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SUMMARY

To develop biological control agents for the control of root—knot nematodes, the
project investigated three research subjects. They were 1) isolation, identification and
selection of predatory fungi, 2) mass production and formulation of predatory fungi, 3)
evaluation of predatory fungi formulations in greenhouse and field for the control of
root—knot nematodes, and increase their efficacy.

Different predatory fungi were isolated in different efficacy by different isolation
media. Cystopage sp. and Monacrosporium sp. were mainly isolated from water agar
and A. oligospora, A. conoides and A. dactyloides were mainly isolated from CMA.
About two time more network forming predatory fungi were isolated from CMA than
water agar.

When three media were compared for their isolation efficacy, Milk agar
Reynold's Medium @ CMA was 54% : 84% : 53%. Reynold's Medium without
antibiotics had the highest isolation efficacy among the three media. When free—living
nematode, Rhabditis sp. were artificially inoculated at the center of isolation media,
predatory fungi detected in less than 6 days, two times faster than normal method.

The newly developed dilution plate method could detect predatory fungi from
soil as little as 10mg. Pesticides, 2ppm of dichlorvos or 20ppm of tebufenpyrad 20ppm
could inhibit Rhizoglyphus sp. and Enchytraeid in isolation media. The improved
isolation method are 1) add 380ml of water to 20g of soil and mix well for one min. 2)
take four drops of 0.2ml(10mg) and place it on to the Reynold's medium in equally
spaced locations, 3) add about 500 Rhabditis sp. per dish. The new method resulted
more chance of detection of slow growing species of predatory fungi which was not
possible isolated before with normal method. During the study, we isolated and
reported two unrecorded species, Arthrobotrys amerospora(Kim et al., 2006), Dactyiella
pseudoclavata(Kim et al., 2007), and a new species Monacrosporium ullum n. sp.

Predatory fungi in soil should endure in the presence of high carbon dioxide,



soil bacteria, and low or high soil temperatures conditions. We tried to select predatory
fungi which show high predacity despite of 1) high carbon dioxide concentration, 2)
presence of soil Pseudomonas sp., 3) low or high temperatures conditions.

To develop an inexpensive medium for the mass production of predatory
fungi, various carbon and nitrogen sources were evaluated. Predatory fungi utilizes a
wide range of carbon and nitrogen sources. Arthrobotrys oligospora utilized most of
carbon sources, Arthrobotrys musiformis grew better in malto dextrin, and Dactylella
pseudoclavata utilized both malto dextrin and sucrose. As a nitrogen sources, yeast
extract was selected. Liquid fermentation system containing 6.0g/L malto dextrin and
3.0g/L vyeast extract was proposed and obtained approx. 1.7g mycelium/liter of
medium in 50 hr.

Predatory fungi grew and sporulated well on vermiculate—starch formulation
because it has many pores and was easy of controlling moisture. When
vermiculate—starch formulation was mixed with bentonite, predatory fungi grew well but
they become sticky and clustered and hard to handle. All formulations,
vermiculate—starch  formulation, sodium alginate matrix formulation, BIODAC®
formulation, pregelatinized starch stabilizer formulation, organic formulation(rice, wheat)
controlled root—knot nematodes when tested in lab and in greenhouse. Kaolin 10% was
added to pregelatinized starch stabilizer formulation to improved handling.

In a long—term storage test, pregelatinized starch stabilizer formulation of six
species of predatory fungi dropped their wviability over 90% within 30 days and
completely dead within two months when stored at 25°C. When formulation was stored
at 5C, it survived as long as four months.

During the series of greenhouse tests, /solate F4, Isolate F5 fungi were
selected. These fungi controlled root—knot nematodes as much as 70—90% when treated
1-2%(w/w) formulations in soil. When treatment amount increased, control efficacy
increased and the reverse is also true. Formulation treatments were the most effective

when treated 7—10 days before—planting than at—planting treatment or after—planting



treatment. Among the formulations, organic formulation(rice, wheat) controlled
root—knot nematodes better than pregelatinized starch stabilizer formulation.

When formulations of Isolate F4S} Isolate F5 were tested in microplot and in
field with cucumber, pepper, oriental melon, the treatment significantly increased plant
height, plant weight, and yield. Especially, yields increased over 20% from all three
crops tested; but root—knot nematode population density was high in fungi treated soil.
The possible reason is that fungi formulation killed nematodes in soil so plant escaped
nematode infection in an early growing season, and grew better. Later in the season,
the nematodes could produce more eggs in fungus treated plots because those roots
grew better and provides more nutrients to the nematodes.

Over 95% of root—knot nematodes were distributed with in soil depth of 25cm.
Therefore, formulations should be treated to the depth of 25cm. When 1% formulation
is treated to the soil depth of 25cm in a 1000m’ field, it requires approx. 2.5ton of
formulations.

The effects of biological and chemical soil factors on the distribution of
nematophagous fungi were evaluated. Total fungal population densities including
nematophagous fungi, Cystopage sp. and Harposporium sp. were more abundant in the
plots with lower total bacteria population densities. pH appears to be one of the most
important elements determining the presence of nematophagous fungi in soil. According
to correlation analysis, Ca and Mg contents in soil and population densities of
Tylenchorhynchus sp., saprophytic nematodes, actinomycetes, and bacteria were
positively correlated with pH, but were negatively correlated with fungal population
densities.

To enhance efficacy of formulations, several treatments, addition of free—living
nematodes into soil, provide oxygen, CaO:, and carbon dioxide were tested. CaOq
treatment increased number of eggs and juveniles in soil. Oxygen and carbon dioxide
treatment showed contradictory results or no enhancement.

During the three vyears of study in greenhouses and in fields, selected



predatory fungi, /solate F4 and Isolate F5 increased plant growth and fruit yield over
20%. 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.
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AL Sl eHg Al HA mAES o] &ste AESHA WA S ol&st= o] M &

4
HAolel & 4 glont AAl Fu) W ool A AMHeR AFS WAL 5 Ax WA

AS5S Fol=  +¥Fol(nematophagous fungi)= AA 7] =50l

(endoparasitic fungi)9} E 2 A2 o] (Predacious fungi)E s & gded, 1) #A 715
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HAstE =27E EAATFo|gtm sty EAAT5H o]

predacious fungi =& nematode trapping—fungigl F21, BN E A E £ HiftE,
STl A= flfaw, ol e iAW = fEeldta FETH

AR FFol s ATozZHFE o 1459 A 55U Freseniusol 9 3lA]

=5 F AF7hA 104 ¢F 15099F0] <A =)

ol T2 Eddafel 2IHY RH TS & Aoy geiA Aok A

oAM=

[e)
e

Bl 72 Pleurotus ostreatuss 30| 8-S, Pleurotus tuberregium-s-
3

Ir

At ol

oZ:

A3 3le] (Hibbett et al., 1994) XAES Fo|W, Nematoctonus® &A=

afl

A+t (Basidiomycetes) 5 9] Hohenbuehelia(Barron, 1977)01W, Arthrobotrys® A A

rr

Hl7 7} (discomycetes) 21 Orbilia(Pfister, 1994)0]t}. EAdATHF
Monacrosporium(= Dactylella) lysipagum® &AM t= of2] e x]#] o, AL 29t
Atelel  woronin body7b EAFOEA At F(Ascomycetes) il AZpE o] XAl At}
(Wimber, 1983).

Woronin(1870)- o] #Fo|7} & Rge] ¥4 7|3e TS dFssla,
Zopf(1888)= AFol o] Lzo #3e Agoz &Y. L IAd = dFel &84
o2 a8 A o2 A7E3l oy Drechsler(1933a, 1933b)el] &) ate] 3%

&9 EAste] & Al Nordbring—Herts(1972) = ©] 23S AAdn|F oz G319
on, Tunlid(1992)= o] =25 e or 243530tk AdFo] el 2o 73]

AE TA7 DY HAEo EH Alo] 9] lectin—carbohydrate A& A8 (Tunlid et al., 1992)
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2713 gow ZAZ|F B lectino] A AAIL £o] &

EulEH E27]3 9159 fibrillar polymers R =7}

]_
=ol x5l A AYE o] MEo] BA @t 1 ¥ xA|BoRIRE o EH gwmz
t}

=]
) A7 BH|Eo] HE=S =o]A Hvh(Persson & Friman, 1993; Tunlid et al., 1992).
A7 1Y lectine AT 2L Fgo] e Aol 36 kDagl Bk A (dimeric

glycoprotein)©] 3 pH 6.59| 4 isoelectric pointZ 7}A ™ 3217]9] o}n|=ALS Q).
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o] &, AYo] FZEE(Commandon & de Fonbrune, 1938), yeast extract, ammonium

carbonate, ZZF$ 27| A HE T H& E 1-29% JdEIdF HFo] LdHA U+

(Soprunov, 1958). o]# 3t &4 X273 A g3+= 100°ColA] 10% A= #olH §lo
A2 FE 2 A& Abgslolof dtttal 39, Pramer & Stoll(1959)8 o] &S ‘Nemin’
o2 gyt ‘Nemin'e] F+F2E B3]7] 98] o= T/ @4, peptides, oF] =4t

S Al¥3% A3}, valine, leucine, isoleucines°] @37} e, D— L- leucine 0.01
mg/ml &-& valyl peptides(Nordbring—Hertz, 1973)7} 7F& &37} £k}

S A5 1 vk 29 AL F4 1 emdll £E7)HS 95 S Qdoia s, A
< 100,000 viele] FE=& o]&ate] A
27 Yerstl.  Monacrosporium cionopagume 10°° A Mo, M. bembicodes= 10* 3
AN, M. drechsleri= 1072 3|2 Mo z}zt ulL-S
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2 gk Edo] thE Aol
Fsgolo] goF AEIE EA T Ao A BAst=dl A dactyiloidess= WA

of gFtol F=53 ul, A conoides ©AFA7F BE W (10%), B BS EA7|HS W
o ¥ A anchonia®l XAE ATo] = HAAA T 2441 U] Wolste] EUHHE ThE

Egels @ab7tse] s



AFEs ol FEHe  AsEoth ste  wdoldl  Gonimochaete
horridula(Oomycetes)ol| FaE3AS A=, HF0lY A AF & <okl 50%7HA
HA o] o A3 Eoltbdth(Drechsler, 1946). 28} A&z A Z3o|Ql Arthrobotrys
oligosporay Nematoctonus haptocladus® 73 7d5-ol+= dAF WHEZ HA 7= A9
o] ==1t}H(Giuma & Cooke, 1971). o]83 A2 n)F o] %
A T e HAVF BHETs F50] Zhs st

FHEALE7MIE 7 A dactyloides 8019 AA| vjgFHol= FRUoLRFO HA4
7V E8kE ] Ql=d v 9-114Ao FH X &S H(Balan & Gerber, 1972). 184
A. oligospora®l 7% AA M FA oIy FAF FEEANE 47 e, EA 7l g3l
A% At 5427 EASAT.  Nematoctonus haptocladus®) 735-9l= #HAF FEE7

|

A ool mFo] B BAol EgEe]l YltEl, S BAL Gy elF} ok

o
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o
oj\

KN
=

AN

. oleld AR o] mAYTRole] A Bu] el AV HQE, Ax EA
99t

Dactylaria parvispora®] ¥]Fo]afNo| 2]t &5 25 alpha—pyrone ring

A arsgolQl Dactylaria 2= Arthrobotrys25-8 st EZo] g, =A

I} gamma—pyrone ringS 7FA AS dactylfungins A 9 BE WHEHN oW Arthrobotrys
oligosporaz -8l FAEAS Eg, A, 5439 oligosporol A, oligosporol Bt =
ATy, T Arthrobotrys oligosporaZi-¥] 3714 4l dAEHo] HALYEY 1 TFFRE
4' 5'—dihydro—oligosporon, hydroxyoligosporon, 10',11'—epoxyoligosporon$i th(Anderson et

al.,, 1995). = 9 WH 718 FFo| Harposporium, Meria, Paecilomyces, Verticillium
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937\ Linford(1937)°l ¢]3}o]

E9] 9, 58 ZA gt Edol Wi, EduA

o] A EAAGFFole e WsE HFSGTE 2Vl fU1EY] HUER QlE 74

AAFe dwrt e FA FFeaL, 1§ o] AFES XA s A EElY

Dert S7he s, S7hE ATl 5 FAAASTE ol VA HAF AR X
Hr} o] srolxt

5% Linford 5-&(Linford et al., 1938, 1939) ¥4 % o], A.

o,
vy
rot
i
i
=2
k1

oligospora, A. musiformis, Monacrosporium thaumasium, M. ellipsosporum® ¥:AE 2

A B A=, ddds @ AF 8A a9 A e o & Z2AE 9
&5 & gAEE Heg B4R 2435 dA+=t, Duddington(1962)el ojahd dwhA]
o FAYEFole xAE B BAS Arol= 719 a3 la, B2 4] wUlE
ojuf HHIE o] WS AFol= &IUE dvkal itk

AH o7 Eoko] A& FFole IAE 2xot Fhvt HIstelx wolstA] o
o, o] A& fungistasis ®Wi-o]tH(Dobbs & Hinson, 1953). A RE EYd s #8449
2 o oA Edo] EAEAL =l (Mankau, 1962), A3l ©fstd 1559 X232

olF A. musiformise AL¢t 14 EFU A dAY] A D dolrt A= ATk o]
gt A2 Bol EfuUloA EAFFole AAHL ofF vrom xzto] Q19 HFo

o 1 MRS FANIE A5 Ao Azhdd

HhHe] A Fge] T 2 F2 AE Fgowr AEIHIIE =
Arthrobotrys robustaZs o|-&3r WA 7|3 Ditylenchus myceliophagus *$AS ¢33+ Al

& ‘Royal 300°, A. irregularisE ©]&3F =45 WAL AE, 'Royal 350°5°] ATt
(Cayrol, 1983). Royal 350% ©]&3&lo] EntE BglE A% WA AlFS 39S 1,

pH7} &%, EYY f7IEc] AS+S airt =othal 3130w (Pelagatti & Pic
1990), #H< R—350S 7Nt "T-350" o]-&3ato] 719 Uiol A e Sa

% ul—xﬂ }\]6 % Al
A A3}, 7ol 3 UF o Y] 600kgy} 'T—-350" 1kgS AHZt3ie o, ¥ SAF

Nnr



o] =7k A2t (Cayrol et al, 1991). o] AF A A7 FE AF £5
A= A ] Uil AEdo] He= AFY Loy 4RSS AH 34

A A Z57o] (egg parasitic fungi)E°] F7F I3 Qth(Kerry, 1980; Kim & Riggs, 1992;
Sayre, 1986).

E A2l At A4 BB INAES TAYELIE ol Gate] BAIs

=0l AE oARE A A3 107 8, 9v Ao} om, o] FFolEL AF £
#HaEo Q= & 7NBAEF, Ostertagia ostertagi, fra5= 3 85%(61—93%) "Alslsdch
2ole ¢ % T UE V5SS oz ste Hzgk Ag o] AAxa 9tk(Larsen et al

T EAAG Tl AFHARE oF 200fdo R =) 150l Bls) Wi #
A2 =l e ofebH, s A AT = 1981 EREHIAT  F#E], 593, o
385 (Yoo et al,, 1981)2 A7I% AXT AEF T ibdolA AFS Ao 2
1Mo 2 Bg3de] Six strains of Arthrobotrys sp., three strains of Harposporium sp.=
23 eh 1981d Hart I HSolgts A ZARE, 1982 W "3 HAl A )
(page 123—125)" 1§ 3 -2l yetolli= ob4 A7k el ar slvfaskivk (o] A<, 1982).
1% 1984 W 5(1984) 2] “Arthrobotrys conoidesol 21¥ A g o] AxE

n A Ao A AT gl o] T ol AS e, 1987 Ar A (1987)9] AAF &9
=8 BFEAI A A arthrobotryoides, A. oligospora, Dactylella lobata,
Monacrosporium ellipsosporum’s 4%€°] 7]E% At 1 % A dactyloides, A.

brochopaga(3t3v%. 1990), M. cionopagum, M. gephyropagum(ZAAQ%E, 1992),
M(=Arthrobotrys). thaumasium(¥+A2%S %, 1993), A. vermicola(Kim et al., 1997)% 2] o]&
o] Yeh}, Al ZFWole E 6F9 Arthrobotrys, 5=9 Monacrosporium 5 & 11%9]
EAwFe7E vk 2y BY FES 4, 54 Fol A5 7|EHA ol A&l

dostth. H3qF 5(1988) AnA T (1988, 1993) XA dolE o]&ate] HAF A



AdE AAESI T
Syt SAZ Bo] Ay ol F =il Arthrobotrys, Dactylella,
X

Monacrosporiums & 24%9 A FFHol7 B HJL0 2 (Liu et al., 1992), ZUH =
=

H B2 Fo 2Tl AAstaL e Aer AzET, & A 10d7 A AAA

o= oF 2109 EAAFFe] B m=Eko] LRHUJSH(CAB) Fuldl= 25 §ate oA
ojtf. olF o AR & w sl EAAEE] Ay vRE AT EoFRA Fh

Sl AT ARI} BE Aot

28 A7ALY B4
Sl AAA A el = S et dtew RS AT T HAEEC] 50% ool

w 5o olste] vhd oF 3009 9 ol 44E 7bAesm th(Kim et al, 2001;
Mow ¥
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n| Y25 kS Niche market® A9 Fekoz WAz} ol E WHelES o=
dtojol JLF AF JlsAlo] e, olEldt o|EX Trichoderma spp.©l-& 3¢ Rhizoctonia
solani, Sclerotium rolfsii, Phytophthora capsici®t Pythium spp.2l YWAl9t Pseudomonas
fluorescenss ©| 83 Gaeumannomyces graminis €% Pythium®| |8t AlGHF9- HAEH
of Al & EF At 2HE=RE EY A Fs 7P BATE o AF HAE 9

g AEsefe] M2 dork AEd hedo] vl w2 wofolth
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A=A 2 NdE AEAUAAZE = Abbotoll = Myrothecium verrucaria Y%

ML o] &3 FAWEAL DiTerattes AIEE AFFs9 1, v ZE2thiAes +8E7)
Ao g AF7HA] AdFujFo]l B3R Y Pasteuria penetranss EY¥ Al

Enterobacter cloacae®} Ao wlgdto g gz AFste] EFE 52 Zoln, =

o M= Paecilomyces linacinuss ©]-83Fo] ‘Soybean Root Bio—Protectant'E A§4bshar
Atk EAAFFO] FoME Arthrobotrys robustas ©1-&3 WA VIWXZ, Dityvienchus
myceliophagus WAE 93 AE Royal 300, A. irregularisE ©] &3 B E = A&
A%, 'Royal 350°%50°] v}, T e AA = Paecilomyces linacinuss ©]-&38Fo], dE
AeE Monacrosporium  spp., Pasteuria  penetranss o]-g&-3}o], o o A=
Pochonia(=Verticillium) chlamydosporiums ©|-&3ste] Z+zy  MZE WAAES AAista )
=3

A&7 AET A B3t e AR A HA=SAAEe] Il Al

Bol sl oy A vAzstor SEEA ggen 1 AT ade] tisi=

nAEEeE Y, AEsetr] A A StelM AT AEHEveRe
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A9 dAo=m= FEY], Sofl, Aat, 2AAFF], 7= & B TF
7} e A 9l ow FE2AA o] (Predatory fungi or Trapping fungi)® F#7F thslar o
2k ol Hjoko] fo|dk HHo| Qal, Pasteuria penetrans, Pochonia chlamydosporium
< A2V FY WiE JFste] AT e e @A 7IAY AR S HEE
2 &2 3o A w0 205 AEEFo® dASHARE 19921d UN 747
3] gl A olF AAAem eks ok AHRS Eolele FAVE FREAAL e
Ao A, 2wzt g AAe wAE S dinjg s mAEseF e e ol
oS AALL ek AAA SR S5E AEFF 276015 Tl ASATF 172F(62%), 2

A} 492 (18%), AXAZA7}Y 42 (1.4%), AZA7F 16F(6%), 2% BA=2A71¢ 7€

=

A FA R JNetE AF o 2= Abbotdll A= Myrothecium verrucaria Wi NS
o]-&3t FAEHS DiTeratts FiEE AFstsi i, v= ZZ2tiidA e cEE7|AH L
2 AF7HA dgafel E7VEsSlY Pasteuria penetranss EF MtQl Enterobacter
cloacae$t Aol WSO mA thEFSA ] gt 5= 1w, FodAe

Paecilomyces linacinusE ©]83F2] ‘Soybean Root Bio—Protectant'E AAFstx gitl. =

iy
tfu
o

=
3

A Fggol  FoME= Arthrobotrys robustaZE ol &3+ WA ZABAMZE Ditylenchus
myceliophagus WAE 3+ AF ‘Royal 300°, A. irregularisE ©]-&3F o= xE A&
A%, 'Royal 350°%50°] v}, T e AA = Paecilomyces linacinuss ©]-&38Fo], dE
e Monacrosporium  spp.,  Pasteuria  penetranse o] &3}, AT M=
Pochonia(=Verticillium) chlamydosporium<s ©1-&3te 247 AF WAAE Aiksta 9l
=3

A7t A A=7184F9] il F2 AAFAE ol &3t WAE st 1Y
| 2743 A
gk nmg o Qlate] H7|Hel wat, AE7IBATe] dAel digk A7F EAF R A
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A 20 w9 B2 FREC ddEA dou, T UEA ASS
Paecilomyces linacinus, Pochonia (=Verticillium) chlamydosporium, Lecanicillium
(=Verticillium) lacanii, Hirsutella spp., Dactylella oviparasitica, ARF1S, Fusarium spp.,
Pasteuria spp., Bacillus spp., E2AA T Fo|5HF, AEZHAAAEF(PGPR) Soltf. HL9 A
T AA AT TR AT A5l He Ay dolu dAE AA T8k V1w
s

ol (egg parasitic fungi) A77F F7F il Jd=dl, o= ARNEREHLFT @50

-z

A8 3Lol M Pochonia( =Verticillium) chlamydosporium™ Nematophthora gynophilaZS Wt
Astlar, w=el s 3 Foll ofdte] FMEELAT 7]A¥e= ARF18(Kim and Riggs,
1991), Jaffee 52(1993) E5ol YT 2 E Dactylella oviparasitica 55 27 A3
Atk

71 9] Aspergillus, Trichoderma, Penicillium SoNA F&H oAe F= A7
7} Ao, Chaetomium globosume %2 H3F S9A, #+ (Mycorrhizal fungi)< 2
E3 FARA e rod wgolR AEs BEESH star dAeA e 9Es g
t}.

of WA=s FiaF ALsH] fete] dAHE Fo vA=EE TSt

Zﬂl
ol 7 Tasttt. el dAMA
2 A= 7T Hol S AAnAAES Bl A4 Agstd

Wl geol 1 Fastian 54

WS A A7)
A B o] AH AR

.

o
o=
Py
JE
o
H
o,

-
2
oft
oy

A
gate Aol Wl Fodd, Hg WHoezs F7]% Ag(Linford and Yap, 1939;
Duddington et al., 1956; ), @AY 225 E<gdl 24 A2 (Mankau, 1961), F71&3
A S A1olA A 2] (Duddington et al., 1956; Ham and Wilkins, 1961; Mankau, 1961,
1962), MJAYES FAbol| A2 (Oostendorp and Sikora, 1989), 1g]al §7] & 7] B4
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fiju

o] &3t v A= AAst WH Fo] Uti(Lackey et al., 1993; Meyer, 1994).

Mankau(1961)<= 2] S5 WAl E24dw30le] dAMAE A7 o] &38t7| %= st
1, Qostendorp and Sikora(1989)+ rhizobacteria® ©]&3s}o] &2 x g & A LEst).
drtd o FAAg = EFA Y v mayrt vow, dAAE AR o] &ste A2 EY
©] Fungistasis® ¢Qlato] m¥p7F Wojxith, FHToll= A mAEY ESU 245 T34
7171 flstel oA 74HA {71 2 7] FAAE o] &3 nAE AAS AFEe] s
A=Hl, alginate &= ©-&3 pelletdt A77F A o), #F] S whet A gl
Aol S&3te] ZA| 5= B, sodium alginate A A3, G| < 10% TF2E 55
o]-&3t7] %= At

AT7HA ASAel ol g AA= AA g R vbAA s Skl vdEE

mlo

S A AZEE Alginate—clay pellet & TAFA], v ol =4 o]-&,

a
s Ad, S 7 R AA wieF, S FA, Alginate 7FF ©]

ofo
Sy
o
o
O

= BAS] 98 mbolauy, 1994del= o
Ampelomyces quisqualis = 8] £F9 Z3 nYyEESo] /MLEo] A=k 2000
M EEoFY] FERAIAHY B 7ol Al wet su HE mAEEcfo] (F)1d
SHEEEEHF) oA 7TFY FEol
=xglon, 71E9] stehs ool wet 5% Bt 7/ F&5ol FUFE AAZHAT. 1 5
L AETdoRE FFHA FUAT T, A mHUF v dHA e vAEAS(E
AR T5)I} FEEATOFLAGHER $F)o] AF3}F Ho o 500749
SIAPRAE oF 1007 Aro F&ol M= HREE 5, dvjE il v
U A E 592 Niche market® @A) FoFoz WA7E o] HFS Udoz

stojof S AdF ThsAdel =24, oyt d2XA Trichoderma spp.©1-&3 Rhizoctonia

ojf



solani, Sclerotium rolfsii, Phytophthora capsici®t Pythium spp. 2] WA} Pseudomonas
fluorescenss ©| 83t Gaeumannomyces graminis ¢ Pythiumo| <3t AlgH$ zE4H
o] Al 55 EF Atk 2HEER EF A ses 7PE BATE olgl A HAE A
S A=sY MEe dorx A3 ThsAol mg =& Fofolth

Tell A AFol #ek A=A A A4-FAE 200/ d 0%
T EEe 19819 HRFHAY 33 5(1981)2 A% AET AES T AshelA

H7|Ho s E3te] Arthrobotrys 6%, Harposporium 35S H 113}

r>~
[0 oy
o
o,
jubad
™
L)
S
N

o A FHellE= T 659 Arthrobotrys, 59 Monacrosporium 5 % 1159 ¥4
ggel7h elom 33915 (1988) AM S (1988, 1993) X4 Fol & o] &3ate] A&
B AdS AAsie Ad 10d3E A AR R ofF 2,00000H ] AEHA dE =&
o] AR IU=U(CAB) el &5 gato] 203 A r=olt}.

7

1 52(2001) A= 8 MMk, 1137 Ao EYozHE HAF A HFolE 8

iclé
o
u)
-z
M
o,
rH
g
o,
q
(s
o
o,

sto] 9F9] EAAHFol9 259 VA FFolE
23R oW A, dactyloides = TF4 70 E VA2 ddY. HAEES

Aol A= 38% AL, L3k Al AuiA M= AL 100% AFelwgel7t dEHdT. +

ofo
QL
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W 2~EXZ(Heterodera glycines), 3 (Criconema sp.) S oA Pasteuria®l 7+ o] 3kel
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A A g mkelel] Hd 58709 EATE oAk At 7I8ES 7Ho]l M Esken
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S FE Sem AEES AASZ Zo] 15em7A ¢F 2keS A A

e
¥Rl Y FA 4gAE ukste] 5C Wgae] nustna A

Hi A AR 13k} 22t® 23] o] AA AFskd 1A= WA =
Al o2 cornmeal agar(CMA)9} water agar(WA)E o] &3t or wix|o v+ 189}
0.5 = 3stlh. AJES A5k 1w 2HdA AHE 2x 9 EgoR dglon, AF
H EYS Z Aol a5 EY 20gs Fdtar 7] FRFT 20mls H7FEE § wwkr]E o

L3t 187 2839y, 23w B 9L o]l A7 15cm Petri disholl £}

o
ol e B 1HolA 9 2330 AE8S AL, 41& Harste] sl #HEg T
A & AA Haow sl
27 AlF2 wiA FRe FAA H7F AP ®E v FHE Milk agar(7HE9
2.0g, =7 18], Agar 20g), Reynolds medium (K2HPO, 0.7g, KH:PO4 0.3g, MgSOy,e
7H20 0.5g, FeSO4+7H,O 0.01g, ZnSO; 0.001g, =75 1 =8, Agar 20g), Cornmeal
agar(Difco) 3F o)A tH(Stukus, 1997). FA A= Tetracycline(4dmg/L)S ZF vj#] A|ZF
Petri dishol 7] 2 A wixlel H7bepdvt. 718F AW HL 12 A3 LA 53
skttt
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(50% a.i.), AotHFAEAL thiamethoxamPdT3A(10% ai.), FEZYIE LA
thiacloprid ¥} =3t41 (10% a.i.), HHEZ YA =5 2] spirodiclofens3}A4] (22% a.i.), I 2}
=419 tebufenpyrad5=8HAl (10% a.i.), AN A& abamectinf+A|(1.8% a.i.) & 9&°] ATt
12} A3 9F9] ofAlel gk Hefgolf, ohxFo], F-AENSE, EAdTFo] AP R
cornmeal agar WAl kAl Wb, V=, wWFS Wa 23 §, 74
200Wke] ffelgof 2nte], of A Fo] 11vte] & F7lstal 2nbE o= 5t
5 ZAsSlH

22k ZAFol A= 1xfol A Bra]gofjof o x] g ool ik AAEATt U= FEEE of
Al 2%, dichlorvosfA1(50% a.i.)¢} tebufenpyrad<=3t41(10% a.i.) & W22 dichlorvos+r
A+ 2.5ppm, 5ppm, 10ppm S &, tebufenpyrad<=3}#l+ 5ppm, 10ppm, 20ppm .= 3] 4] 5}o]

sl gol nhe 7t F Rl ERE A4S, FANE, Relgol, o], £

N

AEgole 145 A BFHY T, 2 suBo AP
5) TAHFF] BF 2 57

3 -& 17 (Olympus PROVIS) ##A] AdF3tolwgol7t A2 = 4004
BF3& v 4 (Nikon DXM1200F) 02 &7 4389, -2 EAo] o]y FFole &
4 228l cornmeal agar (Difco; CMA)o %713 25Co| A vl = A3, 54
of AHgE 54 dFztel 7w de B A7), BAEAY] FH % A7), EAEAE Y
dol, yv], g, FAEAEE 7HA 948 #F R node® =4, nodedl 7Hg solaL
chlamydosporex &Aoo Fa13F# &4t (Cooke and Satchuth., 1966; Kim et al, 1997).
FAL Y 71EAY =S 7]=22 tal(Cooke and Satchuth., 1966; Drechsler, 1937,
1944), 71 2] Barron(1977), Cooke and Godfrey(1964)¢] 54 MelS sttt Axan]
3 BES e CMACA wigde IAAEFolE e, das E-REs A
critical point drying$ FE S s o, F=AA RS 1] 7 (Leo 1450VP, Carl Zeiss)o =2 &

2R (15 kV).

DNA E#]9} PCR reaction: A2 DA% F2A]FFo]o] ExAYESH FAHS
sty LA FHO]E MY medium (2% malt extract, 0.2% yeast extract)oll vl %3t}

DNA #d = CTAB (cetyltrimethyl ammonium bromide)Z 3} 1, & ¥ DNAE TE
buffer(10 mM Tris—HCl, 10 mM EDTA, pH 8.0)o] ¥%lt}. Nuclear ribosomal DNA2]

N7



inter transcribed spacer(ITS) I I % 58S AAL FZ317] YA AFEE primers=
Whites 2] rDNA region primerE #FF3ste] 3 ¢ o] oligo primerE A Z3le] AF&-3}S
}.

PCR”17]= Biometrart®] TGradient® A}F£3t$12™ PCR reagent= TaKaRa
ExTaq premixs Alg&st¥om Z=ZZ7AS %7| denaturation®.® 94Co| A 4&7F 2AA) 3k
5 29cycled] ZEZ(94C 2%, 56°C 1%, 72TC 2%)0o] o]Fo] A t}& ulx]ut extension o=
72Co A 587 2439tk PCR product® Nusieve 3:1 agarose(TakaRa, Japan) 2% gel,
0.5XTBE bufferstoll 4 7] &3 the ¢ Hem s S 495 Zehdo] gel
purification(Bioneer Gel purification Kit, Korea)S AA|stHtl.  AA® PCR productE
pGEM~—T easy vector system(Promega, USA) 2 & ligation(ligation mixture : 2X buffer 5
ul, vector 1ul, purified PCR product 2ul, T—4 ligase 1ul, ddH-O 1ul, ligation condition :
4°C, 16hrs)3F & E. coli strain DH5a°l transformationdt®d white colonyS A3k o}
plasmidE FZ3dte] thA] ATFEA(EcoRI)E A #dte] PCR product sizedd UXsh=
plasmidE DNA sequencing&2 2 A3} TF. DNA sequencinge Applied Biosystems
Inc.9] ABI37007]Z<22 ABI Prism® BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit& AF&3}31T}.

Z27d¥ DNAQ7]ulE2 NCBI blastng ©]-83t4] ribosomal DNA ITSE % 7e] 7
=L 3stelslga Clustal X(ver. 1.8, Thompson %, 1997) T2 1L o] &35l A
DNA sequenceE alignment3t 2™  Monacrosporium?:2l 1TSS Y| th3t phylogram=
neighbor joining method(Saitou and Nei, 1987)& A}&3lo] 1,0003]9] bootraps 2 A&}

phylogenetic treeE 2Hd&FATH(URL: http://taxonomy.zoology.gla.ac.uk/rod/rod.html).

Table 1. Oligo primer in ribosomal DNA amplification

primer name sequence size(bp) remark
ITS1 TCC GTA GGT GAA CCT GCG G 19 ITSI
ITS2 GCT GCG TTC TTC ATC GAT GC 20
5.8S rDNA
ITS3 GCA TCG ATG AAG AAC GCA GC 20

ITS4 TCC TCC GCT TAT TGA TAT GC 20 ITST

laYa)
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Algoll ARE3E XA FFol= AlE 73 Foll BElE EAAFFo]E o] &3}
G=d), o] FFo|5S CMAMA Y R#AsT stde] shHRN o] Aste] 25C dL7]o] B3

3te] Aldo) ALESFR T o] A u] ¢S Malt dextrin—Yeast extract AR & 7] E

o7 AxEJAoew, 1 2 & Carbon sources thA|sl7] 918}e] glucose, 289 5] A
FE R, drYdozEs X EF, casamino acid =°] o] &% th Casamino acidE oY

5

A wSE dAFRFE X2 S YAEAe] HAS HXATE 29Ut kil dE A 9

o oHlkd AELS wtEE S CMAYOlA g3t $A45 R et 49

el (3.4x10" conidia/ml) FE2 HE3te] Zeu]ekr] (28 C, 140rpm)olA] 647+ Hl kst

AHEsEl o, H S A WS NFHEZE AR No. 2 fiber filter® Z e

S WYL filtero] A2 #AMAE FES AAS & A AMEEIT
HFFS A= AAu S-S MY

1.82g NaNOs, 0.25g KHzPO4, 0.05g MgS047H20, Tracer 1ml, 1L=F5)S 20-L &3

] %] (60g malto dextrin, 30g Yeast extract

o] zA| A2E FFZ(Fig. 1) Glucose—Yeast extracti] xS 3L ¥ mdw#(1217TC,
208)3to] g vk #Fo HEYS 150m(5%) HESAT. Hax YA T7FY
< o3& air pumpE JHESF] ARSI (0.5L vvm), Mg 2% o|lem pH
6.510.2%2 ZA3ICE v FAHS vl FY & AF&-3te] No. 2 fiber filter

2 49 oAHdE W filtero] AW FAAE FES AAT F Al A

R
@

= 2

r
o
)
o
o,
1 m
il

il

Basal medium of composition(g/L ),

KH:PO4 0.25

MgS04-7H20 0.05g.

One—m/ of trace element(MnSO,-4H,O 0.005g/L, FeSO4+7H,O 0.002g/L, and

ZnS04+4H,0 0.002g/L)
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Fol 11F 5277 SollA EAedo] 943 35 Adsto AEsklch. 2005 12k
AdrS AAjsl o, 20060 EY S (MAFAFAE, COs 0 540 tigh vkg 2
fermentation, A|Ae] T&A &

al
st AAHESIA. ol HFolE9 5 —707C9 cryoperservation

H pis =
Aol AHEE 7= CMAH|A|o] ghgol A o] 2ste] 25T &2-7]¢o HaatdA AlE
o A&t
1) x2d3Fo] AAS 1 Vermiculate—starch formulation
AAE NA wdE FAF g 100ml(AZR FAF FA = 1.2 g)& A4

400g, A5 403 & 412 5, A E2k2Y 8719 Sem AR GHAl 9aL 2521°Coll A
3AZF mFetsith. wYAl FESHE 55-60%= AT 3AF AAE FEste] A
Yol Al AZF71E o] &3te] 33Ut AA3E AxRAH L, AxE AAE 2mmAE SHAA
HdBFoll Jar Al A7k« 4C WJAgarel] B askgiv

A7) B AlFS 98l E wEo]2 Vermiculate—starch formulationg ¥ Y%
ol WolFa Z4z} 5C WAa 2 25T A2olA EakstuA 170 A ow 47047k
Vermiculate—starch formulation®] €& ZA}e}3Ith. Vermiculate—starch formulation®]
g8 7+ 2% AHvld 1g9] AAE FHASEH 1.5% water agar’F @71 vlX| Yo Fa1 <oF
1797 22 HAAE G 74 A% BEE AT

2) A Fo] A|AS 11 ¢ Sodium alginate matrix Formulation

H FFolo gAE Zd7]¢} filter paperE ©]&3lo] T O R filter
stdom SRR 39 Ao wiFod NS AASAT. wFe] dAbE wE sk AlA
¥ 1.5% sodium alginate(low viscosity 250cP) &N 3} A ojA £o] 50cmolA #HS
o] o2 9] calcium chloride(0.1M)-&-<} . & Hol#A| &}3ith. calcium chloride(0.1M)& %
of Wolzl 3FolifAb+sodium alginate8 M2 SA| beadst Hom, o] A= oF 5%
FAY7F A3 clean bench 3dlollA A A3 AZ2AIA ARE-SFA T

7] B AlRS S v SRl FolFa A4z 5C Ao 9 25C A
oA HyslHA 1/1¥E AR 47]E3t bead?] S FAEISIY. Beade] 42 7
2zult} 10709 beadES FHst] 1.5% water agar’t 970 WX Yol Fx ¢k 1547 3}

ST 9 FA A JEE 24

oft
off
o

¥aY



3) EAAZ3o] A3} 1. BIODAC® formulation
Biodac®& A28 fFA = wHE 919 o2 (Kadant GranTek Inc) 3}t

oF 5 FTAA YAZ WE u AFES =S AlRE B FaAlelr B FollA
A B ®ow IAANFAS AFPolt), I GranTeKY EF7)E=2A 9zte] m7E
HAsHA st AF& Aol Al FFEt ATt Biodac®E A 7)o FFHA|Al, Al A

S AT olgHw Yo, #AF A/E WAL A HeoRA Fo B

ZAFF0] Biodac AAIE WhEE WHoRE 1) s #1ske] Biodac YA
(size 12/20 mesh)E 80% Q2 EoA 3«7t 71L sttt 2) sticker® AFE37] Y3t 1%

sodium alginate £8S ¢t Adsle] =H], 3) 400ml W] FHel Biodac 30g¥ sodium

sl

alginate & 45ml, w°3°] A} 2.5g& #Zo]l ¥ & Ant 4) 3FE AA= &5
o] &&Fal 3 5<t clean bench {FollA] HH T

8= THEAIZ Biodacs HldEFel QolFa 77t 5
Wgar 2 25C Aol Baetds 170YE 1402 47§97t Biodaco] A4S ZAMEH
t}. Biodac® AL ZF &% AHgultl 10709 beadE #H3ld 1.5% water agar’} @3

Wi Qo] Far oF 1537 ¥ BAAE 2 FAF S ALE 2 e

s

A7 B AdE

2l

4) ¥2AA5Fo] A A3 IV: Pregelatinized Starch Stabilizer formulation
FFole] #AE XSS AAE eV fEAE aE5S 22 A% &

Zo] w#ALe] B E 2] 93 stabilizer’t LS, 71 Bo] AL HI Y= stabilizer

2= U AT (pregelatinized starch, AW Z, A5 d57)3% oils & & dth. & Al

ol = FH0)9 #AF HAAE corn oil, kaoling £33 AASE WEo] AJdo] ALE
=
Z3go] #AFE malt dextrin—yeast extract HjR| oA 597F wjdE #AES A F

ZEsto] ARgskgith. AASEe] W 1) w3l ¥AF 10ge = 50ml, 48+ 50mlat
A8 & WA= (pregelatinized starch) 50gS FH7Fslar 21471 (A1Y, SFM—500DSI) &
3027F T 2) WSS H2olA 1AIRF ok =k 3) WSl agt Aktrd Kaolin
100gs ¥il 41 & =57 41(Fig. 2)& 5H S¥sto] & &3t 4) E3tEo] kA

Wz gk dF2njE 3o Hol clean bench ¢HolA] dF&EdF ZoF Wyt 5) dF0r

ol

an



T AAE YA 7(AY, SFM-500DSDE o] &3t ZA Ftth 6) ZA Z¥ AAES
20mesh ANE o] &3] AR Xa AE T3 FUd A7) AAE Aol AHEEAT

A7) Bt AlES fEiME wEolizl BAET AAE vdEFel WolFa 7}
7} 5C WA3 2 25C Ao BAsdAA] 1/1€ (A0 =2 4797 WA= A9 &
BE AP WS AAY @4 7 2% Attt 0.1g9] AAE FHAst] 1.5%
water agar7} ©%1 vl $Jeo] Far oF 15U A HAALE W FAF AE AEE FAMS

k.

Rice formulation using autoclavable bag Starch mixing using noodle machine

Fig. 2. Apparatus used to formulate predatory fungi

5)

Hil

21g33go] AASE VI: el 7] 2 EE ]88 §7] formulation
7b) A7) ALA
D A71E B2 A v, 3AE ¢t ol @7F Ttk 2) A
715 Aol wa] =715 W F 500g0] Ayl 5go] HMAES AUATh 3) oS Ayt
§ vjdBFol Wil 121CelA 1A17F a19f Astgion, 195 232 a9t Atsqict
)

1
4) st AgE A+ A 54 v wYg AAE TG EZo] dARE T

*]

om AEAGALG. 5) BEF 25E0lA RBFUA 1-29 (A0 Hd BES & BE

A
4
of HelFWA FFolE Mgt 6) oF 0AF FFolk FEe WFH F AT

A A



Ao wjdE A 7]E kAl WL clean bench WollA 3¥U7 =835 LWHL}, 7) FET]
2 MA7(AY, SEFM—-500DSDE o]&3ste] ZAl Askow, 8) A A AA=
20mesh A& o] &dle] X1 AE T3 FL3 A7) AAE Aol AL T

A7) B AEE Asids wEol Ay AAS nvdERel YolFal 7}

S

5C W4 2 25C A2oA Bastas 170d Aoz 478dzt A7) AAe] 2445
ZAFSFATE. A7) AlAle] 2L 7z 2= A evbdt 0.1ge] AAE FH8ko]l 1.5% water

agar7b &1 wfAI 9ol FaL oF 1543 22 BAAE B dAF S RS ZASIH

TS S

AT T
2 F g

Fig 3. Some examples of formulation of predatory fungi
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25 Eo] 32 ¢S AER A3t AEAE "ol 244 1093 TG 10¢5 2
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Ho 2 A8l
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X A2 GFRYZMSF, M arenaria race 2,9 T

Fgel 24 FFUom )N AAEAT. A EFol= AQA7A el & Austo] A
A 7t 2FoZ AFTE 2 x 3mUULR x A2)E Yrlen, 7t

A= E82E(Fol 30cm x Zol 20cm) s ©]-&3dto] FHtolE Skith. EAA wE o
E QoA AWFH [solate F4, Isolate F5Z2 ©]83}lo] Pregelatinized Starch Stabilizer
formulatione 53l o] A AEZ o]&sted A3}, AAE= AITHE 2kg/6m=E 3
3 zkel A2 109 APstay B 2 Aol HluE 9]5)o] Fosthiazate(300 g
a.i./10a), Abamectin(180g a.i./10a) A 2]e} FA2l& FAaL hdd =] 3ukE o2 53
o AEWHe XA FFo] AAE ES mue T AN § FA HagoR F
oA B¢ Zo] 10emPLe® Aol FAoH, HAxE 7] fate] xWel =5 Axaih

o] Aule ANEFSY WE(Cucurbit maxima x Cu. moschata)o] 74E3so]

o
d

409 S 53 SRS HAZ (Cucumis melo L. cv. Geumssaragi—euncheon')S 40cm

=
HAom Fxo] AAstglon, 71k Aujde= Fe] Al ekl

EAAGAN 7 NGT AF WEE AA A, B9 Z4A, £EF 3350
24 2. B AY e A7 25eme] EFAYETE o) gl F Y 14

" A 55 AYstar, AP F2 F Ao] 300anE FHI F ZAUr|Hor AFs F
g3te] 7438 tH(Southey, 1986). & 3ol FAIE S BE AFFAS
SAS GLM procedure®} Duncan's Multiple Range TestZ o]&3dle] EA39TH(SAS,
Institute, Cary, NC).
ok Aol AAe A
D) 234 esdse] &
P

EA
A A ERolE A& er o AYstr] A= B Aol

A T meA TP Ade FE Bl AP fleiM e BTl eSSl



Arhp Ze ol g FEF REHIYEA UE 7: Arst Best olg 9
of, Ak 5WF R ALdtel Aujstel R THF] VLAl we EA B FHE
o 444 PxE 2459,

F4 98-S Scm A ORE UFo] el 70cm
2 ™

17 7ol A

A m A B whgl EF WA TS glycerol yeast extract agar(GYA: glycerol 5.0ml, yeast
extract 2.0ml, KsHPO4 1.0ml, agar 15g, DW 1L), A+ tryptic soy agar(TSA: tryptone
15g, soytone 5g, sodium chloride 5g, agar 15g, DW 1L ), &3#9°]= rose bengal 0.033g%}
streptomycine 30mg/L S A 7}3F sabouraud dextrose agar(SDA: peptone 10g, dextrose
40g, agar 15g, DW 1L)E AF&39 ). A Sl streptomycines SDA viA] A+ &
Zdatelty. AdFFolwFol= GYA® 1.5% Water agar(WA)s 2F7FE Ab&skaldt
(Barron, 1977).

E olztdty #A4S NS ES B AEA A (2000) 0 wgtow, Ak
=15 EY AE9S pH meter(ZAAF) 2 AL, 71 E8#FS Tyurin o2, &
QIAFS Lancasterd, XA %o]22 IN-NH.OAc(pH 7.0)0. 82 F=3lo] A5 FE217]
(Perkin—Elmer, AAS 3300)% 43ttt Z2lal B¢ AFses BEY 1029 S7FF
50mle FaL 1ARF IG5 ofspsto], of g HA7|HE(E. COAR FAH38to] 256C2 2% B
ekl

3) FAEEFo] Ay AnE A BEY 94 =4
FAEZelY af MAE Sletel EAAEE Bl 2FS ol &5t
Pregelatinized Starch Stabilizer formulations ¥HE3iL, o] A4l 2%& A% AILESY] &

=
3
of MUEAG W3 2 A4S F 4% 10em EEo] YA} ERel F& 9eF zo| m=
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x)
Lo aES A= XA FFo|= cornmeal agar HiA| oA 1/2CMA
L} Water agarell W]3te] 28] A%E o B 2] 3Fol|7l | Hdth. E2] wix]o uz}

B2 xE FAATFolo E=H7F dgkEd, Water agartt 1/2CMAY A= Cystopage sp.,

5

Monacrosporium sp. =°| 2 AR, CMAANAE A. olisospora, A. conoides, A.
dactyloides 5°] F2 WAL AT Table 2, Fig. 6). o]AL wjr e & 3-FFo| s
Apolg AZhEw wiAW o]l AiH o W& CMACAE Arthrobotrys &F7F W=7
AAsto g Ado g HHAS| A= Cyrstopaged$t MonacrosporiumT2 WAS o H
Al W= Zo] ol 7}3ltH(Table 2, 3). Cystopagei WH-E =7 LASH T} £329]
O8S vt A FFo|(Arthrobotrys spp., Monacrosporium spp.)7} WAs= 1549
o] FH-H = AbgpA W, Ao Mk dhzko] Fhgstal Qlaul S wA kth(Fig. 5).

A Ak 9l AR H7F Al eA e 249 EdS AREsile, AR 2
2 53FolY FE & e Aol7F IATH(40% vs. 43%). 3F°] wiAE AFEste] AlES A
W oA EA g FFol o] HEES Milk agar © Reynold's Medium @ CMA = 54% : 84%

: 53% % Reynold's Mediumo A ¢ A&E&o] 7F4 =9kth.

Fig. 4. Isolation method for predatory fungi from soil. A: Soil was sprinkled in a Petri

dish, B: Diluted soil placed at four point in a Petri dish.
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Table 2. Isolation of predatory fungi using two different media in two strength®

. Cornmeal agar 1/2 CMA Water agar 1/2 WA
ol Network® Cystopage Network Cystopage Network Cystopage Network Cystopage
A 44% 0% 15% 20% 6% 13% 10% 25%
B 56% 25% 25% 58% 25% 38% 8% 33%
Avg.  50% 13% 20% 39% 16% 25% 9% 29%

220g soil was mixed with 20ml of distilled water and four drops of 0.2ml soil mixtures
were dropped on a d—15cm Petri dish in four equally spaced locations.

°Soil A: Greenhouse soil from Seongju, B: Greenhouse soil from Goryung.

‘Networks = network forming predatory fungi such as Artarobotrys spp. or

Monacrosporium spp.

90%
80% A
70%
60% -
50% T - -
40% A
30% A
20% -1 [
10% -1 |- [
0%

O Tetracyclin
B No antibiotic |- ---

Milk agar Reynold's medium Cormmmeal agar

Fig. 7. Isolation of predatory fungi using three different media with or without

antibiotics.
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Table 3. Effects of addition of Rhabditis sp. as a baits for isolation of predatory fungi.

: Rate of First No. of
Plating . . . ;
Baits detectio detected species Isolated species
method n in day isolated
Cystopage sp., Monacrosporium
+ 100% 6 5 thaumasium, 3 species of
. Monacrosporium sp.
Sprinkle
Cystopage sp., Arthrobotrys
- 50% 12 3 oligospora, Monacrosporium
thaumasium
Cystopage sp., Arthrobotrys
conoides, Arthrobotrys
+ 100% 6 6 dactyloides, Arthrobotrys
Dilution oligcospora, Monacrosporium

thaumasium, Monacrosporium sp.

Cystopage sp., Arthrobotrys

- 33% 12 3 dactyloides, Monacrosporium sp.

8Sprinkle: Ca. 50mg of soil was sprinkled on a d—15cm Petri dish, Dilution: 20g soil
was mixed with 20ml of distilled water and four drops of 0.2ml soil mixtures were
dropped on a d—15cm Petri dish in four equally spaced locations.

PAbout 50 Rhabditis sp. in 0.2ml water were inoculated in the center of a Petri dish.

O

Fig. 8. Isolation pattern and number of species of predatory fungi isolated. A.
Nematode added and predatory fungi appeared at 6th days after plating, B. Nematode
not added and predatory fungi appeared at 12th days after plating. Pink = Arthrobotrys
oligospora, Yellow = A. conoides, Blue = Monacrosporium sp., Grey = unidentified

predatory fungi.
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oo A E E2AFFo] g WHe 2 Ae B 20g0 FHF 380mlS H
7beke]l mpkzjo A 123F 2 412 v oz IF 0.2mls FHst(EA] ES 10mg) &
AAE HA7}eA] &8 Reynold's medium$o] #¥3F FA 02 0.2ml® S 71 =9 &

NAFS ABAoR BESE ot 1 AT AMA wug wPE e 6
gl EAA TR Feld & dglow, @ Fudon e o Ege] AHEE oA
J golut A gole] MAE 2 5 9
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&3t EAFFolY FHEE] okt ek g BEdFlA B Solu clxF el
WAy o] of| A= dichlorvos 2ppm, tebufenpyrad 20ppme AH&3H 4= 9l

olefg WS ol A, =l wYIE FAEEFol 2F, Arthrobotrys
amerospora(3} =, 2006), Dactylella pseudoclavata( %, 2007) I} A= 1=,

Monacrosporium ullum n. sp.(3 %, 2006)S @A = Jddor 44 nr|E5% 4 AF

1 [}
oz 77 83 nustg

Table 4. Effects of pesticides in predatory fungi isolation media to inhibit Rhizoglyphus

sp. and Enchytraeid without inhibition of Rhabditis sp.

. Numbers in a Petri dish
.. ppm 1in Influence to
Pesticides

i redatory fungi
media Rhizoglyphus sp. Enchytraeid  Rhabditis sp. P Y &

5 720 17 42 =
Tebufenpyrad 10 342 36 42 —
20 228 26 36 -
2 222 23 102 -
Dichlorvos 5 652 14 96 -
10 660 4 0 -

d— ! Not influenced.
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Fig. 5. Nematodes captured on sticky hyphae of Cystopage spp.

Fig. 6. Predatory fungi isolated from soil. A: network, B: sticky knob.




30

% detection of predatory fungi

4 5 6 7 8 9 10 11 12 13 14 15
mg soil

Fig. 9. Evaluation of predatory fungi population density in soil using dilution plating
methods. Diluted soil in each of 0.2ml was dropped on a d—15cm Petri dish in four

equally spaced locations.
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[e]
AF 831 Monacrosporium ullum sp. nov. Fig. 10, 11, 12.
o] T ANELE oA HAFATY, LHolES o]gsle TS

Form IAE= WEFolw A A7|E 265 m x 8.1 mo|th TR = 1-47]9] Zuto)

Fig. 10. Monacrosporium ullum sp. nov. A. Conidia. B. Germinating conidia. C.
Chlamydospore. D. Captured nematode on adhesive knob. E. Conidiophores. F. Adhesive
knobs.
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18S rDNA/ITS |
TGAACCAAAAAACCTTTCGCTTCGGCAGCAGCTCGGTTGGCAACAGCCTCTGCGTCAGCCTGCCGGTAGCACCAATCATC

TCCGTAGGTGAACCTGCGGAAGGATCATTA/CCAATCATGTCTCCCAGCCGAAAGGTTGGTGCAGGCGCCTTAACCCTTTG

AAAACTTGCAGTTAATAACATTGTCTGATTACCAAATTTTCGAATGAAAATC/AAAACTTTCAACAACGGATCTCTTGGTT

5.8S
CCCGCATCGATGAAGAACGCAGCGAAACGCGATAGTTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACG

TS 1l
AGCGAGGTCTCCGGACCCGGCTGGCTTTAAAGTTGTAAGCTCTGCTGGCTGCCAGGCCCAACCAGAACATAGTAAAATCA

CACATTGCGCCCATTGGTATTCCATTGGGCATGTCTGTTTGAGCGTC/ATTACAACCCTCGGTCACCACCGGTTTTGAGCA

TGCTTGTTCACGGTTTGCGGTCGAAGCGGTACGGCCTGAACAATACCTACCACCTCTTAGGTT/TGACCTCAGATCAGACA

28S rDNA
AGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

Fig. 11. DNA sequence of Monacrosporium ullum Inter Trancribed Spacer
5.8S rDNA.
M phy
,7 M ullum this
D
D lysipaga
o
4{ M drechsleri
Wirob
M gense
L o
wsich
M yunnanense
M candidum
M haptotylum
M sclerohyphum
1 tontacuan
_______+ ,

0.1

Fig. 12 The phylogenetic tree based on nuclear ribosomal DNA
ITS and 5.8S region of Monacrosporium by Neighbor—Joining
method.
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Fig. 13, Table 5.

o] FZo]E= 19764 Schenck et al. (1976)7} HZ2E B ust{Th. EaE ZAol7}

gl o] SAelty. HiolawR

2 v|7|EZF Arthrobotrys amerospora Schenck et al.

15—31 (23.6) um, o] 10—20 (15.9) mm= =2 Adto] gl A
MEe Feth

Table 5. Comparisons of Arthrobotrys amerospora isolates from Korea with the original

description (Schenck et al., 1976).

Characters Korean isolate (um) Original description (gm)
Conidium length 23.3 (20-27) 23.6 (15—-31)
width 14.1 (11-17) 15.9 (10-20)
septum 0 0
Conidiophore length 362.8 (311—418) 75—250
Chlamydospores 15-72 x 10—-20 18—-50 x 18—-23

ZU " 7)1ZEF Dactylella pseudoclavata Miao et al. Fig. 14, Table 6
o] FFol= 2003 Tl A Ae AR AT (Miao et al., 2003). A= Zol7}f
30—40 m, Zo] 8—11 m= ZA&3}H Ao 0—-17]0]a ¥} & Ego] B & meFdl 7

POl aER AFS o T3k uf¢- @S 429 Chlamydospore(30—35 x

Table 6. Comparisons of Dactylella pseudoclavata isolates from Korea with the original

description (Miao et al., 2003).

Characters Korean isolate (um) Original description (gm)
Conidia length 35.3 (23—58) 30—45
width 13.3 (10—-16) 8—11
Conidiophore length 318.4 (180—465) 150—300
7.4 (6.1—-8.5) 6—7.5
Chlamydospores 27.0 (23-29) 30—35 x 25—30

laXa)



Fig. 13. Arthrobotrys amerospora. A—B. Conidia. C. adhesive network. D.

Chlamydospores. E. Conidiophore.
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Fig. 14. Dactylella pseudoclavata. A. Adhesive network, B. Chlamydospores formed on
adhesive network, C—D. Bottle—neck shaped conidia and short conidiophores, E.
Chlamydospores. F. Scanning electron micrograph of chlamydospore and conidia. (Bar

represents 10um).
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Table 7. Different responses of predatory fungi to oxygen contents

o5 =m 0, 21% Oy 10% 02 0%
ke °° EAE IAF S IR EASF S 248 3AF A
1-1 A. amerospora 77% 0 2 25% 0 2 78% 0 2
1-2 A. amerospora 95% 2 2 88% 0 5 60 % 0 2
2—1 A. arthro. 100% 5 5 88% 5 5 82% 0 2
2—2 A. arthro. 43% 0 0 0% 0 2 80% 0 2
3—1 A. conoides 100% O 5 88% 0 5 55% 0 2
3—2 A. conordes 100% 2 5 98% 2 5 78% 0 2
3—3 A. conoides 100% 5 5 99% 2 5 55% 0 2
3—4 A. conordes 45% 0 0 40% 0 5 78% 0 2
3—5 A. conoides 99% 5 5 93% 5 5 63% 5 2
3—6 A. conordes 100% 0 5 99% 0 5 90% 0 2
3—7 A. conordes 100% 2 5 98% 5 5 78% 0 2
3—8 A. conoides 100% 2 5 99% 5 5 50% 0 2
4—2 A. musiformis 100% 5 5 100% 5 5 60% 0 2
4—3 A. musiformrs 100% 5 5 100% 5 5 25% 0 2
4—4 A. musiformis 100% 2 5 70% 0 5 70% 0 2
5—1 A. oligospora 100% 2 5 83% 2 5 50% 0 2
5—2 A. oligospora 100% 2 5 95% 2 5 35% 0 5
5—=3 A. oligospora 100% 2 5 65% 2 5 10% 0 2
5—4 A. oligospora 100% 5 5 94 % 2 5 97 % 0 2
5—=5 A. oligospora 100% 2 2 99% 0 5 94% 0 2
6—1 A. robusta 99% 5 2 35% 0 0 0% 0 0
6—2 A. robusta 99% 5 5 100% 5 5 70% 0 0
6—3 A. robusta 95% 0 2 83% 0 2 48% 0 2
7—1 A. vermicola 100% 5 5 100% 5 5 60% 2 2
7—2 A. vermicola 100% 5 5 95% 5 5 80% 5 5
7—3 A. vermicola 100% 5 5 100% 5 5 97 % 5 5
8—1 D. pseudo 98% 0 2 99% 0 5 100% O 5
9—1 M. elipso 95% 0 5 85% 0 2 30% 0 0
9-2 M. elipso 100% O 5 85% 0 2 55% 0 0
9-3 M. ellipso 7% 0 0 80% 0 2 45% 0 2
9—4 M. ellipso 97 % 0 2 50% 0 0 40% 0 0
9-5 M. ellipso 100% O 2 73% 0 2 0% 0 0
10—1 M. thaumasium 81% 0 5 88% 0 5 65% 0 5
10—2 M. thaumasium 100% 2 5 100% O 5 90% 0 2
10—3 M. thaumasium 100% 2 5 100% O 5 86% 0 2
10—4 M. thaumasium 100% O 5 90% 0 5 30% 0 2
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Table 8. Different responses of predatory fungi to temperatures.

Growth temperature

Species Isolates 5C 30C
Arthrobotrys amerospora 1-1 ++ ++++
A. amerospora 1-2 ++ ++++
A. arthrobotryoides 2—1 +++ +++
A. arthrobotryoides 2-2 ++ ++++
A. conoides 3—1 +++ +
A. conordes 3—-2 44 +
A. conoides 3-3 +++ +
A. conoides 3—7 +4++ +
A. conoides 3-8 +4++ +
A. conordes 3-5 4+ 4+
A. conoides 3—4 ++++ ++++
A. conoides 3—6 +4+++ ++
A. musiformis 4-2 +4++ +
A. musiformis 4-4 +++ +
A. musiformis 4-3 +4+++ ++
A. oligospora 5-2 +4++ +
A. oligospora 5—4 +4++ +
A. oligospora 5—1 +4+4++ ++
A. oligospora 5—-3 +4+++ ++
A. oligospora 5-5 ++++ ++
A. robusta 6—1 + +
A. robusta 6—2 ++ ++
A. robusta 6—3 ++ +4+
A. vermicola 7-3 +4++ +
A. vermicola 7-1 ++++ ++
A. vermicola 7-2 ++++ ++
Dactylella pseudoclavata 8-1 ++++ ++++
Monacrosporium elipsosporum 9—-1 ++ ++
M. elipsosporum 9-2 ++ ++
M. ellipsosporum 9-5 + +
M. ellipsosporum 9—4 ++++ ++++
M. ellipsosporum 9-—3 444 44+
M. thaumasium 10—4 + 44+
M. thaumasium 10—-3 ++ +4++
M. thaumasium 10-1 ++++ ++++
M. thaumasium 10—2 ++ +4+++

No



Table 9. Different responses of predatory fungi to the presence of Pseudomonas sp.

Predacity (0—5)

Species Isolates T bactoria ~ bacteria Avg.
Arthrobotrys amerospora #1—-1 2 0 0
A. amerospora #1-2 2 0 0
A. arthrobotryoides #2—1 0 5 2
A. arthrobotryoides #2-3 2 0 0
A. conordes #3—1 2 5 3
A. conordes #3—-10 2 5 4
A. conoides #3-3 5 5 5
A. conordes #3-5 - 2 2
A. conoides #3—6 2 2 2
A. conordes #3-7 @) 2 2
A. conoides #3-9 3 0 0
A. musiformis #4-2 3 5 4
A. musiformis #4—3 3 2 2
A. musiformis #4—4 3 5 4
A. oligospora #5—1 O 5 4
A. oligospora #5—2 @) 5 4
A. oligospora #5-3 O 5 4
A. oligospora #5-5 3 2 2
A. oligospora #5-17 3 2 2
A. oligospora #5—8 0 5 2
A. robusta #6—2 0 2 0
A. robusta #6—3 0 0 0
A. robusta #6—4 0 2 0
A. robusta #6—5 0 0 0
A. vermicola #7—-1 3 5 4
A. vermicola #7-2 3 2 0
A. vermicola #7-3 3 5 4
Dactylella pseudoclavata #8—1 0 2 0
Monacrosporium elipsosporum  #9—1 0 5 2
M. elipsosporum #9-5 0 0 0
M. thaumasium #10—1 0 0 0
M. thaumasium #10—-2 3 2 2
M. thaumasium #10—4 2 2 2
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Table 10. Responses of predatory fungi to oxygen contents, temperature, and presence

of Pseudomonas sp.

_ Influenced by Abundance Temperature
Species Isolate Pseudomonas sp. COy conci)(fiia 5T 30T
A. amerospora 1-1 + +++ ++++ ++  ++++
A. amerospora 1-2 + +++ ++++ ++ ++++
A. arthro. 2-1 ++++ +++ ++ +++ +++
A. arthro. 2-2 + ++ ++ ++ ++++
A. conoides 3—-1 +++4+ +++ ++ +4++ +
A. conoides 3-2 ++ ++++ ++ +++ +
A. conoides 3-3 ++++ ++++ ++ +++ +
A. conoides 3—7 ++++ +++ ++++ +++ +
A. conoides 3-8 ++++ +4+++ ++++ +++ +
A. conoides 3-5 ++ ++++ ++++ +++ +++
A. conoides 3—4 ++ +++ + ++++ ++++
A. conoides 3—6 ++++ ++++ +++ ++++ ++
A. musiformis 4-2 + ++++ +4++ +4++ +
A. musiformis 4—4 ++++ +++ ++++ +++ +
A. musiformis 4-3 ++++ +++ +++ ++++ ++
A. oligospora 5-2 ++++ ++++ +++ +++ +
A. oligospora 5—4 ++++ ++++ +++ +++ +
A. oligospora 5-1 ++++ +++ +++ ++++ ++
A. oligospora 5—3 ++++ +++ +++ ++++ ++
A. oligospora 5-=5 ++++ ++++ +++ ++++ ++
A. robusta 6—1 ++++ ++ +++ + +
A. robusta 6—2 ++++ ++4+ +4+++ ++ ++
A. robusta 6—3 ++++ +++ ++++ ++ ++
A. vermicola 7-3 ++++ ++++ ++++ +++ +
A. vermicola 7-1 ++++ ++++ ++++  ++++ ++
A. vermicola 7-2 ++++ ++++ ++++ 4+ ++
D. pseudoclavata 8—1 ++ ++++ ++++ ++++ ++++
M. elipsosporum 9—-1 + ++ + ++ ++
M. elipsosporum 9-2 + +++ + ++ ++
M. ellipsosporum 9-5 + +4++ + + +
M. ellipsosporum  9—4 + + + +++4+ ++++
M. ellipsosporum 9-3 + + + S+ 4t
M. thaumasium 10—4 ++++ ++++ + + 444
M. thaumasium 10-3 ++++ +++ + ++ +4+++
M. thaumasium 10—-1 ++++ +++ + +4+++  ++++
M. thaumasium 10—-2 ++++ +++ + ++ +4+++
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2. A% EAAEFe] MF B AA S

F2A O] #FE sucrose 5 HFEO BAYS BF o o8 £ e
Ho 7 ez 9dE=d(Hayes and Blackburn, 1966; Saxena et al., 1989), o] AlHo| A&

o

=

BAAS Nes7] 98] sucroseE ETFSF glucose, malto dextrin, 88 E 55 ]
gt 28FS BAaAgoz slo] A¥s A7, 28 4.0g/l, veast extract 1.0g/¢ 23}

TAHA F=8heFo] =9kth(Fig. 15). I eraxdd digh 474 wkgo] 27 yel
=4, Arthrobotrys musiformis isolate #802—1% malto dextrinolA 74 2 =pgtom,
Arthrobotrys oligospora isolate #5—7< RE BA2YdL& 2 o] &3 = A3, Dactylella
pseudoclavata isolate #8—1C malto dextrin®} sucroseZ 713k iAo A 714 & =it

o|io] Axts FFstE Ay B4 Yo® Malto dextring ©]83t= Zo] 28 E= A}

of Aarerel ol 7bg Eadolgich wafe F2 1FF 6.0gA 22 12g/e7)
A 2 7k AAE FAS ATl s Wk glo] BafoRt: 6.0g0E gt
EAY TRl MFA Ahe FR wet Az FAFNA 2 o] F Mol

ARtdow [{rIHAAYS Z ol&sty FrHAAYS # o] &shA] EFrh(Hayes and
Blackburn, 1966; Saxena et al., 1989). 7184 Y Fo 4% yeast extract, soybean meal
= Z o] g3 4= 9o} corn steep liquor, malt extract, peptone =< # o] 83}x] £}
T Aoz deA vt ol Al A= yeast extractE 7o E AFS HAAISA L %
Ao Z skim milkE A F3tFTE. A AXLS NEEy] 98k skim milkES 9]

e
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A A8t T, Casamino acid® 0.5¢/L—2.0¢/L FH7l7F 3 A3, F2AAdZFolddA=

casamino acid®] FH7tel| 93 A WA w3 AL TAFS] AL yeast extract® Uh

&2

mlo

74



Ak, webd EA gl Al A= casamino acid®] H7tEIF YEbA]
Ath(Table 15, 16; Fig. 19, 20).
T3 F da939 2499 HAHAES o AGEY olye ol o FaEw
A AR S ZAE Ak e {0 AAS Haslste] dFAFY A e ot
Hi 523 aqlolty. o A e @ ©AYCE malto dextrin®] AE Qo
%!

AAolHA WEV] A WA FFTS vx] 18]8]F malto dextrin 6.0g, yeast
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Fig. 15. Mycelium of predatory after liquid fermentation for 6 days.

Table 11. Liquid fermentation of Arthrobotrys musiformis isolate #802—1 using cooking

sucrose as a carbon source and yeast extract as nitrogen source.
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Yeast Extract

Syrup(ml) 05 10 15
0 0.04 0.03 0.08
1 0.08 0.11 0.09
2 0.1 0.13 0.13
4 0.12 0.16 0.18

Table 12. Liquid culture of Arthrobotrys musiformis isolate #802—1 using glucose, yeast

extract, and skim milk(I).

Treat no Amount(g/L)
] Glucose Yeast Extract Skim milk
1 1.0 1.0 10
2 1.0 1.0 05
3 1.0 1.0 0.0
4 1.0 2.0 10
o 1.0 2.0 05
6 1.0 20 0.0
7 1.0 3.0 10
8 1.0 3.0 05
9 1.0 3.0 0.0
10 8.0 0.8 08
11 8.0 0.8 04
12 8.0 0.8 0.0
13 8.0 1.6 08
14 8.0 16 i
15 8.0 16 00
16 8.0 3.2 08
17 8.0 3.2 01
18 8.0 39 00
19 6.0 0.6 06
20 6.0 0.6 03
21 6.0 0.6 0.0
22 6.0 1.2 06
23 6.0 1.2 03
24 6.0 1.2 0.0
25 6.0 2.4 06
26 6.0 2.4 03
27 6.0 2.4 0.0
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Fig. 16. Liquid culture of Arthrobotrys musiformis isolate

extract, and skim milk(I).

10 11 12 13 14 15 16 17
Treatment No.

#802—1 using glucose, yeast

Table 13. Liquid culture of Arthrobotrys musiformis isolate #802—1 using glucose, yeast

extract, and skim milk(II).

Treat No Amount(g/L)
) Glucose Yeast Extract Skim milk
1 6.0 0.5 0.6
2 6.0 1.0 0.6
3 6.0 1.5 0.6
4 6.0 2.0 0.6
5 6.0 2.5 0.6
6 6.0 3.0 0.6
7 6.0 0.5 0.3
8 6.0 1.0 0.3
9 6.0 1.5 0.3
10 6.0 2.0 0.3
11 6.0 2.5 0.3
12 6.0 3.0 0.3
13 6.0 0.5 0
14 6.0 1.0 0
15 6.0 1.5 0
16 6.0 2.0 0
17 6.0 2.5 0
18 6.0 3.0 0
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Fig. 17. Liquid culture of predatory fungi using glucose,

milk (ID).

13 14 15 16 17

yeast extract,

18

and skim

At Arthrobotrys musiformis isolate #802—1, B: Arthrobotrys oligospora isolate

#5—7, C. Dactylella pseudociavata isolate #8—1

Table 14. Liquid culture of predatory fungi using glucose and yeast extract.

Amount(g/L)
Treat no.
glucose yeast extract
1 6.0 3.0
2 6.0 3.5
3 6.0 4.0
4 6.0 4.5
5 6.0 5.0
6 6.0 5.5
7 6.0 6.0
8 8.0 4.0
9 8.0 4.7
10 8.0 5.3
11 8.0 6.0
12 8.0 6.7
13 8.0 7.3
14 8.0 8.0
15 10.0 5.0
16 10.0 5.8
17 10.0 6.7
18 10.0 7.5
19 10.0 8.3
20 10.0 9.2
21 10.0 10.0
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9

Fig. 18. Liquid culture of Arthrobotrys musiformis isolate #802—1 using glucose, yeast

extract. A: Arthrobotrys musiformis isolate #802—1, B: Arthrobotrys oligospora isolate

#5-7
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Table 15. Liquid culture of 3 different predatory fungi using malto dextrin, glucose,

yeast extract, and casamino acid(I).

Amount(g/L)
Treat no. : : :
Sucrose malto dextrin glucose yeast extract casamino acid
1 6.0 3.0
2 6.0 2
3 6.0 3
4 6.0 4
5 6.0 3.0
6 6.0 2
7 6.0 3
8 6.0 4
9 6.0 3.0
10 6.0 2
11 6.0 3
12 6.0 4
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Fig. 19. Liquid culture of 3 different predatory fungi using malto dextrin, glucose, yeast
extract, and casamino acid. A: Arthrobotrys musiformis isolate #802—1, B: Arthrobotrys

oligospora isolate #5—7, C: Dactylella pseudoclavata isolate #8—1.
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Table 16. Liquid culture of 3 different predatory fungi using malto dextrin, glucose,

yeast extract, and casamino acid (II).

No Source of nutrients
) Sucrose malto dextrin glucose yeast extract casamino acid
1 6.0 3.0
2 6.0 5
3 6.0 10
4 6.0 15
5 6.0 20
6 6.0 3.0
7 8.0 3.0
8 10.0 3.0
9 12.0 3.0
10 6.0 3.0
11 8.0 3.0
12 10.0 3.0
13 12.0 3.0
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Fig. 20. Liquid culture of 3 different predatory fungi using malto dextrin, glucose, yeast
extract, and casamino acid (II). A: Arthrobotrys musiformis isolate #802—1, B:

Arthrobotrys oligospora isolate #5—7, C: Dactylella pseudoclavata isolate #8—1.
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Fig. 21. Effects of long—term storage of six formulations at 5C and 25C.
VS : Vermiculate—starch formulation, SA : Sodium alginate matrix formulation, Biodac :

BIODAC® formulation, PS : Pregelatinized starch stabilizer formulation, Rice : Rice
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formulation, Wheat : Wheat formulation.
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Table 17. Control of Meloidogyne incognita using fermentation mycelium of 6 predatory

fungi in vitro.

No. of nematodes
No. Inoculum Total
Meloidogyne sp. Rhabditis sp.

Isolate F2 1% 18 27 45
Isolate F4 1% 24 30 54
Isolate F5 1% 30 27 57
Isolate F8 1% 24 54 78
Isolate F13 1% 33 9 42
Mix of 5 species 1% 42 36 78
Control - 89 35 123

Table 18. Control of Meloidogyne incognita using pregelatinized starch formulation of 7

predatory fungi in vitro.

No. of nematodes

No. fnoculum Meloidogyne sp. Rhabditis sp. Total
Control - 255 a 42 b 297
Isolate F4 ;82 123 gb 12; jb ?gg
Isolate F5 ;82 1?2 2]; 12; 2 gi;
Isolate F6 1.0% 27 b 87 ab 114
Isolate F7 ;8;? 1?2 ;b 122 z ;22
Isolate F&8 ;82 ?gé z ggz 2 2?181
Isolate F10 ;8;? ;ig z ig E 23171
Isolate F13 ;8;2 ;LZ E ig E 19200
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Table 19. Control of Meloidogyne incognita using pregelatinized starch with kaolin

formulation of 6 predatory fungi in vitro.

D Inoc. 8DAI 18DAI Average
Melo. Rhabditis Melo. Rhabditis Melo. Rhabditis

Isolate F2 1.0% 64 2,436 40 20 52 1,228
Isolate F4 1.0% 108 340 0 0 54 170
Isolate F5 1.0% 8 20 20 4 14 12
Isolate F7 1.0% 140 16 20 8 80 12
Isolate F13 1.0% 64 16 4 1960 34 988
Mix of 4 species 1.0% 156 36 80 8 118 22
Furadan 1.0g 376 56 344 88 360 72
Control - 552 261 388 183 470 222

o
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2%9] ¥ 214 HFo]lE Pregelatinized Starch Stabilizer formulation® = A A 313}
of EEAICA A2l A, s WY ARy G B A=E B W Isolate F5 Al
A HE = AAF9Q fosthiazate =9 adE YEMF T (13-60% WA, 53] Isolate
F5 IAA o] AA Aele dF 2 Foll dig WAV 60% A=E G w4
(Table 21).

YA 3o] [solate F5E Pregelatinized Starch Stabilizer formulation, A}l 7] Al
A, BAA 5 3% AAE WEIL olES o]&ste] EFEoA HeSAAF WAAD S A
g A3, A EFol AA AEs A wske] 40-80% WA7HE B3 TH(Table 22).
R AgoA HA &3t Ao AAd wE Aol= w9 A vEREEE],
Pregelatinized Starch Stabilizer formulation® WA &7} 714 @ga F7|AAS o] &3
A 7N AA Y BAA L] g3t =g o] AdE T B o, wld dAE ol &F

Pregelatinized Starch Stabilizer formulation &S ¥o]& A% WA 7F7F 15-63% % A =EF

(13=60%)°l nlslo] vl AY & Ho g H|F {F7]AA(E, L) Hla|Ax = W Hol
QAW U AAse] gol4 Foz mFol ¥ w Arluny §F E o AAS Audc
W A4 ERel FAE BEAoR AR o fa Aol N Aoz ual

A 7] A A A A A A marF =0T olfe, T AR e 4ol dad
AARE, A=A 7hedt A A7 e dol gstER o]FoAqUFoR o] T
H frrlgddol FAAFY TS sl 2aH8 0w Aol WS FX AT
Al S Rk=7h g

Isolate F49} Isolate F5°] Rice formulation ]2 dZ ol tislte] 70-80% A
7t RAEd(dEY S §), AF5Ee] 13-60% WAZF 2ot 4 =2 A a8
ATt Wheat formulatione ¥l 530l whe G 59 o tiste] 60-80% A7t
2 BP9 =), Isolate F49] WA E&0] Isolate FART}F ¢k7F =9tm A=ete] d&to|r}) ¥
25 A7 13-60%8 T B4 5 Al 285 H3UtH(Table 23).
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Table 20. Control of Meloidogyne incognita using vermiculate—starch formulation of

predatory fungi in greenhouse test.

Fungus treat one week before planting

Treatment Inoculum
Eggmass(no./plant) Plant wt.(g) Root wt.(g)
Control - 319 a 27.0 a 21.3 a
Isolate F4 0.3% 251 b 26.5 a 18.8 a
0.5% 234 b 24.3 a 19.3 a
1.0% 146 ¢ 25.7 a 194 a
2.0% 148 ¢ 27.6 a 19.6 a
Factorial analysis of variance
Treatment 0.01 n.s. n.s.
Application rates 0.01 n.s. n.s.

Table 21. Control of Meloidogyne incognita using pregelatinized starch stabilizer

formulation of two predatory fungi in greenhouse test.

Number of nematode per plant Control efficacy(%)

Formulation
Eggmass Gall J2 Eggmass Gall
Control 45.2 a 239.7 ab  680.0 0 0
Fosthiazate 39.4 a 96.8 b 320.0 13 60
Isolate F4 30.1 a 203.8 ab  288.7 33 15

Isolate FF5 16.5 b 924 b  333.3 63 61

or



Table 22. Comparisons of three different formulations of 7solate F5 for the control of

Meloidogyne incognita in greenhouse test.

Number per plant Control efficacy(%)
Formulation
Eggmass Gall J2 Eggmass Gall
Control 45.2 a 239.7 a 680.0 a 0 0
Starch formu. 23.3 b 148.1 b 311.0 ab 49 39
Rice formu. 9.7 b 55.4 b 125.3 b 79 77
Wheat formu. 15.3 b 73.3 b 76.7 b 67 70

Table 23. Comparisons of two different formulations of two different predatory fungi for

the control of Meloidogyne incognita in greenhouse test.

Number of nematode per plant Control efficacy(%)
Treatment

Eggmass Gall J2 Eggmass Gall
Control 45.2 239.7 680.0 0 0
Fosthiazate 39.4 96.8 320.0 13 60
Isolate F4(Rice formu.) 11.0 64.8 100.0 76 73
Isolate F5(Rice formu.) 8.4 46.0 150.0 82 81
Isolate F4(Wheat formu.) 12.8 41.3 120.0 72 83

Isolate F5(Wheat formu.) 18.2 105.3 33.3 60 57
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= =age] AsHA EAEAY. dEve s WAV Zbeedla, =dl e A3l A9 &
w Al7]ell ] o AP e) Axt sfMol= dFe] Ak oW AlFelM B 2o

A FNA AWTR Q0] ekt 42-530% srhe] S8 Furhs ok 49
AR NYRAL ANAE FRE AR 20l9 Yol olFolRu PYHOE FHol
_\)61-

ATkl & = Ak(Fig. 23, Table 24). A&=9 7] F329 375cmell H]sto] E24d 5%
o] Isolate F49} Isolate F5 A2 75 406—453cm®= 2 At AEA LAE 429
439.6g0l H]sto] 479-480g% °F7F ol FAAT e FAE FAE 9] 20.8g/plantell H] 3t
of 24430 A9 7k 20.8—22.8g/plant® H] =5kl S 2] 9] 2506.4g/plotel]
H]5}o] 3179.2—-3220.0g/plot o2 127-128% SFE At e SAFo] o A= Fxg7}
4,4067)/plantol™ FE21AFFo] A= 7,980—-10,980/plant® 238 Wokrl, Wb 2k
AF A fosthiazate 27+ A5 D= As 7P Skl % 116%%2 ot S5
= tH(Table 24).

olel gt A= XA T Fol AAl A oste] 27| FEFAFT Hrrh oAd
Aol ofd7} AztE =], AEAS 27| HeFAF dErt gopfomA, x7]d e
2 ASE MFo] "ET) vtol AEo] giAE AHEA AFE 3lo] ohdrt AZEn O

FEo HYSAF e 2AAE 27)d /M B2 dss 2] et 7]l %
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Fig. 22. Soil temperature(mm) at depth 10cm and degree—days(base 5C, ————) during the

experiment. (O : 1lst generation, @ : 2nd generation.

Table 24. Control of Meloidogyne incognita on cucumber using two predatory fungi in

microplot test.

No. of nematodes Plant growth Fruit %
Treatment Eggs 79 Plant ht. Plant wt. Root wt.  Yield _ yield
(cm) () (g) (g) increase
Control 5,406 2,709 375.0 439.6 20.8 2,506.4 100
Fosthiazate 2,880 1,187 437.2 459.0 17.6 2,911.8 116
Isolate F4 7,980 2,056 406.0 480.4 20.8 3,179.2 127
Isolate F5 10,980 1,754 453.0 479.0 22.8 3,220.0 128
Cucumber seedling (Cucumis sativa L. cv. Super Manchon) grafted on

Jangsushintozoa (Cucurbita maxima x Cu. moschata) was planted in wooden box (30

x 40 x 15 cm, L x W x D) under a plastic house in August 01.

b Early : cucumber harvested between Sep. 01—Sep. 20; Middle : cucumber harvested

laYa)



between Sep. 21—0Oct. 10; Late : cucumber harvested between Oct. 11—0Oct. 30.

ol Ao A Agge] 13 AL 7] 450cm, FA 1256g, % oF 600go2 Al
S Al S A=t AE] 71+ FA29 451.2cmeol Hlste] XA 53
o] Isolate F4$} Isolate F5 X871 562.2—567.6cm% 2F A3 A1 A EA FA= F4
7)) 125.6g9] B3te] 133.2—-136.42 <7 ¥ FAY e A= 289 37.3g90 Y]
sho] 2 A FFo] AEF7F 40.8—44.00.2 ) FAATH(Table 25). HEEHAF S5
A2 7} 72.670/plantel ] EAAGEo] A= 30.4-52.2/plant® FF WEgkar, S
129.570/plantol]l B]3}e] 57.6—95.47/plant= Wyl F59 Ui FA 22l 129.590 H]&}
of A FFo] HE = 497.6-576.8vF] /plant= oFZF = odth. RbWHe| e F-A o
598.8gll H3te] 745.2—-804.00.2 124—134% S55 At A FA) fosthiazate X 2] 4l
o UEE AT Mg A FAEHJY 57 FFEHA Gof 2 TF] AHE T}
iz 2 o] 3tk (Table 25).

oj/del AxtE aordui, Qof, aF ARl EAAEFo] AAS A

l

o
[o

el g
el s

-1¥°1
rx

Fol 27] AES oAste] ARo] 2o REAFe] S F¥F Aoz Az

Table 25. Control of Meloidogyne incognita on pepper using two predatory fungi in

microplot test.
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No. of nematodes Plant Fruit %
Root wt . .
Treatment (2) yield yield
Gall Eggmass J2 height weight (g) increase
Control 72.6 129.5 491.7 451.2 125.6 37.3 598.8 100
Fosthiazate  22.8 30.2 288.8 418.4 127.2 34.8 620.6 104
[solate F4 30.4 57.6 497.6 562.2 136.4 40.8 745.2 124
Isolate F5 52.2 95.4 576.8 567.6 133.2 44.0 804.0 134
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Fig. 23. Preparation of microplot test and growth of plants.
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T, 5 s AVAAAN s s 27 4-33v/EYF 300go.® F 48] A4Skl 904
el Aol = 5-22vk = WA FAHAOY Fo4 3= Akel= gl (Table 26).
2] 9] 2,484g/plotol] Hsle] E2dFo] A= 2,501-2,972g/plot =
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Table 26. Control of Meloidogyne incognita on oriental melon using two predatory

fungi in field test.

No. of J2/300g soil

: %
Treatment before at planting harvest Yleid/)plot yield
g increase
0 18d after 90d after
Control 403 70 34 2,484 100
[solate F4 366 22 13 2,972 120
Isolate F&8 538 4 5 2,501 101
Fosthiazate 888 16 8 3,431 138
Abamectin 285 33 22 3,109 125

e EaFe] Bt Qo] e AAE HW(Fig. 24), A% FHET A9

TR 45.6 kg/m'= 7P wokow Bl S HFo] 10vbe] o el kol oF 39% A

At Lol ARl A B AT EYT FF =X
ful

o
FBEAT A3 37142 Y=0.82-0.04Logio(Pi+ 1) 2 AF2LEs} s e Fo 4
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Relationship between cucumber yield and initial population
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densities (Pi) of Meloidogyne incognita in microplot experiment. Pi were transformed to

logio(Pi + 1) values for analysis.

Fig. 24. Linear models:
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Fig. 25. Vertical distribution of juveniles of Meloidogyne incognita in oriental melon

greenhouse soil.
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= 747} 3—-47 x 10°, 3—58.8 x 10°,
B} F%x7} =9kth(Table 28).
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Table 27. Chemical soil characteristics in the experimental sites.

Month pH O.M. Av.P50s EX. Cation (cmol+/kg) SiO;
ont
(1:5) (%) (mg/ke) K Ca Mg (mg/ke)
Apr. 5.4 a* 1.7 a 85 ¢ 0.31 ab 450 a 1.88 a 85 b
Sept. 5.6 be 15a 113 ab 1.15 a 3.02 a 0.81 a 101 bc
Standard 6—7 3% 100—200 =1 5 1.5-5

0O.M.; organic matter

* Means followed by same letter are not significantly different at 5% level by DMRT.

Table 28. Soil microorganisms and nematodes in the experimental sites.

Soil microorganisms / g soil (x1,000) No. of nematodes / 300 cn soil
Fungi Actinomycetes Bacteria Tylencho. Non—parasitic
April Sept. April Sept. April Sept. April Sept. April Sept.
10 10 405 265 1,190 77 370 168 290 239

Table 29. Relation between population density of Root—knot nematodes and Rhabditis

sp. in soil.
No. of Organic matter Population density of nematodes
samples (g/kg) Predatory root—knot Rhabditis sp.
16 2.1 4 0 904
16 1.7 1 > 1,000 °]% 57

! Numbers of nematode per 300g soil
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Table 30. Correlation analysis

among factors in the experimental sites.

pH OM P05 K Ca Mg  Tylencho. Sapro. Fungi Actino. Bact.
pH 1.00
oO.M -0.29 1.00
P:0s 0.66 -0.03 1.00
K 0.53 —0.83" 0.12 1.00
Ca 0.96™ —0.05 0.75" 0.37 1.00
Mg 0.90" 0.05 0.827 0.14 0.957 1.00
Tylencho. 0.96™ —0.12 0.82" 0.37 0.99™ 0.97" 1.00
Sapro. 0.82" —0.41 0.25 0.43 0.67 0.65 0.66 1.00
Fungi -0.85" —=0.12 —0.80" —0.04 —0.90" —0.97"" —0.92"" —0.63 1.00
Actino.  0.957 —0.19 0.857 0.39 0.967 0.95 0.997 0.67 —0.93"" 1.00
Bact. 0927 —=0.32 0.59 0.63 0.89" 0.75° 0.88"  0.67 —0.75" 0.89" 1.00

O.M: Organic matter,

Tylencho.: Tylenchorhynchus sp., Sapro.. Saprozoic, Actino.:

Actinomycetes, Bact.: Bacteria.

Table 31. Effects of soil additives to increase control efficacy of predatory fungi

Number of nematodes per plant

Control efficacy(%)

Treatments
Eggmass Gall J2 Eggmass Gall
Control 45.2 239.7 680.0 0 0
Isolate F4 + air 21.4 147.0 294.3 53 39
Isolates F4 + Ca0 30.4 221.1 423.3 33 8
Isolates F4 + Rhabditis 24.0 161.1 290.2 47 33
Isolate F4 alone 19.1 85.2 244.7 58 65

Air = 1/6 air pump capacity(3W), Isolate F4 = 2.0%, CaO, - 0.2%, Rhabditis = 5,000}
7. 500g soil

N7



3) AT AFY AE A% EY 3 24
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Table 32. Influences of oxygen and carbon dioxide on two predatory fungi for the

control of Meloidogyne incognita.

Plant length Plant wt. Root wt. No. of nematodes

Treatment Gas (cm) (g) (g) = —
None 205.3 110.0 12.0 3.7 a 25.0 ab
None O3 179.7 115.0 6.1 11.2 a 224 ab
COq 95.5 43.7 2.9 8.5 ab 20.8 ab
- None 1752 92.7 79  80ab 458 ab
Isolate F4 Oz 131.9 94.3 4.7 20.0 a 424 ab
COq 125.1 101.0 8.4 246 a 97.6 a
- None 2364 1993 67 218a 468a
Isolate F5 O3 144.8 107.0 7.4 10.8 ab 21.8 ab
COq 188.7 143.3 9.3 2.00b 8.3 a
Fosthiazate HEE 1540 1007 60 32b 58a
Contrast analysis
fungi vs. fosthiazate ns ns ns 0.01 0.01
none vs. Oy ns ns ns ns ns
none vs. CO; ns ns ns ns ns

Air = 1/6 air pump capacity(3W), Isolate F4 = 2.0%, Ca0: = 0.2%, Rhabditis = 5,000

nematodes/500g soil

laYa)



-
- .

{2 0ol 2 7]|0]

ini¥=
e Lo

14 74T 589 @Ads

Bk

EERE

ki3

g elsp) 9

ol

St

—_—
fite)

#F 94

o] wt 100%

A A 8}

%

el

7IWMe &

A A 3

3
“

o7] ¢

A5t

=3
=

FEE 100%

= =
= o

gl

o

a ol o

o] w5 AlA 9

il

ﬁo
iy
i
jvzel

N
M

—

ul

~O

S

g

100% <

3=
)
,]']L_El

SR

sty e B

b e AN

vA
N

FAHG

24 BARLY JlguA Y FdE

Tor

el
1o

F A A

=0
[e)

R

He A 7

3}
sl

Aow ™ AA7HA
A Aol 712" Aoz 7|Ed,

a4

=
[€)

A ake] 7}

Ia¥a)



)

o)

T
_5.0
7A

oy

3

Al A af ol A

23|

Ton

NJo

Ho

j

guet TAR 5 ANFoRA no

1=

7

SR

oje] 3L 2t el A

el

F A A=

3|
e

A

~

;o.rl

ol

;.oﬂ
23|

ofp



Homa gow S A

<= AL Aol ofn] A 1A F-2}A 2}

- 1
QUSRI

I

of

&

AAS 7Nss 25 AE L 2

=1
BN

Az

o

o

2]

g Al glol

=
K3

A

d

=
2

ol AlAlel e

Al
A

234

=13
=

AN

i

el e Akl Al

-
R

Aol 73}
wHo} TA FEAe] =ES A

2

o]

.

]

0
Tor

A

[oig
=

Wrhstel wa

= 3] o]

[13
of

ALY =4

3]

= =Wl stEAel 5

O
LS

17 A

SEERVEEIEY

}

A
3Lk

=13
=

AARA B QT H3tE

ool

S ol

1) Kim, D. G., N. Vovlas, J. S. Choi, and J. H. Lee. 2005. Description of Meloinema

©91-99

: Heteroderidae) From Korea. Nematol. Medit. 33

Odesanens sp. N.(Nematoda

2) Kim, D.G., S. H. Kim, and J. H. Lee. 2005. Observation of Root—knot Nematodes in

1 73=76(2005)

the Root gall formed on Oriental Melon. Plant Pathol. J. 21(1)

report of two

First

and H. G. Hwang. 2006.

Y. H. Ryu,

D. G,

Kim,

3)

nematode—trapping fungi, Monacrosporium ullum sp. nov. and Arthrobotrys amerospora,

laYa)



from Korea. Plant Pathol. J. 22:174—-178.

4) Chae Hee Jo, Sun Nam Yu, Dong Geun Kim. 2006. Soil microflora and microfauna in

29 years of N—P—K fertilizer omission plot. Res. in Plant Dis. 12(2): 108—114.

5) Kim, D.G., J. H. Lee, and H. 0. Kim. 2007. An unrecorded species of
nematode—trapping fungus, Dactylella pseudoclavata in Korea. Plant Pathol. J. 23(3):
210—211.

6) Dong—Geun Kim, Myeong—Won Kang and Joong—Hwan Lee. 2008. Effect of
Nematicide—dipping Methods on Control of Aphelenchoides fragariae in Strawberry.

Korean J. Appl. Entomol. 47(1): 101—-105.

7) Dong—Geun Kim and Joong—Hwan Lee. 2008. Lililum tuberosum, a new host of

root—knot nematode, Meloidogyne incognita in Korea. Res. in Plant Dis. 14(1): In Press.

8) Dong—Geun Kim and Joong—Hwan Lee. 2008. Economic threshold of Meloidogyne

incognita for greenhouse grown cucumber in Korea. Res. Plant Dis. 14(1) : In Press.

v A AR TR
1) Dong—Geun Kim. 2008. Improvement of Isolation Method of Predatory Fungi from

Soil. The 5th International Congress on Nematology, Brisbane, Queensland, Australia on
13—18 July 2008.

= =R
1) Dong—Geun Kim, Myeong—Won Kang and Joong—Hwan Lee. Effect of

Nematicide—dipping Methods on Control of Aphelenchoides fragariae in Strawberry. §F=



S 872%8t3] A A FER3]. 2008, 5. 8—10. AH A FHXE.
2) Dong—Geun Kim and Joong—Hwan Lee. Lilium tuberosum, a new host of root—knot
nematode, Meloidogyne incognita in Korea. 20083 #2124 g|sts], F=7gt<a 3.

2008. 4. 25, I A g gl s G A ek

R R B e I AR B



A6 ATNEHAANA =T AT eHE

AL Fubyols WHEEked (2007, 12. 10 ~16) o] 71t HFHsH A Frby
=
[€)

obe] A AT BF shel L AF WHFFo] AT BFE sefalgli, ool Bty
BEYE D FEAT Bate] Eolaty 2001%9 £A ¥ 9T =L FRAAT
obeliz W /199l o % Aol

Institutul de Cercetare—Dezvoltare pentru Legumicultura ans Floricultura Vidra—ICDLF
(Research & Development Institute for Vegetable and Flowers Growing Vidra)
Address: Vidra Village, Ilfov County

Tel: 40—21-361.2096

Tel/ Fax: 40—21-361.2094

Agentia Nationala pentru Ameliorare si Reproductie in Zootehnie—ANARZ
(National Agency for Animal Breeding Amelioration and Reproduction)
Address: Sos. Bucuresti—Ploiesti, Km 18, Sector 1, Bucharest

Tel: 40—21-350.1018/ 20/21/22

Fax: 40—21-350.1019

Institutul de Cercetare—Dezvoltare pentru Cresterea Bovinelro Balotesti— ICDCB
(Research & Development Institute for Cattle Breeding Balotesti)

Address: Sos. Bucuresti—Ploiesti, Km 18, Sector 1, Bucharest (same as ANARZ)
Tel: 40—21-350.1034/ 350.1026

Fax: 40—21-350.1030

Statiunea de Cercetare—Dezvoltare pentru Pomicultura Baneasa—SCDP



(Research & Development Station for Fruit Tree Growing Baneasa)
Address: 4, Ion Ionescu de la Brad Blvd, District 1, Bucharest
Tel: 40—21-233.0613/ 17/ 33

Fax: 40—21-233.0614

Ministry of Agriculture and Rural Development
Address: 24, Carol I Blvd, sector 3, Bucharest
Tel: 40—21-307.8643/ 8522/ 2433

Fax: 40—-21-307.8627

General Director: Mrs. Roxana Zarma— General Direction of European Affairs and

International Relations



A7 A FAEH

Anderson, M. G., T. B. Jarman, and R. W. Rickards. 1995. Structures and absolute
configurations of antibiotics of the oligosporon group from the nematode—trapping
fungus Arthrobotrys oligospora. J. Antibiotics 48:391—398.

Balan, J., and N. Gerber. 1972. Attraction and killing of the nematode Panagrellus
redivivus by the predacious fungus Arthrobotrys dactyloides. Nematologica
18:163—173.

Barker, K. R. 1985. Nematode extraction and bioassays. In: An Advance Treatise on
Meloidogyne. Vol II. Methodology pp. 19—35. North Carolina State University.
Raleigh, NC, USA.

Barron, G. L. 1977. The nematode—destroying fungi. Canadian Biological Publications

Ltd, Guelph, Ontario, Canada. 140 pp.

Cayrol J. C., J. P. Frankowski, R. Lanza, and M. Tamonte. 1991. Nematodes in kiwifruit
culture. Biological control trials with the nematophagous fungus T—350. Rev. Hort.
No. 313, 54—56.

Cayrol, J. C. 1983. Biological control of Meloidogyne by Arthrobotrys irregularis. Rev.

Nematol. 6:265—273.

Cho, H. J. S. C. Han. 1986. Survey of plant parasitic nematodes on economic crops.
Korean J. Plant Protec. 25:175—182.

Cho, M. R., B. C. Lee, D. S. Kim, H. Y. Jeon, M. S. Yiem and J. O. Lee. 2000.
Distribution of plant—parasitic nematodes in fruit vegetable production areas in
Korea and identification of root—knot nematodes by enzyme phenotypes. Korean J.
Appl. Entomol. 39:123—-129.

Choi, D. R. and Y. E. Choi. 1982. Survey on plant parasitic nematodes in cropping by
controlled horticulture. Korean J. Plant Protec. 21:8—14.

Choi, Y. E. 1978. Differential host responses to root—knot nematodes (Meloidogyne
spp.). Res. Rev. of Kyungpook Nat. Univ. 26:611—615.



Choi, Y. E. and H. Y. Choo. 1978. A study on the root—knot nematodes (Meloidogyne
spp.) affecting economic crops in Korea. Korean J. Plant Protec. 17:89—98.

Choo, H. Y., H. K. Kim, J. C. Park, S. M. Lee, and J. I. Lee. 1987. Studies on the
patterns of plastic film house, their growing conditions, and diseases and pests
occurrence on horticultural crops in southern part of Korea. Insects and nematodes
associated with horticultural crops and effect of nursery soil conditions on the
infection of root—knot nematode. Korean J. Plant Protec. 26:195—-201.

Commandon, J., and P. de Fonbrune. 1939. De la formation et du fonctionnement des

piéges des champignons prédateurs des nématodes. Recherches effectuées a l'aide de
la micromanipulation et de la cinématographie. C. R. Acad. Sci. Paris 207:304—305. (in
Barron, 1977)

Cooke, R. C. and B. E. S. Godfrey. 1964. A key to the nematode—destroying fungi.
Trans. Brit. Mycol. Soc. 47:61—74.

Cooke, R. C., and V. Satchuthananthavale. 1966. Some nematode—trapping species of
Dactylaria. Trans. Brit. Mycol. Soc. 48:27—32.

Couch, J. N. 1937. The formation and operation of the traps in the nematode—catching
fungus, Dactylella bembicodes Drechsler. Jour. Elisha Mitchell Sci. Soc. 53:301—309.

Dobbs, C. G., and W. H. Hinson. 1953. A widespread fungistasis in soil. Nature
172:197-199.

Drechsler, C. 1933a. Morphological diversity among fungi capturing and destroying
nematodes. Jour. Wash. Acad. Sci. 23:138—141.

Drechsler, C. 1933b. Morphological features of some more fungi that capture and kill
nematodes. Jour. Wash. Acad. Sci. 23:267—270.

Drechsler, C. 1937. Some hyphomycetes that prey on free—living terricolous nematodes.
Mycologia 29:447—-552.

Drechsler, C. 1944. Three hyphomycetes that capture nematodes in adhesive networks.
Mycologia 36:138—171.

Drechsler, C. 1946. A nematode—destroying Phycomycete forming immotile spores in



aerial evacuation tubes. Bull. Torrey Bot. CI. 72:1—17.

Duddington, C. L. 1962. Predacious fungi and the control of eelworms. In: Viewpoints in
Biology. Vol. 1 (C. L. Duddington and J. D. Carthy, Eds.) Butterworths, London.
Duddington, C. L., F. G. W. Jones, and T. D. Williams. 1956. An experiment on the
effect of a predacious fungus upon the soil population of potato root eelworm,

Heterodera rostochiensis Woll. Nematologica 1:22—343.

Eisenback, J. D., H. Hirschmann, J. N. Sasser. and A. C. Triantaphyllou. 1981. A Guide
to the Four Most Common Species of Root—knot Nematodes (Meloidogyne spp),
with a Pictorial Key. North Carolina State University, Raleigh, North Carolina. 48
bp.

Giuma, A. Y., and R. C. Cooke. 1971. Nematoxin production by Nematoctonus
haptocladus and N. concurrens. Trans. Brit. Mycol. Soc. 56:89—94.

Ham, A. F. and G. D. Wilkins. 1961. Observations on the use of predacious fungi for
the control of Heterodera spp. Ann. Appl. Biol. 49:515—523.

Hayes W. A. and F. Blackburn. 1966. Studies on the nutrition of Arthrobotrys
oligospora Fres. and A. robusta Dudd. Ann. App. Biol. 58:51—60.

Hibbett, D. S. and R. G. Thorn. 1994. Nematode—trapping in Pleurotus tuberregium.
Mycologia 86:696—699.

Jaffee B. A., E. C. Tedford, and A. E. Muldoon. 1993. Tests for density—dependent
parasitism of nematodes by nematode—trapping and endoparasitic fungi. Biol. Control.
3:329-336

Jeong, M. J. 1987. Isolation of nematophagous fungi and evaluation of their biological
control potential against Meloidogyne hapla Chitwood in pepper. M.S. Thesis.
Gyeongsang Nat. Univ. JinJu, Korea

Jepson, S. B. 1987. Identification of Root—knot Nematodes (Meloidogyne Species). CAB
International, Wallingford, Oxon, United Kingdom. 265 pp.

Kerry, B. 1980. Biocontrol: Fungal parasites of female cyst nematodes. Jour. Nematol.

12:253-259.



Kim, D. G. and H. Ferris. 2002. Relationship between crop losses and initial population
densities of Meloidogyne arenaria. J. Nematol. 34:43—49.

Kim, D. G. and R. D. Riggs. 1995. Efficacy of the nematophagous fungus ARTI18 in
alginate—clay pellet formulations against Heterodera glycines. J. of Nematology
27:602—-608.

Kim, D. G. and I. K. Yeon. 2001. Development of Meloidogyne arenaria on oriental
melon (Cucumis melo L.) in relation to degree—day accumulation under greenhouse
conditions. Plant Pathol. 17:159—-163.

Kim, D. G., and R. D. Riggs. 1992. Biological control. Pp.133—142 in R. D. Riggs and J.
A. Wrather, eds. Biology and management of the soybean cyst nematode. St. Paul,
Minnesota: APS Press.

Kim, D. G., and R. D. Riggs. 1991. Characteristics and efficacy of a sterile
Hyphomycete (ARF18), a new biocontrol agent for Heterodera glycines and other
nematodes. J. Nematol. 23:275—-282.

Kim, D. G., D. R. Choi, and S. B. Lee. 2001. Effects of control methods on yields of
oriental melon in fields infested with AMeloidogyne arenaria. Res. Plant Dis.
7:49-55.

Kim, D. G., J. K. Lee, Y. K. Lee, Y. C. Choi, and Y. K. Kim. 1997. Description on five
species of Arthrobotrys (Corda) Schenck, Kendrick & Pramer in Korea and their
key. RDA. J. Crop Protection 39:33—41.

Kim, D. G., S. G. Bae and Y. S. Shin. 2001. Distribution of nematophagous fungi under
different habitats. Korean J. Mycol. 29:123—126.

Kim, D. G., Y. H. Ryu, and H. G. Hwang. 2006. First report of two nematode—trapping
fungi, Monacrosporium ullum sp. nov. and Arthrobotrys amerospora, from Korea.
Plant Pathol. J. 22:174—-178.

P77

Kinloch, R. A. and K. Hinson. 1972. The Florida program for evaluating soybean

(Glycine max L. Merr.) genotypes for susceptibility to root—knot nematode disease.



Proc. Soil Crop Sci. Soc. Florida 32:173—176.

Lackey, B. A., A. E. Muldoon, and B. A. Jaffee.. 1993. Alginate pellet formulation of
Hirsutella rhossiliensis for Dbiological control of plant—parasitic nematodes.
Biological—Control. 3:155—160

Larsen, M., J., S. A. Wolstrup, J. Henriksen, J. Gronvold, and P. Nansen. 1992. In vivo
passage through calves of nematophagous fungi selected for biocontrol of parasitic
nematodes. J. Helmin. 66:137—141.

Lee, J. K., Kim, D. G. and Lee, Y. K. 2000. Comparison of predacity of nematode
predatory fungi against Meloidogyne incognita. Korean J. Applied Entomology
39:111-115.

Lemaire J. M., C. alabouvette, P. Davet and R. Tramier. 1986. Problem posed by the
large scale application of mocroorganisms for biocontrol of soil—borne plant
pathogens. Symbiosis. 2:287—302.

Lewis. J. A., G. C. Papavizas and R. D. Lumsden. 1991 A new formulation system for
the application of biocontrol fungi to soil. Biocontrol Science and Technology. 1:59
—69.

Linford, M. B. 1937. Stimulated activity of natural enemies of nematodes. Science

85(2196):123—124.

Linford, M. B. and F. Yap. 1939. Root—knot nematode injury restricted by a fungus.

Phytopathology 29:596—609.

Linford, M. B., F. Yab, and J. M. Oliveira. 1937. Reduction of soil populations of the
root—knot nematode during decomposition of organic matter. Soil sci. 45:127—141.

Liu, X. Z., L. Ding, X. Y. Wu, and C. Y. Shen. 1992. Nematophagous fungi in China.

Mycosystema 5:117—126.
Mankau, R. 1961. An attempt to control root—knot nematode with Dactylaria thaumasia
Drechsler and Arthrobotrys arthrobotryoides Lindau. Plant Dis. Reptr. 45:164—166.
Mankau, R. 1962. Soil fungistasis and nematophagous fungi. Phytopathol. 52:611—-615.

Meyer—SLF. 1994. Effects of a wild type strain and a mutant strain of the fungus



Verticillium lecanii on Meloidogyne incognita populations in greenhouse studies.
Fundamental and Applied Nematology. 1994, 17:6, 563—567.

Miao, Z. Q., Z. Z. Liu, S. D. Li, and M. X. He. 2003. Dactylella pseudoclavata sp. nov.,
a new nematode—trapping fungus. Can. J. Bot. 81:452—456.

Nansen. P., M. Larsen, J. Gronvold, J. Wolstrup, A. Zorn, and S. A. T. I. Henriksen.
1995. Prevention of clinical trichostrongylidosis in calves by strategic feeding with
the predacious fungus Duddingtonia flagrans. Parasitol. Res. 81:371—374.

Nordbring—Hertz, B. 1972. Scanning electron microscopy of the nematode—trapping
organs in Arthrobotrys oligospora. Physiol. Plant. 26:279—284.

Nordbring—Hertz, B. 1973. Peptide—induced morphogenesis in the nematode—trapping
fungus Arthrobotrys oligospora. Physiol. Plant. 29:223—233.

Oostendorp, M. and R. A. Sikora. 1989. Seed—treatment with antagonistic thizobateria for
the suppression of Heterodera schachtii early root infection of sugar beet. Revue
Nematol. 12:77—-83.

Pelagatti O., and A. Piccolo. 1990. Further considerations on the use of R 350 with a
base of Arthrobotrys irregularis. Redia 73:229—242.

Persson Y., and E. Friman. 1993. Intracellular proteolytic activity in mycelia of
Arthrobotrys oligospora bearing mycoparasitic or nematode trapping structures.
Exp. Mycology 17:182—190.

Pfister D. H. 1994. Orbilia fimicola, a nematophagous discomycete and its Arthrobotrys
anamorph. Mycologia 86:451—453.

Pramer, D., and N. R. Stoll. 1959. Nemin: a morphogenic substance causing trap
formation by predacious fungi. Science 129:966—967.

Rhoades, H. L. 1976. Effects of Indigofera hirsuta on Belonolaimus Jlongicaudatus,
Meloidogyne 1ncognita, and M. javanica and subsequent crop vyield. Plant Dis. Rep.
60:384—386.

Saitou, N. and M. Nei. 1987. The Neighbor—Joining Method : A New Method for

Reconstructing Phylogenetic Trees. Mol. Biol. Evol., 4:406—425.



SAS, 1990. SAS/STAT User's Guide. Version 6. SAS Institute Inc., Cary, NC.
Sayre, R. M. 1980. Promising organisms for biocontrol of nematodes. Plant Dis.
64:527-532.

Schenck, S., Kendrick, W. B. and Pramer, D. 1977. A new nematode—trapping
hyphomycete and a reevaluation of Dactylaria and Arthrobotrys. Can. J. Bot.
55:977-985.

Seoul Agricultural & Marine Products Corp. 2008.

http://www.garak.co.kr/united/index.jsp.

Soprunov, F. F. 1958. (Predaious fungi — Hyphomycetes and their application in the
control of pathogenic nematodes. Academy of Sciences of the Turkmen SSR, 1958,
Translated from Russian). 292 p.

Southey, J. F. 1986. Laboratory methods for work with plant and soil nematodes.
London: Her Majesty's Stationery Office. London.

Stirling G. R., L. J. Smith, K. A. Licastro, and L. M. Eden. 1998. Control of root—knot
nematode with formulation of the nematode—trapping fungus Arthrobotrys dactyloides.
Biological control 11:224—230.

Stukus, P. E. 1997. Investigating Microbiology: A Laboratory Manual for General
Microbiology. Harcourt Brace & Co. Florida.

Taylor, A. L. and J. N. Sasser. 1978. Biology, identification and control of root—knot
nematodes (Meloidogyne species). North Carolina State Univ. Raleigh. 111 pp.

Thompson, J. D., T. J. Gibson, F. Plewniak., F. Jeanmougin, and D. G. Higgins. 1997.
The ClustalX windows interface: flexible strategies for multiple sequence alignment
aided by quality analysis tools. Nucleic Acids Research 24:4876—4882.

Tunlid, A., H. B. Jansson, and B. Nordbring—Hertz. 1992. Fungal attachment to

nematodes. Mycol. Res. 96:401—412.

Wimber, D. B., and T. W. K. Young. 1983. Septum structure in Dactylella lysipaga.
Mycolgia 75:174—175.

Yoo, K. H., Y. H. Choi, H. H. Lee. 1981. Isolation of nematode destroying fungi.



Korean J. Mycol. 9:193~197.

) 34:91—95.

|

b2

B2

A8, A,

3] 27:159—164.

[l
o

[e) ==
&=

=

ol

=K
BR
N
_ZT
T
il

FHIRAS). 92pp.

. 2006. 20052545

n2el

folo

M.
Ho

13 %] 32:105—114.

3] A] 22:19-28.

1982. w38k, WAl A, FE3IA)F. page 123—125. 473 page. A<, 3h=t,

Auld, A3t 1988, #el 5 Aol o

o] A<.

|+=

Z

we g m=a}s] x| 27:149-158.

%
T
N
J_HO
B

g, A4, D8, 0

|3L%3+3] %] 32:382—388.

HJ
olo
o
0

1o

H
0

Z3}F3] %] 29:148 (Abstract).



1. o] RuAE

EissEc

A8

3. =7t 7™ A e

ol Lt}




	선충 천적곰팡이를 이용한 친환경 생물농약 개발

	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	1절 서론
	1. 식물기생성선충의 특성 및 피해 상황
	2. 선충 포식성곰팡이의 생물적 특성

	2절 연구개발의 목적
	3절 필요성
	4절 연구 범위

	제 2 장 국내외 기술개발 현황
	1절 국외 기술개발 현황
	2절 국내 기술개발 현황

	제 3 장 연구개발 수행 내용 및 결과
	1절 연구 방법
	1. 선충 포식성곰팡이 분리 및 균주 선발
	가. 선충 포식성곰팡이 분리 및 동정
	1) 배지 종류별 포식성곰팡이 분리효율 비교
	2) 포식성곰팡이 분리시 부식성선충 첨가 효과
	3) 토양 희석에 의한 포식성곰팡이 밀도 산출

	4) 살선충제에 의한 배지내 발생되는 토양 미생물 억제
	5) 포식성곰팡이 분류 및 동정

	나. 선충 포식성곰팡이 선발
	1) 포식성곰팡이의 산소농도에 따른 반응성

	2) 포식성곰팡이의 온도에 대한 반응성
	3) 포식성곰팡이의 세균에 대한 반응성


	2. 선충 포식성곰팡이 배양 및 제제화
	가. 균사 액체배양
	나. 포식성곰팡이 고체 제제화
	1) 포식성곰팡이 제제화 I : Vermiculate-starch formulation
	2) 포식성곰팡이 제제화 II. : Sodium alginate matrix Formulation
	3) 포식성곰팡이 제제화 III. BIODAC® formulation
	4) 포식성곰팡이 제제화 IV: Pregelatinized Starch Stabilizer formulation
	5) 포식성곰팡이 제제화 VI: 싸래기 및 밀을 이용한 유기 formulation
	가) 싸래기 제제
	나) 밀 제제


	다. 천적곰팡이의 토양 정착능력 검정

	3. 선충 포식성곰팡이 제제를 이용한 효능검증 및 이용방법 연구
	가. 포식성곰팡이 제제의 실내 검정
	나. 포식성곰팡이 제제의 폿드 검정
	다. 포식성곰팡이 제제의 포장 시험
	1) 마이크로프롯 시험
	2) 포장 시험

	라. 포식성곰팡이 제제의 살충력에 영향을 미치는 생물적․환경적 요인
	1) 포장내 뿌리혹선충의 분포도
	2) 포식성곰팡이 서식지 토양의 환경 요인 분석
	3) 포식성곰팡이 살충력 제고를 위한 토양 환경 조절



	2절 연구 내용 및 결과
	1. 선충 포식성곰팡이 분리 및 균주 선발
	가. 선충 포식성곰팡이 분리 및 동정

	1) 배지 종류별 포식성곰팡이 분리효율 비교
	2) 포식성곰팡이 분리시 부식성선충 첨가 효과
	3) 토양 희석에 의한 포식성곰팡이 밀도 산출
	4) 살선충제에 의한 배지내 발생되는 토양 미생물 억제
	5) 포식성곰팡이 분류 및 동정

	나. 선충 포식성곰팡이 선발
	1) 포식성곰팡이의 산소농도에 따른 반응성
	2) 포식성곰팡이의 온도에 대한 반응성
	3) 포식성곰팡이의 세균에 대한 반응성


	2. 선충 포식성곰팡이 배양 및 제제화
	가. 균사 액체배양
	나. 포식성곰팡이 고체 제제화 및 효과 검정
	다. 천적곰팡이의 토양 정착능력 검정

	3. 선충 포식성곰팡이 제제를 이용한 효능검증 및 이용방법 연구

	가. 포식성곰팡이 제제의 실내 검정
	나. 포식성곰팡이 제제의 폿드 검정

	다. 포식성곰팡이 제제의 포장 시험
	1) 마이크로프롯 시험
	2) 포장 시험

	라 포식성곰팡이 제제의 . 살충력에 영향을 미치는 생물적․환경적 요인
	1) 포장내 뿌리혹선충의 분포도
	2) 포식성곰팡이 서식지 토양의 환경 요인 분석
	3) 포식성곰팡이 살충력 제고를 위한 토양 환경 조절

	마. 포식성곰팡이 제제의 효율적 이용방법 제안



	제 4 장 목표달성도 및 관련분야에의 기여도
	1절 연구개발 목표의 달성도

	1. 선충 포식성곰팡이 분리 및 균주 선발
	2. 선충 포식성곰팡이 배양 및 제제화
	3. 선충 포식성곰팡이 제제를 이용한 효능검증 및 이용방법 연구

	2절 관련분야의 기술발전에의 기여도
	1. 선충 포식성곰팡이 분리 및 균주 선발
	2. 선충 포식성곰팡이 배양 및 제제화
	3. 선충 포식성곰팡이 제제를 이용한 효능검증 및 이용방법 연구


	제 5 장 연구개발결과의 활용계획
	1. 선충 포식성곰팡이 분리 및 균주 선발
	2. 선충 포식성곰팡이 배양 및 제제화
	3. 선충 포식성곰팡이 제제를 이용한 효능검증 및 이용방법 연구
	가. 학술지 논문 게재
	나. 국제 심포지움 발표
	다. 국내 학술회의 발표
	라. 신문 및 잡지 기사 게재


	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌

