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SUMMARY

This study was carried out to develop environmental friendly agricultural products with beneficial
microorganisms. The main objectives of the study include the development of bio-pesticides and
fertilizers for various vegetable crops. Twenty one microbes from peat moss and various soils were
tested against eight plant pathogens in Phytoththora spp., Colletotrichum spp., B. cinerea, R. solani,
and S. minor. In the antagonistic tests, five beneficial microbes, were selected. Plant growth promotion
test with these five beneficial microbes were also tested for their plant growth promotion effects. Among
these five microbes, B10-2 showed plant growth promotion effects on bakchoy, lettuce and Chinese
cabbage, and AB 15 showed plant growth promotion effects on tomato and pepper. These five microbes
which showed antagonism and plant growth promotion effects were identified as Bacillus species (4
isolates) and Paenibacillus species 1 isolate). These selected microbes showed antagonism against
various plant pathogenic fungi. Isolate AB15 were selected for production test in a small scale and
large scale. In a small scale production test, isolate AB15 produced spores 44 hours after the start
of fermentation. In a medium scale production test, it produced spores 66 hours after the start of
fermentation. In a medium scale production test, spore production were started at pH 6.7 and
completed at pH 6.9. In a large scale test at 1.5 ton fermenter, spore formation was started after
54 hours after the start of fermentation. The best conditions for large scale production were 28T,
and 150rpm for 54 hours. A surfactant WP-280B was found to be a good stabilizer for the water
dispersible powder formulation. Kaolin was used as a main ingredient for granule formulation. Field
tests were performed with water dispersible powder formulation and granule formulation. In the field

tests with tomato and pepper, 500 times dilution was found to be the most effective.

This study which would attempt to develop non-toxic and environmentally friendly biological
control agents. CP1 isolate was selected among 118 isolates originated in strawberry through
opposite culture with anthracnose pathogen, Colletotrichum gloeosporioides and reproducibility,
durability in time. And CP1 isolate was rod-shaped and gram-positive, which formed endospores.
CP1 was identified as Bacillus amyloliquefaciens based on the morphological characteristics, API kit
test, and 16S rDNA and gyrase A gene sequencing data. For maximizing the cultural condition, it
was employed for CP1 to culture under conditions of molasses broth medium, 30 C, pH 6 and
150 rpm at shaking incubator, which propagated CP1 to attain a concentration of 5.7 x 10"cell/ml
four days after culture. Bacillus amyloliquefaciens CP1 isolate was so proper as a biological control
agent against strawberry anthracnose.

SR1, SR2 and GSI1 isolates were antifungal activity of eleven major plant pathogens(Alternaria
solani, Botrytis cinerea, Cylindrocarpon destructans, Fusarium solani, Selerotinia sclerotiorum,
Stemphylium lycopersici, Fusarium oxysporum, Stromatinia gladioli, Rhizoctonia solani, Phytophthora
capsici, Colletotrichum gloeosporioides). These isolates were identified as Bacillus velezensis (SR1),
B. subtillus (SR2) and Paenibacillus brasilensis (GS1) based on 16S rDNA sequencing data.

Slightly acidic electrolyzed water (SAEW), with a pH of 5.0-6.5 and containing hypochlorous
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acid (about 95% HOCI, 25 mg/l available chlorine concentration), was generated by electrolysis of
dilute hydrochloric acid (4 to 6% HCI) in a chamber of a non-membrane electrolytic cell. Spores of
Alternaria panax suspended in distilled water combined with SAEW showed 100% of germination
inhibition rate on PDA after 24h. To survey control effect against Alternaria blight by A. panax on
ginseng field naturally, SAEW was applied by using foliar spray. Disease incidence at
non-treatments with SAEW were over 95% in ginseng field, but that of treatments with SAEW
were below 30% and proved to exhibit strong fungicidal activity for A. panax.

All the essential oils tested, carvacrol, thymol and eugenol were effective than methyl eugenol in
vitro bioassay, while in vivo bioassay, control value of methyl eugenol was the highest as 82% at
100ppm concentration. These results represented that two results in vivo and in vitro bioassay
should be contrary. It should be possible to control several plant diseases environmental friendly,
throughout formulation which enhancing control efficacy of antifungal isolates, throughout essential
oils for agricultural application based on determining available concentration, and developing various

application methods practically.

To develop biological control agents for the control of root-knot nematodes, the project
investigated two main research subjects. They were 1) iselection of nematicidal plants, 2) evaluation
of predatory fungi formulations in greenhouse and field for the control of root-knot nematodes. A
total of 2,714 methanol extracts of 1,677 plant species in 178 families were screened for
nemastatical activity against Rhabditis sp. by 96-well microplate bioassay. The plant extracts with a
concentration of 5,000 pg/m{ were mixed with aqueous nematode solution containing about 20
Rhabditis sp. and their activity was examined daily for 7 days. Out of 2,714 plant extracts
examined in this test, 2,362 (87.0%) showed no negative influence on the nematode activity, while
187 (6.9%) inhibited nematode activity of about 50%, 95 (3.5%) inhibited nematode activity over
90%, and 70 (2.6%) rather enhanced nematode activity. Twenty five extracts showing over 50%
nemastatic activity were randomly selected and subjected to another screening, 2nd and 3rd with
Rhabditis sp. and 4th with juveniles of Meloidogyne incognita; among them 11 extracts (44%) were
nemastatic consistently. This study would help for future investigation on nematicidal plants.

When formulations of Isolate F4 Isolate AA were tested in microplot and in field with oriental
melon, the treatment significantly increased yield. Especially, yields increased over 80% in F4
treated plot and population of root-knot nematode under controlled until 150 days after treatment.
The possible reason is that fungi formulation killed nematodes in soil so plant escaped nematode

infection in an early growing season, and grew better.

During the three years of study in greenhouses and in fields, selected predatory fungi, Isolate F4
increased plant growth and fruit yield over 80%. In future, improved mass production techniques,
irrigation formulations for use during crop growing season, test the formulation against other
plant-parasitic nematodes such as Aphelenchoides, Pratylenchus, Heterodera, and evaluate the effects
of mixed application with nematicides, could make predatory fungi valuable biocontrol agent.

In this research, developed microbial pesticide using Trichoderma sp. showing antimicrobial effects
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to control soil phytopathogenic microorganism. This microbial pesticide using Trichoderma sp.
showed continued effectiveness to many plantpathogenic microorganism. especially, in the Sclerotinia
sclerotiorum & Pleospora herbarum, we found out Trichoderma sp. had more than 90% of control
efficacy. and we found out Trichoderma sp. had promoted germination of seeds. Furthermore, field
trial was to determine the Plant growth and control efficacy of the product using Trichoderma sp.

In order to select the best Trichoderma sp. with powerful animicrobial activity against
phytopathogenic microbial, 33 species of Trichoderma was collected from 5 different areas. The
selected Trichoderma OK-1 was named Trichoderma sp. OK-1 based on the phylogenetic analysis of
ITS rDNA. In order to mass production of Trichoderm sp., we were investigated optimal cultural
conditions. and we were made GMYP(Glucose 1%, Malt 0.5%, Yeast 0.5%, Peptone 0.5%,
KH2PO4 0.5%, Water 1L) for Trichoderma cultural media. and selected the media(Sucrose 1%,
KNO3 0.5%, water 1L) for Chlamydospores formation. We were cultured under optimal condition
using 300L fermentor. The cultural condition can be summarized as follows.  The cultural
temperature was 26°C, Aeration was 180L/min, the Dissolved Oxygen in the fermentor was
maintained above 30% using the aeration and agitation. we found out the Glucose content was 0
g/L after 70 hours. and the chlamydospores of Trichoderma sp. were formated 2.2x10° cfu/ml and
the conidia of richoderma sp. were formated 3.1x10" cfu/ml after 168 hours. In order to make the
optimal formulation using Trichoderm sp., we were selected protective agent to prevent damage of
spores during freeze drying or Hot-air drying, and dispering agent, humectant agent. The best
protective agent investigated Celite 20% during Hot-air drying, in freeze drying, was investigated
Glucose. In the dispering agent, we were selected the WP-280B 10%. and in the dispering agent,
we were checked over 0.5% of Sodium PCA. We were performed antipathogen test against many
plantpathogen in vitro. We were checked above 60% of inhibition rate against 12 species
plantpathogen. Especially, in the Sclerotinia sclerotiorum & Pleospora herbarum, we found out
Trichoderma sp. had more than 90% of control efficacy. and we found out Trichoderma sp. had
promoted germination of seeds. In the field test, we were investigated that Trichoderm sp. was
promoted lettuce growth. In the leaf length, this was increased 2.8% (Nosan, 500 times) ~17.8%
(Buyeo, 250 times), in the leaf width, was increased 14.9% (Buyeo, 500 times) ~ 28.4% (Buyeo,
250 times), in the number of leaf, was increased 9.6%(Buyeo, 500 times) ~ 51.2% (Buyeo, 250
times), in the content of chloropyll, 15.4% (Nosan, 500 times) ~31.3%(Buyeo, 250 times), in the
fresh weight, 45.3%~94.9% (ground part), 3.9% ~ 31.0% (underground part). In order to safety of
Soil after treatment of product (Trichoderm sp.), we were analysed soil safety test of 8 items
include Cr etc. The result was checked very safety. In order to antipathogen efficacy against Large
Patch disease in the field, we were conducted to compare the chemical pesticide. In the treatment
of Trichoderma sp. (2 times treatment), we were checked that the treatment of Trichoderma sp. was

suppressed occurrence of the Large Patch as the chemical pesticide.
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Research Contents and Results

Section 1. [Project 1] Development and use of bio-pesticides for the promotion of plant

growth and management of soil-borne pathogens

1. Development and use of beneficial bio-pesticides for the promotion of plant growth and

improvement of soil conditions in vegetable cultivations
a. Research contents

b. Materials and methods
(1) Test for antagonisms of selected microbes
(2) Test for plant growth promotion and improvement of soil conditions
(3) Characterization of siderophore produced by microbes
(4) Identification of plant growth promoting beneficial microbes
(5) Tests for antagonism with selected beneficial microbes

(a) In vitro antagonism tests with selected microbes isolated from peat moss

(b) In vitro antagonism tests with selected microbes against various soil-born

plant pathogens

(c) Selection of antagonists
(d) Antagonism tests against Phytoththora spp.
(e) Antagonism tests against Colletotrichum spp.
(f) Antagonism tests against B. cinerea, R. solani, and S. minor
(6) Identification of antagonistic beneficial microbes
(7) Tests for antagonism with volatile compounds

(a) In vitro antagonism tests with volatile compounds from beneficial microbes

against plant pathogens

(8) Optimization of growth conditions at small scale (4L) fermentor
(9) Optimization of growth conditions at large scale fermentor
(a) Optimization of growth conditions at 140L fermentor
(b) Optimization of growth conditions at 1,500L fermentor
(10) Selection of stabililzer
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(11) Field tests for antagonists

(12) Field tests for soil improvement

(13) Development of trial bio-pesticides

2. Development and use of beneficial bio-pesticides for the management of soil-borme

plant pathogens

a. Research contents

(1) Selection of endophytic batecria and agtagonism test (CP1 Isolate)

(2) Identification of selected microbes

(a) Classification

(b) Morphology

1) Gram staining

2) Electron Microscopy

(c) Analysis with API Kit

(d) Molecular analysis

1) DNA extraction and PCR amplication

2) Sequencing and statistic analysis

(e) Analysis of activities for similar isolates

(f) Inhibition tests for spore germination and mycelial growth

1) Inhibition tests for mycelial growth

2) Inhibition tests for spore germination

(g) Studies on the growth conditions for CP1 isolate

1) Studies on the mycelial growth conditions

2) Studies on the mass productions

(3) Studies with Isolates SR1, SR2 and GSI1

(a) Isolation of endophytic bacteria

(b) Identification of endophytic bacteria

1) Molecular analysis

(c) Antagonism test

(d) Test for volatile compounds from endophytic bacteria

(e) Test for antagonism against pepper anthracnose

(f) Test for antagonism against strawberry anthracnose

(4) Tests with slightly acidic electrolyzed water, SAEW

(a) Test for Alternaria panax spore germination inhibition in vitro

(b) Test for Alternaria panax mycelial inhibition in vitro

(5) Tests with essential oil

(a) In vitro agar diffusion method test

(b) Test for antagonism with essential oil in vitro agar test

(c) Volatility of essential oil

(6) Antimicrobial activity test with essential oil

(a) Antagonistic test against strawberry grey mold

b. Result and Discussion

(1) CPI isolate
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(a) Selection of endophytic bacteria

1) Isolation and characterization of endophytic bacteria

2) Antagonistic test with endophytic bacteria

(b) Identification and classification of CP1 isolate

1) Morphology

(c) API kit analysis

(d) Molecular analysis
1) 16S rDNA

2) gyr A

(e) Comparison of activities among the similar isolates

(f) In vitro antagonistic tests with CP1

1) Antagonistic activities of culture broth

2) Inhibitory activities against spore germination

(g) Cultural characteristics

1) Studies on the growth conditions of CP1 isolate

2) Mass production

(2) Isolates SR1, SR2 and GSI1

(a) Identification of beneficial microbes

(b) Antagonism test

(c) Mechanisms of activities

(d) Volatility test of endophytic bacteria

(e) Antagonistic test against pepper anthracnose

(f) Antagonistic test against strawberry grey mold

(3) Tests with slightly acidic electrolyzed water, SAEW
(a) Test for Alternaria panax spore germination inhibition in vitro

(b) Test for Alternaria panax mycelial inhibition in vitro

(4) Antimicrobial activity test with essential oil

(a) Test for inhibition of mycelial growth

1) Botrytis cinerea

2) Pseudomonas panacis

3) Serratia liquefaciens

(b) Test for antagonism with essential oil in vitro agar test

1) Pseudomonas panacis

2) Serratia liquefaciens

(c) Volatility of essential oil

(d) Antimicrobial activity test with essential oil

1) Antagonistic test against strawberry grey mold

(5) Field tests

(a) Antagonistic test against strawberry grey mold

Section 2. [Project 2] Development of nematode inhibitory compost

1. Inhibitory test of plant extracts againt nematodes

a. Materials and methods

(1) Isolation of crude extracts
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(2) Isolation and culture of decay nematodes

(3) Isolation of root gall nematodes larvae

(4) Selection of plant extracts with 96-well microplate

b. Results and discussion

2. Tests for the management of nematodes with environmental friendly agricultural materials --

a. Materials and methods

b. Results and discussion *

3. Test for the management of root gall nematode with antagonist

a. Materials and methods

(1) Formulation of antagonictic fungi

(2) In vitro test with antagonistic fungi

(3) Pot test with antagonistic fungi in greenhouse

(4) Field test with antagonistic fungi

b. Results and discussion *

(1) Formulation of antagonictic fungi

(2) In vitro test with antagonistic fungi

(3) Pot test with antagonistic fungi in greenhouse

(4) Field test with antagonistic fungi

(5) Suggestions for effective use of antagonistic fungi

Section 3. [Projcet 3] Development and use of beneficial microbes against soil-borne

plant pathogens

1. Studies on the cultural characteristics of Thrichoderma sp.

a. Materials and methods
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142

142
142

(1) Isolation of Trichoderma sp.

(2) In vitro tests for the selection of beneficial microbes

(3) Identification of Trichoderma sp.

(4) Studies on the physiological and cultural characteristics of Trichoderma sp. seesesesseseseess

(a) Temperature for growth

(b) pH

(c) Carbon source

(d) Nitrogen source

(e) Inorganic salts

(f) Changes of spore concentration with agitation speed

b. Results and discussion

142
142
142
143
143
143
143
144
144
144

(1) Isolation of Trichoderma sp.

(2) In vitro tests for the selection of beneficial microbes

(3) Identification of Trichoderma sp.

(4) Studies on the physiological and cultural characteristics of Trichoderma sp. seeessesessesensees

(a) Temperature for growth

(b) pH
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(c) Carbon source

(d) Nitrogen source

(e) Inorganic salts

(f) Changes of spore concentration with agitation speed

2. Srudies on the establishment of mass production process

a. Mateials and methods

(1) Conditions for the formation of chlamydospores of Trichoderma sp.

(a) Culture with various carbon sources

(b) Culture with various nitrogen sources

(c) Conditions for the formation of chlamydospores

(d) Optimization of growth conditions for the mass production of Trichoderma sp. e

b. Results and discussion

(1) Conditions for the formation of chlamydospores of Trichoderma sp.

(a) Culture with various carbon sources

(b) Culture with various nitrogen sources

(c) Conditions for the formation of chlamydospores

(d) Optimization of growth conditions for the mass production of Trichoderma sp. e

3. Formulation

a. Mateials and methods

(1) Establishment of conditions for the formulation of Trichoderma sp.

(a) Selection of protectant

(b) Selection of dispersant

(c) Selection of moistener
(d) Test for stabilization for pass the time

(e) Interactions with other microbes and survival rate in the soil
(f) Compeatibilities with microbial culture fluids, plant extracts and pesticides

...........................

(g) Survival rate in the soil

(2) Production of test product and fertilizer registration

b. Results and discussion

(1) Establishment of conditions for the formulation of Trichoderma sp.

(a) Selection of protectant

(b) Selection of dispersant

(c) Selection of moistener
(d) Test for stabilization for pass the time

(e) Interactions with other microbes and survival rate in the soil
(f) Compatibilities with microbial culture fluids, plant extracts and pesticides

(g) Survival rate in the soil

(2) Production of test product and fertilizer registration

4. Effectiveness verification of Trichoderma sp.

a. Materials and methods
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(1) In vitro test with Trichoderma sp.

(a) Antagonistic test against the Trichoderma sp.

(b) Growth promotion test with various plants

1) Evaluation on the effect of seed germination

2) Evaluation on the effect of lettuce growth

3) Evaluation on the effect of grass growth

4) Evaluation on the effect of potato and young radish growth

(2) Field test with Trichoderma sp.

(a) Evaluation on the effect of lettuce growth

(b) Evaluation on the effect of ginseng growth

(c) Evaluation on the effect of grass growth

1) In vitro test
2) Field test for the management of large patch on warm-season grass

b. Results and discussion

(1) In vitro test with Trichoderma sp.

(a) Antagonistic test against the Trichoderma sp.

(b) Growth promotion test with various plants

1) Evaluation on the effect of seed germination

2) Evaluation on the effect of lettuce growth

3) Evaluation on the effect of grass growth

4) Evaluation on the effect of potato and young radish growth

(2) Field test with Trichoderma sp.

(a) Evaluation on the effect of lettuce growth

(b) Evaluation on the effect of ginseng growth

(c) Evaluation on the effect of grass growth

1) In vitro test
2) Field test for the management of large patch on warm-season grass

Chapter 4. Accomplishments and contributions to the related research fields

Section 1. Yearly objectives

Section 2. Points and criteria and for evaluations

Section 3. Research work performance and level of achievements

Section 4. Level of contribution in the related field

Chapter 5. Research results and the applications of research results

Section 1. Level of achievements

1. Publications

2. Education, advisory, and distribution of technic etc.

3. Patents, variety developed, and abstracts etc.

4. Manpower training
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=0 28.6

257
P 23.5
20 o 17.2
15.8
10 7.5
1998 1999 2000 Zoo1 o0z Z00= Zoog ZoO0s 2006

< AAY NEA P HWA >

A& http://www.organic-world.net

(3) AFedsz Qs 713Hsle) 2 - 34 Ak A
(4) IT-BT-NT & 4 - 7]&xt %%@i‘r 7}5_,‘—

LR e s A sl

<goluzl sdXe FREAE W

>S5
1440 .0

120.0
1T 00.0

80.

(@]
&0 .0

40.0 |

< 78 =7 da A Bla(‘00~°02) > < F8 =71 QM4 4] BII(‘00~°02) >

_ =93] = A -
B | vERE | G T | QR | Y oy | QB | B | A

W] | 240 | 229 | 199 | o]0 Qg | 57 52 | 48 20
(kg Nha) | (19)) | 2% | G2 kgPha) | (1) | @9 | G9D) | @)

ok A A

(1) (&2F A7 ) AAl e4F AETEE 98T 39% S78ke, 53 7% AF A%
TEE A 20% Wel 8%
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T2 E S LS M LHEF H| S (%)

// N 13
14 - 11.9
12 —/
10 -
6 -
4 -
5 -
o}

‘07 ‘08 ‘09

(5) 2009 =] XFAHFAE A FE= F 3% 73559 W0y, FF A& O )
ool 10dRE A dFol 2t #HAH wet dF AT Qo HA 3 EF o
20200 AA Q] oF 20% =FA| ol %

079y 3 6.7Hl
] 20%

6) T A/1EHE AFTFRE 404399 FE(08)°1W, AFF 26%] HFAZ FF A&7
o2 e A%

T 2006 20074 2008 AdFH AFE
71 4= 1,114(44.0%) 1,427(45.4%) 1,885(46.6%) 30.1%
71 754 F 1,419(56.0%) 1,719(54.6%) 2,158(53.4%) 23.3%
Al 2,533 3,146 4,043 26.3%

T 2HANA A1E, ()% FAN%)

(7) AIA 12070 =Foll A 3,523%Fhaoll Al 715 AH
- QA0 oK38%)> - H(24%)> B1I(20%)> OFAOK9%)y EHI(7%)> OFZE]TH2%)

(8) 8 OECD %7I52 f71%dS A gdishs FA

O~

e Lﬂ o al=z= |22 | N &2 g| = 3| A
= =] o] Fé]_ ] ] = - e . = & Lt all
e | 5905 M RE SR AE-SE NN
= | = SR L gl .y 3 g | B A
A A
(A ha) 12023 | 50 | 1,002 1,949 | 737 | 98 | 1,130 | 581 | 628 | 492 | 336 | 9 |1853| 13 | 3328
ZAu ™ A
é}ﬂﬁgf) 28 | 26 | 79 | 06 | 46 | 54| 45|21 |09 |174|108| 02 | 03 | 0.8 | 08
0,

* ZL7 : IFOAM(2010)
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(9) 2008 AA f71E2F A AfAS oF 4689 2
- (RA) A RS 200292199 2] F uf o) S7F
* 53], A2 AT AAEC] F 30%= 71 A

2007 | 2008 (Oﬁﬂﬁcé%%l%% CAGR
(02-06) | (07~11)
AlA 415 | 468 13.8% 12.8%
] 192 | 213 17.1% 11.1%
4 174 19.8 15.3% 15.1%
o ol/el | 46 5.6 15.4% 20.5%
M= | 177 | 196 16.6% 10.4%
=4 48 54 11.3% 12.2%

e —— B 32 3.6 17.9% 11.8%
2002 2003 2004 2005 2006 2007e 2008e 2009 2010e 201le ?_:]_J_-i 089 1 19 22 1% 29 8%

® o/e

* A3 : World organic foods and beverage report, RNCOS(2007), IFOAM(2009) (IH_“O;‘]ZIOQ—;']USD)
F8 F7he] 714 F A R B AW

A3Ad AE Y HAES 8T I8A 7ls AA AL 7 EeA

L AEARER @ B Wl BAg A A 2 28 A9 284

() Fe&rdeSs 283 A= AN ¥ YA s sy dA- 5] An Ago=w
74E FAgS i, AEA RS} SFsde dHske FaT el

(2) AT S0 A¥MA=S A 2ddd Yoz ARt ESHSE E&F oz HA
st7] A% B T stuE 23 mAdEs AAS o frleits S 9% 93
28 A=AAE AT @ 2oVt A, 78 AE Al dEU 27

(B) A 5 4T A= AHoA vd=d o AF=Z B g LA JAs AAHe=
oo dFE GFA7IAY B &2 e 58 4548 de st 24 7o &
T A=

4) Bl =] - 3% - AESHH SA4o] 2Tt Ao @2 A9t Bu wHM EY
NFAE HE 5 dAHCz B 540 ostd Ffok HA vs=r 42 EYY &
e BN NFE F e )] 7lee EoFolof o, k3 B FEE FA
B E¢alA dojues AFAd e AU &Y 5 e ASAHA 4 AY
of &

6 ATl FEEs 4F AEe] HA7hd EWNE 23E Uuehle AEAAY Bgol
A F7kske FAlolH, &G Fde] 54 Aoz A AL S7HE FAolmm &



& 7159 NMFA Hoges EF7sS 7 BEUe A AS A BN AAE st
o T8 gng Zav) A
6) A T A [ sAANE F 1,154702] F5o] 555

K
%0
o

E.IAVAF7IEAA(E LIshs vAdE 2 He@FHde)FEE AA 55

H 3] Z3ll W3 5 A& EY EdNG L
A -8 WA & A & A58 N Fe AEASE
(BEH A=A A 44 17 - 54 8 82
(7 AT TE 187 vol 9ok A ABAKZAAT} AR} HFHT Yoy FHHE
of B3 TR RE WA AX g

) AAE - ad =w

() AAR A7 AAE S8kl A7kl #71E 4 Fe] AR FE7F did 20% Wl A&
Al AAANE H

(@) A S 2% AR % okl AgFol FETO) Wk AR we BAY W

sstul el Fore WA & Ye B EAsE T 2o A% 21, 55 Zv)e
g 2 48 NAE A9 Fusl 27

3) @ LAT SRS B BT 20 ST W Frlsgon, o
B BB AN ARSI AT EFAA b B el 2ee) AokHe ¥
JTAZ e NP EFE AFIL HASE GS £A LAY B2 LA O A
f5)50 oupA] @ & Qom, FNEel B, Ao S FaF JuE A,

(1) XS (%4, Nematoda)> A 5E &3}
e Aol EEsta ,{E}, MZzo IA dE ERNZo g }rn

AFH 715 ‘/}%E‘r

() 71 FS 71—r°ﬂ et EZIAAEAS, 257 S, AT oR ‘%?%Fﬂ
A< A&7 }?j’is'i: A 2~ E/d Z(Heterodera <), 2] 3 Z(Meloidogyne <),
2 o] A Z=(Pratylenchus <5)°|t}.

3) FelEA T(Melmdogyne spp) 18509 T FTA HEe E2HPT AAHOZE 8%
Qo IWole= EF 659 oI AFo] A2sta
@) = AmAeA 7P EAVE HE B E5HAES M. arenaria (FFHEE4%), M. hapla (3

SEE Z A 2), M. incognita (aLT-RHEE E]—?;’;j%)% 3%o|a, 7|F AR A, A, 13,
@, 9, 271, B, 7, dl, A, 7 AEA, duh 0], 99, A &eR 3, e,



T, BENlE, ¥, 9 Go8 J|FHIL §
6 = As AEHAEA ATIAEs 308 A=W F 639 ArthrobotrYs, 5%9)
Monacrosporium 5 E 1129 zAPFTFo|7l 9om ok 40oHe] HAE =Fo] ¢

]

&
(6) =W A5 24 FFo

AZES Yokt 38%0°]aL, & Al A ul =] W~ 100% #HZ5
ATk - F2 Arthrobotrys oligospora©] i, +1+0] L& (Adhesive nets)S ©]&3= FT/H7}

AA o 712.5%= M B3koh
(1) AFFlFRole] B A4 Ao e} the), Eoml HlSgh A EAE A 2 el A

AFgolmgole =7t w9ka BEA FollM= pHYF AFfolmdole] M) 71 T2
shA T,

®) EYl f7leS ¥od z7ldle 7= A7tz d&f #4845 D=7t vig =4
S7Fstal, I F o] AFes XA &) £AdEFole RV ke, ShE 24
AEBo| 5L FAPAZTE oy AR AF/AE TAEY, Aoz AgTy 7]
B AFe] 2xr degEng 5 Yolln

(9) 22y drkF o g ATl EdY AAH S Fom = B fungistasisol]l &k
IAE Edol] EAS Afoles oyt HA ot A AHRUt gla, B

= 2ol Y& Afoles ) AL

(10) AAZFAZ 7de A A 2= Abbotoll 4] Myrothecium verrucaria W S o] &3
Y EAS DiTeratts ARE AZIsIR L, v ZEHTGAAE SSE7|PTFOEA A
F7HAl QlFul ko] E7}s3lA Y Pasteuria penetransE =% A<l Enterobacter cloacae<}t
FAo wjkgto 72 thEFEa o] AFEH o, o= Paecilomyces linacinusE ©]-8-3}
o] ‘Soybean Root Bio-Protectant'E §4Fstal Sltt.

(1) AR FoA = 19503458 AHAHA AHFAE] ME ALHASY,

B3 Ao that nEAo] ¢ F O Z(aldicarb; A3 2, BYUA 5

A58 AAdFAEe] HI7IHL AR, AAEE F5 o83 ISAHA] A5 HA

Heol Jigo] AASHA B AHY

(12) QH i‘ﬂl 715, A& FE2E 5o 93 A5 A adxes W & dHA

2(_}

OS2 1004F2 mAAEC] dHA o, of

rlr o

F

ru[n

L

. AAA - 2 S0

() HENYEAZE A AAReR Az 7182 Dejo] 248 AL FUeas 53 A4

A AMANA HFol Fel7h wom o 30-40%0] FHFRATF BATE Aow FH5
3 glom, oE Bof, Fel AMANATE B FHF FAE| 50% oleln FAdzE
o Afom WeFHFe] WEE Eoh, £F 75 AE, B A v§ 5 BF 3w

AZE oF 5409 o] EHo] HHE Ao FHE

(2) NEAAF AsrtelA dAH 7}
o v Fe A FJriH% A v =] ©
EH F0 Y5 daFe g2 =
Ald EvFEH I Fusariumell 93 AleaH, a2
AolE By o] F(Pratylenchus  sp.) 5

(Meloidogyne sp) =3} /\l’“xﬂﬂﬂ

of HE wmA FHAF{F FHAM=

of



Agrobacteriumell ]+ B & o] AstA WA H O

(3) EvlES} 7FA] AZFAl AlE-H (Fusarium oxysporum f. sp. lycopersici), Z0l&%, HeE|Sd%
(Meloidogyne spp.) 5ol &3td 8 AAF= 60-80%, HAFAE 60-85% FAgHrt.

@ AE 7I8E AF g% sHE] &4 TARE 1654 6% AEF A, Y[/ 23
Fol A 12% A, AAEF 24F00A 1% T4, BFAE AAdA 10%7F ZaERer A
AR 2+ sfvitt 78% E89 & 7HAH 1 e AR FAHHIL Yok 28 A

THE AS 9 Hal&e BY d2, FuF, WER, S8 5ol 20% IE W

A
om, Bgo® 1F, 5%, EvEsl 15%e] A, oo 2, nEvl, e, )
F, 45T 5ol 10%e] MaE B Ao Yeh} AAHCRE BE 1%e] W) e U

, o
Ebd T}
X, AE 71 A5 3 FEE AL A FAX (1970 V=)
A= e 8(%) 3l = ($/ha)
W22 (16%) 6 10.1
FYF(23%) 12 175.1
A 2T 04%F) 11 131.5
A=A 10 690.7

% Ax TFE AF o F4A2E(1970, ¥ =)
3

2 B g | 930 &(%) 2 & &%) | B E I 3 &(%)
A 10 Ful (=) 20 A= 10

7 Fn} 10 o} 2shg} A 2 0.1 =t 5

a1 F 15 oFul 5 10 EulE 15
ZLok) 3= 2 oF ¥ 2 Melon 20

3 = 20 R 5 ekl

0 = ST 15 A=A 2
HEZg 2 2k F 10

A F 1 Cantaloupe 20 A H+ 11

(5) el Addd AujAds FYEFAFTe] FHdoz A oF 30-40%°] FFHEE AL

=4, o] BYZAFe SEvete] Ao BE AEYAZE (0], FHl o], EntE ol I
3lE T3 glom HoAnt Azt oF 54099 £Ao] MAEE AoR FHHIU

Byl =AY R JYd
B2] 4 o] 4 S (Acid fuchine E4Y)




6) 718t A5 Az, Ad @718 Asts B, 1% A M= oFEHSF(Bud and leaf
nematodes), "FE3 A= E7]7F241 57 (Stem and bulb Nematode), 7V & =3} )uj
Ao A = HE]H o] 4 Z-F(Root lesion nematode)?] +A| AZ-o|t}.

(7)) AF F3lE daA7Ie #E HHeEE &2, AE, HYYE &=, 954, EY &5,
A FA A e Eo]‘:]' AZF BAle AS7HA G4 78 7 de %ﬂ@@xﬂ Eeo] FE
AbEEH A=, HT FUIRAEEGEY AA R AA P mA = g o] g AH
] Aldicarb, Fenamiphos, Methyl bromide, DBCP, EDB& &3 £& AHAFAEY &
AFHM, o3 FHES AT F Ae AFHAYY Mdo] A3 a7=H
o]t}

(@) EHAR A&7 F HAE A WA EATE A EH ol S0 FA A o]ofof Fitt.

9) 20113 = FEZuAE JAFAFTAAE F 1,154F02 58 129%, HadA& 1405, A
AR 143%, AEASE AA 338F, EQNEFE 408FolTh.

== | A58 | AT | B8 | HAsE | A58 | EIAFE | F A

off

A d%‘ﬂﬁﬂ@r oy e Aoz AAHEE AFS

74“1(“]%5%1]%1]) ﬂ"L(Z}UrTJrﬁM%"—% , B FEE), veldEddFEE), d
2 EEEREFEE), A1 ﬂ(ﬁlﬁégg), ASHAAAFEE), @A =A), A2
AMAEA), drtEd2HEFEE), 2@ EFEE), ESTH(EAUTFFEE), vt
FAEFZEE) 5 1350l

(1) HF53AE EPIEFE s F 4085dd 1 5, F=d Fdl 50F, "IA=A 907,
T71AV R 695, HPl 93F, A= FA(FE= 5) 515, 71EAt 4%, =7 85, A4t
13F, Y EREZ2 8F, 7|8t 22F°lnt. ol AFFT F7IERE, HY], =4 7 @ A=
il AFSAe BEY AS Ao #dd AFol d& F5 A

(12) "] OMRI®°|= BioStart(F] A &4]), Desert King Chlle(QulllaJa Extract), Nema-Q,
AzaMax(Neem Extract), EcoGarden(Neem Extract and Derivatives), Dragonfire-CPP, Ontrol & 7
Tol AT HAE ISBAAZ 555 ATH2010).

o £

3.4% 9 rAES 28% IS4 frls A A Ao 84

B B AT 98 A8 AA Agol Solzta A, & )

M, BolE, ABNBHAFE F AP OPA AN 0E P oFe ST 9
3

o ook
Pl
tr
o

5 :
U #frlsaks ALk 97 BN, Wele B AErIAA4AE BAE AT S I8
73 ZHE A 71’“01 oz W F3 GAY. webA, ol sidsty] H% yEs, nFA] I
&7 AA Aol AAsA Bod dAoiH, EI, frlsdte Ade 93 BEdNFA 2
BellE LAA, A= l/‘g** A BAASS o83 FFAL I8A A=A E A% A=

A o] o] Ba g,
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A2 =UY Jleid %

Al 1d ALt R AR

AAF SR AEFHY AL EADAE AU BFx7] GAZEA A AAZSE 18HA
A g bAZ A= ik WAool FUhge] wet FaH o R AlFo] *17%’8}313} 7] th = ok
Santander Investment(1998)°l] &3} wjd <F 10%% Al&o] A4S AoE FHHAG

2004 AA T A BEFHAYH AAEH 4F HIvEE A== AEAAE 2
F3F T AEEeF AAS of 4009 9AEE FAEM, 20109= A woF A 10% T
221 1,200 4(ZA: AE s AH | oAk, 2010 F7EAES] BT HA w4E
ol 10%E AA|gcta 7FAE o)), 18]l 20153 AA BF A 15% H=2 1,800

= S
AL ol& AR FAHAA(IH) AEFo] MEHH FoF FdA &= =z} 7|
Hu, gl #AvjEI = ke HREELS FYFHL e A, 20029 % A FY
S 39 4HTHEERA 29 7HRHE, WA 3H ewivkE, YR 3HVNE)RA FUJERE
78.3%°l o|21 &= AAo|th

g, EyEte] A 20099 FH AEFF Bx AYS AAstL e v O 59 318A
715 AAY 4F BFHI T st Aol HAEo] SiieA] Fdd AEFF AFo] §&
sHAl A4S o2 FAdHETT o] w}ﬂ‘r A FHolA AEIL e AFE FTolAE F5
F mjEgo] 10 holdol He AFS oy AFo] BAS T E=I 53 HAEFF H
Ay s}ehgofe] 50| et XJSEEJEE 20109 =0l = F5T 3099 AFo] 5HL A=

7l
A AEsefe 2001d AA AA sF AR oF 2%< 589 =]} (ofd 3F), OECD
=7t %’"3 e A sAA AR st T AAFFREIZE 2013 0= AA FofA
o 2 FAHt)(Santander Investment, 1998)(c}ell 13).

2000 5000

16001 4000
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1000f 5
B 2000

ALEH =)
o
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o

=]
T

7
1000

2001 2003 2006 2008 206 1957 2000 2003 2008 2013
u u

a8, AEFF] gUAAEE) 2 AAANRLLESR) DAY
FHzx Az 2 A 1AL, 2001; Santander Investment, 1998)
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®. 20019 AYEE AA WEEF A A

(million US $)
Europe NAFTA Latin Africa Asia Oceania Total
america
Macrobials 60 80 10 5 20 15 190
Microbials
- Bacteria 20 90 10 5 15 30 170
- Virus 6 4 5 1 3 2 21
- Fungi 5 15 10 1 7 6 44
Subtotal 31 109 25 7 25 38 235
Others
- Natural products 20 42 10 3 12 10 97
- Semiochemicals 6 25 4 3 15 3 56
Subtotal 26 67 14 6 27 13 153
Total 117 256 49 18 72 66 578

(3=: Michel Guillon, International Biocontrol Manufacturer's Association, France, 2001)

A2d U BEFTSF AR

Tl A A EF T AEsHE ke tig AT 19801 el B3t 1987d = <14t
A5 WA S vlolIZye] MIR AFEHJT. A A5 AFNES 1990t &
FH o]Fofon, dxsddTdd AHFTATY, sFHS7IEd 59 A4, Fd
o, F9Uistn, Adustn, «dgstn, Aeudn S ugtn, 183 (F)E5AEse

RCiye=) -{%

-

(F)dutol 2.8, (Fyulotel A, mEEel e Fo| AGANN AEHoE ATE s P
WA Bk Assser FEFAol 242 200195 2005 A B, BANA HYRE
oz HFA 1579k AFA 137 F F 287 EZol EEEM AL JTHE 2). 157)9)

SGAE A FAA 1S AFE FUNA ARHAL, 4R AFE FAEA, AE
9ol A ol AFel FHAA AR, 1A% AE] +e8 ATl oHE
AzA AFozE obx 528 AFo] frh A Foke] A9 WANA F Aol AFol B
=50} gk oAU TR YAAED: BH)E AL HFAZ $3H Y3, AR T f
AAED: Aolehs A AzAZA FZHo] ARHw Uk obd Yt AEAZ 5%
Hol gl AEL glov, WA dRAGATY, FY FAAAY, A 5¢ TR A
A7 FRES £2F U8 4SS AFAR 5357 99 ATE AT Ao
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(20101 6€ 304 A

HE 4= AzFY Fa 8ok F57 TETE (%)
1 uhal 24 HElg] 291011336 4344 1.0x10%9 cfu/g
2 g e B R 24 B g 25 o 2E]713 $=8hA) 5.0x10"9 cfu/g
3 v F22A B e e 25 o 2713 A d3iA) 1.0x10%9 cfu/g
4 HHA FAER 2 50| 2~ E|2808 Y /d<=3}A] 1.0x10"9 cfu/g
5 v F A B ] 220t E-742-1 A A A 1.0x10°7 cfu/ml
6 vl 224 B2 2818|1501 =314 1.0x10%9 cfu/g
7 up F 24 B Anu e 1501 YA 1.0x10°6 cfu/g
8 HHA A B 2 A A 0]-9 A HERA] 1.0x10~7 cfu/ml
9 HHA 2224 g g] 2~ A| o] A o] Al 0] 238 YA 5.0x10n7 cfu/ml
10 2ot v F 24 BE ] 22 H]365 314 3.0x10M7 cfu/g
11 vl 24 BR 2] 22 1)365 B44=3}A) 1.0x10"7 cfu/ml
12 A = IR R vl 2 BE g 2A 018|401 A HEA)] 2.0x10°7 cfu/ml
13 B2 A B R 2] 27 ]I A1010 S3}HA)] 1.0x10%5 cfu/g
14 HHA] F2copd 2 2] ] ZhA 22 A o] H] A 1.0x10%6 cfu/g
15 v ol 227 g Ao HIA 1121 F3HA] 1.0x10%6 cfu/g
16 ZEFEnjo| 2317 ]I 2E Bfretolo]324 HA| 1.0x1075 cfu/ml
17 2 E Enlo|§| 2 ER QA B-felolo)o ] 1.0x10"4 cfu/ml
18 & 2 njo) A 227 28] 220105794013 573}A| 1.0x10°7 cfu/g
19 st FF T B AL o] A1 A dEtA] 5.0x10%6 cfu/ml
20 Tl ] opkaloht R e o] x| el o] FFHEA 1.0x108 cfu/ml
21 Ful gl oputalohEl Rl ofo]-1 A gA] 1.0x10%6 cfu/ml
22 oy H|Ejo}o]z}eto] o} /F3tA 8.5 BIU/kg
23 Y HEjojo]zteto] Q14514 35,000 DBMU/mg
24 HIE| F 2 2E7] Agr3}A| 10%

25 HIE] 2 2El] P73 64 BIU/kg
26 a2 2y 8} 8k ozt |l YAl 0.15%

27 U R AZEFERSALEA o BIAI3017 /A 1.0x1074 cfu/g
28 Hlg]ojo|z}9}o] QN EJ423 4=3}A] 1.0x10%9 cfu/g
29 H|E]oto]z}olo] A E]423 A 43R 1.0x108 cfu/ml

A= IR ——

30 HlE]ofo| 2} o}o| A H[413 Hd<r3]A) 1.0x10"7 cfu/ml
31 HIE| 2 2:E7] $31A] 16 BIU/kg
) ) A Zujo| M| 2 F R AZA G201 12032 4235}A) 5.0x10°7 cfu/g
33 R E 4 Ay 3}8k AH2 24 FA 53%

* B AR

=

p=%
[s}

w27l A Zd 7

Syde 520EH FAOACIEAR-EAN AR EFESAFYA L] 2%
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A3Ad o s A%

AEste e dridits F2 WA7dely Ta7|HE0 FEHL

=sta o A AAF Sz oF 1109719 3] BEFekes F2 Aoz AL = A
o= dHA Ut ol FoA Azt 3HRE o) ME HlwF Z R vAd=Fet A
2 Verdera OYAHRIAEE S A9 5%), Certis USAAHFIAA &5 A9 6%), AgraQuestAt

MAE FF AFY 6%) ol A3, AAT AFAHQA FJAZ Hriga e IJAERE
BioWorksAF2} E-nemail7} o™, HAIAHQ 7|2 A olA 9 A|ZstE 3|AFEZ = Pasteuria

BioSciecnesA}<} Exosect/\} Sol ¢#A  duk(F=Z: The Biopesticide market, Business
o] AP EsdAH ] deow AR

Communications Co., , 2006). °l& 3IAES Z= AHHF
ERRERE R v%% Bonn SAHos HAEG ARLE LG A 2L ATz
) [¢)

of $4% FHES Fudte] YREHL AW ok

-

HE] ol AALS ES

ME=0r A1 MY (MIHIAIZY

o
22

v —sisy
@ 30,000 d=ESZH000 &
w o o
oD B = i [ 2]
= 1000 2
= =
= 20,000 | {80 ©
= 1 800 =
or 10,000 1 400 gi:
e = MEsof =T =J1=108% Ho
= 1 200 pju

0 1 1 L 0 =0

2003 2004 2005 2010

Z 7 : The New Biopesticide Market (Business Communications Company, Inc., Jan. 2008)

S 20| AIESZ (MAHIAIE — Major players]

: EHIA 2k 110 JH SIAF =3

EMIA 1100970 ZIAFS 370 SIALI}F major player B

- ABES/STHIE /A2 AI2THE ST major HHIE 40M USS AIE EH
3] A =S HE O &=

Agra Quest 100% bacterial biopesticides $40 million (M E=2tAl &2
(K2l LEEI(01 2 HI E), 5 in market, 3 in EPA, 10 before 6%) -> $100 million(2008)
EPA)Bacillus subtilis)

Verdera QY 1000 A= 284t $30 million(M S =FAlE 2l
(Mycostop: 2ted =2 & 3 H|, Prestop: Gliocladitum 5%)
catenulatum)

Certis USA Bt biopesticide+insecticidal nematode $40 million(H S =9F Al& <

(Mitsui XFSIAE 6%)

& 7 : The Mew Biopesticide Market (Business Communications Company, Inc., Jan 2006
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e M=o \|EUR) cigj:ofoi
ex E] #z mx
e s £ A ES . |
et 1988 | 107 | 79 22 | 101 | 005 | 05
. =8=H : 2000 | 128 | 78 33 | 108 | 12 | 07
= %0 2003 | 400 | 210 93 | 303 | 81 | 16
% WA YR MEZOF MBI EILT 1 2 2w, 2004
2 0 o MESol == == (2=, 2003)
10t =0
5 | - :

12998 2000 2003 aX:

A= R
HAi BUH YFOl MBS SO MES AR S8 5T}

2002'd @A vl= EPACl= 76719 wAdEE e 11379 AF}shgefo] SF5 o] . v
o] AS & 3ME VA= HaAF L I YAA o= anthraqumonedf‘r z
=402t =A] bergamot oild o] Y afolE ol HEls EF &% X%
of f-gugtoll el o] AAZ ofm|e] HE-Ffolgt ?-:]' T e =4
g3 A2 et oy wol Atk old Hlste FHAEHES AT
gutetel A8t I =9 BCPC(British Crop Protection Counc1l)°ﬂ A Z33 “The Bipesticide
Manual"3}“The Manual of Biocontrol Agents, 3rd edition"-= A¥H B W AHEFF] /L T} &
FE & F A H).
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1998 2002 2001

2%, AolA 528 B

9 -l B npe} o] MAHoR ATk s FEs Sk on, 2002193
200435 Hlustsle dolls A #7F §438] F718ks A2 YEyt 20043 @A 5=
Hol e AEFASods A5AT 62%, LA 18%, EATATL 1.4%, AZAT}F 6%, 2=
AT} 5%, 223 Z1E7E 7.6%5 AFASHAL Qi
At e R Aedd AEEd)e A Y= s ETE AF, AH)e A AA
ANe et ofef woh 2.
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b

- AESH Foko AAANG (AsteEel Al (e HRtE)

L 2003 2004 2005 2010 A&
Bacillus thuringiensis 242.2 290.4 347.8 611 11.9
Bacillus subtillis 51.9 62.3 74.6 94 4.7
Pseudomonas fluorescence 34.6 41.5 49.7 62 4.5

71 ek 17.3 20.8 24.9 29 3.1

%l 346 415 397 796 9.9

(3Z: The New Biopesticide market, Business Communications Co., Inc., 2006. 1)
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A3 dNETEY BE 2 23
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[ANAR 22853 B 2FAEA Bl A1 rlAEA D B 88 AT
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EY 9 F83EHoA 2 &S & BEF A F AEAN FXE vAEAAE
Astr] sted Al AFEFAA AYATE BRGEa Qe Z@NA EE3F Pseudomonas spp.,
Lactobacillus sp.2} E¥ 2 z®hol|A4] EE]gt Bacillus aryabhattai B8W22, Bacillus aryabhattai
B8W22, Staphylococcus hominis subsp. novobiosepticus GTC 1228, WAy, Burkholderia spp. 5=
AHget EF AR AEAA £33 83E 8% nAEA S 9 A s

A1 SA - FErAEY A R aR3A
1. & PIAEY Ao & 71—-]_3“‘3 xabe:|
) & PAaES A
2. & FAEY A=A ZNEN AA
1) wol=x a3 HA4
2) A& AAEX
3. fr& FAEY EY
1) ZHE9] AH
2) Mg AAnAH5A Bl
4. & FAEY F
D +& PAEY 54
5. A FXIo] B4 siderophored] &4 71
Al 2 GA v HA S L A A S A
1. &28%F “Lﬁzoﬂ/ﬁ-‘ﬂ HAs} AT

_42_



5) 28 FEXGL) dlAMe HZHE AT
6) siderophore A8 & =7
2. &F Hax A FHA3 AT

D #AEE 54

=170
2) XEY %E =4
3) 300L ¥ 2,500L TE XA HAZ AF
A3 SA  HAE Jéx] 7k
A4 DA w7 AF 2ZAF
1. & &S 589 23 A4
A 5 A - AAF R

1. AA=F A%

. d+4a3
1) & UAE AIH AZEZYE 2 AS5FT)

FToollA AT 2ES 34 PHS o83ty FS FE A s/ #& EESAT &
g3 #& g3 s/ ¥ 2

B10-2¢] A% @AHS ¢
TFolHE o7& B. cinereadl

o
C. coccodesI A= EFHE YeRR A Aron Blo-4= A
A B3RS GERN A EFTH(Table 1).

Table 1. Inhibition effects of the bacterial isolates against different plant pathogenic fungi.

Inhibition rate (%)

Bacterial

isolates B. cinerea R. solani S. minor, C. coccodes P. drechsleri
B10-2 37.23 30.58 24.11 - 23.05
B10-4 - 36.94 22.82 12.94 23.52
Control 0 0 0 0 0

AUE AGelA AAT EFORRE HAPPS ol g3l B LT A% Y 7 Belsigl
W, Bels 22 ol §3tel 770el WAY FHolsh thxueF A} ABIS
of tiste] e EAE LrERASIThTable 2)

Table 2. Inhibition effects of the bacterial isolates against different plant pathogenic fungi.

Inhibition zone (mm)

Bacterial

isolates  C_ acutatum C. concorde gIoeosp%rioides P. infestans R. solani  B. cinerea  S. minor
ABO5 85+ 0.5 114 + 1.1 93 £22 183 £ 1.5 20«05 37 04 -
AB15 15.0 = 0.6 16.2 £ 0.8 17.6 £ 2.5 23010 86 +£02 121 £06 68 1.2
AB17 6.8 £ 1.0 8.6 £ 20 50 £ 1.0 17.6 £ 2.0 - 26 £ 04 -

Control - - - - - - -
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) & TR ABARED T D EF NFEH AHA G5

g #7o diste] 2E AS5EFK g EGNE EHE Loty fste g4 23
FRE A, F AN olgstel AL AN B3t 44 4¥ A kA B =
% Bxgzdl e AAE, ATFNA B 22 ARE Uyshiglon, gud 94 we
ZAHEASE2 a9E R FATHTable 4, 5, 6; Fig. 1, 2, 3). 3tA T A 3}3R<l ¥y R Ro] 7
T FAYTH F ZolE HolA FUT
Table 3. Growth promotion of lettuce treated with various bacterial isolates.
Bacterial Leaf area Fresh weight (g) Dry weight (g)
isolates (cm®) Leaf Root Leaf Root
B10-2 105.00° 20.01¢ 8.52% 8.94°¢ 5.15°
B10-4 169.17° 40.29° 8.80° 11.24° 4.17°
Control 81.22° 12.39¢ 5.79° 5.33¢ 3.45¢

* Means followed by same letter in the columns are not significantly different according to Duncan’s Multiple Rang
Test(DMRT) at P< 0.005.

Fig. 1. Growth promotion of lettuce by five bacterial isolates B10-2, B10-4,
B10-5, B10-6 and B10-13 on pot tests in the greenhouse.

Table 4. Growth promotion of pak-choi treated with various bacterial isolates.

Bacterial Leaf area Fresh weight (g) Dry weight (g)

isolates (cm?) Leaf Root Leaf Root
B10-2 112.87° 60.70° 3.37° 14.34° 1.90°
B10-4 89.61° 43.29° 3.42° 13.48" 1.67°
Control 57.44¢ 22.67° 3.25° 9.72¢ 1.82°

* Means followed by same letter in the columns are not significantly different according to Duncan’s Multiple Rang
Test(DMRT) at P< 0.005.
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Fig. 2. Growth promotion of Pak-choi by five bacterial isolates B10-2, B10-4,
B10-5, B10-6 and B10-13 on pot tests in the greenhouse.

Table 5. Growth promotion of Chinese cabbage treated with various bacterial isolates.

Bacterial Leaf area Fresh weight (g) Dry weight (g)
isolates (cm?) Leaf Root Leaf Root
B10-2 203.44° 79.63%° 2.20° 4.70° 0.53°
B10-4 187.94° 64.30" 2.23° 4.40° 0.53°
Control 157.05¢ 48.90° 2.30° 3.67° 0.56

* Means followed by same letter in the columns are not significantly different according to Duncan’s Multiple Rang

Test(DMRT) at P< 0.005.

Fig. 3. Growth promotion of Chinese cabbage by five bacterial isolates

B10-2, B10-4, B10-5, B10-6 and B10-13 on pot tests in the greenhouse.
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FYE AY EofoA B 3ol sty wol H2E Ad 77 5 T4l ABIS, AB17
5 £ UEH A tH(Fig. 4).

Fig. 4. Germination test of seeds with bacterial treatments
and control (SDW). A, Tomato; B, Pepper.

R, 7ol tiste] BEvtE, 1%, 7HX], 7], A5FE R A5S3 Ade St 2
Ao ZA7tel 2ZEs ol&ste] AS 27INFH Edlde AA widste dF AHPstdA F 7
A &=l dEiA ddE AAR A3, BErtEe B9 AR g F Aol HolA sk
O} RGO A e zolE BHYow, FEEE FFS AUt FAET Aok 52 AL
2 ZAEQITH(Table 6). 152 3¢ S22 FFolA FAEe A9 19290 wlsf 3714 +F
B 340140 FRRE FES HAFIoH, 7HA #F BT FAT et & AL

BoH =& FE JER]THTable 7).

Table 6. Effect of PGPR strains on different growth parameters in tomato under greenhouse pot
trials. Means obtained from an individual trial, with six replicates per treatment. Each replicate
consisted of a single pot with one plant per pot.

Bacterl SR b R oweight welght' weight Chiorophyl
(cm) (cm) weight (g) (2 (@ (2
ABO5 59.26dc* 27.30cb 46.50ba 9.83b 8.16ba 2.16bac 36.83a
AB15 67.16ba 28.23b 53.0ba 13.66ba 8.66ba 2.50a 36.20a
AB17 61.13bdc 27.90b 55.16a 20.16a 9.33a 2.50a 37.50a
Control 57.10d 24 93¢ 40.50b 10.83b 6.33b 1.33¢ 30.56b

*Means followed by the same letter(s) in each column are not significantly different based on DMRT at P < 0.05
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Table 7. Effect of PGPR strains on different growth parameters in pepper under greenhouse pot
trials. Means obtained from an individual trial, with six replicates per treatment. Each replicate

consisted of a single pot with one plant per pot.

Bacterial Shoot Root . Root fresh  Shoot dry Root dry Chlorophyll
isolates length (cm) length fresh weight (g) weight (g) weight (spad units)
(cm) weight (g) (2)
ABOS 35.80bc* 21.60d 17.33bc 19.0a 2.50bc 2.0ba 36.46ba
AB15 40.90a 28.66b 19.50a 16.0ba 3.0ba 1.66bc 34.0b
AB17 41.40a 32.46a 19.66a 18.66a 3.33a 2.33a 34.03b
Control 25.06d 19.33d 11.33d 9.83¢ 2.30c 1.33¢ 19.20c

*Means followed by the same letter(s) in each column are not significantly different based on DMRT at P < 0.05.

AR A mE EriEsks g2 EAgEe et Astre] do] @ FAA

A YThIRen, AU, FREW TE LT AR} hA #FRG 1A G5 st

& EAE G ATl . €719 A$ ABITO] e ANE dehiRiod, 22

A GaANAE 2 Aol L A EHUTHTable 9) 4] AL ABISIH A EL
q& 27 F3E Hol: Ao LhERFTHTable 10).

Table 8. Effect of PGPR strains on different growth parameters in eggplant under greenhouse pot
trials. Means obtained from an individual trial, with six replicates per treatment. Each replicate

consisted of a single pot with one plant per pot.

Shoot Root

Bacterial Shoot Root length fresh fresh Shoot dry  Root dry Chlorophyll
. length " ; weight weight :
isolates (cm) weight weight (spad units)
(cm) (2 (2
(€9) (®

ABOS5 30.26¢cb 28.90bac* 38.16b 28.33b 8.0b 4.66ba 35.16a
ABI5 29.30cb 28.33bc 38.16b 21.50b 7.50b 3.50b 36.63a
AB17 35.50a 32.80a 63.66a 42.0a 11.16a 6.33a 36.30a
Control 22.30d 19.04e 18.33¢c 17.83b 4.0c 3.0b 30.83b

*Means followed by the same letter(s) in each column are not significantly different based on DMRT at P < 0.05.
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Table 9. Effect of PGPR strains on different growth parameters in strawberry under greenhouse pot
trials. Means obtained from an individual trial, with six replicates per treatment. Each replicate

consisted of a single pot with one plant per pot.

i Shoot
Bacterial Shoot Root length Shoot Root fresh dry Root dry Chlorophyll
isolates length (cm) (cm) fresh weight (g) weight weight (spad units)
weight (g) (© (2

ABO05 19.96ba* 16.53bc 17.16ba 3.33bc 4.50a 1.33ba 45.40a
ABIS 20.20ba 15.43dc 19.0ba 4.50ba 5.16a 1.50a 46.37a
ABI17 24.0a 18.70ba 23.33a 4.33ba 6.0a 1.66a 48.16a
Control 16.20b 14.80d 10.33b 2.0c 2.16b 0.66b 44.50a

*Means followed by the same letter(s) in each column are not significantly different based on DMRT at P < 0.05.

Table 10. Effect of PGPR strains on different growth parameters in lettuce under greenhouse pot
trials. Means obtained from an individual trial, with six replicates per treatment. Each replicate

consisted of a single pot with one plant per pot.

Shoot
Bacterial Shoot Root length fresh Root fresh S};\?;t }iry RV(\)/(QE g?' Chlorophyll
isolates length (cm) (cm) weight weight (g) g g (spad units)
() (8 (8

ABOS 26.97ba* 20.03a 80.83b 17.56ed 6.73bc 2.16ba 28.83a

ABIS 29.30a 20.53a 94.60a 23.43a 8.03a 3.16a 27.66bac

AB17 26.40ba 19.30ba 82.10b 19.73bed 7.30ba 2.66a 28.0ba
Control 17.43¢ 14.26d 62.20d 13.20f 4.13d 1.33b 17.63¢

*Means followed by the same letter(s) in each column are not significantly different based on DMRT at P < 0.05.

Table 11. Effect of PGPR strains on different growth parameters in greenhouse.

Number of leaves Chlorophyll Number of fruits Chlorophyll
Bacterial isolates (unit) (SPAD) (unit) (SPAD)
Chinese cabbage Eggplant
B10-2 38 31.8 15 35.5
B10-4 36 34.5 13 36.9
ABO5 41 32.7 18 35.2
AB15 39 32.9 15 36.5
AB17 45 33.8 21 36.8
Control 35 28.4 13 30.8
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(3) AWEZFH o] AAHStE siderophore®] 54 HHASEHX)

=

2 FFo st ASEHZ 2 WAZAF S T+ siderophored] A AHE Sl
7] #138t Chrome auzorol S (CAS)MIA|E o] &3dt] & P A% X EfA s
F S7HAE o2 A4 AFEE 8l 3 A3 AB159 A siderophores A4 = AR

Eltth A o E= Chrome auzorol S (CAS)HJRA|o] B H#S HFsle] @A halo zoned
A RS By 3w & 5 oW, halo zone® A o] AW FFE WS siderophores
A oo & 5 UAtkFig. 5).

Fig. 5. Siderophore production by Paenibacillus polymyxa (AB15) as shown by the yellow halo
zone on Chrome auzorol S (CAS) agar plates with the control inoculated with sterile broth only.

(A) and (C), front view; (B) and (D), bottom view.

2@ A% A EFolA L@ FFol thstel 919 APL ANG A3} s/ FF =
T oEe A% 57 &8 BolFlom, AFHoR FFo e BHLS 95l 165 DNAZ
o83 of w4 PP 24 A% FFE @ hARAY 54

of 82l 3% 2™, PCR primeri= universal primerE AM&3}l9] sequencing 2 3E
NCBI BlastZ o] 83}a] 32l A3} 4714 9] Bacillus sp.2F 152] Paenibacillus sp.2 &< ATt
(Table 12).
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Table 12. Identification of bacterial isolates to species level by means of 16s rDNA sequencing.

Baeral GenBank | Closest Gen Bunk by G Sty (6
B10-2 - Bacillaceae bacterium + 99
B10-4 - Bacillus sp. + 99
ABO5 AB301002.1 Bacillus amyloliquefaciens + 99
ABI15 CP000154.1 Paenibacillus polymyxa + 99
AB17 GQ375229.1 Bacillus subtilis subsp. subtilis + 98

(5) FEUAEY Al 2 438 HFAHEITA)
b 2 BT AE
A BEgE AldS ol 83t B FFo] 350 st dgA3 HAZS AAEAH. A

-2, B10-3, B10-4, B10-5, B10-6, B10-13 #F7} 37FA WA FFo] o st
Y-S Hole AoE FRAETh(Fig 6, Table 13).

=Y TFold i BFAA &3 ZHAA

TS
o
o

Fig. 6. In vitro inhibition of R. solani, S. minor and B. cinerea by bacterial isolates B10-2, B10-4,
B10-5, B10-6 and B10-13 on PDA media.
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Table 13. Inhibition rate (%) of the bacterial isolates against three fungal pathogens.

Pathogens Control B10-1 B10-2 B10-3 B10-4 B10-5 B10-6 B10-7
R. ¢ 0 0 30.58 31.41 36.94 3741 36.11 0
S. mP 0 18.58 24.11 20.58 22.82 28.11 27.05 0
B. c° 0 26.70 30.58 33.29 27.05 35.05 43.29 0

Pathogens B10-8 B10-9 B10-10 B10-11 B10-12 B10-13 B10-14
R. ¢ 0 0 0 0 0 32.11 0
S. m° 0 0 18.23 0 7.64 40.47 0
B. c° 0 32.94 38.07 0 32.00 37.29 0

a; Rhizotonia solani, b; Sclerotinia minor, ¢; Botrytis cinerea

h 2F B 294 45

o

ol o

ret

T84 o

lo
i)
)
oX,
N
=
l
o2l

ZEE AYd A AHATZ EFerR FH Y #FE Zdsiden, oe9 539
Phytoththora spp., Colletotrichum spp., B. cinerea, R. solani, S. minor 4 F#o]E o=z 2
g TYs AR A9 Z5Y oA 2deE S & st

(Fig. 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18).

(th 2@ gE A

T AY EFs Y F 2579 AldS BEstdon, a8 HdA AFES AAH 79
E At ohFig. 7).

o
e

AB-14 AB-15 AB=L7

Fig. 7. Different isolates of antagonistic bacteria used in this study.
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FAE AHoA AHAT EFRE BE 7o 475 Ao, b2 2F 9 Phytoththora
spp. BUA FFolE WAL E AP THE AT A BT doA AFFH S F 5
S ThH(Fig. 8, 9, 10).

il [ d

%% inshibion in sy colial promwih

AN AHIE ABLY AHaz AHM AEls AmaT

Hacterial isolates

Fig. 8. [Inhibition effect of rhizobacterial isolates against the mycelial growth of
Phytopthora spp. in in viro dual culture assay. Error bars represent the mean
standard deviations of three replicates. Bars headed by different letters are

significantly different (P=0.05)according to Duncan’s multiple range tests (DMRT).

Fig. 9. Dual culture assay for in vitro inhibition of mycelial growth of P. infestans by selected

bacterial isolates. (A) Control (B) AB05 (C) AB10 (D) AB11 (E) AB12 (F) AB14 (G) AB15 and
(H) AB17.
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Fig. 10. Dual culture assay for in vitro inhibition of mycelial growth of P. capsici by selected
bacterial isolates. (A) Control (B) ABO5 (C) AB10 (D) ABl11 (E) AB12 (F) AB14 (G) ABI5 and
(H) AB17.

("h) Colletotrichum spp.ol| gt 24 HA

FEE AYolA AFHIT EFS
Colletotrichum spp. M4 FFol &
58S &2l sATHFig. 11, 12, 13, 14).
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ABDS ARLD ARl ABLZ AR14 ARLS ABLT
Baciterial isolates
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Fig. 11. Dual culture assay for in vitro inhibition of mycelial growth of C.acutatum by selected
bacterial isolates. (a) Control (b) AB05 (C) AB10 (d) AB11 (e) AB12 (f) AB14 (g) AB15 and (h)
ABI17.

Fig. 12. Scanning electron micrographs of mycelium of C. acutatum in dual culture plate. Dual
culture plate was incubated with isolate AB 15 for 15 days and morphological changes were
investigated. (A) Control with water treated(un-inoculated), (B) Mycelia treated with AB 15 in dual
culture plate. h=hypae, s=spore.

Fig. 13. Dual culture assay for in vitro inhibition of mycelial growth of C. gloeosporioides by
selected bacterial isolates. (A) Control (B) AB05 (C) AB10 (D) ABI11 (E) AB12 (F) AB14 (G) AB
15 and (H) ABI17

_54_



Fig. 14. Dual culture assay for in vitro inhibition of mycelial growth of C. coccodes by selected
bacterial isolates. (A) Control (B) AB05 (C) AB10 (D) AB11 (E) AB12 (F) AB14 (G) AB15 and
(H) ABI17.

(¥h B. cinerea, R. solani, 2] S. minorol]l thek 234 HA

H, th2-9] 3%29] B. cinerea,

BAE AGM AHAT EFOR HE 7Y #FE Belsigon,
= g = 3 Az mFo FollA 43S

R. solani, S. minor HYA ZZo)
25 &9l st thFig. 15, 16, 17, 18).

B0 ¢ EEE 5. cieeea
[ R ]
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0 4 4 i ! 2
AR AR ARl ARIZ Af14 ABIS ARET
Hacterial isalates

Fig. 15. Inhibition effect of rhizobacterial isolates against the mycelial growth of B.cinerea, R.solani
and S.minor in in viro dual culture assay. Error bars represent the mean standard deviations of
three replicates. Barsheaded by different letters are significantly different (P=0.05)according to
Duncan’s multiple rang etests (DMRT).
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Fig. 16. Dual culture assay for in vitro inhibition of mycelial growth of B. cinerea by selected bacterial
isolates. (a)Control (b)ABOS (C)AB10 (d)AB11 (e)AB12 (f)AB14 (g)AB15 and (h)AB17.

Fig. 17. Dual culture assay for in vitro inhibition of mycelial growth of R. solani by selected
bacterial isolates. (A)Control (B)AB05 (C)AB10 (D)AB11 (E)AB12 (F)AB14 (G)AB15 and
(H)ABI17.

Fig. 18. Dual culture assay for in vitro inhibition of mycelial growth of S. minor by selected
bacterial isolates. (A)Control (B)AB05 (C)AB10 (D)ABI11 (E)AB12 (F)AB14 (G)AB15 and
(H)AB17.
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6) 78 "IREY THEIFA)

283 ZAdE AY EdA FHT FFo et o AFES AT A 117HA #F
BT 52 Ay aHdE HAFgon, AFHoR #Fo E 58E& 95t 16s IDNAE ©]
&3t TAHS AAEAT. 8 S st ¢ BeYE 4 A 75 @ vAEAY FH A
H| 25 o] &3l &<l 3R 2™, PCR primere= universal primers AF83lS] sequencing 2 I&
NCBI BlastgE ©o]&3sle] &< A3, 97149 Bacillus sp.3 12| Bacillaceae bacterium,
Paenibacillus sp.Z &<l = % Th(Table 14, 15).

Table 14. Identification of bacterial isolates to species level by means of

16s rDNA sequencing.

?:gltztr;:l Closest Gen Bank Library Strain Rglr(irizn
B10-2 Bacillaceae bacterium +
B10-4 Bacillus sp. +
B10-5 Bacillus cereus +
B10-6 Bacillus sp. +

Table 15. Identification of bacterial isolates to species level by means of 16s rDNA sequencing.

Bacterial Gen Bank Closest Gen Bank Gram
Isolates Accession No. Library Strain Reaction
ABO5 AB301002.1 Bacillus amyloliquefaciens +
AB10 HM101166.1 Bacillus subtilis +
ABI11 HM032893.1 Bacillus sp. +
ABI2 HM101166.1 Bacillus subtilis +
AB14 AJ880761.1 Bacillus subtilis +
ABI15 CP000154.1 Paenibacillus polymyxa +
AB17 GQ375229.1 Bacillus subtilis subsp. subtilis +

_57_



(7) Volatile 3-+E2] &3 AA (2FA4)
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U ES dACRE JEAY EHY AFE s -?*13}04 FHE AFelM 27
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Fig. 19. Effect of volatile compounds produced by bacterial isolates against the mycelial growth of C.
acutaum in dual culture assay. Rhizobacterial isolates were co-cultivated with C. acutatum in a two-chamber
Petri-dish for 14 days at 30 °C. Error bars indicate +SD.

Fig. 20. Inhibition in radial growth of C. acutatum caused by the volatile compounds produced from Bacillus
subtilis AB14. (A) Control plate without bacteria, (B) Plate with co-cultivation of bacterial isolate AB14.
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(8) £8F MF7] @ DA HHst A7

e Paenibacillus polymyxaE |83t A& WiY7] (4 L)E ol&st theF WS A HH=A
S BAE) 9Jste] AASH oM, WA seed culture= AA EF2 1 % (40 mhE BjFEH O, 13} HY
oS 28 ColA 12 h, AHZE viRIoA 23} BlFS 12 hE<t 120 rpmol A viFsle] HEUS FHskiTh
AHEE B A= LBSHIAIE ARSIt HEAE SHlsta, £ ks 918kl 4 LY viAE FHIsk 121
ToNA 408 HHF3te], Phic HFTHL2ZE 10 % NaOHEH-& o] 83t 7.00.2 ZH3to] ARSI
2L 25 28 T, §344%F 05 ~ 0.7 vwm 14|, WHEE 150 ~ 400 ipm 2 CE 72 h 5k w3t
WA AES AH st MRS, 22 ANV, 2AEA $57], pHRSE 5& <l sk3th

B oujoks AF 3 6h ~30 h B¢ A= 71% AA dF7]o Fde BHRom, 32 helle 4 A4

o cell®] EeFo] heto] RefollA ERU BYFo R MVl 4 hiEE 22 A&7]|2 Bolvke
S 39l slgon, HEHoZ 65 hollM= 06119] Tofol FaT mYo = Wty ¥z PAo] ¢$EH
S 39l FHHIH 21). A A AIRA B 2 FARE 2YS 2= A7)(32 h)oll pHE 64
A AZES] 36 h Hil A EF3 § xA AEV)ddAe JAH oA 24 4 gE7lele
6.6 =00A HF= Aos FQl HATHTH 22, 23).

20h

44 h 56h

Fig. 21. £&% wW¢7] (4 DollA wistaA AZE AE A5 &, dv)d &<l
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Paenibacillus polymyxa 4L culture
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Fig. 22. 283 WAl (4 L) vessel®] wllF 874 W3t ZUHH

Paenibacillus polymyxa 4L culture
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Fig. 23. 2288 WA @4 L) MY pH 5= b3 2UEY

©) e WA HHs AT
7h 140 Lol A 9] wieF =31 &4

8% Wil o ARE wgoR teF wid 2ds BAE] flstd AAskom,
HA seed culture= ZA EF2] 1 % (1400 m)E wgstF e, 12k wjFS 28 ColA 12 h, AZ2E
iAol A 22k Bi¥E 12 hEQE 150 rpmoll A Hiekste] HEFAS FRlskAth AHEE wiAE LBHIA
£ ARt AEdes FHlsta, B ajde 9dske] 100 Lo HiAIE FRIst 121 ColAl 4083t
Biste], Phe HFTHOE 10 % NaOHEH& o] &ste 7002 ZHsto] AMBSIT wigzdS
2% 28°C, £EAALHE 05 vwwm FA, IWEE 150 pm, HE 48 04 Kgem® ZHCE 72 h Ho

HjfstaA AEe AF sto] MY, EA FHA7], =AY 457], pHHE T2 21 skt

R,

ol
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h F¢e #2718 AA d7ldl Fde Zem, 30 hells 4

& MdE AFF 6 h ~ 18 3 =
A= Aot celle] BFo] Hete] Bl =FW mFOE Wsityl 42 h ~ 54 hEHE A A
712 Soike AL &4 slen, HFHCE 66 holAe cell] Rgo] 18 ZYoz Wt
FA gdo] EES IR SAUTHIY 24). pHO| WSh= fF=7|1RE digTledls 72 ~ 64, AL B

A A%7] 6665, FA FA A7) 690N HFEE Aow 3ol =Ytk 26).
| AaFe davlde 22 A4 A7l F4sHA BolAtrE Z=A As dAdAe AH 0
4 RAClE 79 2L FEoR SIME AL Bl SATHLY 25).

l-Ll

6h 18h 30h

42h 54h 66 h

Fig. 24. th-&7F w71 (140 DyollA siFstaA A2 A& A5 &, drjd &<l

Paenibacillus polymyxa 140L culture
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Fig. 25. tl&%F HlFAl (140 L) vessel®] HlYF 27 W3l ZYEFH
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Paenibacillus polymyxa 140L culture
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Fig. 26. &% #l%FA] (140 L) vl o] pH B 5= W3} ZUEHY

2) 871,500 Lol Ao wiF =31 g

jud

140 L&A dojzl = o2 A&3t dA A ALESte 1E oY thed Hj
oF =L A5 st AASFE oM, WA seed cultures= HAA EFS 1 % (150 L)E Hj
k510, 24 hsQE 150 rpm, W 43 0.4kg/em2 ¥l 3] HEFH-S 015 E(ton) Hi
FAl seed culture= 140 L ZANA AR =4S vlgro 2 w43t Auto Inoculation System

Ag

(o]

oo

= AbESte] B omjefol]l AREstTh HiAl= LBHIAIE AESEATH HELES Fvleta, B owjek
< 98k 1500 Lo wiAE FWIEFY 121 TolA 4083 EHste, Phe HFZHOZ 10 %
NaOH& & o] &3l 7.008 =4 3t ALE stth wjgx=de& 25 280, §&444LF 05
vvm FA, IHES 150 rpm, WH 4¥ 04 Kg/em2 ZHSZ 72 h &9 wjdsldA AZES
A st HMiGAE, T2 FAAZ], 2AFA 4857, pHHES 55 &< AT

2 oS AE & 6 h ~ 18 h 2 =72 BYPSH, 30 h ~ 42 helle ti7] @A
2 DO(E&EAF)7E F48HA o5, TV HEF o R Holy A& & st 42
h ~ 54 h 22 A3 HNZ AA77F Zo] F/ste Aoz &l HAew, o|A”7] DO#
o] A Asdte Ae F SATE 66 h WA= & &F ¥R tEA 22 ¥
d, A&, S5717F 2ol a

FH s Ro® Hel HUTKY 27, 28). pHE| WIE ]
b L A g4 477)E 68 ~

o
ox
>
N
ry
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6h 18h 30h

4Zh 54h 66h

Fig. 17. &% w71 (1.5 ton)oll Al viFatHA AZPE BE AH &

Paenibacillus polymyxa 1500L culture
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MR §8 MUY APEHE 9] 142 AW %
CAGEA A HgEe] gy B ASHS 44T 5 9 2 R
ARSHA WP280BE o] §3ke] FHAE WEo] AL el Sk 14 A
g
3

(i,

(o]

0,

ot

2

o 1
o

ofo

of

ok

mgi
4r

= °
dol HZEE fste] s A= 9T ez Wol X 9 o & Aw=3 4
e A gy, &2t a1, F AFolA Eop X1 9l ol &) shoot, rootoll A B
< &< sk, giFE s50m 34 Bos 5000 34 % = =R
Bttt 47}7<] ZEoME root == shootoll A A3 &35 &2 3

E 15 12k AR A E o] &3 AF(FskA)dl gk ol A

Pumpkin (4} Cucumber (2-©]) Orion (&)
Treatments Shoot length Root length Shoot length Root length ~ Shoot length Root length

(cm) (cm) (cm) (cm) (cm) (cm)
AB15 (50%) 4.38 13.50 5.56 7.56 4.94 3.48
ABIS5 (100x) 4.54 14.60 6.02 8.60 4.80 2.80
ABIS5 (200x%) 4.38 12.70 7.10 10.08 7.20 3.98
ABI15 (500x%) 4.78 16.14 7.84 11.9 8.44 3.38
Control 4.62 12.50 5.88 11.6 3.04 1.18

3 16 12} ARE AAE o] &3 AF(FEhA)ol ti7k Tol A9

Crown Daisy (%% Tomato (EVHE) Pepper (2157)
Treatments Shoot length Root length Shoot length Root length ~ Shoot length Root length

(cm) (cm) (cm) (cm) (cm) (cm)
ABI15 (50%) 2.18 1.10 2.16 1.00 2.56 1.40
ABI15 (100x%) 2.66 1.16 2.74 2.82 2.46 1.08
AB15 (200x%) 3.42 1.38 3.76 1.66 3.70 2.98
AB15 (500x%) 3.52 1.82 4.94 8.02 4.80 6.08
Control 222 0.90 3.96 7.38 2.52 2.20

17, 1A ADTE PAAE o] &3 AF (AN tigh ol AF

Radish () Curled mallow (¢}5) lettuce (73

Treatments Shoot length Root length Shoot length Root length ~ Shoot length Root length
(cm) (cm) (cm) (cm) (cm) (cm)
AB15 (50%) 3.34 1.40 3.82 4.46 2.24 1.40
ABI15 (100x%) 3.36 1.76 4.08 7.04 2.36 1.42
ABI15 (200x) 6.12 13.10 3.34 6.5 3.52 2.94
AB15 (500x%) 7.68 14.92 3.94 6.12 3.94 2.86
Control 3.62 2.02 3.40 3.88 2.34 1.42
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(1) 7 4% =3 49

AdE FErAE APstel mE 2AAAM S 3 a3 HA = ALY HAE =S
A3t 98t AFES AAstAoH, 1342 27HA] ZAE(3F, EvtE)o] talA 8-S A
CALF] A 20080, 5008 B MM AP BT 30 % RO ASEZ AIAE <
50 ~ 5008 B4 B 25 %o HF 3 EFE FA F F JUAHKE 18). EVE
3% —‘r’—i%ﬂli- Ho @2 a35 &1l slen, EvfEe] tisid= 7oA &7 &<l
vh 23 HAAARE AA F Ao, JHA A ol &H HAE 7T dEsiAE 24 A
APdS AAE dFEolH.

olNr&ﬁAQ_OL_O,LM
2 3R
o G
=

F 18 1A AgE BBAE o] &3 APl e =4 &34 AR A
Plant height (cm)

Treatments

Pepper (2L5) Tomato (EV}IE)
ABI5 (50%) 28.6 272
ABI5 (100) 28.0 282
ABI5 (200%) 322 27.4
ABI5 (500) 31.8 28.6
Control 22.4 29.2

(12) ENEEs =3 A4 49

A f8 TARE Bl AYSAL W B AR D B ] MR mAE GBS dopn
7] glalel AAEEoH, AL AUTstE S 1% ErlE ARE, =4, Folo] Erlg A b7}
of AuE FEE A Wsiel 79 AR 38 A F 70| A T, B ABL +SYT. @
A AP 9% AAY HHo Jor, AA FA7h BUE g2 AYe ANT dAo|thE 19, 19
30).

FE 19 A 25 A2 BEY AAE 2% B AE

iji 2;4 A == ¢?7ﬂ?$
(ﬁ%mqﬁ Namg ST EUE 20
%% (Lg;_})-?—oq o “
BT S “ '
- 9 30. B AR B2 (A7
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13) A AF Az

HF NAEL AB 157F<] Paenibacillus polymyxaE o]-&3te] 2712 dejo] AAFS A=stoh
Aol A et HAA L FAA, THE T& o83t tiEuelA U FEES FA0F 8 A
A A gt QAE AeATh AE FAE Eoll Hojx BHH E&oA F A4t
Fom, T2 AP Ao ol don, dAY Afde EY e FE Tl 4]
TE Atk A A AdAT 1FY T4 2 ~ 33 BFIFH FolA EFS
A& gl SHATHE 31).

Eis

A

a

N

<A A P> <A A=
a9 31 AAIFLR AFE FEA e YA

2. HEHYAR EYAE 7Y ARS 94 st nAEAA AT 2 443

7h @7 E

(D) A=WiAdATe 28 @ 84 A (CP1 &)

g7]e] F8 W @AE AL F& AES Aty A8 FEddn FH8E A5
Pl A A Add 27 H=AE T8 o, €71,
Al B2 UFo] EHASS AASAT. WSS F9]E Nutrient agar (NA, Difco), DRBC
agar (DRBC, Difco), Kings'B agar, V8 juice agar, Potato Dextrose agar HJ#| ol Z}Z} 371%] HH-&
=3 om 30 T 7|4 24~484%F W3 § EEH e cAHE vix 9 <9l A A9}
2 EA 9 3712 RS #AE] Ad A (L), 7] (S), Y R)E Eolu UoE ¢=AYE
HeE Fofsiidnt
Hj 2 o A Y Al @Y S2YE YA Nutrient agarell Altis & A

Ao A iG-S DAt dgAgol o3 AAAS FAse AAFe A
23 M-S 20 % glycerol &H ] HESIA] deep-freezer (-70 T)oll E#A3F AT

=
_1_?[;
lo
Jo
ich
o
>
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e
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(@) FE&PAEe] FA
h R 24

A FFolH Ay @A sl ZAdES Hols TFES Bergey's manual of
synstematic bacteriology % Manual of methods for general bacterialogy®] *'*H 3} Methods for Soil
Microbiology and BiochemistryE ©] &3t FEf A< 542 color, form, elevation margin, surface,

opacity, texture, motility, cell morphology, size, Gram-reaction and spore formation && &= &4

skt

(b e 24

JFAAEe Alxzy Fx9 zolof e} Al E7stH 54% PR 77T F Ao

= < 3T} Crystal violets E
FEEZ 183 AlE 3, lodine
2t ) =4 EH_%/\] ¢kQl Safranin®. 2 20
=2 AAHZ $ dArjFd o2 #ESATh

2) AA #l

N
2
i

A2 oAz FefE F&E35H7] Y8 0.2 ¢m membrane filtere} WIXETH, F FF2 A&
E TS #ESIAT AE T2 WEES JUT Mol wo HEHE BESHT] Hd 5
% glutaraldehyde®} 5 % paraformaldehydeS ©]-83te 12k 1AL 3tAT. ©o]F DW= 23], 58
A A A3 T, ethanol seriesE ©]-&3ta] =4 ol = EE i< AASHAT 30 %, 50
%, 70 %, 80 %, 100 % o T=F Zt stepd 1082 &S A=, 100 %= 23] AA g
t}. o] ¥ isoamyl acetateE ©| &3t 23], 1084 X|&3 & A=A W] FJHE HAFOo=
Z0]7] f3ll COE ol&3t] UAHE AZEE (critical point drying) SIARTH AZXHE Al5s
Aluminum stub®l] carbon tapes ©]-83l F2FA| 7|3, Osmium coating (K850, Emitech, Japan)< g+
T FAAAE WA (S-4800, Hitachi, Japan) o 2 Aﬂﬁ«l AAZHA 2EH5S FFI AT

(th API KitS o] &3 E4
H et SASE Aol B Rl wo] 2o]= API S0CHB kit (BioMerieux Co. Marcy

L’Etoile, France)E ©]-&3Fc] 49719 g gk o] 84 -& 24, 48417 2+ 43t API
&7 ©]A] (http://apiweb.biomerieux.com)°l| 4] &1 3} .
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(H EAB =2 4
1) DNA extraction ¥ PCR &3

At A S DNAE FE37] sl CPIFE LB WAl HFst wWiFHAE
Effendorf tubeol 1 ml¥dal 13,000 rpme = WAEEst &3 A5 53 $ DNeasy
Blood & Tissue Kit (QIAGEN. Cat. No. 69504)E ©]83}d DNAE L33 20 TolA HAstH
A AFgElATE 16S 1DNAY ZFEYS 98, Primer 5-AGAGTTTGATCMTGGCTCAG-3'
(Forward) ¢} 5‘-ACGGGCGGGTGTGTRC-3' (Reverse)S ©]83la] PCR Z& A3} PCR
SZ2 100 ng® template DNA, 0.5 uM<| primer, 0.2 mM dNTPs, 10X Taq buffer (20 mM
magnesium©] 3% 10X Ex Taq buffer, Takara Co. Japan) 10 u{, Taq polymerase= 0.025 U/xl
S ARE3Sle 95 TollA 30%, 55 TolA 30%2] annealing, 72 ColA 1% 30x2 Aoz
35cycleRF-8-3la] Biometra thermocycler (Tampa, Florida, USA)Z ZZA|Zth. PCR AHES 1 %
agarose gel A7]¥9&5S 3t FUATh. &0 B PCR A=< PCR Purification kit (Bioneer,
Korea)E °]&3te] AAS & AAF PCR AHES T4 ligaseE ©] 83t pGEM T-easy vector
(Promega, Madison, WI, USA)°l ligation 3} 2™ 16s rDNA sequencing &3] OKI1-42} OK1-62]
full sequence®] A5 Z A TtHDong Xu and Jean-Charles COté., 2003).

gyr A primer= 10 pmol®| p-gyrA-f ¢} p-gyrA-r primer, 10XTaq buffer, 10 mM dNTP-Mix, 50
Unit Tag ¥ 50 ng?] template DNAS #H7}8le] #HF volumes 50 w2 =43t DNA 5=+
< initial denaturations 94 CollA 5&3F AA|3}3L denaturation 403 (94 C), annealing 403 (55
C), extention 1% (72 T)2.Z 30 cycles A A|$ H final extension 72 CollA 1583t AAISHSA

=

2) Sequencing ¥ Al FE4]

PCR4HE 2 Wizard PCR prep kit (promega, Madison, WI, USA)S.2 AA|SIaL, (F)vlaZ A
AT, F71A4E-2 ribosomal gene bank?! NCBI (www.ncbi.nlm.nih.gov)oll A DNAS| 543
S FAS FAo 3t o CLUSTAL X<} PHYDIT program version 3.0 &2 A 3}
3, ofuishAl AE®E BEES EBEAHAA AYSATE Neighbor-joining tree= PHYLIP 3.57c
packagee AH83l Kimura's 2-parameter distance model®ll &3l ZFAE AT Treed topology s
ZASE7] 918t 10009H5-2] bootstrap w41 = A A 8HA

(vh FAEFee] FA v

T A A CPITH AlFToA FABAd v #7559 €7 F8 HAdTd
cinerea, Colletotrichum gloeosporioides, Fusarium oxysporum, Phytophthora cactorum of t3hF “43g+
S Hlwstr] 913 KACC A Bacillus amyloliquefaciens ATCC 23843, Bacillus velezensis CCUG

50740775 TGl 9 2doA WY F FHEAH S vl HESHATH(Table 1).

Botrytis
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Table 1. Important four pathogen of strawberry used for antifungal activities against CP1 in this

study
Pathogen Identifer Source Characteristics
Botrytis cinerea 40573 Kim W. G. Rose Gray mold
Colletotrichum gloeosporioides 40695 Kim W. G. Strawberry Anthracnose
Fusarium oxysporum sp. 40050 Lee Y. S. Strawberry -
Phytophthora cactorum 40183 Im Y. S. Strawberry Crown rot

(Fh ZA drol Bl FAA A A 2AL

1) FAYE AT 2

PDA HIHIAE "Htste] 23]a (50 T), A7)0l wjFodd& 2Hzhe] s AujE & (10, 20,
40, 60, 80, 100, 1,000, 2,0008H) F7}3sle] <FABAMA S WHEATE FABFuj R o] Foll 7
A U m 47%]«1 W] A AGFEERE gold A4 8 mme dAIRZES &%
25 CollA vt & #F9 AAES ZARIAS. dAME JA&S 39 A o® ALkst

AT

FAET FFAZ (mm) - A7 #5274 (mm)
AA & (%) = x 100
FA YT #FA% (mm)

2) EAPTo} oA BY =4

o HE TAEEI} 1x10° /mlo] HEE ZA YT 1.5
S HE Yoy TAHEENS 100 B H7FeE T 28 C 3
=7]ol wjeFetaA 3, 8, 124 gHU 7 (x400) 22 EAEol A A&

9 wols AolT AT
(b CP1 9] Wi 54 2

D) izl mg A% A

Ml eFoll dRbd o2 A% &= Nutrient broth, Kings'B broth ©] F 7}x| ¢} FH & A5
71 =] o} 9)= Tripton soy broth, R2A broth 18|31 FHFZ o= wo] 221 Zro] & Molasses
broth 5 & 57FAe] WA & g8ttt 500 m¢ A2 flaskES o] 83t 2 #i2] 200 meell CP1
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TFE 2 M-S HEFsn A&mdFr] (150rpm / 30 C)ol A 5L37F 2 vjksty AEE F4
@& Spectrophotometer (BIO-RAD, SmartSpecTM plus)E ©]-83 =43} (OD# 600nm) A SA
EE ARt s AAEE9; Syringae filter (0.2 um membrane filter)E ©|-8-3f o] <4
3] AAR wF NS paper discoll 50 pl? At FH F B9 474A] FQ WHAtol o
AufeFste] 25 C wiF7lolA 79 ¥l o I F=o wet HZA Y wjAE LSk

+ AHA HA BFEE
3t 10~50 CT7FA] 10 T

dolr 7] 23}a] Molasses broth 200 mol CP1 +F& 2 ml HF
‘?4 =]
(OD% 600 nm)E =H 3t

bl HICF (150 pm, 5Y)F F AR HRFHE
o MFLEE AT

@ =7] pHY FTF
Molasses broth 200 mloll pH 3~87}A] Z}2} A ZAste] FE3t3L CP1 458 2 ml HITTH &

— o
30 C, 150 rpm 202 XS Ao 493 AZtdEE ASAH = (ODF 600nm)
£ ZAste] HZH o pHE okt

@ uEE
CP1 9] Hj %ol Z33gE wHlEEE ZASHZ] 213 Molasses broth 200 méol] CP1 #FE 2
ml HZE (1,000 m¢ A7 flask)d T 0~200 ipm O E 50 rpmTH 2 wHrEEE 2] dte] e

5= =
FotuA AIHEE YSHHE (ODF 600 nm)E AMSHo] H A o] wHtEL=E AT
2) W

CPl #F¢ diZFudS sl A vz (WA : Molasses broth, nlRk
HiFEE @ 30T, pH : 622 uYdS AASIL 493t vid ZH7+e] wjgFd S FZ31 paper
discoll 500 A3t PDA HlA| A Er]e] F8 47FA] WU Botrytis cinerea,
Colletotrichum gloeosporioides, Phytophthora cactorum, Fusarium oxysporum®] 27 8 mm agar
plugE HEFSEL 25 T wLTIOAN 79 F ML F FEBHL ZARAT. OFu e
ANE o eYdRE Bey] 98] GamAWT WvlFow BB AANHT WAHEA
P g BEssich
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(3) SR1, SR2 ¥ GS1 #F

7h ABRYA 7 £

SR1, SR2 WA #S SEUldtn sdAABEAeUE FH 2 =4 7] AujAdA APE =
3t GS1 #F5 TF EUloA Aulsel A4 725 &
3_}‘_

71| e HEH EEsATh
- ¥ W, dHS 9EE9 NaOCl 1 %ol 138

= 4 2]+ Nutrient agar (NA,
Els A FEEHE AldS A NA iAo Aldieko

= HFF 5 moll GES 308 HAAT £E39S NA Wi =

T & gE AT EYste T HA RS Fo WATE B8k 20 % glycerol &l
=l

EAM=EA E4E 9siA 16S 1DNA FAA9 7148 A4S st Add 23
A8 DNAE F=3517] #ell LB #i Aol HFst] 2€3F widdt wjifAlE Genomic DNA
Extraction Kit (Intron Biotechnolngy, Korea)< ©]-83l FE3tH A ©o|E 20 Tol HstAA
Aol ARESEA T

PCR &% genomic DNA®} Z+7te] 0.5 pmol primer, 0.2 mM dNTP, 10 mM Tris-HCI, 50
mM KCI, 1.5 mM MgCI2, 2.5 unit®] taq DNA polymelase®] Bo+E FH7Iste, HF volumes
20 pb= BFAT

SR1 #52] 16S rDNA 7 A= universal primer setQl 27F/1492R primerE ©]-83}o] FZ3}
AT 16S rDNA %A 522 initial denaturation 94 Coll A 583t A A|3}aL denaturation 94 C
/40%, annealing 55 TC/40%, extention 72 T/18¢ ZHS=Z 35 cycles ¥H&AIZ ¥ final
extensions 72 T/1023F F33ATE recA A FEHS 9130 initial denaturations 94 C ol A
5%-3+3}al denaturation 94 C/30%, annealing 60 C/30%, extention 72 C/45%%] ZZ OS2 30
cycles HH-3-AlZ1 ThF final extension 72 T/5&ZF AAISIATE gyrA A FFES 913l initial
denaturationS 94 ColA] 5EZIFSFAL denaturation 95 C/40%, annealing 55 C/40%, extention 72
TnEe 27122 30 cycles HH-gA1Z] T final extensione 72 C/15&3F3 At

PCR AHE2 (F)vta=ZA ] sequencings <]# g ¥, National Center for Biotechnology
Information (NCBI)©] Basic Local Aligment Search tool (BLAST)E ©]-83t> DNA Ho|E H|o]
229} FASE d7IAME S BlustR Y. 9714 E2 PHYDIT program version 325 ©]-83tod A&
st BB AEH FES E4olA A LAIFH T, Neighbor-joining treex= PHYLIP 3.57c¢
PackageE A}8-3}l¢] Kimura's 2-parameter model®ll ]3] 24319 2™ 1,0008] 2] bootstrap 4]
Tl A =S Hrist AT
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(th F#BH 54 24

At A3 WA A= Hddol thiek &+ Ao it spectrum ZAFE 9l THE
2l A& WY  Alternaria  solani, Botrytis cinerea, Collectotrichum  gloeosporioides,

ok

Cylindrocarpon destructans, Fusarium oxysporum, Fusarium solani, Phytophtora capsici, Rhizoctonia
solani, Sclerotinia sclerotiorum, Stemphylium lycopersis, Stromatinia gladioli & 11¥7F& AF&3FA
ot olE HAES PDAC HFSA 25 T wigrlolA 1793 vidkatddnh 1170 B4 A
FE-E 7 mm cork borerZ WOl F NA #lX|(30 C, 2¥)olA wjdd A3} 3 ecmtE S
2 PDA° WA HFEAT. o]E2 25 ColA HATY A S=ol whe} 4~18Y3F wi s
A Aol 23 2l EH Y2 inhibition zoned] ZAolE ZAIIA T

Eh WTel ey 23

3 FEES 93 aAk Botrytis cinerea, Collectotrichum  gloeosporioides, Phytophthora
capsici, Selerotinia sclerotiorum-2 PDA HjA|o] HEFS 5 25 TolA 7€ vjIA #+F5 2
Ao 2 ARSI T PDA HlA T4 FH9 ®BIAE 10 mm AAS T, 7
o] g3t AATHL HAF ATHEE o] HF3L 8 em ATlE Fo AIAA =3 HI3S
o 79 & AA Y inhibition zone A AFEF TRt LA FHFE ARSI

mm cork borer&

(7h 13 @AYol g NAAZe) FEET A

= % Collectotrichum gloeosporioides®] ZEAE 5x10°¢] =2 EEHES 9t 1¥
QF WAete] 1 SR ZAE A7) Br] BeellA #2lgk SR1, SR2 WAl QI E7]0lA
H2]3k RS1 URIAIHFS 10° cfivmlS H5F- 22lsted 149 F o] uRAlTel tisk rass 747gsisith

(1h 27 gAel i WAAEe daadt HA

=7] g2l thd SRI, SR2 ¥ GS1 WA &
Bt "r|E A2 XEC Krla 25 ot
Collectotrichum gloeosporioides®] ZALE 1.4x10°9] w52 EFHZL 3Ach 1¥
of BN xAE FRA7|, 27] o] &g SRI, SR2 WAAEH QA =
g RSI WAAFS 10° cfuml& EFH st 793 3 Agjstn HF Ae & WAL
| st drasts AG3A

2

2
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(4) A3l =(Slightly acidic electrolyzed water, SAEW)2] &34
(7hH WA Alternaria panax EAFol tgl wo} A
Alternaria panax Eztell thet sl A A HE gAstuAt AT 1x10*2] A, panax
%l

o EAE ppACl EREATE 2442 T, HaASE 10, 50, 100 %] WAFE AL} A B
oF @A e BT

DY ARAYA BT G D3RS AYN A3, T B AUARN DY A2
zolq 7Y 2402 53] Aelsnh. AFHAAY 79 F YHES 248

(5) Essential oil®] &34
(7h A A

PDA Hl Aol 4] #}gF Botrytis cinereal] FAMMTEE 24 Smm cork borerZ ZEhd] A2
PDAR RO HFS & 25 T Fg27]oA 3F #H]F3}L, methyl eugenol, thymol, carvacrol<
paper diskoll Z+Z} 100 ppm, 200 ppm, 300 ppm TE=Z ZAHHE AL 100 ] HAHst 3
3em HAE FACH olF F27]0A 49 wigFe o AALY AVIE Fo ASFAAAHEE
ZAFSFA T

$HH Al KBA HlA| 9} NA wj x|l Z+Z} Pseudomonas panacis®} Serratia liquefaciensE =

%33 F methyl eugenol, eugenol, thymol, carvacrol= paper disk °l ZtZ} 100ppm, 200ppm,
500 ppm =2 ZAE AL 100 plE FAsA wjA] TG &8 FAt}. Pseudomonas panacis
= 30 T, Serratia liquefaciens= 25 C 27|04 24 LS & AP Z7]E SHSIF T

(W) Essential oil 3+ Hi Ao A o] &dHEAd 5 AA

KBA H]Z| 9] methyl eugenol, eugenol, thymol, carvacrol& 100 ppm, 200 ppm, 500 ppm®] = A|
T = AHEAAR tween 205 Essential oilZ} 6 : 42 H| &2 &3, 1¢HE 3] Essential
oil - WMAE w0 APl A3

Serratia liquefaciens= Pseudomonas panacis®} 22 w52 A3 £ 23} 100 ppme] =9
A 100%2] WA &35 X oA Essential oils®] Serratia liquefaciensol] th3 H A s =5 Lolr 7]
st e =E O 9F ted 2ol 4ds s

NA H X ol methyl eugenol, eugenol, thymol, carvacrol= 10 ppm, 20 ppm, 50 ppm®] HA &
gk & AlHEG A tween 20-= Essential oil : tween 20 6 : 49 H|E&ZE A EFst 1
H3ste] Essential oil ¥ HiAIE TS0l Ao ARESEATH

rl oot
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(th 124

& AFEd2 O —fﬂ%}%}i AEE 7R QS ¥ oy FHEo o=
Eo FqHIEAHES HEAT mElA o]E ARFEZo] WA FH HEFo] obd Fwiko <o) A
= g ]

G a7t A=A ARE &7 Sl E‘r%*} 22 A3E AT
PDA "] gt& Eol B. cineread] A AGFHEE A4 5 mm cork borerZ 2z} HFg & 25
C g2 slF & wlFstth. 1831 methyl eugenol, thymol, carvacrolS Z+Z} paper

zdgpd
diskell 1,000 ppm, 5,000 ppm 10,000 ppm T2 ZAE AL 1002 HAS] #3730 cm, 3
cm, 6 cm FA0] HEE petri dishe] T4 1 WA= FARAAN F2AA ol 49 1 Hjgg
o 9 Ag%qu]xggg I EnAS S R=

M2 KBA wx]9} NA #HjR| o] Z}2} @A =43 $ Methyl eugenol, Thymol, Carvacrol& Zt
Z} paper diskell 1,000 ppm, 5,000 ppm, 10,000 ppm TE=Z ZHE AL 100 w2 FH 323t
petri dish®] F7o] E3 ¥wixl= FHFoJA] Pseudomonas panaciss= 30 C &27]o] Serratia
liquefaciens<= 25 C @27]o 22 29 ¥ b 79 AFAAAEE FUAsA T

(6) Essential oil®] &4 HA

(7h €71 A¥EFoly WA ax

oy A Zgoly WA EFE AAS ] 95 B2 70 % ethanolE THAZI T WH S
38 AL trayoll Yol FnHIS}, B. cinerea®l EAE 6x10* spores/mle] FEZ 20 UE E7|
HE3AY. I 5 eugenol, thymol, methyl eugenol= 100, 1,000 ppme] TEE EHF

—_

So] BRIV)E o] &3] Tr)o] EF3AT}. E7]o essential oil
22 C @F27100A 7L & F 2719 AL FZo|y o|HES

. A7 23
(1) CP1 #5
h WA AT A
D UAAEe e 9 geE 54
A% 27 A=A e, 271, o
T |

F, Z7)0A 357F, Aok
F21 9] A7 E%‘?‘ =, i—%fﬂ

HSH

N2
W
N,
ol
Lo
T
o>j
filo
:ﬂ
m}L
S
2
w
a
a2
[¢]
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Table 2. The character of antagonic endophytic bacteria.

Hu
Surface Moti Gram a‘% | >z}
Genus Group Color Form Margin Elevation Opacity of li Size reacti 5 2 A
colony ity on 5 & 5
Groupl  cream  punctiform entire flat opacity round o O'OSHle T rod o
irregular 0.5-1
. Group2 cream  punctiform lobate raised opacity and o oum FA rod o
Bacillus spreading H
round
. . with 0.5~1. OF 4]
Group3  cream filamentous undulate raised opacity scalloped 0 oum 578 rod o
marginc
irregular N
Group4  white spindlo erose flat tragsfar and 0 0'52 mO. 57 sphere X
Pseudom spreading !
onas
Group5  brown spindlo entire flat tragrsl%) ar round o 0.2~0. 57 sphere X

2) WAA#S 23 2

229 118719 WA AaE S AAsY] st 2] AdFFolHdd I ©A
I A et 7~108 F AXYLL] Z7)7F 20 mm o4 AL Adsidcy 1 Ay 8
A B2 E Al 5 (NR32, NR8I, NR83), 7|04 e #5& 3 5 (VS25), AelA
H g #F (KL78) ol&< EF FEHH 54 9 Bacillus 152 A ElE 45
. ol & /e ¥F F KL FTE AW 2/0€¥ 714 AALE A A2 F3 I+
& FASIA T WA FAEH 3 AFAHE FEdA XUSFOE o] #FE HF
2 A3t g th(Table 3). 18]al ©o] #F= CPlolet HH .

Do gt B o oE
o ox & M 2 Al

Table 3. Antifungal activity of five endophytic bacteria against Botrytis cinerea and Colletotrichum

gloeosporioides on PDA medium

Pathogens
Isolate Isolated Genus B. cinerea C. gloeosporioides
pornt inhibition zone Ant1fungal inhibition zone Antifungal
(mm) activity ™ (mm) activity

NR32 20.9 -+ 20.1 +++
NR81 Root 20.1 +++ 22.1 +++
NRS83 Bacillus 21.6 +++ 21.3 +++
VS25 Stem 21.4 +++ 20.4 +++
KL78 Leaf 20.5 +++ 22.8 +++

Length of inhibition zone formed by cell growth around paper disks was measured.

* Antifungal activity =10 mm = +, Antifungal activity >20 mm =++, Antifungal activity < 20

mm = +++.

_75_



(th CP1 #59 &7

HE
off
o2

[—
~
ot

e

4
A
oL

O 2=

rr
P
o

CPl ¥FE IH9MT 5 B3 UA (x400)°1H #23 Ay Hgdom FGax
A5G th wekA CPl #FE I3 FAFLS FAF & AAh(Fig 1).

C o N L

TN e

Fig. 1. Microscopic observation of isolate CP1 with Gram-reation. (x400)

@ FAAAEE 7 (SEM)

Hi 2|32 H 7} 0.2 m membrane filter Aol A FAMAA AR E & o] 83t CPl +55 #&S 2
7 Fig. 29} 22 0.5~1.0 mo] 4o JeiE 4L F AU

Fig. 2. Observation of isolate CP1 on surface of NA medium (left) and 0.2 gm membrane filter
(right) by Scanning Electron Microscope (SEM).
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(th API kit £

49572 T test& T3] Bacillus &2 F43F= APl 50 CHB kits AR83lY] CP1 #5&
224938k A3} Bacillus amyloliquefaciens £+2] FAF=7F 99.7 %=Z Y EFGTH(Table 4).

Table 4. Isolate CP1 was considered as Bacillus amyloliquefaciens by reactions with API 50 CHB

as below

GLY + GLU + MDG + SAC + LYX -
ERY + FRU + NAG - TRE + TAG -
DARA - MINE + AMY + INU - DFCU -
LARA - SBE - ARB + MNZ - LFUC -
RIB + RHA - ESC + RAF + DARL -
DXYL + DUL - SAL + AMD + LARL -
LXYL - INO + CEL + GLYG + GLT -
ADO - MAN + MAL + XLT - 2KG -
MDX - SOR + LAC + GEN - 5KG -

GAL - MDM - MEL + TUR -

GLY: GLYcérol, ERY: ERYthritol, DARA: D-ARAbinose, LARA: L-ARAbinose, RIB: D-RIBose,
DXYL: D-XYLose, LXYL: L-XYLose, ADO: D-ADOnitol, MDX: M¢thyl-BD-XYlopyranoside, GAL:
D-GALactose, GLU: D-GLUcose, FRU: D-FRUctose, MNE: D-MaNnosE, SBE: L-SorBosE, RHA:
L-RHAmnose, DUL: DULcitol, INO: INOsitol, MAN: D-MANnitol, SOR: D-SORbitol, MDM:
Meéthyl-aD-Mannopyranoside, MDG: Me¢thyl-aD-Glucopyranoside, NAG: N-AcétylGlucosamine, AMY:
AMYgdaline, ARB: ARButine, ESC: ESCuline citrate de fer, SAL: SALicine, CEL: D-CELlobiose,
MAL: D-MALtose, LAC: D-LACtose(origine bovine), MEL: D-MELibiose, SAC: D-SACcharose,
TRE: D-TREhalose, INU: INUline, MLZ: D-M¢LéZitose, RAF: D-RAFfinose, AMD: AmiDon,
GLYG: GLYcoGéne, XLT: Xylitol, GEN: GENtiobiose, TUR: D-TURanose, LYX: D-LYXose, TAG:
D-TAGatose, DFUC: D-FUCose, LFUC: L-FUCose, DARL: D-ARabitoL, LARL: L-ARabitoL, GNT:
potassium GlucoNaTe, 2KG: potassium 2-CétoGluconata, S5KG: potassium 5-CétoGluconata.

(= EAA=ETH 24
1) 16S rDNA

CP1 ¥2] 16S rDNAE #2413t A3 Bacillus velezensis2} 99 %2 FAIEE B A ThHFig. 3-a).
T8} Bacillus subtilis L5l &3t A8 M-S 16S tDNA FHo] v FABIEZ & ¢
Aee TAS ANAE gyr A9 F7IAYE 4o oSt
2) gyr A

Gyrase A A=< °E‘7] AEE& vty SZ 3k Neighbour-joining treedl A CP1 ¢

velezensis ¢+ 100% FAFES Holm 3+ T1Fo] £3FATHFig. 3-b). WA HZ AFF ol
B. velezensisi= B. amylohquefamens 9} TFCE Hid uH gloemIT CPIE HFTHO=E

® x W
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velezensis ==& B. amyloliquefaciens = -7 3% TH(Li-Ting Wang, 2008).
CPl ¥5° FEld EA, API kitg ©o]&3 & o|& ¥ % 16S rDNA 2} gyr Agene

= O,

sequencing 59 £4& 53 HFZ o= B. amyloliquefaciens © 2 543t}

(@)

B cran
95 | Ha shia
=
- — B e }
4
e BRO
of
| Lg 5 "
|
B BCR i
A 102
I 1 - wase )
1 £ 1 B i
i
|3 - . -
LE]
CP1
100
98
Bacillus velezensis LMG 22478T
100
87 Bacillus amyloliquefaciens KCTC 1660T
100 Bacillus atrophaeus KCTC 3701T
Bacillus mojavensis NRRL B-14698T
73 Bacillus subtilis subsp. spizizenii NRRL B-23049T
100 Bacillus sublilis subsp. subtilis KCTC 3135T
Bacillus vallismortis NRRL B-14890T
01 Bacillus licheniformis KCTC 1918T

Fig. 3. Neighbour-joining phylogenetic trees based on 16S rDNA (a) and gyr A (b) gene sequences

of Bacillus strains. Genetic distances were computed by Kimura's two-parameter model. Only

bootstrap percentages above 50 % are shown. Bars, 0.005 (a) or 0.1 (b) substitutions per nucleotide

position.
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(h ARk B4 W

CPl #7¢ LT FAdBAd e FFE5ES LT oA widst 4719 ¥
(B. cinerea, C. gloeosporioides, P. cactorum, F. oxysporum) ol s &4 wlus] ¥ Z3} CPl
= 100 %2 FAIEE R B. velzensis CCUG 507403 98 %% FAIEE Hol= B.
amyloliquefaciens ATCC 23843 S+ #F Rt} & o] 53] ¥ oW th(Fig. 4).
CP1 9] 7| o 2e Dol FAA S o] 3B EFH o vt F2], &<
EMY A th(Fig. 5). WehA CPITF+ €¥H3 22 Bacillus & #E°] F2 Aist= Aoz H
F o9l = lipopeptide Al & <] sop‘gi & Aiksl=E Ao g I3 FAHEJT

S

L4

Lo

B Faciliys propdodgueiocien CP]

& Bavilluy moplodiqunfociens ATCC 23843

Antifungal activity [mm)

& Bocilluy wrlerengd COLAG 50740

Botrytes cineroa Collctotrichum Phytcphihara FUsarium onysponam
glosoponoidoy cactonm W
Apdifungad sctwiky mm)
Plant pathogen

Fig 4. Graph showing antifungal activites of B. amyloliquefaciens CP1 and two

similer isolates against plant pathogenetic fungi.
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Fig. 5. Shapes of irregular mycelia of plant pathogenic fungi in opposite culture with
B. amyloliquefaciens CP1 PDA media. A, B: Inhibition mycelia growth, C: Lysis
of cell wall, D: Mycelia swelling.

F=H
i)
o
Y
o

(8h CP1 #59] in vitro el A12] &
1) WA vkl Y o) atgd

CP1 7} A4kl 22k OAMHE S o] &8t AESHE WAE Al=38t7] flal Z27]o &
k= 4744 A (B. cinerea, C. gloeosporioides, P. cactorum, F. oxysporum)< ™40 2 ujj A
H JAEAAS AASAY. o] 7HE Hold A= molasses broth HlA| 3L, R2A broth
T Hlw3 Hold &35 HUT o] F HiA F Molasses A= R2A A HT FiH o=

Hojd Mut ofyel AAZHOE AHEEE CP1 759 HAH #lAE Molasses HIA S A
& 3} A TH(Fig. 6, 7).

an}
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antifungal activity (mm)
@

B
W Botrytis cinereo

4 B Collstotrichum glososporicidss
B Phytophthoro coctorum

2 4

- I W Fusarium oxysponim sp

o - T

R2A broth Mutriuntbroth  Kings'8 broth  Molasses broth  Tripton soy
broth

Media Treatment

Fig. 6. Antifungal avtivities of B. amyloliquefaciens CP1 with broth culture filtrates against
B. cinerea, C. gloeosporioides, P. cactorum, F. oxysporum on PDA medium.

Fig. 7. Antifungal activities with cultures filtrates of B. amyloliquefaciens CP1 cultured in five broth
media against B. cinerea (a), F. oxysporum (b), C. gloeosporioides (c), P. cactorum (d) 10 days
after treatment. A: R2A broth, B: Nutrient broth, C: Kings'B broth, D: Tripton soy broth, E:
Molasses broth, F: Control.
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2) AL oA BA

A oA BHEA AFoA CP1 Hlgoddo] Bre] 471A|e] FaWAHF F B.
cinerea, C. gloeosporioidesE 7}& A AA|stRA 7] wfZol o] ik o] otk oA ef x3t
ol A &S FAS 23 B. cinerea ol A &7 gl e, C. gloeosporioides®] 3
Zbkol A& Controloll ®lsl| ol ZAole} Eapdrolgo] mw-g- Wgkth 109; 208 3] A
ol & 3, 8, 12AIF #EE AF 3AAE 249 FEHE FASH BAMY RS IUE &
A R oH, o] & DRAMREE ZAVE AY BEEA Fodt ol& otnt: ZA) wik
o Qo] P GEHAS AR FAHE A K(Table 5, Fig. 8)

Table 5. Antifungal activity of broth culture filtrates of B. amyloliquefaciens CP1 on
conidial germination of Colletotrichum gloeosporioides

Dilution rate of broth culture

Diameter of mycelia (um) Inhibition (%)

filtrate

1/10 0 100

1/20 0 100

1/50 2.3 96
1/100 5 89
Control 57

110 1/20 1130

Fig. 8. Effect of broth culture filtrate of B. amyloliquefaciens CP1 on spore
germination and germ tube against Colletotrichum gloeosporioides.
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(/\]_) s EA

b B |

1) Wizl wWE CP1 #59 4%

@ =i A
CP1 9 S 98] Nutient brothsS Z&ste] FE A Fu ko] o] »o]a Y& 5
7FAl F 52 vl A A B. amyloliquefaciens CP1 &5 §U3 Ao Z st & AU E R

3 %(0D 600 nm)E =4, ‘?Hﬂ—rg S5k R tH(Fig. 9).

A Fig. 69 A4 CP1 ¥+ Molasses brotholl Al B3RS o 7 =&

Aul ot o] A E CPl #FE Molasses broth H|Z| oA F2lo] 7}& &Hsle] CPI
437 ok AGeS thA] 3 W s 4 ATk 283 Molasses= Zrol AA #+F
o A wiFel v &84l Aty AdH

CPI#F+ Y & 12A1Zte] Aws W Hi FAFE Bl ¥HH, B. atrophaeust 24413t
(7 5, 2005), B. amyloliquefaciens, Burkholderia pyrrocmla:: 30A1ZE Wi(f &, 2005) 2+
aEES]lo] ALY, ol#A vE HuEEY FATE HEHUE AL 7579 AgAHd &
4 B otYe}, #ATE SA 3t Spectrophotometere} Hi Oko}l‘ iAo F7, HETHY 75 ¥
|7 To] BE7] fZolzgt ddHAn

=i=Hinuni broth

(el iy 2]

G dh & dh ':"' 13' h veh WEh 20h 23 24h 3th 4Bh G0R TEh 84k 96h 1Sk 12

Time

Fig. 9. Propagation of B. amyloliquefaciens CP1 in five broth media.

‘|—’

A AL =4 gL 500 m¢ AZEe~Fo] CP1 o5 S Molasses broth HiA| o] HE3s
i 255 10 CTH Ako]E F Shacking incubatorg ©]-8-3l Hj OO‘ES]-ME]'. WS AAsteE &<t
5

F=(0D% 600 nm)E AFgste] dAlFE SAHSAES W 30T BFo] 253 F 3} Th(Fig.
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10). 3FAITE 50 ColA= 30 CollA wjFslA S wl B WA= v]l&o] ZkthFig. 11). ©]
e WAEZAS Ade FEste] A=std WAAZA L o] 87l wrhal dddT
dHrH o2 Bacillus 4 #FE°] A A4 Al Dipicolinic acidE A4t WAAXA= A
stz BAAZ HE7)ol W FE&AT AF7MA LI Bacillus x
SAANZA 7 Y= WA= F= crytstal toxin protein®] A H F7HY FAEH] WA FUt
22 AR O] AAEETHE A 2A A ES Eol7] g WA giRERela dx A
=7 f1% HiA = AR AHEolt HT 7S olE T WAEAY FAHEH 4uTA
£ olFa e dATEol Bol I Fo vk 53 WAEA] e FFs] =
Curie-point pyrolysis mass spectrometry (PyMS) & 2% @ 34 7|75 ol&std P Fo

sk

4.5
il
35
3
- —e—10C
= 25
—l— 20
2 =2
15 —aly— 30°C
1 ——40'C
as ——50"C
a

Fig. 10. Propagation of Bacillus amyloliquefaciens CP1 according to temperature

conditions in Molasses broth media.

Fig. 11. Endospore formation of B. amyloliquefaciens CP1 in Jar-fermenter after

cultured for 72 hours.
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@ %7] pHY Y&

# 2 WA Molasses brotholl %7] pHE Z&|std CP1 ¥+F9 S ZAH}HS u pH 5 ~
pH 8 7R 1% Z A5t o m(Fig. 12) £3] pH 694 71 & A5k o T3 Generation Time©]
N gor Axe) zhew Wws

00

SRES

Fig. 12. Change of cell concentration of B. amyloliquefaciens CP1 according to
the initial pH of Molasses broth media.

@ uHtES

Z}5F © ™ (Fig. 13) Generation Time©] 150 rpm®]| 7} Zol HZA o wHl&E =2 AWt g
I 200 rppmol A= B B AV FFEEH Z AF Aolg AFIA T 038 A= A

Bt

tlo

*+ | Rpm
=50 Rom
¥ Bpm
== 150 Rpi

=200 Rpm

Fims

Fig. 13. Change of cell concentration of B. amyloliquefaciens CP1 according to the shaking speed.
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2) thHl <

e S HAske i FAAE Tl Aol AEvAE djSd s AP A=
AAZA AzFAl A AL ARRsH7] 491 BAZQ] AFs AN = A= &
o] 9 AgolA B. amyloliquefaciens CP1 #52] wj%F 2 =7 HJA]: Molasses broth, &% 30
C, pH 6 55 &7 S ZJar-fermenter (BIOTRON, LiFlis GX, 5L vessel)E AF&3t] 4 ¢ o
Fs AN A HF A w2V 3IYE A HA F A FAST 2 dEVF HAew 1
ol HA AE7] o2tk EJ AL 49 A HY F 7 AP TH(Table 6).
F71H0 8 LA RE FAdstr] 3 IAFHENES AAstY dAn|FoE #EEF o I
FAdol el B#FEE o 3d A HE GHE 28 WAEAE AAAsHr] AlESEA T
3+, Jar-fermenterS ©]-&3}a] Bacillus <, Pseudomonas & o5 5 F8U|AYES ek A
AlstE d o] wiA Y FAHAER)] A, FUIER, 24, @AY 5o HFxAES At
A #AFY A Ex 2 gy 4 S Oﬂ“ﬂd oA 7HE Hol AAEEAE 'A
st WAz 25 & F v Zieo]l B A dud AESA AR s 9l
g Axlo] 2 Zlolgt HAHET. =i oA ol#e HZA Y A FAAAHEEY =4

=R
ol A Eate] 3 AT JABTY [T 2 ATANI} UE Aol Azw,

o m o
»
o

o

o @ 2

Table 6. Comparison with growth and antifungal activities of Bacillus amyloliquefaciens

CP1 in Jar-fermenter according to the time.

Ct%lture OD 600 pH Vegetative ~ Antifungal activity (mm) Gram-reation ¥1]7 31 €]
time cell ger  pc®  cGt FO!
Oh 0 6.7 0 0 0 0 0
24h 3204 62 13x107 3.6 10 8.6 3 + rod
48h 3.962 58 3.7x10° 53 11 113 46 + rod
72h 402 57 57x10"° 76 113 11 6 + rod, clavate
96h 3.804 5.14 14x10° 12 143 13 7.3 + rod, clavate
120h 3.8 514 57x10° 113 113 12 6 + rod, clavate

‘BC: Botrytis cinerea

°PC: Phytophthora cactorum,

°CG: Colletotrichum gloeosporioides, dFO: Fusarium oxysporum.
(2) SR1, SR2 ¥ GSI ¥+
h #& =Y A

7] BEol A B3 WM SRI #+F9 16S tDNAS 243 A3} Bacillus 49 Bacillus
velezensis®} 85 %9 FAIEES R YUH(Fig. 14). %3+ SR2 #F9 16S tDNAS E3 A}

_86_



Bacillus 4] Bacillus subtillus®} 69 %2 FAE=E X TthFig. 15). L2 Bacillus subtilis 15
of &3l o8 MTES 16S IDNA FHo| - FARIEEZ £ © A3 545 HaliAe
gyr A2l @714 E EAo] Q3

A4 Z7]olA B3 GS1 7F = 16S tDNAS +3a 4 A3} Paenibacillus 02 2
F o™, Paenibacillus brasilensis®} P. peoriae2} 100 %2 FAIEE B A TtHFig. 16). 13y o
2 A2 49S o]l &3t g A A4S o & AoE AdHT

Baciius atrophaeus BURC 171232

Bacilus ficheniformis BCRC 17702

Bacifius molavensis BORT 17124

Baciliua subliia BCRC 10058

Bacilis sublilis Ay-3

54

— Baciflua valismaortis BCRC 17183

- Bacifiua amyloliguetaciens BORC 11801

Bacilivs amyioiguelacions BORC 17008

Baciiius velerensis NRAL BO-557

SRY

Hacliys velezenas MERL B-23190

Bacyiuaveiarens)s NRRL BOO42
0.01

Fig. 14. Phylogenetic tree based on 16S rDNA gene sequence comparison showing the

position of SR1 isolate among related species of the genus Bacillus.
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Bacilius strophasus BCAC 17123

Baciilia iichemifarmis BCRC 11702

Baciis mojgvenais BCRC 17124

I8
Bacilivg awbiiis BY-3

B85 | Dacihus aubtiis DORC 10058

5h

5H2

69

Bavilivs vailiamontis BCRC 17183

Baciliua amiiolicueaciena BCRC { 1607

Baciliys amyloiiguelacians BORC 17038

Bacilys velezensis NRRL BD-543

[ BaciuaveleTenss NRRL5-23790

Baciliya veleZenais NRRL BD-Z37
oof

Fig. 15. Phylogenetic tree based on 16S rDNA gene sequence comparison showing the

position of SR2 isolate among related species of the genus Bacillus.
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Paenibacilus aanguinis 2301083

Paenbacilusimonensis 2304032

Paenibacilus barengoltzi SAFN-016

Faenibaciies terngena 35

Paenibaciius wingla 3402403

GS7

Paenibacifus brasliensia A1 72

100

95 L Poenibaciius peorize

Paenibacilis pasadenansis SAFN-007

— Faenibacilus popiliae ATOO 14706

Paenibaciius septentnonalis X131

[ Faenibaciis mortaniersse MT2-2
Paenibacifus slarmensis 55-2

— —————— Faenibacifus nanensis Mix2-3

Fasnibaciusthallandensis 53-44

Faenibacils sbekawaensis

Paenibacilius sophorse S27

Paenibacifus macoanenais Me-2

Paamibaciius ngul WACE{ 73

.01 Paenibaciius ginsengand Gsoll 139
Fig. 16. Phylogenetic tree based on 16S rDNA gene sequence comparison showing the
position of GS1 isolate among related species of the genus Paenibacillus.

h FEEY Y2

D7loll A Zed WA SRI, SR2 #F29F Q14 E7]oA Z8d GS1 ¥l tiste] 4=
Helgto] ik vt A3dA| e &+t spectrum FAME 98l tHEFHQ] A= WY Alternaria
solani, Botrytis cinerea, Collectotrichum gloeosporioides, Cylindrocarpon destructans, Fusarium
oxysporum, Fusarium solani, Phytophtora capsici, Rhizoctonia solani, Sclerotinia sclerotiorum,
Stemphylium lycopersis, Stromatinia gladioli 5 11755 AH&3F$ ).

WAA T SRI #5v 11719 AEHAAR FZold digte 2% A4S B S Alternaria
solani, Collectotrichum gloeosporioides, Cylindrocarpon destructans, Stemphylium lycopersisel] o s}
o 73 FFSAS RATKFig. 17, Table 7).
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Paenibacillus &2 SR2 #F+ 117019 2 EHYAP FFolgte IA4IHES HA

=

ot

23,
Rhizoctonia solaniol Al 7} <Fgk &AS B PO}, Cylindrocarpon destructans, Fusarium
oxysporum, Phytophtora capsici, Collectotrichum gloeosporioidesdp Tth3le] =& AF2ES =
RS 213} th(Fig. 18, Table 8).

T3 QY E71ERY ZEd GS19 -
AL BPomw, E3| C. destructansol

i)

= 19 AEHAAR FFolol diste] 7 &
shel 4% FEBYL AT 19, Table 9)

£ o

tolkctinchum gibeofpanack
Fig. 17. Antifungal activity of SR1 against eleven plant pathogens on PDA.
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Table 7. Antifungal activity of SR1 isolate against eleven major plant pathogens

SR1 isolate

Plant pathogens

Inhibition zone (mm)  Antifungal activityl

Alternaria solani

Botrytis cinerea
Cylindrocarpon destructans
Fusarium solani
Selerotinia sclerotiorum
Stemphylium lycopersici
Fusarium oxysporum
Stromatinia gladioli
Rhizoctonia solani
Phytophthora capsici
Collectotrichum gloeosporioides

18
12
23
13
6
19
17
16
2
14
18

o+
++
-+
++
+
o+
++
++
+
++
-+

1) - :0mm, +: <8 mm, ++: <17 mm, +++: =18mm

Colettichiin gbeoiponides

Fig. 18. Antifungal activity of SR2 against eleven plant pathogens on PDA.
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Table 8. Antifungal activity of SR2 isolate against eleven major plant pathogens

SR2 isolate

Plant pathogens

Inhibition zone (mm) Antifungal activity

Alternaria solani 15 ++
Botrytis cinerea 14 ++
Cylindrocarpon destructans 25 +++
Fusarium solani 10 ++
Selerotinia sclerotiorum 10 ++
Stemphylium lycopersici 16 ++
Fusarium oxysporum 19 +++
Stromatinia gladioli 17 ++
Rhizoctonia solani 8 +

Phytophthora capsici 18 +++
Collectotrichum gloeosporioides 20 +++

1) - 0 mm, +: <8 mm, ++: <17 mm, +++: =18 mm

Colketotrihum pheoiparits

Fig. 19. Antifungal activity of GS1 against eleven plant pathogens on PDA.
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Table 9. Antifungal activity of GS1 isolate against eleven major plant pathogens

GS1 isolate

Plant pathogens

Inhibition zone (mm) Antifungal activity
Alternaria solani 14 ++
Botrytis cinerea 13 ++
Cylindrocarpon destructans 22 +++
Fusarium solani 10 ++
Selerotinia sclerotiorum 9 ++
Stemphylium lycopersici 12 ++
Fusarium oxysporum 10 ++
Stromatinia gladioli 16 ++
Rhizoctonia solani 10 ++
Phytophthora capsici 9 ++
Collectotrichum gloeosporioides 12 ++

1) - 0 mm, +: <8 mm, ++: <17 mm, +++: =18 mm

(th 24 712

11719 A=A A FFol9k SRI, SR2, RS1 #F 2+ thx] Hjkel] ol&) &34 o]
= E duA oA BES A9 AP S BHols o
wor, wAF ATE Z FAA o] o] W& T4 o) dHit FAE AN = A
H AH(Fig. 20, 21, 22). ol BIAGAQ FAVE BT R ol WATFIL AEHAAY 5%
olo] thsle] FHLHES Hole Zo=E FRAFHIJY. thF-E AdAFY Fa24 73
ArE ] B3|, MEdre] B3|, FAF B, FAF EEe] S A3 A A
AR B AP A SRI, SR2, RS1 #FoAE FASE 71ZAES 1F 7R

ol A

o)

.

4
3
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MNon traataﬂ TI'I‘_ItId Mon traated  Treated

Fig. 20. Shapes of irregular mycelia of plant pathogens in opposite culture with SR1 on PDA.
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Mon treated  Treated MNon trntld Treated

Fig. 21. Shapes of irregular mycelia of plant pathogens in opposite culture with SR2 on PDA.
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Mnn trgatu;] Treated MNon trﬁ_ntnd\__ Traatad

Fig. 22. Shapes of irregular mycelia of plant pathogens in opposite culture with GR1 on PDA.

(h W] s HA

FAAE FFE I3 AF Botrytis cinerea, Collectotrichum  gloeosporioides, Phytophthora
capsici, Selerotinia sclerotiorum-2 PDA HjA| o] HFE3 & 25 ToA 7€ vjIA #+F5 2
Ao 2 AL PDA HIA] ¢ B9 wiAE 10 mm AAT TS, 7 mm cork borerE
ol &3t AAF A AGEE wlo] FFsIAL 8§ em AE Fol AIAT = HEFSHA
o 79 & AA 9] inhibition zone FA AFRE AHA IJLA FFE ZAFSFATHFig. 23,
24, 25).

S B9 ARIAE =yl oA EelF SRI, SR2 WAZF Bk ojel Qi £7)
o4 R RSI #F BT FFBAL Holx @glomz wFLAe] Bholu AT AA
= 425U 2E Aoz pudAn
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e B enlri P (S T R

Sedevoting solobiorm

Fig. 23. Volatility of antifungal compounds produced by SRI.

Seilerotin soleotionm Coliectfotnichom pglveciporiniks

Fig. 24. Volatility of antifungal compounds produced by SR2.

Sedrnting sokerotiomm Collectotnrium iveogpormminks

Fig. 25. Volatility of antifungal compounds produced by GSI.
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Aol e WA ey

£
K
i
m

35 ©AH A Collectotrichum gloeosporioidesel] o §+ SR1, SR2 % GS1 WA &3&

Asl7] 3] A|FolA AarstE % & C. gloeosporioides®] ZAE 5x10°2]

2 EFAFEE ST 1Y€ w9 WA St 15 AR Y IAE A7, 2] B

A 28’ SRI, SR2 WA A4 E7]914 £23 RSI WA= 106 cfumls &5 A

st 149 3 o]5 WAl thak <3

IF BAHTS A3 Ao THES 743 %HoH, SR2 #F2 AW EC] 85 %E 7}
EA Z

1FE F¥HA

Table 10. Inhibition rate on C. gloeosporioides of SR1, SR2 and GSI1

Treatnent Inhibition rate (%)
C. gloeosporioides 74.3
C. gloeosporioides + SR1 11.7
C. gloeosporioides + SR2 8.5
C. gloeosporioides + GSI 19.2

Fig. 26. Control effect of SR1, SR2 and GSI1 against C. gloeosporioides on pepper at 14 days after
artificial inoculation. 1; C. gloeosporioides, 2; C. gloeosporioides + SR1, 3; C. gloeosporioides +
SR2, 4; C. gloeosporioides + GSI.
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(vh 27 @Al e WA daast A4

Z7] @Al tigk SRI, SR2 B GS1 WY EHXE HAr] st =r] Yol
Collectotrichum gloeosporioides®] EAE 1.4x10°9] T2 EFHFS stAth 19 5k HA3)
o gAY xz5 AHZAT|Z, 7] el 2 g SRI, SR2 WAMFHL A4 E7]0dA
22gk RS1 WA FE 10° cfumlS 5 HElste] 797 3 HEsta HFE A f? A A
ol gt FFaRE AGSFAKFig 27). DA HAAAFS 298 A stgom Fx g oA
I Eo] w4 %ot 2] @A the WA FRE FHEaHE HolA Feoh

[¢]

.

Fig. 27. Control effect of SR1, SR2 and GS1 against C. gloeospor|0|des on strawberry.
A; Positive control, B; SR1, C; SR2, D; + GSI.

(3) A3l (Slightly acidic electrolyzed water, SAEW)2| &34 74
hH WA A5 A panax EAol| g o} A

S<=2] A. panax EAFo| thek whol A HE& dolr 1z PDA HiA|o] 1x10*9] A. panax2)]
DEATE 244%F &, A 10, 50, 100 %] HaMFE Astd 79 F xA Pol
% 7}5 9 TH(Table 11, Fig. 28). Aal$ 10 %] ZAprol A8 S positive controlol] ¥H3)
37 %0 ﬂs}gﬁ A5k, A 50 %, 100 %2 745 A. panax EAo] thale] 100 %2 FEApko}
A A gdd o AT

Xl
£
A

Ly
-
R
=

oy =5

=
SER
= R
|
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Table 11. Inhibition rate on Alternaria panax spore germination of SAEW

Treatnent Inhibition rate of spore germination (%)
100% SAEW 100
50% SAEW 100
10% SAEW 37
Positive control 0

Fig. 28. Effect of SAEW (pH 5.5, 25 ppm) for inactivation of Alternaria panax on PDA.

Az A B AP EA

U HRHHA dg galee B3 GAL &) Akl T
A ARl o A 1

A 7Y TFASRE 53] AEstAth HFA A T 7d A
S 2 A8} TH(Fig. 29, Table 12).

FA e HHES 953 %E A4 FAFHHo] A ATt tHEFAZE 2221 Fluazinam WP. 9]
IHES 7.5 %AoH, daflro] H YHEL 253 %A

F-xglo thgt Fluazinam WP.2] WA|7l= 925 %= %o, A3+ WA= 73.5 %=
3}8toFA|Ql Fluazinam WP.&] A7t R T Wk gl v A4 o] 55 7Hs3 HA7E] 50 %

Hot w2 WAZLE 27 wio 5 A4 A Az &8o] Ve Aom ATHE

_L
=
Ak
=
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ER"_'__ o - k" F - F i | I.._\'. d - 4
Fig. 29. Control effect of SAEW against Alternaria blight caused by Alternaria panax occurred
naturally in ginseng field. A; D.W, B; SAEW, C; Fluazinan WP.

Table 12. Infection leaf rate of SAEW against Alternaria blight caused by Alternaria panax

occurred naturally in ginseng field

Average of

Infection leaf rate(%) Control value
Treatment infection leaf o
Replication 1 Replication 2 Replication 3 late (%) (%)
D.W 97.6 92.3 96.0 95.3 -
SAEW 234 314 21.1 253 73.5
Fluazinam WP. 8.1 9.3 52 7.5 92.1

(4) Essential oil®] &#&A% HAA

12

h MAG & A% A

1) Botrytis cinerea

A FS S FTEAE HAAoNA carvacrol> EHVF HIwAH HojH S thymol# methyl
eugenoldl A= TS FHAEAHS AT & JAY. F= wE A, 100 pg/discol
Ae vlud e s LS EIAAT, 200 pg/disc, 500 pg/discoll A+ carvacrolS A <] gk
thymol¥} methyl eugenoll A 80 % °©]/¢<] A AF A3|&S UEFT Carvacrold 7% 1%
52 AHYg "olx I AA7t WSS W FFEoE YA gkol A% A@oAE A QA
71712 S th(Fig. 30, Fig. 31).
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Carvacrol Carvacro

100 48/disc

200 £g/disc 00 £g/disc

ml Thymol
200 4g/disc 500 4g/disc

mol
100 4g/disc

_4¢9 - 3

Methyl eugenol Methyl eugenol Methyl eugenol
100 #g/disc 200 #g/disc 500 #g/disc

ig. 30. Culture assay by using three essential oils to test control efficacy against Botrytis cinerea.

1000
900 r
800 r
700 1
600 r

—e&— methyl eugenol
—&— cavacrol

+
400 thy mol

500 r

Inhibition rate (%)

300 r
200
100 1

00

100 200 300
Concentration (ppm)

Fig. 31. Inhibition rate against Botrytis cinerea of three essential oils.
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2) Pseudomonas panacis

A=Al FEd AdHY Aol FaE85o] A dotry] Yt T3S 3
e A gFibg o] 447 B. cinereao] i3l Hold &+ &% S EAW methyl eugenol> 1
E37F HAUAT carvacrold} thymole FHold &35 YeEITE Carvacroldl A= A S A AL
A Eo] 18 mmE YEM AL, thymolol A= A& 24 mme| ASAX Yol FA = ATHFig. 32,
Fig. 33).

1:Control, 2:Methyl eugenol, 3:Eugenol, 4:Carvacrol, 5:Thymol

Fig. 32. Activity test of essential oils against Pseudomonas panacis.

30 r
25 r
20

15

Inhibidon zons

10

Control Methyl Eugenol Carvacrol Thymol
eugenol

Fig. 33. Inhibition zone (mm) of EOs 500ppm against Pseudomonas panacis on KBA 2 days after

inoculation.
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3) Serratia liquefaciens

Pseudomonas panacis®} #-2 WHOoE 3 AFZAT Serratia liquefaciensdll Al = Bl =g 2
5 YEM AT Methyl eugenoldl A= E37F LAl carvacrolol A+ 17 mm, thymolo A= 18
mm A5 AF AAAS dEHo] AEHdATANE Hojd FHaArt e A FUskA
=3

(W) Essential oil $H-+ ¥l XA 9] A5

WA ol Zo] SAHMA ENE Lol BHWMA FANES Fa AEA
4 EAE HUd Fol AB AR AES WX A ol HBPAAEo

A4 2 A9 ojud ARt X AP nylvh APAH FANA
e BT, ol aHE thA FUstA Hth

oY

1) Pseudomonas panacis

e A BAES T KBAMAAA F3g A A G4 # viz7FA 2 methyl
eugenolol| &J3iA = EH7F A UetA ettt wERAC carvacrol> 200 ppmoll Al 20 %2 A
g AAE&S YEHSA, 500 ppmol A= 50 %o EAE BYTE E3E thymolol A= 200 ppm
N4 28 %, 500 ppmol A 70 %ol ol2= AS JAES Ho Hojd EFHE AT & AU
(Fig. 34, 35).

Fig. 34. Activity test against Pseudomonas panacis on KBA media mixed with thymol.
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80

70

60

50
[ 100ppm

40 O 200ppm
0 500ppm

30

Inhibigon zons

20

Methyl eugenol Eugenol Carvacrol Thymol

Fig. 35. Inhibition rate against Pseudomonas panacis on KBA media mixed with EOs
(Based on of P. panacis 2x10° cfu/uf).

2) Serratia liguefaciens

Az 2 FAF 471 AATE Methyl eugenolS P. panacisoll A9 2ol axrt {1,
eugenol¥} carvacrol 200 ppmolA ¢F 50 %S AHF A EES HAT 53], thymol® 7-F 100
ppmoll A o] A& A&l 100 %E Ho HHFEE Yotir] f3te] FE=F 10, 20, 50 ppm
o2 zAslo AAES A3} 10 ppmoll A 60 %, 20 ppmol A 75 %, 50 ppmolA 99 %] AYS-
AA &S Yo =X S, liquefaciens= thymolol] 3t 7Hr-4d S Hole A& U th(Fig. 36,
37).

Fig. 36. Activity test of thymol against Serratia liquefaciens.
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100
90
80
70
60
50
40

Inhibiian zone

30
20

Methyl eugenol Eugenol Carvacrol Thy mol

Fig. 37. Inhibition rate against Serratia liquefaciens on NA media mixed with essential oils (methyl
eugenol, eugenol, carvacrol : control, 100, 200, 500 ppm.; thymol : control, 10, 20, 50 ppm,

respectively).

(th 124 44

B Agol] A3 carvacrol, thymol, methyl eugenolS EF 3ol & AS=Z 813z v}
. ATFANA ol BRAEY Fdel o7 FA AF A& SAHAAE F ol 9
g A EAE FAT F AT AT ke wle ol A AsS A
Hoj ol maEtA methyl eugenold} carvacrololl 2]gF A& A3 -&o] vluz & =+
9k thymol?H-2 A7} BAAHE 60 % oo A5 IdAE&S B tH(Fig. 38, 39).
Aol e ko] o3 a3 s YetuxA Fskh ol#id 237 U olf= Al
HAAd i sl AEA AT a7 9o Wi = dddr

. At
Z "ol A

x
o

Carvarcrol Carvarcrol Caryarcrol
Dem dom e

Cantrol

Th nI Ocm lemcl Sc:m lenul Gem

Methyl eugencl Methyl eugenol Methyl eugenol
Ocm dom fem

Fig. 38. Volatile effects of three essential oils at a concentration of 500 0/disc

against Botrytis cinerea at different distances.
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Methyl eugenol

100
< 80+
g 60t 1,000 ppm —— 1000 ppm
c 5,000 ppm —— 5000 ppm
% 40 10,000 ppm —4— 10000 ppm
£ 20t \1
0
0 3 6
Distance (cm)
Carvacrol
100
® 80 |
% 60 1,000 ppm —— 1000 ppm
S a0 | 5,000 ppm —— 5000 ppm
E 10,000 ppm —&— 10000 ppm
= 20
£
0
0 3 6
Distance (cm)
Thymol
) 120 1
{e100 t
; 80 1 1,000 ppm —+—1000 ppm
8 60 b 5,000 ppm
10,000 ppm #5000 ppm
40 —&— 10000 ppm
r 20
O 1 1 1
0 3 6

Distance (cm)

Fig. 39. Inhibition rate of volatilization treated by three essential oils

against Botrytis cinerea.
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(2}) Essential oil®] &4 #AA
1) B7] AdLFgoly WA &3

27 Al FFoly WA BHE A FSH7] #1380 eugenol, thymol, methyl eugenol= ZH7} 100,
1,000 ppm= *2]3}e] essential oile] EIHE A TH(Table 13, Fig. 40). HiA /oA B.
cinereadll 7Fg¢ & 37 EUT methyl eugenol> 1,000 ppm A 2] Al 88.5 %< WAVIE R,
100 ppm A2l Al 69.6 %= eugenol? thymol®] A7} BRoh o5 &3V £& AL IUSA
T} =3 AWEH O 2 essential oils= 100 ppm A g 2 ET 1,000 ppmS A B3HHS o O
A a9E HAath

&3V £ methyl eugenolol] thdte] 24320 Ae] Ao} ZegnyEFS] TL&HYE
ol BHoh £& AR 2o Ao=w HY,

Table 13. Control effects of essential oils for stored strawberry fruits

Diseased rate (%) Control value (%)
Treatment
100 ppm 1,000 ppm 100 ppm 1,000 ppm
Eugenol 333 13.3 65.6 86.2
Thymol 37.5 20.0 61.2 79.3
Methyl eugenol 294 11.1 69.6 88.5
Control 96.7 - -

Eugenol

1,000ppm - 100ppm
Control

100p|:
Methyl eugenol
j = |

100ppm . 1,000ppm

Fig. 40. Control effects of essential oils in storage condition.
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(5) ZRAE A&
(7h SR2, GS1+¢tF9] =7] Al EFo|y WA ax

27] AE el o

H] ] 4ol Al B. cineread] &7} EUE SR29} GS1 #FFo U
=5 A2} tH(Table 14, Fig.

& HAEAE AFsr] A 2 AT T 1x10°spores/Le] F
41).

SR22] 749 1x10°spores/Le] TEE A EstAS uf 72.4%2] HAVIE BRI 3, GS1 HA 7}
69.0%% SR2 ¥FRT WA &7t e AL BAuTh

TS SR29F GS1 FFoll tiste] A 2HA(2,0008] 34 M)S HUistE S ul, 44 +FE A
gatds Wrtg =2 WAVE JERRIIT. SR2 ﬂ“l‘“m_:‘ %%2 A A 7124%% BTh 3}
Al EE AA 13.2%E 08% =A AL w=9ker, GS1 # e dEoE AT 69.0%0l
AzA T8 AYA 76.2%=2 FATIE 72% =& EJJrE B o]= SR2 #FE= A=A
st B2 &85 BYou, GSI #F5 AFA AeA 7] A FFolHd st =
HAZFE EAE 4 AT a8 HAE T TF 71Ed WATE 50% ol =
A7FE &eleo]l How, o w D7 A FZo|H g ¢ Az HeFF F5
o] 7le¥ Ao =® ATHT

i

mlm

o

T

ojf rlo H

Jp o l"lo 2 >

o o

Table 14. Control effects of SR2, GSI1 isolate in strawberry field condition

Rate of diseased fruits (%) Control

Treatment value

1 repeat | 2 repeat | 3 repeat | Average (%)

SR2 (Bacillus subtillus) 7.1 4.5 8.3 6.6 72.4
GS1 (Penibacillus brasilensis) 6.1 10.4 5.7 7.4 69.0
SR2 + Wetting agent 53 7.3 6.8 6.4 73.2
GS1 + Wetting agent 6.4 4.9 5.7 5.7 76.2

Negative Control 18.2 26.3 27.2 239 -
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Essential oil & &7] AR FFo|Ho| tisted &AJo] EU™ ThymolZ Methyl eugenolol] T
g G7] A FEolol ik okAl WA a3 A E-S AASFATHTable 15, Fig. 41).

Thymol 200ppm< A3t u, 82.0%2 =& WA/IE RHIo. T3 wxAolA B.
cinerea®ll 7} &7} FST Methyl eugenolS 200ppm A Al WA 7F7T 88.7%= thZFA =
AF8®  Fludioxonil FL 2,0008 3]4j<fe] A7} 89.1%%t FAFE &35 &l & 5 U
Z22]32 Thymol 100ppm3} Methyl eugenol 100ppme] &3 A A o% 86.6%% =2 WAE
B

Table 15. Control effects of essential oil in strawberry field condition

Rate of diseased fruits (%) Rate of
Treatment control
1 repeat | 2 repeat | 3 repeat | Average (%)

Thymol 200ppm 4.1 5.0 3.9 4.3 82.0
Methyl eugenol 200ppm 23 3.9 1.8 2.7 88.7
Thymol 100

ymoer PP 42 1.8 36 32 86.6
+ Methyl eugenol 100ppm
Fludioxonil FL 3.2 3.5 1.1 2.6 89.1
Negative Control 18.2 26.3 27.2 239 -
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A2 A
[Al1¥-5] ASHA =HHl A

L AEFEEY A5 dAER HE

Az" AEAE 0.6 mmo|stE EHste] ARAEE Axsta, ARAE 100 g& 5-L 42
Zg}~Fo] Y MeOH 2 LE Ho] A4 24A17F FATH7F Methanol 28-S 249 o 7%
=

(Whatman #1)& ©o]&3t] 7St oAFstdoh. 7 o#E Methanol #82 I AN F
(Buchi R-215)% 7%} 53t 2FE2ES & g 23
ZFEZEE 99 AR AA-ES AA A=A

1.

H-2] 44 5(Rhabditis sp.) ¥l Kim 5(1997)9] WHS ol&3tdth. 250 ml &7 4z
2}2~=of Nutrient broth 75 m{E ¥ 3L Escherichia coliE 2 ¥ Hl¥3 & 20 vlgl/mie] 214

< HFskA, 28 °C, 150 rpmollAl 6 HAIF wijgFste] Al@ol AMESERTE. B QA Nutrient
agar Wl Aol Escherichia coli®} B2 XZF& HFste AFS wjdsia,
ZH7IHoE AF5E &4 83 tH(Southey, 1986). wEl® F21A4%
A Aol AEsk

==

X1 %2 Baermann
WAare] B33t

flo it

[
o\ 0%

@) RAEHF §3

2]

At

T uhEE] 34 2 (Meloidogyne incognita)e] AlSHAl Zd® Fe] EElE xRt Mo A
53 dFo2RE BYIZAFT 55 st 4@ A&t BeSAF 759 &
2] &= Taylor®} Sasser(1978)] WH S o] &3tH =0, Be|&dFol AstA 2d=E ¥l 100 ¢&
1% NaOCl 500 ml¢} #Zo] Y =A7]E o]&st] 4023 #Hstdtt. &€ A=E 200
mesh Aol Fof AZ AAZ|E AU, 500 mesh Aol ZPTE 500 mesh Ao 2 AE&=
T4l Baermann ZH7|HoE HAFES &5 At 89 RIAZSAHAF 52 WAL

BAsHA Al ARE-SFA T
(4) 96-well microplates ©] &3 A& ZFE&5 AW

M2 ZFZEE 0.1 g& Ethanol 1 mlo] Fola o]E TA FFFE 208 343142000 3]
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Ay Aol AR AT FAE s 2FEE0] YA ¥ Ethanols Y HIEE 3 A3t%
o AZIA A AA-LS 96-well microplates AH-83FA =, 96-well microplate &0 Z2FEF &
A 60 e} FAPAZF 20 E AL AHEFZFE AE §5 5000 pg/ml). Aol H
Z ¥ 96-well microplate= AZE WA3H7] 93+ microplate 74 B HEE "53] 2

5C &2719 5ot HFE 96-well microplate= S|FAUAH S o] &3t 1Y€ HH0=2 1Y

o5

96-well microplateE ©]-&% Z=FE& AL Aol AEAIAE HESH] HAste] 12 AA
A AFY FA YRl 50% ol JAE(A FE O) AR FoA do= 25719 FEEe AH™
sto] 2, 3, 42 ®BbE AIFS FPSAT. AGA AP 1349 L WHOE 4RHA] DA
HA=, 23k 33k FAASE ol E&5HaL, 43 Ad2 HE7AAEAST] FEEAS 7S
o]-&-3stAtt.
W a5 23

1783}, 1,677F9 A=S FAEE Urol Alxd T 271449 =255
N3 Ay RAAFES o] &3 12 A FolA 2,362%(87.0%)2] %
< T, 187F(6.9%)8] ZFEEL RAAAE
S HAAZ A Z BHYoH, 705(2.6%) =

AZFo] MAEHE Aol #EH AT Table 2).

U ATA Choi 5(2006)2 40F°] A&S ©]83td AUFALAZTES HFSE 96-well
microplate bioassays A AIStal A3 (Acorus gramineus), =58 E(Asiasarum sieboldi), 273k
(IMicium verum), AFJ = (Kaempferia galanga)oll Al A% 288 BT o/ AFNM=
MAE A, S FE A 2FEFES AT AFIA E4ES B Choi (200602 AT
of FU3 AAE HAT

Kim 5(1998)2 Yk (Tagetes patula), 2+t (Zoysia japonica), 4H7 &5 (Rhus sylvestris), &
UF-(R. chinensis), <FIHAllium cepa) F=HS B A st B2 S HF(M. hapla)e] +& gt
Aol AAFETIL AT o] AFA = FUF(R. chinensis) 2], dwjdlA HFdA &4
o] AATH
U Lim 52(2004) 43F 2]E9] Methanol ZFEES o] &3le H] 5 4 3Z(Meloidogyne
incognita)oll T JA 28-S AlPstar, 4H]E(Portulaca oleracea), 4% Z(Stellaria aquatica)®]
3= AF AdAZEAE] AT oy, o dAFolAs BT A EHRTE YEA
3 X TH

W 2] ZF =4 (Tagetes) 2152 Ao WHHOZ dex Jor &2, &4, AE AAQNE EY

o

4 fo lo
gt
o,
o

82 P
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T 5o wHoe=w AF WA o]&FHa Ur}t. oW AP A= 4= (Tagetes erecta), T+
oA H|(T. minuta), THF=1(T. patula) ZFEE°] AFEHA=H, A5=(T. erecta)oll A TF 73

A5 2o AA AT

2] ol & (Rumex)oll = °F 200F°] A=Hl F8 A& oxalic acid, tannin® = 5 2Fg-0] 9]
= Algto] U= 2 Eolt. o AlgelA 4% (Rumex acetosa), °ll7]4(R. acetosella), F'&a
A o|(R. conglomeratus), 42| °](R. crispus), 424 ©](R. japonica), 7HtH&(R. longifolius), &
ZFAo|(R. obtusifolius) 5 7F°] AFHAET, o]E & N7|FD(R. acetosella) 2|4, Eki
2] A o](R. conglomeratus) ¥}, A2 A o](R. crispus) Be]= A3 oA @37t YAt

275, Rz, QiteA ARSHE F5A TolA o/l dAFoA AF JA &S B
?l AL 3 o= T r(Angelica dahurica) A3+5, 27 (Angelica sinensis) 2| &t%, T=]E

(Asarum sieboldii) A|3}5, G¥l (&<, Carpesium abrotanoides) %, /Mes(=uF, A4
Catalpa ovata), 7HHl=}(Cephalotaxus koreana) =71, 4k (11481, Cornus officinalis)y dvl, S}, &
7], ©F&uF-(Crataegus maximowiczii) &7], &35 (3 3}, Daphne genkwa), #t(fili, Diospyros
kaki) U5 72, =l E(Carpesium abrotanoides) %, & (L A%, 33k, Inula helenium) A}
At (Malus pumila) €, =7], YT (EELZ, Morus alba) 7], ¥d], 28U S, K,
Picrasma quassioides) =71, 3 u}Ak(Ricinus communis) A &H5, AUF-(H<E Wk AAUE ) Pinus
spp.) &, A/ (=4, Punica granatum), vF7bHE(vkobE, 2FOK, Sorbus commixta) =71, =FU
(F-°], #35, Ulmus davidiana var. japonica) =71, %o Z(Veratrum nigrum) A4, 7pebau st
(7], Viburnum diatatum) 93 £ FolTh  olE F FIRU, B, F=E, U, I}
2}, w7 U Fod 2 Jbe b EE Ferris$t Zheng(1999)8] A @olA = AZolA &xt
5 HJl A Eo|th

N s

2]
WM, Bx7)E TR, Tt A AAgEE F5A SolA ol AFolA AF A g
o] gAd AL g Fo=z HAUE(EoLR, HEMH; Agrimonia pilosa), 7FEU-F-(A 3,

Ailanthus altissima), AFAY5F-(&2+3], Albizia julibrissin), Z}(Allium fistulosum), = (T4t Allium
sativum), AHFEF(4HH], 1LJE, Allium thumbergii), 3l %5 (Artemisia argyi), <FZ(Artemisia princeps),
&5 (Asparagus cochinchinensis), &% (Camellia japonica), *4F&l(Cannabis sativa), o}
(Chenopodium album), =272 (%13, Citrus unshiu), =u-5(%3F, Cinnamomum camphora), &4}
(&3, F4)L, Cucurbita moschata), & <*(Daucus carota), =3 2§ ©]Z(Dianthus superbus), ¥ (H .
Hoh KRG, Wan], 33314, Dryopteris crassirhizoma), -8 F(Gentiana scabra), 23 (3 <!, Ginkgo
biloba), ¢F=™(Houttuynia cordata), AH=Fsh(ZA U, Isodon inflexus), &Fu-7-(F 3, Juglans
sinensis), =% 7}l Z(Lobelia chinensis), 7] ZKLycium chinense), $%}(Machilus thunbergii), 8T
SUF A48y, %, Melia azedarach), Tl (Nicotiana tabacum), =% (Oryza sativa), 1LH]
(73, %, Osmunda japonica), T ©]34o]%}H(Oxalis articulata), 23 -5-(Phellodendron amurense),
iy < (Phyllostachys  bambusoides), ¥|= A2} &-(Phytolacca americana), %7 ©](Plantago
asiatica), 4J1]&(Portulaca oleracea), E-AFU5-(Prunus persica) 71l 72l AF2](Ranunculus sceleratus),
25 (Rhus verniciflua), 42]A°](Rumex crispus), Fag]Aol(R. japonica), =4 A|(R.
obtusifolius), F5(Scilla scilloides), 24H(144}F, 722, Sophora flavescens), (Triticum aestivum), 4hd
S (=0], #7, Vaccinium koreanum), <=4 7] U 5(9H3, Vitex rotundifolia), AP U5 & wj (23] U,
EOu5, A=, JIIH, Zanthoxylum schinifolium), A7 (AM <, A&, Zingiber officinale) 5ot}  ©]
= 5 M7FgAE, 7714, 29, Bdoldlolyt, S4gAo], d, EALY, AgAo], £V E,
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AHIE, Lo@olE, RY, ATUYR, AFol, AR, §F, HEF, % FA% §& Feris

UEelUA] ottt AldA s FHlol A Ferris®} Zheng(1999)= & FE=E<S ©] 83} o] Al
H-L Methanol FEES ©] &3 Ao|7t Aot AT F5A FolA Table 19 7|A=H A &2
&, At 2 AFEEA skt
| FAE7F AR AFol ATk IH U ol AlFA AL
Al &Z3r e, ik 2o &9 3]3h--(Sophora japonica)= A%
AA &7t o e =8 A ELS matrine, oxymatrine2 ¥H A 1=6l|, matrine,
oxymatrine “J< ©]-8% Ald IA &S YATHKim, D.G. v|E¢xZE A, I
F-&(Sophora)oll = 45%°] J=dH, =4 T2 Sophora flavescens(AH= AZEHIL Fool=
Sophora tonkinensis, Sophora subprostrata, Sophora angustifolia(Narrowleaf Sophora), Sophora
alopecuroides %] Atk T Sophoragol gk F712< HEVF & Qs

Abgoly FE AEEHE TFEAY FEI1FS 1) S50 FE8E& Y27+ imidazothiazole
levamisole, tetrahydropyrimidines pyrantel, morantel, pyrimidine methyridine, 2) 53] 4t&7} F=3F
e A AFe ZHUHHE YO 7= piperazine 3) A7F S 0kH] Z&S 3} avermectins,
milbemycins, 4) A% TlMAT AYAH  JAZEES Sl= thiabendazole, mebendazole, 5) A%<
arachidonic acid THAMZ}-8-& wW3)|3l= diethylcarbamazine 5.2 U r=H], IREH O 2 Algto|}
FEo AHEEHE FEAE EYY A= 40F BAldd AMEStE AL oAl EYW #4¢
2 AEAE A4, 7HE Y olFE AHZAR] ol &2 oHu dHA A THY 75A A
=9 ZH Ay AE IAE EY £Y T8 53 AT WA 2= HEV 2edtt EY

=

r
ol
2
e
ofy
o

& A, AFUE Q, Fold 2

rlr

o
Iz o
2

= =
BAx, H527] 5 13F AlEe bt mEt AS5A o] dASA Ko AT aee of
50% AE=RTHTable 3). ©]/de] 2= vjFof FAXXMHZFI 96-well microplateE ©] &3+ A&
ZFE=9 A4 A AIAFLS FE3] AED 7HAren o g AE 2E:EE A
AP &82 F IS Ao Ahdn
e Z2FEEY AFYA 4E& A=Y SV, = &1, FEE AHE w5 Tl o
ztol7b A& Ak oW AlFeA AFAA] o] e ASE AAEH 282719 HE 25
SEES Yo= AE 7| AHZF EA AT Hu (52 d8E F US Aot
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Table 1. Plant Family and number of species tested in this study

No. of plant species

Plant Family

Tested nemastatic activity®
Acanthaceae 1 0
Aceraceae 16 9
Actinidiaceae 4 1
Agavaceae 1 0
Aizoaceae 3 0
Alangiaceae 1 0
Alismataceae 4 0
Amaranthaceae 9 0
Amaryllidaceae 10 0
Anacardiaceae 5 2
Apiaceae 4 1
Apocynaceae 2 0
Aquifoliaceae 8 1
Aracea 17 2
Araliaceae 15 2
Aristolochiaceae 4 1
Asclepiadaceae 3 0
Asparagaceae 1 0
Aspidaceae 25 6
Aspleniaceae 2 0
Asteraceae 9 2
Balsaminaceae 3 0
Begoniaceae 1 0
Berberidaceae 6 1
Betulaceae 15 7
Bignoniaceae 3 2
Boraginaceae 7 0
Brassicaceae 1 0
Buxaceae 2 1
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Plant Family

No. of plant species

Tested nemastatic activity®
Campanulaceae 11 0
Cannabinaceae 2 0
Cannaceae 0
Capparidaceae 1 0
Caprifoliaceae 28 3
Caryophyllaceae 25 0
Celastraceae 13 2
Ceratophyllaceae 1 1
Cercidiphyllaceae 1 0
Chenopodiaceae 14 0
Chloranthaceae 3 0
Commelinaceae 5 0
Compositae 155 6
Convolvulaceae 8 0
Cornaceae 7 5
Crassulaceae 14 5
Cruciferae 30 1
Cucurbitaceae 11 0
Cupressaceae 9 3
Cycadaceae 1 0
Cyperaceae 32 5
Davalliaceae 1 0
Dennstaedtiaceae 1 0
Dioscoreaceae 8 0
Dipsacaceae 1 0
Ebenaceae 2 1
Elaeagnaceae 4 0
Elacocarpaceae 1 0
Empetraceae 1 1
Equisetaceae 3 0
Ericaceae 10 4
Eriocaulaceae 2 0
Eucommiaceae 0
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Plant Family

No. of plant species

Tested nemastatic activity®
Euphorbiaceae 24 9
Fabaceae 5 1
Fagaceae 14 1
Flacourtiaceae 2 0
Fumariaceae 8 0
Gentianaceae 5 0
Geraniaceae 8 4
Ginkgoaceae 1 1
Gleicheniaceae 2 0
Gramineae 74 1
Guttiferae 5 4
Haloragaceae 3 1
Hamamelidaceae 4 2
Hippocastanaceae 1 1
Hyacinthaceae 1 0
Hydrocaryaceae 2 1
Hydrocharitaceae 2 0
Illiciaceae 1 0
Iridaceae 13 2
Juglandaceae 1
Juncaceae 7 0
Labiatae 39 1
Lamiaceae 11 0
Lardizabalaceae 2 0
Lauraceae 13 3
Leguminosae 66 3
Lemnaceae 2 0
Lentibulariaceae 1 0
Liliaceae 69 2
Linaceae 1 0
Lobeliaceae 2 0
Loganiaceae 1 0
Loranthaceae 4 0
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Plant Family

No. of plant species

Tested nemastatic activity®
Lycopodiaceae 4 0
Lythraceae 5 1
Magnoliaceae 12 3
Malvaceae 11 1
Marsileaceae 0
Meliaceae 2 1
Menispermaceae 0
Moraceae 13 5
Myricaceae 1 0
Myrsinaceae 3 1
Mpyrtaceae 1 1
Nyctaginaceae 1 0
Nymphaeaceae 5 2
Oleaceae 19 2
Onagraceae 9 4
Ophioglossaceae 1 0
Opuntiaceae 1 0
Orchidaceae 14 0
Orobanchaceae 2 0
Osmundaceae 1 0
Oxalidaceae 3 0
Paeoniaceae 2 1
Papaveraceae 6 2
Passifloraceae 1 0
Pedalidaceae 1 0
Phytolaccaceae 3 0
Pinaceae 15 7
Piperaceae 1 0
Pittosporaceae 1 0
Plantaginaceae 5 0
Platanaceae 1 0
Plumbaginaceae 1 0
Poaceae 3 0
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No. of plant species

Plant Family

Tested nemastatic activity®
Podocarpaceae 1 0
Polemoniaceae 2 0
Polygonaceae 41 14
Polypodiaceae 8 0
Pontederiaceae 3 0
Portulacaceae 2 0
Potamogetonaceae 6 |
Primulaceae 11 2
Pteridaceae 9 1
Punicaceae 1
Pyrolaceae 1 0
Ranunculaceae 48 0
Rhamnaceae 8 2
Rosaceae 104 33
Rubiaceae 19 1
Rutaceae 17 6
Sabiaceae 2 1
Salicaceae 16 3
Salviniaceae 1 0
Santalaceae 0
Sapindaceae 4 2
Saururaceae 0
Saxifragaceae 30 7
Scheuchzeriaceae 1 0
Schizaeaceae 1 0
Scrophulariaceae 24 1
Selaginellaceae 0
Simaroubaceae 2 1
Solanaceae 19 2
Sparganiaceae 1 0
Staphyleaceae 2 0
Sterculiaceae 3 0
Styracaceae 2 0
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No. of plant species

Plant Family

Tested nemastatic activity®
Symplocaceae 4 0
Tamaricaceae | 1
Taxaceae 4 1
Taxodiaceae 4 2
Theaceae 8 0
Thymelaeaceae 5 2
Tiliaceae 8 1
Typhaceae 2 0
Ulmaceae 10 2
Umbelliferae 39 5
Urticaceae 15 1
Valerianaceae 0
Verbenaceae 9 0
Violaceae 18 0
Vitaceae 8 3
Zingiberaceae 4 1
Zosteraceae 1 0
Total 1,677 241

* Nemastatic activity : nematode movement decreased over 50% compared to control.
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Table 2. List of plant species showing nemastatic activity”

Nemastatic
Plant name Plant Family Plant parts used b
activity
Acer buergerianum Aceraceae leaf O
Acer ginnala Aceraceae bark O
Acer mandshuricum Aceraceae bark A
Acer micro-sieboldianum Aceraceae leaf A
Acer pictum Aceraceae leaf, branch 0,0
Acer pseudo-sieboldianum Aceraceae leaf, branch A
Acer takesimense Aceraceae leaf A
Acer triflorum Aceraceae leaf, branch O
Acer tschonoskii Aceraceae branch O
Aconogonum polymorphum  Polygonaceae top part A
Acorus gramineus Araceae ground part O
Actinidia arguta Actinidiaceae branch A
Adiantum pedatum Pteridaceae ground part A
Adina rubella Rubiaceae bark A
Aesculus hippocastanum Sapindaceae leaf O
Aesculus trubinata Hippocastanaceae bark A
Allium sacculiferum Liliaceae whole plant A
Alnus firma Betulaceae flower, leaf A
Alnus japonica Betulaceae heartwood A
Alnus pendula Betulaceae leaf AN
Amelanchier asiatica Rosaceae leaf A
Amphicarpaea edgeworthii  Leguminosae whole plant A
Angelica dahurica Umbelliferae ground part O
Angelica sinensis Umbelliferae ground part A
Angelica tenuissima Umbelliferae ground part O
Ardisia pusilla Myrsinaceae whole plant O
Artemisia japonica Compositae whole plant A
Aruncus dioicus Rosaceae ground part O
Asarum sieboldii Aristolochiaceae  ground part O
Astilbe chinensis Saxifragaceae ground part A
Astilbe koreana Saxifragaceae whole plant O
Atractylodes ovata Asteraceae ground part O
Aucuba japonica Cornaceae leaf VAN
Berberis amurensis Berberidaceae leaf A
Bupleurum falcatum Umbelliferae whole plant A
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Callistemon lanceola Myrtaceae branch O
Campsis grandiflora Bignoniaceae leaf, branch A
Campylotropis macrocarpa Leguminosae ground part A
Carex parciflora Cyperaceae whole plant AN
Carex pumila Cyperaceae whole plant A
Carpesium abrotanoides Compositae flower A
Carpinus cordata Betulaceae leaf, branch O
Carpinus coreana Betulaceae leaf A
Carpinus laxiflora Betulaceae flower O
Carpinus tschonoskii Betulaceae leaf, flower VAN
Castanopsis cuspidata Fagaceae bark O
Catalpa ovata Bignoniaceae whole plant O
Cedrela sinensis Meliaceae fruit A
Celastrus orbiculatus Celastraceae leaf A
Celtis choseniana Ulmaceae bark O
Cephalotaxus koreana Taxaceae branch VAN
Cercidiphyllum japonicum Ceratophyllaceae leaf, branch O,A
Chaenomeles sinensis Rosaceae leaf, branch A0
Chamaecyparis pisifera Cupressaceae leaf, branch O
Cornus controversa Cornaceae leaf, branch A
Cornus kousa Cornaceae leaf A
Cornus macrophylla Cornaceae leaf A
Cornus officinalis Cornaceae leaf, branch, fruit O, O, O
Corylopsis coreana Hamamelidaceae seed A
Corylopsis gotoana Hamamelidaceae branch, leaf A, O
Crataegus maximowiczii Rosaceae branch A
Crepidiastrum lanceolatum Compositae ground part O
Curcuma longa Zingiberaceae ground part A
Cyrtomium falcatum Aspidaceae whole plant A
Daphne genkwa Thymelaeaceae top part O
Daphne odora Thymelaecaceae leaf, branch O
Deutzia crenata Saxifragaceae leaf, flower A
Dictamnus dasycarpus Rutaceae ground part O
Diospyros lotus Ebenaceae bark AN
Dryopteris bissetiana Aspidaceae whole plant O
Dryopteris pacifica Aspidaceae whole plant A
Eleutherococcus senticosus Araliaceae branch O
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Eleutherococcus sessiliflorus Araliaceae branch A
Empetrum nigrum Empetraceae branch A
Euonymus alatus Celastraceae leaf A
Euphorbia ebracteolata Euphorbiaceae ground part A
Euphorbia humifusa Euphorbiaceae whole plant A
Euphorbia lathyris Euphorbiaceae ground part O
Euphorbia supina Euphorbiaceae whole plant VAN
Exochorda serratifolia Rosaceae branch A
Fallopia ciliinervis Polygonaceae top part, ground part A, O
Ficus carica Moraceae top part O
Ficus elastica Moraceae leaf, branch, root A
Ficus erecta Moraceae heartwood VAN
Filipendula palmata Rosaceae ground part A
Fortunella japonica Rutaceae leaf, branch, root O
Geranium eriostemon Geraniaceae whole plant A
Geranium nepalense Geraniaceae whole plant O
Geranium sibiricum Geraniaceae top part O
Geum japonicum Rosaceae top part, ground part VAVRIVAN
Ginkgo biloba Ginkgoaceae leaf, branch A
Glehnia littoralis Umbelliferae whole plant A
Heracleum moellendorffii Apiaceae ground part A
Hibiscus hamabo Malvaceae flower, heartwood VANRIVAN
Hypericum ascyron Guttiferae top part A
Hypericum oliganthum Guttiferae top part A
Hypericum patulum Guttiferae top part, ground part o, O
llex crenata Aquifoliaceae leaf A
Indigofera pseudotinctoria Leguminosae whole plant A
Inula helenium Compositae ground part A
Iris netschinskia Iridaceae seed A
Jasminum nudiforum Oleaceae leaf, branch VAN
Juglans mandshurica Juglandaceae branch, leaf A, O
Juniperus virginiana Cupressaceae leaf, branch VAN
Kirengeshoma koreana Saxifragaceae root O
Koelreuteria paniculata Sapindaceae leaf O
Lagerstroemia indica Lythraceae leaf O
Largerstroemia indica Lythraceae bark, heartwood VAVRIVAN
Leibnitzia anandria Asteraceae ground part A
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Plant name

Plant Family

Plant parts used

Nemastatic

activity®

Callistemon lanceola
Campsis grandiflora
Campylotropis macrocarpa
Carex parciflora

Carex pumila

Carpesium abrotanoides
Carpinus cordata
Carpinus coreana
Carpinus laxiflora
Carpinus tschonoskii
Castanopsis cuspidata
Catalpa ovata

Cedrela sinensis
Celastrus orbiculatus
Celtis choseniana
Cephalotaxus koreana
Cercidiphyllum japonicum
Chaenomeles sinensis
Chamaecyparis pisifera
Cornus controversa
Cornus kousa

Cornus macrophylla
Cornus officinalis
Corylopsis coreana
Corylopsis gotoana
Crataegus maximowiczii
Crepidiastrum lanceolatum
Curcuma longa
Cyrtomium falcatum
Daphne genkwa

Daphne odora

Deutzia crenata
Dictamnus dasycarpus
Diospyros lotus
Dryopteris bissetiana
Dryopteris pacifica
Eleutherococcus senticosus

Myrtaceae
Bignoniaceae
Leguminosae
Cyperaceae
Cyperaceae
Compositae
Betulaceae
Betulaceae
Betulaceae
Betulaceae
Fagaceae
Bignoniaceae
Meliaceae
Celastraceae
Ulmaceae
Taxaceae
Ceratophyllaceae
Rosaceae
Cupressaceae
Cornaceae
Cornaceae
Cornaceae
Cornaceae
Hamamelidaceae
Hamamelidaceae
Rosaceae
Compositae
Zingiberaceae
Aspidaceae
Thymelaeaceae
Thymelaeaceae
Saxifragaceae
Rutaceae
Ebenaceae
Aspidaceae
Aspidaceae

Araliaceae

branch

leaf, branch
ground part
whole plant
whole plant
flower

leaf, branch
leaf

flower

leaf, flower
bark

whole plant
fruit

leaf

bark
branch

leaf, branch
leaf, branch
leaf, branch
leaf, branch
leaf

leaf

leaf, branch, fruit
seed
branch, leaf
branch
ground part
ground part
whole plant
top part
leaf, branch
leaf, flower
ground part
bark

whole plant
whole plant

branch

SDQDDOQDODQDDDDDQ

>
O

©
>0 > > D>

O

>
O

oroprPoOorPOO>D>OD:

- 124 -



Nemastatic

Plant name Plant Family Plant parts used b
activity
Eleutherococcus sessiliflorus  Araliaceae branch A
Empetrum nigrum Empetraceae branch A
Euonymus alatus Celastraceae leaf VAN
Euphorbia ebracteolata Euphorbiaceae ground part A
Euphorbia humifusa Euphorbiaceae whole plant VAN
Euphorbia lathyris Euphorbiaceae ground part O
Euphorbia supina Euphorbiaceae whole plant A
Exochorda serratifolia Rosaceae branch A
Fallopia ciliinervis Polygonaceae top part, ground part A, O
Ficus carica Moraceae top part O
Ficus elastica Moraceae leaf, branch, root VAN
Ficus erecta Moraceae heartwood VAN
Filipendula palmata Rosaceae ground part A
Fortunella japonica Rutaceae leaf, branch, root O
Geranium eriostemon Geraniaceae whole plant A
Geranium nepalense Geraniaceae whole plant O
Geranium sibiricum Geraniaceae top part O
Geum japonicum Rosaceae top part, ground part VANRIVAN
Ginkgo biloba Ginkgoaceae leaf, branch VAN
Glehnia littoralis Umbelliferae whole plant A
Heracleum moellendorffii Apiaceae ground part A
Hibiscus hamabo Malvaceae flower, heartwood VANRIVAN
Hypericum ascyron Guttiferae top part A
Hypericum oliganthum Guttiferae top part A
Hypericum patulum Guttiferae top part, ground part O, O
llex crenata Aquifoliaceae leaf A
Indigofera pseudotinctoria Leguminosae whole plant A
Inula helenium Compositae ground part A
Iris netschinskia Iridaceae seed A
Jasminum nudiforum Oleaceae leaf, branch A
Juglans mandshurica Juglandaceae branch, leaf A, O
Juniperus virginiana Cupressaceae leaf, branch VAN
Kirengeshoma koreana Saxifragaceae root O
Koelreuteria paniculata Sapindaceae leaf O
Lagerstroemia indica Lythraceae leaf O
Largerstroemia indica Lythraceae bark, heartwood VANRIVAN
Leibnitzia anandria Asteraceae ground part A
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Lepidium ruderale Cruciferae whole plant A
Ligustrum quihoui Oleaceae leaf A
Lindera erythrocarpa Lauraceae branch VAN
Lindera glauca Lauraceae leaf VAN
Lindera obtusiloba Lauraceae flower O
Liriodendron tulipifera Magnoliaceae branch A
Lonicera coreana Caprifoliaceae branch A
Ludwigia prostrata Onagraceae whole plant VAN
Lycopersicon esculentum Solanaceae whole plant A
Lysimachia clethroides Primulaceae whole plant A
Lysimachia vulgaris Primulaceae seed O
Macleaya cordata Papaveraceae whole plant VAN
Magnolia liliiflora Magnoliaceae top part A
Mallotus japonicus Euphorbiaceae fruit, leaf, branch VANRRVANRRVAN
Malus baccata Rosaceae branch O
Malus pumila Rosaceae leaf, branch JAVRIVAN
Malus sieboldii Rosaceae bark O
Mazus miquelii Scrophulariaceae whole plant A
Meliosma oldhamii Sabiaceae bark A
Morus alba Moraceae branch, ground part O, O
Morus bombycis Moraceae leaf, branch VAN
Mukdenia rossii Saxifragaceae top part O
Myriophyllum verticillatum Haloragaceae whole plant A
Nuphar pumilium Nymphaeaceae whole plant A
Nymphaea tetragona Nymphaeaceae ground part O
Oenothera laciniata Onagraceae whole plant VAN
Oenothera lamarckiana Onagraceae whole plant O
Oenothera speciosa Onagraceae top part A
Onoclea sensibilis Aspidaceae ground part A
Pachysandra terminalis Buxaceae whole plant A
Paeonia lactiflora Paeoniaceae top part O
Panicum dichotomiflorum Gramineae whole plant VAN
Papaver coreanum Papaveraceae whole plant O
Pelargonium inquinans Geraniaceae whole plant A
Penthorum chinense Crassulaceae top part, ground part A, O
Persicaria conspicua Polygonaceae whole plant A
Persicaria japonicum Polygonaceae leaf, branch A
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Persicaria nodosa Polygonaceae leaf, branch, root A
Persicaria trigonocarpa Polygonaceae whole plant, top part A, O
Persicaria vulgaris Polygonaceae whole plant O
Phellodendron insulare Rutaceae leaf A
Picea abies Pinaceae leaf, branch, bark VANRRVANRRVAN
Picea koraiensis Pinaceae leaf, branch O
Picrasma quassioides Simaroubaceae branch O
Pieris japonica Urticaceae leaf A
Pinus bungeana Pinaceae branch, leaf A, O
Pinus densiflora Pinaceae leaf A
Pinus koraiensis Pinaceae root, leaf VANRIVAN
Pinus thunbergii Pinaceae root, branch VANRIVAN
Polystichum retroso-paleaceum Aspidaceae whole plant A
Poncirus trifoliata Rutaceae fruit, branch, seed VANRVANR @)
Potamogeton cristantus Potamogetonaceae whole plant A
Potentilla chinensis Rosaceae ground part O
Potentilla cryptotaeniae Rosaceae ground part O
Potentilla discolor Rosaceae ground part A
Potentilla fragarioides Rosaceae whole plant A
Potentilla paradoxa Rosaceae ground part O
Pourthiaea villosa Rosaceae leaf, branch, fruit A, 0, O
Prunus leveilleana Rosaceae bark A
Prunus padus Rosaceae bark A
Prunus salicina Rosaceae leaf, branch A, O
Prunus serrulata Rosaceae leaf A
Prunus triloba Rosaceae branch VAN
Punica granatum Punicaceae leaf, branch, fruit VAN
Pyruscalleryana Rosaceae leaf, branch A
Raphiolepis umbellata Rosaceae leaf O
Reynoutria sachalinensis Polygonaceae fruit A
Rhamnus davurica Rhamnaceae leaf, branch O
Rheum palmatum Polygonaceae ground part A
Rheum rhabarbarum Polygonaceae top part A
Rheum tanguticum Polygonaceae top part A
Rhododendron mucronulatum Ericaceae top part A
Rhododendron schlippenbachii  Ericaceae leaf, branch VANQIVAN
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Rhododendron yedoense Ericaceae branch A
Rhus chinensis Anacardiaceae root, fruit VAVRIVAN
Rhus trichocarpa Anacardiaceae leaf, branch A
Ricinus communis Euphorbiaceae ground part A
Rodgersia podophylla Saxifragaceae top part A
Rodgersia podophylla Saxifragaceae ground part O
Rosa multiflora Rosaceae top part, leaf, branch A, 0, O
Rosa rugosa Rosaceae leaf, branch O, O
Rubus corchorifolius Rosaceae branch A
Rubus hongnoensis Rosaceae leaf, branch, flower VAN
Rubus phoenicolasius Rosaceae leaf, branch O
Rumex acetosella Polygonaceae top part O
Rumex conglomeratus Polygonaceae root A
Rumex crispus Polygonaceae ground part A
Rumohra standishii Aspidaceae whole plant A
Ruta graveolons Rutaceae ground part A
Salix graciliglans Salicaceae leaf, branch O
Salix hultenii Salicaceae branch A
Salix purpurea Salicaceae leaf, branch A
Salvia miltiorrhiza Labiatae ground part A
Sanguisorba hakusanensis ~ Rosaceae whole plant A
Sanguisorba officinalis Rosaceae whole plant O
Sanguisorba tenuifolia Rosaceae whole plant A
Sapium japonicum Euphorbiaceae leaf, branch O, O
Schisandra chinensis Magnoliaceae fruit, ground part VANRIVAN
Sciadopitys verticillata Taxodiaceae leaf, branch VANQIVAN
Scirpus radicans Cyperaceae ground part O
Scirpus triangulatus Cyperaceae seed A
Scirpus wichurae Cyperaceae whole plant A
Securinega suffruticosa Euphorbiaceae heartwood A
Sedum kamtschaticum Crassulaceae ground part O
Sedum middendorffianum Crassulaceae top part, ground part NN
Sedum takesimense Crassulaceae top part A
Senna tora Fabaceae ground part O
Solanum nigrum Solanaceae ground part A
Sorbus commixta Rosaceae branch A
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Nemastatic

Plant name Plant Family Plant parts used b
activity
Spiraea chinensis Rosaceae branch A
Tagetes erecta Compositae whole plant O
Tamarix chinensis Tamaricaceae leaf, branch O
Taxodium distichum Taxodiaceae branch O
Thuja orientalis Cupressaceae leaf O
Thuja orientalis Cupressaceae branch O
Tiarella polyphylla Saxifragaceae whole plant A
Tilia amurensis Tiliaceae leaf A
Trapa japonica Hydrocaryaceae ~ whole plant A
Tritonia crocosmaeflora  Iridaceae ground part O
Tsuga sieboldii Pinaceae branch, leaf, bark A, O, O
Typhonium giganteum Araceae ground part O
Ulmus davidiana Ulmaceae branch A
Vaccinium oldhami Ericaceae branch A
Veratrum nigrum Liliaceae top part A
Viburnum carlesii Caprifoliaceae leaf, branch, flower VAN
Viburnum dilatatum Caprifoliaceae leaf, flower O
Vitis coignetiae Vitaceae whole plant O
Vitis thunbergii Vitaceae leaf, branch VAN
Vitis vinifera Vitaceae top part A
Zanthoxylum ailanthoides Rutaceae fruit A
Zinnia elegans Compositae leaf A
Zizyphus jujuba Rhamnaceae branch A

* Twenty Rhabditis sp. nematodes were inoculated in 96-well microplate containing 5,000 ug/m¢ of plant extract
and observed daily for 7 days for their activity.

® Nemastatic activity : A = movement decreased 50%, O = movement decreased more than 90%.
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Table 3. Nemastatic activity of selected plant extracts”.

Plant parts used

Nemastatic activity”

Plant name
for extraction 1™ test® 2" test 3 test 4t test
Acer triflorum leaf O A - A
Angelica sinensis ground part A - A -
Cedrela sinensis fruit A A - -
Cercidiphyllum japonicum leaf O A A A
Corylopsis gotoana var. coreana leaf O A A A
Dictamnus dasycarpus ground part O - O A
Filipendula palmata ground part A - A -
Hypericum patulum top part O - A A
Hypericum patulum ground part O - - -
Koelreuteria paniculata leaf O A A A
Lysimachia vulgaris var. davurica seed O - - A
Paeonia lactiflora top part O - A A
Penthorum chinense top part A A A -
Pierisja japonica leaf A - A -
Poncirus trifoliata seed O - O AN
Prunus salicina var. columnalis leaf, stem A A A A
Rheum palmatum top part A - + A
Rheum rhabarbarum top part A - A A
Rheum tanguticum ground part A - O -
Rhododendron yedoense var. poukhanense stem A A - -
Salvia miltiorrhiza ground part A - A A
Schisandra chinensis fruit A A + -
Schisandra chinensis ground part VAN - - A
Scirpus triangulatus seed A A O A
Typhonium giganteum ground part O - A -

* Twenty nematodes/species were inoculated in 96-well microplate containing 5,000 pg/m¢ of plant extract and observed daily

for 7 days for their activity.

® Nemastatic activity :

50%, O = movement decreased more than 90%.

¢ Nematode species :

19, 2™ 3™ test = Rhabditis sp., 4™ test = Juveniles of Meloidogyne incognita.

+ = nematode numbers are increased, - = movement not influenced at all, A = movement decreased

2. I8A - AA Y A5HA &3 HS
7t AT B
A4 565 AESH] 9t s 55 sAd sAAT ASEAe ddd AF
AFel A 7zl wel Bl AZSAh(E 1). AAE BEGH & A2 F 1543
o ¥ & T AFF< Rutger EU}EE o] AP 7+ A= 4utE o ZaH )
B3] 54 3(M. incognita) e AE I TS Qo] AuEANA AP ALEsgon,
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BB F9 £ perineal pattern} excretory porel] HXE Hvu|H o=z FRlste FAIFTH

(Kim 5, 2001b). AFF F A7Ho]l 2 mmel A= HA 52 =4 AE

3H ol & Ao AFY BEE #dEA 3 F, A 10cm ESHEC HAUATE AFH EGFY

BEIZAS 7% Y5 EYS & 4 & O FAA EY 300 cig FHst ZU7HE
of ZASIAH. AFY BRI UF =5 A9 AR AR

SAF F5Y EEE E 100 of T 200 v = z_xgs}%r:}.

EU}E El‘:« Aﬂﬂ] Aoz A XFEEFETOE AEFHI = EuLE Lycopersicon esculentum

cv. RutgerE Y8 EF-5)NA 8F I+ SFESIAL, 1T F dd3 BE Tt oA &vg

AZFo]l " ENF(HZ 20072/EF 100 cr)o]l B3 A7 10cm ESHE 1327]4 o] 231

o Auls 2AddA 7-89€ Atolol stow AlF 7

Aol AHEE 2F9 B ZAdFo] BF 2dAY A5 A

¥

k]
)
et
=
&
ofj

o
M
Ho
o
o

EUE A2 459 & EES v HYE EZ ZAAHA Ao F& AAT F 7], 4
EA4 £A, By TAZS ZAsHtE. M= Phloxin B £ (15mg/L)oll 15837 GAsle] 314y
g7]o Ga BEld A7 FHA QA" dFe] 5 ZASIA TH(Taylor?} Sasser, 1978).

R xR

E 1. T FIF3A AAFT ASHAL g8l AF 23 ADHE 719

A F LA A 7E 3w
g7 u| AY & A A 3kg/10a -
el ak AP A ] 10ml/208] E, 793+4 3345 0.05m1/100ml
EZF INFEE 10m1/202] B, 300ml/plant 0.05ml/100ml
nio] M HAFZEE 20ml1/202] E 0.1ml/100ml
HrgweEs HEFEE 12] E1/20033 -1
Ae5 IFEE 10m1/202] €1, 300ml/plant 0.05m1/100ml
%ol H| A & A 40ml/208] ¥, 2549 x+4 0.2ml/100ml
UekEe 2~ AEFEE 4kg/100%3 -
2=23olH HEFEE 20ml1208] ), 7-10¢, /2-33] 0.1m1/100ml
Sl HEFEE 500ml/150% 0.1m1/100ml
Ase Fof 4-6kg/300% -
2 7+ FA 7 .
nhs E 4| Az
T4 =
a4 AN FE& 10ml/208] Hl, 3kg/150-200%
18] Rl 341 v A & A 10m1/202] E
EZE THUTFEE 10ml1/202] €

AP 4vkE AAE EGH & AL F 157Y0 Aol £F Rutger EVLE ©]4
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A ek 18.7 4.7 4.1 0.0 0.0 oF3
=%t 31.3 17.7 6.1 0.0 8.0 oF3)
223}o| - - 6.1 0.0 10.0 o3
Hlo] A 31.0 13.3 5.8 1.3 0.0
A5 38.0 28.8 8.2 1.5 80.0
| v} 36.3 17.1 9.6 61.0 28.0
A4 32.0 15.1 8.3 75.5 20.0
A5l 31.0 17.5 6.9 123.3 36.0
L0 Pt 28.0 10.7 7.7 140.0 20.0
VopEE 2 34.8 14.2 8.5 183.5 24.0
A v 31.7 17.2 6.4 198.8 200.0
gy I 30.0 12.0 7.9 210.8 8.0
ul= E vl 32.7 19.1 8.8 212.7 48.0
kS 40.3 17.6 8.5 260.3 28.0
T2 g 26.8 12.0 7.4 286.5 18.0
. d+ 43

FET A ARE wEA domA o FAEE o] & Hshd
®F A 7IEFY 2-50FS Edol A 258 F AgelAx AF, FA7HE,
UntZEal 2, BAn, dAxgdgEs, vhsEHE, BEi Fode FAEY I 286/plant}

Eall
Hls23k 123-26070 9] Fo] @Aste AdFHAlel d3 marh gt AsE, ES,
2ytoly, Hiold AFL B EAAFol AA BAHJAo Y AT ofsjo] dPo g RyjAsol
=3 kA, deo] Adwe Bt glolen uheba Xé*WO] B0l E7HsSATH(E 2)
olSo WM E =3 Yo =z A Fo] Basig MEFE Yot Aade oFr} A1
Ades B9EE 92 "Hollon, 33 v sxoA A& /\16401 oz Aoz A4y

%ol HdA9 AW F AeF b stue FFolE ST olF HAES[IA AME A
7HA B 7hs3k AlFor BHESHE Aotk Al ARE3E ZAAFZolE I AlAA A
ESoZRY ¥ EZ—’;V‘*%”“’] FollA A FHo| 3 2 FFF Ast] ARSI TH
ol FFHolE FF+= -70CN cryoperservation R #3FH o1 A g o) A8 FF= PDAWA
of ol g HA o]2sle] 25T F27] BHASIAA APl AH&stATh

TAAAS} FHE 1) A E EZ AL G2, 3AL 5 Eol @7F FAT 2) AU E
Ao e E7]E W $ 500g] Aol 5g9 HZAE AU 3) oS uAAAE HIEE
Fol ¥ 121CAA 1A 21%f AFstgod, 1935 232 119 AA3stTh 4) 1 A
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A A EFAC] sAA Ve W AAE TAHFF] FAE FFHOE AEHY

o 5) HEF 25EeIA RBIWA 129 BHOE MY BEF F FEo| HoFHA FF

o8 WFHAT. 6) % 30UF FFoI7t FEI MY F AF0E Yol WGB AL B
]

SFAl W3 clean bench oA 3YU7F ZE3] Tyt 7) 28 w2 T uxr)AlY,
SFM-500DSDHE o] &3le] ZA ZAgtom 8) ZA Zd A A= 20mesh & ©]&3Fd X3 A
2 533 793 2719 AAZ Aol A

() A&AFFo] AA AU HA

A5 ZAAESF 10gd AA (0%, 1%, 2%)S & 100mle] HEHFo| Y1 & 44L& & 229
T HE 109 % EY HAE Baermann ZH7|HE o] &3l HFE& £ty AFe 2
= siFdn st A AAsAT. 4 AP st oE Akt
(3) AAFFo] AA EE 1A

AA(0.25%, 0.5%, 1%, 2%)3 AZF ZIELFS vidE5A o Zo] ¥ & 42 T A7 10cm
Ef ¥t EZd F& B2 F =0 TEA ¥s AEE #FstL AEAE Hol 24
of 10€47 ok 10¥% dvd 2yl 293 ZHIZEGBx3x5em)dll A vlE] SH AAFE
3-49719] EvlE B cv. ‘AF S EF8G T 274 oA dxTEE AFe] AEE E
Foll AAE AelstA B «“FA g% %’d%*ﬂ FosthiazateE A 2]k OjH] & FUT}.

7t A AFY FHAAEE ErtE o] 60Y Fo B wrEoizl BIZdFe W
(eggmass)®] A9} EwntES Hjel £7] FAE ZAIAT. dEERAE EVE BYE =
of 2A2"A 2 HIAL 0.15% Phloxin B(Sigma) 8ol @7}, 1583 GAstH o, vigo] 3
ARl 87lA FA GME FdY AE SUASE ZAEIAT. A2 sREEoE A EES

=
@) AR ERo] AAL) TAAE

o] NFL WFMWYZ M= M. arenaria race 2,91 ZEE AFHANFA ALY &2 (400-m)
A 2@de AAH AAFEAL. AT EYS FEZ pHE 74, #71E TS 2.52g/Kg, ECE
25 dSme|glth. Al ZAol= AE AE 18- FEE At AFe
7F AN F ARATE EREAT. AETE 2 x 3m(UFE x AlER)E UL 4 AT Al
O]E(F°] 30cm x Z°] 20cm)E ©] &3t ZHetolE ST

HAAFFole oA AtH Isolate F4, Isolate F8E o] &3] A7 AAE WHELL o] AA|
g o] &3td A FsAY. EAPFFHo AAE EFF 1.5% (270g/900cr), 3.0% (540g/900
ar), E2=Z|olA o] E ) A|(Fosthiazate 5%)E 0.6g/900cif(300g a. i./10a)8] B]&EE EF EHO| A
Zata Ao E EQF Zo] 10emBER 4o R ES FTEI FAC J¥e ZEEFE E
& 4ol FA Mol ARSI FHI= FEo] AZE F wjF Ao R FAdSA AHEEES
o AR = SAJ YA 3R o= &t

o] Arl= A ExSHP tlE(Cucurbit maxima x Cu. moschata)oll H&53te] 409 SEHS ‘F4

ut

ﬂil
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2}7]- 221 %9]°(Cucumis melo L. cv. 'Geumssaragi-euncheon')E 2€ 4% 40cm HACS =2 Exof A2
sttt AA A FA 4viholM w& AL 2718 olgdEe AL, 24 &
oA BATh oFEREY 67100k AtelollA W2 EAEE 1 T2mbtdl doR FF ey 2
AR, 170 el B EAPEFS fRIst yUHA] 2 w2 ke EAPFES AlASAT
zZht fes ol JislE @Y 4-CPA(P-chloro phenoxy acetic acid) 75ppm¥ GA(gibberellic acid)
50ppme] NS Aol Azt o, AFA|= 2doA &S AASIT. T AujEys F
o] EEAHA FskTHAnon., 1999). &7t o= Ao FH wet &F(300g ©14), st
F(300g ol3h), HIGF(TES, B, 47 FHoE FEI Ao FAE FHHAT. FY
o] IAMEL 6€9 217 7€ 4Y 23] AXH ZAEAL

AszAe 4 AT Adsel 2 FE A7 A 14, FeE A2

s

5
z
5 30 24 AR B AT PEe 97 25md ESAAETE o gdtel 2 7Y
=

7)
1492 Ao && ARk, AT F & 4o 300crE FHI F ZUHVIHOE AFE &
st 774 3F A Th(Southey, 1986). Al@A A FHejo] AZE FF7, HFFAH ASHEEE A
3R, ZE AEAHAL SAS GLM procedure®} Duncan's Multiple Range TestE ©]-8-3lo] £4

3+ THSAS, Institute, Cary, NC).

U a7 23

(1) A& =go] A 3}

120 Aol A 652 AT FolE AAMGF A AARZ TEL ol ESFFA 5% H

10% HI&E Eoko Agste] AlFE A3}, A0, RAA, F8 A T vlsle] a3z A
Zo] tete] gY3 HA EFHE BATHE 1). E3F o5 FFolEo] HIYH EYAE
Helicotylenchus®} Rahabditis A %9 WE% @& FFo|gtt. ¥ty tiDP, 2MC A+ A&
7t ESFAY 10%E oW E37F oy 5% @ wERoAE 23Ut glidg. v
F4ZFole 571 @S ASdE £& Fx9 v a95 2y

221 A @ollA 7F9 AP FFolE A7 AA St AolA EAFFo] AEANF S A

o

[e] =
Algt A3} Isolate F4, lIsolate F8 TFE°] F-A g Hlstd] 70-90%2] WAEES HIYT
& 5

Isolate F8 T+ A&l =& W e T3S B UwA #F52 BAEHE Hol
A @gson, BAAFT B oA a3ix HZAFT BEAadtet vt FdeI
=

32 Aol A 550 T2 FFolE A|AIAR BEAL, olF ol AU AdAFE A
AN A, FAYuy ASRASHA SFA)l Hlske] 50-70%2] WAl E3E yehia ol A
e B EAF dxoA a7t JAAFHJS. 2l AEAzte] dojdaE WeoA ade
O =%t 2o 24433050 €5 oA 835 HAcH, AFoAM 53] 259 x4
daFol7k FA gl Hlste] 90% ol WAEES BAoH 338 AFoA &2 a3
S HAT 1 9 FAEATY BE oA a3= R SAFe] dEgA gt Bl Gl
At
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(4) AAFH] AR ] LAY

d

3] AFE Fsted ZAAFFo] AA e 2 AR AFS FHS A, e 244
iz o] A E o= B Z A5 sty Isolate F4 dF2] AAE o] &3ty FH3 7] U
T oA 9 S Z2F aRE B £ gS Aow HriEAnh a8y o A3 AXAEAY A
dlof & ofg] 71A EAHC] =, A MAle dEF AMY T 7 S4S =4 A
T AEE Mol dasith HAE&A SHolAE fr7lES ol &3 thEF A2 2 Aw 7|zt
T B FAFo] HANS W, #FE T3 BEAHYI} Ve d F ARF AAS = ATVt
ot A=A Jdd=d "Hark Aok =3 2 25| WA EE Aphelenchoides, Pratylenchus,

3 %
Heterodera <2 A&Fol 3k dAax AAZFA9e &3 AHegayt 5= AES oy
.

(5) ZARFE] AA T&H ol g AL

ZARFF AA U TF AIANDS FRske Felsw, 47 FAu Ao 2y
< 10870 23S vidste 12979 FYE AT, 8RR e RIS AET BAE
Ak 2T Fo] AAY AHYAZI= 10-12€ Abel7F "ok o] AV]E &7 @A FAEHE
A7 2 A2d ZAFF] AAE 7= Zo] FYsty EYH &3atH, RS SF
o] T3z} wol WAEE 459 ol FolE T ENHTFOIE BFEOE Aste] T
Adske= 7ol 2o Aot
1. EAAGFZO FHRE AEZ|AAALZTA R A &7
Inoculum A% "WX/100g soil
Treatment 0
(%) Juveniles of Meloidogyne sp. Helicotylenchus sp. Rhabditis sp.
10 192 256 32
=
A 5 360 152 128
1
S A0 0 0 12 4
5 8 208 64
10
2 AA 0 0 8
5 72 160 96
10
OMC 8 32 56
5 112 48 448
10
9DP 4 44 8
5 480 448 256
10
F4 32 48
5 12 8 8
10
8 0 16 0
5 4 0 32
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B Helicotylenchus sp.

MC F4 F8

X xX=
T ST

Fxz|

a9 1. EAHFF] TR

FE 2. IAAHFFol AN FE A A3

B A E7|AARAAF E A &3

A% W =/100g soil

Inoculum - -
Treatment (%) Juveniles ogpMeImdogyne Helicotylenchus sp. Rhabditis sp.
A2 - 360 152 128
10.0 32 48 0
5.0 12 8 8
F4 3.0 24 240 72
1.0 80 288 384
0.5 192 208 320
10.0 0 16 0
5.0 4 0 32
F8 3.0 56 304 112
1.0 80 224 48
0.5 64 200 336
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Helg (2 27 thy| %)

a3 3. TAAFHo) F8 A FE A £33
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A3 A
(A28 E] BB FA plA=AA T ' 4k st

1. Thrichoderma sp.2] ®ioFshz E4 =A}

7L @7 W&

B Ao A& Trichoderma sp.o Wl¥3td EAQS A Yl EdddA BEd #F5 o
&3t 239y AddS Tl F¢ dFE ASstaL, 4 Igde T A ARE ¥ TATE
E ARt HA o viA] 2dS gt

(1) Trichoderma sp. &52] &g

Trichoderma sp. & ®83t7] st A7) 748, T <, =4k Ad 34, 45 <459
A oAl 10708 EYGAEE AMASFAT. THT ESFAEE A2 195¢ A=A £ 2mm
AZ AE 9L 25mlo ¢+ Conical tube(50ml, Falcon)oll E<F 3gS Y3 Z&

2|

71 120rpm o2 1027 )
Ed dYAS 158 FAs Imle FHs oml BHESFTE EUE AFF] ¥ 10'~10°
T2 343l Williams(Williams et. al.,, 2003)2] W S 2 Trichoderma A1} X](Glucose 3.0g,
KCl 0.15g, MgS04-7H20 0.2g, NH4NO3 1.0g, K2HPO4 09g, Agar 20g, Rose bengal 150mg,
Chloramphenicol 25ppm-20mg/ml, Water 1L)o] =% 3+ & 25T &27]o v 33t A Eln)A
AA 4~5U7F Hj Y3 Trichoderma "_1”\} B“:LO]E wlojujo] Hetro dEete & Su)A
(Agar 20g, Water 1L)oll 2E&F g & 25T 7)o wjgFstdnt oY 1~2¢€ & drH S o
L3l Trichoderma ©XAL2] dAES Tvt_'—fﬂs‘} jr PDA(Potato dextrose agar, Difco) AFHH| ] ©]
Asto] i kst th. el ® Trichoderma v+ 15C &=7]o BAstHA Ao ARE3SIATH

(@) $5EE TR 9% FAFTe] o

Rhizoctonia solani®} thX|uj S F3) WA &7} 53 #+F5 AEslr] fs] R. solani &
Z  Trichoderma & PDABIAY A7 S5mm == H#HZ  punchdle] HEHH

=

=
Trichoderma #FE5< A3 & 24T incubatorol A 5U7F X wjeksle] Hzsl ot

BE® #F5 pH7.09] 71E viR|o] HE3t 25CAA 72417 wiFstdt. #59 HEL X
T TE 20%=% 2YAES LIFEF 3t W BASAT. 7] vide +72] ITS tDNA

< BAst #FE A3 A, 47l 4TFEHE DNAE F&% &, ITS 1DNA ¢
7149 Ao e vHS FHskr] sl A7l #F9  genomic DNA%F  ITS

.
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1(5-TCCGTAGGTGAACCTGCGG-3") (A @ &:2)2HTS 4(5-TCCTCCGCTTATTGATATGC-3")(A <&
M35 3)E AFE3sle PCR ¥HgS F33t¥ T PCR WH8-2 PCR Thermal cycler TP600(Takara
Co. Japan)E ©]83td 95ClA 283 lcycle +33taL, 94T ollA 30%, 56ColA 30%, 72Tl
A1 BAZE F 35 cycle T F, 72CoAA SEL 1 ocycles FASATE. PCR 4=
QIAquick PCR purification Kit(Qiagen)E ©]-83Fd A|g F  Applied Bosystems model 310
automatic DNA sequencer® @7|AE-& EA3ATh  o]¢} Zo] =53 ITS 1DNAY E7IA <
(MEH3: 1)S NCBI® BLAST Z21H8E o]&3le] AEALS BAe9 1, CLUSTAL X Z&
13 (Thompson et al., 1994) % PHYLIP 3= “13(Felsenstein, 1993)= ©| &3t A 5H 214
5 gt

ru[o

(4) Trichoderma sp.o] A&, wjFa S ZA

h W=

Adrd 27T MY2EE 1040CT7HA STHE L2 dAF S ZAEH7] s8] i
Trichoderma %< 27 5mm Z 23 R (Cork borer)Z W o] o] PDA ®iA| 7}-&do 2]/}
a7 2EHE 2Y AL wjge & AT TAY AR S 2ARER T

(*}) pH

ARl 299 pH(4.0~8.07kA1 0.5 XHA)e wE HAF RS ZASHZ] fste] wiYgkE

o
of
-

Trichoderma %< 27 5mm Z 23 R #(Cork borer)Z W oJUo] PDA HiXA] 7}&do

37 eEEE 2 A% RFE F AVIFE BA 4P L 2R

(th 828 24

3} =2
o|FF{ 3FFF, dextrin & UEFHF 2F & F 8F9 B©A
Z dextrose FHY FUI ©ixFo] HEE wiAE ASFAT. 121T 1.2psiolA 208
@E T AFE petri-dish(87ex15mm)oll 15~20 me? B3t ZA51 2., PDAHIA
A7+ vk Trichoderma sp. 2] -FL/\} NGRS A 5mm cork borerZ Zet W o %
B iR = 25T MR A 3Y3E vi kst AR
E gAadel HHEEE ZAEH] 8t 0~
E 23ty A FauA oA 7)ot L

Trichoderma sp. ¥AF Ao As @A dS AEslr] st 712w A<l PDAE 7] Eul A
%

?5‘]-04 dextrose% 93 F/ 3%, sucrose

-
[¢)
il
A7
A petri-dishe] T HFsITh HF
AAAAE 9 UEE ZASIAS. =g
5%(wWV7HA] 1% A 082 A2 S4UY F
WHOE 3AZT wjFete] TAF ASAHAEE

é[‘}im

OEQP

N

rzr
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() Aae 24

Trichoderma sp.2] A Aol A3t AAadS Adstr] Yste] 7] E2u]=|Ql PDAS 7] &)
A& 3t peptones F 6T ALY TEE FYT HAa FYol HEE x-S wiAE %
A F 121TC 1.2psiol A 2023 )bkt & Adtd petri-dish(87ex15mm)ol 15~20 m¢# &5
skl zA|skd o w, PDARIA oA 73 w k¥ Trichoderma sp.o] A AGF-E-S 274 5mm
cork borer2 Ze} W thg ZA|S petri-dishe] T HFT3sAGY. HFTH WA= 25T W&
Aol A 3U3t vt FARS AAAE P IEE ARG Eg, AdE dade HHE
T8 ZAE] 8k 0~2.5%wWNV7HAL 0.5%PA 02 HAE AAYY sEE 2Pty A
HajA oA F71eF LI o R 33U WSt dAF ASABEE AN

(" #AAF =4

Trichoderma sp. o A Ao AEsE dAUS AEsr] fste] PDAE 7| EHIX R &1
CaCO; 9] 5%9 FI|dRFe 558 Y3 dFo] = vixnE ZAT F 121T 1.2psiolA

2087 uAHF F AHH petri-dish(870x15mm)oll 15~20 m¢¥ EFl] ZA|59 2 H, PDA
iz ol A4 747t wjFE Trichoderma sp.&] A AGHEES A7 5Smm cork borer2 Zz} W T
5 XA petri-dishe] TGl HEFsAT. HETH wWiA = 25CY viFAdA 2€7E vl 3t
ALY ARAE R HEE X }O}i'ihjr T3 AdE AR HAAsEE 2ASH] 18t
~3%(WNV)7FA 0.5%IHE 0=

A7 TR FEE Deste] AT FAIA A7)}
FUF PPOR 2U7E ] T AEHEE AU

(b THEERPM)E EAEE 24}

Trichoderma sp.o] ®l%F ZAS =AE7] 98t 250m¢ AZZek2~=9] GMYP(Glucose 1%,
Malt 05%, Yeast 0.5%, Peptone 0.5%, KH2PO4 0.5%, Water 1L) HiXE 100m% 3} 4
73§ 3 Trichoderma sp. ¥9 Smn #F = 25C°lA RPM< 50~200RPM7}A] 50RPM 71}7-3,23
Shaking incubatoroll 4] 1593t & vl sttt a2ela, ZHze] FetaFoA FAS 22 F
5 & Hemocytometer2 ZA}SIA T
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. a7 23

g

At

(1) Trichoderma sp. T2

AA 5/ Aol EFS Trichoderma ARHujx|o] =2s Axf, 74zt A7) 7V 145, 59
At 575, =4 575, A FA4 109, AE s 29F § F 3BHETE A H(Fig.

).

Fig 1. Mycelial colony of Trichoderma sp. grown on

Trichoderma selective medium for Sdays at 25TC.

@) $5zF A% A7) 98 FUFHe) A

Rhizoctonia solani®} thxujek A3}t OK-1, 49 #F7F g&FF] B8] Hold over growth
2 A &35 BHAFATHFig. 2).

OK-1 OK-2 OK-3 OK-4 OK-5

Fig 2. In vitro inhibition of R. solani by Trichoderma isolates OK-1, OK-2, OK-3, OK-4 and OK-5
on PDA media.
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(3) 79 4
9] ITS tDNAS H7]AE2 NCBI GenBankol| 5% v|AYEF H|13tS Trichoderma sp.
S 10me) AEHE Uthiel ¥ Be AAEE UHue SgomM, 2UE 2FE

Trichoderma sp. S 2 ™ ™3} % Th(Table 1).

Table 1. NCBI Analysis Result.

Recession Description | i%‘l:e iﬁmﬁ m’?“'—&“ _m m Links
AR4TE0MR]  Tnchoderma sp. GUOTI002 qenes for 185 ba, 1TS1, 5.85 Rba, 1T L0206 L1046 100% 0.0 100%

(4) Trichoderma sp.2] AJ&], #lFd S =4
(b Mge=

AdtE 299 Mg mE AASY BEE dolE A 29 F BT 25-30C HH
oANA HAY FAYEE B ATKFig. 3).

(th pH

A 27FF9] pHoll WE FAME S HAEE golE A3} pH 5.0~6.0 HL oA A&o] o
S 3 THFig. 4).

1200

100.0
E 80.0
=
3
® 600 T
£ T
= ——OK-1
T a00 F
- = OK-4
=
S |
< 00
A=

0.0

10 15 20 25 30 35 a0

-20.0

Temperature(°*C)

Fig 3. Mycelial Growth of Trichoderma sp. cultured with different Temp.

80.0

70.0

200

£

E 60.0

E
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E w0

= ——0K-1
> 30.0

E ol K-
°

~
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0.0
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Fig 4. Mycelial Growth of Trichoderma sp. cultured with different pH
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(T Baf 24

Trichoderma sp. o] TAMAYA] AH3gE &BAYS AUty 93] Dextrosed HIE3H 859
Bads A Ay, AR AR A B o ddRQl Dextrose®t o] <2l Sucrose &
o2 AT SdAUOE FAFHATE EZ, FHA Dextrose®] FEE 1%oA 7HE A UERS
TH(Table 2, Fig. 5).

(h dad =4
Trichoderma sp. 2] AR Ao H3s AAYS AWsl7] st peptones AA2Y F 6%

S 747 Hrtslte] Adet Ax, FAF A Aol £ u]l Peptone, Yeast, Malt7} 233 &
A2YOZ YERST ES peptoned] HAFEE 0.5%F EFSTH(Table 3, Fig. 6).

X

(oh TG 24

Trichoderma sp.o] F719/F9 o] &A4& Adena 659 F7Id7FE ANE 23 FAF
3 Wxole] AAZS 2 w] KH2PO4 9F MgSO4 - 7TH2000 4 A3t ZrdF 2 Veygon, =
3 A KH2P049 HE+E 0.5%Z UEFSTH(Table 4, Fig. 7).

XA FEE HemocytometerZ ZAFS A3} 100rpmHF-E 1x10° cfu/ml ©]4 ZA7F A=
o 3o

Table 2. Effect of carbon sources on mycelial growth, Trichoderma sp.

Corbon sources

N* C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8

Colony diameter(mm/3days) 30.3 80.0 45.7 38.3 78.8 75.0 42.5 42.2 48.0

Density +° -+ bt + -+ et ++ +++ +

Na: None, C-1: Dextrose, C-2: Fructose, C-3: Xylose, C-4: Sucrose, C-5: Lactose, C-6: Maltose, C-7: Dextrin, C-8: Starch., +b: thin, ++:

moderate, +++: compact.
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Table 3. Effect of nitrogen sources on mycelial growth, Trichoderma sp.

Nitrogen sources

N* N-1 N-2 N-3 N-4 N-5 N-6
Colony diameter(mm/3days) 34.5 65.1 63.5 64.5 36.7 45.5 39.0
Density +° +++ +++ +++ ++ ++ ++

Na: None, N-1: Peptone, N-2: Yeast, N-3: Malt, N-4: Ammonium nitrate, N-5: Sodium nitrate, N-6: Potassium nitrate., +b: thin, ++:

moderate, +++: compact.

Table 4. Effect of mineral salts on mycelial growth, Trichoderma sp.

Mineral salts

N? M-1 M-2 M-3 M-4 M-5 M-6
Colony diameter
47.2 49.8 48.2 59.0 58.7 52.3 52.3
(mm/2days)
Density ++° ++ ++ 4+ +++ ++ ++

Na: None, N-1: Peptone, N-2: Yeast, N-3: Malt, N-4: Ammonium nitrate, N-5: Sodium nitrate, N-6: Potassium nitrate., +b: thin, ++:

moderate, +++: compact.

90.0
-
0.0
E 700 l\
£ 60.0 / T . i
z / - 4 I
g 50.0 /
5 40.0 y
2 300 —0OK-1
2 _L
S 200
<
100
0.0
o 1 2 3 & =)
Carbon concentration(%:)

Fig. 5.

Effect of dextrose concentration on the mycelial growth

60.0
= 500
E
=
T 400 r—
B
E so00 ¥
Z
2 200 —0OK-1
o
-]
“ 100

0.0

o 05 10 15 20 25

M source concentration(%s)

Fig. 6.

Effect of peptone concentration on the mycelial growth
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Fig. 7. Effect of K2HPO4 concentration on the mycelial growth
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Fig. 8. Effect of RPM on spore density of Trichoderma sp.

2. Trichoderma sp.o] thZAA 3 39

7h 9+ &

B AFNME &3 vlYS T3l Trichoderma sp.2
pilot B} 7} s
HA L v 21S FYsiAuh

(1) Trichoderma sp. 2] oz} A=A
h g4 AT A B¢

Badd #AF 9 2 AAAFS A &, g4l Al9lE® Czapek-Dox Brotholl
glucose, sucrose, fructose, maltoseE LZT 1%(w/v)8 H7tske] ARG vl A2 250ml 4H2F
Zet2230 100mlY B3] H#$ & PDA wjA| oA FAE Trichoderma sp. OK-19] ZAE
ZvZy 10°708 53kl 25C Shaking incubatoroll 4 150RPMS.Z 20947+ wiFstitt. #A#e
filter paper(whatman No. 2)= 3l A& FALE 75CAA 8AIZE x5t SASAT =3
VA xz W sutxzl 2= v $FA-S homogenizer(NIHONSEIKI KAISHA AM-12, RPM
1,000)2 10%7F homogenization ¥ ¥ Hemocytomerer® A} T}

- 149 -



() Ao A7pA wl ek

ALdHE AA=F 2L xx ’}H/‘qﬂ% ZAFs7] f3l, Aol ALjE Czapek-Dox Brotholl
malt, yeast, peptone, sodium nitrates ZFZF 1% (w/v)® H7Fsto] AFE-sE T vl FH 2 250ml 4+
ZyEe 2230 100mly B3] H#st & PDA "R oA ¥ A= Trichoderma sp. OK-12] XX}
S 77t 100708 A F3te] 25T Shaking incubatoroll 4 150RPM S 2 20947t v stk oA
< filter paper(whatman No. 2)% 01&]-0]-04 A FAE 75CAA AT x5t SASHA T
T3 BAEA 2 Surxz A= Wl YdH-ES homogenizer(NIHONSEIKI KAISHA AM-12,
RPM : 1,000)Z 10%%} homogenization ‘3‘} % Hemocytomerer= A5 T,

Al

(Tth FHEA 24 WA A7t F FHER Y 47

odk

-ll
o

el 2AE FHZAS FEE= HIAE AP ol 23} HFshs WA o= Tl A
A S Trichoderma sp. OK-1 w9 2322+ A S 317] A8l 12 FS T AR &
A1 GMYP(Glucose 1%, Malt 0.5%, Yeast 0.5%, Peptone 0.5%, KH2PO4 0.5%, Water 1L) 8} #|
E &83} 25T Shaking incubator®] A 150RPMO.Z 204 7F vl Al AT
B2 5000ml AHZEER~Fo] 2,000mE EF5td EHE S PDA HIA|AA FAH
Trichoderma sp. OK-19] ZAE 10°7] HEshe] FAM S A A8
AR 209 $o] G =74 7](lon chromatograph, Dionex co., ltd)E FEHFS SHS o= A
o &% ZASAS W, 23 MAS FAZ Yo 1087 § WS AT olu 23 WA
= 9o Ao TR FE BaAY L AAPUoR AEE, Sucrose 1%, KNO3 0.5%9F F-
AFE & wiFHol Al Es 5 AEiolA 2% HHX] A& AR
Gxztel YAFHF 9 dFE ZAIAeH, dF i T8 f”ﬂ homogenizer
(NIHONSEIKI KAISHA AM-12, RPM : 1,000)=Z 10x3t homogemzatlon 3t * Hemocytomerer=
Z A3 Y. Hemocytomererg ©]-83lo] ZAFSIA T

(2} Trichoderma sp. & thEFvier 23 A4

B A3 A= Trichoderma sp.&] &l %S #1351, Fermentoroll A2 HAsl &4 & 915l
74 Eulo] @ A Ao A X H 30L, 300L Fermentor(ZH}o] L8], =4 ES 8319} Seed
culture= 2 FE9 10% vol.2Z GMYP(Glucose 1%, Malt 0.5%, Yeast 0.5%, Peptone 0.5%,
KH2PO4 0.5%, Water 1L) broth2 FH|SFAL, 25ColA vlYS AAISAT. TS 5L flask
o] 3L Volume2Z GMYP(Glucose 1%, Malt 0.5%, Yeast 0.5%, Peptone 0.5%, KH2PO4 0.5%,
Water 1L) brothE +H|3FAL ¥l F 5+ 26C Shaking incubator®] 4] 150RPM 5 &< vl &35 &
& 83T 30L vl ol A= working volume 18LE A A5l Seed Wl S 48417 &t A
AlstR o, M5+ 26C, Aeratione 18L/mimS. = FX|3laL, Agitation= 150rpme.2 =4
st Hj¢F T S§EAL(DO)E 30% o FAISk wiFstdth =, B HjER] 300Lo A=
working volume 180LZE, W]l¥&EE 26T, Aeratione 180L/mimS.= -FA|3t3l,  Agitation
100rpme.2 A3t ¢ F9 SE4ADO)YE 30% 1 At wigFstRon, 12417 &
QF kst Fo] S EASFeH, 0 gL oyt B w, x4 8] X (Sucrose 1%,



KNO3 0.5%, water 1L)E 718t 192A13F &<t widste BEAZA 2 Sutxzie] =& =
Aotk WA Z1Z o] BALS WAISH7] Hste] AZA(LS-303)E TE HiA Wl H7LskATh
T3, v %E Trichoderma sp. & AZ3517] X A=

g}st7] 918 homogenizer (MN40OBF, vlo]aZZ %52~

FES F71 HsiA dAEe711-1250, ?‘&%ﬂrf&)% o] &3}
75~80% AEE FASH7] #138t 7,500rpmo.2 =4S

+
&

>
>
QL
N
2y

Fig 9. Homogenizer & Centrifuge

3. a7 A%

(1) Trichoderma sp. & ¥49tazzl A=

(7h gadE H7pA Hl ek
Trichoderma sp. Ok-12] #ARAA O] WA= ©AYUEY FFS
g #AGle]l #AF A= A FAHT A=
ATolA HRInke} o] B X7 e d4d F
Hl =3 AR FS BAts
A FE UEtdo] & &
o
7t gadEe] HubE wiAdA B BEFE AT = "ok &
°], Glucose2} Sucrose®l A 7} Ho] A= ASZ ZAE AT _1.??}, A *37*301] Q) o A
E 249 HI7MiA A HE)] 26% BE olste] A ATl SABEHUY thERFolA EAEZ
b7} frutoseol] Blsl W2 o] FAHO A Aol B3 2HolgtE: BAZAVE ol A
He AoE ZAETH
w3, Eutxa TS A AT, Fig 12014 BiE ule} o], RAZze} B %3}
Sucrose®} glucoseoll Al 7Hg wWo] WA= oz ZAHJT. txzT9 Feid= x
ol WA= 202 ZAERET, ol wARS FH fFAIeE AESH Q] Aol ZEstA e
QEAA S FHA Fuxa FAo] £ A o E A

b, Stz A dAEE S dodls HWiAE AdYsta, F5o FHEA WS f =

b

i
:#
e
(]‘Q
> 5
>
HI
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My lal growthiz]
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Fig. 10. Effect of carbon Fig. 11. Effect of carbon sources Fig. 12. Effect of carbon
sources on mycelial growth. on number of conidia. sources on chlamydospores.

(Wh Ao A7 e

Trichoderma sp. Ok-19] #AMA ] vX= AAAES] IFS
malt, peptone, yeastoll Al TAFS] AA=Fo] 7H} FA] 2AEAOH, ol 1AEE
o Aol A= Ao Z ZAEATE T, Control2o A A B4y Ao e gle
%

Sk

Foll= TARY] Aol A gle Ao E ZAEAT
=5 BAXA AAFFES &R1sk A Fig. 14914 E= vle} 20], malt, yeast, peptoneol Al
AR AT FARSHA BAZAVE A EE A2 2AENSH, FAAURE W control 17
409 92 g424S A3 control 204 BAEATE Ao AR ZgTh ol BAEAL
AAA Aao] AR e HEo] 55 & F Ue o2 HAth
T2]a, Fig. 15014 E& uke}p o], Suxa A FS £ A3, KNO3AA 71 =7
ZAE o, FA Ao Stz ate] AAFE 25 T EA ZAEAT. T, Fido] A9
Az wj R oA FubEaL A o] A AR =, oA LRt migoeE AT
Fusarium TARS A &3t FdA47E gle G&8Yel ¥5o2A4 SEA7 gol AU
B9} o] Fg4e AP Y3 Ed SAoA FHExATE Bl FAPHS & F UATh
g, S EAF W FA FARE Al AR
= oAolH, olufo] KNO3E &8st 213 & o Aol
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Fig. 13. Effect of nitrogen Fig. 14. Effect of carbon sources Fig. 15. Effect of carbon
sources on mycelial growth. on number of conidia. sources on chlamydospores.
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o
T

_l (

(h FoER 23 WA A7 F FHEA FH FT

Fig. 16014 K= nt9} o] 204 X

I ol 12 W Fol @A) Aol wol A Y
RolFa nk. olw, BE B4 gage

mas g ol&sto] FHFE =AY A 035l =2 H
Rom o]F 23 HiAE Y 10Y T o WSS A3 A Fig. 16(D)A HiE uiel 2
o] FezA7} 6“*301 A AL AU o] FHEA FFE 1x10° cfumlE ZALH
Rom, BAZA] £ 1x10° cfumlZ AL AT

Fig. 16. Flask culture of chlamydospores(Trichoderma sp.)

A : l1st culture(mycelium growth), B : 2nd culture(chlamydospre culture)
C : mycelium(x100), D : Chlamydospore(x1,000)

(2} Trichoderma sp. & thEFuieF H A3 A

Trichoderm sp. #F& ©]-83t 300Lol vl HZHIE ARG =1L 26CE W&
3to] Aeration 180L/min= ZA3la, ¥EZE o 8FE4AA(DO)T aerationd agitations ©] -
3t 30% oo 2 FASAT MY T FEZ U 4H2 03barR FAEAT I A,
o] S mjoF 48A1%F Foll= 2.5 g/L, S4AIEE o= 1.5g/L 70417 o] %o 0 g/LE HUT. uw}h
A, Wl & 7047 o] F o] Ttz AL WX E Wi, 19247 B¢ 229 s Az
g A3, a9 ok 22 AAE Afinh FetEARe] Aol= 168413 o] FHE 2.2X10° cfw/ml
S FAST dom, BAZA] FPlE 16843F ol FRE 31XI107 clumlE FAHL U
o). whebAl, 2o WA 168413F ol T2 EAE YT
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Fig. 17. Change of Chlamydospore for cultural time

cfufml{1045)
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Fig. 18. Change of conida for cultural time

Fig. 19 . Spore of Trichoderma sp.

TR, Trichoderm sp.o] 7ol A FE S FAE Ho Jorvg, #4357 dasith w
Al, Homogenizers ©]-&3t #&Z 3stom, #2 & ZAE FA37] AsiA, dAE7E

BTAMA EA FASAT. O A, IR A Be ukel 2ol 7,500rpm e E ZA3tod, 180L HY
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Fo=Z 32kge] EA B FAE FASAT FHEAY FEE 1.8 X 10° cfug 22 RALES]
o, BAZAY ALoe 2.1 X 10° cfu/gl 2 #ZHUG. oEA F8d ZAE AL 2
22 & Ak, AFstol AT Aol

Fig. 20. Homogenizer and centrifuge works

3. dd AFe AP &4

7k A7 W&
B AFoes AFo g a35 FA7]7] 9% H7MAl A2 A, Trichoderma sp.o] =
A 204 % EBYE FUND Eagi Aol nuA} BAAE ARsAon, A}

A9 Aol ngAE Austel FEIRY AYINE
al R

(1) Trichoderma sp. ¢ A3} =11 &4
(7h B3A A%

FHsl7] 9 wigd S HAxstoiof s, oju a3 HIAE Aldst

2

ol
R
o
k)

0%
ox
flo
Lot

Trichoderma sp, <] AﬂHHX] ol g3l Hzujk ZHAoE AE WiYAE o] &3},

homogenizer(NIHONSEIKI KAISHA AM-12, RPM : 1,000)2 10%3%} homogenization 3+ 3 WY&
Az A Ho] AE3= Celite, ST E, GlucoseE 10 ~ 50%(W/V)E EF3ste] Axw2 S
FAAZEAY dFdx WA oE st A EE lishin Lab§ FAAZRTE AESH
Ko, -10ClA du F24& 3 F F2AHx A" o8 AxE #63&3%} dIFAxE
Hot-air dryer(Jisico J-300M, 2000) 55°Col A 48A1t&<QF &3] A=x3E & PDAM|A| o] 3|43

Moz AaEFsE SAsAT
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Fig. 21 Freeze dryer & Hot-air dryer

(Lh) B4kA] A

THEOE ALE = oY FT/FY vlol AHLAZA F 565P(nonylphenol ethoxylated phosphate
ester), TDE-7(Polyoxyethylene tridecyl ehter), MK-SMO(sorbitan monooleate,) MK-COG15(castor oil
ethoxylated), WP280B(Polyoxythylene octadecyl mono ether)E FTE=WHZE 5, 7.5, 10, 12.5, 15%
(w2 sttt AR 33 7 229 EAPHEE HemocytometerE ©] 83t w7
(x400)°l1 A 2]l skt

(th H5A A

Aol gle vy T7e EH5Al T Collagen, Cellogen, Sodium PCAE 0.1, 0.2, 0.5, 1.0, 2.0,
50%(W/V)E HlFd s s3] AWddE AdS AgsiAn. sgtol= Zks o gk

~c
)
>
=z
N
01)11
o
2
il
ki
2
N I
K-y
>
fru
v
It
off
b
lo
T
ud )Y
N
X
il
2
%0
r
5=
Y
L
w
T
3,
(]
=g
=)
o

(2} Trichoderma sp. 2 A <HA4 A7

o

AFY HFPE A3y A F 2TFY AFoE AARSE st AA,
Trichoderma sp.o] HAA R o] &3t HHu|Y 20 E s HFAFH 99 APoA A
E B A (A, BEA 5)E vlE S F Trichoderma sp. =274 %9 E3Hste] whE 314
2 A zskaid

AN W3t AAbE ARl

3doz BFshe Aol ok UA ARolA FAH Welty mebA, 4w o
Zohel 4P Ao 40TAN 4F7F B FeolA 19L s g
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- AT(aging temperature) test : 40CH 50CAA ASE Bt A AT & HAL

- CT(cooling temperture) test : G3} 10CE AIEE WraoA A& BRASY A AZF T AL
AE Trichoderma sp. A& 3ke] AA| b8 HAARE S&ll 40C, 25CeF -10Coll 24 B33t
AA wlg FY3E Estol] Trichoderma sp. EAHY] AFFS PDAHIA OA B AFAHP o7 ZA}

St

AP Y E2Q Trichoderma sp.o] EHEZ Fhstsly] Y3 o2 nAEFHo TEAE JRE
gelatr] s gl F2 ARSI &= Bacillus subtilis k2] thx|uj kS A AISHATH
Trichoderma sp. 5Smm % disc®} 7+ M 5mm paper discol 0.Iml-S 50mm7 2ol PDA H]A]
of HEstA 25TANA 5~7¢3F A wlF3te] Clean zone A F-E FUsIATH

T3, Tl FHUAES HHEE PAEAAE GFoE AREStA] 1, A wjiEed o9&
= 7l =0k Oo Erlo]

|
5 g3t AMEEEa e A Aotk whgtA], Table 5.9 BRE v} Zo] &
1

e #FsAT vl LS YAbol Trichoderma sp. EAHS] A5 PDAH|A|ol| A 3]
HHom FASA

Table 5. Several type of chemical (pesticide) & extract agent

T A FH A& = a8 E R
W (FLARA) WP S AEEA FAEHE, 7Fol
A ZEH(EH3HE) Granule H71¢1A s R
sal s of of o] FH(A A E}) EC Emanectin benzoate obv| 2] 7} = 3} 2]
. US| IFA] A2 WP SEEZYIEHIEA Y=
(A w3k ) wP EERRSELSIEE A5
TH7HEREE) Granule SEEZYIHIA ARE
| (o} 12 ) Granule 71 A7 e ZAE
B7 A (FMol 18)) Liquid - -
2z EMFo] S.(EMo) ) Liquid . .
o 2154 opr| 4k Liquid - -
&7k EXES PN WP i ;
22000 Liquid i ]
2) EXY AES 54

Trichoderma sp.2] EF AHg Al A4S A H8 AEES SA3A T GMYP(Glucose
1%, Malt 0.5%, Yeast 0.5%, Peptone 0.5%, KH2PO4 0.5%, Water 1L) HlZ|ollA] 25T incubator®]]
A 2097 Hiekd Hiokl S 1.3%10° cfumlE EA 52 x4 t) Trichoderma sp.2] E

AEE0] A Ao PA= FFS Fodstr] Hdl, Ad=E FHA &4 Fdoigne] w4
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@ 18cmx14.5cm potol] EFS FZ13}3L, Trayol A
A 218 o}, Trichoderma sp. Bl %<& 2502 3
Aslo] g4 Aol P AA), o] 2o pot B 50ml¥ 13 WA AE
A SRt A F 257 G E FHOEHE 10em Z o9 pot EYS oF 10g AFHsIA +%
o]= PDA H}ZA], Trichoderma sp.== Malt Extract Agar(MEA)°l| & A2 Chlorotetracycline 20ug
/L Z71gE viA], Rkl TSA HiA], ¥ -2 Actinomycetes Isolation Agar(AIA)H] Ao 22
WO R ES A FRAIAHA o) AR AES G, 4FS AR

(2) Trichoderma sp. 2] AIAIF Ax 2 ¥85F F3

LA, BREAE ol &ste] AFIE faliAe FEZEY HAA a3 aRFE HIHA
7F A2 a5 B3 stoof gt} F, AF WolA RS A oF 51, Eﬂrz?ﬂd‘l A
7R e AlE WellA =40 e S& glo] Aol aFHAAXT. mEtA, B AldoA =
AR a3FAL H7HAY AF U kFgAde FR3EE7] 98] Trichoderma sp. 23} }'_{JJr
g HI7HAIQJ] EAHA|(WP280B), X554 (Sodium PCA)E &&3la Wxﬂ 1 B4 2 A 2 A
HEOE AEHE Y3 Hol2 AHSAAE FEHEE E‘JOP@ §]’ of e =4W
ARy, & e oAF, A4 55 dFsta HHY AASE 247}%1] Elxe e

55 3t7] 93l A1, Trichoderma sp.oF Al 1 A F3}FA| ol 4] Paenibacillus polymyxas
7 3L AR A AEFS 7HA L MRS ES TSI

=

FH b off ol FO('

3l H]

1o

Y. a7+ 23

(1) Trichoderma sp. ¢ A ¥3} =7 g5
h BREA A

AFslalr] A wFHe AxHAAAA 25 W35t U g5 HAHNA L] XA damages =
]7] £ H 3T A4 '5‘91 BoA F7dE 2 2l ¥ 1 x 10°%cfu/g & ©]
Sk A ZAZ YAl o7 YA A}
Celite7]— ﬁ& Al Eixﬂi 2
eSS YT
™, Corn starchﬂ-
E"ﬂ HAA] G ACE YR =

I

=
7 B dsiteE AMES & T
43 Aoz Ut HoA flo] mj g
Celite 20%%E =t A= AN 7B+
glucoseA AT 50%Y TFAES B 7

, 4714 % WA o= Glucose?} ¢H#ASH

[o
N
B
>
o

N g

B X
Lo

H

I"I o
©
)
S
X
©
ok,
o B o*
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Fig. 22. Reduction ratio of spore Fig. 23. Reduction ratio of spore using

using Freeze dryer. Hot-air dryer.

(h B4k A

AR 5 ol 8F AF Az A AFHART ZAE o8 A7t BA WA Hv, o AH=
Wg AT AT A9, TA PAFIUL AE EWo] 12A AESHH Fitel WA
wobd 5 otk WA, B ARIAE AR soke ol HHY w EAe BAHL =
F3, A4 wettingd & FAAA £54e 23 Ut PUF FWe) TAV} BEHoT 2
PN
T

AEE 317] Y3 EAHAE Adstazt s
2 AgAE vAE AEFS & < w95, gt &
FH ZA7 E8A0E £ F UAEF 7] 8 #iA AT dFS dPsid. A4
I} Table 6.914 HE nle} o -280B 10% ool A F4kAdeol 7 =& AL
ZAF Hlom, HEEx v 28 Aog XAHAT o] Bacillus subtiliss ©]-&3F thE
T Yo} 9= Ao} v]=d S Holi Yo}, Trichodermaol:= WP280B7} 7 <
3 BakA 2 2AE AT

=
"U
4 2 fto

Table 6. Dispersibility of dispersing agent type & concentration

Number of spores Dispering
Type Wetting
5% 7.5% 10% 12.5% 15% degree
565P 10.33£0.58 | 9.33+0.58 8.00£1.00 7.33+1.53 6.67+1.53 ++ ++
TDE-7 7.33+1.55 5.33+0.58 4.67+1.55 2.67+0.58 2.33+1.15 +++ -+
MK-SMO | 24.33+3.51 | 21.00+£1.00 | 16.67£1.53 | 14.00£1.00 | 12.00+2.00 + +
MK-COGI15 | 17.00+£1.00 | 15.33+0.58 | 14.33+2.08 | 14.00£1.00 | 13.33+1.53 + +
WP280B 6.33+0.58 4.67+0.58 2.33+0.58 2.00£1.00 1.67+1.15 +++ et

¥t W, s S+ SR

(th H5A A

dutzlow o AL AP AEo] Totstr] 93 5 xxo] ofyr] W&
o

=] o
gol B2 e AoE A Uk AT HEe) Uo| BAE TA F9)9)
= = 1
= -

HaA A8 48 st 439 23 Sodium
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PCA 0.5% ©)|A5E Zx Wolayr £& Ao R 3¢l Hlom, w3l Bacillus subtilisE ©] &
S OE AT Ut e 2 =3 e Hola o, BEAEZAN Sodium PCA7F §

@ Aoz 2AHAT

Table 7. Number of spore by humectant type & Ratio

Type Ratio (%) Number of Spores (10° cfu/g)
Control - 1.1+0.2
0.1 24.00+3.61
0.2 27.33+1.53
0.5 29.67+1.53
Collagen
1.0 30.67+2.08
2.0 32.33+2.52
5.0 31.33+2.89
0.1 13.67+2.52
0.2 14.33+2.08
Cellogen 0.5 15.33+2.08
1.0 16.67+1.53
2.0 18.33+0.58
5.0 19.33+2.08
0.1 73.33+1.53
0.2 79.00+1.73
. 0.5 100.67+1.15
Sodium PCA 1.0 99.67+1.53
2.0 100.00+1.73
5.0 100.67+1.15

m

(2} Trichoderma sp. 2] Al 843 A4

Trichoderma sp. 27FA] A9 AARESIE ol A3, A(liquid)e] AF-oles 45 Fo
50%% ZAEE A4S Bou, ol AGEF A oF 171i—rE1 3] Aok Aol A
IS FHA ol R HdF (M)l LAYSI] Trichoderma Yol ARS Walg Ho=
T8

old EAIHE 3

QI
3} A (wettable powder)®] 7 -$-ol= AFol Hls vlwH
oA 1257} A Folx 20% ©l3te] Ta

Ao g MRS Hola Ut wekA, ¢o

2 AAsE gol £ Eak
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Fig. 24. Reduction ratio of Liquid agent. Fig. 25. Reduction ratio of wet table powder.

(7h e PAEe] HEnA 79

P

Edu A

i

4

A\

&
D OE AR FEE, B £848 o

Tl A FulE e vAAEAAE AT 7 Bl AR8-SkE Bacillus subtilisele] T
ek A3k Fig. 26914 X ulke} 2ol Trichoderma sp.o] w371 Aol WS = Zo
2 2AEYY. =3 g2 AFdAE Bacillus sp. ¢ 7-$ol= Trichoderma sp.&] &< Hs)
gt A= ®aE vk glok whEbA, Trichoderame] 7-9-ofl= Bacillus subtilis 2] &8
Ets & Aoz B,

>}L

L

Fig. 26. In vitro inhibition of Bacillus subtilis by Trichoderma sp. on PDA media.

a8, FE2E% sk EsA)dy 849 E F ig 2704 B= npef 2o, oo
(WP)<] —%Oﬂ—‘.:— 100% Trichoderma®] ZA}7} AMEE= 202 ZAEOH, BEH(WP), A%
EH(Gr)e] A $-ol= Trichodermaol] & F&FS vXe= Aoz ZAEHJY. ol AFAZE AL}
I glom, Trlchoderma«] Agole EYHAEEA, ASeH o] E8A nAEe Aol A
3 2 AoE A HAT AL AT s}shEsoke] A9ole wH/HGR)E FHIFFANA U
AZEoZ FAAEL clothianidinAle] SFAZ AYE 5L WAS=E 2%ko]= ¢FA|o|t), o]l
20% olste] Ha&S BT E=Z, FEE(EAAN)S A= Fig. 28904 REe upel 2ol

=
S o
X=X
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g HE-& 20% ©lste] ZAES Holal 3o
452 O] ZHE] 20% o] FAEE Hola
B 20% °]49 TAEES Holal Ut}

o
2
[K

s

EEY2(WP)& EMHLO] 2(Liquid)e] 7%
o, 53], T2ZA 2 (WP)2| 7 $olle 253}

of

-{u: rlr

120 35

100 50

\i
iy

b2

Reduction ratio (%)
@
2
b
r o

Reduction ratio (%)

ooy

pES 23 EES 4T 1x= 23

——gohae|e)

T EMERO| 2(%)

Mgt
= ENEE

—+—Zr000()

Chemical(pesticide) Extract agent
Fig. 27. Effect of chemicals(pesticide) on Fig. 28. Effect of extract agents on
Trichoderam sp. Trichoderam sp.

2) EY U AEE &l 49

Trichoderma sp.7} w5l m|2+= F&FH E
7ot 7% H UEE ZASIY £3<2 W 4 HH—ZrQl "3%

° &

3} Table 8.914 YEFTH Trichoderma sp.& *]E|3tA] & EdoA=

= B F Adern, HFolA = Bacteria ¥ Fungi7t S71ste Zo=
Trichoderma®] 7 -$-oll= thxTol wlsl, 657 A3 ZFo 34u] A=V} Z7hst= A
Ut T3 Trichoderma 9} W3S ), ZE2] Lo AL 125%,

5 Z7}3te Ao & Hol, Trichoderma ¢ 2HE2] Ao WH3H
=

o7
ZL& 114% H
o7

ZAHE 9

HFungi

Bacteria

B Actinomycetes

cell number (% 105 cfu/g)
Cell number { x 10° cfu/g)
Cell number { x 104 cfu/g)

|
&

Time(weeks) Time(weeks)

Time(weeks)

Fig. 29. Change in number microorganisms in the soil after (A) Control, (B) Treatment, (C)

Trichoderma sp.
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Table 8. Change in cabbage growth test

Leaf length(cm)

Leaf width(cm)

Control 19.07+0.7 12.07+1.6
Treatment 23.87+1.3 13.80+1.1
Ratio(%) 125 114

(2) Trichoderma sp. & AJAIEF Ax ¥ HEEF 3

AF EAS S5t A st THFAEA, 71edS A&t o, a8 I, & &£
T =40 W3yl gle ACE Uyt 3 fAAAERY dAHSE AT AAEE E4AHA
(WP280B), X.<54|(sodium P , =49 W3l glo] ¢4A

CAE ZZF 10%9F 0.5%2 E¢39 S
Al E4E Holv AR YeyT. olgA sto Adtd
ANAFE Azt o, vidr & Table 9.3 2ot

Table 9. Formulation of Trichoderma sp.

72 = e
FaEAE Trichoderma sp. 2 10
] _ T4 (WP280B) 10
=3 =]
aASAE A7 3254 (Sodium PCA) 0.5
A A g H7HA 7te e 79.5

T3, Trichoderm sp. &} Al 1A F-3}A)| ol 4] A2} Paenibacillus polymyxaE ©] &3+ AlAEFES E
S|P EAARZ vlE 52 s er, A FY =4 21-71-20301 TE Foftt)

HEAEY F8F

1. EEalw
% s
1 UENS 9w

L OERE SN

5 NER 20

6.uED EN: R0 AR W

B0 10158

UBE BENE ﬁl@}@
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4. Trichoderma sp.8] &3} AZF

B AFo| = /NEstaAl k= Trichoderma sp.o] &3E dolRr] 93, Lol tigh 2
A WS B3l 238 A3 S AN o, Trichoderma sp.2] FAkel v X =
1

of
o
o
e
ES
=
N
do o2 H.Hl:l

(1) Trichoderma sp. o] Ay &3 A3

(7} Trichoderma sp.o] 2] &Y

r4J
2
fiu)
rok
N
ok

2 Test

Trichoderma sp.7} F#&4 AEAE A7) 9lste] A EW AT Botrytis cineria 5 13%
S BEXETH EYUAETY D KCCMEHEUAERZAE) A Bokwol  ALg3t4T).
Trichoderma sp. ¢} A EHATe A 42 Smm ¥F discE 50mm~7 2o PDAH|A| ] HF
she] 25T oA 5~797F X wikEe] dFH L ZALS AT

() 4 A8 AEAEST Test

1) EAote] vl

rIr

e

HZ AbE Trichoderma sp. OK-1 #F9 A ujGA S <5 D Fu= %X}Oﬂ iiﬂé}oq 3
Zpdrobgol Wk FFS HIISATH S GMYP A olA] 15Y3E wl gt

kel A" v 100mlo] £F D FUE =2 72 1007”8 5F

20/ A= AAG & 25CToA 5L dotd FAFE A

&ste] 912 WA TdskA A2 sk
2) &7 s AF

g Aol HA= FFS golrr] fdl @ 3lem x 27cm oA TEHlolL HEE F
A3, Trayoll Al 20¥ A% 718 AFEXA 1) SEE LEO| H238Y T GMYP HiR ol A H)
%% Trichoderma sp. OK-1 HlFd-S- 2500, 5000, 1,0008] 3]413te] A2l Aol Mg JAS
AABFIAL(1EZE JA), oA Fo] ZE T 100ml¥) % 13 #FA sk Ag & 18 A%

|

G, E, 45, Rl AFFA IS SHA
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2] A% A

W
~

el Aol rAs FEFS Lotrr] H8] 15em x 20em Trayel S5Ol FES 5
If_, 7t trayel]l A n JoATFLolA ESRE I FAE | EF I )E 5070

3t GMYP w Aol A wioFE Trichoderma sp. OK-1 Bl k& 500m)], 3)4)3te] Fxb
AR Foll 3F FFAUA Tray B 25ml¥ 13] 2 AZAE AT 17U @9

»As
g AL PRAo|=Z =AY}

o
-

B
o\

l-m ol X

AE] A&o] nHe FFS dotrnr] 3 @ 3lem x 27cm °]d o] FFulole FEE F
A3kl Trayol Al 308 A% 718 E2F(TETH) %H% ZEO F25Ah. GMYP Hl X ol A
Hj F# Trichoderma sp. OK-1 B2 5008 3 A ste] A2 Mol He JAE A1t
AA), o] o XE T 100mlA S 13 #AFAHY At A T 19 A= $o AT
75t

729 Ao+ @ 3lem x 27cm ©|2]o] TEuHlo| HEE FZ1, HYE 1A FY
T A BFEE AAAE 83T Ho dF AP YA AstH o, A
A

= o] WAFS 24U

ot 2

(2) Trichoderma sp. ¢ =% &3} A9

71 A MEE AE HZAL formulationS ©] &3] EFA HAFAHS HASH T AlZ
Fo HIUEE xR 3.0X10° cfwgd BEAEA 2.0X10° cfu/ge] HEEF Az

(7h) Trichoderma sp.& ©]&3% 4F A&FXo vX& &7 A9
2 AFol A= Trichoderma sp.o] ZHEo) v X= FFS Lolrr] £3), 2508, 5008 = 3] A

stel GAFA FFEAATHE hFoz 4P YASAT AGIIre 1FHE AASGPoH,
AR B¢ RelF w7 S9a D A w7 sSsdlAd dAsdT. 49 %

a9

300me] W 3wEoE AAstgon, A 2 NN FEAE 1007 = P
REQ 3R AR AW F A4S ILmE Bl 13 BEH At 2AREe 9%,
GE, G, ABL FHSPAD), B Lol AFFAPE, A)e SR YFEAE
Sk ZAPPHE B B3 FAAGAT AN Fstel AT =3, A0
ST SRR PPOE WAL Aol NHAFTE AAsGT Ao Eoo
O Gdge FHH] A, FEATH s FAAA PH Fahel Bl F A
2 AAFAT
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(\h) Trichoderma sp.& ©]-&3%F A4 A&l VA= &3 49

B AF A= Trichoderma sp.o] ZEo) v|X= FFS dolrR7] f&), 250012 A5t 2
U RIS S gz Ad3s AAEd. A@rizke 37id Ax AAsgd o, AF
Aarte FE T AT 9 gi@lA AT Als AakEeA AASAT AP F 180m?
of Gy 3vrEoR 1dF BAS FF BEA ATl 7St 213 798 108 708
20cm A2 A E oA ste] AufstHal, FAA ] Foto] PSS HAASASH, HHHHE
Bk b A F 7Y AR 53], Im® T BAl 4g2 1LY Bl Fo] A AxIATh =
APHEE AR A RS SR o, X1 LXE A4 GAP EFAW AR A-FAAE
ATEAE” Fot AR

o2

. (zoysiagrass),
ARG Bl olg o] dxHow @Wom T 9
5 =33ttt Coucholl 2&J3tdH
AARSZ ol HAEE= Wl TR 64T 3ty old #Adstes HAFL 904 F0]
o ot MA 9 Z% (Bacterial wilt)a} Hlo] & 21
(Virus)= A &8t Ym A= BEF AP (Fungus)ol 23 ®3folth.
vt xR TAEE Fa3 Hele oF 209F0] Jom orjd #HHE" WATS
Rhizoctonia, Pythium, Sclerotinia, Agaricus, Typhula, Colletotrichum, Puccinia, Curvularia,
Helminthosporium 5°] SITHEELD). o]H R fuet Z=Fd TAFHE BHajo F/HI7E 2ol
Hlgke] A2 A2 thyie Ex4o] Jugsiol] AFA o] w-¢ A3 d=rz =AHH
7] wZoltt. whHo

%0,
rlr
Sl
o
fru
f
5
B
o,
)
L
il
o
al

[¢]
ofsll, wlzol oF Hlal, TR MAE oF e, YUAH, U, NIERE Fol AU,
o7 8o LR, AL o), B3 ol @ A, Fe Bl o Az,
g4I, hAH2, 25 B g3 Fol gom, AN FAE JTAY] FH, 27
3 Sol At

webA, Trichoderma sp.o] T Ajujell A dAst= F8 ¥ PAEZHE
iGN AT ZAADE FA DA, TP dxHoA 7HE ZAA
Ao BAAAAFRE ARt As) HEAgo] v FE AEA

(Eze) FHEFNA HAFAT
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1) Inhibition Zone(A A ) A@ (AWM LFAF)

Trichoderma sp.9t Z2te] ofAlE TAFEE BE § t2ado|Ho F&3] A A1 PDARY
Aol AR X4 F, SYE wigFe 8 I A Sclerotinia homoeocarpa (Dollar

spot), Rhizoctonia solani AGI1-1 (Brown patch), Rhizoctonia solani AG2-2(IV) (Large patch) %
Pythium sp. (Pythium)= 72} HE3Fe] 25T Incubatoroll A 2~7L 3t vl Fste] FAMI A (A A
£)e 2ASATh QEACHAE, FEANEHRE FHAREEIISFA, 25%), TN B
Ol E(S AT R A, 64%), Bekem)F] (A 2@, 70%), 2hA T H (WA FES3A, 25%)
g 747+ Agstget

2) AP | Large patch A A3 (ZRFAIR)

Aol 71 BAA B3 E Large patchs I7F FHol Eolrke ke shgdt Fu
oNA Aok olegd B E Aol MY Ykdlolt Ty @ AFolE Aobs), & A
o, £A BN JHE WSV Ao A9 2r0E 47 o c0emol A RE 6mol ol 2717
A WS st tehtel ool BARE AAY FolA g 24 34,
edHE d¥or Wae spAesl Be edxdoR wath gAS FUHel 9
Gael AARS] 2 WAL G P AL dGE Al Fr 4A B
o AARI SFEA FaLA AT 719 FA 2] FAWME} FHAC

WHOR YHE e AYR U 2HolE WARA 2
ARG A A gt Bl ol Fe A5
Al mAFRT TYo| Fe
TAAA T W2 e TRt 2
e 7he A} Gehgd s A Al thA

2ol wolh BA @AY S %o
7

o ro r® o
_thgrzr
N

N

2 o oo

ol rlr 2 flo ;,: i
2
;b-
(9]
e
o9
frt
O

o

whe} A, LOﬂfﬂ«l Trichoderma sp.9] Large patcholl T3t &35 dolrr] a4, =3t
(EXTHE 83l A4F8S AASAT AdZEAE T ATA &A AToA g gd o)A
AABHROH, 20149 62~10€71A] /M€ A= AFS HAASAT. N BAAFSZE Large
patch(Rhizoctonia solani AG2-2(IV))E & &3t om, 7t F=ZAoAe] AnkA <l Tl (A,
A dzx, A 5)F FLEA AAEQAL, Trichoderma sp. A e T AFAS AEsA o
T AAZQ ¥ A T(IAAE)E =AY} Trichoderma sp. A XE A3 LA =
79 AR AT 1 e 234 Axsdoh AgHA L 2mx2m WA ¢ 3RHE )
A AASHROH, T A= 2 AFEZAAE Aoz dHHE Ay)o M7 IHE

r°l'

o
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Table 10. Treatment for Large patch control test(Korean lawn)

2] 7 Tricoderma sp. AA| Pencycuron 25% gl 3l
AT - -
AT 1 250} - 13] A
AT 2 250 - 23] A (79 1H4)
iz ok - 1,0008(1g/.2)

F 1) tHEA(EFA) : Pencycuron(BFA 3 F LA & 2F)
. a4+ 27
(1) Trichoderma sp. ¢ AY] &3} Ag

(7H Trichoderma sp.2] 2] & ol thdh 233 Test

e
I

3+t Table 11.9
3
A&S

BT

A3 &2 Trichoderma sp.2] A EHAA ol o)
A B vkl Zol B 60%0]de] AAleS e AR 2AEHS
sclerotiorum) % wl= Sl vlE-H (Pleospora herbarum)ol] th3l A= 90%
2t)e] FowW Zof 3l<l Pythium spp. & A% 81.43%° &< 91%1]%

£

2392 o

= ©

o

n

oﬁﬂ

3_ o {m

tlo _13

1] (Sclerotinia
o

Hnolom,

0

O

Table 11. In vitro inhibition of Plant pathogen by Trichoderma isolates OK-1 on PDA media.

Plant Pathogen Inhibition ratio(%)
Botrytis cinerea(’jﬂmiﬂol‘ﬂ) 73.6
Rhizoctonia solani(Y 11" && 1) 82.0
Collectotrichum acutatum(e-= ) 81.5
Fusarium oxysporum(Al E2-1) 73.3

Sclerotinia sclerotiorum(z &}

51 ) 90.0
Fusarium graminearum(& &2

= 3olH) 65.0
Phytophthora cactorum(% %) 87.9
Phytophthora cambivora(<®) 68.5
Cylindrocarpon destructans(¥ 2] %] S-18) 78.0
Pleospora herbarum(v}= % nl&4H) 95.3
Pythium spp.(Pythium ) 81.4
Fusarium fujikuroi(Z] th&] ¥) 66.67
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Batrytis cineres | Riipowtinie ol Rbdroctoma saland
(Test) {Contrad| __{Test) {Controll
aF 1 - J

(A) Botrytis cinerea: Inhibition ratio 73.6% (B) Rhizoctonia solani : Inhbition ratio 82.0%

(C) Collectotrichum acutatum: Inhibition ratio 81.5% (D) Fusarium oxysporum: Inhibition ratio 73.3%

Fig. 30. Inhibition effect of Plant pathogen by Trichoderma sp.

1) EApgole] mx= Qakw7t

Trichoderma sp.2] F Aol wE @ol& & (Table. 12)NA] Hi= nle} o] A FollA FA
T Hlaste] ol o} Wolgo ojA €F3F e =4S 4 & & dAY. =S
(Fig. 3D)lA B vie} o] 3o} FUES A9 TA AAd o0+ Mol s Lo}
z7] Bij7t dojy= HAES HAE 4 =0, Trichoderma sp. AF oA = Foo 9

FTA9] ol A gle AR Uiy 7] IS 9 Ao QdojA EFUF 5% Ao
2 AaEATH

ol

-

S
yul

Table 12. Germination test of Lentil sprouts and Soybean sprouts by Trichoderma sp.

2days 3days 4days Sdays Final

Lentil Control 23% 90% 94% 94% 94%
Treat 40% 100% 100% 100% 100%

Soybean Control 32% 90% 95% 100% 100%
Treat 50% 100% 100% 100% 100%
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Fig. 31. Germination promotion effect of Lentil sprouts and Soybean sprouts by

Trichoderma sp. (Left : Lentil sprouts, Right : Soybean sprouts)

2) A5 S AY

i F S 25040, 5008, 1,0008] 3]Aste] o] A FElE ARG A, AAH R FA
gl ol Hla] WS EHE Hole AoE ZAEJOH, B3], 5008] 3 AA AA4FE L
A epEe] Aol QojA 7HE 3 AR ZAEJIT I, AGFEF ASode FAE

Y] 194% SFERE Holes HOoE ZALE I TH(Table 13).

Table 13. Plant promotion growth effect by isolates OK-1(Trichoderma sp.) on lettuce in

greenhouse.

. 1000 15.1bY 7.9b 12.1a 8.7a 11.4b 4.7a
Soaking
& Soil 500 15.9b 8.6b 13.9b 9.6b 14.0b 5.5b
drench 250 15.2b 7.7b 12,52 8.5 11.3b 438
Control 13.5a 6.7a 11.4a 7.9a 7.2a 4.2a

1) Mean values indicated by the same letter in a coloum did not differ significantly at the 5% level by DMRT.

3) Y A5 AF

Joje] Afel mAs 9FE A A, BT F 253 o|FHEH AFo] AFEHGeH, 3
T2} o] F5-E Controloll Bls| B52] 2folE Holr] AFstth HT 105 A= Foll= 129%
Az S HWE&S BIOoH, Fig 32014 HE npel o] Wolgo = tjzTo] uls] o
T e AdE Hola gl
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140
100 T—-"'""_'»
E 80
)
£ w0 ——Treat
il (ot 0|
N %
an? 4 781 &7 814 821 828 94 911 918 9/25
“ Test dateldays)
Fig. 32. Growth promotion effect of lawn Fig. 33. Growth promotion effect of Lawn by
(Kentucky bluegrass) Trichoderma sp.(Left : Control, Right : Treat)

4) e/ S A9

RO A& FHE AR 2, FAEF vE] A§HFNEAE E°1—t— Aoz zAH
on, AAFE =AY A3, FA ﬂ%ﬂ 122% ZFEAE Holx Z o2 ZAE AUTHTable
14., Fig. 34). =3, A8 A= LE o FAE SAdT 2 147%4 STEGE B
ol Ao ®E ZAE S TH(Table 15, Fig. 35).

Table 14. Young radish growth effect. Table 15. Potato growth effect.

Treat 97.3 122 Treat 345 147
Control 79.7 - Control 234 -

T b g

Fig. 34. Young radish test Fig. 35. Potato test
(Left : control, Right : Treat) (Left : control, Right : Treat)
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(2) Trichoderma sp. ¢ £ &3 Ag
(7} Trichoderma sp.& ©] &3 45 A&FHZ vX= &3 43

FFel AEE3 &RE ARG A, J4AY A, HA 2.8%((=4F, 5008 AT, Ha
17.8%(F-<1, 2508 A7) S71EIAE YeERAeH, GdF9 Afode HAA 14.9%(F, 500
vl AT, HA 284%(F, 2508 A F7tEFAE JEWRS. =3 G5 HA
9.6%(F-1, 5008 A 2lT), HIL 51.2%(=4h 2508) A2l F7FEHRE YERNNSH, 454
o A, HAA 154% (=4, 50081 AT, HA 31.3%((F-1, 25081 A2 STHEHE
et At AT Agode AdFEFToAA HA 453%(=4F, 50081 A 2] T), HIL 94.9%((F
o, 2508 AZH)Y F7FEAE UEHAL, AT A-de HA 3.9%((F=4E 5008] A 2
T), HI 31.0%((F1, 2508 A 2lF) S7tEAE BATE FEldols HA 7.4%(=2F, 5008] A
2, HAL 21.5%(F, 25080 A2 F7FEHE Hola UUT. BISHAIE AT A= 250
i, 5008) A FolA thAAESQ] dFo tiste] BlE F4do] UEhA e AR ZAES
o EYo fallds dolrry] Hdl, 2E, § 59 F 8 FES tFoR AAsden, 4
= s ZES AATH

Table 16. Effect of Leaf length on lettuce

F-o =4k
T& i
& (cm) A (%) A %H(cm) A (%)
5001 15.2bY 112.6 14.7a 102.8
250} 15.9b 117.8 16.5b 115.4
A8 T 13.5a 100.0 14.3a 100.0
F 1) 2L BA7EE 5% TeFEdA DMRT 23 Fo3 95
Table 17. Effect of Leaf width on lettuce.
an Fo =)
HZ(cm) A (%) A (cm) A (%)
50010 7.76Y 114.9 7.4b 117.5
2504} 8.6b 128.4 7.6b 120.6
A8 T 6.7a 100.0 6.3a 100.0
F 1) 2 BAEE 5%AoFFoA DMRT 23 493 9le.
Table 18. Effect of Leaf Number on lettuce.
AT A (%) AT A (%)
50040 12.5a" 109.6 10.9a 132.9
250 13.9b 121.9 12.4b 151.2
A8 11.4a 100.0 8.2a 100.0

F 1) 2 FAEE 5% FE A DMRT 2% §93 918
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Table 19. Effect of chlorophyll content on lettuce.

Fo =4k
=] AE A fg- Oﬂ%_/;: z‘g-at
T b 2] 55(%) h ° 2] 55(%)
(SPDA) (SPDA)
50080 19.0b" 126.7 18.0b 1154
2504} 19.7b 131.3 19.7b 126.3
AT 15.0a 100.0 15.6a 100.0
F 1) 2L A EE 5% frelFEod A DMRT 23 o3k gle.
Table 20. Effect of ground part weight on lettuce.
an o A
= A FEZF(2) A (%) A3 H-Z(g) A (%)
5001 11.3b" 156.9 10.9b 145.3
250uH 14.0b 194.4 13.1b 174.7
A2 7.2a 100.0 7.5a 100.0
F 1) 2L BAEE s%tdFEodA DMRT 23 §93F 9l
Table 21. Effect of underground part weight on lettuce.
- A &5 (g) A (%) A 3HEZ(g) A (%)
5004 4.8a" 114.3 5.3a 103.9
2504} 5.5b 131.0 6.4a 125.5
T 4.2a 100.0 5.1a 100.0
F 1) 22 A EE 5% relsEod A DMRT 23 F93F {15,
Table 22. Effect of Root length on lettuce.
Epe Fo =4k
- )4 ol (cm) A (%) e]Zd ol(cm) A (%)
5001H 8.5a" 107.6 8.7a 107.4
250uH 9.6b 121.5 9.4b 116.0
TA T 7.9a 100.0 8.1a 100.0
F 1) 22 BAEE 5% 7 aFolA DMRT 23 23 §la
Table 23. Damage grade
H] 3 4 =(0~5)
= H]
T 500 2500 -
Trichoderma sp. 0 0 H 3§l
Table 24. Soil harmful analysis
aE o == U T ol H] 4 T
2 3} ND ND ND ND ND <0.1 ND ND
7| A <300 <150 <5 <50 <2 <50 <5 <50
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(\h) Trichoderma sp.& ©]-&3%F A4 A&l VA= &3 49

Trichoderma sp. & *&l3t] A4t A3 a5 A 23, QAo 4R &S F
Al vt AA 27.5%(F4H, AR 46%(FH~50%(HN 7)), AdH-F 60%(H H)~75%(F 4
7. 4] AR S FA el vlste 2 15%(F4H)~16%(HZ), <27 19.6%
(NA)~20.7%(F4H), &5 12.5% (N H)~15.9%(F4h) S7HFA T Ao FEFddA = F-A 2Tl
HlSte] 2 8.7%(HA)~13.8%(F4H S7Fste A2 ZAE AT 19 A A, A dF A
aH7F A= olfre AFAHEE 3 AR ASEHRIF S AR FFHT, A9
o= HEo Kol FEjof FF/AVE L AEo|RZE, A3 WHORE HIh=

| & 2102 Ay "

oW, o

WY ot

]_

O

o

Table 25. Effect of ground part weight on Ginseng

AP A TE 74 %H(cm) 74 217 (mm) A 73S (@71 A)
—ap A2+ 5.1b 1.9b 0.8b
o FA 2] 4.0a" 1.3a 0.5a
o el 4.7b 1.8b 0.7b
~ AT 3.9a 1.2a 0.4a
F 1) 22 FAVEE 5% FsEo4 DMRT 234 93t 15
Table 26. Effect of underground part weight on Ginseng
s R T <7 (cm) %174 (mm) A 8- (g/ /N A)
Sy AT 17.9b 5.5b 4.5b
= B =
AT 15.5a 4.6a 4.0a
P A el 19.9b 6.4b 5.1b
- FAE T 17.1a" 5.3a 4.4a
F 1) e BANEE s%Fe 54 DMRT 27 #93 §e.
Table 27. Effect of yield on Ginseng
AN A T& T & g/ZhH” T FA (%)
_ A2+ 365.1b 113.8
i A 2] 320.8a 100.0
o A 2T 379.1b 108.7
- FAE T 348.7a" 100.0

e EA = 5%l oA DMRT 23 #93 ¢la
v FEANA ] Uk 3

(th) Trichoderma sp.& °©]-&3% Xtjo] m|X&= &3 A3
1) Inhibition Zone(A A ) Ald (AUu] FAIH)
Inhibition Zone A& A3}, Trichoderma sp. * 2] 7ol 4] FAMY S A & 3}+= Rhizoctonia solani

AG2-2(IV) (Large patch), Sclerotinia homoeocarpa (Dollar spot)¢} Pythium spp.(Pythium)el| T3}
Tl Z2F 79.23%, 65.10%%}F 81.43%= =9k o1} Rhizoctoniasolani AG1-1(Brown patch)©l
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A e 38.04%= WA YUEFSTHFig. 36, Table 28.).

Trichoderma sp. HzTFCESAET)

Rhizoctonia solani
AG2-2(IV)
(Large patch)

Rhizoctonia
solani AGI-1
(Brown patch)

Sclerotinia
homoeocarpa
(Dollar spot)

Pythium spp.
(Pythium)

SAZZ A 64%

Fig. 36. Inhibition Zone
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Table 28. Inhibition effect of Lawn Plant pathogen by Trichoderma sp
(Inhibition rate : %)

A2
Trichoderma sp. tzF(F AT
Had
1) )]
Rhizoctonia solani AG2-2(IV) 87.70 °L76
70.00 40.00
(Large patch) 80.00 31.43
mean 59.43 41.06
Rhizoctonia solani AG1-1 34.12 0.0
41.18 0.00
(Brown patch) 38.82 0.00
mean 38.04 0.00
Sclerotinia homoeocarpa 63.53 3882
65.89 4941
(Dollar spot) 65.89 45.88
mean 65.10 44.70
] 82.86 72.86
Pythium spp.

Yy ‘ Pp 81.43 75.71
(Pythium) 80.00 70.00
mean 81.43 72.86

F 1) FAZTFE] BEE] 100%L W SAIAA S} =72 WA e F4ky

2) EAFIY ] AF2A B Large patch A A D (EZZA )

Y AGEFE A& H(shoot) 2t A &FF-(runner, root) 2 WO A=TS AR A3, AT 2
NA FAKGZ] 633gm’=E M Bk, =, T A= AT 2004 363gm’E 7H
=k B g AT 13 Mg 2004 b7 87, 88g/m’E =Y TH(Table 29, Fig. 37). %A
Aoz HokS wl, AT ¥l AT 18 Aole 30% ol SFaArt BAsR o,
AT 29 AN E 61%] FF EAHE Holv AR ZAFHAH

&
&

Table 29. Lawn ground and undergroud part dry weight
(F9 : gmd)

AT AT 1 A2 2 =& oF 7

Shoot 162 179 183 172

Runner 198 244 363 196

Root 32 87 88 22
Total 392 511 633 390
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Fig. 37. Lawn(A: FA 2+, B: AT 1, C:

AT 2, D2 F T

4 Large patch ¥o] THASIE =zt o] F2 A o) 2] Trichoderma sp.o] A & F
g

AT hx(FehHTE ¥l
T 29 ASd=

o A

E Ael e A g A9 gl
= 1FY Ao 28 A AdE sk T Ao H
Aoz zAHYCH, AAHoR FAE UH ATl

e Aoz ZAEAG. A
g 95 Hols
Large patch Wl thdt &37F 9}

* g A4 AT dFd e A5L JELE 42

Fig. 38. Test result of Large patch control

A : FAHIT, B :

AEF 1, C:
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A2 T 2, D : E=FFT)

£ AOR AFATE whek, AXE 7170E 28] oo & Aol et wFe At
A o7 ®Welth
Table 30. Occur rate of Large patch
G R
T A€ AT 1 AT 2 SIS e
13 32.23a" 15.86b 10.50b 8.55b
22k 52.40a 8.28b 5.89b 0.00c
3zt 80.20a 2.73b 0.80c 0.00c
F 1) 2e EAYE 5% sFE M DMRT 23 foa g2




[1xhd =

<ANAF-ZA> (A7 A2 B BEFAEA] Bl 8A1E nAeA i 2 28 A
78 | a= AFALY BE | ATFAL &

FEUNES ET 43 AL AEANAY £ AMS 4F AL AL F1§ UNE
AA AL % 3}

A 19A : fevIAES AW 4 EndA

. &9 uAE 284 AA O & MAEY A% 2 44 71323

N
Jo

& A E AAFEZ 19 A4

O #&o A% AHE} vlw
3. F8& MAEY ENG 2 H4A Hok"“ﬂﬂ T 24, B, HF 5 24
0 7‘431“1 AL3HFA Al 5
4. AAEZ o] A43t= siderophore A7 eo] A4Sk siderophoree] §4 9
o EA 79 - CASHIA| & ©] 83} hallo zoneA &l
ol A EX—]
5. f8 RS B O & MaEs]

- 16s tDNA &4 3} NCBI Hlnl &
AEHAY ESAE 7Y AFS A = nAEAA A L 4938

A 9012 -
a= ATEA & HAES {‘j‘%} 2 Agdd
12 78 uAEY A% 9 4334 A4
1. 80y Ee A w2 4344 44 O 22t f& vAEY] A 9 d3gg HAA
- Hﬂ%"* VA EF g X8 gste] A3 AR
O & "AEY A
o o] A2 o] XX
2. 8 mAEEe] $4 - 16s tDNA 54 oP@l NCBI ®la 54
3. Essential oil®] &3 #AA O Essential oil®] &3 #HAA
A2GA - wlA] HAHs D AA S AT
0 FEE9 &4
O #AFEE A
o e 53
- B BAEE ol8% HAFEE 4
_ o O ZT23a FHA wg =4
298 H ° 3l 1
1. 283 Fa=zore] HAs A+ S B AaY, 2% PhES i Hjj oF

st
O 48 BEZGL) oA HHE AP
N et B R R A
O Siderophore A& A+
- CASHIA & O]%O]'OE] hallo zone’3 A &<l

AARIA> (AP AFAA =l A

TE | A= AFMNLY & AFALY W&
O Y FEA FEES HHZAFT A5EY HE
i 1. ek FEA g A - Microplate well FZ2E&3HS D A, A5
L 012 3k B4
b 2. AdrE ME HAe &35 =0 4 O Adtd TAAFFFole HFIVIMEE, FFFFolY
g8 Wy A4 AN BAAE EdxA AR 2@ A%
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<AIBAF-A> (FAE: ESFHE A vAAEAA AT L 4GS
TE|9x AFNEe] B AT W&
O AH(ZAEE 10°5 cfu/mlon} =70 EAxA
) 1. Trichoderma sp.2] A2, vlFed EA | © oFs IF %(EM:TJ 49 ) 2 A= =4}
Mo 24 o AL Bajel, AERAwel g A
b 2. Trichoderma sp.2] &3 #HZ (60% ©]’d) Ak
O AEASEZ (A, AR AAdo]) o7 =4
XA E]
<A 1AF-ZA> (FAE: 228457 9 EGHAA] W) WAlS vEA A 2 &8 A
TE|9x AT B8 AT W&
FEUAES 883 Z4F AL FAEAMAY B AATG 4F JLFEY A4 AL uAEAA
M 2 4dst
A 2GA WA HAHE L A AF AT
=T o T,?i_/H
I A8 Bazo|Me] HHI AT i
o Ao 53
o Eex3 HF wY¥ =7
O 48%H FEXGL) N9 HHs A+
O Siderophore A =4
13 s B 5 gRoE A
2. & HaxNAY HAE AT o #AFEE =4
0 TEW ¥E 34
O 300L % 2500L ®rExolAe] A3t
A 3GA - AAE A A O HAE A AT
A 4GA B AE TAALY
jg 2013 o AE ASEZ 2y = HA
= 1L FE A5E0 59 =4 4A - AabEFo] wjkd e #F A gt AS
&3 523 HA
O EYNH 53 TAAA
2. EYNHES TAHA - AdEFe g X ste A A
3lo] BEoFRA
AEHYAN EYAYE #75Y A4S A = vAEAA AL € 493
A2 A AR HAHE L ARG AT
1 &% gz 3 AF o #ATE =4
0 EEY ¥E =4
O 300L/2,500L & Zxo|Ae] A3 A
A3EA - M AE A F AA AT
1. UAE kFH AA A
Essential oil¥ &2 £8& 3744 Essential oil¥} F&¢9 & E344HA
<A 2 AFFGA>l A MLE AdFdA FHule] EddgA Bl JA &3 2 J5zg HE
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<A2AF-ZA> (FAE: AsHA FHH) 7R

T8 | A AFNEe B A77Eel g
} § § N o AddE MHFAA A=A AAF (ELs
A ars] Eny L= A& o] MHE=A H - ’
1 I 1) ‘—ILTXﬂ *lﬁ-/] L'é‘ﬁxﬂg} ]§]' E]H]ﬁ]-, Vermicompostxﬂi)
O EY B4 23 52 B3 Ay x4y
%ol A3 Edxd A
2. A0E A% WA 225 - EdpH, EFERLE A
O M AF71AARAAES] A
-5 T FAAE o8 ELAA A=
O AAMIE HFAETY TARER| EF A
. . R REEY
L:‘LL_ 2013 | 3. 27 A AA el &% vl& oA gquﬂgu], AZAA0YEA =3d) &

4. EFAAE o] & FAANEH

pal =

WA g A

5.<Al 1 ARFA>A ARE EFddA e

WA w A E AAY A
A=

oA &t

O<ANAFEIA>NA AR EFAAY P
A AR AAe] AEeA & 9 A4S
48 AE

- EGRAGHS PATIREAS HFiA
el A5 aIAA

<AIBMFE-IZA> (FAE: B HA nAAEAA AL D A3
TH | 9= AN 23 A7 W&
5 : Ttz YA 24, WiFEa 8
23 1. Trichoderma sp.] =32} 44, Trichoderma sp.°] 8 ;11%}9] ;_xg Ozué 2 xﬂ]% zgxg% 4
2013  AZs A -
d= = plAEalo] Alw T o (E#4, A4 %)
2. O vAETe FsAA 79 O T2 nAET EEAL0 D oH A3
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BRI =]

<A TAFZA> (A A=A EE 5 B8] BAlE vdEA AT B 28 AT

AT 2E AT e
TE NS s anaEe 28T 2F AL FEANAL B2 ANH 2F ALLES AL A& OAEA
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