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SUMMARY

1. Title

Development of Mushroom Fly Control Agents derived Plants with

Low and Selective Toxicity

II. Purpose and background of research

Mushrooms have been consuming for health foods and herbs for a long
time, and, nowadays, its consumption is rapidly increasing due to the large
income and the improvement of dietary life. Therefore, the growing area of
mushrooms is also expanding, and it became an important source of income.
However, there are lot of pest problems causing serious damages on the
mushroom as other crops. It is known that the pests in the mushroom culture
are mainly caused by mites such as Rhizoglyphis spp., and Histiostoma spp.,
and mushroom flies such as Lycoriella sp., Coboldia sp., and Mycophilla sp.
(Kim 1990, Kim and Hwang 1996, Kim et al. 1999). Among these pests,
mushroom flies cause severe damage to mushroom. Larvae feed on the
mycelium and fruit body of mushrooms, and adult flies may transport
organisms such as nematodes, mites, and mold spores (Clancy 1981, Clift
1979, Wetzel 1981). Especially, Lycoriella mali Fitch (Diptera: Sciaridae) is the
most abundant mushroom pest, occurring throughout the year in most regions
of Korea. This species is distributed in North America, Europe, and Asia (Lee
et al. 1999). Coboldia fuscipes Meigen (Diptera: Scatopsidae) is another major
pest of oyster mushrooms in Korea (Kim et al. 1999). It has been reported

that L. mali is responsible for approximately 20% mushroom loss annually
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(Cantwell and Cantelo 1984).

For the control of mushroom flies, synthetic insecticides have been used
for several decades. Methoprene and diflubenzuron are used for the control of
L. mali larvae. Permethrin is the most widely used adulticide. Dichlorvos was
used for control of larvae and adult flies. Although effective, synthetic
pesticide for control of mushroom flies are limited by adversal effects such as
disrupting natural biological control systems (DeBach and Rosen, 1991),
development of resistance (Brewer and Keil, 1989; Bartlett and Clifford, 1997),
residue and environmental and human health concerns (Brown, 1978; Hayes
and Laws, 1991). These problems have highlighted the need for the
development of new strategies for selective control of insect pests.

Permethrin was introduced into mushroom agriculture to control L. mali
1981. Now, diflubenzuron and cyrimazine was registrated for control
mushroom flies in Korea (Guideline of Pesticide, 2004). The other pesticides,
benfuracarb, fenthion, and furathiocarb were suggested as adulticide and
larvicide against L. mali (Kim et al., 2001).

As biological control agents, Bacillus thuringiensis, isolated from a soil
sample of dead mushroom fly in mushroom houses had been reported. Moon
et al. (2002) was reported that B. thuringiensis subsp. israelensis wettable
powder made of beans and cabbage powder had 86.4% mortality against L.
mali. And B. thuringiensis 656-3 showed a high level of toxicity against
mushroom flies, L. mali and C. fuscipes (Choi et al., 2004). The LCs values
of B. thuringiensis 656-3 were 73.6 ng mL ! against C. fuscipes and 257.4 ng
mL ! against L. malii after 24 h, respectively.

The other biological control agent was entomopathogenic Nematodes. In
Korea, the Potential of two entomopathogenic nematodes, Steinernem
carpocapsae Pocheon strain and Heterorhabditis bacteriophora Hamyang

strain was evaluated against L. mali in laboratory and field (Kim et dal.,
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2001). Mortality of L. mali was significantly against different according to
nematode species, concentration, temperature, and developmental stage of L.
mali. The Highest mortality was shown in adult female representing 74.0% at
20C and 80.0% at 25C. L. mali female adult was influenced by S.
carpocapsae in oviposition. The number of eggs by L. mali female infected
by nematodes was much lower than uninfected females. When S. carpocapsae
was applied at the rate of 2.25 x 10° and 4.5 x 10° infective juveniles 1.5 m >

in the mushroom house, mortalities were 42.2% and 81.6%, respectively.

M. Contents and bounds of research and development

Larvicidal activities of the methanol extracts from 60 oriental medicinal

plant species and 100 essential oils were assessed against L. mali and C
fuscipes.
The larvicidal activities of materials identified from the whole plant of wild
ginger, Asarum sieboldii Miquel (Family Aristolochiaceae), against two major
dipteran pest insects Lycoriella mali Fitch (Diptera: Sciaridae) and Coboldia
fuscipes Meigen (Diptera: Scatopsidae), were examined using direct contact
and fumigant bioassay, respectively. At 0.07 mg cmfz, the methanol extract
exhibited 100 % larvicidal activity against 3rd instar larvae of L. mali and C.
fuscipes.

Because of good larvicidal activity of methanol extract from the wild
ginger against two dipteran pest insects, the extract was sequentially
partitioned into hexane, chloroform, ethyl acetate, and water fractions. Among
the solvent fractions, hexane and chloroform fractions exhibited good larvicidal
activity against L. mali and C. fuscipes. Purification of the biologicially active
constituents from the hexane fraction was done wusing silica gel

chromatography and high-performance liquid chromatography. The larvicidal
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constituents of the wild ginger were characterized as 3 terpenoid
methyl-eugenol, myristicin, and safrole by gaschromatography-mass
spectrophotometal analysis. And then these compounds was double-checked
by co-injection in GC system.

The toxicity of the A. sieboldii whole plant-derived constituents against
3rd instar larvae of L. mali and C. fuscipes was examined by direct contact
and fumigant bioassay. Responses varied with compound and dipteran pests.
At a dose of 05 mg cmfg, the larvicidal activities of A. sieboldii whole
plant-derived compounds caused 100% mortality against two dipteran pests.
In a test with L. mali 3rd instar larvae, methyl eugenol (LDsy, 1.46 g cm %)
and safrole (LDsy, 2.03 g cm %) ware much more toxic than myristicin (LDso,
359 ¢ cm %). These toxicity was lower than synthetic insecticides,
organophosphate DDVP (LDsy, 0.10 g cm ?) and carbamate benfuracarb (LDso,
075 ¢ cm %), Also toxicity test against C. fuscipes 3rd instar larvae, LDsy of
methyl eugenol, safrole, and muyristicin were 2.33, 496 and 259 g cmfz,
respectively.

In vapor phase toxicity bioassay with L. mali larvae, methyl-eugenol,
myristin, safrole and DDVP were more effective in closed container than in
open ones, indicating that effect of the monoterpenoids were largely due to
action in the vapor phase. But benfuracarb has same motality in uncontact
conditions, so direct contact fumigant method was very useful to indicatied
both direct toxicity and fumigant toxicity.

In conclusion, A. sieboldii whole plant-derived materials merit further
study as potential insect-control agents or as lead compounds against larvae
of L. mali and C. fuscipes.

Finally, active constituent tested acute toxicity with earthworm in soil

and we are made prototype medel.
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IV. Results and suggestions of application of research and

development

1. Results of study

When the lethal activity of 60 plant extracts and 100 essential oils were
bioassayed by the direct contact bioassay, significant differences were
observed in toxicity to C. fuscipes larvae. Responses was dependent on plant
species tested. After 24 h of exposure, 100% mortality at 0.14 mg cm 2 was
produced from seven plant extracts: Asarum sieboldii (Aristolochiaceae),
Cacalia roborowskii (Magnoliaceae), FEugenia cariophillata (Myrtaceae),
Illicium vernum (Magnoliaceae), Leonurus sibiricus (Lamiaceae), Poria cocos
(Ployporaceae), and Rehmannia glutinosa (Scrophulariaceae). Eleven plant
extracts such as Chelidonium majus (Papaveraceae), Chrysanthemum
zawadskii  (Asteraceae), Dianthus  sinensis  (Caryophyllaceae),  Galli
stomachichum (Phasianidae), Gossyypium indicum (Malvaceae), Hordum
sativum  (Poaceae), Morus alba (Moraceae), Polygomum  aviculare
(Polygonaceae), Pueraria thunbergiana (Fabaceae), Raphanus sativus
(Brassicaceae), and Schizandra chinensis (Magnoliaceae) showed >80%
mortality. Little or no lethal activity was observed with the other 24 plant
extracts. Mortality in the untreated controls was below 6%.

Toxic effects in the direct contact bioassay of the test extracts against
L. mali larvae are recorded. Responses varied according to plant species.
After 24 hr of exposure, 100% mortality at 0.07 mg cm “was observed with
seven plant extracts: A. sieboldii, Canthopanax roborowskii (Araliaceae), C.
sessiliflorus, Carthamus tinctorius (Asteraceae), E. carrophillata, 1. vernum,
and L. sibiricus. At same dose, >80% mortality was obtained from Citrus
spp. (Rutaceae), FEquisetum hyemale (Equisetaceae), Pinus densiflora

(Pinaceae), Polygalaceae tenuifolia (Polygalaceae), R. glutinosa, and S.



chinernsis.

Fractions obtained from the methanol extract of A. Sieboldii whole plant

were bioassayed by direct contact. Significant differences in toxicity in
fractions of the extract were observed, and used to identify peak activity
fractions for the meet step in the purification. The hexane and chloroform
fractions showed potent lethal activity against L. mali larvae at 0.02 mg cm 2
The larvicidal activity of the chloroform fraction was significantly low at 0.04
mg cm -
Through our analysis protocols, differences in quantitative and qualitative
composition were observed H11 fraction by comparison of mass spectral data
and retention times of authentic aompounds. The HI1 fraction was mainly
composed n-pentadecace (61.3 %). B-pinene, B-myrcene, cymene,
DL-limonene, 1,8-cineole, camphor, a-terpenyl acetate, B—caryophyllene, and a
—cedrol. The HI12 fraction was mainly compared of safrole (60.2 %). The HI13
fraction was composed of eucarvone (372 %), safrole (125 %), and
myrisiticin (12.9 %). The H14 fraction was composed of eucarvone (45.0 %)
and muyrisiticin (259 %). The H2 fraction was composed of methyl-eugenol
(677 %) and (Z)-asarone (20.8 %). The H3 fraction was composed of
methyl-Eugenol (39.3 %) and (Z)-asarone (45.6 %).

The toxicity of methyl-eugenol, myristicin, and safrole to C fusciges
was compared with those of benfuracarb and dichlorvos. Potencies wvaried
according to compound. On the basis of LDsy values, methyl-eugenol and
myristicin were more effective than safrole against larvae. The larvicidal
activity of methyl-eugenol was compared to that of myristicin. All test
compounds were less effective than either benfuracarb or dichlorvos.

Harmful effect of mushroom was tested using agar plate. as a result A
sieboldii methanol extract did not harmful effect until 2 mg/plate.

In conclusion, A. sieboldii whole plant-derived materials merit further
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study as potential insect-control agents or as lead compounds against larvae

of L. mali and C. fuscipes.

2. Suggestion of application

A. Synthetic pesticide for control of mushroom flies are limited by
adversal effects such as disrupting natural biological control systems (DeBach
and Rosen, 1991), development of resistance (Brewer and Keil, 1989; Bartlett
and Clifford, 1997), residue and environmental and human health concerns
(Brown, 1978, Hayes and Laws, 1991). These problems have highlighted the
need for the development of new strategies for selective control of insect
pests.

Plants may provide potential alternatives to currently used
insect-control agents because they constitute a rich source of bioactive
chemicals (Wink, 1993). Many of them are large free from harmful adverse
effects (Hedin et al., 1997), often biodegrade to nontoxic products, and have
little or no harmful effects on non-target organisms or the environment (Dev
and Koul, 1997). Much effort has, therefore, been focused on plant—derived
materials as potential sources of commercial insect-control agents or as lead
compounds (Jacobson and Crosby, 1971; 1977;et al., 1989; Isman, 1995; Hedin
et al., 1997).

B. Certain plant extracts have potential as the L. mali and C. fuscipes
control agents because they are widely available, relatively inexpensive,
relatively nontoxic to mammals, and non-persistent in the environment
possess, but toxic to mites through contact and/or fumigant actions. These
properties of the plant extracts can lead to the development of appropriate
types of formulations applying to a variety of the mushroom houses. Certain

plant extracts are found as human toxicity. Novel safer and more effective

17



plant-based L. mali and C. fuscipes control agents can enhance the possibility

of commercial success in the near future.

C. Plant extracts and essential oils have potential as mushroom house
pest control agents because some are selective to certain pests, often
biodegrade to nontoxic products, and have little or no harmful effects on
non-target organisms or the environment (Isman, 2000, 2001). They have
low toxicity to warm-blooded animals, high volatility, and toxicity to
stored—-grain insect pests (Regnault-Roger et al., 1993; Shaaya et al, 1991,
1997)

Natural products are the most consistently successful source of
insecticide and insecticide lead compounds. therefore natural products can

expect agents of protection of foreign pest and disease in quarantine.
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Agate] A om= W wfAEA S dhv(Rinker 5, 1989), A4 o=
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Table 1. Oriental medicines tested

Sample Scientific name Family name Part Yield
b Pueraria thunbergiana Benth 3 Leguminosae ~ Ro 81
= Chrysanthemum indicum L. = 3} 3} Compositae Fb 316
s Phellodendron amurense Ruprecht £33} Rutaceae Fb -
AWNF  Galli stomachichum Corium e Phasianidae - 15
224 lg/[ear)l(tiana scabra var. buergeri (Miq.) o) Gentianaceae Ro -
Wl %] ﬁf;g}félrcaF -dahurlca (Fisch.) Benth. et A48 3} Umbelliferae Ro -
] Dianthus sinensis L. e Caryophyllaceae Wp 7.6
&5 Coix lachryma-jobi var. mayun H 37} Gramineae Fr -
. Chrysanthemum zawadskii var. . .
d BU
TEE latilobum kitamura = skt Compositae Fb 126
=3 Citrus unshiu Markovich &} Rutaceae B 334
WE2t Raphanus sativus A A5} 2} Cruciferae Se 75
X érce()c%fsm pseudo-laeve Var- pgglobu) g Ranunculaceae B -
e Zizyphus jujuba var. inermis Rehder Z7]U%-3+  Rhamnaceae F 461
Hp 3z S@gziosschhr;{z.kovla divaricata (Turcz.) A4e 3 Umbelliferae Ro -
=g Radix Araliae continentalis Fa U Araliaceae Ro -
W3tz Gossypium indicum Lam. o} £-3} Malvaceae Se 1.7
Hordum sativum Jess. var. .
i bl
= hexaastichon Hack B Gramineae Se 43
7] Stephania tetrandra S. Moore 7] 3} Menispermaceae Ro
W= Chelidonium majus L. ok v 3} Papaveraceae ~ Wp 8.8
Imperata cylindrica (L.) P. Beauv. :
1] bl
BET Var major (Nees) C. E. Hubb B Gramineae Rh 290
Wi White Poria cocos FHAolu A3} Ployporaceae  Fg 35
SRR Phellodendron amurense Rupr. SR Rutaceae En
WA Zizyphus jujuba var. inermis Rehder Zoiu-5-3}  Rhamnaceae Se 174
AHA] Morus alba L. S Moraceae Wp 59
A Codonopsis lanceolata z25%3 Campanulaceae Ro -
M2 Cuscuta japonica Chois. & Convolvulaceae Se 2.9
AR Rehmannia glutinosa Ak} Scrophulariaceae Ro 16.7
A5 Rhynchosia Nolubilis T Leguminosae Se -
&3l&  pinus densiflora 23 Pinacea Po 12.19
A& Bupleurum falcatum Ahe 3} Umbelliferae Wp 216
A Equisetum hyemale L. &4 2 Equisetaceae =~ Wp 14
siarw  (Citrus unshiu - Citrus sinensi) - o s
@ehd Citrus reticulat 3% W% R Rutacea Fr 566
3} 9] Prunus serotina g 7} Rosaceae B -
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(Continued)

Sample Scientific name Family name Part Yield
wk At Codonopsis pilosula (Fr.) Nannf *%%3} Campanulaceae  Wp -
k% Polygonum multiflorum vjt] 3} Polygonaceae St 33
A Ganoderma lucidum Bz Ganodermataceae Wb -

Canthopanax sessiliflorus (Rupr.
(el P f P e Araliaceae B 53
et Max.) Seem.

Schizandra  chinensis  (Turcz.)

S.m| 2} . =3 Magnoliaceae Frt 381
Baill.
%3} Carthamus tinctorius L. = 5} 2} Compositae Fb 198
&2%  Phaenosperma globosa Munro. 3} Gramineae Wp 104
A7 Polygala tenuifolia Willd. A=A 3} Polygalaceae Ro 213
A" Clematis mandshurica HuyglolAul g Ranunculaceae  Ro 121
o293 Akebia quinata o293 Lardizabalaceae Rh 59
std % Eclipta prostrata L. = 5} 3} Compositae Wp 44
2%  Leonurus sibiricus L. 3 Labiatae Wp 69
A7 Oryza sativa L 1 7} Gramineae Se 214
Peucedanum praeruptorum
A5 Dunn, Peucedanum decursivum UH2lo}AH] 3 Ranunculaceae  Ro 7.4
(Miq.) Maxim
Phyllostachys nigra (Lodd.)
=9 Munro var. henonis (Mitf.) Stapf ® 3} Gramineae Rh 43
ex Rendle
X% Vitis vinifera L. x=3 Vitaceae Ro -
HE Polygonum aviculare L. nhT] &Y Polygonaceae Wp 4.0
EE28  Smilax glabra Roxb. W ok, Liliaceae Rh 87
MAE Acorus gramineus Soland. A Araceae Rh 95
A3k Eugenia carrophillata Thunb. LS Myrtaceae Fb 378
el&  llicium vernum Hook. Fil 3 Magnoliaceae Fr 261
22138 Cacalia. roborowskii L Magnoliaceae R 275
2=y Allium scorodoprasm L. 3} 3} Liliaceae F 101
e Capsicum annuum L. 7HA] 2 Solanaceae F 48
A Al Asiasarum sieboldii ALY E7  Aristolochiaceae Wp 5.0

B, branch; Fg, fungi; , Fb, flower bud; Fr, fruit; L, leaf; Li, lignin; Rb, root bark; Rh,

rhizome; Ro, root; Se seed; St, stem; Wp, whole plant; and Wb, Whole body
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Table 2. Plant Essential Oils tested

QOil Scientific name Family Part
Thyme White Thymus vulgaris Labiatae L
Cade Juniperus oxycedrus Cupressaceae W
Cardamone ceylon Elettaria cardamomum Zingiberaceae F
Juniperberry Juniperus communis Cupressaceae B
Caraway Seed Carum carvi Umbelliferae Se
Tagetes Tagettes glandulifera Compositae L
Chamomile Roman  Anthemis nobilis Compositae Fl
Sage Salvia officinalis Labiatae L
Patchouly Pogostemon patchouli Labiatae L
Bergamot Citrus bergamia Rutacaea P
Geranium Pelargonium graveolens Geraniaceae Fl1
Lime Dis 5 Fold Citrus aurantifolia Rutaceae P
Grapefruits Citrus paradisi Rutaceae P
Clary Sage Salvia sclerea Labiatae F
Bay Pimento racemosa Myrtaceae L
Peppermint Mentha piperita Labiatae F
Oregano Origanum vulgare Labiatae L
Myrtle Myrtus communis Myrtaceae L
Clove Leaf FEugenia caryophyllata Oleaceae L
Eucalyptus Fucalyptus globulus Myrtaceae L
Ylang Ylang Canaa odorata Annonaceae FI
Rosewood Aniba rosaeodora Lauraceae W
Tangerine Citrus reticulata Rutaceae Fl
Tea Tree Melaleuca tenifolia Myrtaceae L
Cedarwood Cedus atlantica Cupressaceae A
Lemon Eualyptus Fucalyptus citriodora Myrtaceae L
Wormwood Artemesia absinthium Compositae W
Frankincense Boswellia carterii Burseraceae Re
Rosemary Rosmarinus officinalis Labiatae Fl
Black Pepper Piper nigrum Piperaceae F
Palmarosa Cymbopogon martini Gramineae G
Petitgrain Citrus aurantium Rutaceae L
Tyme Red Thymus vulgaris Labiatae L
Mandarin Citrus reticulata Rutaceae P
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(Continued)

Oil Scientific name Family Part
Fir Needle Abies alba Pinaceae C
Marjoram Thymus masticina Labiatae L
Lemon Grass Cymbopogon citratus Gramineae L
Pennylroyal Mentha pulegium Labiatae L
Vetiver Haiti Vetivera zizanoides Gramineae G
Lemon 10 Fold Citrus limonum Rutaceae P
Spearmint Mentha spicata Labiatae F
Clove Bud FEugenia caryophyllata Oleaceae B
) Capsicum annuum var.
Pimento Berry Solanaceae F
angulosum
Ginger Zinger officinalis Zingiberaceae R
Nutmeg Myristica fragrans Myristicaceae F
Lanvender Lavendula hybrida Labiatae Fl
Bitter Orange Citrus aurantium Rutaceae P
Orange Citrus sinensis Rutaceae P
Chypress Cupressus sempervirens Cupressaceae T
Sandalwood Santalum album Santalaceae W
Basil Ocimum basilicum Labiatae Fl
) Prunus amygdalus / Prunus
Almond Oil Sweet . Rosaceae
communis
Angelica Root Angelica archangelica L. Umbelliferae R
Armoise Artemesia vulgaris Compositae
Amyris Amyris balsamifera L. Rutaceae W
Aniseed Pimpinella anisum L. Umbelliferae Se
Barosma betulina Bartl. et
Buchu Leaf Wendl., B. crenulata(L.) Hook. Rutaceae L
or B. serratifolia Willd.

Dillweed Anethum graveolens Umbelliferae We
Calamus Acorus calamus Araceae Rh
Cananga odorata Hook. f. and
Cananga Annonaceae Fl

Thoms.
Carrot Seed Daucus carota L. Umbelliferae Se
Cascarilla Bark Croton eluteria Benn. Euphorbiaceae P
Cedarleaf Thuja plicata Cupressaceae L
Cedarwood Thuja orientalis Cupressaceae A\
Cedarwood Juniperus Mexicana Cupressaceae W
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(Continued)

Oil Scientific name Family Part
Cedarwood Juniperus virginiana Cupressaceae W
Celery Seed Apium graveolens Umbelliferae Se
Cinnamon Bark Cinnamomum zeylancium Lauraceae P
Coriander Herb Coriandrum sativum Umbelliferae Se
Davana Artemisia pallens wall. Compositae F1
Galbanum Ferula galbaniflua Apiaceae Re
Guaiacwood Bulnesia samienti Zygophyllaceae @~ W
Helichrysum Helichrysum italicum Compositae Fl
Howood Cinnamomum camphora Lauraceae
Hyssop Hyssopus dfficinalis Lamiaceae LB
Lavandin Grosso Lavandula angustifolia Labiatae L
Litsea Cubeba Litsea cubeba Lauraceae F
Lovage Root Levisticum officinale Apiaceae R
Melissa Melissa offcinalis Lamiaceae B
Myrrh Commiphora myrrha Burseraceae R
Neroli Citrus aurantium Rutaceae Fl
Niaouli Melaleuca quinquenervia Myrtaceae L
Origanum Origanum syriacum Labiatae L
Parsley Herb Petroselinum sativum Umbelliferae L
Parsley Seed Petroselinum sativum Umbelliferae Se
Mace Myrisica frangrans Annonaceae H
Pine Needle Pinus sylvestris Pinaceae L
Rose Rosa damascena Rosaceae Fl
Sassafras Sassafras officinale Lauraceae R
Savory Satureja montana Lamiaceae L
Tarragon Artemisia dracunculus Compositae L
Valerian Valeriana officinalis Valerianaceae Rh
Wintergreen Gaultheria procumbens Ericaceae L
Coriander Coriandrum sativum Umbelliferae F
Citronella Java Cymbopogon nardus Gramineae L
Yarrow Achillea Millefolium Compositae L

B, branch; Fg, fungi; , Fb, flower bud; Fr, fruit; L, leaf; Li, lignin; Rb, root bark; Rh,

rhizome; Ro, root; Se seed; St, stem; Wp, whole plant; and Wb, Whole body
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Figure 1. Insects tested.
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Figure 3. Vapor phase toxicity bioassay at open(A) and closed(B) container.
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Control Treatment

Figure 4. Method of MIC (minimum inhibition concentration).
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A 34d A+ A%

Table 3. Insecticidal activities of plant extracts against L. mali larvae, using

the direct contact bioassay, exposed to 0.14 and 0.07 mg cm

Mortality (%) MeaniSE

Oil 0.14 mg cm? 0.07 mg cm °
24 h 48 h 24 h 48 h

Thyme white 100 - 100 -
Cade oil 100 - 100 -
Cardamone ceylon 100 - 100 -
Juniperberry 100 - 100 -
Caraway seed 100 - 100 -
Tagettes oil 100 - 100 -
Chamomille roman 100 - 100 -
Coriander 100 - 100 -
Citronella java 100 - 100 -
Sage 100 - 100 -
Patchouli 100 - 100 -
Bergamot 100 - 100 -
Geranium 100 - 100 -
Lime dis 5F 100 - 100 -
Grapefruits 100 - 100 -
Clary sage 100 - 100 -
Bay 100 - 100 -
Peppermint 100 - 100 -
Oregano 100 - 100 -
Myrtle 100 - 100 -
Control 0 0 0
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A EA S NedmAlTe] FFol i HFEdS F 49 5ol vER
Atk 53] A2 (Asiasarum  sieboldii), 7} (Cacalia. roborowskii), Tt 3] 3k
(Foeniculum vulgare), A2H(Codonopsis lanceolata), <M (Equisetum hyemale),
e} B-(Citrus sp.), £342(Pinus densiflora), 223 (Canthopanax sessiliflorus),

QWA (Schizandra chinensis)s oA 80% ]9 EH& A=a4S YAt

Table 4. Larvicidal activities of plant extracts against L. mali, using the

direct contact bioassay, exposed to 0.18 and 0.35 mg cm

Mortality (%) MeanzSE

Material 0.35 mg cm” 0.18 mg cm™”
24 h 24 h
E. hyemale 93+2.5 95+2.5
E. carrophillata 100 -
A. gramineus 10 15£2.9
A. quinata 28+2.5 30+0.0
A. scorodoprasm 23125 30£0.0
A.sieboldii 100 -
B. falcatum 0 10£0.0
C. roborowskii 100 -
C. sessiliflorus 100 -
C. tinctorius 100 -
C. majus 0
C. zawadskii 0 1825
C. indicum
Citrus spp. 85+2.9 93£2.5
C. mandshurica 10+0.0 15+2.9
C. unshiu 0 10+0.0
C. japonica
D. sinensis 10+0.0 20+0.0
FE. prostrata
G. stomachichum 10+0.0 1825
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Table 5. Larvicidal activities of orient medical plant extracts against L. mali,

using the direct contact bioassay, exposed to 0.07 mg cm ?

Mortality (%) MeantSE

Material 24 h 48 h
G. indicum 18+25 23+2.5
H. sativum 48+4.8 65+2.9
1L vernum 100 -
I cylindrica 0 0
L. sibiricus 100 -
M. alba 15+29 23+2.5
O. sativa 25%2.9 30+0.0
P. praeruptorum 30£0.0 30+0.0
P.globosa 0 10 £ 0.0
P. nigra 5+29 13 £ 25
P. densiflora 88+2.5 93 £ 25
P. tenuifolia 93+2.5 100
P. aviculare 20+0.0 30 £ 0.0
P. multiflorum 0 18 + 25
P. cocos 50+4.1 73 £ 25
P. thunbergiana 0 8 = 25
R. sativus 23+2.5 23 £ 25
R. glutinosa 98+£2.5 100
S. chinensis 88+2.5 9 £ 29
S. glabra 53+2.5 53 + 25
Z. jujuba 70+0.0 73 £ 25
Z. jujuba Seed 70+0.0 73 £ 25
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U g3 o] /5 g &584
e olgsto] A=A dypgzold W A2

S £ 69 YeEW ATt WA (Angelica dahurica), W 7)(Stephania tetrandra), ™

AE5= A=A
B2 (White Poria cocos), A3 (Rehmannia glutinosa) 5-& 0.14 mg cm > A
Yo 100%9 =& FAS B 2 (Pueraria thunbergiana Benth), 7l
Wa(Galli  stomachichum — Corium) 7% (Dianthus  sinensis), TA%
(Chrysanthemum zawadskii), YW&AH(Raphanus sativus), Y3 (Saposhnikovia
divaricata), =% (Radix Araliae continentalis), 32 Gossypium indicum), =
W (Hordum sativum), ™= 2 (Chelidonium majus), A (Morus alba), °Fil%
(Polygonum multiflorum) 5 L3 80%°]49 w& A% &S el &

ol AEE ABA wek oS ksl b

Table 6. Insecticidal activities of plant extracts against C. fuscipes larvae,

using the direct contact bioassay, exposed to 0.14 mg cm

Mortality (%) MeantSE

Test material n

24 h 48 h
P. thunbergiana 70 98+2.5 98+2.5
C. indicum 86 16£5.9 16+5.9
P. amurense 50 42+8.1 46£9.2
G. stomachichum 56 94+4.7 95+5.0
G. scabra 72 4£2.3 29+10.5
A. dahurica 83 100 -
D. sinensis 41 88+7.5 95+2.9
C. lachryma-jobi 62 11+£7.0 18+8.4
C. zawadskii 47 96+2.7 100
C. unshiu 50 45+1.4 65+13.8
R. sativus 73 96+1.4 97+1.6
A. pseudo-laeve 82 98+1.5 98+1.5
Z. jujuba 62 29+7.4 41+45
S. divaricata 54 91+£39 94+4.3
R. a continentalis 66 90+5.1 96+2.9
G. indicum 66 92+5.9 95+4.8
H. sativum 82 88+4.9 88+3.3
P. nigra 80 6+0.3 1515
E. carrophillata 71 100 -
1. vernum 82 100 -
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(Continued)

Test material

Mortality (%) MeantSE

24 h 48 h
S. tetrandra 64 100 -
C. majus 61 84+5.9 87+7.6
1. cylindrica 64 49+16.8 64+13.6
W. Poria 68 100 -
P. amurense 58 35+20.5 35+20.5
Z. jujuba 87 2£1.5 4£2.6
M. alba 59 87+7.0 87+8.0
C. lanceolata 74 68+16.4 68+16.4
C. japonica 71 0 0
R. glutinosa 68 100 -
R. Nolubilis 68 22+3.7 22+3.7
E. hyemale 55 13£10.5 36+22.8
Citrus spp. 61 19+4.9 39+6.5
P. densiflora 74 34+3.5 61+7.4
B. falcatum 64 16£1.6 13+£25
P. serotina 75 2£1.8 6+3.0
C. pilosula 61 9+3.5 80+7.7
P. multiflorum 62 89£6.5 83£10.5
G. lucidum 73 73+4.8 79+8.1
C. sessiliflorus 74 99£1.5 -
S. chinensis 77 10£4.6 12+£3.2
C. tinctorius 57 12£11.8 12+11.6
P. globosa 78 94+3.4 95£2.3
P. tenuifolia 65 10£6.4 29+5.6
C. mandshurica 66 18+3.3 21+2.8
A. quinata 75 0 16+£5.6
E. prostrata 73 100 -
L. sibiricus 87 5+3.3 24+7.2
L. oryzae 71 0+0.0 40+13.3
P. praeruptorum 71 4+1.4 15£5.6
P. nigra 78 4£4.3 12+£5.6
V. vinifera 69 3+14 18+1.4
P. aviculare 65 42+3.7 70+4.3
S. glabra 65 42+1.2 70+1.5
A. scorodoprasm 61 18+1.1 23+1.7
A. sieboldii 74 100 -
Control 30 1+1.0 3£1.5

54



<)

=

=

=

sto] 1 &

S

2ok A

=]

RLN

IS5

3 0.07 mg cm ol A

gos

3

=]
=

=

=

S

3]

9

E

=

A e 224

st At

©

=

3T

g 53

=

g4l

=

Ab
FEES AFduslaty #F3F0l

100%9] &45ddS Hetdeh. weba] ofdl

3l

3

7] 9% A7

5

=S |

g8 =4
€} 2

H Al gkelol] o

<
7}. A A (Asiasarum sieboldii)

3

&

2.

o) o = T = Ro =3 E_
= - o
AR P oW W T =
owo uﬂv v E o ™ Mw =
o U — r —_
- e BRCH
o % gyl iy
N b o =8 w
N T o W o T B
~ LT umLESe
o S Mo_m 3§ © -
! ¥
. ﬂﬂ%%m%@l
M Hr WU = = P wm W
B ) e & ﬂa BT
7 g o o B0
=o = i W=
MoT m HI o - ﬂE ~
0 - o) )

—~ FEI o el
oo AR PR g & e U
= m oM ol T g S oy
R A N o ﬁm

o N il
i dw o% x B CORNCI = -
T 5 AN < °
] ils) () Mc L ’ dl ﬂ. R
17! - ~ ﬂ, B] = ™
w P X BT R o B
1]&! \_Ql Z.E mAA .m N% ﬁl \Q% f.ﬂ \W:

e S o
b lEERREES
I % R g ﬂﬁ i
70 o = ol ST l Ho i mhy
o P E = oM o .

TR g WM LNy
T T2 g ﬁ = o X o7
T % oy o = Ao = o
® T W T T oo

55



Methanol extracts of A. sieboldii (65g)

< Partition with water (800 mL) and hexane (800 mLx2)
Water fraction

<« Chloroform (800 mLx2)

|

Water fraction

~ <« Ethyl acetate (800 mLx2)

Hexane fr. Chloroform fr Ethyl actate fr. Water fr.
(20 g) 6 g). (39 (36 g)

Figure 5. Procedures of solvent partitions for methanol extract of A. sieboldii

whole plants.
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4% gv] FFE g3 AFIAHS F 7o eI A B3-S 0.02
mg cm “o A 100% AEFH4S Uetydt FEEERE YL 007 mg cm
0.04 mg cm “°lA 27 93% 3 40% AEEA4 S HEFRSI T dEolA H o] EE E
< 007 mg cm oA 40%°] AEFFAHLS BAT, B RIBL 2o FroA A
TS HolA Tt
Table 7. Larvicidal activities of each solvent fractions form methanol extract
of A. sieboldii against L. mali using the direct contact bioassay
Fraction Dose(mg cm™) Mortality (%) (+SE)?
Methanol 0.07 100a
Hexane 0.07 100a
0.04 100a
0.02 100a
Chloroform 0.07 93+4.8b
0.04 48+4.8b
0.07 40+9.1b
Oc
Oc

Ethyl Acetate
0.07

Water

Control
Means within a column followed by the same letter are not significantly
0.05, Scheffe’'s test) (SAS, 1989). Mortalities were transformed

different (P !
to arcsine square root before ANOVA. Means (£ SE) of untransformed data

are reported
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Hexane fractiond|lAd 7F4 =& FAS HY7]o] o= open column
chromatography ¢} TLCE E3 ©lS &2 At &8ss UHS 19 6
o] Yelitl Hexane fraction= H1, H2, H3, H4Z= o 2 &3t}

H4E A9 3%o04 004 mg em *9 =AM 100%°] 24FES ey
AT} o]lF HIS vA 5709 Fo2 F&Estdnh H1S 83 23 H5E A9 s}

0.02 mg cm “ ¥ZoA HI1, HI2, HI3E 100%9] A%&< Hl4:E 95%9
FEES UEHATHE 8).
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Hexane (12 g)

Chromatography on a silica gel column
(Kieselgel 60, 230-400 mesh, 100g, Merck) with
hexane-ethyl acetate (0:100, 5:95, 10:90, 20:80,
and 30:70, v/v) and MeOH

H1, active H2, active H3, active H4, inactive
3.7 ¢ 92 ¢g 26 g 35 ¢g

Chromatography on a silica gel column (Hexane and ethyl acetate
gradient, H'E (100:0, 90:10, 80:20, 70:30, 50:50, and 0:100 v/v) and
MeOH)

H11, H12, H13, H14, H15
active active active active Inactive
05 g 06 g 17 g 02 g 07 g

Figure 6. Isolation procedure of A. sieboldii hexane fraction.
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Table 8. Larvicidal activities of each solvent fractions form methanol extract
of A. sieboldii and active compounds against L. mali using direct contact

and fumigation bioassays

Fraction Dose(mg cm 2) Mortality (%) (+SE)

H1 0.07 100a
0.04 100a

0.02 100a

0.01 100a

H2 0.07 100a
0.04 100a

0.02 100a

0.01 100a

H3 0.07 100a
0.04 100a

0.02 98+2.5a

0.01 18+4.8¢c

H4 0.07 53+4.8b
H11 0.04 100a
0.02 100a

H12 0.04 100a
0.02 100a

H13 0.04 100a
0.02 100a

H14 0.04 100a

0.02 95+2.9a
Control 0d
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Figure 7. GC spectra of the HI11.
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Figure 8. Gas—chromatography diagram of H11 fraction.

H9 oA HE Blel o] HIldAHE F2 352 n—pentadecane o = A

61.3% Sith.

Table 9. Chemical constituents of H11 fraction by GC-MS analysis

Peak# Compound?2 RT (min) Area %
1 - 9.573 6.3
2 - 20.291 55
3 n-Pentadecane 21.401 61.3
4 - 29.517 26.9
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Figure 9. GC spectra of the HI12.

Figure 10. Gas—-chromatography diagram of HI12 fraction.

310 oA Hi= npel o] HI2oAM = F8 3tHE2 Safrole® A 60.2% A
.

Table 10. Chemical constituents of H12 fraction by GC-MS analysis

Peak# Compound RT (min) Area %
1 - 19.206 6.3
2 - 23.115 5.7
3 Safrole 23.733 60.2
4 - 29.99 27.8
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Figure 11. GC spectra of the H13.

FE A, (Y R RAHIEN
=

AE]

b ] 5

Jal .

Figure 12. Gas—chromatography diagram of H13 fraction.

HI3S 3% 11904 Ee=4ule} o] Eucarvone, Safrole, Myrisiticin®] 242}

37.2%, 12.5%, 12.9% Sitt.

Table 11. Chemical constituents of H13 fraction by GC-MS analysis

Peak# Compound RT (min) Area %
1 Eucarvone 16.768 37.2
2 - 23.176 12.2
3 Safrole 23.779 125
4 - 30.110 25.2
5 Myrisiticin 31.543 12.9
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Figure 13. GC spectra of the H14.

Figure 14. Gas-chromatography diagram of H14 fraction.

Hl4= X 1294 & 4 <959 Eucarvone, Myrisiticin®] Z+2+ 45.0%,

25.9% At

Table 12. Chemical constituents of H14 fraction by GC-MS analysis

Peak# Compound RT (min) Area %
1 Eucarvone 16.652 45.0
2 - 23.119 13.2
3 - 29.990 15.9
4 Myrisiticin 31.462 25.9
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Figure 15. Gas-chromatography diagram of H2 fraction.

H22 % 1394 & 4 9l%°] methyl-Eugenol, (Z)-Asarone°] Z+7}

67.7%, 20.8% Att.

Table 13. Chemical constituents of H2 fraction by GC-MS analysis

Peak# Compound RT(min) Area %
1 methyl-eugenol 26.423 67.7
2 - 26.834 11.5
3 (Z)-Asarone 30.538 20.8
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i LY HEHER

Fig 16. Gas—chromatography diagram of H3 fraction.
H3% methyl-eugenol, (Z)-asarone®| Z}z} 39.3%, 11.5% At}

Table 14. Chemical constituents of H3 fraction by GC-MS analysis.

Peak# Compound RT(min) Area %
1 methyl-Eugenol 26.507 39.3
2 (Z)-Asarone 30.699 11.5
3 - 31.37 15.1
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Table 15. Chemical constituents of each fractions derived from A. sieboldii

identified by GC-MS

Sample Peak # Compound RT Area  Area % Remark

H11 1 n-Pentadecane 14.18 8374.34 100

Hi12 1 Safrole 8.69 26512.44 100
1 unknown 7.95 14455.61 23.86

H13 1:2 = 1:3.19
2 myristicin 1461  46121.49 76.14
1 eucarvenol 5.09 5808.13 50.91

H14 1:2 = 1:0.96
2 myristicin 15.35 5599.95 49.09

Zyzbol gheb A a9 1794 YER i
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CH,
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Safrole Myristicin
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n-Pentadecane metyl-Eugenol
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0
\CH3
HsC CHj
3 H3C\
CH4 o] O
HC CHs
Eucarvone (Z)-Asarone

Figure 17. Structure of active compounds derived

from A. sieboldii whole plant.
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. iRy 4F3a
AAale] aEsA Al 29l methyl-eugenol, myristicin 2 safrol®] 7158 Al
g el U3 AFE4Ss A A A Ty FF5 AAE dE ANE

I Q= AFA Benfuracarb®} Dichlorvoset Hl s THIE 16). LDsy =74 2 3

i)

metyl-eugenol®] B¢ F standard EAHTE FF XY A FAFE LDy

TS B 5 A3, myrisiticin® safrole GA] £ TS5 BAFT}
Methyl-eugenol& LDsy #t©] 1.46 ug cm > ©] %3, myristicine 3.59 ug

cm ) safrole2 2.03 ug em 2 o]t} olo] thx A2 AFE-3 benfuracarb}

Dichlorvos= 77} 0.75, 0,10 ug cm * &2 ERSE

Table 16. Toxicity of A. sieboldii derived compounds and synthetic

insecticides against L. mali using the direct contact bioassay, exposed for 8

hr

Chemical® n Slope(+SE)  LDso(ngem™) 95%CL°
Methyl-eugenol 160 43 £ 0.75 1.46 1.22 - 1.70
Myristicin 200 39 + 057 3.59 3.01 - 4.19
Safrole 160 42 £ 057 2.03 1.72 - 2.35
Benfuracarb 243 1.7 + 0.25 0.75 0.47 - 1.02
Dichlorvos 242 16 £ 0.23 0.10 0.06 - 0.14

@ A. sieboldii whole plant derived compounds and synthetic pesticides which
had larvicidal activity against L. mali.

b CL, confidence limit.
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Aol AzgAdAE<l methyl-eugenol, myristicin ¥ safrole] €3je &
o] fZol Ugk ATEdAHS A "yl ol fe WAARZ de AFEHI e
A% A Benfuracarb®t Dichlorvos®t BISIHTHE  17). LDs 34

metyl-eugenol®] 9 F standard EZ R U= 25 AT A9 A LD

¢

=

St
e B 4 9L, myrisiticin®} safrole 9A] £& 232 HoFY}.

Methyl-eugenol LDs #t°] 2.33 ug cm ® ©]%3l, myristicineS 2.59 ug
cm’, safrole® 496 ug cm” ©|1th olo] tj% 2F A= A3 benfuracarbe}
Dichlorvost= 77} 055, 0,11 ug cm > &2 vebyt

Table 17. Toxicity of A. sieboldii derived compounds and synthetic

insecticides against C. fuscieps using the direct contact bioassay, exposed for

8 hr

Material® n Slope(+SE)  LDsy(ugcm™) 95%CLP
methyl-Eugenol 161 29 + 042 2.33 1.90 - 2.79
Myristicin 208 2.7 £ 0.35 2.59 2.10 - 3.11
Safrole 143 3.0 =+ 046 4.96 4.08 - 6.11
Benfuracarb 176 1.6 + 0.34 0.55 0.26 - 0.78
Dichlorvos 231 1.3 + 0.23 0.11 0.07 - 0.16

@ A. sieboldii whole plant derived compounds and synthetic pesticides which
had larvicidal activity against L. mali.

> CL, confidence limit.
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o. F&71%
ddede #H&rFe ot AdEH FHES 98l metyl-eugenol,

myristicin, safroleE vapor phase toxicity bioassayS Al 338+, 22} open

%

=
2 o

container®} close containeroll Al =% Al# Alsst A3 X 183 2 2
S & AJr} o)Ae] A EFE metyl-eugenol, myristicin, safroles X

fumigant 28] 98 549 UEUS & 5 ATk

Table 18. Fumigant activity of A. sieboldii whole plant-derived compounds

and insecticides against L. mali using vapor phase toxicity bioassays, exposed

8 hr
Dose Mortality (mean+SE,%)

Compounds o

(mgem ) - A a B
Methyl-eugenol 0.017 40 100 £ 0.0a 40 0 + 0.0b™"
Myristicin 0.07 40 97 + 3.3a 40 0 + 0.0b™*
Safrole 0.035 40 100 + 0.0a 40 0 + 0.0b™*
DDVP 0.009 40 100 £ 0.0a 40 0+ 00b™
Benfuracarb 0.035 40 0 + 0.0b 40 0 + 0.0b

“Method A, vapor in closed containers; method B, vapor in open containers

b *** Significant at P = 0.001, according to a paired ¢-test.

3. 3% BH9 GC-MSe 9% 33}E T4

w Al stelel] the] AEstE Aol %7 UER essential oilS thF o R Bfof

o B4EAS G el GC-MSE o 24 Aasg,
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7}. Coriander(Coriandrum sativum)
Coriander2] GC-MS 4 zZZvtEady 8 RS g 235 3}
7] 29 183 #F 199 A A&l Coriander:= linalool(79.1%)3 camphor(6.9%),

terpinene(6.8%)°] A & o] At}

- L

‘NN EEN]

E & R B

[

- ]

Figure 18. Gas-chromatography diagram of coriander oil.

Table 19. Chemical constituent of coriander oil by GC-MS analysis

Peak# Compound RT (min) Area(%)
1 a-Pinene 10.79 4.9
2 v—Terpinene 22.35 6.8
3 Linalool 30.50 79.1
4 Camphor 33.06 6.9
5 Geranly acetate 63.05 2.3
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. Myrtle(Myrtus communis)
Myrtle®] GC-MS ¥4 A=ZvETfd F8 JE59 gt 23E 317
2 1937 F 200 AAISFATE v o] E L pinene(53.2%) 3} cineol(46.8%)°] A

wol At

u

L - 5L ¥ 4 | -] A e - = o 1 LT 1x

Figure 19. Gas-chromatograpy diagram of myrtle oil

Table 20. Chemical constituent of myrtle oil by GC-MS analysis

Peak# Compound RT(min) Area(%)
1 0-Pinene 10.74 53.2
2 Cineol 19.14 46.8
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t}. Sage(Salvia officinalis)
Sage®] GC-MS #4 AzwtEIHN} Fo s dizt 23&5 st
oy 209 3% 214 AAEEATE. Ale]A = cineol(13.7%), thujone(25.1%),
camphor(25.3%)7} 4 & o] At

T E g N b d mE RAAd AN Rm i

= e - . - - ¥ ™ -

Figure 20. Gas—chromatograpy diagram of sage oil.

Table 21. Chemical constituent of coriander oil by GC-MS analysis

Peak# Compound RT (min) Area(%)
1 o—3-Carene 10.79 3.3
2 Camphene 11.92 5.1
3 1,8-Cineol 19.57 13.7
4 a—Thujone 28.65 25.1
5 a-Thujone 29.60 5.3
6 Camphor 33.08 25.3
7 Borneol(endo—borneol) 35.92 2.9
8 Bornyl acetate 49.70 2.2
9 Isocaryophillene 65.53 51

10 47,10-Cycloundecatriene, 70.73 94
11 Veridiflorol 84.74 2.7

3% (coriander, myrtus communis, sage)2] X% essential oil& F F°

WA 32 (L. mali and C fuscipes)f-&ol 285 8t

75



4. AN FE2E9 A F3 4F

FyEdel BRG] SHGAS B9 s AsA ARSI Sstel,

of gk ofelE WSty flal wiAE ol&ste] dixg wiH] A 3
& #AAst oY FFe dxT dib] AAE SRS Ra #4488 F
1ot AdWE-e MIC(minimum inhibition concentration)® < ©] 83} oW, A
Aol Mgs FEES 2 mgZbA s WA T Akl F3FES mAA Egkon

10 mg ol oA = WAl St Abo]l Fds] Hadts Ads B A

obefel 19 213 2}

4 =42l Safroled] disiA%E MIC AA

= AT A3 AR HEgs FEEI vm3 23E oy Al Wes
Aowm XA HATE Safrol®] A= 2

mgoll A= WAL Fxre] Aol S wAIA FARE 10 mgoll A= HA S

Z2Y FolE dFS vAA &5 oz Holy, WAFe F2Y AV|7F 7

-

St RS O F Aa, 25 mg AL 1 A/ BAS Fashe AL o
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1 mg 2 mg 10 mg 25 mg

Figure 22. Results MIC test of safrole.

Table 22. Result of MIC test

Concentration (mg mil™)

Material

625 250 50 25
Benfracarb ++2 ++ 4+ 4t
DDVP - + ot ++
A. sieboldii MeOH extract - + 4 T+
Safrol + ++ r i
Methyl-eugenol - - et 4
%++; too much to count, +; able to count, —; none.

A BA WAl ug ksl AF AT} benfracarbE 625 mg ml 'A%
ol S UERA ol MA Fare] FE2UE AV o8 YL, safrol= B
2 WAL Fatol AT DDVPS Al wghe $589 49 250 mg ml
oA Al Fate] 7F 4891l methyl-eugenole]l o2 =dE 7hetl WA
Taro] A M F 9T FE Aoz ZAESY Aol AHEe 25 mg

N
ml 'S g o a8 b 18 mg em ‘o] T},
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Table 23. Toxicity of some materials to FE. fedita using a contact filter

method. (6.27 days)

Mortality (%)

Materials

120 ug 60 ug 30 ug
Basil oil 0 0 10
Coriander oil 10 0 30
Methyl-eugenol 20 0 20
Pentadecane 0 10 10
Safrole 10 0 10

Control (with Ethanol)
Control (without Ethanol)
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Control (Ethanol) Basil oil 30 ug Coriander oil 30 ug

Safrole 120 ug Safrole 30 ug Methyl-eugenol 120 ug

Methyl-eugenol 30 ug Pentadecane 60 ug Pentadecane 30 ug

Figure 23. Acute toxicity to earthworm of active principles.
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6. A AF A=

EAROR dto] AARE WA FANA B8 & A AYL AR AT
AFE AN AGAL] BAe DuA Aol 44 AEF F e A
S 29099 FAT HA AW B AAZ EF A5 T 5 U 492 BE
g5 oo £ 29n 3AE g wA MY §7) Fow B8Y 5w
S olE REALS FHE BV 24 5o AZS ABAHIY 24). olE
72 Aol B AT AAS 3] E A4 AT

Table 24. Composition of mushroom fly larva control products

Products Composition Apply Volumn

Compound 5%

o NBT 40E 5%
Emulsifiable Fungus and
Fragrance 0.5% 300 ml
concentrate mushroom
Ethanol 10%

Water 79.5%
Compound 31 g

Fumigant Foaming agebt 63 g Mushroom farm 150 ml
N-methylpyrolidon 61 g

Production of
Polymer polyethylene 90% mushroom culture
(PE) Carrier; Silica 10% container and

sterilization of media
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Figure 24. Mushroom fly larva control products.
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Figure 25. Emulsifiable concentrate for control mushroom fly larva.
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Figure 26. Fumigant for control mushroom fly larva.
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Figure 27. Polymer(PE) for control mushroom fly larva.
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3. AEAE ol&stel B2de HASE ATAENA Esol 2 Utk
B ATl mAge] A5y =4 gAS fdte] o] &3 6001F ] Y 4
Aok 10001 A=A G A=A AW dad =d& Fdsts dA
AA 71 Fo & F s Aotk

4. A A Ao A% =4 3 FA A=A, AEA AFe= WA
g AL Asrh Thssit 283 =2 632 ETEAS Holv] wEel
& Aol AgEe e AAR dA AEAEE & s Aot 19
U AA AgstE Al s =2 SART, 53 2R Wi 54" o

Folxot & AoR AR BA ol ATAEY Folst Bz,

o
z
S

>
rlo
o
Ach
W
B
=
2
[u—
(@)
do
1o,
=
i
Ll
2
N
o
R
X0
ftlo
ol
k1
u
of
fo
r

ArE Fe wAdee] FaAdel 4 E 5 e AVI7E vk E A, H A9
& WdeR @ Ay Tode] dirsol #d dAvAEe A7 &S HEs T
A= E7I7F FolEdtta 2o

6. EAFY AF Ay st=uis|dA Larvicidal Activity of Asiasarum
sieboldii Whole Plant-Derived Compounds against Lycoriella mali (Diptera:
Sciaridae), Activity of Asarum sieboldii Whole Plant-Derived Compounds
against Lycoriella mali (Diptera: Sciaridae) and Coboldia fuscipes (Diptera:
Scatopsidae). 9] A &FHo 2 WEFAI, SCI Ado AFAHAE Fi1 Fo|u},

7. A g e s R AEA 2 Ae AFEEE sAsd ds 252

AL Bl BEHS FHPonE o5 o] &3 AHEAoln obdd WAl
o] 88 = Aow y|heh
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A 23 AANA olF K719 4EA FRE sANF Aol @

H
FAESY Sk AH F, A5 S vilske A Al 2 <l

JEoR A AR ANRAZ S350 AUk ol wel ofyl b FF
Aol AABFAel AUV 5, 259 TEB 2B 5o YRR
A, 5 Aol EGVAERTE Y AFAR, AFd dete]l 4Hd 4FE
et BANAR 5L ogstel A% Aoz WA AT wyl

Jacobson(1989) < Meliaceae, Rutaceae, Asteraceae, Annonaceae, Labiatae,
Canellaceae @] A &A 7} 74 ettt AtslAdtt. A=A 22 thAAE
3ol FAARE E3slo] FAF IR E Terpenoids, phenolics, 2121 FAE
718 0 23k 23 Y AFAEE S-S mevalonate, shikimic acid, 5+ amino acid®} &<
AAzRE 242k ezt H=Ae 2a A= 52 A=A ol uet
teFst Al A8kl 30,00070 oo AdAEdE e 2xUAMIE Sl BaEd
tH(Wink, 1993; Rowe, 1989; Harborne, 1993). 300,000 0|49 152 &4 = o

A 5-10%1A A= frell sehEe] dEA S Eola olF 2xtAMbE S

o

100,0002] E#o] wE A t}l. o]AEL ZAAERZRY Wolstr el = F
384 Q45 +1S Ty B34 Wolr|F o Z = the potato leafhopper,
Empoasca fabae (Harris)9] A12S Walsl7] 9t 2 Fol} Lyl 9

o g5 AgA FdozM wrolZ dth(Taylor, 1956; Lee, 1983). H¥ z2FE-of A
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= AEA 23S FAE 2HTo2A AJAHAEES =oFt} rice, sugarcane,
ae]al wheat= ZIAEZTS S7HAA 718 FRA e 25oE 719
S Fo|A TEo]Frt}H(Patanakamjorn and Pathak, 1967; Wallace et al,
1974; Martin et al., 1975; Fiori and Dolan, 1981). &2 &<l Ho]
shata Holk oA] wj$ Fagith B A Ee] 2AgAMIEES 2225l o
3l Zolu} A A, 7y, TEAFZEAAZ o] & Ht(Matsuda and Senbo,
1986; Sinden et al., 1986; Harborne, 1993).

FEAE AMEE e 2AHAREIEES 2 3aFo R v F e

S
d
=
2
N
N
X
it

terpenoids, nitrogen compounds, ~12]i phenolics 3}8F&E £ o] tH(Berenbaum,
1989; Kang, 1991; Harborne, 1993). ¥tHo] o]& IFELS ZEAA =44 <
2% YsAAZA LFE& Aojsle EHZ FEWL QY. Williams(1967)2

i
o

= ES  “the Third Generation Pesticides”o] &}l £ 3]t}

Terpenoids® % isoprenoids©| &} H¥-E27|% 3FaL 5709 ¥4 isoprenel &
FH FHA7AY HHES Fold fFHlEE terpenesy FARSH 3MEEE0]
23,0000]1 49 EAE0] terpenoids ¥ terpenesAl D9 3T E Lot} ols 1F
2 Uds 2450 ol ¢#A th

e b FRES MY 7lE g2 =2 Ertoly#} functional

oy

groups®] ©E Z$olt}. I EZ terpencic EZHEL limonoids, clerodane
diterpenoids, triterpenoid, ¥ il sesquiterpenoids® ¥ o] Z v} Limonoid =
HE25 YAARZA FEUD A 7 Z 48R LimonoidE azadirachtin®]
t}. Butterworth and Morgan (1968)2 neem tree Azadirachta indica®ll X 3% o]

= 2% AAAAY AAAMNAZ 3¢S v X = oxygenate® triterpenes?!

s0

azadirachtins S 7123} 4 tH(Schmutterer and Rembold, 1980).

Mulla and Su(1999)2 neem tree’t 91484, Folgxow T3 25 =,
R7] ge], mA M E, o] T 22 % Foldd azadirachtins? ©HE EHE
of thste] A <zstdtt.

o e

Teucrium £-& clerodame diterpenes®] 7Fd ZF33 ZA Fol sfrfola A

28 HAZ A thate] LA dtH(Piozzi et al, 1998). 6-Acetylteucjaponin B
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o} Fruticolone Tenebrio molitor larvaedl] w3ate] A2 A& & do] By )k
(Sosa et al., 1994; Coll and Tandron, 2004).

Wu 5(2001)2 armyworm, Mythimna separateo] ts}e] A&=&a4S H<Ql
Celastrus angulatus®l| 4] b-dihy dro-agarofuran&Z o] <37+& 3+ 5 =2

sesquiterpenoids polyol estersZ X 113} t}.

o] Ff3stal Ath(Isman 2000). ol AEA AFo sty AHES 7|IAY A
2 A S A (o], citronella oil) 2 peterson(2001)el ol B 1 HAUATh B3k A A= 9
HIAZ o]gFolx] ¢t} EE3(Lamiaceae)?t =3 (Myrtaceae)o| <3dt=

sl oy ARA S delt Be A7t faselgth o Het A%
A AR FFTAES AL BAYH B ARy s We med 2Eol
g A% 43 £F S42

24 EFZ Hud" AL cloves(FEugenia caryophyllus, myrtaceae) = 5

i)
S
B
ri

t eugenol, garden thyme(Thymus vulgaris, Lamiaceae)= -8 &7 3%t
thymol,  Cinnamon(Cinnamomum  zeylandicum, Lauraceae)ol* — 2|3k
cinnamaldehyde S°¢] 9th(Huang et al. 1998). 22 A &EH A{FE A0 W&
2 & 8%l aphid®} spider mitedl] sl T=& =

oltH(Tuni and Sahinkaya, 1998).

rr

il
2

< A7 Ha 3l

Coats(1991)ell <38t 2 Fo] AEA AHFT Perplanera americast
Blattella germanica®) Wa] 3% AE33E 71X Jda, J3d]el Musca
domestica®l tal HZF S Hiusta Utk wgsTol did SHdoRE=
western corn rootworm¢! Diabrotica vigifera®t European cornborer$! Ostrinia
nubilalis®l 3] Lee(1997)%5°l 98l HuEAdx,  DelAA el

Spodoptera litura®t green peach aphid?l Myzus persicae®] t3F &=
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Isman(2000)° 9l&] ® 1 Aok & A& AF 2 A A3 o F 7]
AZR Varroa miteo] =2 35 7143 J& AS &2 3 H(Calderone et
al. 1997).

A5 Afo T3 o] 9 moterpenoids?t phenold 3HEF o] Ake] 3
ol ZAS YER L gt ol g #H A o]5o] VA= FR-EA 9 AaH
Aol &t AF%= AP Jh(Rica and Coats 1994, Tsao et al. 1997).

AEA Aot 150 HAE sEEY AEUAL A TS F= A
o7 4#A drk. B 29 monoterpenoid: acetylcholine esterasecl] <3S
= RAoE YA 9ot in vivoolA 3o H X

(Miyazawa et al. 1997). @Al AF¥ v+ A EA ARl EAste =S

rr

Jge BHatA o

octopamin nervous systemel] 9&S % S Enan(2001)¢] S 31 Th.

4B AHE o8 HFAL FYLFAE olgas Aurt a3 )
1= GFo] Ak E HEA PR ool not FEdAvtm T F A

Juvenile rainbow trout(Oncorhynchus mykiss)Z 7}A 3L 233+ Stroh (1998) 2]

2Ad Ayo A= thymole] AEA¢l pyrethrumBE Tt 4008 Ao H& Ho=w

yElskth T3 organophosphate 2% A9l azinphosmethyl RE.thi= 4,0008] =4
o] H& Aoz YEY
A AFER Hol AEA H A=A A, A=A AT SFEES T8

ol

5 3= WhAlo] EAHOoR o]&E 4 9L Ao},

0{}1

Ql=rol A symposiumS 2dvwith ShH A fFH Sl Aol AEAE 9
23+ biopestcide 7ol 22 =35 st Ut}

Bj=re] 7 -$-+ Proceedimg International Conference on BiopesticidesZ 2

d wioh A S 9dth 20053 9]E Phytochemicals and natural products for

the Progress of Mankind&t:= A|&Eo 2 7 EHJ oy thxzel U4 Yygoz

i+ Akkagraisee® 29 (2005)2 F< AAANA WA= A=A Piper

sarmentosum Roxd., Paeperia sp., Erythrina fusca Lour, Citrus hystix DC.,

Garcinia mangostanna L., C. reticulata Balnco., C. maxima (Burm. F) Merr.,
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Azadirachta inica A. Juss. var siamensis Valeton, Chromolaena odoratum (L.)

RM. King & HRob.59 AEZHE 95% ethanols FE3to] F 71% 2 =7]

Z5 Leptotrobidium deliense ¢+ L. imphalum®] ™3 =& 3o 3t Q4=
=4 dth =3 Udomporn Pangnakorn(2005)8 @l x| 9} Exr ol 7 A AxE
WS o] g3le] cowpea weevil (Callosobruchus maculatus Fabr)ol AH& & 31} of
ek AFE AAE AT

Sz A= vl 2= e AEA AP o]&& #dA symposium=S
Halaz gl 20029 %] e Xo|AE  Poitioning Biopesticides in Pest
Management Systems#@E  FAE  symposiumeo]  JAFHATE. tE A
biopesticideo] 3t W&o 2= AK. Khamis 5 (2002)°] Deriis elliptica®}+= 2]

EAZ5H Bioflavonoids A+2 F%3}9] bio—pesticideZA] 2] o] & 754l

o

3 ATE 2839 I, bio-pesticideZA] FAo] Y FL& FA EHA=RE
rotenones W Apiwat tawatsin @ 5(2002)2 9714 A& A Alpinia
galanga, Boesenberigia pandurata, Curcuma longa, Elettaria cardamomum,
Azadirachta indica, Siamese cassia, Cymbopogon nardus, FEucalyptus and
Eupatorium odoratumE A& 2 X7 (mosquito colis)S A 2Fsle] 5714 &
(Aedes, Anopheles, Armigeres, Culex and Mansonia)ol| £3lE 1259 E7]9
gigt A4S gt ATFE AT 3k kA4 E(medicinal plants)
2 A d#HZ  Ageratum conyzoides, Artemisia nilagarica, Eupatorium
adenophorum, Eupatorium riparium, Lantana camara®] Rice Grasshopper Oxya
hylaoll digt A aael] #Hate] A5 ATt o] AT = olgg A=
Ago]l HoldAddn P54 e, ddo] JIFES Fo AFaHRE Y=
Ao g 3ol¥ ¢t (Dainingstar marngar et al, 2002). Rattanaporn promsattha
5(2002)2 Ej=& v]EF B ddl=7tell A A4St Lantana camara®l ¢,

x, TAZFH AwE FES] o5 AFE GC-MSEA S T8 Fa744%

N

S gt Feld E4doE= 1,8-cineol, linalool, camphor, borneol, terpineol
ollomw AdE A9 diamondback moth(Plutella xylostella)el]l o3+ 237 3} o
gste] AFE AP Yang Yong-Hong S(2002)2 Z=njalel o

]
fd

of\
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Russula nigricans, Pulveroboletus rave, Amanita phalloides, Tyromyces
sulphureus®] #HAZA|Z] #}8S o] &3] peach minero] w3t AZ=F o] 3

A7 AT
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oX,
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e
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Reduced risk & ¢Folgh QlAI9k Ef-Fol HAo] vtolof sfa H|H4 A&
d&FE A mAokstH A x4
gErdo] wtotop ataL s Fo] TFH WAE skl v HAFAHS THA R Pk

Reduced risk 2 FA 2= o8 FH/H7F 9=49 neem tree?} FDA GRAS ¥ =E

2
j&

o 7heAde] stopop & R T AF

£
|
o

of 9& essential oilE°] AAZEAAEZE  methoprened}
diflubenzuron® %2 HAEo] Y vAEAAZE Bacillus thuringiensis, B.

sphaericus ¥ #2 AE°] Au. A=ZE sIFEZ S spinosyns, imidacloprid,

AE ol &t AF A= 100,000F == L ool 2z fiARbEEe] &

I
=
d4 Atk oFo] TEe| 9L Fi Jgozt: GBRHo /), A,

Juss)e] thx Aol A=+ Cymbopogon, Eucalyptus, Eugenia, Cinnamomum,
Citrus, Thymus®} 722 edEo] o] &5 Yt} Neem U=, TF, =% of
3}

g7t A A3 limonoids®} azadirachtin®o] 10-25%7F% x}x|&le] &AS H

Aok AAANAR  ZAHS BRI olAe  rat ATFEAE



B olth (Isman, 2001)

LD50>5,000mg/kg
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