dongrae gol f course

Goncentration of %reduced white
Tr eat ment .
conidia / gr ubs
Met ar r hi zi um sp. 066 10 2.4 ¢
Beauveria sp. 523 10 52. 4ab
Feni trot hi on 500 ppm 46.6 b
Cont r ol 57.5 a

"Each 2¢ of conidial suspension was applied for each plot
sized 0.5%0.5m

*Figures followed by different letters in a coloum are
significantly different (P<0.05) according to Duncan s

mul tipl e range test.

3)
Beauveria  sp. 523 net al axyl
tol cl of os- net hyl (col ony)

fenitrothion nepr oni |
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Met ar r hi zi um sp.

Beauveria sp. 523
fenitrothion nepr oni |
t ol cl of os- net hyl

(Tabl e 16).
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Table 16. Efect of pesticides on colony formation of

Beauveria and Metarrhizi umon potato dextrose agar

Resti ci des @n. Nnber of cfu + L

suppl i nent ed (ppm Beauveria sp. 523 Mtarrhiziumsp. 066

fenitrothion 500° 19.0£7.0 ¢ 0.0+0 f
1000 0.0t0 ¢ 0.0t0 f

nepr oni | 375 4.67+2.5 ¢ 34.0+8.0 ef
70 0.0t0 ¢ 0.0t0 f
1500 0.0t0 ¢ 0.0t0 f

net al axyl 500 368.3+44.0 b 313.0+62.8 b
1000° 421.0+25.5 ab 323.0+25.2 ab
2000 434.0+38.3 ab 275.0+25.0 bc

tal cl of as- net hyl 500 478.3+130.0a 139.0+¢59 d
1000° 377.3+74.7 b 241.0+59.2 ¢
2000 458.0+71.0 ab 75.0£10.3 e

None - 439.0+71.0 ab 376.0+62.3 a

"Figures followed by different letters in a coloum are
significantly different (P<0.05) according to Duncan s
mul ti pl e range test.

°F el d reconended rat es.
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(Tabl e 17).

Table 17. Survivability and pathogenicity of entonopathogenic

fungi after soaking in pesticide solution

Srvivability after  Pathogenicity after

Resticides  Entonopat hogeni ¢ fung —— 502 19 (M) soaking ()

1 5 1 5

fenitrothion Beauveria sp. 523 + + + +
Mt arrhi ziumsp. 066 + + + +

nepr oni | Beawveria sp. 523 + + + +
Mt arrhi ziumsp. 066 + + + +

net al axyl Beauveria sp. 523 + + + +
Mt arrhi ziumsp. 066 + + + +

to clofosnethyl Beauveria sp. 523 + + + +
Mt arrhi ziumsp. 066 + + + +

Qntrol Beauveria sp. 523 + + + +
Mt arrhi ziumsp. 066 + + + +
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Met ar r hi zi um sp. 066

tef | ubenzuron Bt
car bof uran 4 95%
, net al axyl 95%
, al achl or
4 75%
(Fig. 4).
120
¥
= 100 e
l"_ "‘:
2 ~
5 80 e T
: I
S 60
a = Combial
5 Q- Metarstyeiven DG
7] —p— M G ¢ Tefuleensrmn
T 40 4 —g- M O6E + B
4 =l M (GG + metalaod
= l MGG + alschlo
= — - MGG 4 cabofuian
5 204 1
: /’____
£ 0 -—

I week 2 weeks 3 weeks 4 waeks b weeks
Time aftter treatment

Fig. 3. Effect of pesticides on the persistence of entomopathogenic
fungus, Melarrhizivm sp. 066 in Chinese cabbage field.

Fig. 4. Hfect of pesticides on the persistence of
ent onopat hogeni ¢ fungus, Metarhizium sp. 066 in Chinese

cabbage fiel d.
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Beauveria sp. 523 Metarrhizium sp. 066

fenitrothion 4
nepr oni |
066 4
Beauveria Metarrhizi um 5
(Tabl e 18).
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Table 18. HEfect of post-treatnent of pesticide on

persi stence of entonopat hogeni ¢ fungi in turfgrass

%nortality of Gilleria nellonella
| arvae
Srvivability after  Pathogenicity after

Pesti ci des Fungus
treatnent® (nonth) treatnent® (nonth)
1 2 4 1 2 4
_ . Beauveria sp.
+ + + + + +
| pr odi one thiram 523
Metarrhi ziumsp. + + + + +
066
) . Beauveria sp.
+ + - + + -
Feni trothion 503
Met ar rhi zi um sp. + + + "
066
Mepr oni | Beau;erI g l " ' i ' '
Met ar rhi zi um sp. + + B + + _
066
Beauveria sp.
. + + + + + +
Tol col f os- et hyl 593
Metarrhi ziumsp. + + + + +
066
Beauveria sp.
+ + + + + +
ntrol 523
Metarrhi ziumsp. + + + + +

066

*The entonpat hogenic fungi were survived only 5 deep from
soi |l surface.

No fungi were detected bel ow 5
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1)
)
( 1) 10%
90% 1, 000
121 1.5 30 2
(100 / ) 5 25
, 1g 9 0. 05% Tween 20
wat er agar (cfu)
Beauveria sp. 523 2.4x10'/g
sp. 066 3.4x10'/g

3% 6% 12%
pot (3 x15 , 160 hol es)

] ) 1
10
60 (Dring oven,
(Casbee, Cass)
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500

14

Met ar r hi zi um

24



10 1 3
)
PDA 14 disc (5 ) 1
broth 15, 20, 25, 30 2
30 (
24 , 9
petri dish
2) Rhi zoct oni a sol ani
)
R sol ani
5 disc PDA 25
R sol ani disc 40
(d ean zone)
)
PDA
4 8

- 148 -
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10



50 . 2 (Radi al

di anet er) (A ean zone, @ . 3
) Beauveria sp. 598 pH
, pH 40 PD broth
100 disc (5 ) 1
15, 20, 25, 30 . pH neter (consort (G831,
Bel gi um) pH . PDA
disc (5 )
(% 1 x 100
) Beauveria sp. 598 Beauveria sp. 523

Met ar r hi zi um sp. 066

R sol ani Beauveria sp. 598
40 PD broth (Ofco pH 5.5) 10
121 30
10 100 10
PDA 14 0.1
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25 2 cfu ,
PDA cfu

1)

pot
Tabl e 19

Table 19. Hfect of Beauveria sp. 523 and Metarrhizium sp.

066 on cucunber growh in pot

Fungi I nocul um . Lenght ( ) Wight ()
(%w / total soil) Root Shoot Root Shoot
Beauveri a 3 13.0a 28.0b 56.0a 31.0b
6 13.9a 34.0a 56.0a 36.0a
12 15.1a 380a 580a 3.0a
Met arr hi zi um 3 14.4a 29.0b 50.2b 26.6¢c
6 15.2a 350a 520ab 30.5b
12 4.6 a 31.0ab 50.1b 231d
Gontrol 0 13.4a 27.0b 46.0c 20.0d

Means within a colum followed by the same letters are not
significantly different (P=0.05 : Duncan's multiple range

test).
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Beauveria 6% 12%

Beauveri a Met arr hi zi um
2)
R sol ani Beauveria sp. 598
24
, 15 30 38 36
18
(Tabl e 20).

Table 20. Efect of culture filtrate of Beauveria sp. 598 on

cucunber grow h

Qulture filtrate

o
grow at () oot length () Seed germination (%

15 38 a 100
20 24 b 100
25 19c 100
30 36 a 100
PD broth 12 d 100
Distilled water 18 c 100

‘Means followed by the sane letter are not significantly

different (P=0.05 : Duncan's multiple range test)
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3) Rhi zoct oni a sol ani
R sol ani 30
3 Beauveria sp. 576, 443 598

Beauveria sp. 576

Beauveria sp. 576 R solani 16 , Beauveria

sp. 443 13 , Beauveria sp. 598 2 (Table 21).
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Table 21. Antagonistic ability of entonopathogenic fungi

agai nst Rhi zoct oni a sol ani

Ant agoni sm

Fungi — - -
Qi ling Lysi s Qver growng dean zone

Beauveria 576 + 6 °
Beauveria 443 + 13
Beauveria 598 + 2
Beauveria 600

Beauveria 601

Beauveria 602

Beauveria 523

Beauveria 558

Beauveria 596

Beauveria 5990

Beauveria 552

Beauveria 674

Beauveria 656

Beauveria 681

Beauveria 613

Beauveria 614

Beauveria 615

Beauveria 064

Beauveria 544

Beauveria 593

Beauveria 594

Beauveria 598

Met ar r hi zi um 5916

Met ar r hi zi um 599

Met ar r hi zi um 600

Met ar r hi zi um 601

Met ar r hi zi um 602

Met ar r hi zi um 603

Met ar r hi zi um 604

Met ar r hi zi um 066

Not observed or occurr ed.

°Di stance between col ony of pathogen and by dual cul ture.
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Beauveria sp. 576 (& 4.0 , Beauveria sp. 443

Beauveria sp. 598 Z 0
4 133 , 10 , O
Beauveria sp. 576 8
15.3 , 12.0 , 1.7 Beauveria sp. 598
(Tabl e 22).

Table 22. Gowh inhibition and clean zone formati on of Rhi zoctonia
solani by dual culture different age of entonopathogenic fungi

on potato dextrose agar

Radial growth d ean zone between
of Rsolani ( ) R solani and EPF
Ent onmopat hogeni ¢

fungi tested Qultural age of EPF Qultural age of EPF
0 4 8 days 0 4 8 days
Beauveria sp. 598 36.3 a 8.0b 3.3b 4.0 a 13.3a 153 a
Beauveria sp. 443 40.3 a 8.0b 6.3b Ob 10.0a 120 a
Beauveria sp. 576 40.0 a 17.3a 19.3 a Ob Ob 17hb

‘Means followed by the sane letter are not significantly

different (P=0.05 : Duncan's multiple range test)
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) Beauveria sp. 598 pH

Beauveria sp. 598 25 30
. 15 2 19 25 30
(Fg. 5).
Tabl e 23
PDA 2 R sol ani
49.7 15 20.3
59. 6% , 20 39.9 20.9% 25
41.0 17. 5% 30 9.3 81. 3%
15 30

|l-I3-aI-¢||_- diapeter (am) —— pll

E0 1.5
44
- 50
] .-—""'JA_ 3.8
E 46 {13
= {25
B ooy Y=
o 1 £
-
= o 1 1.5
E 11
i
1 0.5
1] o
15 C 20 ¢ 25 C a0 Q
Temperature
Fig. 2. Mycelial arowth of Seavverm gp. 598 and pH changes of

the culiure Fillterate.

Fig. 5. Mcelial growh of Beauveria sp. 598 and pH changes

of the culture filterate.
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Table 23. Efect of culture filtrate of Beauveria sp. 598
grown at different tenperature on the nycelium growh of

R zoct oni a sol ani

D aneter () of

R sol ani %Control
Tenperature for culture sol ani
filtrate

2 days 4 days 2 days 4 days
15 20.3 ¢* 52.7 b 59.6 b 38.0b
20 39.9b 84.3 a 20.9 ¢ 0.8c
25 41.0 b 84.7 a 17.5 ¢ 0.4c
30 9.3d 2.3¢c 81.3 a 73.8 a
PDA 49.7a 85.0 a 0 0

“Means within a colum followed by the sane letters are not
significantly different (P=0.05 : Duncan's multiple range
test).

*Control (% = (1-treatnent/check) x 100.

) Beauveria sp. 598 Beauveria sp. 523
Met ar r hi zi um sp. 066
Beauveria sp. 598
Beauveria sp. 523  Metarrhizium sp. 066
(coloty formng unit) , (PDA )
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523 , 066 , 598 284, 126, 351
100% col ony 271,
139, 360 , R solani Beauveria sp. 598

(Tabl e 24).

Table 24. Hfect of culture filtrate of Beauveria sp. 598 on

conidial germnation of Beauveria sp. 598, 523, and Metarr hizi um

sp. 066
Qiture filtrate Nunter of colony formng unit / plate
suppl enent ed
A (% Beauveria sp. 523 Beauveria sp. 598 Metarrhiziumsp. 066
0 284.3 & 3517 a 126.7 a
10 267.7 a 360.7 a 132.7 a
20 277.7 a 363.0 a 120.0 a
30 254.3 a 369.7 a 136.7 a
40 264.3 a 366.7 a 128.3 a
50 275.3 a 363.3 a 126.7 a
60 259.3 a 346.3 a 132.7 a
70 271.3 a 343.7 a 135.7 a
80 266.0 a 362.3 a 140.7 a
90 265.3 a 361.3 a 134.3 a
100 271.0 a 360.7 a 139.3 a

“Means within a colum followed by the sane letters are not
significantly different (P=0.05 : Duncan's multiple range

test).
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1)
)
(1)
( 5) 1
( )
(R kaki kai MG 501)
1
Metarrhizium sp. 066 2.2 x10°%
sp. 523 3.3x10°% 2542
1 5 10
2 3 1g

1,100
300

, Beauveria

9

henocyt onet er

(2) AQay pellet

clay pellet
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4 5 clay pellet (

: ) 1 1
pel | et 1,100
( , ) 500 (121 1.5
) 30 . Met ar r hi zi um sp. 066
(10° conidia/ ) 5 10 25
, 7 10

14 0. 05% Tween 20

10 pel let 1 test tube mxer ( )
2
henocyt onet er 200 (Uni | ux- 12,
Kyowa) . 5
1)
Tabl e 25

Met ar r hi zi um sp 066
14 1.7x10°, 28 1.9x10° ,
Beauveria sp. 523 1.9x10° 1.9x 10
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Table 25. Hfect of hard-boiled rice nediumon the sporul ation

of ent onopat hogeni ¢ f ungi

Nunber of conidia/ g nedia

Ent onopat hogeni ¢ f ungi

14 days 28 days
x 10° x 10°
et arrhi zi umsp. 066 1.7+0.4 1.9+0.4
Beauveria sp. 523 1.9+0.5 1.9+0.5
2) day pellet
Qay pellet
Tabl e 26 . Qay pellet 1 10’

Table 26. Mbss production of Metarrhizium sp. 066 using clay

pellet coated with rice bran

Pel | et condition Nunber of coni di a

/ pellet
S ze (di aneter) Mi sture (% x 10’
45 100 24 = 0.7

‘Nunber of conidia was checked at fourteen days after

i ncubat i on.
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1)
300g
1g 9cc
10 NA . col ony
2)
9cm 1 PDA 20m PDA
48 Rl-12, 14H3, Yell 0. 5mm
tip PDA 5cm
)
900m PDbrot h 500m 121
30 1m (10°cel 1)
2 (10°cel 1) PDA
50% 10% 9cm 20
)
PDA 9cm 20m
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PDA Rhi zoctoni a sol ani

Pyt hi um sp. Phytopt hora sp. disc (5m) 25

(100%, 10 , 50 , 100

121 30 ( ) 6
1 9%cm 1 petri-dish 10
1
25 .3 ,
10 3
) soybean
soybean 6
900 100n (
) 300m 25 . 9 17
1 300 . 7
)
900 PCor ot h 500m 121 30

(10° cell/ni) 1n
2 . PDA
(10° cel I/n)
(10° spore/m) 0.1n
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24 (400x) col ony

3)
900 PCoroth 500
121 30 (10°cel I /
) 1 2
PDA
(10° cell/ ) ( 10° spore/ )
0.1 . 24
col ony
Metarrhi zium  Beauveri a,
Tri choder na
4)
) cel |
( , ) 250 , 500 50% 100,
200, 500, 1,000 PDA
0.1m cel |
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1)

Yel | RL-12
14H 3 (Tabl e 27).
Tabl e 27.
Pseudononas fl uor escens(RlL- 12)

(Yell)

(14H 3)
2)

)
Rhi zoct oni a, Pyt hi um Phyt opht hor a
( 2). Rhizoctonia
Yel | 9m RL1-12  11nm Phyt opht hor a
Yel | 11mm RL-12 7mm  14H3 11mm

Pyt hi um 1443 5mm
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Tabl e 28.

Ant agoni sm

Qoiling Lysis Over growing dean zone

Yel | Rhizoctoni a + 9
Pyt hi um
Phyt opht hor a + 11
R1- 12 Rhi zoct oni a + 9
Pyt hi um
Phyt opht hor a + 7
14H 3 Rhi zoct oni a + 2
Pyt hi um + 5
Phyt opht hor a + 11
Tabl e 29.
2 (nm)
(% Rh Py Phy R Py Phy
Yel | 50 0 0 0 100 100 100
10 0 0 0 100 100 100
Rl-12 50 0 0 0 100 100 100
10 0 0 0 100 100 100
14H3 50 0 0 0 100 100 100
10 0 0 0 100 100 100
03¢ - 45 80 19

PDA 50% 10%
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Rhi zoct oni a, Pythi um Ptytopht hora

45mm 80mm 19mm

(Tabl e 28).
)
PDA
75% (Tabl e 30).
Tabl e 30.
()
1 3 1 3
14H3  prytophthora 0 0 100 100
Pyt hi um 0 6 100 92.5
Rhi zoct oni a 2 7 93.1 91.1
RI-12 pytophthora 0 0 100 100
Pyt hi um 0 4 100 95.0
Rhi zoct oni a 0 1 100 98.7
Yell ' pryt ophthora 6 16 0 0
Pyt hi um 18 50 75.3  37.5
Rhi zoct oni a 0 5 100 93.7
Phyt opht hor a 3 6 - -
Pyt hi um 73 80 - -
Rhi zoct oni a 29 79 - -
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0. 05g
100 0.07g
25. 9mMm 34mm
14H 3
(Tabl e 31).
Tabl e 31
(9 ()

10 50 100 10 50 100

Rl-12 0.04 0.05 006 0.07 30.3 355 424 432

Yel | 0.06 0.08 0.07 009 385 438 340 351

1443 0.05 0.06 007 008 348 337 4.1 452
0.05 25.9

) soybean
soybean
103. 2mm 5479
118. 0-139. 1mm 555- 5949
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Tabl e 32. soybean

() (9
14H 3 124. 2 594
Yel | 139.1 568
R1-12 118.0 555
(03¢ 103. 2 547
3)
Tabl e 33
R1-12
R1-12 14H3 R1-12

Met ar r hi zi um

Beauveri a, Tri choder ma
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Tabl e 33.

Yel | 14H 3 R1-12 Tri Met Bea
1 3 1 1 3 3 3 1 3
14H3 + + - - + + +
R1-12 + - - + + +
Yel | + + - - + + +
XK + + + + + +
4)
) cell
cel |
Yel | 250
500 100 cel R1-12
14H 3 250 200 cel |
500 (Tabl e 34).
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Tabl e 34. cell

1 cel |
Yel | R1-12 14H 3
- + +
250 - - -
500 + - +
100 + - -
200 + - -
500 + + +
1000 + + +
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, . 1983. . ‘83

161- 114.
, , . 19%a. Beauveri a
1. Beauveria brongniartii
36:
119-129
1994b. Beauveria
2. Beauveri a
brongni arti i . 36: 131-140.

Ferron, P. 1978. Biological control of insect pests by

ent onopat hogenous fungi. Ann. Rev. Entonol. 23: 409-442.

Foegash, A J. 1984. Hstory, evelution, and consequences of
insecticide resistance. Pestic. Bochem Physiol. 22

178-186.

Hijek, A E and R J. S. Leger. 1994. Interactions between

fungal pathogens and insect hosts. Annu. Rev. Entonol. 39:

293- 322.
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1985. . . 29(2):
50- 55

1987. . (
pp. 158- 160

1989. - . 43(11):
58- 61

Sanchez-Pera, S R and H G Thorvilson. 1995. Efect of
long-term cryogenic storage and conidial suspendinf agents
on the virulence of Beauveria bassiana toward Solenopsis

invicta. J. Invertebr. Pathol. 65: 248-252

Tanada, Y. and H K Kaya. 1993. Insect pathol ogy. Acadenic
Press. Sandi ego. 666pp.

1992. : (  12)-
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, (Lithy
1982; Aronson , 1986).
Baci | lus thuringiensis( B)
Bt ('sporul ati on)
(Aronson , 1986; Wiitel ey
Schnepf, 1986),
Bt (Burges, 1981).

Bt (cry genes)
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H H H
(Hofte Witel ey, 1989). Bt

cryl ,
cryll ,
crylll , crylv
Qickmore  (1998)

cry
(arr -, 1992),
(receptor)
(Harvey , 1983)
(Knowes Hlar, 1987) ,
Bt
(Hofmann , 1988a, b).
Bt
(Ragni , 1996; Inal , 1990),
cry (Kostichka , 1996)
(De Souza , 1993; Poncet , 1997),
(el f er sber ger , 1996; Raj anohan ,
1996), (Von Tersch ,  1994;
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Peyr onnet , 1997),
(Soltes-Rak , 1993), (Nayak , 1997),
(Tabashik , 1997, Wrth , 1997)

[shinvata 1901 (Bonbyx nori)

Bacillus sotto(B. thuringiensis subsp.

sotto) , 1915 Berli ner
(Anagasta kuehni el | a) Baci | lus thuringiensis
: Bt :
, (Kikm , 1998), (Chba , 1984),

(Smth Couche, 1991; Park , 1997)

(Martin  Travers, 1989).

(MGughey, 1985a; McGaughey  Beenan, 1988)

M/cogen
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, Bt 185-1

; Bt
: gro
cryllha
, B 185-1
cryllha
Bt
(Pfannesti el , 1986; Delecluse
1991; Thomas Hlar, 1983) ,
psbA gro
cryllha cyanobact eri a ,
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1. Bt , :
1)
Bacillus thuringiensis ( Bt) , 4
11
2-5 ;
Im
4 , 1597 (
, : )
2) Bt
Bt Chba Al zawa (1978) Par k (1997)
, 19
, 10 , 5
80 10
, 1000 (nutrient medium
30 5 ;
(spore) (crystal
protei n)
, 4 , 2-3
1
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80 10 . 30
0.2 30
5
4
3)

Bt subsp. norrisoni PG 14, Bt subsp. kurstaki Gy B

S S all (U C Ryverside, UA , Bt
185-1
. B subtilis (Seoul Nat'l Univ., Korea)

. E coli Dba XL1 bl ue

Bt GYS, SPY, LB 30

, B subtilis YT 30

E coli 37 LB

4)

, (N kon Qpti phot - 2)
(Phillips SEM 515)

1,000
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, 6,000

(Foh , 1996).
5)
pHTBSgr 04D , B subtilis DNA
Kal nan (1993) , gro
cryllha PR (pol ynerase chain reaction)
pri ner . gro cryllha
, PR priner PreMx-Top™ (Bioneer Co., Korea)
, B subtilis DNA- pCB
(tenpl ate) . gro PR 9
4 1, 45 1, 72 1
30 . cryllAa PCR 94 2
, 45 1 30 , 72 2 40
PCR gro cryllha

pGenT (Promega (o., UA , pBSgro
pQ y4D . pBSgro Sacl Sacl | ,
gro DNA E col i
pBl uescript SKI | (+) pBLBSgr o . pGy4D

Ncol dal , cryllha )
pBLBSgr o , pBLBSgrodD . pBLByrodD  Sacl

Kpnl , gro cryllha

DNA pHT3101 Bt
pHTBSgr 04D . PR pri ner
(Table 1).
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Table 1. Nucl eotide sequences of PCR primers used for

vector on struction.

Restriction

Primer Sequence \ect or
enzyne used
BsgroF 5' - GTGAGCTCOGITCATCTACAGC Sacl
BsgroR 5' - GBOSGATCCATGGAAATAACC Ncol
pHIBSgr 04D

cryllF 5' - GAATTCCATGGAAGATAGITATTTAG Ncol

cryliR 5' - GAGATCGATCAATACTCAC aal

Nucl eotides underlined and italicized indicate initiation codon

and restriction enzyne site, respectively.

6)
Thomas Hlar (1983)
Bt GrS 4 30 ;
autol ysi s
[1 MNad, 0.01%
Triton X 100] , 12,000 g 10
, 2 20, 000
cycl es/ soni cation . 50-80 % sucrose
density gradient 25,000 rpm 2

(Beckman (o.),
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sucrose density gradient
N
; , 100
15 . 12% pol yacryl anm de gel
,  gel PVDF
(pol yvi nylidene difluoride)-type nenbrane (dontech Go., USA)

, (electrotransfer)

27 90 (Lauriere, 1993). PVDF
, 50% amno bl ack
10B 5 . PVDF
, 4

, pulse-liquid Ntermnal protein seguencing

(Appl i ed Bi osystem Model 475A)

8) DNA
) D\A
Bt DNA alkaline lysis (Bi rnboi m
Doly, 1979) . B 50 LB
, 30 12 . 100
SPY , 30 Moo 0.7

, erythronycin (25 [/ )
anpicillin (50 [/ )
, 5 TE [10 nM Tris, 1 nM EDTA
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(pHB. 0)] , 6,000 g 5
5 |/ | ysozyne Solution I [50 nM
gl ucose, 25 nM Tris-HQ (pH 8.0), 10 mM EDTA (pH 8.0)] 10
, 37 10 . 20
Solution 11 [0.2 N NaCH 10% SDS| ,

, 5 . 15

Solution 111 [3 Mpotassiumacetate, 2 Mglacial acetic acid]
, 15,000 g 15 4
; . DNA

, =70 30 , 15,000

g 4 15 . 70%

, 8 TE
) B. subtilis DNA
B. subtilis DNA Kal man
(1993) . B subtilis 30

YT Moo 0.8 ,
5,000 g 4 8 . TES

[10 nM Tris-HJ (pH 8.0), 1 nMEDTA 100 nM Nad ]

, 1 [ lysozyne Solution C [25 % sucr ose,
25 NMEDTA, 25 nM Tris-HJ (pH 8.0)] , 37 1
SOSs 2%
, 50 15 . S5 Nad
1M , 50 5 , 4
8 . 12,000 g, 4 10
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DNA , -70 1
12,000 g 15 4 , 10/

R\ase 5 TE [10 M Tris-HJ (pH 8.0), 1 nM
EDTA
9) DS PAGE

SDS- PAGE Laenm i (1970) 12%
separating gel 3% stacking gel . Gl
Coomassie brilliant blue (Sgma (.) , high

nol ecul ar wei ght marker (S gna (.)

) B

erythronycin 50 / anpicillin GrS 5
, 7,000 g, 4 10
160 , [ 60
mM Tris-HQ (pH 6.8), 25% glycerol, 2% SDS 5%

2- ner capt oet hanol , 0. 1% br onophenol bl ue] 40

10 , 7,000 g 4 , 5
) B
1 Bt 25 / eryt hronyci n 50 /
anpicillin GYS , 30 , 3
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0 , 2 , 7,000 g
4 10 . 50 [/ lysozyne

Solution A [50 nM glucose, 25 nM Tris-HJ (pH 8.0), 10
nM EDTA (pH 8.0)] , 37 10

7,000 g 5 :
Solution A . Solution B [1 nM PVEF
(phenyl net hyl sul fonyl fl uoride), 10 nM EDTA 2% SDY ,
-70 10 , 37 10
, 10 , 7,000 g, 4 5

10) Hantisera anti body

33 Bt H Chba A zawa
(1978) . (pH 7. 4)
30 16 . 3,000 g 15

, PBS (phosphate buffered saline)

0. 25% , 37
1
, PBS . IR
conpl ete
Freud's adjuvant (S gma @.) 250
, 1 4 inconplete Freud s
adj uvant (S gnma (.) 500
3 , , -2
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11) cry
PCR Bt
PR pri
(Table 2). priner cry

1 FY
, Hasmd mdi kit (Qiagen .)
DNA - priner 1
Thernal Gycler (Perkin Bner @.)

- 187 -
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PR
, 12
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Table 2. Nicl eotide sequences of PCR priners used for cry gene
det ecti on

Sequence Expect ?d . Pfi mer- Tar get
product size binding site gene
cryl type
PO 782 10101943 Cryiel
TORTTGATTTETEC 238 24532470 Crylal
TCACTTGOCATAGNATCTAC 550 2159-2170 crylacl
GCAACCITATGNICAACTGERCTTC 902 17891815 crylBal
CACCICTATTIGEGAGITC 288 2403- 2425 crylGal
GIACATTTAGATATTONAGIOAC 465 2226- 2270 crylbal
CITAGGATAMTTAGADG %1 1730- 1751 crylEal
QIGTGAIIOATTAACATTAOAATC 383 2308-26%0  crylFal
ATCCTG G TARNTG TTGCITTCIC 2586260 cryl
ATATGAGTGATAGIRL. 235 1778 1797 crylGa
TGAMCGETATTACATES 142012 o viGa
cryll type
CAGATAQXCTTACTGIGAA 1070 475495 cry2fal
ATAGIIOOGCIAAGONGS 1524- 1544 cry2sal
crylll type
GATAICITGEG 650 1801- 1821 cry3fal
CACTTAATCCTAGAA3ICT 2430- 2450 cry3fal
crylV type
crydfal
CGEGVATTTGITAC 1032 1006, 1943 o §4Aal
ATGETTTETTGACTACATC 2038. 2057 oryiEnd
GEQCITACTATTCITIGEC 2610 372.301
ATGETTGITTGGTACATC 22081 O VR
ATGVATCONTATOMANTANG 200  41-9%1 cryloral
AGYCTTTGTTTAATTAAC 2060-2080  Crylosal
ANGGTAGTCITTAGT 1932 41-61 cryllsal
CTACTTTAGANGEATT 1955- 1972 cryllfal
cryV type
ATGYACTANGAATCA 2174 355-372 cryShal
GEAGNTTTTAATTCTAC 2511- 2528 crysAal

*; conserved region-specific primer in cryl type gene

- 188 -



12) B

Bt Bone Hlar
(1989) . B 200 BH (Bolife .)
, 30 12 .1 100
BH , 37 Moo 0.5
30 , 3,000 g
4 5 . 2 HG

[1 nMHEPES (N 2- hydr oxyet hyl pi per azi ne-N -2

-ethanesul fonic acid) (pH 7.0), 10% gl ycerol] , 0.4

1 DNA [10 in 10 MM Tris-HI (pH
7.5, 1 nM HJIA , 0.2 el ectroporation cuvette
(Bo-Rad @.)

Hectroporation Bio-Rad Gene Pulser™

(Bi 0-Rad Pul ser Controller)

DNA 10 ;
(capacitance 25 2.5 200 Q)
10 , 1 BH , 3
7 3 . 25 | erythronycin
50 / anpicillin , 30
15 ;
13)
Ragni (1996)
3,000 rpm 10-15
, erythrocyte . PBS
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3 , 10°/

, 37 90
henogl obi n 540 nm
, HXo 50%
. Mo 1 1
, 0.5 50%
14)
) Bt
Bt Bt
30 5
10" spores/ ,
3
, 10 3 25 48

Bt subsp. kurstaki HD-1

(Qulex pipiens

pal lens) 3 .3 10
10" spores/ 25 48
) B 185-1
Bt 185-1

, BSA (bovi ne serum al bum n)
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Bradf ord (1976)

(Ing-1 [ ) ,
; ; (Lymantria
di spar) (Anophel es sinensis) 3
10 3 , 48
pr obi t
LGo . Bt subsp. norrisoni PG 14
1) B
a 1
(Martin  Travers,
1989) . Bt

, 1,597
(Fig. 1), Bt
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Fig. 1. Dstribution and toxicity of Bt strains isolated from
forest resources in Korea.

1, 597 589 ,
388 . Bt
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(Table 3).

Table 3. Nunber of Bt isolates fromforest resources in Korea

No. Bt toxic to

Locality Tot al
B. nori and Si tophilu )
B. nori C. pipiens C. pipiens s oryzae Non-t oxi ¢
Kyunggi 138 26 3 - 15 182
Kwangwon 24 3 - - 2 29
Chungbuk 7 1 - - - 8
Chungnam 4 16 9 - 5 34
Kyungbuk 50 22 2 - 6 80
Kyungnam 5 5 2 - 1 13
Chonbuk 16 22 1 - 1 40
Chonnam - - 1 - 1 2
Tot al 244 95 18 - 31 388
Bt
(bi pyramdal ), (spherical), (irregular)
, . 388
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329 (84.8%

, 228
87 14 ,
39 (10% ,
2, 17
6 14
20 (5.29% :
14
1, 2, 3
Bt
, Grs 5 ,
autol ysi s ,
, P& PAE
, 130 kDa
(Fig 2.
Grs 5 ,
10" spores/
, , 25 72

, Bt subsp. kust aki Bt subsp.

norrisoni PG 14 . ,

(Fig. 34,

Bt 185-1 Bt subsp. norrisoni PG 14
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, 43-67%
(Fg 3B. ,
62. 7% ,

5%

; Bt subsp. norrisoni PG14
B 185-1
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E eshes Govabe do e Toe ds e
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L B

562 =

=
a2% =

—_—

wh

LA

427 -
I

A -

Fig. 2. SDS-PAGE analysis of 56 Bt isolates from forest
resources (A-F).

Ml ecul ar weight standards (M were phosphorylase b (97.4
kDa) , bovine serum albumn (66.2 kDa), gl ut anat e
dehydrogenase (55 kDa), oval bunmin (42.7 kDa), aldolase (40
kDa), carbonic anhydrase (31 kDa), soybean trypsin inhibitor
(21.5 kDa) and |ysozyne (14.4 kDa). Mlecul ar weight standards
(M) were a-nacroglobulin (205 kDa), [B-gal actosidase (116 kDa),
phosphorylase b (97.4 kDa), bovine serum abumn (66.2 kDa),
funarase (48.5 kDa), and carbonic anhydrase (29 kDa). The
arrow i ndicates the position of 130 kDa pol ypepti de.

- 197 -



1 5 171 oo
5T ; _—
S | - i
- I L€ e
.I [ Rl ; 1-L%8€
75 |eee
— P,
S T R
S (I ¢ L T-9¥1
I | ki r.m l T-FEL
— T -c
I 15 _J 51t
I | -RIT T-€1T
—— 11 TNz
.| 80T
— 1 — 0%
I £ 0 J._” 90

| I | I T-581
k& [[-FHI
ESREBRSRR=E"

(o) CymE 0Ty {0f ) NELIOTAL

Sgssg2seses e
Uu S ERED N TAA

|arvae of B

i sol at es agai nst

Sirain

(A and C pipiens pallens (B. The concentration was
198 -

adjusted to 10" spores/

FHg 3 Mrtality of several Bt

nor i



Table 4. Hagglutiantion test of Bt 185-1

Srain
Hserotype  Serovar o T soni
israelensis G 14 adesti kurstaki 1851

1 thuringi ensi s - - - - -
2 finitinus - - - - -
3a al esti - - + +
3a3b kur st aki - - - +
4adb sotto - - - - -
4a4c kenyae - - - - -
5a5b gall eri ae - - - - -
6 ent onoci dus - - - - -
7 ai zavai - - - - -
8a8b norri soni - + - - -
8a8c ostrini ae - - - - -
8b8d ni geriensis - - - - -
9 t ol wort hi - - - - -
10 dar nst adi ensi s - - - - -
11allb t ounanof f i - - - - -
1lallc kyushuensi s - - - - -
12 t honpsoni - - - - -
13 paki st ani - - - - -
14 i srael ensis + - - - -
15 dakot a - - - - -
16 i ndi ana - - - - -
17 t ohokuensi s - - - - -
18 kunanot oensi s - - - - -
19 tochi gi ensi s - - - - -
20a20b yunnanensi s - - - - -
20a20c pondi cheri ensi s - - - - -
21 col neri - - - - -
22 shandongi ensi s - - - - -
23 j aponensi s - - - - -
24 neol eonensi s - - - - -
25 coreanensi s - - - - -
26 silo - - - - -
27 nexi canensi s - - - - -

+, Agglutination;

199 -
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Bt 185-1 DNA

, Bt subsp. kurstaki, Bt subsp. norrisoni PG 14

, Bt 185-1 DNA
DN\A , Bt 185-1 Bt
subsp. norrisoni PG 14 DNA HndlIl  Pstl
(Fig. 5.

U3
03
&.3

E
5
=]

Fig. 5 GConparison of plasmd DNA of Bt 185-1 with that of Bt
subsp. norrisoni PG 14 and subsp. kurstaki HD 1.

M A DNA digested with Hndlll; 1, subsp. kurstaki HD-1; 2,
subsp. norrisoni PG 14; 3, isolate 185-1; 4, subsp. norrisoni
plasnmid DNA digested wth Hndlll; 5 isolate 185-1 plasmd
DNA digested wth HndlIl; 6, subsp. norrisoni plasnmd DNA
digested wth Pstl; 7, isolate 185-1 plasmd DNA digested
with Pstl.
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Bt 185-1
, cry PCR pri ner , Cry
. cryl crylfal, crylAbl, crylAcl,
crylBal, crylGl, crylbDal, crylEal, crylFal, crylGal
pri ner PCR
(Fig. 6A), PCR pri ner m nor band
PCR
(Fig. 6B).
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12345 67895 M

(bp)

- 750
= 500

- 250

M1 2 3 45867

{bp)

rS0 =
500 =

250 =

Fig. 6. cry type gene detection using cry-specific PCR primer
in plasmd DNA of Bt 185-1. (A M 1 kb ladder nol ecular size
narker; 1, crylAal; 2, crylAbl; 3, crylAcl; 4, crylBal; 5,
crylGl; 6, crylDal; 7, crylEal; 8, crylRal; 9, cryl&l. (B M 1
kb ladder nolecular size narker; 1, cry2Aal; 2, cry3fal; 3,
crydhal; 4, crydBal; 5, crylOAal; 6, cryllAal; 7, crySAal.

- 202 -



Bt 185-1
, GYS 5 , SOS PAGE
, sucrose density gradient
, SOS PAGE
Bt 185-1
105, 94, 83, 70, 62, 53, 48, 43, 25
kDa Bt subsp. norrisoni PG 14 (Fig. 7).
53, 48, 43 kDa Bt
subsp. norrisoni PG 14 28, 72, 128, 135 kDa
, 53 kDa  PVDF
, pulse-liquid NNtermnal protein sequencing (Applied
Bi osyst em Mbdel 475A) N
Met - Asn- Thr - Asn- Al a- Met - Lys
: Qy
(Table 5).
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Fig. 7. Qystal protein profile of Bt strains. M Mlecular
wei ght standards were nyosin (212 kDa), [-gal actosidase (116
kDa), phosphoryl ase b(97.4 kDa), bovine serumal bumin (66.2 kD),
catalase (57.5 kD), and al dolase (40 kDa); 1, subsp. norrisoni
PG 14; 2, subsp. kurstaki HD'1; 3, B 1851
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Table 5. Qonparison between N term nal

of 53 kDa crystal

amno acid sequences

proteins fromBt 185-1 and those of other

Bt strains
Gene Resi due position
Honol ogy
type 1 2 3 4 5 6 7
53 kDa  Met Asn  Thr Asn Ala Mt Lys
crylAal  Met Asp Asn Asn Pro Asn lle 28.6
crylAbl  Met Asp Asn Asn Pro Asn lle 28.6
crylAicl  Met Asp Asn Asn Pro Asn lle 28.6
crylBal  Met Thr  Ser Asn Arg Lys Asn 28.6
crylCGal Met Au Qu Asn Asn Qdu Asn 28.6
crylDal Met Au Ile Asn Asn Qdu Asn 28.6
crylEal  Met AQu Ile Val Asn Asn Qdn 14.3
cry2hal  Met Asn  Asn Val Leu Asn Ser 28.6
cry2Abl  Met Asn  Ser \Y/ Leu Asn Ser 28.6
cry2Acl  Met Arg Qu Pro dn dy Qy 14.3
cry3fal  Met lle Ag Lys dy dy Ag 14.3
cry3Bal  Met Ille Ag Mt dy dy Ag 14.3
cry3Bbl  Met Asn  Pro Asn Asn Arg Ser 42.9
cry3Gal  Met Asn Pro Asn Asn Arg Ser 42.9
crydfal  Met Asn Pro Tyr dn Asn Lys 42.9
cry4Bal  Met Asn Ser dy Tyr Pro Leu 28.6
cry9fa?  Met Asn dn Asn Lys Hs dy 42.9
crylOAal  Met Asn Pro Tyr dn Asn Lys 42.9
cryllAal  Met AQu Asp Ser Ser Leu Asp 14.3
cytlAal  Met du Asn Leu Asn Hs (s 14.3
Bt 185-1 CytA
, CytA PCR pri ner Bt subsp.
norrisoni PG 14 , PR
CytA PR Bt subsp. norrisoni PG 14
270 bp DNA , Bt 185-1
PCR (Fig 8).
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Fig. 8. cytA gene detection using cytA-pronoter region
specific PCR priner in plasmd DNA of Bt 1851 M ADNA
digested with Hndlll; 1, Bt subsp. norrisoni PG14; 2, B

185- 1.
Ragni
(1996) . Bt subsp. norrisoni PG14 Bt
185-1 , Bradford
Bt 185-1

, B

subsp. norrisoni PG 14 HD (henol yti c dose)so
249 | , HDo 7.33 / (Tabl e 6).

Table 6. The henol ytic dose of Bt 185-1 and subsp. norrisoni

PG 14 against m k- cow eryt hor cyt es
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Bt HDso

) Sl ope
strain ( / , Range)
185-1 ND -
subsp. 2.49
_ _ 0.873
norrisoni PG 14 (2.1-2.89)

"ND: Not det ermi ned.

Bt 185-1

185-1

(Table 7).
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Table 7. (Conparative toxicity of Bt 185-1 against

| epi dopt eran and di pteran insect |arvae

I nsect tested Toxicity

Lepi doptera
Bormbyx nor i
Plutella xylostella -

Lymantri a di spar -

Di ptera
Cul ex pipiens pallens +++
Anophel es si nensi s +++
+++ ; highly effective, over 90% nortality, - ; not

effective, 0-25%nortality

, Bt 185-1 Bt
subsp. norrisoni PG 14 LDso
29.40 ng/ 10. 84 ng/ Bt 185-1 3
, LDso 9.85 ng/

7.46 ng/ (Table 8).
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Table 8. The nedian |lethal concentration (LGo) of Bt 185-1
and subsp. norrisoni PG 14 against third instar larva of A

sinensis and C pipiens pal |l ens

A sinensis C pipiens pallens
Bt
strain LG LG
' S ope ' S ope
(ng/m, Range) (ng/ M, Range)
9.85 29. 40
185-1 1.50 0.87
(1.22-29.15) (13.31-49.47)
subsp. 7.46 10. 84

o 0.99 0.94
norrisoni PG 14 (1.33-21.43) (4. 90- 18. 49)

B 185-1

Bt subsp. morrisoni PG 14

Bt subsp. morrisoni PG 14

Bt 185-1
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3) B 1851 B. subtilis gro pronoter

cryllhfa
Bt (sporul ation) Spolll-V
autol ysi s ,
(cry)
('sporul ati on
signal) ,
cryllha , B
subtilis gro ,
Bt 185-1

Bt subsp. kurstaki QyB
cryllha

Bt subsp. israelensis Bt subsp. norrisoni PG 14
cryllha Qy

(Thomas Hlar,

1983), Donovan (1988) 2 kb cryllha
cryllha
, Donovan  (1988) cryllha
PCR pri ner (Table 1), PR
, 2 kb PR (Fig. 9. PCR
Accl, EcoR, Pvull 1.1 kb 0.8
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kb,1.7 kb 0.2 kb, 1.0 kb 0.9 kb cryllha

(Fig. 10), pGenT pQ y4D
(Fg. 10).
Fleol
» i
coylida
G

M12 3 4 M

Fg. 9. Agarose electrophoresis of cryllAa gene PR product wth
various restriction enzynes.

M A DNA digested wth Hndlll; 1, cryllAa gene; 2, cryllhAa
gene digested with Accl; 3, cryllAa gene digested with EcoR ;
4, cryllAa gene digested with Pvull.
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ol

pCG3

erylida

I

%l
l Cloming in pGemT

Hea (%l
erylida
g pCry4D

—_

Amp"

Fig. 10. Schenetic diagramof pQy4D vector construction.

gro
(Fig 11), B subtilis DNA , Li Véng (1992)
gro PCR
pri ner , 230 bp 270 bp DNA
(Fg. 12). gro Apol
, 230 bp D\NA Aol :

pGenT pBSgro (Hg. 13).
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Jud

« B subtilis tolal DNA

] i
_IM‘:}[ Bs R 2ene I
et

(lormg in pliemT

Fig. 11. Schenetic diagramof pBSgro vector construction.
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Facl

R " .f.pnl
_iM| R e B, suhidlic wral TINA
s
A B
M M 1 M 12 M3 4M

R T ———
h 3

Fig. 12. Amlification (A and identification (B) of B
subtilis gro promoter using gro specific PCR priner and
restriction enzyne.

(A M A DNAdigested with HndlIl; M, kb | adder nol ecul ar
size marker; 1, PCR products in B. subtilis total DNA with
the two naj or PCR products (a, b)

(B M, kb ladder nol ecular size marker; M A DNA digested
with Hndlll; 1, a band; 2, a band digested with Apol; 3, b
band; 4, b band digested w th Apol
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EtoRl FroRl

F
GomT " er—T
— Ergre promoter ,.Jl

Fig. 13. Agarose electrophoresis (1.2% of pBSgro. M A DNA
digested wth Hndl1l; 1, pBSgro digested wth EcoR. The arrow
indicated B subtilis gro pronoter.

pBSro Sacl  Sacl | gro ,
pBl uescript K1 (+) pBLBSgr o (Fg 14).
gro cryllAa ,
pQy4D  Necol dal cryllha ,
pBLBSgr o pBLBSgr 04D . pBLBsrodD dal,
Kpnl, Sacl 5.3 kb DNA gro
cryllha (FHg. 15. B
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pHI3101 gro cryllAa ,

pBLBSro4dD Kpnl  Sacl gro cryllAa
, pHI3101 PHTBSgr 04D
(Fg 14). pHTBSgro4dD Puull 1.2 kb, 1.4
kb, 6.4 kb, Sacl , 9.0 kb , gro
cryllha (Fig. 16).

Fel v il

[

gl - Clal
—l-“mm pELESgro4D %
—
Bl + Kol
ﬁﬂ,nﬂl

aly = K
iy gro proendla H cryTifs

pHTBSgrodD

i | ——

FHg 14 <Shenetic diagram of pBLBSyrodD and pHIBSgro4D vector
constructi on.
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ial
Sacl Kl

“ - ' R FSarndDd
T ey P VAR L1

M 1T F A

Fig. 15. Agarose el ectrophoresis (0.8% of pBLBSgro4D.

M A DNAdigested wth Hndll1; 1, pB.BSgro4D digested with dal;
2, pBBSgrodD digested with Kpnl; 3, pBLBSyro4D digested wth
Sacl .
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Sael {vull Peull

[ i Peull
.I'Tl'_EFII' |IHII.'I1DI11l' fl}'}j.‘qﬂﬂmp }—
nHTESgrod])

Fig. 16. Agarose electrophoresis (1.0% of pHIBSgrodD. M A
DNA digested wth Hndlll; 1, pHBSrodD digested wth Sacl; 2,
pHBSyr 04D di gested with Pl | .

pHTBSgr 04D Bt 185-1 Qay
Bt subsp. kurstaki QyB 1
, 2 (Fig. 17).
Bt 185-1 gro cryllha
PCR pri ner 0.23 kb 2.0 kb
DN\A gro cryllha
(Fig. 18A),
ayB cryllha pri ner 2.0
kb DNA cryllha (Fg 18B.
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Fig. 17. Selection of transformed Bt 185-1 and subsp.
kurstaki QyB wth pHIBSgro4D. 1, B 185-1; 2, B 1851
transformed with pHIBSgrodD, 3, subsp. kurstaki QyB; 4,
subsp. kurstaki QyB transfornmed wth pHBSgr 04D
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— —

o

Fg. 18. cryllAa gene and gro pronoter detection using specific
PR priners in transformed B 185-1 (A and subsp. kurstaki QyB

(B.

(A M A DNAdigested wth Hndl11; 1, gro pronoter detection; 2,
cryllfa gene detection. (B) M 100 bp |adder nol ecular size
nmarker; 1, cryllAa gene detection in subsp. kurstaki QyB;
2, cryllAa gene detection in transformed subsp. kurstaki
QyB; 3, cryllAa gene

cryllha
) GYS , 30 , 37 , 45
30 SO PACE
QyllAa , 3
Bt 185-1 ,
30 120
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, 1 12%

, 5 19% ,
2 (Fg 19). 37
QyllAa 60
30 , 5 56. 4%
, 2
(Fig. 20). 45 37 QyllAa
60
37 5
71.1% 2
(Fg 21).
gro cryllha
cry
H 2 H
gro pronoter
Bt
B 185-1
QyllAa
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50
70
&0
Si
40
30
20
1

Mortalley(%a)

Hg 20
185-1 at 37

11

153-1

QyllhAa protein expression in transformed B

instar larvae (B).

Tr 1h

Tr 2h
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4)

0:5 50 7
(Table 9).

Table 9. Seven fermentation nedia (g/L) for the production of
Bt 185-1 crystal protein

Medi unf

I ngr edi ent
SW1 SW5 SW4 SwWw3 SWB2 SWil SWh0

Soybean cake 25 0 10 20 30 40 10

Wheat bran 25 50 40 30 20 10 40

’pH was adj usted to 7.0 with 2N NaCH bef ore aut ocl avi ng
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T CELm
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10E
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E B

=

i

s 1 o ) 11 23 1:4 x5 oot
ot 20|

Fig. 22. Spore productions of Bt 185-1 at 7 SWnedi a
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Bt 185-1 30 5
GYS SW
, 5 2:3 (Svie3
) 3.9x10° GFU GYS
8 (4.9%x10° CFU ) (Fg 22).
Sviz3 B 185-1 pH
spor ul ati on pH
pH 7 12
72
pH 7.5
pH (Fig 23).
3 = o A B e i
7.5
7
6.5
=8 6
55T
5 | | I | L | S |
] [ 12 24 48 72 %% 100
Culture Time (hr)

Fig. 23. Change in pH during gromh and sporulation of Bt

185-1 at SW23 nedi um
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spor e Se3 7

col ony spore
col ony , Spore 85
30 (FHg 24). 1 spor e
3 sporul ation
lysis spore . spore
10° CFUni 3 spore

—
=

T
—

'II + — Colony -

| f #—Spare

Log Scale
o Lh & -] 58 D
—

4
=

Days

Fig. 24. Gowh of viable cells and spores of Bt 185-1 at
SVi23 nedi um

SW23 spor e
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(Table 10). znSO - 7HQ FeSO

0.01% 0.001%

ZnS0 - 7THO
, FeO - 7HO
). ZnSO - 7THO 0. 001%
0. 001%
spore M2+
(SV23+F )
2.8

- 228 -
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Table 10. Effects of netal ions on sporul ation of Bt 185-1

ngr edi ent

Spor e

ZnSO - 7H0 FeSO - 7H0 MhSO - 5H0 Production

Medi um (CFU )
Sve3 3.9x10°
SV23+A 0.01 4.3x10°
SWe3+B 0.01 2.7x10°
SV23+C 0.01 0.01 3.2x10°
SW23+D 0. 001 4.5x10°
SW23+E 0. 001 7.3x10°
SV23+F 0. 001 - 0. 001 10. 9 x 10°
SW23+G 0. 001 0.001 0. 001 5.2 x10°
2: 3 SWe3 GYS
, nO - 7THO MO - 5HO (0.001%
5) Bt
Bt
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11).

Table 11. Several formulation types using Bt

(Tabl e

185-1 technical

powder
Techni cal . w
Pr oduct Carrier Sur f act ant
powder pr ot ect or
1 50% Wiite carbon 30% NX- 250L 10% Ti xol ex 10%
2 50% Wiite carbon 25% NX- 250L 10% Ti xol ex 15%
Wiite carbon 15% .
3 50% . NX- 250L 10% Ti xol ex 15%
Kaol i ne 10%
Wiite carbon 15% .
4 50% Kaol | 150 NX- 250L 10% Ti xol ex 10%
ol i ne ()
Wiite carbon  15% NX 250L 5% _
5 50% ) Ti xol ex 15%
Kaol i ne 10% NK- STP 5%
Wiite carbon 15% .
6 50% . NK- STP 10% Ti xol ex 15%
Kaol i ne 10%
Wiite carbon 15% .
7 50% . NK- SLS 10% Ti xol ex 15%
Kaol i ne 10%
50% Sucr ose 25% NK- 250L 10% Ti xol ex 15%
50% CaQQ 25% NK- SLS 10% Ti xol ex 15%
10 50% Na. SO 25% NK- SLS 10% Ti xol ex 15%
Bt 50%
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white carbon, kaoline, sucrose, NSO, CaQQ
, NX-250L, NK-SLS, NK-EPB
ti xol ex25

10

1 20 250 i
100 i 0.5 g

30
325 nech si eve
(Tabl e 12).

Tabl e 12. Physical characteristics of Bt 185-1 formul ations

Formul ation Wetting . . L
Suspensibility Partial size

type ability
1 + + PASS
2 ++ ++ PASS
3 +++ +++ PASS
4 ++ ++ PASS
5 + + ND
6 ++ ++ PASS
7 + + ND
8 + + ND
9 + + ND
10 + + ND

+++, excellent; ++ good; + acceptable.

*ND, not determ ned.

- 231 -



carbon kaoline 15% 10%
, kaoline whi te carbon
NX- 250L 10% ti xol ex

white

3 (white carbon 15% kaoline 10% Nx250L 10% ti xol ex

15%
185-1

- 232 -
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, 90%

, Rhabditida S ei nernenat i dae Neoapl ect ana

spp. Het er or habdi t i dae Heterorhabditis spp.
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1)
2 4 5
800g
300g 250g
(Gl leria nellonella) 10 25+ 2
7 , 7
Wite trap
250 tissue
cul ture contai ner 10+ 2

Lhi versity of
California Davis

2)
15x10 petri dish 1 (wattman #2)
5, 10, 20, 40, 80, 160 0.5 3,1
8 ,24 , 30
10
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1)

S. | ongi caudum

ethyl al cho

30 incubator

2)

(1) YSbroth ,
(2) YS broth (
(3) YSbroth

(4)

(5

(1) YS broth 100

100

filter paper

- 242 -

1
1.5

NA nedi a

30

t ube

30

petri dish

0.5

pl eating

95%



(2-3 )

(2) PDA

(3) Test-tube

(4)
900 /0.5

3)

)
) 1/2

) 12
) YS broth

(30 )
9 Test -t ube
1 30
25 1300r pm shaker
1, 700 /0.5
3
1:2
0.02
YS broth 100
30
YS broth
NA bacteria
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, 1 1 shaker
19 1, 000
2-3
, 3500g 10
3
1, 100 1
2 S. longi caudum
4) S. longi caudum
NBTA, MaConkey
Agar
9 ;
(Table 1).
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Tabl e 1.

Media A 8.8% Peptone 1.2% Agar 0.2% wth buffer
Medi a B 8.8% Peptone 1.2% Agar 0.2% wth buffer
Media C 8.8% Peptone 1.2% Agar 0.2% wth buffer
Media D 8.8% Peptone 1.2% Agar 0.2% wth buffer
Medi a 50% 30% 5%Lard 15%
Medi a 87.8% 12. 2%

Medi a 26. 66% 26. 66% 26. 66%Lard 20%
Medi a 30% 40% Pepton 1.2%lard 28. 8%

Medi a 30% 40% Lard 30%

* buffer(Ssrensen phosphate buffer : 33nM KHPQ : 33nM
Ne:HPO =7 : 3 pH6.5)

Mdia A B C D petri dish

, Mdia , , , 250
29
Ys broth 2
19 1, 000

2 3 35009 10

3
1x10°

25 . 3
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5) (YS broth) S. longi caudum

100 30 YS broth
NA bacteria 1
10
1 1 shaker
19 1,000
2 3 35009 10
3
1, 100
2 ,3 ,4
6) col ony
30 NA bacteria
1 nidde NA col ony
bacteria 5 , 20 , 25 , 30

7) S |longi caudum

Bacteria
100 30 YS broth
NA bacteria 1
5.2 x 10" 1 D sposabl e
syringe-1 0.05
10 3 ;
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8) S. longi caudum

87x15 petri dish 1 (wattman #2)
petri dish 10
YS broth

S. | ongi caudum

0, 5 10, 20, 40, 80, 160 1
25 . 3
2.
1)

St ei ner nena
| ongi caudum Heterorhabditis
sp. , Heterorhabditi s
sp. , St ei nernema sp.

2)
St ei nernena | ongi caudum strain
20
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160 , 24 3

0 (Fig. 1).
120 4 T i
v 13°¢
| LT
100 1 =ac [ R R [
. 3 C
a0 )
%‘
& 1 |
=
&
40 | |
5 10 15 20 25 a0

Concantration (ljs/lana)
depending on varous lemparalures,

Fig. 1. Pathogenicity of entonppathogenic nenatode,

St ei nernena | ongi cauol um dependi ng on vari ous tenpreature

24

1-3 2-3
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Tabl e 2. S. longi caudum

Goncentration (1js/larva)

Tenper at ure

( ) 5 10 15 20 25 30
FT FT FT FT FT FT
13 8 5 67 94 67 64 75
18 55 58 62 65 58 77
24 2 3 37 23 23 23 27
30 13 33 18 13 1311 2
'First day of death, “Total lethal period.
S. | ongi caudum 13
18 15 35
, 24 5 18
, 30 3 10 24
(Table 2).
24 1
8 30 40 160
, 24 40 160 20
2
4 , 20
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(Fig 2, Table 3). ,

OO0 T
B 13 °C _
. 15 C |
60000 - 1 24 "
[ TR
E ]GD G
40000
z ;
F 30000 )
20000 |
10000 - |
o ol n_ LALRNAN
5 10 20 40 &0 160

Concanlration | ljs/lanal

Fig. Yields ol entomopathoganic nematods, Sleimernems longicaudun
with diffarent concentration according to vanous lamperaturas.

Fig. 2 Yelds of entonopathogenic nematode, St einernena
| ongi caudum with different concentration according to various
t enper at ure
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Tabl e 3.

S. longi caudum

Goncentration (1js/larva)

Tenper at ure

10 15 20 25 30
«C )
F T FT F T F T F T F T
13 - - - - - - - - - - - -
18 5 5 5 8 6 2 6 5 5 8 7 7
24 8 13 7 14 6 19 8 18 9 12 6 19
30 5 6 6 6 5 4 4 7 5 7 44 6
"First day of harvest, “Total period of harvest.
Tabl e 4.
ode ncentration Nunfer of talit
Nenat nortal i
Tr eat nent . of neant odes y
speci es . (%
bact eri a(cfu) propagat ed
YS broth S longicaudum 6.7 x10° 2250 100
YSbroth  bacteria 1.3x10° 2430 100
YSbroth  bacteria 11x10 6290 100
YSbroth  sponge 6.6x 10" 2190 100
YSbroth S g aseri 970 100
YSbroth  bacteria 1010 100
YSbroth  sponge 950 0
sponge 0 0
Sponge 0 0
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YS broth

bacteri a (Table 4).
) 1, 700 6290 4
, 100%
Tabl e 5.
Bacteria Nunter of nenat ode
Tr eat nent der5|t¥(O:L) xlql - JE -
Bacteria Bacteria Bacteria Bacteria
27.4 3.0 0 0
12.7 23.0 0 0
12
YS broth 197 14.9 1, 600 1,980
12
16.3 2.4 0 0
YS broth
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YS

| ongi caudum bacteria
27.4x 10"
2 12.7% 10", YS broth
1.97 x 10*°, 12
broth 16.3x 10" :
YS broth
(Table 5).
Tabl e 6. S longi caudum
Nunber of nemat odes propagat ed
2 weeks 3 weeks 4 weeks
Media A 0
Media B 0
Media C 0
Media D 0
Medi a 450, 000
Medi a 275, 000
Medi a 486, 700
Medi a 385, 000
Medi a 266, 000
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S. | ongi caudum

Mdia A B C D ,
Mdia , , 450, 000, 275, 000, 486, 700, 385, 000,
266, 000 4.5 , 28 , 49 , 3.9 2.7

Mdia A B G D

(Tabl e 6).

Table 7. (YS broth)

S | ongi caudum

Bacteria Concentration

Nunber of nemat odes propagat ed

type (1js/30 )

2 week 3 week 4 week
Bacteria
1,100 2950 2600 2750
Bacteria
1,100 4880 3650 3290
YS broth S |ongi caudum
1,100 2, 3 4
bacteria 2 2950
, 3 2600 , 4 2750
2 bacteria
2 4880 , 3 3650 , 4 3290
bacteri a
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Table 8. S | ongi caudum

(Table 7).

col ony ()
Bacteria Tenperature( )
type 15 20 25 30
Bacteria 0. 625 1.7 3.0 4.9
Bacteria 0. 275 1.9 2.35 2.8
S. longi caudum col ony
bacteria 15 0.625
20 1.7 , 25 3.0 , 30 4.9
col ony bacteria
(Table 8).
col ony 25 30
25
30 S. | ongi caudum Bacteria
1 10% 23.3% 2 10% 26.7% 4
13.3% 36.7% 8 16.7% 36.7% 16 33.3%
53.3% 24 100% 100% 24
Bacteria 100%

(Fig. 3).
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Table 9. (YS broth)
S. longi caudum

Propagation tine

@n.
2 weeks 3 weeks 4 weeks
(ljs/larva)

G P. G P. G P.
nel lonella brassicae nellonella brassicae nellonella brassi cae

0 0 0 0 - 0 -

5 100 100 100 - 100 -

10 100 100 100 - 100 -

20 100 100 100 - 100 -

40 100 100 100 - 100 -

80 100 100 100 - 100 -

160 100 100 100 - 100 -
(YS broth) S.

| ongi caudum
100%

(Table 9).
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