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B1E #

il

WMEDI>L, RATEUFaVLREDEDFTEMRBEIREL, EELGER
ThHY. TOHRIIEVORELEEDE=OIZIEFAIRTH D, -, LEPIC
[TIRBEORBHEY (RBXBHMEY) HAEFEEL. RREFBROFELTELL
L. TEIOEVEHZBAL TS, cNoDBRBRRBHMEMZFAT S
ETHRBZEYHICHRTESAEMEADHY . CHOoDEEEREZHEAT S
EREETHD.

1.8RBIZDOIN\T

MRESBEBYMICET 2BYPORMTHY .. KITEK T, FRIEE m
LUTTHS (B 2003) , RARF, BYCEDICHFET IFERRRETN
LSO BBRAEMERE (BEMSRR) [CXKASh, EHFEMERRICERIT
TUoFa, RTYLEUFAVELUVVRA M EOFaA0RENHY .. YIS
WEEZRIILTLS (A 2003) , EMFEMRROED~DEREELEL.
HAPTI000ET A VA FILEHESN TS (Oka > 2000) . IRE. #RA
TEMRT A -OICRBRBREADVFEASNTVED., APBY~NOREHRES &
VIRIEFENEELEGY ., ERELEICGS-RIERFILH Y. RRBFIZED
DREGRBIRAEZDERNTHN TS (Oka 5 2000) ,

2. BT - FET HHRKE

) RBAERELRBFLEIOESR

TEAPICAERT HHMEPOPRICIE, RREHE - ERTILIBRABEI L. 8]
BONFELFDRAMIFELELLT HBRRFLEENFET S (Barron 1977)
fzfzL. RRBERELRRFEEORANE. BHETEHLGLS . BOERLTHE
ETHD, ZZTIL, Barron (1977) DEDI=EHDIZHEL., BREZHIZT 55
BEZERICEATAAKEZ IEEEIEE] L L. BIEREZERAETHREA.
MELUVLRMIFETH4ANKEZ BRRFLER] LFERTH, REBIEFL
BEFTERDS., COLSILEHEEZLEDLSICEBL TEL-OMEKREL,



2) MAMRESSUVBRRFEATOHAEDOEL EHEE

BRBEIRBEOMEDOESEEH <. 1852 FIZ Fresenius [Tk Y IR RIBIEE D
N &H5 (Fresenius 1852) , =M. 1870 £IZ Voronin AR BIFIRE ICHS
BENT-HBKRDB[/EZBELI-A., TOHEEE TIIEHATETEM o7z (Voronin
1870) , MABHIREDORBIHIRIMEAIL, 1888 FIZ Zopf [T& > T & 5 < fEZHH
INhtz (Zopf 1888) , —A. MRBFLERDRERIL. FRWIREIZLLRTHL
. BRICHEETHRIRAE, 1960 ERICEIisITKYEBEEDLTENSERSK
f= (Ellis 5 1962) , TD#&. HALGKRRFERENEFE SNz, COLSKE
REFIERCRBFTLERICOVTHE, £B, £FBS S UVEYHBRADOFAIC
B sMENAGEINTLNS (Barron 1977)

BREFBEESFURBRFLERODEEZER 1-1 LR 12 ITRTMEEBIERA .
FEROAIINE)TH, HEFEOES27EBLIUMETHO NI EFAHER
B9 (F1-1) ,

x1-1. HBEBREOSE

] il 4 ] &= =
FEER FrIUEY XX ar Eawas HIEVYUT  [Arthrobotrys
Ascomycota Pezizomycotina jLeotiomycetes |{Helotiales {Orbiliaceae |(Dactyl/el/a

Monacrospor ium
BFHE INT BT INT BT NG BT E>4%7 Hohenbuehelia
Basidiomycota i{AgaricomycotinaiAgaricomycetes {Agaricales iPleurotaceae jNematoctonus

Pleurotus
i@ T BA FUEFHEIFYEFHE

Sty/lopage

Incertae sedis Zoopagales {Zoopagaceae

HRAFERIT, FEEOITINFETH, EFRIMIUTHER, Nvhox
B, 22 FITE, Z0FFURBELUVFEFILTAVESHR, HEFEEOD
ESS78. YRAEMDYRDERESLUVABEFADE YA HER. ~Y
EFAERBIUAYRZISHEIZELTLS (FR1-2) .



#£1-2. HREFLEEOSE
M H B e I
FTER A—RAFHLHE A—RAF I L TANEEY Paeci/omyces
Ascomycota Eurotiomycetes Eurotiales Trichocomaceae
JUATHhE Ra a4y ExXxo YT
) ) ) Clonostachys
Sordar iomycetes {Hypocreales Bionectriaceae
Nyhoxy Drechmeria
Clavicipitaceae Lecanicillium
Pochonia
Verticillium
/8
7 bUT Nectria
Nectriaceae
=vTF Trichoderma
Hypocreaceae
Haptoci!/lium
Harpospor ium
Ophiocordycipitaceaeif/rsutel/a
Podocrel la
Purpureoci !l ium
HFH INT BT INT BT ESRT Hohenbuehelia
Basidiomycota Agaricomycetes Agaricales Pleurotaceae Nematoctonus
yRHE yRAHE yRHE yRHE )
o o o o Catenaria
Chytridiomycota {Chytridiomycetes {Chytridiales Chytridiomycetes
FIETH FJEFAHE tovA4hE
) Euryancale
Incertae sedis Zoopagales Cochlonemataceae
FJEFHE
) Rhopalomyces
Zoopagaceae
NIAHE
7 Meristacraceae Mer istacrum
Entomophthorales

F1-1ER1-2(1F, BEODBEEREEICER LTS (Gams - Zare 2001,
Lopez-Llorca & 2010a. Luangsa-ard & 2011, Zare & 2001) A%, §i&.
BLFRNGEDERICEIYERINDAEENH D, HIAIEL, BRRBIEFOD
DEIE. DEFOW. RESIUXRETSIOSETFHOLERD S IEOEEHIZLY
fTHhn Tz (Drechsler 1937) A, AJILE ) 7RO RIFEREIZDULVT, rDNA
D ITS H EDBEERS| ZIERICE R EIEE STV S, Hagedorn - Schol ler

(1999) 12 & B & AIIE Y FROBRIFIREA L. Arthrobotrys.Dactylel | ina.,
Gamsylella & & U Drechslerella® 4 DDREIZHIT 5%, —A.Li 5 (2005)
X. ANLNEVTHOEBRBIEE % Arthrobotrys. Dactylellina & & U
Drechslerella® 3 DDEIZH1HT=, rDNA D ITS XU B -tubul in BIzFNDIE
HEHIIZK Y. Gamsylella ICE L TWI-#ERIBIEE % Arthrobotrys £1-1%
Dactylellina ~M . Gamsylella |$fEAEnt= (Li 5 2005) ., —EDHE



DHFRTEGFERINCKDDEIHIEFEOHEICE S0 BICHEMEN EN
R Itz (Hagedorn - Scholler 1999, Li & 2005) .

3) MEBHIEEDRBRMIETE L FH

REFIERORRICIIRBZHITET 2HBE (REFBIERE. BEBiERGE
EHEEND, ) NRBICHELCTHEASA, HIRSFEEICEERK. 28K, IUHEER.
JEURAEIR. BRI CIHRUNMMBIRG EDRENH S (Barron 1977) , xLEELHE
IREBBE L LTIL, Stylopage T AHBEED D BMEICBODN-EANH
% (Barron 1977) , Hagedorn - Scholler MIRIE LT-K 5 Tl&. Arthrobotrys
TIEMIK. Dactylel/ina TIXEMDEKRE £ IEFINMBR E BEHRDBRR.
Gamsylella TIXEWDEKR F =1L k4K, Drechslerel//a TIEUHMBEIRTH S

(Hagedorn = Scholler 1999) , Li o MiRMB L 1=K % TIlX. Arthrobotrys Tl
FIKE L IXEWDBKRS, Dactylellina TIXEWMDEKK £ =13 IEINHEIR EFHWR
DEkR. Drechslere//a TIXUUEIRTH A (Li o 2005) , IRMEIR & (&, #RA
NEALE-BRRE., BZBELTWS 3 DOMBNEIREL. EREHEET I
BETHD (Barron 1977) , Nematoctonusx. H#E L < (FEMDIEBEED
KEBITAEREWRKT S (Barron 1977) ., Nematoctonus & & U Pleurotus
[ZIE. RBOHEMGEIZLYRBOFEZREDMICERML., RBICHT 5%
MMEFIHFEPEEZEEL. REZFEELIEERT, XEFLRN DR
BREHESE. FHELEZRBEOORESE LLFIIIMBISEREZRBASESR
FRRIRTS5EDHL VS (HIF-5RE 2000, Satou 5 2008) , #RRFEIRA L.
IR L HMEFERICIRBOREZRIEL., BRARNICEREFREZEASHE.
24 BEERICIIBMBARNICERNLZEL. NBEYWHEILLEN S (Barron 1977),
BREFREA O O TOTT7—ENEESINDI I LM NTEY ., BEEIC
BELKRIEFE-TWSEEZLND (Li 5 2006) , MBEWEIRE (X, LEDS
RBEHTTEIEEETHY .. FHHFTERETHS (Barron 1977) . ThilE,
BEELELLET7I/BORTFRGEOERMZRAML T, HIEREZERT
% (Barron 1977) , Pramer & Stoll IT& > CHEBRERRZEYENRR S
. “Nemin (RZ>) 7 &&Dltonfz (Pramer - Stoll 1959) , ZD#%®D
HRT. RRUERTF I RERBERREFET LI LARBHLN, Y UN
EFENBEORTF FOFEREADNE W £ M o= Wootton-Pramer 1966),
LOLEDRS, NUUBREEFNIRTF FOFENILT LLHIRFERREZS



B H0ITTIEEL, RBREICE>THEG SN (Barron 1977, Arevalo
5 2009) . A dactyloides TIFEXREBRELEDEREICEVTEZHOHHER
BREEBOFTENELLEI LML, BERRREORIERERRICEVWTRED
BERETTHEL . XBEPIRZKETHLIZENEETHS (Balan b 1972) ,

4) MBEFLERDBRBRANDFESEEHH

BREFLERORBLGEADREEE., BER. BFELIUHEEFICE>TITHhN
b5, BRICKDEEL LTIE. Paecilomyces, Purpureocillium, Pochonia.,
Lecanicillium, Nectria. Trichoderma & &1 Rhopalomyces |Z§ LN TEE &)bih,
B, BRICKDREEF. RBRWEZEITENET S, RBETMERAKRT, REIC
FEEMEEEITL., TOZRFEMIEVIE (ETY VB, FFURB. Haﬁ%)
ICBENT., KV ZELESND (BE 2003) ., JIDELK FTHELEZEARIC

KYMBRDOREOET) VEMNSEIN (Khan 5 2006, Hallmann 5 2009,
Szabo 5 2012) . BAMLEE SN TOTT7—E, FFF—FIT&
YDETVUBOTIZHAIXFUBLEERE B L. ZET S (Khan 5 2006,
Hallmann 5 2009) , 237> FaoTIXETY VBN 10~40nm HY . F
FURE+H 400nm &£ ELY (Khan 5 2004) , #RBREICK > TEEFTONDEE
BEMNEWDN, RO TEUFaVORBNEESFUoRMETEOAZIRLE I
YTERFICEENTEREL (BHE 2003) . RTHYLEUFaHTIE—F L
OIZEINT 52 EF A< —D2FRLIFBUETHE S (Timper -Brodie 1993) |
VAP EUFAVTIIMBERREN T V= ELEZO R FORIZIAFET S
(B 2003) , MEORKRIFAZ—7TUVEERRETHIARTEEEIATS
Y (hE 1992) [ PR FOBRITHMBEBOAERRN I = LEZEDTHS (F
1992) . ZDf=%. WAFLERIRET S TOT7—€IZLYED
LART D BBEADOREIIMZEDORADOSMN 51TH4 5 (Khan 5 2006) ,
fFICEDRFELLTE., MFIPIBRBARICHELRRET SAELMFLIRR
[CEBINARNTHRIFLRETLHED 2 FEHIC 7(/“:']2‘11%)0 HIEICET 5
REFEAEE E LTIX, Clonostachys, Drechmeria . Haptocillium, Hirsutella
B & U Nematoctonus hidp Y . HBEE DR FNMERORRKRIZMAE L. KRR EHIE

. ARICRERES S (Barron 1977) . BEBICE T AMEBEFLERE & L TIE.
Harpospor ium, Meristacrum$ &1 Podocrellahidh ). FHIREICIEEB S L
HETRETIEOABRETHY ., EVFLERBIOBLNHEH-0. BFINE



BTES, CNoDBRBFEEICEET H I &AL (Barron 1977) , #ERE
FICKYRETHMBEFERE LTIX. Catenaria hdHdH, HEEFHIEEDNO
R L IFAIMEBICEES IS, BRALFET 5, REARNICEEFEISERS
N, AT D ERKREWE L GEEFIARMNIKRE SN S (Barron 1977,
1992) ., MHEFEREIE., TEPTEREF. BEERFOEEFERTER
LTWBHHDAZL (hE 1992)

MEFEEIL. FHENFEELRAFTERICKAN SN S, AIBEICIE.
Paeci lomyces. Purpureoci!/ium. Pochonia. Nectria. Trichoderma. Catenaria
B KU Rhopalomyces NE L TWB, &EIZIX. Drechmeria & & U Hirsutella
NELTWS, fz1ZL. EE03REBMIT DL TOT7—E, FF
FT—ELEDBREBRETEEL. REORKEHIRL TRERET S (Hal Imann 5
2009) . COBFEICEAPEERINEES LTSI LA BRBUNOEYIZHL
TRIRMZRRT OMLHD. EWRIC Purpureoci!/ium [i/acinum,
Paec/ lomyces variotii. P. fumosoroseus 85X P. viridis (=Chamae/eomyces
viridis) NARBIZK T 5BRE (RELEEADFE) ELTHRESATWLS (4t
B 5 2005) , &1=. Nectriaradicicola (=Cylindrocarpon destructans) |&%.
EMDRRETHLHB—H. Clonostachys roseald. IREHERE (Botrytis
cinerea) MEME ELTHLHMoNnD., MRFERETH S Trichoderma
atroviride ¥, IREBHERAE (B cinerea) DHEETF TCHFFF—HEEGEFDOH
WAERIN-LDHBELHD Klemsdal 5 2006) DT, FFF—EhAEHR
ERICBEE L TWAaeEMELH D, £z, P /ilacinumWPRIIEILEZILDE
ItEE LTHBESNE=REL DY . P /ilacinmETSAF VI DHEEE L
THHEAFSINTULVS (Pradeep 5 2013)

b) MAMBECHRRFLER & TIRIRK L OERK

BEBEECRAFLIE L HBEE L OBERICOLNTHRALAENELT
N3, BRBREOEB SOV TIRERE N TIHETERA 25CHEIZH Y .
£ pH ($ RIBIREOIEEIC L YRK Y, pHA. 2 & pHT.0 0 2 BFFIZH B 10
L pHA 2 (HEICB D EDNHD (S 1983) , —H. HEHTIE, @EHE
HOBIERICOLTH 20CTREEC . BROBREEEHRT HRKED
BLEIE., £1EpHS. 0~6.0 B KU pHT. 1~7.5 TBRHEH I BEENFFEFY . BKIK
DRIEBEEMRT 5 RKEDBE(E. pHb. 25~6.8 LIT THE & h ZHEL



ELEo= (=ZH 1983) , EHRFLEBR TIL Pochonia chlamydosporia DIHE .

RPN LLGEVEEIYELEEMIIEOLIEDFZ SN K CEIET S, 0T
TOFADMADFTERIZEIEZLIGEVLALG N o1 (Deleij-Kerry 1991) ,

T, BERICE >TELEAOEBEEIELD., EEELT VL DT EE RN
MEAEWNEEZONS (De Leij-Kerry 1991) P /ilacinum®D+2 T+
VF A VRANOWREIL. P /ilacinum DLIE~DEENSFITEUF 2
DROEEFEF CORBMBRS ICEBELEZRI T FaVBEICHERE
MNEmot=Z e, P lilacinumNEFESNT-BFRTRIELBAZENLELN. £
DILBREMNRN R I T FaVMBEIKRFELGEVWEZEZ O, Ff-, &
ANFELLGZVRETLEYMORICEZRIZT LG BEBICEK TSI LN
MoNTULS (Anastasiadis 5 2008) , Hirsutellarhossiliensis MIBFH
BCIE. CRE. TIE pH, LK TIEFHMICEE S, EFEE : 20~25°C,

E@EpH:5.5~7.0 THY . 5AHMEETEES (Timper -Brodie 1993, Rui
B 2005) , TUYA RN UF oy (Heterodera schachtii) ~MDEHFEER
X, R &Y IETDOANEN 1= (Rui > 2005) , £f=. H rhossiliensis
NDEFCFEDLLEPHICRESIN S (Rui 5 2005) , FREMHIE, FEHEIEHE
FATIXHEERAICK YIBHE LI-MEMEDFHEEIZRIT. A rhossiliensis DR
BADFEIIEELLGEMN o= (Hildaldo-Diaz - Kerry 2010)

6) MARMRES S UVRRFELEENELET 2BR

BREFIRESLSURBFTEENELET S )0 TOT7—EITDOVTEHH
TNENTHY., £ TATT7—EAREICEELRRBZHO-TVWELIEN
BASMIZA o7z (Khan 5 2006, Li 5 2006, Hallmann & 2009) , #&H0D
KEFEVNEHEOHLINERTHY., AT T ULEEDFUNIEIZTLYE
MEhTEY., £ TATFT7—HEICE>TRENHESh, BET S (Li b
2006) . Ff-. MBRFLEEILELESN-E) 0 TOTT7—EIZTLYHRBROI
HICHLIBERBNAEIN, BREFLERISRRIPCHEET S (Khan 5 2006,
Hallmann 5 2009) , E) > 7RT7—E &L, FEHERLMLICEY D EEDH D
JoTF7—ETHhHY. RERMGEIDIZCKY TP FEMYTOD, bOVE
V. TSRIVBLUVISREA—ERENHD (S - Wl 1984) , EHEED
BLICIFE. Y DDENNTRANRSEFUBEERFOUNKBIZHEET S (S -
Wil 1984) , ) o 7OF7—FIZE—REEOCIAKBE ELOBELUNR Sh

10



B5IENGCHELEMICE—FHOBRTHAI>EEZONTLS (58 - W
1984) . #RHEHIEE A o/igosporat') > 70T 7—E Pl OHHEIX. R
FEROEHRT S ) oTOT7—EICHART, 7 FEH 35kDa KU 38 kDa
EREL.P/IDALEELVLI EENETHS (Li 5 2006) , Soares i
(2013) (&, EEEHDES Monacrosporiumsinense ® TAT7—+X % BiEH
#R®B Panagrellus redivivus ITHER L., MEEREZHRELI-ECAH, TOTT7—
CTEEEHEDS B, KD, BE. FILI—XBE, 1 —XAFIXFREEBLV
DEFHOEWI P redivivus DERREICEEEZFZT. —A. HELUVIEE
FFEICOVWTHEREICEWTHEENH I LZHREL TS, —A. BR
FRAWTHERBRIZRETLIERFTLERCCH S P chlamydosporia. P.
suchlasporia, P. lilacinum&E & L. psalliotae DEET S >TATT
—tk. PFENMN 32~33 kDa, p/H10.2 THY. ERFIEEOE) > TOT
T—EELEILENEREMNES (Li 5 2006) , £1=. Pochonia rubescen & &
W P. chlamydosporia NS IEFNENDFE 32 kDa D7 ILAYEY>TAT
77—+t P32 8XU VOP1 AEESh. WFEMNABEINS (Lopez-Llorca ©
2010a) , £, BFZRAVWTHRABICRET HERFER THD Clonostachys
roseah X 2 D) > TOTT7—E (PrC B & U Lmzl) A Stz (Li
5 2006) , PrC &, thDERBFEED ) > T7OT7—EIZEULAH o= (Li
5 2006) ., PrC. Lmzl £ HFEM 33kDa, EFEEHI 60CTHoT=M. p/
MN&E-of= (Li B 2006) , Ft=. P /ilacinum®d FTOTF7—E€FHEX. EFV
V. XFUOBLUZD M) MBEEFRAERICHAEMT S22 ETELSBY ., RIKE
WICEUNRVBEERMTBIETTOTT—EEENFTEIND I ENRES
futz (Khan 5 2003) , RBEFERHE. FIROTOT7—EELUFFF—+F
NEFEDHEES (Atkins 5 2003a) , Fi=. P /ilacinumbh SFEHE L=t
J)o7aTF7—EEREBLI-ECS, WEROBEENGLRY, ETYVED
SEBHIBESN, T, Sy TEUF1IHORBEDEIL., BIEROE
THESEEDHELHD (Khan B 2004) , #RHBIZHIT 2 ESHEREFIZEL
TI&. C roseatEBB/mNLREE L) o T7O0T7—E &Y I BHITOELD
AR RDOEHEAESNRENAEN 2= ML, £ TAT7—ELUNDE
AL EHUBEFICBEAESE LTSI ENATRE SN (Li 5 2006) ,

P lilacinum DEXT HF¥FF—EIL pH3~6 DfEFBTEELTCHY ., 37
~50°COMBEE TEUENE L o= (Khan 5 2003) , Ft=. ThoDHEEER
DRRAIE., EBKEICE>TEN., FEXIZEET S (Freitas o 1995,

11



Hallmann 5 2009, Lopez-Llorca 5 2010b) , Freitas 5 (1995) AM{T-o7=
FERFHERIZH VT Cayrol 45 Jatala A BB LE-EHO Oy Rra T Fa
AANDFEEN 100% THo=DIZH L. Castro HEE L -EHROFEEL 2
~9%TdHot=, BHRIZ. Dallemole-Giaretta 5 (2012) 3, TS ILTHBEEL
t= P. clamydospor ia B gtk DEIEREF % 1#EE L REERNRRICEVLNTO v IO xR
AT FaVMADFEENEFERICE>TEVWVDHIIEETHELTLS,
E71-. Regaieg 5 (2011) % V. /eptobactrum|ZDWTHEEH L -#¥IZo v
FATEFa2aVDRANDFEENBERDILEEFZHREL TS, P
clamydosporia DX FF—EEEIL, JILa—RGEICL VT Sh, IIBRIC
FYRESN-Z ML, TEDCELLOTIVVMENGFET HLE~ADFLE
ENEL L BATREMEN BB (Anastasiadis > 2008) , £f=, *a3TEVFa
DREGATWSES FURMEN N RRAFTLEROFTLEZHIT TS LT HHRE
NHE—A. P lilacinum DERFENMEMMTEDLLLGWETEIHELH D

(Anastasiadis 5 2008) ,

NODMEZFELEHDE, MAMRECLRBRFAEIX., HBED L LERR
ROFREZRHELTCE) O ITOTT7T—ERXFFFI—EZEETIHERIZH D,
Fr. RECKRBRMAFELLGVWSGETEREARKEZER TS5 -T2 04
DINVE, BENZERTESFF UL LLEF M UICK Y NBEROEEN
FEINSI LML, AT—HTUOXFULRELTTEICHERT S5 L THRER
RECEBEFLEEDRBE~NDHBRIENES T SAEELNH S,

. RBEWIRE., KRAFERORRBHBEADEHA

1) #HFREMIELIEIZDONT

BEDITERBICOWTLEDERHICKYRRZIMLET 5LELSH Y. $FIC
BEEICIH TS LEE TRHFEIMLLE) ELTHMSATLS (BXRLTEHS
2013) . AHRDBRIMERIZOVTHLHY .. MEESKELGL. HLEH
ENBRMELD TRAEEMIELE) ALIXLIEEDH SN S (Pyrowolakis 5
2002, Hallmann 5 2009, ZHE 2011, Bao 5 2013) , #HEFEDFEDVIZHE
HERECREFEANSES LTSI LA HMoNTEY (FE 1992, AKX
TEHE 2013) . THRBIEMLETIE] A oRRBIRECKERFLEENDRES
nhi-#&EHH5 (De Leij - Kerry 1991, Pyrowolakis © 2002,  Hallmann

12



5 2009, 2H 2011, Yang 5 2012) , v AtAEEH LK UERBIERS
D56, BEBIEEOREOSVWLIETIIENMTEMRBDIERERH L LIELE
EMELMERIZHY . MEEICETHRRBIRRIEL. BRERFENBLEE
[CXKEMERIAR NS (= 1983) . TEFORBERBIEEOCRBEFTLERDE
HIZIHEEE L BEROFENEE LTINS EEZ 5N (Hildaldo-Diaz - Kerry
2010) | MEBEHRENHEREAL-TE A CREHIADPT K, BIERKRRTE
NEWERRBIERMLNS LI LDHRENHD (FE 1992) , 51T,
BOTERAICEEYTILFEZT HILETEHERBERHENENL, ThizéD
HUWVMEREBREHS ERL, BRELTRIYLEOFaoBLLI-HRED
%5 (Stirling 5 2011a, 2011b) . E#KIC. BABRERERICLEYFA XD
AbEFao0HYBEOFRENMETLERERE LT, BREKERZERAT
52 &T, ERUEBHRERGZEORBERYMENIIEEINE L ELITRREEEICT
HMEY (RABREEOCRBFTLER) OFEEN LA -2 ENEZ 5T (Bao
5 2013) ., Ff-. RARZIMEYOEEIZK Y EYFTEEBRRIAIEREST S5
ET, HMEOXMLEEL MBREMIELTIE] TG~ LOBELH D
(Hildaldo-Diaz - Kerry 2010) ., R#RICTUH AR M FaIZLDE
MIEENEEICKY—BR L G, HENBALT HE VS HIHAHRS
nr- (BXRITEHE 2013) . Ff-, BRWBIER(E. TEFTRELSNIZH =
POLIVEEDXIEEMZHHIRT S (Abiko 5 2005 DT, ThboDLIEE
MELBRERFREOEBICEEZRIILTVLSAREMENH Y. BRBIEFILL
BAYMOBEBMEEDHF TEELGUNEZLHO TS EEZAObNS, Chod T
HEHLETIE) TORRIMEEBICEAIT LIMREIL,. BRELHRT 2FERICF
FATZE5AREMENE LY,

2) MRBHIEEOEMMHIRICET SBFOHME

BRRBIREDOEYLBRADCARER (L. Linford A#1$H TFT o7 (Linford
1937) o ATV TINEREBEZXRIT LU Fa0FLTEFEICHML, BAEK
HFREEEOHBZEEL-EIA, NI Ty TIEREBERMIZKY BEHE
REFEEN—BMIZEMNMLIZC LT, KREFRADFEEIEFEY. TOE. B
EMRAREBEENMPZELY LET Lz (Linford 1937) ., RBSICHEMEFEN
MAEFRELETLIHIC, EREHLAERE Sz (Linford 1937) . Shid.
AHYMTILFICLOBREMERBBLRLCLTH S, RIZ, Linford - Yap (1939)
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(X, $REBIWIE Arthrobotrys. Dactylella %84+ v TILIBIZHETE L =A%, #R
REOHMHEBRIT/NE o1, RERBEFOEEBRARICE VL TRREFIHIHAER
HENEWRRE LTUTOZ ENEIFTOND FT  3EEL-ERBIEAL.
TEFTHOLEEMEDOREICBVNENEZOND, £z, BEADESE
R RFEEMES ., BREL-RABEAIRBZRHIELKRT S IR ALNE
EAbNd, THIC, MEABREAZELHIREHEOERLEEZELGCERTHDL L
EZbNBM. Dactylelliahaptotyla | BB EH B DY, A ol igospora | L8R
NELDT, AVWSEEOREICEET IMLENH D, REFIERA (L. MitsH
BICEKVAAERBEEZHIRT A LD OHIRT SBRITERMEN G, Fi-.
BRFRICE S TETHAMPU A ML S HEFHHD G MKEDRRIT, ##
ENITK W=, BIBRIEMECHE>TLEDS, LEA-T, ERBIEED
BRETCIIEMETEMHRBOEYMARITIELWVEEZONSD, L. TRRE
T CRBEBIEEINSVEETHEAETSLEEAONDLEDHELHY
(Hildaldo-Diaz - Kerry 2010) . E£f-. RHIRBFITHIEEI/ATSH LT
FHIET A ENoNTEY., TOHRIE, thOHEICHKRTEREENS
WEREHBETEL{EXRL, BEHEEDPOEROERLLBEICEVTEESLD
EEMRBEHMNMERL-ER. ChoZele T A RRMIRENEEELIZED
MRE+EHLHD (Wachira 5 2009) , CDI=&. BRFBIREDEETIEEL., B
EHRERZRELCERBRAEICEL-IBEREFRH®EI S LT, 2FD
BEBIREZEHESE. EVMTEUHRBEEZHRTELRIEELH D,
REHIREOER. mER1E(X, 1978 £(Z Cayrol BIZ&K YTy P a)Ll—L%H
DX/ atw>Fay (Ditylenchus mycel iophagus) BEfRZEBHIE LT= 4
robusta B E#MTHA (FR 1988) . 1IN FIZERI TV FaIhk%E
Bei& L1 A tortor (=A irregularis )AER. iRt &L Y. BRI
1FE SN, BRATITONTIz A tortor DHRBEBRTIL. BHBERHEILER
bhiEh otz (FER 1983) , BATORBHIREOWMEMEME L TIE, T
L= T7—T 4 ALK DERERE Monacrospor ium phymatopagum
FRWVEEYEE TRTE ] BNHo1=M. RFEEN VLG, EREHFT
B ENRBNICHE L FIBT L=, 2013 F 4 B 9 BICEREZHENEMIZH
ofz (BMKEEEREB M 42— 2014) . EMEE TRIE 2] 12D
LNTIE. 1981 (BRFD 56) FICHARBAFEZRIE L. 1984 (BEFD 59) &FAH 5 1985
(FEF0 60) FICAXRELILIHMARBEARIREER L-ER. RAHBR;
ErEMTHY. EMREENSNIENEBOH N, 1990 (ERK2) £7 A,
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BEANADYYIAERTIT LU FaVERNRELEEYRELE LTRTZR
&1z, 2001 (FpL 13) FIT k< b, 2003 (FRK 15) FITT = b7 MIEATEXK
BRI, fz1ZL, TRTELY] [F. X APBOHTEL .. BIKGEFERD
RIZZLhof= GKAK-#EMA 2010) OT, ERNEFLGM o=, LI=ho
T.COEIGHMEMEMZERT H=OICIXEIX FTHRIFAEGE LA,

3) MBRELEFDEMNIRICET 2BFOMR

BRELEEDOEYEBRA~DISRARER(E. Paeci/omyces, Purpureocillium,
Pochonia. Hirsutella & & U Trichoderma ZFRWTEIZITHhhA TS,
Paeci lomyces. Purpureocillium, Pochonia & & Trichoderma |%. BRIZEIZ
FETHEHENBTERTHY . Hirsutellald, HROBRICFET HHEAFAE
BThHd, HEXMFLERIE. FHEMNFTERICERTRRICH L TEELIKELD
T. RBFNMHIFETZTLHLEZ oSN, HAFEEOXRERIE. REIC
Boh, TERICEWVTEEXIFTES (Hildaldo-Diaz - Kerry 2010) .
ERFERTEVMFRICERT 2MEME L TESIGWVWEEZOND ., FHH
BHEE P /ilacinumB & P. chlamydosporialL. £MBEBREME L THEB X
NE-BRFLERTHDS, CNoDEFIHAFPICERLTVWSIEEMLBETHS

(Hallmann 5 2009) , ChoZiFEELEEEYIC L HBREBFNFIRHER
BRICEVLWTHRNHDLDELHY. —HEERKIELEhTLS (Hallmann 5
2009)

BRBEXEEOER. tlkitIL. P /ilacinum. P. chlamydosporia & & U
Trichoderma DE# TiTHMN 1= (Hallmann 5 2009) , P. //ilacinum TlX, F
4 *J @ Prophyta #t® [BioActWGl . A7 7 ') 5D BCP %t BCP1 A&H Y. P
chlamydosporia Tl&., ¥ a1—/ D KlamiCl A% S (Hallmann 5 2009) . &
f=. Trichoderma Tl&. 41 A5 T)LD [BioNemy (Sikora i 2000) . 7 A1)
A DIT-22CPlanter Box(Bennett 5 2009) A3&% % .[BioActWGiIL.P. //lacinum
251 BRDBF (10%onidia/g) ZHFME LI+ DTHY . EMOMERKIZ. P
/ilacinum251 % DIBF 6%, AFXLIIILIMEKE%, FILa—R 18%E X UVK
10% T35 (Anastasiadis 5 2008) ., fRRIMNFINEREESHH=OIZH ALY
—&. EOHEORELGEOERMEDHHARBROIEERZIERIELELGTF
HBA, thOMEMEMOKRGRLELDOHARKBRLITHONTEY (Hewlett
1988, Freitas i 1995, Siddiqui © 2000, Anastasiadis 5 2008, Hal Imann
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5 2009 .Hildaldo-Diaz-Kerry 2010.Lopez-Llorca i 2010b.Wang 5 2010,
Hashem - Abo-Elyousr 2011) . &E1=. P. chlamydosporia |FIR Z SSHRDIPIZEH
ETELGNWI EMDOBBRELEDHFRABRILITHONTILNS (Atkins 5
2003a) ,

LAL., [IRPTERES S UVHEMFTLEHRBOEENEL LD T, BIHIH
CMEMEMZWMALBEZICHALTH, MEMEMIZEEFNIMEMDLIE
~DEFENEL . RABTWHEMREZRELITKULDE LAY, BEMEMIC
FRTLIMEMILTEENEE L EDIE#EIAH S (Affokpon 5 2011) , L
fzhi>T. T[BioActWG) G EDBNEDMEMEMMNBNEG L RBOFBERN
BATHLONDEFIRLY. BRAENTHERT HEEICITERNTER L ML
MEFERLIEZALKLL,

4. AHROEM

REBROBMIE, RARISHLTHFESD L EIHERERADOBIVRIKE (REX
BHEY) ZEAEROKRBAFNLEIESIVEEEBESOLEGEN B
TRHEBIUVRBERBMENDEEYICL SRBENFHDREERARLT S
VICESHEBRTHET S ETH D,
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F2F HEYORBRFERZEMNE LEBBEXBRAREOEEYICERAYT IR
RS E O B

[

RBBIREX. FEROAILEYTE., BEFREOES 2 TREKLUVFHRETH
DrR)EFHAEHRIZEL. BRBIEFOERICIE. @K, 28K, IEER. 3F
IRMEIR. K CHRBIRG EDHREDRBEZIHIET SHFENEICKH L THES
L% (Barron 1977) A, fRENVNENMRETHBREB[ES R INALZ LGS
NZL (AXRBERFESR 2004) , REFEFE. HBIR L -BEBRICITERD
RREWEL. BBEAANICREERZEASE. 4 FERICEIBRRBRAERNICESR
NEZEL. ABYMMNEILSINS (Barron 1977)

RBHIREOHEBEAICEIIEZEEERR M IICHL A& TIERARZ
BIRCTEBLBRZERR M) MICHEESIHEOA— I L—TRE LI
TIRICEOH-TIEZEXRRMNMICHEELHELHS (=FH 1983, BARHR
BE 2004) . ChoDAEOMERIL. UTORBY THD, 1. LEICHFHE
THMBERELUNOBEYNDOEENKEL, BERBICERRMJMEICHE
MNEEZEL, BHETHRBBIREORENRE#ICH S, 2. BEHMH 4~6
BEEERCS, DEEICRITD, CNODOMBEREZMRT H512HIC. ARAETIE
REFIEROBEBIC_BRLFEEZHMAAL-, —BEAFEEL FRERZL
BENOAEET AAED—DOT, LERZAVWEELLHETHS (BRERE
£ 2004) . MESBMOBIZECAVWLGNEIRILIVELEDRRDEWIL, 3E
CTLIBRELDBTELILTHD (BRBREZESR 2004) , £, mDOH
EEVWRITT A ETIEAMFOLTEERMILBRESIN, BEOANFET S
BREBDIENTED LA T . ZEELREZELENEIEICKY,
BREFBERICHESAEC LEZRBENBTONOTCLGHEVZ S, CORTL
FRBEZECHRRBEBERZANVSILT, TEZDLDEFERALLESICHR
T LTIEMEYDOLZENMES G Y, BEHFEIEHRETETLHARELH D, &
B. ZERRLFEEL. FEEBELARK (BEEEMELVY—) JUHDL-T:
BZETERL =,

2. MHEBLUVAE
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1) ##

HETIEE, EBELRE - F< FES, EREEHT - RXES. ﬁﬁlngz
Fam - RO LYY OES. FREREER - b FES. PERLAKE -
< MES., WRREAT - ERAEAERRE IR, UBEXES - F7 FEIS. IJ-I
BRXEM - A0 VEES., WHEKER - KB, BEEERINA -wkIoL2YD
B, ZEREARET - MlLafxFavES. KRB LET - ¥ VES, B
EREER - FvAVEE. HREHET - b~ FES, #SREAEFEEH - T
D15, BERHIE - FrES. #BERRET - FrES. ENENZSH -5
A aVES. RABFREAT - FrES. EER®FT - JBHFRES. BR
EREKT - 2= b7 FEE, RIBRAFT - Fa v VEE. RIGRXAFT -
MLax®aDEE, BARERT - FXES, BRRELRT - E—< VEIS.
BREREAT -/ FIES. ERERBEM - 2/\0EE. BRSREMKT -
AOVEIGE K US4 CHACHOENGSO mik#ititIZBETH S, L. HEHLTIEDS
L, BHMRHMZEM - ¥/ EGE. RRFMLELETHS (BH 2011 .

-, HEEREZ. BTVHEE ( (B) LR+ - BREZVOM) | 4%
HE (BRERE - ZWEOLEH)  EEHE (KABES - RRHA&K)IX)
File (RWMBXREE - RWREGAT) THS.

HERL, IRT—HRULDLDZEFEALT,

2) Ak

SoMLBTSAFY IR T 7ILAVFa—TIZ A% 3 fER 15m 2 AN
EICANERESIEE, TOAMLTE WV KEK SnL ZEE L. ARETHE
B, RIC, LEFHIIHR 10 Z2 7702 0Fa—TDEKELIKOL
DT, DEICTK 15nL ZMA. 773 Fa—TDEFHD. 30 WEF
TKERES L, TEBRBRZER LIz, SRITKZBEMLIZER. EL0H

(3000rpm - 1 53fl) Lf=, 65um & 25um DEFZER. 50 nL BT XF v Y
BI7LAVFa—THADBRETEAH, 6bum OLIZCHEIZEIZEZEXELT
HWEFEZEE, 25um OLDBRBEXREVTED., HSREKABEICHBL. B
MEE LTz, RIZ. A RERBRENDKZHN INL LG E5FTHI RERRAS
FERHWTE T, TROK H1nl Z 1%REREMICER LIz, 1 oF 21—
2 —NTHEE (25°C -1 @) L&, EFREWE (XU 2/ X)) ZAVTER
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EHRREOFEZHR L. BEBREONEFEERAMIZ0.03% 104 F )L+
FUMMICHERE L CEE L, 0.03% 004 %)X F Uik, an4a
SILEF > 0. 3g/L. K,HPO, 0. 7g/L . KH,PO, 0. 3g/L . MgSO0, 0. 5g/L . FeS0, 0. 01g/L.
NH,NO, 0.3g/L. ZEX 15¢g/L TH %,

3. #ER

HALE-TEDS B, KWRLFEH - ¥4 2 VEE. FBREHRT - b+
B, BHNEMNZE - 54 2 VEES. RBFRELT - FrES. RIGEXH
m-Fao)ESE. RBEEXFT - MLaFxXadEE. BRREAH -+ X
BiZHS I UVERSRSENT - A O VEGH SRBRHIEENEE SN (R 2-1),
HEENS IS RBIREIES B SN Ah oz, BB L-ERBIZEIL. HIERE
DRLEEM BT R T Arthrobotrys ThHho1=, BBt LI-#ERBIRED S35, £FHN
BE=%%: Arthrobotryssp. TF006 & KEE&EITHE L=, 7=, Arthrobotrys sp.
TFO01. Arthrobotrys sp. TF003 & &k U Arthrobotrys sp. TF006 [ZDULNTIEdh
MATBUEASE SR EBEBESEYTR L 2 —ICFRE L, X2
T/ RIA - IRICKDHEBREER TIX. Arthrobotryssp. TF006 @ ITS-5. 8S
rDNA S8 & E2 5L, 7RA > DB-FU B K VERIEEES T —2 XA—XIZxtd 518
BIMEARBEDEER  Arthrobotrys ol igosporaFresen. & #E &4 (96.5~99. 5%) .
NEFOREMND A oligospora LHEREINT- (BE 2-1. 2-2, & 2-2. 2-3) ,

BH2-1. BgE S N4 RIFIRE Arthrobotrys ol igospora TF006
HETEAS EERAFEELAVTHE L-RREER 89 1 nl £ 1%REXEMICERL, 10F
AR—S—ATEE (25°C- 1:8H) L%, EREME (X U1 R) £AVTEHEL, #igsHFE (D
DRLEEM D Arthrobotrys B E#IBAL 1=,
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BH 2-2. BEt S 1-13RIBIEE Arthrobotrys oligospora TF006 M5 & F
Arthrobotrys oligospora TF006 % 0.03% a0 4 )L F UEMICHEE L., 41 v Fa1R—F—NTEE
(25°C - 18R Li-%. £%BEWME (F#) 2/R"RABH-2) ZAWVTEHE Lz, 24F (S) DOBELEHM

5 Arthrobotrys ol igospora ERBIE LT=.

& 2-1 BB L-iRBRBEE

£ B LB FEFEMEHRE 7 —
HitES

Arthrobotrys sp. TF001 | kIKIE L mth - 44 2 @5 | FERM P-19282

Arthrobotrys sp. TF002 | RIFEXHH - ¥ ) ES

Arthrobotrys sp. TF003 | BEARBERERT - + X EI5 FERM P-19283

o

Arthrobotrys sp. TF004 | RERFFRADT - F v Ei5
Arthrobotrys sp. TF005 | BEREE SN - A OV EIS

Arthrobotrys sp. TF006 | RIGEK# - FJLbaxF3 | FERM P-19284
Bz

Arthrobotrys sp. TF007 | #iBR#&HEBH - b~ FEIS

Arthrobotrys sp. TF008 | BB 41LZE - ¥4 3 VEIS
($REREHILE +18)
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& 2-2. 77RO > DB-FU BLAST #& % #&R. Arthrobotrys sp. TF006 @ ITS DIEE
Bedl & EDIEEES &EDHERIR MARET I/ RILH - SRICK HHERKE
2)

Bk 73 Accession No. HRE BSL
Arthrobotrys javanica CBS534. 63 U51947 478/529(90. 4%)
Monacrospor ium thaumasium CBS176. 37 U51972 470/529 (88. 8%)
Monacrospor iumu eudermatum CBS770. 85 U51975 464/522 (88. 9%)
Monacrospor ium eudermatum CBS769. 85 AF106530 463/527 (87. 9%)
Arthrobotrys thaumania CBS322. 94 AF106526 463/530(87. 4%)
Monacrospor ium eudermatum CBS377.97 AF106528 468/526 (89. 0%)
Duddingtonia flagrans CBS565. 50 U51961 464/468 (92. 7%)
Arthrobotrys musiformis CCRC32665 U51948 463/528 (87. 1%)
Arthrobotrys cladodes CBS433. 81 U51952 463/528 (87. 1%)
Arthrobotrys cladodes CBS433. 81 U51945 463/528 (87. 7%)
Arthrobotrys superba CBS109. 52 U51949 461/529 (87. 1%)
Monacrospor ium elegans CBS300. 94 AF106522 459/525 (87. 4%)
Arthrobotrys botryospora CBS321. 83 U51955 453/527 (86. 0%)
Dactylella gampsospora CBS127.83 U51960 452/524 (86. 3%)
Monacrospor ium [obatum CBS329. 94 AF106524 434/530(81. 9%)
Monacrospor ium arcuatum CBS174. 89 AF106527 441/528 (83. 5%)
Monacrosporium leptosporum CBS560. 92 AF106529 444/525 (84. 6%)
Dactylella lysipaga CBS486. 63 U51959 443/529 (83. 7%)
Arthrobotys polycephala CBS486. 63 U51951 454/526 (86. 3%)
Monacrospor ium haptoty/um CBS325. 94 AF106523 430/521(82. 5%)
Dactylella mammi//lata CBS229. 54 AY902794 431/527(81. 8%)
Dactylella copepodii CBS487. 90 U51964 391/464 (84. 3%)
Dactylella candida CBS200. 50 U51957 436/521(83. 7%)
Dactylella candida CBS200. 50 U51963 436.521(83. 7%)
Monacrosporium tentaculatum CBS206. 64 AF106531 432/526 (82. 1%)
Monacrospor ium psychrophi lum CBS319. 94 u51977 311/338(92. 0%)

) BSLIGNAAE—TFT 4 LR (LRIL2LEFIESR) 2EKT 5,
) BT, REEOERICER LRI T—2 %2R,
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% 2-3 EREHEFRS|F—4 N—2R BLAST ®ZR4&EER. Arthrobotrys sp. TF006
D TS DIEHEEY| & ERDOERRY EDHRRE (MRAEHETI/ AILA - 5K

Sk HAERER)
Zi%4 %4 Accession No. HE=E

Arthrobotrys oligospora ATCC96709 EF445989 655/672 (97. 5%)
Arthrobotrys oligospora - AM412778 657/674 (97. 5%)
Arthrobotrys oligospora 920 AY773462 634/646 (98. 1%)
Arthrobotrys sp. R251 HQ649929 637/655(97. 3%)
Arthrobotrys oligospora BCRC34588 GU799560 630/647 (97. 4%)
Arthrobotrys ol igospora - EU977526 598/601 (99. 5%)
Arthrobotrys oligospora YMF1.01837 FJ557237 597/600 (99. 5%)
Arthrobotrys oligospora 128 EU977563 597/600 (99. 5%)
Arthrobotrys ol igospora - EU977523 594/597 (99. 5%)
Arthrobotrys superba 127 EU977558 595/600 (99. 2%)
Arthrobotrys ol igospora - EU977505 573/576 (99. 5%)
Arthrobotrys oligospora - EU977502 573/580 (98. 8%)
Arthrobotrys oligospora KRCF711 AB374287 555/575 (96. 5%)
Arthrobotrys conoides 670 AY773455 577/670 (86. 1%)
Arthrobotrys conoides CED JN191309 564,/662 (85. 2%)
Arthrobotrys vermicola 103 EU977508 480/529 (90. 7%)
Arthrobotrys javanica CBS534. 63 U51947 482/530(90. 9%)
uncultured Ascomycota - HM162289 469/524 (89. 5%)
uncultured Ascomycota - HM162089 469/524 (89. 5%)
uncultured Ascomycota - HM161982 469/524 (89. 5%)
uncultured Ascomycota - HM162153 468/521(89. 8%)
uncultured Ascomycota - HM162166 468/521(89. 8%)
Arthrobotrys musiformis ATCC96675 EF445993 474/531(89. 3%)
uncultured Ascomycota - HM162273 469/524 (89. 5%)
uncultured Ascomycota - HM161956 469/524 (89. 5%)
Arthrobotrys conoides SBUGM12 AF106534 476/533 (89. 3%)
Duddingtonia flagrans CBS565. 50 U51961 480/536 (89. 6%)

T) MR, REBOERICERLESNT—2ZRY,
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4 BE

BRRBIRESARBLULOERILL A PLILBEDTENSTONEN > DL,
HIBICK DHEMNEZ bntz, BXIEMEFRN: Arthrobotrys sp. TF001 &
Arthrobotrys sp. TFO07 DERGRERICEVNTIN L DERFIREN 20°CL LT
J0Z—ZEERLEIENL, RBEREOEFICHENKREIEZELTLS
CENREZONT, KWL TEHEBEMEC Y PTNEEZ DN, BRBHIR
BENMEAICKVRBETHDIEEZEZAOND, LIzA-> T, BREMBIREDIEEY
FHEALTHEYORBEEZRRN/EZLEHE L THEN, 200CLLETHSZ &
NEZ6NB, Arthrobotrys sp. TFO01. Arthrobotrys sp. TFO07 D& E =i
BEZRABLEECANTAE 25°CTaOZ—ARKIZHES = (T—4I1EkKEE
) . BRBREOREEEREL 25°CHETHY (ZH 1983) . COHE
[T—® LT,

BRAEEMLETENSERBIRENEB SN AL, SEBALIZERE
I IR R RFIGH IR BFHEELSBES L TLWSAIEEMATRE I Tz,
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F3IE HEYORBRFERZEMNE LEBRXBRREOEEYICERAT SR
RELEDERE

[

MBRFEET., FEROTINTZTE, EFRIFNITHER. Nvho XY
B. 20 MJT7E. EFONLTAVEFARBLUZ ST U, BFEED
EZ278E. YRAEMODYRMERBLIUMBERBHEOE A HER. ~U
EFAEMRBELUVAVRZYSHEICEL. REFEEORBGEADREE.
BR. BFELVEBEFICE>TITONS,

BREFLERE. FEINZRBECMAENSHBET H(BRRERESR  2004),
BRICK YERRICRKLET B Paecilomyces, Pochonialx., BR., DREE, £f=(FT R
F%& 0.8%4 5V HLEMONR N MICEH L TIEELTERET S (BARR
25 2004) , T, BFICKYRRIZEES B Drechmeria . Harpospor ium,
Hirsutella £ & Nematoctonus |&. NIV VEFIFIZBRDDBETHEE
L7z % 0.8% 5 SV HLEMOR MNJMICERMLEE L CEMET S (BHK
RARFER 2004) ., —A. EEFICKYRRITERET D Catenariald. N
VEETRAVTRETE. NILTUETHRELIZREZ 0.8%45 5 VLMD
NREMJMIZHEALUBELCERET S (BAREESR 2004) ,

AAEOEHMD 1 DIE, 22T FauICHFETILIEDORKELZE
H5IETHY. FATEUF1VBBKRORIZHLSIRA T Fa70AN 0
[CHLETOIRBDFLEREOEMEZHAT-, T RRFUELIE (BMNEMZE -
S4aVEE) (BEH 2011) AU YIASERDATEOFaIWFET S
BRFLEFOEBELAAT-, BREMETIFRIBREARKELICCWVLETH
52 &ML (BZE 2011) | EREMETIFICERBRZEEMERELTHE
MDRICEZ SHAERINGEWEEZ N, 2T, FRLIBERFALLE
BEERAWS BRRENLETEOHF OV HDOEGHBHER (Westphal 2005) 1 i
FALTHRAFMELTENSBREAFEENFONSIMRET LT,

2. MBE R UVAE

1) ##
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BHRHELFEOHEEICAWV -2 Fa1oBRKS U LTE
AAH (BARBRLEHE) . b3k (RPELHEH) . 7R CGREEL
M) . P b (FREGENT) (TR (RWELET) (. E—<2 (&
REREEM . EAANMAY (KWELHEH) ORITEUFaUERK
BIUVBERENMLELE (ENEMZE - 44 2 U EE)
BREFLEH : Purpureocillium sp. EPO15
A-SES : FEF YA UKASHRARKRERARARN
REBEARY TIE - 1 30%., Lk 40%, #5130% - LiC, pH(H,0)5.7
YA ERDATEOFaODNE
FEFYHY) UBRKXRHRKLEMEFTANEIG TIZEZFERE (140°C -
285[) LIRELTEZID I RILRy MIKRELRZEZ., < b GERAXF)
BETEHELz, RIZ, THE 1 HBERICFT FEOKRICNERITYH YA
EXraTEoFao%EEBR (B008E/mL) Inl ZEE L=, A5 RXREERA
TH2 s ABEIE Lz, BB TRICKRY kAL I FEZFIMYEL. &
KTHRZEHEL, EREMBECHE LA GRICREL RO TV F2
DDOREEHEE LT,
. PR TFE25] (2X(45E@)
0.03% 204 & )LFF ifih
204 &LEF> 0.3g/L. KHPO, 0. 7g/L. KH,PO, 0.3g/L. MgSO, 0.5g/L.
FeSO, 0.01g/L. NHNO, 0.3g/L. EX 15g/L
A—XRYHILEREXEE
KH,PO, 1g/L. MgSO, - TH,0 0.5¢/L. <RF +> 5g/L. FlLa—R 10g/L. O
— AR A)L 0.033g/L, EX 17g/L  (pH6. 8)
ERTEMEE . A1) 2R
AYEERMER - A1) /N R BH-2
HEGF, IRXT—HRULDEDZEFEA LT,

2) Ak

ER 1. 2TV FaoBEKRORICH AR T EUFaIILDRERF
AEDEE

AEERG CTERNENIRISOEE-RITE U FavBERERE LT
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®., RABEMEZERLTRISORORANGEHL TSR TV Fa
DOMBEZEEY FTERELER, 1%REERET MV LBRICIHEE |
ARREL. RERE LIz, RIZ, REZREKTESEL., 1%HFEXEMICE
F.AVFAR—LF—ATEE (25°C-1 @M L1z, ERBEHEBZAV TR
BHELFOFEZHEL. RBEHFLEEOIEFEZERTMNIC0.03% 304 F )L+
FUEMICHER L =,

EER 2 BRBEEMNELTENCORBFEEDEEE

REEIE TR 600mL & A-SESEIE (R TV Faw - KTV LEVTF
aAEFELIE) 200mL ZEE L&, ILETSRXRFYIERY MIHREL, 8
2 r AEBE LT ABEZHRRICEE LIz, ASREBERNT 3 »y AREL-&
[CRZEHTYT LIz, LT, 1 ERLEEZT o=

FER 3. HEYOREERFHEZEMNE LE-BEXBRAIREOEEMICFERT L
HEFERE E LTER LU= Purpureocillium sp. EPOIS DY YA ERa T
Fa1OMADFEEDBIE

MEAEMFIALIERREMOMDRHTERMOBARE (BEMKERNTEEHE
B) 1 ICEWTHESA-MFLEFEDO L EZERINFISRETEE (FER) 24
Wz (BMKERMTREZEERRD 1993) . RRFEROY YT ERIT Y
FaORADFEEDAELZEIE. UTOBYTHD ., RS54 FASTRIZFH
A—bOL—TRA (121°C- 20 5fE) LTHE W= 0.8% TSV HL%E 1 fEEE
LYIAERDATEUFavMBEZRT LSS VALICB LSS VA
LABEE->-#% . BAE2EZRAVTO—XARUH)LiET 3 BREEL -
Purpureoci//ium sp. EPO15 D4EF 1BHEEHZHEEL-.ER MmO Y M
[CHHMEHEVFRICHIF-ASREZAHMEICES. AHMICTTHRKEEFE
R ASA FASREZHSABOLIZEE (BEE 3-1) . 25COA >Fa~"—
A—NT1AMBEE L. BER MBICKEFTL.AN—HSREMLIT.EY
GBS CEIZE L. Purpureocil/ium sp. EPO15 [ZHFESIhE=HYITAERTT
TUFAVMBEFTEINTUVEVIIEMEZTHL., FEXRFHEHL:,
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B & 3-1. Purpureocillium sp. EPO1S DH YR A EXRATEUFaIMADFTEEDAEDHE
EFEImDR M) MIZHHEEHE.VFRICHIFLASABEZABELICEE, 2RI+ KEEFE A,
T35 UHLIZEHAL Purpureocillium sp. EPOIS RAEFEHEL Y YIS ERAT U FaIER

BRASA FASREASABOLIZEE . EE LT

3. HER

R 1. 22T FaoBERORICHEIR AT EUF 17N DRRE
AEDHER

AAH (BRERREWWEE) . b~ b CRERLIHET) . 7R CRERLIET) .
E—<> (EREREEM) BLUEAANCY (KRHMELHET) ORISR
LE-IRENCIRRFEENER SN (R3-1)

x3-1. BERLE-BRHFLER

I\ Tk 3 HHrAEMER L2 —

B2 7> BiER =qEE
Paeci lomyces sp. EP001 FTRERE GRBELTET) FERM P-19279
Paeci lomyces sp. EP002 FTRAERE CRMETEH) FERM P-19280
Paeci [omyces sp.EP003~013 S REHI (KRB L#EH)
Paeci/omyces sp.EP014 EOANAVERE CREE LT EH)
Paeci/omyces sp.EP015 AA hERME (BEAXRE EIHFEAE) FERM P-19281
Paeci /omyces sp.EP016 E—Y Rk (BREEEEM)
Paeci/omyces sp.EP017 Y FERKE (REELET)
Paecilomyces sp.EP018~021 #EHR=EHIt+iE (BAMEMEE - 54 2 EAB)

FATEUFaVRMSEELERKRELX. 7EFLREORENSGTAT
Paecilomyces B TH B EBEZ bt= (EE 3-2, 3-3) ., Paec//omyces sp. EP015
NEBIRERTH DT KREBEEITHE LT, F1=. Paec//omyces sp. EPO01
Paeci lomyces sp. EP002 & & U Paeci/omyces sp. EP015 (2D ULNT (XML 1TEGE
AH ST AE M A BB EYTRE e 2 —ICFRE Lz, K&t TH/ X
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LA - SRIC K BRERFER TIEL. Paeci/omyces sp. EP0O15 @ 1TS-5.8S rDNA 15
EESIE, 7/REA 2 DB-FU & L VEBIEEERSNT—42 N—XIIx T HHER %R
ZNDHER., FERMD—I8 T H B Purpureocillium [1ilacinum
(Thom) Luangsa—ard, Hywel-Jones & Samson & % LW\ (X #F 1 IZ 38 & &
Purpureocilliumsp. EHEFE S ht- (F 3-2.3-3) . LAF%. Paeci /lomyces sp. EP015
|&. Purpureoci!lium sp.EPO15 & K529 5,

BH 3-2. Purpureocillium sp. EPOIS (pano=—— (BEiZH . Xt TH/ XILH - 5HR)
PDA FEiriEH(CHER L. 25CDA o FaR—4—KHNT 4 BEEEL-, EVY &, EO—FROao=
_biﬁzméhf:o

BHE 3-3. Purpureoci/lium sp. EPO1S DNEFDH#F (BEERME : XTI/ XILH - 5K)
PDA FiRIEHICHEE L. 25COA > F 1 R—2—KNT 4 HEEELz. XEBRALNSEILLE-DEFHR
DFEIHFETIATS4 FABRELTHEBRINAT W, 74754 FOERTIETHMCAY., Sinlh s

LEVEOSEFNAERL TRESA T,
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< 3-2. 7RO > DB-FUBLAST #&ZF$&5R. Purpureoci//iumsp. EPO15 @ ITS Mg
HECH & LR DERBS EDHERE MAEHTI/ AILA - SKRIZK HHEE
R

Bk 73 Accession No. HRE BSL
Purpureocil/lium /i/acinum CBS940. 73 AY624190 535/538 (99. 4%)
Purpureocil/lium /i/acinum JCM9332 AB103380 557/581 (95. 9%)
Purpureocil/ium /i/lacinum BCG2012 EU828665 557/582 (95. 7%)
Purpureocillium /ilacinum UWFP674 AY213667 553/579 (95. 5%)
Purpureocil/lium /i/acinum ATCC10114 AY213665 553/579 (95. 5%)
Purpureoci!/ium /ilacinum UWFP853 AY213668 553/580 (95. 3%)
Purpureoci !/ ium /ilacinum BCC15610 EF411236 538/562 (95. 7%)
Purpureoci !/ ium /ilacinum CBS431. 87 AY624188 508/538 (94. 4%)
Purpureoci !/ ium /ilacinum CBS284. 36 AY624189 508/538 (94. 4%)
Purpureocil/lium Iilacinum JCM8437 AB104884 437/451(96. 9%)
Haptoci !/ ium sphaerosporum CBS522. 80 AJ292413 348/362 (96. 1%)
Drechmeria coniospora CBS596. 92 AF106018 343/357 (96. 1%)
Haptoci !/ ium zeosporum CBS335. 80 AJ292419 346,/362 (95. 6%)
Verticillium campanulatum IMI356051 AJ292416 343/362 (94. 8%)
Haptocillium glocklingiae CBS101434 AJ292418 345/364 (94. 8%)
Haptoci !/ ium balanoides CBS250. 82 AJ292414 342/363 (94. 2%)
Verticillim fungicola var. | NBRC30728 AB111494 336,/376 (89. 4%)
aleophi lum
Hypocrea pilulifra CBS814. 68 748813 338/374(90. 4%)
Trichoderma longibrachiatum CBS821. 91 AF359257 340/377 (90. 2%)
Trichoderma longibrachiatum CBS126. 65 AF501331 340/377 (90. 2%)
Trichoderma longibrachiatum ATCC18648 731019 340/377 (90. 2%)
Lecanicillium fusisporum CBS164. 70 AJ292428 329/367 (89. 6%)
Haptoci!/ium sinense CBS567. 95 AJ292417 329/362 (90. 9%)
Verticillim fungicola var. | CBS3570. 80 AF324876 330/370 (89. 2%)
aleophi lum

F) BSLIENAAE—T T4 LA (LRL2UEZRE) ZEKRT 5.
) MR, REBOERICERLEST—2%RY,
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F 3-3. EMERFRSI T —42 N—X BLAST =458, Purpureoci!/iumsp. EPO15
D 1TS DIEEERS & EERDIERES EDHRE BASKETHI/ RILH - 5K

Sk HAERER)

Zi%4 %4 Accession No. HE=E
Purpureoci!/ium Iilacinum DTO30H4 HQ842841 573/574 (99. 8%)
Purpureocil/lium /i/lacinum NRRL22958 GU980033 573/574(99. 8%)
Purpureocil/lium /i/acinum ATT161 HQ607867 573/574 (99. 8%)
Paeci lomyces sp. BMP3057 HQ832987 573/574(99. 8%)
Purpureocil/lium /i/acinum IBT24622 GU980032 572/574(99. 7%)
Purpureocil/ium /i/acinum IBT27820 GU980035 572/574(99. 7%)
Purpureocillium 1ilacinum - FJ765024 572/574 (99. 7%)
Purpureocillium 1ilacinum - FJ765023 573/575(99. 7%)
Paeci lomyces sp. BMP2977 HQ832986 571/575(99. 3%)
Purpureoci!/ium /ilacinum CBS94073 JF896087 571/574(99. 5%)
uncultured fungus - (60921755 566,/574 (98. 6%)
Fungal endophyte sp. P1201A EU977225 555/557 (99. 6%)
Paeci lomyces sp. BMP2886 HQ832983 550/550 (100. 0%)
Paeci lomyces sp. - FJ765018 562/574 (97. 9%)
Purpureoci!/ium /ilacinum CG190 EU553286 539/540 (99. 8%)
Purpureoci!/ium /ilacinum CG271 EU553303 538/540 (99. 6%)
Hypocreales sp. MS523a J0905664 533/534(99. 8%)
Paec i lomyces sp. BMP2889 HQ832984 538/541 (99. 4%)
Paeci lomyces sp. LF592 FR822835 531/533(99. 6%)
Paeci lomyces sp. Vega287 DQ287248 528/529 (99. 8%)
Purpureoci!/ium /i/lacinum CBS940. 73 AY624190 535/538 (99. 4%)
Paec i lomyces sp. DNO1 JN007854 528/530(99. 6%)
Paeci lomyces sp. INBi03692B GU827505 529/532 (99. 4%)
Isaria takamizusanensis F896 GU980040 557/581(95. 9%)
Isaria takamizusanensis DTO7811 JF896089 555/579 (95. 9%)
Isaria takamizusanensis F1724 GU980039 554/581 (95. 4%)
Purpureocil/ium /ilacinum DTO11C9 HQ842838 557/581 (95. 9%)

T) MR, REBOERICERLESNT—2ZRY,
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RER2 RAREFAELEANSDRREFLERDHE

BRENETEFRTI TEELEFTRAOENSERL-MENSBRELEE
NEEINE (X 3-1) . —A. FRICAWVEBRBEETETHELETAD
BHASHEE LE-NENS IIRBAFTERNMRE S EN 2z, R TEUFaD
PINSHE LA RBX. DEFLEDHEN DT T Paecilomyces 8T &H %
LEZ NI,

FER 3. HEYDHREERRHEZEMNE L-BHEXBRIAEOEEMICFERT L
RELEEE LTER LT Purpureocillium sp. EPOIS DY YA EXRaTEY
FaI~NDFEEDRITE

Purpureoci!/iumsp. EPO15 DHYI A ERXAT U F 2 VMADFTENER
=N, Purpureocilliumsp.EPO1S DHY I A ERA T FaOMADFTER
[¥. 57.8% THo1-.

FHE 34 HYIAERATEUFaVMDOKRF % : Purpureoci//ium sp. EPO15 [ZFEE
NTWBRWSHYIAS TR T F oV, & : Purpureocil/iumsp. EPO15 [CHFE Sz HY
YAERATEF a0
FESNTOLGWIRNS TS RPOMIE (C) NMREEIh-, —H. FEESNIRA

BEEARATRBELTEY (B) . WBhoER (H) ORELNBRESIT,

4 BE

FATEFaoREN S BB SNEIRL 1= Purpureoci !/ ium sp. EPO15 [,
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ITS-5.8S rDNA IBEESIDAEMDIER. RBWCHFAT IKRWGRBFLER
Purpureoci//ium BEHIBAL ., Ff=. ZERRRICEVTH YIS ERITEY
FaoMADOFENER SN D, REBWIFLET LIRKETHLHAEE
M E LN, E£T=. Purpureocilliumsp.EPO15 DH YT A ERaATEUF 29
~NDBHFER(L, 571.8% TH o1z, Purpureocil/iumsp. EPO15 OFERIL. BEH
DIERBRFEE Pochonia chlamydosporia var. chlamydosporia (=Verticillium
chlamydosporium M I I A EXRATEUF A IMADETERE 31.9% (BHK
ERMEEEHFEE 1993) (TR TEL . Purpureoci!!iumsp. EPO15 D IEEY
NEYDHRBEZR TELAREEAS VN ENTRE ST,

BRAEENMLETIESREITHELLZFTRAOENSEIRLIZNENSRRFTLER
ANEREEN-CEMD, SEYEL-HBRREMETIRLRAFNHICERETE
BAMNEE L TLSHAREENTRIE ST,
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FA4E EYORBEERZEMNE LEREAXRBRREDOEEYZEAT HE
DEJRERDZRATE U FaIPPEE &S AREDE RO

1=

EHEAOLTIEFOEMFLEERBREEYONRE L ORBRICET H1F|MIL. 4E
MEEMBRBRAL-5TEMONEETOFHEORELERAEEEIRT DS
ATEBEGY, SETITKRALGHAREETEHRKENRAESL TS (R
4-1) . KRR THERT SEBICERT S YIS ERITEOFaVELUF
AFxaTEFaoTHY., FEABTEIFRAEZH®-HA Lz, YYTAERDT
EUFaADICEBFTRDEHRBRKETIENDHKE TH Y (Schomaker - Been
2006) . BATEHRESIN-ZLEFGL, TI T, EYORBEZRFRZEME L
ERBERXBRRAOEEYMZEAT IBOHEEREL L TR TEUFaVHHAE
ELFRAREOEREHEHNL. TROREETHRET IEEBERETSH
El2LT=,

R A1 EYTFELRROERIRKE

bSE S ¥ SEEME ERhBRKE HEKEDEZA Xk
CHHAEVRAMEVTFAY | CHHAE 106/8+1g Tz w0k AR 2 ~ 8% \Lim| 1987
FAXVRAREYFaD FAX (RX2BA) 1.5 R /81508 FHS DL IFE TRINES% FHE1985
YYIALERATEYFaV |Famy 288/258 NILT Uik b

Tk 288/25g N)LR VK b

TRy 288/25g NI UE b

— Ty 20~3088/20g NJ)LT Uik EEBHNZL % 1988

FR 188/20g NI Uik Schomaker - Been 2006

rYLoVY 4087 - 88/20mL Di Vito 2004
FaraTdErFaw = F ) 288/4 1258 N Uk 1L E80% a

— Ty 288/4% £25g NI Uik ML E80% a

=% 3~3857/20mL Guginos 2006
FEaRTHLEYFaY =¥ 588/25g NIV Uik ARiEEICEZE a

L=V 1088/50g NI Uik WEB A #£1989

A4 1088/25g NV v vk 8 fff 8 (< S 8 a

A4y 138/30g LT ik b

A4y 2.588/20g ') 7 L& A LPCRi% Sato> 2009

— Ty 588/25g NI T Uik AmifEIcZE a

a: PEMFHE (1992)
b: BAMEMMER (2011)

2. MHEFIVHE

1) ##

B-4E1% : AEF YA ) UBRASHFRKRESMARAA LS - 6mx18m
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REEARY L1E - 30%. “IL b+ 40%, #5E 30% - LiC, pH(H,0)5. 8,
£k 24 Okg/kg £IE. £2%K 3. 3g/kg £1E

Y FRTF@2851 (ZXAFEH)

fEH . T<AHWVWEBAYERFESE] (AEFYAYY)

R RIEIEE " : Arthrobotrys sp. TF006

BRI ER* - Purpureocillium sp. EPO15

MPS ikt . EF TR 20g/L. RT b 1g/L, a—4oO—RX 20g/L

N—2FaT53A4F: TIN—=2F254FG1 Ny RY)

HYOTYUTARay T ERRav 7] (BRREAERT)

A—XR U HIILEREXREE#H
KH,PO, 1g/L. MgSO, - 7H,0 0.5g/L, XF k> bg/L. FJ)La—X 10g/L.
O—XAR2 )L 0.033g/L. EX 17g/L  (pH6. 8)

IyvTT7ILT S UFIREXEH
Iy F7ILITZY 0.25g/L, ¥)La—R 1g/L. KHPO, 0.5g/L, MgSO, -
TH,0 0.2g/L. Fe,(S0,), 0.01g/L. EX 15g/L  (pH6.8)

FastDNA™SPIN Kit for Soil : MP Biomedicals

Fast Prep™-24 : MP Biomedicals

7300Fast Real-Time PCR system: Life Technologies

Power SYBR Green : Life Technologies

Meloidogyne hapla PSR TS A4 < — :

Mh—f : 5 ATGTTGGTACGCAGCGATTTGTA 3’
Mh-r : 5 CAGCGGGTGATCTCGACTGA 3’

Meloidogyne incognita DR TS A4 < —:
RKNT : 5 GCTGGTGTCTAAGTGTTGCTGATAC 3’
RKNr : 5 GAGCCTAGTGATCCACCGATAAG 3’

INBURHERHE - CF O F220 (RKEBRFIE)

HEGF, IRXT—HRULDEDZEFEALT,

* COHBOLUYMOBEMNIT RERBAREOEEMZEASICHERALLEEZDFTADKRER
EBRREHEEILS L TH-DT, BRBFEE Arthrobotrys sp. TF006 & &L VHRHR
FEHE Purpureocillium sp. EP0O15 % B-4 BEFIZHERA LIz, N—SFa54 FETh
SOMARBMAREOEERERESEIHEARL LTHEALZ. ChbDRRREA
RAICK BBAREEFHNEREINT ., Arthrobotryssp. TF006 & & U Purpureoci || ium
sp. EPOI5 DHEADEBIERTELEN 2 DD, RBRBRRE L EDNEMN
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BM23DEEFEZ. RATEUFaVNPEELFANECEFRE LU R TEY
FaoNPEEL T AOR I SIEHOBERLGE LB LI,

2) Ak

REXBARBEOEEYHER 2 BRATIC B4 BHICEHRE 10kg

(N-P,0,—K,0=20-20-20kg/10a) ZiERA L=k, /NEBIssTHFIz L. 12 XEIC
PDEILIz, ROKESIE, 13, RS mTHD., BisERICTIEZT T
VURARIYTTERS 20emETEMFIMNGY L TY I L KA TEUFaD
BEENILTVE (26°C 2BR) BKUVUTILAALPRZE Mins  2012) T
AELz. NUWYVETRAEBELEZRAITEVFaIPHABEILY R TEY
FaUoEEERX (8~108 /20g) &¢rxa Tt FaBEER (1~385 /20
g) D2RICHIT. TN ThUERFHEL. NEF L1 (2001 FE5 831 H) .
BELEZRE., OXBRX (FOE) | QOWPS FAEHOA#ERARX (450g/X) .
Q@QN—ZFaF54 FrOAHAEAR (450g/K) £ & VDR BRBARIRB D IEEYE
FARX (900g/X) THS". BREAXBAKEOEEYIL. WS HAKXEM T
Arthrobotrys sp. TF006 & Purpureoci!/ium sp. EPO15 #1EE L =15 % 450g
EN—ZFX254 FAS0g ICRESELZEDTHSI. TN TN ERE@ICH—&
HAHESICHEAL, MALKE., RavyTZ#AVTEEL. 7XE 8 #% (2
Hlx4kk) #EEL- Q0T ESA3IAH) . TRADFZTEICHEL. 2FEL
f=o HIBEARIPICTEK, ZEFLES L VERETHEN >z, HEY A XK
2T REEE. NEL, E=2ZREL, HERTRIIHEL-IRTDT
ADIRICHZRIAYITTIRY HIF. BISEBEZ 10 EMEFFEL. BISEE
DEHBEERISNEBEHE L Q1 E8H248) , F£f-. RISAEBERAEE
BICHERTEEY T O VAR Y TTHRE 20cm FTHEMNSGY VT
DOl RATEUFaVBEENILI UL (26°C 2 8) T, Arthrobotrys sp.
TFOO6 [ M58 2 & RBHIEEOEBRE) [CHEBOAETHELZ, F1-.
Purpureoci//ium sp. EPO15 [FO—XARNHIILEXEHM ZF AU =FREREIC
FYTEFOERRZRAEL-. AEAEILUTOEY THS., L1 10g Zil
Bk 90mL IZAnZ . 10 HEIKFEREZ L=, BAREREKTI0EILIZHFR
L. B—XRUHILEXREHICTERLR, 30°CT 3 BEEELEZDS.
Purpureoci//ium sp. EPO1S @O ——ZE# L 1=,
* CORBROBYOENE. RRRXBAREOEEVEZESICHEALLEETDTADRREE
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BEBRTEIETHo-DT, BBRIFIEE Arthrobotrys sp. TF006 Bk URBFLER
Purpureoci//ium sp. EPO15 % B-4 BBICHEA LIz, N—S %254 MEIhD DBEXREA
KEDEERETRBESEHIEFELTHERALEZ, Ao DBRBERBAKREICL HBRATEREN
EHE NI . Arthrobotrys sp. TF006 & & U Purpureoci !/ ium sp. EP015 ) LIEADEE HHE
BTELEN ST END, BRARXBARBELEDRELALGASFIDEER, X3 TEUFa
DNHEZEELFAREOERBLUVRITEUFaVNHEELFTRAOR I SEHOBE R
EZxET LI,

EHE 42 HEHAROKT (F23£8 A 23 B

Zech DEHT-RSBE (10 ERFEETME) (Netscher - Sikora (1990))
0: RIS L

1:IRISHADINRDLND
CINERIRISA 17 KYBHY, " RLTRISHERTESD
K SAMERIRISAH AN, HEFBIL-GL
K EAMEHEIRISAHY . WCONEKREGIRISHAH D
c REGRISHIRED 25%I12H B
: REGR I SHRED 50%I2H %
c REGRISHRED 75%I2H B
BEGBAL VA, HEBEIELKEEZLTLD
CYRTORISHNEERLODOHY . #ELDODHD
HELTULD

© 00 ~N oo o1 A~ W DN

o
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3. HER

FREEET DEICERLEZTEFORI T O Fa0NPFEE. NILY
VEERAWZEEIL0~2488/20g TIETHY . VTILFA LPREZAN L
ZFHYRAERATEUF 21 ITIHO0.6~T713 J2/20g £1E, 42Tt
Fa)TIEO0~115 J2/20g TETHot=e NI UEEYTILE A LPCRZEE
FAWTRHI-BRREEIFHEBERAHY (p<0.001) . UF7ILFZALPRET
KRO-BREEEFRILIVEICHERT 26 &M 2= (K4-1) , =, R)LT
VETEFR AT EUFaohBHE I GIL 22BN Y TILE A LETIEY
YRAERATEUFay 56 J2/20g £1E, ¥4 K3 T Fay 17 J2/20g
TiEEHRHLE (R4-1)

900

L
5 s Y =25.767x+52.124 )
i
£ = R2=0.6872***
% § 700
@» B
58 600
g
B~
£ 5 500 L]
£
c o
3 2 400
c
x 2 ® [ ]
T E 300
iz .
28 200
Sy b o
s £ 100
35
£ P‘
3 0o-+e
0

5 10 15 20 25 30

Number of root-knot nematodes with the Baermann method
(J2/20 g soil )

HA4-1. R VEZRAVTKOE=ERATEUFaIHBTESL) 7ILE A4 LPCREZRAWLTRK
HERATEUFLIEBRE (BYIAERATEVFAIBELXAIRATEOFAIBED
A& DOBEE&R (P<0.001)

IREICDOVTHEE (t BE - K0.05) FBEEINT. BRRBAREDLE
EM (Arthrobotrys sp. TF006 & & U Purpureoci//ium sp. EPO15 M i{kiEih
EEREN—IF254 MIRFELEZDID) ERICKZHDENBERI NG, -
f= (B4-2) . REBETIERILIVETRKRDE-RATEUOFaOWHEFE 2 58
/20g TEU L THEEIN: (K4-3) ,
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1,400
1,200
1,000
800
600
400
200

IRE (g/¥k)

@.
PAFPOIPO

M4-2. NEDEBWVCELSFTRARE~DFE FEOBISTFE. RATEUF1IEEERX (S
~108 /20g) . BEOBI ST, 23 TEoFaoBEER (1~38 /20 g) LU
BZEOEIT S ITEBENEETRT ., =, T&RiKE) (X, WS BRIEEMOAERAR, /-3
FaSA b F N—2Fa254 FOAHEAR. [BEY) IRBERBAREEEYERRZ
T, ARERER. t1RE (1K0.05) ZINTORRETITo1=,

1,200

1,000 1;..

800 ®

600 —o oo .
400

200

0 1 1 | 1 1 1 | 1 1 | | 1
0 2 4 6 8 1012 14 16 18 20 22 24

IRE Yield (g}
[ ]
| ]

FOFEF2ITMEREEE [nitial population of root—knot nematodes
(J2,/20 g =oil)

43 NUTUEATRELER AT U FavdiZEE LS ARE L OB

—H. UTZILEALPRETIEHYIAERITEUFavtFaraTt
UFaAVDNREEDEETT 128 J2/20g £EL ETIREETHABERI Nz (H
4-4A) . BYIA BRI T O F 2 OMNPABRETIL 115 J2/20g £EFEL L TIRE
ETHASHRIN:: (K4-4B) . FEARaTEUFa OB ELIEIZONT
HEERIEIBEIGEM oz (p=0.2) (E4-50) ,
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1200
1000 <z Z
" oA . .
) .
~ 800
5
[=%
5 ° o [ )
2 600
@
% T A - A A
o
(]
2400
200

0

L . 1 | . . . . . . . .
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

Sum of the initial population of Meloidogyne Initial population of Meleidogyne Initial population of Meloidogyne
incognitaand M hapla (J2eq/20 g soil) incognita (J2eq/20 g soil) hapla
(J2eq/20 g soil)

B 4-4 YA ERXITELUFa0EXEIR2TEOF1VDMBARENEST (A . YUY
AEXATEOFa1VPHEE B) SLUFIRITEUFa2IUNHEE O LFRRED
%

x : AEX. W :MPS BRAEHDHEAR. A N\—IFX154 FOAEARS L UG : Eh
RBARBEEYEAREZRT,

BRISFITRTORTHEESIN. BISEEF 1~T THo1=, B I SEBHIC
DVWTEHEEZE tBE - 0<0.05) FHEEINT. 22TV FavaEER (8
~1088/20g 11%) TlI. ¥BERLBARBAKBEEEYEARIZFEIRAETH
21 (B 4-5) . —A. BEEFBERINGH 1A, RaTEUFaVERE
EX (1~3 58/20g 1) TIEIMBERICHERTHERXBLRBEEYRAR(E
1/3ICIETF Lz (®4-5) .

RVIVETRODEZRATEUOFaOMPRE. VT ILZ A LPRETKRD
EHYRAERATEUFA0ELVFEAROATEUFaAVNHABEEDOEHS
KU YIS ERIT U FaIMBBEENEMT I DN TR Z SNEHHE
my AERMNEREEEI AL, HEEREBERI WG, (p=0.09 4-6.
p=0. 42 4-TA. p=0.40 4-1B) . —A. BIAEHEF IR TEUTF
AVHEABEE L ICITHEBEBREBERIAGN >z (p=0.6) (K4-70) ,
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BS54 (Gall index)
o —=- N W s O O~ 0
o
|_|_|
o)

Y B, 3 p

NG PN F S
& x F N K

Wid * % 7

4-5 MEDEWNCL DT ADRISEH~DFEE

REOETST71F, R2TEUFaoEEER (8~1038 /20g) . HFREOEI S IJF, *2
TEoFaoBEER (1~388 / 20 g) BLUVHREBOEIT I ITEBNRERT, £, &
(K| (X, WPS RIKEHDAEAR, [N—IFa2154 b X, N"—3IF21541 FDOHIER
X. TE&EY] IRBXBRAREFEEVEARZTT. AEEREE. tRE (K0.05) &7
RNTORMTIT 21,

8

7 i

6
x X
£ X FLES X i
= 4
a 3 ]

A

2 [ ]

1

0 ‘ .

0 10 20 30

Initial population of root—knot nematodes

(J2/20 g soil)

4-6. NIVTUEATRELER AT LU FavHBEEL S RAOR IS5 L DRER%

X ®EX., B WS FZAEEMDOAHERARX. A : N—ZF2154 FOAEARSLUVO : &R
RBANREBEEYERRETT
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8 A B | C
7 —=
6 . X X X
3
- 5 [ ] &
= Al ¢ A8
5 4
(&} W X
[ u L
3
2 A A A
L ] [ ] [ ]
1
0 . . , . . . . . L L .
0 200 400 600 800 1000 0 200 400 600 800 1000 0O 200 400 600 800 1000
Sum of the initial population of Initial population of Meloidogyne Initial population of Meloidogyne
Meloidegyne incognita and M. hapla incognita hapla
(J2eq/20 g soil) (J2eq/20 g soil) (J2eq/20 g soil)

-1 HYRAERATEUFaA0EXREIRATEUF VDM EEDES (A) U<
AERATEUFa2INHAEE B) SLUF2R2TEUFavHHEE (O LRISEHR
DE &

X : ®EX, B : WS BAEMOAHERAX. A NN—ZF2154 FOAEARSLUVO : &R
RBAREEEYERRETT

HBE (12K) ALY VATROEAITEUF 19 AHBEDENTO
~258/20g TIEH LU 288/20g TELUED 2 T =TI, TREBEEREZ
AELIEC S, INERTEICITINEOZFBETINGA > F=H, FHE 50 BHigh
SEBRENRBINT (1K0.05) (B 4-8) , FRIREITDOLTIE, BRI A
EHOSLULTREETIRES A (H4-9) ,
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Harvested time after transplantation (days)

48 NI VETROE=RATEVFaVNPEEDBVNCL ST RADERNE~DZE
OF. NI VETROE=-RATE U Fa0NRRENN 0~2 38/20g L1, M, 288/20g £
BULEDRZRT, *F, tRETHEEZ (p<0.05) NELN=CEETYT,

1200
1000
. ° P
2800 e
IH 600 S
B e ® % ®
400
200
D L L L L L L L
0 1 2 3 4 5 6 7 8
BB

4-9. IR SR EFTAREDRERE

HERTEORITEUFIIFEIZCOLVTHEAEAEE (I BRE - 1K0.05) (&
BREInGho=MN, 2TV FaoEFEERX (8~1058/20g +1E) TIE,
BREXMAREEEVEARIHBRICERT1I/20ITETL/AA—ZF2154
FOAEARXR EFFERETH- - (B 4-10) , FOATEUCFaVEFER (1
~3 88/20g 118) TIEIMBICHEANTHREXBRAREEEMHEARIE 1/2 [TET
L7z (K4-10) , HERRXBARREIEEYRARORIERLTIEMN S Arthrobotrys
sp. TFO06 & & U Purpureoci/lium sp. EPO15 [ S hizh-1=,
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B 4-10. NLT VETHABELELRERTHROR I TV Fa0FE

FEOHETST1F, *2TEVFa1oEEER 8~1088 / 20 g) . HREOEI S TIE, *
ATJEUFaVEBER (1~33 /20g) SLUVKEOET I IEBNRERT, £, 1K
PREEHR | (£, WPS RIAHEMOAMEAR, [N—IFa254 k) F, N—ZF254 FOHEA
X. TE&EY] IREBXBRAREFEEVEARZTT. BEERTEF. t BE X0.05) %7
RNTORMTIT 21,

4 BE

- FATEUFaVNRAREE S ANEDOERE

FTADPREETIERNILI VETRKD -2 T2oFa0FE 288/20g =
BUETHEIN-, COEXEBROVYISMERITEVF1ODFTADE
FEBR7K#E 1 J2/20g £1E (Schomaker - Been 2006) &iBsHTHEILE=, —A.
ZUODVIIBREROY YIS ERITEUF UM 20~30 J2/20g TIED L E
[CIREETHES- (EEF 1988) . KREITIE. 2 FEOHAET=DU0DF
B2 TEUF1IDERBRKENAKRE TIETIE 3. 0~14 50/20mL . EHE
ETIX 12~38 BR/20mL &£ HEE S Nf= (Gugino 5 2006) , R LYY IDIRE
BTFEYYIASAERITEF oA 4000 -J2/20mL LLETEE SN (DiVito
5 2004) . Ffz. TRD. FaoUELU T FOEFLBRKEX, 1.6 J2/20g
TETH - (BREMBAZERT 2011, E  1992) , Vovlas i (2005 - 2008)
F. O¥IRATEUFaADEY YIS ERATEVFaAIDOOYALELE
Oy DOEMBRKEZZNEN 10~13 B8 - J2/20g £1E. 3 ON - J2/20g LiE L #
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ELlz, BETHLE, SEDFROPREETORIT LU FauEEE, IR
J. A, FaOVBKLURILERET, Z0DOURRILIYIITHN
THRYEN oz, BBRTEZVDUPRILUYIDOHEHEN 2 A TH
Y, SEOFRAPBOEDOHIENMIZ4 »ALUETH -, BIEHEORS
NREERTORELIEYFLEMRBEEEDEVDRENE L, ER. F
HEORI T FaBEMNE>TVTHIEFNETEIRECENRONY
Motz EHES) HEMNSIZEICHEELGENBRRINT: (0p<0.05) , CDFE
B, #EHRANENEEIZERaATEUF1aID0ERBKRKENEC LI E
ZRBELTLS,

—AH. UFZILEALPRETEY YIS ERITEUFawtxarat
CFAODMEAEEDEFTI1282/20e LEULTTFADOIREETHERE S
e WYRAERAT LU F a0 MEETIE 115 J2/20g TIEL ETIRERT
NERINz, CNODINEETHAEESBARBFEEINILI VETROI-ER
FEICERTHALBYEMN 2Tz, SO EEFE, FEARTHLEVFaIIIHTS
AL aAVDEHBRKEEHTE LI-RE (Sato 5 2010) IZFEELL TULVS, Sato
SlE. ERBRKEEZENLTVEATIE188/20g TEUTEHE LA, UTILA
4 L PCRATILS J2#%/20g £1EELzs COEBAELT, NI VAT
HETELOIIOTHARKRRE ) 7ILA A L PCRIATIIEHTE 52 EMNEIT
Y (T

- RATEFaNPEE LR SEHOHER

NI VETRO 22T FaIMEBE. YV TILF A LPCRETKRSD
EHYRAERATEUFA0ELVFE2ROTEUFaVNHABEEDOEHS
KU YIS ERIT U FaINPBEEIEMT I DN TR Z SNEHHE
M3 BERISBERINEHN, HEBREERESA G -, —A., 407
EUFAIICONTIEFK, FERATEUFaONHEENEMNMT HIZONTR
CAE#ENEMT SERITBEING, oz, BISEBHIE, YT/ ERD
T Fao0ONBREICENENT SERIVEEEIN, BISOKEFEE
YIYIAERATEOFaDEFEIRATEOFADVTEN, YYIAERD
TEoFadldBMRXEHEIBISNEHKHET % (Hunt - Handoo 2009) , H
TAERATEOF 2N EELEEBEMRELGEINIERTHFE2R0TE
DFADDELIZEYINSBIBISRZRDT5200# L. 40Ty
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FaioDRISZEBNIEL-EEZAOND,
- FRRE LR SEHORAR

FARAREICOWNTIE, VRISEHO ULTREERETIRES -, BRI 52
E5DIRDIREF, TKEGRISHRED 25%ICHDH] THAHAZ MG, 1R
CANEMLTRELRECLGEIEFTRAREICHEST HIENTESNT, L
Ao T, RISEHS N FRANEETOEFICESEEZ ONT=,

- MEBRBARANEEEYORAICK SRBFERIR

FRREIZOVWTUERBOFEEZFBERIN G2 &, Tz, 7RO
BRISEHICOVWTHRERBOEEEZEIIBREINAGA> 2 b, BREAX
BAREZEELELEREN—I 254 MIRBESETHERLE-BRAXEAR
KEBEYTIEAIZLDIRE~DOHMRIIHAL LT, BEL-EKRE/N—X
Fa154 FARESETHEATIAETEEANREINBERINICCNEEZS
Nfze N—SF254 FARBESETHEAT 52HZEIZE T Purpureoci !l ium
sp. EPO15 OUEBMENREINLGVWRERERD—D& LT, MAXBRKEIEE
MERRX DHIERTIEN S Arthrobotrys sp. TF006 & & U Purpureoci |/ iumsp.
EPO1S IEBE S o1z & W 5. Arthrobotrys sp. TF006 & &K U
Purpureocillium sp. EP015 METIETHOEBFLF TR TH o= ENEF LN
b, FICHREBBIEEFTEICEELTHLEBLICCL, REBISHT 5HELR
RETHACENHRESNTEY (HIFES 2006) . SEOHERTHLRAEFRE
Arthrobotrys sp. TF006 M LIE~DEBEMNHER INGEM -2 &b, KR
HITRDEEYICLL2BRRETOMBREE LN EATRE ST,
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E55F EYMOBRHRERBZTEME LI=BRFLEE Purpureoci /] iumsp. EPO15
EEYMORyY LR, BERY FELUVESFBAW-ERENFIIEDHESR

BRBFEREOEYHBRADIGAHERIL. Paeci lomyces. Purpureocil|ium,
Pochonia, Hirsutella & & Trichoderma #RWTEIZITHh., Ch b EES
L=EEYIC L5 BFNHDRHUERRICEODTHRLIHLHLDEHY . —
BIE@ERIEEIHTLVS (Hallmann 5 2009) .

REOZRMIEWIE (ETUVE. XFUB. BER) ICEFEATHEY

(B 2003) . MAFEREF Y > TOTF7—H, FFF—ELREDHEE
REEEL. RBWOIMELMIEL THEET S (Hallmann 2009) , Li=hH¥»
T, FFUEECEMYERAT ST, TtEBREYOXFFF—EELEES
BL. 1 BPOXFF—EEFUIBFLAAREMENIHY . ERICEFOELEF
FUEBALZECARATEUFaADENBERLIZEOBRELH D

(Sarathchandra 5 1996 .Radwan 5 2012) . & 1= Purpureoci//ium /ilacinum
E 0 1%FFURMTHYIAERITEOFau&MFIL. TR, I RE
ETHRRENFEF EIN-LOHMELH S (RUAFUEHE  2007) ,

% ZT. Purpureocillium sp. EPO15 HEYMDSBMLEER EZZRITTS
=8, ey FREREMEL LT Purpureoci//ium sp. EPO15 IEWMDRAE S &
UERABHICODVTHRE LR, £, BAICEELEZERERyY bIC
Purpureoci/lium sp. EPO1S EEMZEZH A L. EARODLES D
Purpureoci//ium sp. EPO1S MDEEMDHERERAE L. Purpureoci!/ium sp.
EPO1S DEARODTEPOERMEZMHA LML, RIZ, BHZHRICELY
Purpureoci!/iumsp. EPO15 EBYDMMBRMGRAFEZHERETHETHY.,
Purpureoci//iumsp. EPO15 IEEY DAL E (EEEBREAS L UHENRER)
CDOWVWTHREFLE, T ¥FFU2ETCHEHRERBHNTHIN=HT%
Purpureoci//ium sp. EPO15 IEEMERBFICHEAL. TOHEAMRIZDONTE
BEtLT=,

SHIC, EYDOBEREEZFZENE LEBERXBAKEOEEMICERT S
BARFERE LTEIK LT Purpureoci !/ ium sp. EPO15 DRELE=R2 1Y
FEOMIULZRA-BE.BEMET IMEYMOERHRZFMI 5FEL LT,
BIREMEA O EHFRERE (ZEMEYMARSE 1977, Mitchell 5 1987)
PRFEMEMFEZERALV-PCRE (Mauchline 5 2002, Atkins 5 2003b.
Smith - Jaffee 2009) %51) 77L& A L PCR ;& (Bohm 5 1999, Bates 2001,
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Atkins 5 2003b. Atkins i 2005) %5, FEIEICH W THEBELERLT:
WEREREEFIX. Purpureocillium lilacinum & 5 WM&k F nIZEE G
Purpureocil/ium sp. EHEE S = (F 3-2, 3-3) ., £ T Atkins 5 (2005)
DERFELRP /ilacinumDEEM TS5 A4 I —AREHRAICOVLWTHRAL. £
ERT®D Purpureoci!/ium sp. EPO15 MDA EARFEIZ DT ATREMRET L T=,

2. MHERUVAE

1) ##

BREFEH : Purpureocil/lium sp. EPO15

Purpureoci//ium sp. EPO15 B&EH) . EB&R 2~4 4 EF% 8. 9%x10'cfu/g.
FERL. 6 4 HE% 8. 5x10%fu/g
F) ARBIE O —XARN VAL FEREXRE M Z AU/ RFERE (30°C-3
HREEE) ICT&KURAELT,

Purpureoci/lium sp. EPO15 (&, TZERMStEE:E:) THEELE, Xl
MEYMOKREREIF., —BETEET S TEREEEEX N —RHTH
5 (EES 1993) , TTERREEEE] T E—BRETIIRAEEME
AWTEEL. BERRNEEL-EEBERRZAER L, FTEETEE
HRRZEARERICEREL, BE L, 48, Arthrobotrys sp. TF006
F. TTERREEEE] TOXREEREENEILTELN>-DOT, H#HEHL
M ot=,

B Purpureoci!/ium sp. EPO15 ¥=&Y) : Purpureoci//ium sp. EPO15 1%
EMEA—FOL—TRE (121°C - 60 /fE) Lzt d
A-SEE : AEFYh ) UKASHARBEARAA
REEARY L1 - 7 30%., VL 40%, #5130% - LiC, pH(H,0)5.7
B-4EE:: AFEF YA UHASHRRKREMEMAN LS : 6mx18m
WBERY LIE - 7 30%., TIL b 40%, #51 30% - LiC, pH(H,0)5.8
BERY b Q2R M) - REFYA) UBEASHREREARAN X
=& :0.18m?
RBEARY TIE -1 30%. L 40%, #5130% - LiC, pH(H,0)5.5
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BFESL.EERY L E . EBERYLE2R. H: BERY b
IBEE (EE$50cm- 5 #950cm) #HIFECHEEZL -,

e
EER2~4: KRB VATRARY P ILET—TIVIR] (HHEDEHR)
EE S A4 aY [Z0FEHARY] (AxaXE) . YYTALE IR
—a<F]1 (TOKITA)
XE6 - FRTITTFEM2E] (2FX11EH)
g 2
RER D FREEMNT
N=HAZ (hFFHAR)
EER6: THABAVYILERME] (FEFvYAHUY)
HA=#HZ (hFF@Am)
HERR
RERS5:1EB T45AMBI (%) TN1.3%. TP0. 7%. TK1.8%. 2
BBTY «—ILNT—] GrTERE) TN1.2%.TP1. 6%. TK2. 4%
EER6: THSAHRE] (E) TN1.3%. TP0.7%. TK1.89%
YUYV GRRay T TRERay T (BRERER)
HYIALERATEUF 2900
YYIAERDATEOFaoNBERIIUTOAETERMICAEL,
HSRBERNTHARALTWA R T FaDFLTETH2HAAME
LR HDRZEN Tom ITEEZAWVTUIM L 1% REERET b
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1) LE®Z100mL [TRMLfz&, S ¥Y—T#ELz (07 -5ME) .
BRiGKZEMA 2LICL-R A2/ umEB LV 20umDEEZERTEE LT,
20um EFDLIZHBIMEARD ) UF—RHIZHEWNRL., EBL-&. B
MEERAWTRI T FaoMBETH L=,

A=HS¥MEK: hFF8@EAR

RE: TRT M) —XHHF (8 No. 20265) 1| (RIRER)

MPS ;& iAIEHh : EHFEIT X R 20g/L. RT b2 1g/L, a—4o Aa—R 20g/L

INBUBERHE - T FEH F220d (REEMIX)

HIREBE

Iem KRRy ~ (EE) : T905F] (TOKAI)

RURy b (BR) : TT58#5851 (#—¥<)

RE<y r: TERE-B=x<vy k1-306] (GRKER)

FastDNA™SPIN Kit for Soil : MP Biomedicals

Fast Prep™-24 : MP Biomedicals

7300Fast Real-Time PCR system: Life Technologies

P. lilacinum DHENT 54— :
PLrtF: 5 GAC GCCA AAA CTC TTT TTG CAT TAC G 3’
PLrtR: 5 AGA TCC GTT GTT GAA AGT TTT GAT TCA TTT GTT TTG &

Power SYBR Green : Life Technologies

A—XR U HILEREXREH
KH,PO, 1g/L. MgSO, - 7H,0 0.5g/L, RT +> b5g/L. F)La—R 10g/L.
A—XAR>#)L 0.033g/L, EX 17g/L  (pH6.8)

Ty 7T S UEREXEM
Iy F7ILITZ2 0.25g/L, ¥)La—R 1g/L. KHPO, 0.5g/L, MgSO, -
TH,0 0.2g/L. Fe,(S0,), 0.01g/L. EEX 15g/L  (pH6.8)

HEE, IXT—HRUEDLEDEFERALT,

2) ik
RER LIEYORBEERZEMNE LERBRXBRREOEEYICERAT 5K

RELEEE LTER LT Purpureocilium sp. EPO15 ) L iEdb ) & FH 0 AE
M AEDREL
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MPS ;& {kt&H#h T Purpureoci!/iumsp. EPO15 ZiRiZEEE (30°C - 1) L=
EER (UT.EEBEREESR,) ZREKTI00FES U1 AEICHERL &K,
2mm &F CERLVA (T LT- A-3 BE 118 90g (T ER F - (IIEERAHRR (100 F86
KU1 BFREFER) 10mL #iEfE L. SBFIL. Purpureocillium sp. EPO15 MiEFE
ENED IEFDIEEREBTIZEZMER LT, FastDNA SPIN Kit for Soil %
AWT 3 BEEDEE RETELIE 400mg M 5 DNA Z[EUR L 7=, DNA EIRA AL
TOBEYTHD, AFLIILILUHNETARTEY MIEFATLWIRAELZFEH
Lz (CNoDEFEMGHEMIEFBEATHD, ) « AFLZJ/LY 100mg & EF 400mg
EANT-WRREAF 21— (Lysing Matrix E) IZ Sodium Phosphate Buffer 978
ul & MT Buffer 122 ulL Z#h0%. Fast Prep T 5.5m/s T 30 FORSRERE L 1=, &
B (14,000x g, 1 4f) Liz#k. £F 400uLl #HLLVIT YR RILTF
2—TJICHB LT, RIZPPD Ak 250 u L #MA CTEELEF L. =058 (14,000
xg, bHM) L=, £iF% bmL Fa—7TIZF L. Binding Matrix Suspension

(LKBEBLGLACFERT S, ) ImLZEmMA. 27EFTIRELIZE. #HEL
T=o KB L71= Binding Matrix Z# I+ TLEF 500 uL #ERYBRL V=%, Binding
Matrix ZB&% &L T 600uL % SPIN Filter IZ® L. =Bt (14,000x g, 1
) Lz, RTRZEZET. BY OBRERZRFRDIEET SPINFilter [CFL.
=D EE (14,000xg, 190) L7z, EIYRLF=Binding Matrix IZ SEWS-M ;&&
500uL #MA . Z D EE (14,000xg, 1 900) L=, T &REETI=%. SEWS-M
BRETEICRYBRS =HITEDSE (14,000xg, 2 5f) L. SPIN Filter
% Catch Tube [CEEBE Z -, Matrix # 5 HEIRAE S E71-#%. DES ;A& 80uL
EMZBONMIBHL. ZIDSEE (14,000x g, 1 2F) L. iBH &% Catch Tube
[CEYR LTz, LAEAY, DNAEIRAETH D, RICEMURL = DNA Z iR E/K T 10 {&
[ZHFRL. HEK 7.1ul. Power SYBRGreen 12.5uL. PLrtF (50pmol/ kL)
0.2uL, PLrtR (50pmol/ul) 0.2ulL XL 10 ZHFREFE DNA 5. 0ul %
BLE=&R. VU7ILAAL PR T Ct fEZBIFE LT, DNA HEHEEKMF(IL. 95°C - 10
SEDHE. 95°C - 15 F#—60°C - 1 % 50 (1 U L TITo 1=,

Ffz. O—XARUALEXREMZRAVEZERERECKIVIEEREELIES
DERFBZHAEL =, ABEFZEILTORY THD, IBEREELIE 102 R
Bk 90mL IZAnZ . 10 HEIKFEREZ L=, BAREREKTI0EILIZHFR
L. B—XRUHILEXRERITERLz, 30°CT3AMEELf-OL, J0=
—ZFFt# LT,
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EER 2. KRy NRERE RNz Purpureoci!/ium sp. EPO15 EEEY DEhR DHERR

9 2mm D EF TERLND 1T L 1= A-3 BI5 1 1E 150g (2 Purpureoci//ium sp. EPO15
EEM1.g AL, RIZTHYIAERITEOFaVRBEER (76 I1/mL)
5mL (50 BE/20g LIEME) ZAHML. K<EELEE. IemARUKRY b ()
[ZFRIE LT, SBBRXIZ Purpureocillium sp. EPO15 IEBWMEBEARX, BE (=
T b IT—XHiHF 20kg/10a HHHMIE 30mg/KRy b)) WERSLUVERE
Purpureoci//ium sp. EPO15 IEEMMAR (1.5g/7Rv k) Z&&kiT1=, HERIL 4
ETT 2 LBERICKRY FOFRICIEDRRALERDEVDEEZEHEL.
9em Ry MZBAENBEZLLENKLSITTEH=HIZ Iem Ry FEEHBODORY KRy
FORICANASRBRENTHE L. GH. CORREILZFIZEREL-DT,
HBERDOLOICRETY FETHELE: (MBERDO. EKIZHWSK
[FETBRICATYIZANBERNOKRIZHE L TN RABEZDKEFEAL,)
T 6 BERRICESLZAVTA DA O LTEN e EMLER . RAVEUD ?a_'—
Ry bhSRYHL., RAKTHREE >z, RICTERLRIAZHEHLEZDS,
BrI@ME (65°C - 12 B5fH]) TEIBRSE., thEEEBRELEHE Lz, FEML-LE
LT, YTZILE AL PCREICKY HIERTIEDRD Purpureocil ! ium sp.
EPO1S DE#MZAE LTz UTILAALPOREDAZEIE, EER1IZH -1,

EER 3. Ry NERERE RN Purpureoci ! ium sp. EPO15 EEYD EFAS DBt

# 2mm DEFTERLND 1T L 1= A-3 B35 1% 150g = Purpureoci !/ ium sp. EPO15
&Y 300mg,. 600mg, 900mg, 1.2e B&LU 1.5g ZzETNEnEAL. RIZHY
RAERIATEOFaDNEEARK (76 Bi/mL) 5mL (50 BN/20g LIEHMEH) #iF
mL. K<EBAELKEE,. 9om RUKRy b (BE) ITKEBELE, SEBERXIC
Purpureoci//ium sp. EPO15 EEMEMBARSIVEE (RY M)V I—XH
&| 20kg/10a tHHALEE 30mg/ Ry b) WEBRZHK(T-, HERIE 4 ETTo7=,
WEBERIZKRY FORRICAIEORALIZARDEVAEEZEHEL. Jomn Ry +
[CEENYE=LHWESIZTEEHIZIenRy FEBBEORYKRY FOHRIZA
NASRABERNTHELZ, UT, EER2 LR CIEEFIT 1=,

FER 4 Ry NERERZE RN Purpureoci !/ ium sp. EPO15 IEZZEYD FEFAEADRKR
&t
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F2mm DEFTERLD T L= A-3EI5EX1E 1508 (2 Purpureoci !/ iumsp. EPO15
EEYIOmg AL, RICHYIAERD T Fa7MNERRK (76 B1/mL)
5mL (50 BR/20g £EME) =AML, K<EELE. IemARUKRY b (BR)
[ZFEE LT, BRI Purpureocil/ium sp. EPO15 EBYEMAR S L UVEE

(*< b oT—RfiEl 20kg/10a HHLWLEE 30mg/Ry k) WERX%E Hto
HER(X 4 5ETITo1=0 Purpureoci//iumsp. EPOIS IEEMHEAR O S LU 1, 2
BRICKRY bOBRICIFEORBALIZARYDEVAEZEMEL, 9om Ry FZH
j'r':?b“éﬁf— HIENEKIIZTH=HIZ9emRy hEZBBORYKRY FORIZANS

MERNTHELZ, T, EE82 LRALCEEZIToT-,

EER D EIEAR Y FERUN= Purpureoci !/ ium sp. EPO15 EEEYDHEREMN S D
TIERD Purpureoci!/ium sp. EPO15 MDEE DR

1) 54 3 8RR

FERRRTICE|ERY FADLTIEZRS InEFTEHEL.B—IZLESKS5I12TL
——bDLETROAYTERVWTES LIz, BERyY MIXEZRLz, B
4 20g/My k. HERR 720g/7Ry B KW Purpureoci !/ ium sp. EPO15 1E&EY %
1Ry b1zl 36g. 12g BL UV 144g iERA L (FZ 4. 100kg/10a, 200kg/10a
H LUV 400kg/10a [CHET S, ) BELI- (2012F 9 A 27 H) ., R EL
T Purpureoci//iumsp. EPO15 IEEMEERARX 2% (11 . HER(L 8 ETITHo 1=,
EALTH2BMEICTSMIVEFINMEREERY FOBRRIZEFE L (2012
F10A810H) . HIFHMPITEK, ZRLESE L VERETHGEN >, B
FBOEH, FEAEDFAAUNHELIZDOT, HBEEhE Lz, #HE3I LA
% (2013F 1A 21 8) IZEERY F"ROXEEZH VT O JRARIY TTHE
T 20emEFETAMFMSY LT UL, EYFEERR (RO TEVFaDE
FURTHLEUFaw FBEH 53 BEENILIUE (26°C 2 ) T,
Purpureoci//ium sp. EPO15 ZEIXY 7IL A2 A L PCRETHRELE=, )V TILA
A4 LPCRZEDAZEIE, EBR1IZHE 1=,
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FES3 FaTJtrFavy (k) . #TYLtrFay (H)
FATEUFaoF, —RRHICER H) 2HH50H ) AW B (1) AAR-TWVD, F
THLtroFavik, —RHICER (T) 125508 () AKX B (1) AAF-TWVS,

2) U A EREHER

2013F4A1HICEERY FRAOLEEZ YV TY U ITHRXTY TTHES 200m
EFT4 fJ‘Fﬁ?ﬁ\Bﬂ/?"'J VL., BEETEORI T FaIFEENILY
ik (26°C 2 BR) T. Purpureocillium sp. EPO15 ZEI(L') 7ILA A L PCR
ETHEBELEZ UTILE A LPREDAEIE. EER 1 ITHE o T=, RIZHERE 7208/
Ry bZEERAL. BAL, 2:8M% Q013F 4R 17 8) [CRXEHMTE=IE
H=#H5180g/Ry bZFA L. &5IZ Purpureocilliumsp. EPO15 & % 1
Ry b&HizY) 36g. 12e 5L U 144g A L (FhZh. 100kg/10a, 200kg/10a
H XU 400kg/10a (BT D, ) . iBE&LT=. Purpureocillium sp. EPO15 5
EYNERIIFMELRKRICLIz, REBRIS4ETHT oz, YTV IRARaY
TTEE 20cmETAMIFDDYTY 5 L. Purpureoci!!iumsp. EPO15 1
EYRABOLIEORI T EUFaV0EEZRNILTUE (26°C 2 BR) T.
Purpureoci!/ium sp. EPO15 ZBEEIX 7ILZ A L PCRET, — AR KEHZD
— ARV HIINFEREXEMMZAO-HRERE (30°C -3 BRMEE) T, — %
HEHS IV RBBEEREI VI 7T OEREXREMZA VN -FRFER
i% (30°C - 71 BRI E) THAE L=, XIZ. Purpureocil!/iumsp. EPO15 HE&EH
EALTHSHIBAMRICH YIS EYILEZEERY POPRRIC 1 HREHEL
= 2Q0134£5H87RH) , EHEEIZH T FARay TTAMED LYY T
JOGBARaY TTHRE20emETHYTY VY L. EHEROBRREELREE L

53



SEOAETHRAELz, THEED 1 ERIXEKE Lz, FEHMPIC4BRTE
[CXEZHOTY VARV TTRERE 20emETADFAMNGH L TY T L,
RATEUFa0BEREZLLEDAETHELR, 95 v AMHEE L&,
RE. RIS O REFME) AT L (003F9A8208) , Ff=. &
ERTEZOTEZY VTV TRAR DY TTES 20nETANFMNLGY VT
Yo L., RBEELELZLRBOAETHAEL,

R SHEH (6 RREETE) HIEEE

0: B S% L,

1 RSO ITNIROONENEEILBE LA,

2: —RLTIERISHEBOON D, REGIRISPDLEA IR SEDEL,

3: KINDIBI AN BHBOHOND, RERTBOATALLE-BERE 5N 2M, BE2K
D 50%LLT,

4: ZLDBMBISZLITTRLGESTL S,

EER G BB THREHIE LT=& XD Purpureoci!/iumsp. EPO15 MDIEEMDFE
RIZEBFTANRES I VIR SNIEBH~ADEE

Purpureocil/iumsp. EPO15 =&k A 4 BRI AT I HERE 240kg #88f L F-1&.
INBUHSRHSEE R UOZVTHEIRE L= (2013 FE 3 A 11 B) , #HIBERL 2 EREIC 24
REIZHF L= (2003F3A290) EOKXKEEIE. IB1.5m RE3ImTH S,
TEES LTIV OTRRAY T THEES 20em EFT 6 MEFIMALH T Y VS L.R
AJEUFaAEFEEERNILIUE (26°C 2 M) THRELE, YU TYUIE
#%IZAB% 15k (N-P,0,—K,0=15-21-24kg/10a) ZHEAE L. /INEEHETIZE LN TR
L. RIE. @ Purpureocillium sp. EPO1S IEEMEBEARX. @
Purpureoci//iumsp. EPO15 iIEEYLEEEBHEAR (LT.2EEEBRX EMFS,).
®@Purpureoci//iumsp. EPO15 IEEYIMENEAR (LT, EAEAR EFES,) |
@Hh=HTRBE Purpureoci!lium sp. EPO15 SEEWMENERR (LT, A=H
SHRAREMES, ) 5T, SHBR(X. 5 ETIT o1z, Purpureoci//iumsp. EPO15
IEEYMELEEEBLE LR, TILFEMNT. TILFITHENRZRIT-, HERIE
REIA S —(CR D KD ICEA L., RICHENNLEZ L (2013448 1H) . t&
JVLEB Lz KESIE, ER 20cm, FEE 20cm THD (fKFE : 6,280cm’) , h
TNORDEAAZIE. EEEBR TIL. Purpureoci!/ium sp. EPO15 1E&EY)
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450g ZE@EICH—ICHH LRy TERAVTREM Lz, AR TIE. <)L
FIZHIFT=4EYNIZ Purpureocil/iumsp. EPO15 t&5&E Y 110g ZWE L ROy T%
BAWTEMLz. h=HSHBRRTIE. Purpureocillium sp. EPO15 15EWY %
NZHASEEEERELIZEHD 220g ZHENICNE LRy TZAVWTEML
fzo RIC.EEYZWNEBLT2HEMRICTFREZ 1 K& Y 4¥%EHEL = (2013
FA4H15H) BETEMRHEIELZOT. IRXTOFTRAEEFEALH LT (2013
F£58108) .85y AMFE Lz BB A X1 FREEE. INFE L.
BEEFATE L HERTRICRELLZIRTOFTRADR IO HERTY TTHE
DHIF.IRISREEZT 0EMRBTFML. BRESREEOFEHEZRISEHE L

(2013 10 A 78) , . ABTERICHERLIEEZ YT ITARaY
TTRE20emETHLT) T L. EPOIS IEBYERARS I UVLELER
[ZDWTIE#%E 6 A ffZE. AR & EPO15 IEBMEMBARXIC DLV TIZHENR
DEEADFEY LTI Lz, 2EBORATEUFaVEEENILIUE

(26°C 2 B%) T. Purpureocil/iumsp. EPO15 ZEILY) 7IL 2 4 L PCR = T:H
EL=. V7ILEALPREDAEIK, EER1ITHE-T=,

3. {ER
R 1LEVOBRAEEERZEMNE LEBEEXBAREOEEYICHERT R
MEFEEE L T:ER LT Purpureocilium sp. EPO15 ) L iErh o) & B AE

R TR DREIL

T1ERD Purpureoci!lium sp. EPO15 DERFE#MMNEZ K E 522N T, Ct{EMN
BT L. #HEREEAEDH LN (K0.05) (K5-1) ,
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31
29 LN
27 \
i= =
6 2 \‘\
21
© y=-10741x+42558 N\
o R? = 0.9984* e
15

8 10 12 14 18 18 20 22 24 2
log2{Number of the fung] EP15 perg)

5-1. 3D Purpureocillium sp. EPO15 &£ F# & Ct & DEEFE (1<0.05)
EER 2 Ry RREREF N Purpureocillium sp. EPO15 1EEMD IR DFER

FATEEICOVWTERENERX &RE Purpureoci |/ iumsp. EPO15 FE&EY) (L
T. EPOIS EEBMEMES, ) BEEAREDETEEE (tRE - 1K0.05) HER=
Shtz (R5-1) , BEZE (LRTE - 1<0.05) AEEIhEh >1=AS, EPO15 5
EVERARORITEEFEPOS EEYEREAROR I TEEICLETH40%
BT L. JRE EPO15 EEYE AR L EPO15 IHEMEHRAR L IFFERETH 1=

(F5-1) . EPO15 IEEWMERAROBIEZRLIEN S Purpureoci !/ ium sp. EPO15
M 1.0x10°cfu/g THRHEN= (R5-1) ,

% 5-1. Purpureoci//ium sp. EPO15 IEEMDEADEWNZ LSRRI THEEDEL

control (&, Purpureocil/iumsp. EPO15 IEBMBEBEAX. nematicide (. BE (RI L) I —XHA|
20kg/10a FHLAIE 30mg/ARw k) IR, autoclaved FA (&, & Purpureoci//ium sp. EPO15 HEE&E4H
FERR. &K U FA [X. Purpureoci!/ium sp. EPO15 HEEMBAR THL. BLGEHTILTI 7y FET t
REICEVWT SN KEDHELENHDLETRT, sdlE. BEREDELZTT

IREZIRE - Sm k| RATEE  Purpureocillium sp. EPO15
g sd 1& sd {@E/g sd cfu/g sd
control 0.178% 0.021 63.5° 212 377.1*® 180.0 - -
nematicide 0.180° 0017 143 57 813 374 - -
autoclaved FA  0,081® 0013 325® 13.0 3925° 1352 - -
FA 0.093° 0.033 153" 11.9 226.2* 2135 1.0x10° 9.1 x10*

EER 3. Ry NEERZE RNz Purpureoci !/ ium sp. EPO15 IEEYDIERE DHRES

I TEEICDLNTEPOIS IBEYEMAR & EPO15 15EY) 600kg/10a fEFA R
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LDETEEE (L &RE - 1K0.05) A& I, EPO15 15&EH 600kg/10a it FH X
D42 THE(XEPOIS IBEMEBEARXDL 1/6 (I2H o1= (F5-2) , EPO15 E&E
YERAROEIE®HLTIEMNDS Purpureoci ! ium sp. EP015 % 10*~10%cfu/g & H
L= (%£5-2) ,

& 5-2. Purpureoci//ium sp. EPO15 IEEYIDEAEDENCL DRI TEEDEL

control I&. Purpureoci!/iumsp. EPO15 IEEYBIERRX. nematicide [X. B (k< b oI —RHH
20kg/10a L A0E 30mg/Ry k) X, FA200kg/10a~1t/10a (&, Purpureoci//ium sp. EPO15 BEE&E
BARTHD, BHDZTILI 7Y FETLREICEVT SN KEDHAELENH D EERT . sd 1F,

EBEREDEZTT,
*Eéz'géi *:17#[ *:'7’?.:‘ = Purpureocillium sp. EP015
g sd & sd {&l/g sd cfu/g sd
control 0.261%°¢ 0092 703 119 2955° 86.8 - -

nematicide 0.371%° 0.138 533%° 284 1412 475 - -

FA200kg/10a  0.187*°¢ 0.101 380> 115 2786® 1540 1.4x10™ 1.6%10°
FA400kg/10a 0205 0.093 525°° 31.1 3287 1933 7.1x10® 47x10*
FA600kg/10a  0.285°° 0.046 135° 4.0 51.4° 238 25x10 1.7x10°
FA800kg/10a  0.123*¢ 0.031 173 133 1259® 1000 12x10*® 89x10*
FA1t/10a 0.098 0.024 153> 72 1647 695 1.1x10% 1.2x10°

FEER 4 Ry NERERZE RN Purpureoci !/ ium sp. EPO15 IEZZEYD fEFAEDR
B}

FATEEICODVWTEE (RY b)) oI —XHF) WERX L EPO15 HEEWIE
FAERIZCRDEVHZEEELEZREEDBITEEE (1 ]RE - 10.05) AERES
nf= (&R5-3) , EPO15 EEWHARX TIX, AN S EHEETOHBARL LS
[ZEEWL, ROTEENMET T HERANBRESI NS (070.24) (B5-2) , A2
EZICEME LXK TIXEPOIS IBFEYEEARONEDICHY ., RELER L
FERZETHoT (K 5-3) ., P05 HEYHERAROHKERLTEIMS
Purpureoci!/ium sp. EPO15 & 10°~10°%fu/g #&H L= (£ 5-3) ,
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% 5-3. Purpureoci//ium sp. EPO15 IEEYDERABIHADEWNI LS5 TEEDEL

control I&. Purpureoci//iumsp. EPO15 1EHWBmMEAKX . nematicide (k. BE (< b VI —XHH
20kg/10a fH L A0F2 30mg/7Ry k) AMIBX. 600kg/10a (X. Purpureoci!/ium sp. EPO15 ¥EEMERX %~
Yo £l  OW X, Purpureocilliumsp. EPO15 IEEMBRAERICAR Y h ZEHE. WX, Purpureoci!|ium
sp. EPO15 HEWMEA 1 BR%RICKRI U hEEME. 2WIX. Purpureoci//ium sp. EPO15 &R 2 &
MRICRVEVHEEE LI BGEAT7ILI 7Ry FEAITtREICEVT 5% KEDEELENHLH Z &
ETY, sdlF, BEREDEETT,

*Eéi'k%i *:j*ﬂ *:'7’?3 E Purpureocillium sp. EP015

g sd @ sd {@/g sd cfu/g sd
control 0.488%° 0.162 18.0®® 8.2 396% 20.1 - -
nematicide 0577®® 0.150 55® 41 g91* 53 - -

600kg/10a—0W  0.295°° 0007 14.8° 59 504° 207 46x10> 50x10°
600kg/10a—1W  0.243°°°¢ 0104 43°® 29 224® 143 95x10*® 56x10°
600kg/10a-2W  0.160° 0.027 28" 20 17.2*® 125 11x10" 1.3x10

80
70
60 y =-16.603x+ 46.583
= R2 =0.8647
E 50 @
B 40
‘;‘3 30
) |
* 20 Q \‘\
10
- I
0 : ‘
0 1 2

Purpureacillium sp. EP01515 & Y& L T+
vhowrTEiEd a3 cOME (G

5-2. Purpureoci!/ium sp. EPO15 1EEMZHERA L THLARI L HEEFEET 52 F TOHIME
ERYE ORI THREDBEEZ

EERLH MEMNR Y FE BT Purpureoci!lium sp. EPO15 IEEYDFEREMN 5D
& D Purpureocillium sp. EPO15 M EBR D IHEFS

1) &40 3B

FAAVEHBELTHLI T ARDOERRY FNADTIEDCHEYFTERRRE
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EIZDOWTIH, 22T FaoTIE EPOIS BEYEEARX L EPOIS EEY
200kg/10a fEARX & & U EPO15 15&EY) 400kg/10a fEAR DE THEENHES
#L (p<0.05) . EPO15 1#5&EY) 400kg/10a EARARLBMBBENMEC . HBX
[CHART1/3ICETLE (F5-3) .

[
N

[y
N

=
o

RKN density {J2/20 g soil )
jav)

ab
) I i’ gllo)

control 100kg/10a 200kg/10a 400kg/10a

5-3. Purpureoci!/ium sp. EPO15 HBEYDHEAZEDEWCIL SR TEUFaVEEAD
T
control I&. Purpureocil/ium sp. EPO15 1E&EWERMAKX. 100kg/10a~400kg/10a (L.
Purpureoci!/iumsp. EPO15 IEBEYMEARTH S, ELGSHT7ILT 7~y FET Tukey-Kramer ®
HSD REICE VT SN KEDEELRENHDI I LETT,

—A. RTHYLEUFaITEAEERE (T B&E - ,K0.05) AEEShLGMN D

1=h3, EPO15 5% 400kg/10a fEAR AR+ #R RE EHVE < | EPO15 BEY R
RARICEANT1/2(CETLE: (H5-4) .
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SRR

control 100kg/10a 200kg/10a 400kg/10a

RLN density (indivisual/20 g soil )
[

-1

5-4. Purpureoci!/ium sp. EPO15 IZEMDEAEDEWVI DR TH L FaLIFEEAN
DNEE

control I&. Purpureoci!//ium sp. EPO15 1E&EWYEMEAX . 100kg/10a~400kg/10a (.
Purpureoci//ium sp. EPO15 IEBYHMARTH S, BHEAHT7ILIT 7Ry FREITLREIZEWNT
S5RKEDHERLENHDZLEERT,

HiE®LIEDD Purpureocillium sp. EPO15 DERRIZFAEZE (t BE -
0<0.05) MEEINGEM-T=h'. EPO15 1E5&EY 400kg/10a fEFX & EPO15 &
) 200kg/10a FEFBX D Purpureoci!/ium sp. EPO15 DEBHMIXIFIZRETH -
f= (B 5-5) ,

[5]

a a
34 2
o
=
L
s 3
)
o
£2
-
[
-
-
2
= 1
[T

0

100kg/10a 200kg/10a 400kg/1Ca

5-5. Purpureoci/lium sp. EPO1S HEEYDHEAEDEWVWICIIRERLESLOD
Purpureoci!/ium sp. EPO15 QDEBEMADEE

100kg/10a~400kg/10a I&. Purpureoci!lium sp. EPO15 EEMHEEAR THD, BHEIZFILIT 7

RNy MEATLREICEVWT SR KEDHELRENHIH_LEETT,
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2) TUTA ERIEHER

FATEUFaAIBER YT TEHERERICHED L. THE 12 BEEH S
EF L (H5-6) . EHE 20:BfFE%& (WWERER) TR, XEEANATHEART
[F. #F3ATEUF1OEEA. EPO1S HEY 100kg/10a EARAZHLEC. K
(< EPO15 1&#&%) 400kg/10a AR . RIZ EPO15 HEMEMAR THY . EPO1S
HEEY 200kg/10a fERARARHE <. ENEN EPO15 &Y 100ke/10a fE AKX
[CHRT2E. TEHEIV 13ETH>1-. DA SHEARTIEL, EPOIS IEEY
400kg/10a fEFAR A& HE <. RIZ EPO1S HEYEERAX .. RIZ EPO15 1EEY
200kg/10a fEAAX TdH Y . EPO15 $H&EY 100ke/10a flEAR AN &ZR L & < . EPO15 15
& 400kg/10a EARICHERTENREN IE, N BEEEV26ETHof=. F
. REMATHRARENZHASHEARZHERLI-E E, EPOID BEY
100kg/10a ERARUSNADRETIE, RaATEUFa0BERAZAIHEARMNE
RN TEARICLEAST 38~81%ET L1,

. 18 18
E 16 - control-R A 16 ®--controlCS B
w -
o
= 14 --A--100kg/10aR 14 - =-A--100kg/10a-CS
o
e 12 12
2 o] =--=--200kg/10a-R 10 T --1-- 200kg/10a-CS
5 10 AN - - -
5 8 TN -=&=-400kg/10a-R H 3 1 #--400kg/10a-CS /‘::\
< AT ] A /
s ‘\ 1' 6 ” ‘\ ,'
< 6 7 N
= £
= ) . L& AN
) 4 7L R
= ’ R
5 2 o &y
2 1
[
S
5 o0 o
2
o
-9

5-6. Purpureoci//ium sp. EPO15 IEEYDEAE L FHREEMDENCLSRITEUTF

AVEBEEQHEBR~ADOEE A XEHEANTHER. B: h=HSER

control [&. Purpureoci//ium sp. EPO15 H&EYEMAKX . 100kg/10a~400kg/10a (&,
Purpureoci//ium sp. EPO15 SEJMIMEAK. RI(EX. REBANTHEARE LUV CS X, h=H I
HARX#%#~9, after previous harvest (&, AFi{E#&. IMbefore treatment (X, A 1 4~ A1 (#
RFEFRRE) . treatment time (X. Purpureoci//iumsp. EPO15 1EEWH LK U B HEE DK e BB
transplanting time [&. Y7 A EEEMER. AN~20W (L. FTHE 4 BMEER~20 BE% (IRER)
Y
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Purpureoci//iumsp. EPO15 @A FE#X. EPO1S IEEMEREEZR,N SEL L1
(B 5-7) ., EHE 20 ;@& (REFER) TE. ZEELTHEARXRTIHE.
Purpureoci//iumsp. EPO15 WA E#L. EPO15 15&4% 100keg/10a AR A&+
B <. RIZ EPO15 &M 200kg/10a EFAR TH Y . mbELIXIE, EPO15 E&E
#) 400kg/10a fEFAX T# o 71=, EPO15 1E&E ¥ 100kg/10a fEARXIZ LT EPO15
&Y 200kg/10a EFAX T 1.5 f&. EPO15 1&&%) 400kg/10a EFAR T 1.7 & T
Hot=. —AH. h=ZHZHERARXRTIL, EP015 &Y 200kg/10a EARXR A& L IE
<. RIZ EPO15 &Y 100kg/10a feEAR THY . L ELRXIL EPO15 HHEY)
400kg/10a e FAX T & > 1= EPO15 %5& ¥ 200ke/10a e AR IZEE X T EPO15 15
1 100kg/10a B A T 1.6 {&. EPO15 =&Y 400kg/10a lERAX T 1.9 TH -
fzo REEANTHEAREN=ASHEARZLE L& E. EPOIS BEY
200kg/10a IR R LN DR TIE. Purpureoci!/iumsp. EPO15S ZREXH=H Sk

ARARERMN T HARIZERT1.2~1.5FTH- 1=,

6.5 6.5

--k--100kg/10a-CS B
--ll--200kg/10a-CS
-—4--400kg/10a-CS

--A=--100kg/10a-R A
-<=--200kg/10a-R

6.0 l
>.---@\ --&--400kg/10a-R ;\
" '~ T | ~,
! S _— s\
el -
- - i
.‘lr,zé i é‘i‘:_- it L ,:;T Sy
fil ) *@-.é ;
‘ 5

174

'

I} \

K/ A\

) \ /
\ /
\
| A

45 1—F v

o
[S]

b
9]
L

o
o

( log10{cfu/g soil) )
&h

Population of nematode-egg parasitic fungus EP15

& é&\

DAY &
o & & &
& & & K
& X <& <&
K <&
<& <
2 e

5-1. Purpureoci//ium sp. EPO15 IEEH DA ELAHRERHNDENIZKL D
Purpureoci/lium sp. EPO15 DEEBDEBR~DEE A FEHATEM. B: h=HSHE
A
control (& Purpureoci!/lium sp. EPO15 EEWEHE AKX . 100kg/10a ~ 400kg/10a (%

Purpureoci!/ium sp. EPO15 EZEWMERARX. R IXEEENTHERAR. CSITH=HSERAREFR

9, after previous harvest [EHI1E{#%. IMbefore treatment (XEMA 1 4 ARl GH#BEAR) .

treatment time (& Purpureoci//iumsp. EPO15 EEMH & VA B BFIERARE. transplanting

time (X4 V< A EETEHER., 4WN~20W (XEHE 4 BREI%R~20 BfE#% (INER) 277,
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RREHIEL, EPOIS EEYZ AL THAL LR L., EHEERL S ERLD L (K
5-8) . B 20 EfEl & (INERER) TIX.REBM I A -EPO15 521 100ke/10a
AR EAZH SR - EP015 E&EY) 200ke/10a EARICEEENBRE I

(0. 05) W MDRICIFHEEZFEE NG o=, XEHA T AR T,
EPO15 1524 100keg/10a AR AR LIE < . 2RI EPO15 IEEMEEAK., RI
200kg/10a flEFAX T4 Y . EPO15 1E&E ) 400kg/10a fEAR A &L & < . EPO15 1%
&Y 100kg/10a FEARIZLERTEREN 1L T2 1 EEX V2. 28 TH o 1=
—A. W=ZHASHARTIE, EPO15 HEYEEARAZLIE <. RIZ EPO15 15
&1 100kg/10a AKX . RIZ EPO15 #5&Y 400kg/10a fEAX TH Y . EPO15 1%
&1 200kg/10a fEFAR A& H = < (EPOIS IEEYMEEARICEERTERZN 1.1
B 20FBLU23ETHo1-. EEHLNIHEARENZASHEARZLE
L7=& &, EPO15 5 200ke/10a fE AR & & U EPO15 15E&% 400kg/10a it A
XTI, W= ASHEAROKRKERNFEBNTHEARICEATE ., FiEH
NI EAICERTI1.2~1.4ETH> 1=,

~
n

7.5

==@==control-R A --8-- control-CS B
7.0 A——100kg/10a-R 7.0 -&—-=-100kg/10a-CS
fk\\ --5--200kg/10a-R ---- 200kg/10a-CS
6.5 A 6.5 T ====200kg/10a-CS
! N -=&--400kg/10a-R B/
,
A%
A
‘\

Population of fungi ( log10{cfu/g soil) }

5-8. Purpureoci//ium sp. EPO15 IEEYDIEMAE L ARBEREMDENC K DR KREFHDH
BADEE A ZEHANTEA. B: h=ZHSHKEH

control I&. Purpureocil/ium sp. EPO15 IE&EWEMRMAKX. 100kg/10a~400kg/10a (L.
Purpureoci//ium sp. EPO15 SEJMIMEAK. RI(EL. REBANTHEARE LUV CS [E. h=H I
AR %9, treatment time (X, Purpureoci//iumsp. EPO15 HEEW S & U4 HEEE BEF HE A B .
transplanting time [&. Y7 A EEEMER. AN~20W (L. FTHE 4 BMEER~20 BE% (IRER)
ZTY,
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MEHIEL, EPO1S IEEMZHEAL THLLER L., EHEEL OEED L (F
5-9) . EiE 20 AfEE (RNERER) TIE. XEMMITRAX T, EPOTS 1
EMERARX & EP015 15EY 100kg/10a fEARFRIMTRLIELSZY., b
DX (LT EPO15 5& Y 200kg/10a flEFAX & & U* 400kg/10a it FA X TIX R %
THRLE <. EPOIS FEMEEAR & L U EPO15 15EY) 100ke/10a MEARKIZLE
~NTEPO15 15&E ¥ 200kg/10afE FAR & & U 400kg/10afE AR F 1. 25 TH o 1=,
—7A. AZASHEARTIE, HEHOEVIBEESIAGHI o1, KEMNT I
ARENZASHARZERLE-EE, HEROEWIHRESAGA, 1=,

8.0 8.0
T 78 T %.‘ 78 1
:D + " a ‘\ T
‘5‘ I " .t \\\ \\ I T
2 76 o \\ . 7.6 Ne- -
2 oy LN s
2 P ""!-' "’ o i "-
§ 74 7 T 7.4 ——i\:_’_ ..-_
z (Df \G)' \ A 0,
£ 72 4 L 7.2 + N
2 15: RN
I m N AN
2 70 7.0 5 R
s 1 T
§ 68 68 | T ®--control-cs I
£ ) --2=--control-R L .
H e T =A== 100kg/10a-R e + ——-&-- 100kg/10a-CS
g --==-200kg/10a-R . --M-- 200kg/10a-CS

- ——o-- ¥ -—#--400kg/10a-CS
6.4 2= 400kg/10aR_ : : 6.4 : : . : .
& N @‘*‘ & ,,9"‘\\‘ &« S @* @Q\ &
X - &
& ‘.K\(\Qa & o
’5‘-@ Q\,oo '&‘6\ Q\,bo
e & & &
< (0(\ ~ 'b(\

5-9. Purpureoci!/ium sp. EPO15 IEEYIDEAZE EERERHDENCLS5MEHOHERS
~DFE A FEBNATHERA. B: h=HSKER

control (. Purpureoci//ium sp. EPO15 1EEWEEAK . 100kg/10a~400kg/10a (&,
Purpureoci//ium sp. EPO15 SEEBMMEAK. R, REBANT ARSIV CS (X, h=H S
AR %Y, treatment time (X, Purpureoci//iumsp. EPO15 HEEWE & UG 1 B8 AR H i FA B
transplanting time (&, ¥V < 1 EEEHERF. W~20W (X, E4E 4 BRE~20 BE% (INFER)
ZRY

MERE R, IFHARPITEOMIEM L= (F5-10) . F4E 20 BfF#& (U
ERER) T, ZEHELIITEAR. h=ASHEARED . EPO1S IBEYER
ARMNRLIE <. RIZ EPO15 15&4%) 100ke/10a fE X . EPO15 H#&E ) 200ke/10a
ART®HY. EPO15 #EY 400kg/10a EARMNHEELE <. EPO15 BHEY
100kg/10a fEARICHARTREBRNMN T AR TREENEN 1.1 F 1 4BEXLT
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1LIETHY. hZHSHARTRENEN 1.2 1L4BELV14ETH-
fzo REMMNTHEARENZHSHEARZEEL-LE. RBPFPOKRE
HOFEHBEXEMNTRICESNTHZASHERARASL ., 1.4ETHo 1=,

——@=-

control-R

- =4 == 100kg/10a-CS

--#=-- 100kg/10a-R

6.8 6.8
§ 6.6 6.6
) -
— rard
£ 64 6.4 e
S -
3 - -
® 6.2 : P
= /i
o
E 6.0 6.0 /”;

1 g

£ 58 @
s 5.8 - "
£
8 5.6 5.6 +
5
,E 54 5.4 --@--control-CS
]
=
F
-3
]
&

5.2 ——=--200kg/10aR 22 B --:-- ;ookaﬁO; E;
o e 400kg/10a—R . . c0 ‘ i—
é\(& & & @ .\;f"\ \/@\3 ’19\\5 &,;\@6 %&@@ N & -Q?‘& \,G‘\ o
ég‘é@(\ Q\@(\&oq'o ?:S@‘wé Q\Q($-\°
h {\q’(\'v ¢ '\Sé\‘;

5-10. Purpureoci!/ium sp. EPO15 tEBYDERAE L EIEDEVICL ZMBEARDER~D
FE AN FEEMNTER. B: h=ASKER

control I&, Purpureoci//ium sp. EPO15 EEWMEMEHAK., 100kg/10a~400kg/10a (X, #RH
EAR EP15 BHEYRAR. RIX, RERNTEARSLUVCS X, h=HASERARZETRT,
treatment time (. Purpureoci//iumsp. EPO15 IEEMH & VA EBFIEFAR. transplanting

time (X, 4V A EEEHER. WN~20W (%, F4E 4 BRE®~20BF% (INER) 2577,

IREF, BEE (L BE - ,X0.05) ABBEEINGH oA, hZHFHEAR
FYLEBEMMNTHEAROANEN o= (K 5-11) , FEMNMITHEARTIE.
EPO15 15214 100kg/10a e AR A & H 1€ < . RIZ EPO15 15& Y 200kg/10a fiE A
XT#HY. EPO15 &Y 400kg/10a EARMNREEMN o= HZHIHRRIZ
DWTILEPOIS IFEEYMRAE L WNEICODVWTHERIMNEE S WG o1, Ff-.
ROSEHRIE, AEEZERFBRESAT. £FMICEN o= (RI5-11)
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(=]
o

(=]
[=)

Yield ( g/plant )
w A U1

5-11. Purpureoci/!ium sp. EPO15 HEBYDEAE L EEDEWVIZEL S YT A ERE~AD
&

control [(&. Purpureoci//ium sp. EPO15 &= EE AKX . 100kg/10a ~ 400kg/10a [% .

Purpureoci!/ium sp. EPO15 HEMMAR. R(L. REENTHERE LUV CS[E. h=HSE
BRERTELBEITLI7AY FEITIREICEVWTOINKEDHERELRESHDZ EETT,

=
]
© a
£
= a
(L]
a a
o a a a
& @ O S & O
N ; < < [
(\,60 \ \’Q’b \,\Q'b \ Q \i\c} \'\S)'b \ \'()"b \\Q’b
¢ ¥ ¢ ¥ & @ @ @
N ~ W RS S

5-12. Purpureoci!/ium sp. EPO15 IEEYDEAE EEEDEWVNCLEZY YIS EDIRI S
BRA~DOEE

control [&. Purpureoci/lium sp. EPO15 1EEYEE AKX . 100kg/10a ~ 400kg/10a [ .

Purpureoci//ium sp. EPO15 SEEMEAR. R(E, REANTHRIERE LUV CS (E. A=Ak
BRZEZRTEHEDTILI 7Y FEATLREICEVTOINRKEDFEELENHDZLETT,

FER G BB TTFRERKE LI=& =D Purpureoci !l iumsp. EPO15 DIEEYMDHE
BAIZCEETARES L VIRZSEHAADEE
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FRAOREIE., WERXRFBTEHEEE (t BT - K0.05) [FHhof=h, h=H
SEARILEPOIS IEEMEHARICHENTH 10%EIR L= (B5-13) , R
E#IL, EPOIS IEBEYEERAREN_HASHAREDOMICEEEZ (t BE -
0<0.05) WEREIN., HW=ASHARDIEZ ST EPO15 HEMEEARIC
LERTI1/3ETLE: (B5-14) , £, HEEE (t&FE - K0.05) [Fiah o1
N, 2ELEBESIUVHENERAXORZ SE$HE EPOIS IEBMEBARX (ZEEA
TH20%ET LIz (B5-14) , FERTEORI T FavEEE. LERX
RITHEEEEGMN o7 (H5-15A, B) . #fEITILEPOIS IEEYMEHRARX L@
EERXRTRIEFEERETHY (K 5-15A) | H#EINTIL EPO15 HEMEERAR L1
NERARTIKIXIERSF., EPO15 HEMERARICENTHZHSHARTIIH
A5%IET LT (X 5-15B) ., #HiZELIEMN S Purpureoci!/ium sp. EPO15 A&
HEERO¥%EB TIL 2. 4x10%cfu/g. HEFNERARDIERTILS. 1x10°cfu/g. H
ZHSHRARDOHIINTIE 1. 7Tx10%fu/g DHEETHRHE I (K5-16) ,

1800

1600

1400

1200

a
1000 T2 T
800 a T a
600
400
200
0 ; ; ;

control standard planthole planthole + CS

Yield {(g/plant)

5-13. Purpureoci//ium sp. EPO15 IEEMMIBIZ L 5 F XDINEDE LD

control : Purpureoci//iumsp. EPO15 SEEWMEMEARX . standard : Purpureoci//iumsp. EPO15
EEYMeEmeREERX. plant hole: Purpureoci !/ iumsp. EPO15 iEEMENERAK & & U plant
hole+CS : H=HSiBE Purpureoci//ium sp. EPO1S IEEMENERARETRT, BEHSHTILT
7Y METtREICEWVT S KEDFELENHSZ LETRT .
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Gall index
NOWwOBR o

=

a
ab ab
Ib
0
control standard planthole  planthole + CS

5-14. Purpureoci!/ium sp. EPO15 EEWYMIR(Z L B F A DIE Z SIEHDE L

control : Purpureoci!/iumsp. EPO15 B5EME AKX . standard : Purpureoci !/ iumsp. EPO15
EEYELEEERAR.plant hole: Purpureoci//iumsp. EPO15 3EEMENEAR S & U plant

hole+CS : H=HSBE Purpureocillium sp. EPO15 1EEYMENERARETT, BHDET7ILD
7Ry FETtREIZEVWT SW%KEDHEELRENHDZ EETT,

250 1400
g 1200
| 200
m
E ~ 1000
5 2 "

w150 a a
£o 800
=8 a
o ©
- & 100 600
- a
5 E 400
8~ 50
§. 200
o
0 0
control standard control plant hole plant hole + CS

5-15. Purpureoci//ium sp. EPO15 tEZEMAINER(C K Z % TIE (#kRI : A, 48X : B) OF
ATJEUFaAVEEDEN

control : Purpureoci//iumsp. EPO15 HEEMEERAKX . standard : Purpureoci//iumsp. EPO15
EEYMEEEERAR. plant hole: Purpureoci//iumsp. EPO15 iEEMiERERAR S & U plant
hole+CS : h=H FiB&E Purpureoci//ium sp. EPOI5 IEEMENERARERT, BEH5HT7ILD
FRY FEATtREICEVT SN KEDFELENHDZLETRT .
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T 6
w
i
£° a
S
-l
&4
q
g 3
s
52
]
=
21
o
[

0

standard plant hole plant hole + CS

5-16. Purpureocil/lium sp. EP015 ¥EEWNIR(IZ L BEIEERTIED Purpureocil/ium sp.
EPO15 MEEHDE LY

standard : Purpureoci//iumsp. EPO15 1E&EYWemEEHABRX. plant hole : Purpureoci !/ ium
sp. EPO15 IZEEMEINERRXR S LU plant hole+CS : h=HSRE Purpureoci!/ium sp. EPO15
BEYENEARZRY ., BELS7ILI7RY FETLREICEVWTOSNKEDFELGELH
5 EETY,

4 BE

TIER®D Purpureoci!/iumsp. EPO15 DEBREMMNLZ K HBIZDON T, CLt{EH
ETL. HHERENEDH NI (1K0.05) T &M, UT7ILAALPCRETE
EHRD Purpureoci!/ium sp. EPO15 DEHEATIREE E Z Sht=,

Purpureoci//iumsp. EPO15 &Y (LI, EPOIS IEEMEMES, ) OMED
HETIE, R TEZEICODVWTHEE (t B/E - 1K0.05) AERINGE, Tz
M. EPOIS IEBEYHEARXR O+ JEE(L, EPO15 IEEWMEERAX DO~ THE(C
LEARTH9 40%1ET L. & EPO15 HEYREARX O 2 JHE(X EPO15 IEHME
BARDRIITZEELIFERETH2 =MD, RATEEDETIIESR
MICK DR TEHAGL . BEEMICEE LT Purpureoci !/ ium sp. EPO15 [Z &
53DTHDZ ENTEEINT=,

EPO15 IBEYMDEFAEDHRETTIE, 22 THEIZDLVT EPO1S IEEYEER
X & EPO15 1554 600kg/10a fTEAR L DI THEZ (Lt BT - 1<0.05) AEHE
. EPO15 1554 600kg/10a MEFAX OO 7ZHZE (X EPO15 HEWMEERARD
$1/6 122 &b, EPO1S IBEYDEAMENHEE TE. EPOIS FEYD
A= 600kg/10a MEX LWL EB”ah o=, EPO15 EEY % 600kg/10a
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BALf=&ZED Purpureocillium sp. EPO15 MEF L 5. 3% 10°%cfu/g TH 5,
—A. P lilacinum 251 $) D3 EFEFHI (BioActWG) DIFEMAE 4~8kg/ha

(Anastasiadis 5 2008) ZfERA L& EDLIEFD P /ilacinum 251 ¥kD
NEFEEIL. 2.7x10°~5. 4x10° & F/g £ Y, EPO15 1EE Y % 600kg/10a
MR Lt=& ED Purpureoci!/iumsp. EPO15 DEZELBH THEIMEIZA 1=,
MDD EMND Purpureoci!llium BDHRKRE THRRBREMRT 57=0OI1Z(F 2.7
x10°~5.4x10° D &EF/g ULDEHMN/LELEZ OGNS, EPOI5 BEYE
600kg/10a H& L YL Z<EALERETIE, BEEZFIHERINGIN>F-HDD,
600kg/10a HAEAR LY LRI TEENS LHERANREINT-, EHK
DEIEFD Purpureocillium BDEEIL 5. 3x10°%cfu/g UEELZY | HREM
HICTTALGEBODERSNATNDIEEZALZ D, BEICEALTLSEMAR
27t F oIz LT RESCRI T FaODFEITH L TIRED
REZELTLWHDOME LA,

RIZ, EPO1S IEEYORAKFHDKREFIZEVWTEH., RO TEEIZTODVWTHE
E= (1X0.05) WS high o=, EPOI5 HEYHAR TIE, HEAM S EHE
FTOHRANRC GBI/, ROTEENMET T HERNREI NI &M
5. EPO1S IEEWM L RRIPDEMEIBZR TSI &ITEK Y EPO1S HBEMDZN
ENBRIND ZENTREEINi-,Anastasiadis 5 (2008) A31T > 7=TBioActWG]
R OBREDOHERIZEWNTIE, P /ilacinum®D Tt >2F 1 7B~DE
{EBEE(X. TBioActWGl DEAMN LR T F 1 IO EEE TORMEAM
BEBEEICHEEENEM>I22 &N L. BioActWGl AHER S =B = THE
LBEENGEOoONT-EHRELTEY ., SEOHKEREFEG =, LHL,

[BioActWG1 DEZAEE TILEHEM 5 2 BMFTIZ BioActWGl ZHEALTH Y.
F1-. T[BioActWGl D L. /ilacinum251 % DHEFNFEF L., RRINFE
TEHETOEBMNALETHD (Anastasiadis 5 2008) EEZEL TSI &L
o, BEMEMEALTHOENEZHEASETICHAIBREDOHENDLELEZDL
nbd,

BERY MZBWTHAAMaVZHEL-LEDEPOIS BEVMDRAICK 55
ZBIZBWT, S4B ELTHLI»AEDODEERY FNOLIEDEYMS
AMBBRFEICOVTIX. 23T F a9 TIHEPOIS EEYER AR & EP015
1EE M) 200kg/10a FEFARX & & U EPO15 &Y 400kg/10a flEAR DB THEEMN
BHEEINnt (1K0.05) T ENDEPOISIEEMICLFBBAEERIENERES L
f=&EZ NS, BIE®RTIED Purpureoci!/iumsp. EPO15 M EFRE #HS EPO15
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&Y 200kg/10a fEFARX & EPO15 H5&E ) 400kg/10a AR CTIEIXRAE TH - 1=
— &5 EPO1S 1EEM % 400kg/10a i FH L T4 EPO15 15&E#) 200kg/10a e FH &
ERELHNAEELGVAEENSARE SNz, Ff, ROATEUFa20EEN
EPO15 &4 200kg/10a EFAX & EPO15 &4 400kg/10a EARX THEZE (t
BRE-KO0.05) gl & s . 2T UFaOhBkEENE LIZEE.
EPO15 1%5&EY) 200kg/10a fEFAX THRABEEFZFMENRIEI NI EEZ 5N D,
|ERY MZEWTH YIS EZHEL-EZDEPOIS EEYDRERAICK D
TIEMEYE. R TEOF10EBELUVH YIS EADEEICTODVWTHEL
=& 2 A, Purpureoci!/ium sp. EPO15 M AEFE L EPO15 IEEY D ERER M
SIEOMIEAD L., EOMERE 10°%cfu/g TIEIZE >1=DT. EPO15 EEWME
ZEICHEALTH 10°%cfu/s LEICH>TLES ATREENTE SNz, Fi-.
EPO15 1EEMMBRXE D Purpureocillium sp. EPO15 DEBEMIZH=—HSHEAR
FYLREBEHMMTHEAROANLOEN I EML, AZAFH
Purpureoci/lium sp. EPO15 2t L CEADEEEEZ-CENEZONDS, B
—HISHEARTEEEANTHEARICERNTHEHBPOBBREENA T, - 1=,
BHRAXFFF—EEZEET LI LA HLN. RKBOHBEEEANTIERE
FIHENEDLATLS (AIR-8AK 1973) , LEA->T, BEE#ENS
WHAZASHEARTARERDBONRESINI-C LML, MREIZKY RK
BABRBELE-AEEATEIN, D HSZHERATEIIETHRRKED
Purpureoci!lium sp. EPO1S MEF LIZK K BEH I ENEBEZ b=,
BEISRERICE VN TTRADREIZ DT EPO1S BEMERAR EH=H S 6H
RTHEEENBEIN, h=ASHARIE EPO1S EHEEMBEARICLENTH
109%BUR L 1= (p<0.05) . —A. BRI SIEHKIE. EPOIS EEYMEHBARE D=
AoHRAREDEICEEE (1K0.05) AN, h=ASHARDIE I S5
BIEHBRICHEART 1/3 8T L1z, EPO15 BHBEMERARS LUV HD=H S HH
ROBISERMEIZENEN6.3.40THY. TRAORNEETHKEET SRS
BN LETH- I EMD, TAOREBMOIREIFIR C SMEHDETH
BAELTWAIENTREEINT, h=ASHARDEISEHMNMETLEZRER
ELT. W= ASHAROK(NOBHIBERLIENDS Purpureoci!/ium sp. EPO15
MTIE 1. 7x10%fu/g DEETREIN-Z ML, TROFEEHMZELT
Purpureoci//iumsp. EPO15 DEEHAIRBZ[HIRT H=-DICRLELEHILS. 3
x10%cfu/g UL TH -T2 D EIFOND, £z, TEERBRE &K VHENIER
RO SEHE EPOIS HEMEMBARICHEANTH 200ETLIZZ &M,
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EPO15 IBEEMMAICE Y FADIRE SEHMNMETLI-EEZEZA DN S,
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BO6E MREEE

REXBBENDORBHBRADIGAIL, HLLHALHE. BRI TS,
MEMEM L TRFTSA TV SBRREBEME DG, £, TEPTOR
RARBHMEYOEECRRRBMEY. thOTIEMEY. BEHNFEUBKRRE X
UCEE DHEEBERBZRE THLMIZ LE=HRILEEM DAL,

AHARIL. COLSILGHRANOHIMTH LN, TEISEEE L RAXE
MEMDITIHZE L ANILTOREREEIEHI L THEMEMZRFKEL. S5IC.
BRAEBRICE > TRELGBRBRBMEVEEYORAFEZZENHARS K UH
NEERICEWVWTHRE LTz, F-. FYUONE L EVFTEERRVPTE L OHF
HRZEBH L., WEETHEEZHEDFEERBENIEEZRA ML

LEDHREHRENICHRE L. TEFTORBRBBEYMOBE, HhoLTiE
MEY. EVFTELERBESSTEDERRIBMEY EOBRZEZHALNIZL L
S &A=,

| LIRP TOHRBEBRBHEMDENRE

BMEENRELLGL., LLERENBEMELGD HEREMELIEE ALIE
LIXESH SN (Pyrowolakis & 2002, Hallmann & 2009, 2m@H 2011) . #&
HEEOBAMZRBEDVICIERFBIEEOCRRFLERIES LTSI LML
nTHY (FE 1992, BARLEHSE 2013) . MHERFILELTIE| A SRR
FIRECKRBEFTFLERL DB SN-EL H D (De Leij - Kerry 1991,
Pyrowolakis & 2002, Hallmann & 2009, £2H 2011, Yang & 2012)
ABFETHEMRORBENMETENSRRIFBIEE | BHE. RRFERFIEK
HELEI LMD, CORBENMETIEZEORBREMEIZCAoOENES LT
WAHATEEMMNTRE SN, COIENCNLDREIZEDTEHEERLPTNRIETH
5T EMEZONz, COTBIIMEERBZF - FERAET. HIEEZ(TEE
FALEELTWS I LMD, #HBICKY BRHEFEERE (BIEMERER) HEM
L. ZRICEDL LG WVERRBMEYMMNMBEMLE-CENBZ N, X,
Linford (1937) BT o1z A F v T ERERB LR CIERBIETHDI EER
bNd, NAFTYTINEREBEEZRA T FaFLELEICHML, EREMR
HHREAEEOEBZHRR LI-E A, NM Ty TILERERMIZKY BIEH

73



RBEBEN—FMICEMLE-C LT, REBIREOEENEEY. TOR. B
EHERRBENREELYLET Lz, BEXBMEMELEDICEERESE
PFLFTEHEHOITE. COLILTREARBBENNERLOTVREZER D
CENEETH S

AR DEISRER TR RIBIEE Arthrobotrys sp. TF006 %358 L THIERER
EEELI-EC A, BIERTIEMNDS Arthrobotryssp. TF006 AR S hiih -
f=o Linford - Yap (1939) (&, #&HEIRE Arthrobotrys, Dactylella Zi\A F
Y TIIBICEE LN RBREFOMFSRIEINES Mo EMARESNATE Y.
FERICEEL-BHRBREOEEEOMENBTFOA TS, LIA-T, &
REREILEET AT THLC., ESICHBEREICHRATHIHEL T, #EE
LI-TEZBEHREN S LS LSBRBICLATAE., RABREXLIE
[CEFELICCWEEZOND,

—H. ARBOEBENRY B LK UVEBHAERICE UNT Purpureocil/ium sp.
EPO15 IZDUNTIX Purpureocil/ium sp. EPO15 1E&EMZEHEA L =184 TIXLIE
~NDEEBENREBEIN, REABRELVIIE~OEBEEN LV EEZ ONT,
TIERTOD Purpureoci//ium sp. EPO15 QERMDIERIL. MAENMSLERERIZ
ETL., HEETETEHEEYN 10'~10°cfu/s THEIZH 1=, KRy FRED
HETX, BREINENBELARIEBEINSTIEFD Purpureoci !/ ium sp. EPO15
DEBEHA 5.3x10°%cfu/g LETH 1=, AHRICHHAL-HIFRLETO
Purpureoci!/ium sp. EPO15 MAEBREEAMN 5.3x10%fu/g TELUTIZH -2 &
Mo, HERTIELE RO TIESH TIXEMZ/EM TS &I Purpureoci ] ium
sp. EPO1S IHEMZ AL G TNIERBBFERIENFR LAV EEZ 51T,

2. Purpureoci!lium sp. EP015 &ithD TIEMAEM & DIHEERFZR

BAREFLEE PurpureocilliumDERMNBE) > TAT7—¥, FFF—HE
A, ChODERNBAEIINDFTEICEELHETET S LAMLATL
% (Khan & 2006, Hallmann 5 2009) ., RKEOMBEERIEIILH EXFY
THERINTEY MREINEETLHL-1,3-JILhr—ERFFF—EITLY
RARENBRIT A LMo TINS (RAR-8K 1973) , L=A>T. #
BEFEBE Purpureoci ! ium OHIREDEET 5FFF—ELNRKAICEELS
ABARMENEIONS, AFATHEH. BMERY FERICEWNT
Purpureoci//ium sp. EPO15 3EZEMMERX TIX Purpureoci//ium sp. EPO15 LA
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NDOLRBEHENAHERX (BULER) [CHEXTETTSIZEABRINE-CEL
5. Purpureocil/ium sp. EPO15 DEAT HXFFF—ENRKRFICEEZXTEZ
F-AlBEM AR S Ntz £, WRBERE. RKEMOITHEERICERTH=A
SHIRERDAME L. Purpureoci!/ium sp. EPO15 E & UZF DD RKEHIE
REHNTHEERICERTHAZASHEEROAME HBIT HERICH 1=
Ehn, INLLBREDEET SFF I —EICLUEELZZITTULSATRES
LR EINT=, —A. Purpureocillium sp. EPO15 &L#IE & DEARIFEHE SN
T. N EDHEEMERANDNSWNI EATREEINT:,

3. Purpureocillium sp. EPO15 LHEYMIFAEMLERINE DHEEER

MARBHED L AETFENE & FHHTEE(ELEMN) 27505 (Barron
1977) ., M|AFEEHBRBERBBED (L. BELFELLEVEEFTELGLD,
FHMBFEERRRBHUED L, BRUNOBEEMWEELLTEETSE, 118
TOEBEENMENFTERBEICERTEWEEZADND, -, FHMFTLEHER
IFRBIEMTOEELARETHY . RKEEBNBHTHD, FHEMFTEREIL
NN Yy FORE. BBEICEKEFELLGSTELERTES I LN L. BRER
BRICKH T S AMMERFTEMRICE D ENBEALND,

AR TUEA LIRBELER Purpureoci//ium sp. EPOTS &, FEHIFEM
BTHY. HBWIIHFELET D, EVFEHERBRMICFREIAL-LTIEIC
Purpureoci//ium sp. EPO15 HE&EMZMAIT 5T, TEDDEMHFEMLR
HYEDETNEEIN=-ZEND. Purpureoci!lium sp. EPO15 A§REBINIZE
AL IRRMZEBWIET S ETHEMTFEERBENMET LI EATRE SN,
HAEHSREZRIET 2EHL. 5.3x10%fu/g L1 (EEYOEAEE L
T 600kg/10a #8X) THAZ EMNBALMNZE o= S SIZ. Purpureoci ! [ iumsp.
EPO15 1EEMZHEA L THOHEZHEVTEET 5 L THRAEFMFEN S
KEBIERTH =2 D, EEWMRD Purpureoci!/ium sp. EPO15 DE %K
HLLLEREFHIORF LE-EAMNMERINCEZEL. FET LHF TOHBFHEH
NHLIEBELETHDLIZENEZ oz, CODFERIL. Anastasiadis 5 (2008)
W4T o1z Purpureoci!/ium /ilacinum 251 Bk % &HF|1E L 1= TBioActWG HE M
FFEADIREICHE LT, TBioActWGl DERAMNL R TV FaVNOEREET
DOEEMEREBEEICEERELN G 2 LT 5HBRRELIEIEL -z, L
L. Anastasiadis & (2008) (&. TBioActWG) MDEISHERTIXEMEN S 2 ERH
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HIIZ TBioActWGl ZMEALTH Y. E£f=. [BioActWa) D P. /i/acinum 251
HODEFHLHEFL, RBINCHFETIFEFTOFRIDLETHHIEERLTL
HiEmn, RANICHEEERAZAE T OIRBRBMEYDDIZE. BEEVEEA
LT oEMZBASETICHAREDHFRENIDELEZ OGNS,

XFUoFREFEFXF M UEFBBALEECARATEUFaIENERRBLI-ED
HWMENHY ., FFUFELFF M UEEAT S ETEEFOFTFF—EFES
PEFEY. FIFUTHERINIBERIZNBEBL., BERTIHEEALNATD
(Sarathchandra & 1996, Radwan & 2012) , ABFETIX. BEBHERIZH LY
CXFUEERET AN HSZMAT B LT, Purpureocillium sp. EPO15
DFEBRENENENE T DIERICH D ENBES N, Purpureoci ! ium sp.
EPOI5 1S EM EHENNWIBS BI5E . W =TS &6 L= T Purpureoci ! ium
sp. EPO15 O EBFMEMNE Lz, LEA>T, A= HSZHEEATHET
Purpureoci!/ium sp. EPO15 DFFF—EEEMNFEIN., ERIVOMNZTH
B5FFUBHNIYBRELOIKLGLIREICGEY ., RaTEVFaoHMNETL
f-CeENEZDOND, £i=. Purpureocillium sp. EPO15 MA=—HSEEILT
5 ETEREBRENBWFELRY ., Purpureoci//ium sp. EPO15 DEFHRMEA R LT
[CHBIENEZ ENT,

Purpureoci//ium sp. EPO15 [X#RBINEFEILT HENOHRAIMNZFE
THITEREOANEET HUEELAEVEEZZIOND, RAINODZEMN
Purpureoci//ium sp. EPO15 DEFMICEDRERELET HMNETIE. SEOH
RTIXEALMNZTEEMN o1,

4 R EEYMTERRREDHEEER

AARIZEVTHFRAOWERTERNILIVETRO =R T2 F 204
HE286/20g tELUETHREIN, COEIXBEHROY YIS ERITEUF
AN FTADERRIKE 1 J2/20g £1EF (Schomaker - Been 2006) S4B TEE
L fze —A. UTZILEALPRETIEIYYISAERITEUFaDEXER
A7 UFaODVRBEDEETT128J2/20g TIEL ETHFRADPNEE T HER
BINf-, YYIAERITEUFaVHEABEETIEL 115J2/20g 13ELLE TR
EERTHRESINIz, LIzA>T. ChoDRBEEUTICHRRRBBEME
WES L LETHETENR, EFYHORERTZEEET LI ENARETHD &
EBabond, £, HEHROREINMPNEETOREZ LEMFTFEMHREEEIC
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HEITLHENRE SN, EEHORITEUFaVEENE->TUTHINE
HIF TIINECENR oNBGN>A EHE 50 BENOIREICARLELNERE
Shtz (p<0.05) , COFERIE, HEHEARNEEITERATELFa2I0D
EBRKENELSGY ., HEHRORWMEMED GO RI T F 27T
EETHIHEZLZLEZTRELTLS,

FAREBIZOWTIE, RISHEHOSLUETREETIRESI N, IRISE
E 5 DIRDIREF, TRKEGQRISHVIRED 25%I2HD] THHZ b, R
CANEMLTRELRECLGELEFTRANEICHEST HIENTESNT, L
Ao T, RISEHS N FRANEBETORFIZHDIEEZ ONT=,

SEROERE

REAXBBEYONRERFERT 5-OICITBEMHFERRR, LEBEYE X
CMEMEDBERICET IMENEETHD. Sk, MBRBHMEYNDOLIEPRT
DEEE, ZFDEVICKIEVFTELERRICEZ S2MROBANFICERL
ZEAbND, RBERXBHMENZRVREBEHRIE. TOERAVERTH D
O, MENBIHALETHY., BRLETIELGLLVEENSZNERKL S,

MRAEFZEBTOFEZR/IEDOICE, ITIZHEEL TV LRAFTMLELIE
DHBERAT I ENEETH D, BBREMUETIETORBREOIIGIIZITHR
ARBBEHDOBENAKREN, LML, MEXBHEMEZEET ST TIIRKR
RENER NGV LHHY . MBREHMEVOER LT, T, EF
LT VLIRRBEOBEADL LETNIEE G0, o2, EEDLEZRRE
MIERICT S =OICIRBREMEMZFBETESE S ELI LY D, REICHKR
XBWEYZEREETERSERBEICEAL T SEMHFEMRRZMELEL.
T MEMTERRROBIEZNH T LA ENRBREERIRNSVERL S,
LA 2T, RETORRXBBEDOEHICET IMRLEETH D,
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FIE KRERE

AHARIE. Y (FR TFE2E] ) OREEFITEVF1ONPREL
DRERZEHFEF L. WERTHARELIRITEUFaVNPFESLUIRIANE
(10 EXBEEE(M) ZEBALAICLTz, 52, MABHRICE > TRELGKRAFTE
Purpureoci!/ium sp. EPO15 IEEMDAAEEENGRERE L UEFNHERIC
BWTHEE LIz, ChoDHEREZENTHELUTORY THS,

| iR E DR

HEAL-TENCRRFBIRE MR S, BEREL-RERFIERE. BFOE
IRBEDWEND T RT Arthrobotrys ThHhb EEZ BT,

HEt L-ERBIRED S 5. £BMNMERL Arthrobotrys sp. TF006 & KE1S
EICHHA L=,

MASHTI / RV - SHRICKBRAEBRIER TIX, Arthrobotrys sp. TF006
@ ITS-5.8S rDNA & EERF| (X, 7RO DB-FU B KV EEIERERST—42 N—
AT HHERMERODER. FEEMD—FE T H S Arthrobotrys ol igospora
Fresen. &H#EFE Stz (96.5~99.5%)

2. RBTFLERDEB

FATEUFaIICERELEZENSHEE LEZNENSRBFTERNER S,
Flo, BRENMLEIEFREITHELLZTXOENSHEE LIZINEASKRREF
AEMNERESHh, B L-AKEE. BFLEEDREN LT RT Paeci/omyces
sp. H LLFEBDETHS EEZA DN,

HE L-BREFEED S B, Paeci/omyces sp. EPO15 NEBIEETH =D
T. KEBHFICHEKA LT,

MASHTI/ RNVA - SHKRICKDRBEFER TIX. Paec//lomyces sp. EP015
@ 1TS-5.8S rDNA B EER5(X, 7RO DB-FU b &K U EBIEEEST—%2 RX—
AT L5HEAMERRDOER. FEEMDOD—ETH S Purpureoci!|ium
/ilacinum (Thom)Luangsa-ard, Hywel-Jones & Samson & % LMIZFNIZEZFA
Purpureoci!lium sp. &L #F S nf= (LLE&E . Paeci/omyces sp.EPO15 (& .
Purpureoci!/ium sp. EP015 & RET 5, ) »
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ST ADPWERTAEEZSIRITEUFaVHABEES L UTIE I SEH

FTADPREETIEIRNILI VETRKRD-RraTEoF a0 FE 288/20g =
BUETHRESINT,

—H. UFILE A LPCRETIIH YA ERAT BV FavéFaxraTE
UFAYDYRBEDEET T 128 J2/20g TiEL E TIREETABRE SN,
YYIAERAT O F a0 MPBFETIL115J2/20g LEUETIREETH
g INnt-,

FTRADOWEERTHEE SR SHEH (10 EXREEEM) (. 5 TH-o 1=,

4. Purpureocil/ium sp. EPO15 IEBEYID R AREIME X T 2R ATER G %

Purpureoci//ium sp. EPO15 IEEYID&E L EEA=(X. 600kg/10a TH o 7=,

Purpureoci//ium sp. EPO15 =BV DR E L EARFIAIX. THEN S 2 BRI
IZ&H o1z,

HNDOEENRY FEHERIZCH WNT Purpureoci!/ium sp. EPO1S MDEBREHIE
Purpureoci//ium sp. EPO15 HEZEWBRAERN SHEOMNTED L. HIFRIZEE
Purpureoci!/ium sp. EPO15 MEE A 10°%cfu/g IEIZH > 1=,

BISKERICEB T, Purpureocillium sp. EPO15 EZEME H=—HS FRIEIC
BNREAT A LICKYFTFROPEEMMAHREESN, BT SNIEHE 5 UTICE
DTz K IEER D Purpureoci !/ iumsp. EPO15 £ E A Purpureoci |/ iumsp. EPO15
EEWMEN—HS EEBICHENER LR TIX 10°%fu/g TEIZH o 1=,

Purpureoci!/ium sp. EPO15 EEME DA S ZRBICHEALI-EE, XiE
AT ERBFICHA L& SITERT, Purpureocil/ium sp. EPO15 MDEFEE
NOEL oz, CORRAIC, A=ASEARTIEFEHNTHEARICLERT
BIREHNEN - LD OMREICKSEENEZ DT,

5. HMBAFEFORERLE=R) VI FEDHEIL
1y 7 ILR A L PCR 35T Purpureocillium ilacinum$GEEH TS A4 <—%AL

TXIERD Purpureoci/lium sp. EPOI5 DEZEDRERFZHEHL., TEDD
Purpureoci//ium sp. EPO15 ORE L BEMAEMNAIREIZH o 1=,
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HiEE

ARARICHE->THEBZH - FRARIXFHIR ZHBISELICEAT
BREOEZERLETS.

T, ARRICH L THEZVVEEVWVREREIXRZFRERR EHEZN
BEICESRBHHOEZRLFTT,

EhIZ, AARDHEEZEEZ oniRInHE. #EEZH > ARETF YA U Y
At AERMHR. BER FEREBUITRE. EAR BRTRE. B
OBFRMEBICRDOEYREHHWN=LET,

T, AARDXTEMY FEHITHRATHEIEE, HER. BBEH o -H
BEFvN) UBRASHRKRSHENR AKBEXTEIfER. LEEZFRICES
BB LFES,

HERICERERICEBAWNVEEVEREFY L) VRS RER SRR, B
RicIXKE ZSHU. EEH. BAROERICESHILZBHLLITFEYS,
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Development of a direct quantitative detection method for
Meloidogyne incognita and M. hapla in andosol and analysis of
relationship between the initial population of Meloidogyne spp.

and yield of eggplant in an andosol

Takayoshi Watanabe!?, Hiroaki Masumura®, Yuzo Kioka!, Katsunori Noguchi?,
Yu Yu Min®#, Risa Murakami® and Koki Toyota®

A real-time PCR-based detection method was developed for the root-knot nematodes (RKNs) Meloidogyne incog-
nita and M. hapla in andosol. Different numbers of second-stage juveniles (J2) were artificially added into 20 g of soil
not containing M. hapla and M. incognita and then DNA was extracted from the soils. There were significant corre-
lations (#* = 0.8857, P < 0.05 in M. incognita and #* = 0.9978, P < 0.01 in M. hapla) between the threshold cycle (Ct)
values and the number of nematodes added. Next, soils were collected at transplanting time from different sites (12
plots) in a field naturally infested with M. incognita and M. hapla to measure the initial population densities. RKNs
were distributed heterogeneously in the field: the initial population ranged from 0 to 24 ]J2/20 g soil with the
Baermann method, while that of M. incognita and M. hapla from 0.6 to 713 J2eq/20 g soil and from 0.0 to 115 J2eq/20
g soil, respectively, with the real-time PCR method. The yield was determined by the sum of commercial sized egg-
plants harvested for 3 months of the cultivation period. The yield decreased in the plots with an initial population of
RKNs more than 2 J2/20 g soil with the Baermann method. In real-time PCR, the yields were low in the plots with the
sum of initial M. incognita and M. hapla more than 128 J2eq/20 g soil. The present study established a quantification
method with real-time PCR for M. incognita and M. hapla in andosol and evaluated the relationship between the ini-
tial population of Meloidogyne spp. and the yield of eggplant.
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INTRODUCTION

Root-knot nematodes (RKNs), Meloidogyne spp.,
cause significant losses of yield and quality in many crops
all over the world, and the annual global losses have been
estimated as US$100 billion worldwide (Oka et al., 2000).
There are four common species of RKN in the tropical and
temperate areas: M. incognita, M. hapla, M. arenaria and
M. javanica (Moens et al., 2009). Among them, M. incognita
and M. hapla are distributed widely in Japan, and cause
damage to cash crops, fruit and root vegetables, such as
cucumber, tomato, eggplant and sweet potato in Japan
(Ichinohe, 1992).

The species of RKNs are separated from each other on
the basis of the morphology of perineal pattern, stylet knob
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shape, and the length of stylet and dorsal gland orifice
(Moens et al., 2009). However, it is difficult to identify
species of RKNs with traditional techniques, and the identi-
fication of RKNs needs mature skills and a long time even
for specialists. Thus, an alternative identification method is
required. New identification methods of RKNs have been
developed with some enzymes, such as esterase and malate
dehydrogenase, and with DNA-based methods (Blok ef al,
2009). The rapid development of DNA technology has been
a breakthrough for overcoming the weak points of tradi-
tional identification methods (Atkins e/ al, 2005; Berry et
al,, 2007). Since Madani ef al. (2005) reported real-time PCR
specific primers for quantitative purposes of the potato cyst
nematode Globodera pallida and the sugarbeet cyst nema-
tode Heterodera schachtii, many specific primers have been
designed for different plant-parasitic nematodes such as
Bursaphelenchus xylophilus (Leal et al, 2007), Pratylenchus
penetrans (Sato et al., 2007), M. incognita and G. rostochien-
sis (Toyota ef al, 2008), M. javanica, P. zeae and Xiphinema
elongatum (Berry et al., 2008), H. glycines (Goto et al., 2009)
and P. thornei (Yan el al., 2012). However, no specific
primers have been developed for M. hapla until now.



H43E E2F

Andosol is the major soil type in agricultural land in
Japan and the most serious damage is caused by RKNs in
this soil type (Takakura, 1984). Chemical control with fumi-
gant or non-fumigant types of nematicides is frequently
used, as an insurance against nematode damage, without a
survey of plant-parasitic nematodes in fields. In almost all
eggplant-producing areas of the country, nematicides are
routinely used for the prevention of yield losses caused by
RKNs (Hagiya, 1992). To avoid such an insurance-like
application of nematicides, information about the economic
threshold level is essential. Economic threshold levels have
been developed using the Baermann method for
Meloidogyne spp. in carrot (Sano, 1988), burdock (Yamada,
1992), spinach (Di Vito et al.,, 2004), potato (Vovlas et al,
2005), carrot (Gugino ef al, 2006), eggplant (Schomaker and
Been, 2006), celery (Vovlas et al, 2008), and cucumber and
tomato (Plant protection station, 2011). However, these eco-
nomic threshold levels may be underestimated and vari-
able. The extraction efficiency of nematodes from soil using
the Baermann method is estimated at about 50%, and the
method fails to extract eggs and dormant forms of nema-
todes (Ingham, 1994). Indeed, the Baermann method
extracted only 30% of plant-parasitic nematodes recovered
by the double-layer centrifugation method which extracts
passive nematodes in soil as well as active nematodes
(McSorley and Frederick, 2004). In addition, Den Nijs and
Van Den Berg (2013) revealed that the variance of
Meloidogyne counts was the highest for the Baermann
method, and concluded that the Baermann method is not
advisable for survey purposes. An alternative quantifica-
tion method with real-time PCR has been developed that
enables quantifying all forms of nematodes (Goto et al.,
2009; Min et al., 2011). In fact, M. incognita was detected
with the real-time PCR method in soils which M. incognita
could not be detected with the Baermann method (Min ef
al., 2012), suggesting economic threshold levels should be
evaluated based on the nematode populations determined
with real-time PCR. According to our previous reports, cali-
bration curves for estimating the density of a target nema-
tode in soil differed depending on the type of soils used
(Sato et al,, 2010), but were similar within a single soil type,
andosols (Goto et al., 2010). Min et al. (2011) used sandy
soils for quantifying M. incognita, but no calibration curve
was developed for andosols, the major soil type in Japan, at
present.

The objectives of this study were to develop a rapid
quantification method using real-time PCR for M. incognita
and M. hapla in an andosol and to evaluate the relationship
between the initial population of Meloidogyne spp. and the
yield of eggplant in an andosol.
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MATERIALS AND METHODS

Soil and nematode:

Andosol without Meloidogyne spp. was collected from
fields in Tokyo Metropolis, Japan, and used to make a cali-
bration curve. The absence of Meloidogyne spp. was con-
firmed by the Baermann method and the real-time PCR
method, as described below. Nematodes were purchased
from the NIAS (National Institute of Agrobiological
Sciences) Genebank in Japan.

Primers:

Specific primers for M. hapla [Mh-f (5 - ATGTTGGTA
CGCAGCGATTTGTA-3) - Mh-r (5 CAGCGGGTGATCTC
GACTGA-3)] were designed based on the ITS1 sequences
of M. hapla (AY268108), M. incognita (AB053484) and M.
arenaria (AF077086) (Table 1). Specific primers for M.
incognita used in this study were RKNf (5-GCTGGTGTCT
AAGTGTTGCTGATAC-37T- RKNr [5-GAGCCTAGTGAT
CCACCGATAAG-3] reported by Toyota ef al. (2008)
(Table 1).

Primer specificity was evaluated using M. hapla and
M. incognita with real-time PCR. DNA was extracted from
individual J2s, according to the method of Iwahori et al.
(2000) with slight modifications. A nematode was put into a
drop of water on a glass slide, air-dried and cut with a ster-
ile needle under a microscope. Then, 10 pl of lysis buffer (10
mM tris(hydroxymethyl)aminomethane-HCl buffer (Tris-
HCI), pH 8.0, 1 mM ethylenediaminetetraacetic acid
(EDTA), 1% IGEPAL CA-630, 100 pg/ml proteinase K) was
added to the nematode. The buffer with the nematode was
transferred into a 200 pl tube, frozen at -85°C for 15 min.
After thawing, the sample was incubated at 65C for 1 h to
degrade the nematode's body and then at 98°C for 10 min to
inactivate proteinase K. This solution was used as a DNA
template in real-time PCR described below.

Preparation of calibration curves:

Different numbers (5, 20, 80, and 500) of M. incognita or
M. hapla ]2 were added to 20 g of the reference soil. Each
infestation level was prepared in triplicate and DNA was
extracted in duplicate using the method reported by Min et
al. (2012). Soil specimens were air-dried at 60°C for one
night, and each of the 20 g air-dried soil samples were pul-
verized in duplicate with a ball mill (Mixer Mill MM400,
Retsch Co., Ltd,, Haan, Germany) for 2 min. Soil (0.5 g) was
put into a 2-ml tube with 0.75 g of zirconia beads (0.1 mm in
diameter) and 0.25 g of glass beads (0.5 mm in diameter),
and 1,000 ul of lysis buffer (0.5% sodium dodecyl sulfate
(SDS), 10 mM Tris-HCl, 50 mM EDTA, pH 8.0) and 100 mg
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Table 1. Comparison of sequences in the positions of the primers used in this‘study.
M. hapla specific primers Sequence in the position of forward primer (5°-3")
M. hapla (AY268108)" ATGTTGGTA-CGCAGCGATTTG—T—————AA

Sequence in the position of reverse primer (5’-3")
CAG—CGGGTGATCTCGA———CTGA

M. incognita (AB053484) +AAG-+A-T-TTTGTTT- - - CA——+—————GT%? S R R R S e

M. arenaria (AFO7T086) *AAG—+A-T-TTTGTTT- - -CA—————GT DOC 0 U000 e S0 Gl 0

M. Jjavanica (GQ395513) ««MTC:———————+ - A————T- *+GCA--A-C-A-CA- -TATCT-TT

M. camelliae (JX912885) Troxess CGT++TT+GA* * + -A——+GGCCGG- - S 8 s s e i

M graﬂrinis (JN241896) -C..._________T----..G———.—__——-. D p—

M. graminicola (JN241866) - -AAA--T-T-TATT:GIT:-:T-—+———+C o 8 E=SaiaE n win g NS Wi S

M incognita specific primers Sequence in the position of forward primer (5°-3’)  Sequence in the position of reverse primer (5°-3")
M, incognita (AB053484) GCT——GGTGTCT————————AAGTGTT-GCTGATAC GAGCC———TAGTGATCCA———————CCGATAAG
M bap]a (AYZBBIOS) R et SRR R » T\ —_—G- - ————— .
M arenaria (AFD??OSS) ettt b (Getere—easararts saaas R e L
M. javanica (GQ395513) LG A= G GC—++++C--G-GA-T  =+=-- AATTem = i < 2sie e GCGAGAG* ===+~~~
M. camelliae (JX912885) —————A++ G+ - TGAACCGGGC- - AA- -C—-—+A-C-A e srrmme——er (G
M. graminis (JN241896) see——sararrs——————— T erjaie]e ——G-- # §omeesemniton( ¥ B3 4 0
M gramzn.zco]a (_]-N241865} Avrm—m—rs ettty (Gessse—snana T A s s (e s

The M. incognita primers were reported by Toyota et al. (2008).

! Numbers in parentheses after the species names indicates the accession number.

2 Dots indicate the same base as above.
. Hyphens indicate deletion of the corresponding base.

of skim milk were added. The soil was bead-beaten at 5,000
rpm for 1 min two times, followed by centrifugation (13,000
X g for 5 min). Then, 600 pl of the supernatant was trans-
ferred to a new 2-ml tube, and 377 pl of 5 M NaCl and 270 pl
of 10% hexadecyltrimethylammonium bromide (CTAB)
were added to the tube. After 10 min incubation at 60C,
500 ul of chloroform was added, and the tube was cen-
trifuged at 15,000 X g for 20 min. The supernatant (1.1 ml)
was transferred to a new 2-ml tube, 500 pl of chloroform
was added, and the tube was centrifuged at 15,000 X g for
20 min. The supernatant (1.0 ml) was transferred to a new
2-ml tube, then mixed with 600 pl of 20% polyethylene gly-
col 8,000 (PEG) solution (20% PEG, 1.6 mM NaCl) and cen-
trifuged at 15,000 rpm for 20 min at 4°Cto collect DNA as a
pellet. The DNA pellet was washed with 1.0 ml of 70%
ethanol and centrifuged at 15,000 rpm for 5 min at 4°C then
dried using VC-155p (TAITEC Co,, Ltd., Koshigaya, Japan)
for 20 min, and suspended in 100 pl of TE buffer (10 mM
Tris-HCL, 1 mM EDTA, pH 8.0). The DNA was diluted 10-
fold and used as a template in real-time PCR.

Real-time PCR protocol:

Real-time PCR was performed in a StepOne Real time
PCR System (Life Technologies Co., Carlsbad, CA) with a
final volume of 10 pl containing 2 pl of 10 times diluted tem-
plate DNA, 0.4 ul of 10 pM either primers for M. hapla or
primers for M. incognita and 5 pl of Fast SYBR® Green
Master Mix (Life Technologies) under the manufacturer’s
recommended conditions (95°C for 10 s, (95C for 5 s and
60C for 20 s, at increasing and decreasing rates of 0.2°C/s)

for 45 cycles). A negative control was also included using
distilled water instead of a template DNA. Real-time PCR
was done once per each DNA extract, since replicate sam-
ples showed almost identical values in real-time PCR.

The Baermann method:

Each soil sample was mixed well, and 20 g of the sub-
sample was put in triplicate on two layers of tissue paper
(Kimwiper®S-200, NIPPON PAPER CRECIA Co., LTD,,
Tokyo, Japan) supported on a 1 mm-mesh window screen
(Baermann funnel). The Baermann funnels were incubated
at 25 C for 72 h, after being filled with water to the top of
the funnel. The extracted nematodes were counted using a
microscope.

Field experiments:

Field experiments were conducted in 2011 in a field of
Tsukuba Research Institute of Katakura Chikkarin Co.,
Ltd., Ibaraki, Japan, which was naturally infested with M.
hapla and M. incognita. No fumigants or contact nemati-
cides had been applied in the field since 2009. The proper-
ties of the soil were: andosol, 30% sand, 40% silt, 30% clay;
LiC, pH (Hz0) 5.8, total C = 24.0 g/kg soil, total N = 3.3 g/kg
soil. The field was divided into 12 plots (each 3 > 3 m).
Nematode densities at transplanting were assessed using a
composite soil sample collected from six sites of each plot.
The initial populations of RKNs were measured by the
Baermann method and the real-time PCR method as
described above. After basal fertilization (N-P:0s-K20 = 20-
20-20 kg/10 a), the plot soil was mixed well with a shovel.
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The plots were mulched with a protective plastic cover to
reduce evaporation, soil erosion and weeds. Eight 1-month-
old eggplants, Solanum melongena L. ‘senryou 2’, were
transplanted into each plot (total number of plants = 96)
and cultivated in 2011 for about 3 months from May 31 to
August 24 without irrigation and pesticide application. The
yield was determined by weighing all the eggplant’s com-
mercial size fruits. After cultivation, eggplant roots were
carefully dug out from soil with a shovel, and carefully
washed to remove the attaching soil completely. The gall
index of roots was assessed per plant using Zeck’s scale of
0 to 10 (0: no knots on roots, 10: all roots severely knotted or
no root system) (n = 96) (Zeck, 1971). However, this scale is
based on the galls caused by only M. incognita, M.
arenaria, or M. javanica, but not by M. hapla.

Statistical analysis:

Statistical analysis was performed using the software
Excel Statistics 2002 (Social Survey Research Information
Co., Ltd,, Tokyo, Japan).

RESULTS

Primer specificity:

The sequences in the position of Mh forward primer
are different between M. incognita and M. hapla, while the
sequences of M. incognita in the position of RKN primers
are similar to those of M. hapla (Table 1). Thus, the newly
designed primers Mh for M. hapla did not amply DNA from
M. incognita, while primers RKN for M. incognita amplified
DNA from M. hapla at an efficiency of as low as 15% (date
not shown).
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Preparation of the calibration curve:

When the andosol in Tokyo was inoculated with RKN
J2 at densities of 5 to 500 individuals/20 g of soil, highly
significant correlations (#* = 0.8857, P < 0.05 in M. indogni-
ta and »* = 0.9978, P < 0.01 in M. hapla) were observed
between the Ct values and the number of RKN ]2 inoculated
into the soils (Fig. 1).

Analysis of relationship between the initial population of
Meloidogyne spp. and yield of eggplant:

In the Baermann method, both M. hapla and M. incog-
nita were counted as RKNs since it was impossible to dis-
tinguish the species with microscopic observation. The
number of RKNs ranged from 0 to 24 J2/20 g soil. In the
real-time PCR method, the numbers of M. incognita and M.
hapla were separately measured using the calibration
curves obtained in Fig. 1 and ranged from 0.6 to 713 J2eq/20
g soil and from 0 to 115 J2eq/20 g soil, respectively. There
was a significant correlation in the number of RKNs
between the Baermann and the real-time PCR method (P <
0.001), although their absolute values were 26 times differ-
ent (Fig. 2). There was one site in which RKNs were not
detected in the Baermann method, but present at densities
of 56 M. incognita |2eq/20 g soil and 17 M. hapla J2eq/20 g
soil with the real-time PCR method.

There was a significant correlation between the initial
population of RKNs with the Baermann method at trans-
planting and the yield (P = 0.007) (Fig. 3). The yield
decreased in the plots with an initial population of RKNs
more than 2 J2/20 g soil.

In the case of real-time PCR, yield decreased in plots

B
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Fig. 1. Relationship between the Ct value and the number of Meloidogyne incognita J2s (A) (P < 0.05) or M.

hapla ]2s (B) inoculated in andosol (P < 0.01).
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y =25.767x+52.124 [ ]
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Number of root-knot nematodes with real-
time RCR method ( J2/20 g soil }
-
3

0 5 10 15 20 25 30
Number of root-knot nematodes with the Baermann method
(J2/20 g sail )

Relationship between the number of root-knot nematodes
(Meloidogyne incognita and M. hapla) in andosol with the
Baermann method and the sum of M. incognita and M. hapla
with the real-time PCR method (P < 0.001).
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Fig.4. Relationship between the yields of eggplant and the initial population of sum of Meloidogyne incognita and M. hapla (A), M. incognita (B),

and M. hapla (C) in andosol with the real-time PCR method.

with the sum of initial M. incognita and M. hapla more than
128 J2eq/20 g soil (Fig. 4A). Based on the initial populations
of M. incognita, yield losses were observed in plots contain-
ing over 115 J2eq/20 g soil (Fig. 4B). In contrast, there was
no significant correlation between the yield and the initial
population of M. hapla (P = 0.2) (Fig. 4C).

In the present study, galls were observed on all the egg-
plant roots in all the plots and the gall index ranged 1 to 7.
It tended to increase with the initial populations of RKNs
with the Baermann method, the sum of M. incognita and M.
hapla and of M. incognita with the real-time PCR method,
although there were no significant correlations between
them (P = 0.09 in Fig. 5, P = 0.42 in Fig. 6A, P = 040 in Fig.
6B). In contrast, there were no such relations between the
gall index and the initial populations of M. hapla (P = 0.6)

(Fig. 6C).

Gall index

Fig. 5.
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Relationship between the gall indices and the initial popula-
tion of root-knot nematodes (Meloydogyne incognita and M.
hapla) in andosol with the Baermann method.
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Fig.6. Relationship between the gall indices and the initial population of sum of Meloidogyne incognita and M. hapla (A), M. incognita (B), and M.

hapla (C) in andosol with the real-time PCR method.
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Fig. 7. Effect of the initial density of root-knot nematodes (RKNs)

with the Baermann method on cumulative yields of eggplants
in the plots.
@: 0 to 2/20 g soil of the initial density of RKNs, ll: more
than 2/20 g soil of the initial density of RKNs. Asterisks indi-
cate a significant difference between the two treatments by
Student's t-test (P < 0.05).

Periodical change in eggplant yield:

Twelve plots were separated into two groups based on
the initial densities of RKNs (0-2 and >2 ]J2/20 g soil) and
periodical changes in the yields were calculated. There were
no marked differences in the yield pattern in the initial peri-
od between the two groups, but significant differences
became obvious 50 days after transplanting (P < 0.05) (Fig.

7).
DISCUSSION

Knowledge of the relationship between pre-plant plant-
parasitic nematode population densities in soil and plant

growth is essential for the prediction of yield losses caused
by nematodes and for choosing the best management prac-
tices. This study developed the real-time PCR primers Mh
and RKN which sensitively quantified M. hapla and M.
incognita, respectively, in andosol (Fig. 1). This method is
advantageous in determining nematode densities, as our
previous study already reported (Min ef al, 2012). In the
field test, RKNs were detected with real-time PCR in the soil
which RKNs were not detected with the Baermann method
(Fig. 2). This kind of result was in agreement with the pre-
vious study (Min ef al., 2012). These results further support
the merits of the real-time PCR method, especially in enu-
merating the densities of nematodes not easily detected
with the Baermann method, such as dormant or quiescent
nematode forms. However, there could be some technical
errors in the density estimated with the real-time PCR
method, because the andosol used for preparing the calibra-
tion curves was different from the andosol used for the field
study. Goto et al. (2010) reported that the Ct values of soils
with the same density of the target nematode were not the
same among three kinds of andosols, although the differ-
ence among the single soil type, andosol, was much smaller
than that between two different soil types (andosol and
sandy soil). In addition, the density of M. incognita might
be overestimated. The primer set RKN amplifies DNA even
from M. hapla at an efficiency of 15%, as this defect was
already reported in a previous paper (Toyota ef al., 2008),
indicating that 100 individuals of M. hapla are detected as
15 individual of M. incognita. For example, in a field con-
taining 100 individuals of M. hapla and 15 individual of M.
incognita, the density of M. incognita is estimated as 30
individuals of M. incognita, two times higher than the actu-
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al density. Therefore, caution is needed when quantifying
M. incognita in fields infested with a large population of M.
hapla. However, the density of M. incognita was much high-
er than that of M. hapla in the field used in this study and
therefore, the false detection of M. hapla as a small popula-
tion of M. ncognita should not be a serious problem, since
M. incognita would be estimated as 101.5 in a field contain-
ing 100 individuals of M. incognita and 10 individuals of M.
hapla. In fields with mixed populations of M. incognita and
M. hapla, the quantification of M. hapla using the primer
set Mh is essential, since the primer set does not amplify
DNA from M. incognita at all, enabling the quantification of
only M. hapla.

Yield losses were observed in plots with an initial pop-
ulation of RKNs more than 2 J2/20 g soil measured with the
Baermann method. This level is quite similar to that in a
previous study in which the economic threshold level for
eggplant was estimated at 1 J2/20 g soil of M. incognita
(Schomaker and Been, 2006). In contrast, the yield in carrot
decreased in fields with 20 to 30 ]J2/20 g soil of M. incognita
at seeding time (Sano, 1988). In US, the damage threshold
density in carrot estimated in a two-year study on M. hapla
was 3.0 to 14 eggs/20 ml in organic soil and 12 to 38
eggs/20 ml in mineral soil (Gugino et al., 2006). The yield
loss in spinach was observed in soils with more than 40
eggs and J2s of M. incognita/20 ml soil (Di Vito ef al., 2004).
Also, the economic threshold level in burdock, cucumber
and tomato was 1.6 J2/20 g soil (Plant protection station,
2011, Yamada, 1992). Vovlas et al. (2005 and 2008) estimat-
ed the tolerance limits to M. javanica and M. incognita in
potato and celery as 10 to 13 and 3 for eggs and ]J2s/20 ml
soil, respectively. Collectively, the yield loss level of this
study in eggplant was comparable to that in burdock, cel-
ery, cucumber and tomato, and markedly lower than that in
carrot and spinach. While carrot and spinach were cultivat-
ed for two months in the previous studies, eggplant and the
other vegetables were cultivated for over four months. The
length of the cultivation period might cause different yield
loss levels. Indeed, there were no differences in the yields in
the initial period between the plots having different initial
populations of RKNs, but significant differences became
obvious 50 days after transplanting (P < 0.05) (Fig. 7). This
result suggests that crops with shorter cultivation periods
might show higher tolerance levels to RKNs.

In the case of real-time PCR, the yield decreased in the
plots with more than 128 J2eq/20 g soil of M. incognita and
M. hapla or 115 J2eq/20 g soil of M. incognita (Fig. 4A, B).
These yield loss levels were much higher than the level
obtained with the Baermann method. A similar result is
reported in a combination of radish and P. penetrans; the
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economic threshold level was less than 1 individual/20 g
soil with the Baermann method, while 5 J2eq/20 g soil with
the real-time PCR method (Sato et al, 2010). This may be
due to the real-time PCR method detecting eggs and dor-
mant forms of nematodes that are not detected with the
Baermann method.

The gall index tended to increase with the initial popu-
lation of M. incognita, when the gall index was estimated
with the Zeck’s scale which measures galls caused by M.
incognita, M. arenaria, and M. javanica. The gall size is dif-
ferent between M. incognita and M. hapla, and the former
makes relatively larger galls on lateral roots (Hunt and
Handoo, 2009). Thus, relatively larger galls formed by M.
incognita might have made it difficult to see smaller galls of
M. hapla, and therefore galls caused by M. hapla might be
underestimated in this study.

In conclusion, we developed a rapid quantification
method using real-time PCR for M. incognita and M. hapla
in an andosol and evaluated the relationship between the
initial population of Meloidogyne spp. and the yield of egg-
plant in an andosol.
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Soil microbes have preat potential for agriculture. A wide
variety of microbes have been utilized to enhance crop
production. In the current issue, enhanced growth of rice
plants is reported with the inoculation of a nitrogen (N)-fixing
bacterium, Azospirillum sp. B310 (2), which possesses a
disease-suppressive propertv against the rice blast fungus
(Magnaporthe oryzae) and the bacterial leaf blight pathogen
Xanthomonas oryzae (25). The importance of biological
nitrogen (N) fixation has been recalled just recently in the N
acquisition in tropical rain forest development (3).

The development of mass production and inoculation
techniques makes culturable microbes much more attractive
research targets among numerous and diverse soil microbes.
Beneficial microbial inoculants in agriculture are mainly plant
growth-promoting bacteria and fungi, and they function
through different mechanisms, e.g., the supply of nutrients,
the production of plant hormones, and the suppression of
various crop pests.

N is the most limiting nutrient in crop production, on many
occasions, and, thus, there are increasing applications of
symbiotic or free-living N-fixing bacteria in sustainable
agricultural systems. Biomass production of sugarcane and
oil palm was increased by the inoculation of Enterobacrer
spp. (12) and Bacillus sphaericus (26) strains, respectively,
both of which were isolated from the rhizosphere and
possessed N-fixing ability. N fixation by the inoculants
contributed to increased N nutrition in the host plants. An
energetic screening revealed that diverse rhizobacteria
possessing N-fixing ability had a plant growth-promoting
effect on rice and were a source of biofertilizers (8).

Masunaka et al. (14) reported an example in which the
solubilization of minerals in the soil is the main effect of a
plant growth-promoting fungus, Trichoderma koningi. The
PGPF does not produce plant hormones (9) and behaves like
mycorrhizal fungi in the establishment of symbiotic associ-
ations rather than fungal parasites. A lower production of an
isoflavonoid, phytoalexin vesitol, a major defensive response
of leguminous plants, was involved in their symbiotic
associations.

Quorum sensing is a population density-dependent regu-
lation mechanism used by bacteria to regulate gene expres-
sion; many Gram-negative plant pathogens control the
expression of virulence factors with their quorum-sensing
systems (22). N-acyl-L-homoserine lactones (AHLs) are
signal compounds involved in quorum sensing, and AHL-
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E-mail: kokit{i&cc.tuat.ac jp

degrading bacteria have been utilized in the biocontrol of
plant diseases (21). Chryseobacterium spp. (16) and Micro-
bacterium spp. (23) have been isolated from potato roots and
leaves, respectively, as AHL-degrading bacteria, and their
application as biocontrol agents is expected.

Suppression of plant diseases is an important mechanism
in plant growth promotion. Since the reports by Schroth’s
group (10, 18), great attention has been paid to colonization
of the rhizosphere by fluorescent pseudomonads. More than
200 fluorescent pseudomonad strains were isolated from the
phylosphere and rhizosphere of potato plants and character-
ized for their phylogenic position (20). Some of the strains
showed high similarity to Psewdomonas koreensis and P.
vancouverensis, both of which have been reported to be
beneficial for biological control or plant growth promotion.
For better performance of biocontrol agents against soil-borne
pathogens, better colonization on plant roots is essential.
Motility and chemotaxis are important traits for root
colonization by biocontrol agents. Chemotactic responses of
P. fluorescence Pil-1 to amino acids have been studied, and
the results revealed that chemotaxis to amino acids, major
components of root exudate, and to chemoattractants other
than amino acids has an important role in root colonization
(15).

Since most plant diseases are caused by phytopathogenic
fungi, and most phytopathogenic fungi contain chitin as
the main component of their cell walls, chitinolytic microbes
are expected to be beneficial for their biological control. A
total of 100 chitinolytic bacterial isolates were obtained from
the rhizospheres of various agronomic plants in Japan, and
their phylogenic positions were revealed (19). Isolates
belonging to Serratia marcescens, Stenotrophomonas spp.,
and Lysobacter capsici have been identified, and their
agronomic use is expected.

Plant-parasitic nematodes also cause serious economic
damage to many agricultural crops. Effective antagonists
against the nematodes have been used as biological control
agents. For instance, the genus Arthrobotrys is a famous
nematode-trapping fungus that has a wide geographical
distribution and that captures a live nematode with adhesive
trapping organs. Two kinds of such biological control agents
are commercially available, Roval 300 and Royal 350 (24),
although the fungus traps not only plant-parasitic nematodes
but also free-living nematodes that are beneficial in crop
production (4). The genera Paecilomyces and Pochonia are
well-known nematode-egg-parasitic fungi that are capable of
parasitizing nematode eggs and reducing their populations.
Purpureocillium lilacinum (=Paecilomyces lilacinus) is the
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main component of BioActs WG® and MeloCon® (1). Barra
et al. (3) reported that . lilacinum showed virulence against
not only plant-parasitic nematodes but also insects, making
this agent even more attractive. KlamiC® is a biological
control agent containing Pochonia chlamydosporia (13).
These fungal agents will be used as effective management
tools against plant-parasitic nematodes. Bacterial inoculants
have also been reported that suppress plant-parasitic nema-
todes. L. antibioticus has the ability to produce lytic enzymes
and an antibiotic 4-hydroxyphenylacetic acid, and, in toma-
toes, it reduced the severity of the disease caused by the root-
knot nematode Meloidogyne incognita (11).

Efforts are underway to develop yet-to-be cultivated
microbes that will have future applications in agricultural
use. Studies of the characterization of culturable microbes
are still useful for unraveling their unexploited functions.
Eida et al. (6, 7) phylogenetically and phenotypically char-
acterized the cellulose-decomposing bacteria and fungi that
inhabit composts. Some isolates displayed high cellulose-
and hemicellulose-degrading abilities and could be used for
improving biodegradation processes during composting,
resulting in the production of plant growth-promoting mate-
rials.

To meet the demands of an increasing human population,
global crop production needs to double, but current estimates
are far below what is needed ( 17). Microbial inoculants should
be maximized for different agricultural purposes to enhance
crop production and remedy this situation.

References

1. Anastasiadis. LA., LO. Giannakoub, D.A. Prophetou-A thanasiadouc,
and S.R. Gowen. 2008. The combined effect of the application of a
biocontrol agent Paecilomyees [lacinus, with various practices for
the control of root-knot nematodes. Crop Prot. 27:352-361.

. Bao, Z., K. Sasaki, T. Okubo, er al. 2013, Impact of Azospirillum sp.
B510 inoculation on rice associated bacterial communities in a paddy
field. Microbes Environ, 28 :487-490,

. Barra, P., L. Rosso, A, Nesci, amd M. Etcheverry. 2013, Isolation and
identification of entomopathogenic fungi and their evaluation against
Tribolium confusum, Sitophilus zeamais, and Rhnzopertha dominica
in stored maize. J. Pest Sci. 86:217-226.

4. Barron, G.L. 1977. The Nematode-destroying Fungi, Topics in

Mycobiology, No.1, Canadian Biological Publications, Ontario.

5. Batterman, S.A., L.O. Hedin, M. van Breugel, J. Ransijn, D.J.
Graven, and J.8. Hall. 2013. Key role of symbiotic dinitrogen fixation
in tropical forest secondary succession. Nature 502:224-229,

6. Eida, M.H., T. Nagaoka, J. Wasaki, and K. Kouno. 2011, Evaluation
of cellulolytic and hemicellulolytic abilities of fungi isolated from
coffee residue and sawdust composts. Microbes Environ. 26:220-
27,

7. Eida, M.H., T. Nagaoka, J. Wasaki, and K. Kouno. 2012. Isolation
and characterization of cellulose-decomposing bacteria inhabiting
sawdust and coffee residue composts. Microbes Environ. 27:226-
233,

8. Habibi, S.. S. Djedidi, K. Prongjunthuek, F. MD. Mormza, N.
Ohkuma-Ohtsu, H. Sekimoto, and T. Yokoyama. Physiological and
genetic characterization of rice plant growth-promoting rhizobacteria
isolated from rhizosphere soils of different crops. Plant Soil, in press.

(]

s

ToyOTA AND WATANARE

. Hyakumachi, M. 1994, Plant-growth-promoting fungi from turfgrass

rhizosphere with potential for disease suppression. Soil Micro-
organisms 44:53-68,

. Kloepper, JW., J. Leong, M. Teintze, and M.N. Schroth. 1980,

Enhanced plant growth by siderophores produced by plant growth-
promoting rhizobacteria. Natre 286:885-886.

. Lee, Y.S., M. Anees, HN. Hyun, and K.Y. Kim. 2013. Biocontrol

potential of Lywsobacter anribioticus HS124 against the root-knot
nematode, Meloidogyne incognita, causing disease in tomato.
Nematology 14:345-5535.

. Lin, L., Z. Li, C. Hu, X. Zhang, S. Chang, L. Yang, Y. Li, and (). An.

2012. Plant growth-promoting nitrogen-fixing Enterobacteria are in
association with sugarcane plants growing in Guangxi, China.
Microbes Environ, 27:391-398,

. Manzanilla-Lopez, R.H., 1. Esteves, M.M. Finetti-Sialer, P.R. Hirsch,

E. Ward, J. Devonshire, and L. Hidalgo-Diaz. 2013. Pochonia
chlamydosporia: advances and challenges to improve its performance
as a biological control agent of sedentary endo-parasitic nematodes. J.
Nematol. 45:1-7.

. Masunaka, A., M. Hyakumachi, and S. Takenaka 2011. Plant

growth-promoting  fungus, Trichoderma koningi suppresses isofla-
vonoid phytoalexin vestitol production for xolonization on/in the
eoots of Loius japonicus. Microbes Environ. 26:128-134.

. Oku, 5., A. Komatsu, T. Tajima, Y. Nakashimada, and J. Kato. 2012.

Identification of chemotaxis sensory proteins for amino acids in
Pseudomonas fluorescens P01 and their involvement in chemotaxis
to tomato root exudate and root colonization. Microbes Environ.
27:462-469.

. Rashid, R., T. Morohoshi, N. Someya, and T. Ikeda. 201 1. Degrada-

tion of N-acylhomoserine lactone quorum sensing signaling mole-
cules by potato root surface-associated Chryseobacterium strains.
Microbes Environ. 26: 144148,

. Ray, DLK., N.D. Mueller, P.C. West, and J.A. Foley. 2013. Yield

trends are insufficient to double global crop production by 2050,
PLoS One B:e66428,

. Schroth, M.N., and J.G. Hancock. 1982, Disease-suppressive soil and

root-colonizing bacteria. Science 216:1376-1381.

. Someya, N., S. lkeda, T. Morohoshi, M. Noeguchi-Tsujimoto, T.

Yoshida, H. Sawada, T. Ikeda, and K. Tsuchiya. 2011, Diversity of
culturable chitinolytic bacteria from rhizospheres of agronomic plants
in Japan. Microbes Environ. 26:7-14.

20. Someya, N.. T. Morohoshi, T. Ikeda, K. Tsuchiya, and S. Ikeda. 2012.

Genetic  diversity and ecological evaluation of fluorescent
pseudomonads isolated from the leaves and roots of potato plants.
Microbes Environ. 27:122-126.

. Uroz, 5. Y. Dessaux, and P. Oger. 2009, Quorum sensing and

quorum quenching: The yin and vang of bacterial communication.
ChemoBioChem 10:205-216.

. von Bodman, S.B., W.D. Bauer, and E.L. Coplin. 2003. Quorum

sensing in plant-pathogenic bacteria. Annu. Rev. Phytopathol.
41:455-482,

. Wang, W.-Z., T. Morohoshi, M. Someya, and T. Ikeda. 2012, Diver-

sity and distribution of N-acylhomoserine lactone (AHL)-degrading
activity and AHL-lactonase (AiiM) in genus Microbacterium.
Microbes Environ, 27:330-333.

24, Yang, Y., L. Wang, X. Ji, er al. 2011. Genomic and protecmic

analyses of the fungus Arthrobotrys oligospora provide insights into
nematode-trap formation. PLoS Pathog. 7:1-12.

25, Yasuda, M., T. [sawa, S. Shinozaki, K. Minamisawa, and H. Nakashita,

2009. Effects of colonization of a bacterial endophyte, Azospirillum
sp. B510, on diesease resistance in rice. Biosci. Biotechnol. Biochem.
73:2595-2599.

26. Zakir. FAA., ZH. Shamsuddin, K.A. Rahim, ZZ. Zakaria, and AA.

Rahim. 2012. Inoculation of Bacillus sphaericus UPMB-10 to young
oil palm and measurement of its uptake of fixed nitrogen using the
15N isotope dilution technique. Microbes Environ, 27:257-262.



