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SHIEG GEMEREE) IXEEEAEICRS O T, s PREIA OWEZICAEET AR, I - &
BIRTRRAET HHG T HRICBITLFF L LT, 7 AT HATIXENIOEM THRZME L,
PEHIIC R & 7ot A 52 T D (Wong and Jeffries, 2006 ; Knaflewski &, 2008; Elmer, 2015),

S HIEL G DRI AR Cd 5 15855 (Wong and Jeffries, 2006 ; Knaflewski ©, 2008)
RIEEWHIR DT Lasv— BRI (Yong, 1984 ; Miller &, 1991 ; Lake 5, 1993 ;
HA%, 20000 23fb->TVDEER LN TWD, FEREMWR L LTUIT7VFI VLAEICED
JRENKIBA L TEBY . Fusarium oxysporum f. sp. asparagi (Foa) =° F. proliferatum (Fp). F. redolens
LERERM ST D (Reid B, 2001 ; Wong and Jeffries, 2006 ; Knaflewski &, 2008), —J#. H
ARENOZHBESZICBIT D 7YY 7 LAEMEICOWTIE Foa MO Fp MESFETHY . Zhbick
DA K ORER A EE 2 7Y U AJHEELZE X 5T D (Nahiyan 5, 2011),

{EFHIRF & LTET e =085 S, 7 AT TATIEIRO b3S o0 E (7
Lad I ) BNEETET Tl SEBOEEBOAER ZET L 2 EBME SN TS (Lake b,
1993 ; AR D, 2006), ZiLH 7 L I B UK EEME, BVEENE T, R TR ICEISIER A T
HIREEP S HBH L, BRICER LTI Loy —2RESETWDH EEZLNTVS (Yang,
1982 ; Hartung and Stephens, 1983), 7L /7 I Lt E2 5N TWHILEWEIZEL . ZHET
2, BT =, 7 WVER, Tk TF U Y oAl 7 UBRENRE IS TWS (Hartung O,
1990 ; Miller 5, 1991 ; Lake 5, 1993 ; Inderjit &, 1995), —77, SHEHLOEK L L CHik
DEYH - ALFHIR A DIFIENZET IV TN D, Z 5 B E IOV TOMGTFFIR L < |
B - ALFRIRF O BRI OWTIIAHRERZ V), Ko T, 7 ANRT T AGHBIZIC
BIFTDT L a Ry —LEEOHEERICET 2BEHE, 7 AT 0 ARG OFE AR X
OB RICB N T HMENODHETH L LB X LD,

AWFFETIZ, T AT A MBI G I A 23 1T 2 MBI IR+ &AL FRIIRF DM AAERIZ S
WCOMREH/GLZEEBHE L, TANTHASIERE 4FEOT Lualr I 7 VREgyE & O

HAEFIZ 2T in vitro 2Hli 247> 77,



R O 1
B 7wl I ESIRE O EAEMICEIT S in vitro #FAT

Potato dextrose agar (PDA) £l CHIFLEEFE L 727 A /NT I ASIASIREE [Fusarium oxysporum f. sp.
asparagi (Foa : MAFF 305556) ] D% 5 % Czapec-Dox (5f 1 %%, Czapek, 1902-1903; Dox, 1910)
RIREEHIZIRG L. A LRGN (25°C, W) TR L, Foa AN FIREIKE L7, T,
#7272 Czapek-Dox WIAREHIZ1ERR L. BHET vy I D AVRBYE (7 =lE, 7 < /VIVER,
gnvtFro, VoA 27 U —U_XUFHTHRIM (001, 0.1%, wiv) L7z, R E LT
AKX 2R T2, %7 L a/r 2 vz LTz Czapec-Dox A HIZ Foa 7724 a1 WA WiK %
Mz, NLK&#N (25°C, BEET) T 1 EER & 5558 (100rpm) L7z, SALPRXAEHIL S
&L, BB TR, MEGHRRE AW CTOARFEEZFIL, tRRICHT 287 e s I 0L

B oG 2 FH LT,

28 T Lals IHART AT HRITBT D AR IS RE D in vitro FEAM
Knop’s i5#i (Blok and Bollen, 1996, 5523%) |25 1 fiL RO T L alr I HVREBYE
Zshn (0.01, 0.1%, w/v) L. 7 L1 /4r 2 1 VRN Knop’s B2 VB LU 7=, 7 A /%35 5 A (Asparagus
officinalis L., *“Welcome®) % 7 U —>2XUFNT70% T/ —/VZ 108, ToFHR LIy (A%
i 1%) 12 15 /0308 L CRMmAA R L, BREAKTHESEER, 7 L a b VIR Knop’s 5 HIIZHE
flE L7z, &3BRIX 20 fE{ARD 2 KB & L, sHRXIZIET e o < )VEERIN0O Knop’s B 1% ff H
L7z, BERIX A LRS54 (LPH-241SP, H ARECHRERT) A TITV, 382 £ TIL 257C - BT,
FH%IT25°C - 16 R R & Uiz, 4 BMZICAEFTRHE LT o7, Hil T, Foa ZHIHI
72 PDA %Ki (5x5mm) % FEAIEIMA~ER L7z (55 1 [X), Foa £ 2 MM, &8O IFHAR
2B DR R A L 2RIk 2 £ +54 (IDL: Index of diseased length in total storage root

length) ZLLFOXIZ KV EH LT,



YA < FEEK
IDL= x 100

RS < 5 (K TE%D)

FAE R D B 2R3 5 R R OFIE
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Table 1. Composition of Czapek-Dox medium.

NaNQOs
KH:PO.
MgSO.+=7H:0
KCl1
FeSO.-7H:0
Sucrose

3g/1
1g/l
0.5g/1
0.5g/1
0.01g/1
30g/1

pH

5.8




Table 2. Composition of Knop’s medium.

KNOs

Ca(N03)2 *7H-0
KH:PO.
MgSO.*7H:0
FeSO4-2H:0
Sucrose

Agar

0.2¢g/1
1.15g/1
0.2¢g/1
0.2g/1
0.12g/1
30g/1
12.5¢g/1




Fig.1 Asparagus seedlings inoculated with Fusarium oxysporum f. sp. asparagi (Foa).



B1E Trad I LSRR EOMALERICEIT S in vitro FFAf

BTOT Ll I HVREYERIMREIZIB N T, st BRIk 2 SERLR S0 100 2 T
[>Tz, (55 2 X)), Foa HiJEfEHUT T L ey S WLV OREEE NREIC L > TEELZ, ZD
e, 4 f7 La s I AMVRIMKIZEW T, IR R b S 720i3 )  FE 07 = 4L

FED 0.01% X THY . HHEDPST-DITH 7 =B RO L' F oD 01%RMNMK Th -7,

W2 T Las I ANANT AT H AT D SRR RIEH I RIET D in vitro FEAT

P 4 B ABTREOME., i EMEEIZIZFEAEOT L e I W ARIMK TRE b
LTV, U2 a3 0.01 %MK TIIEML T\ = GF 3 X)), MM EIL, » 7 =@, 7
BTV 0N%EIE R O 7 =, 7 = /VVEE 0.01%EII X TR LT e, 7 = LVEE 0.1%
BME T L Tz, o7 L s I HAEIKICEB W THBX E OZEITA LR T,
SERR B EERE 2 %, BRI OWTUL, X I T Ve s I BARINK THERT 525680
Znrolc (BEAM) IDLIZZ < 07 L a s I WAV CTREX LD @ EZ R~ L7z (B 5D,

FrlZ, 7 R« 7 = LLEE 0.01% X Tld, IDL 23 60 i 2 Tu 7=,
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Fig. 2. Influence of allechemicals on propagation of Foa (Fusarium oxysporum f.
sp. asparagi; MAFF305556). @ , 0.01%; MW, 0.1%. Bars represent standard
errors (n=3). Columns denoted by different letters indicate significant difference
according to Tukey's test (P<0.05).
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Fig. 3. Dry weight of asparagus seedlings 4 weeks after sowing in allelochemical-
added Knop’s media. [ ], control; [, 0.1%; M , 0.01%. Bars represent standard
errors (n=5). Columns denoted by different letters indicate significant difference
according to Tukey's test (P<0.05).
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Fig. 4. Incidence of Fusarium root rot in asparagus plants 2 weeks after Fusarium
oxysporum f. sp. asparagi (MAFF305556) inoculation. Ratio of diseased storage roots
in a root system; [ |, -20; [, 20-40; &5 , 40-60; @& , 60-80; W , 80-100 (%).
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Fig. 5. Index of diseased length to total root length (IDL) in asparagus plants
cultured by allelochemical-added media. [/, control; M, 0.1%; [1 , 0.01%.
Bars represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).
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AWPZETIE, T AT A GMBIG I AR O—B & LT, £ - {L5BEF O AEE
@ in vitro FEMi 24T > 72, & 1 fiCTlX. Czapek-Dox s Z2 FAWC, 4 FEOT L r 2 v
TREMVE IR T A/NT T ANCAE IR ORI KIE TR AR Lo, O, SN LT L
17 2 VIR BT AT SR N TSR I O 2 Rt S 5 & 013722 < AT
23d& o 7=, Hong-sheng & (2010) 7 v a7 I BNV ThD 7 = VVEEORINZ LY Fusarium
oxysporum f. sp. niveum @ in vitro TOEFHNINZ DAL, MR X 7 = W VERIRIE I X - TR
V. BIRETHI 25 ZLaWE L TWD, KERIZEBWTHRBROR RGO, SRR L
TAFET La s I MZEBWTE, ARE O ZIE T 5 B2 6D, oA, T
57 Lal IANORBEROREICLY IHRREICENSH D Z LRI,

F2HITIX, T VR I VTRBWE N T AT T AR RAE TR % in vitro THHA
L7, SASWEEERERTICI VT, 7 L r s I VIRINMKOPIZIZEIEIMET L, ZROEEF
MELLHFEIN TV OB A LI, FFIC, 7 2B TIERINREIC LD LT, XM
AEDRRBIMH STV, LnL, U v 2R 0.01 %W O EER & O T O s 8 13 R
KLU Tz, 207, F 18 EFRICT La s I WS X 2P E~O 4 FRRE TR
EX0b7Lar INNVOBBAORENRRENZ ENRBENT, TLarIDNDT AT

ZAZKT D FEFMENL, Miller 5 (1991) NEELTWD, 7o, o7 s I LTHD,
TFIVEE, Va2 VR, T o WV SRV Z AR E OO W THEENRHEIND Z L
NHERSNTEY GERD, 1999), 7L a7 I AVOFREIZ L - TIHIREN RS 2 Lkl
TR I TS (Cheaves H, 2003).

AREBRZI1F 5 IDLIZ K 2 FWaHlTld, < 07 L a b I B /VEINK TR E I 7 515
FRHLNTZ, LoT, HIHOMELED, 7 Lar I WAPMMEREREZN L TRBEEZHET S
AIREMEDN R S 7z, ARl 7L a s b 01%EINXIZEB W T, ARBESIH STz,
Z DI MO R PR3 7 RAE CYARIZEGE L7 7o IR D EEIZ IR S T2 TREVED & 5,
Ll SRXERREICKRE RENLLNRPSTT L7 I LD 0.01%XKI2H) T H I E
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WE 2o T, ZOZ &b, RS OERICET Ly IDNVPEELTNDZ LN
Ex bz, Sang & (2002) 1E, T L a4 I AAAFIE FCOME T T IO FREICE H

L. 7valr IADNMEHEF COMRBOERNPRKRELSRDZ R0, KEREHATWEZ L A2HE
LTCWb, £, W7 =@Z2HWNT 52 L THA X (Glycine max) OAROMEH & & bR
TEERNEE L, AMeETe W ML H D (Gisele H., 2011 ), THHDZ EnD, kS
SRHFUCLT LT I DABMOENOERZLIEL THDHDOTIE RN EE X B, BIFECR
NETIZOWTHER LIlET O MNERH D L EX BT,

FAEROE 2ECHALZERET Va2 W VRBWEIX, T AT T ADITEAR F 72 13AR
HHRIZEENTWLIWE T, o, thoEPICBNTT LSy —PETHH Z LR
THEY, MEBICT ANRTHADOT La/Nv—RmBWELEEZEZ LTS DZEE L THEHL
7=, (Hartung 5, 1990 ; Miller &, 1991 ; Inderjit, 1995 ; 543 5, 1999 ; Hong-sheng &, 2009).
LirL, AEEER L72DiZ, 7= 7 —VERRABEIR T, 7 X JBRIFEA LT, 7 3 iR
£ TlE. Fusarium O &ML & W) #HiE S &5 (Hong-Sheng, 2010), F7-. Hong-Sheng
5 (2012) 1. AA H (Citrullus lanatus) 233\ "C Fusarium 55 ORZMESFEIC L < HENA T
Ten=V B, U o HERTIE, Fusarium OFEAD LIS EELZE BMELTERY, o7 Lr
X V7 ECSERRE AT D TRl B A o d, £, AEIET Ve IR
SRETRIC RIET B TH Y | SRR T L s I H U RIE TR LTV gL, Blok
5 (1997) AEREREAIC LD T L e R =R ET LI LR LTS, KoT, 7Lbry
THMTENTHIREEOERYC KD ER B 5D E 2 b b,

bz &ind, 7= /) — Va0 T L alr I DNARBHE TIL, 7 AT HASL
FRE OB A L3O TlidZe <. MK Z N LIz B2 TRBIERT B2 o,
F 72, 4 %IX Fusarium 72 EOFFEAN T L a7 I VW EICRIE TR AT D4

BEWRHHEZEALND,

14
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S BL GRS A PRI BT, RS PR R O I AE B R R IR - SR R

AT HBIG T, HEIEEED X O ITRICSZELMEM TRAEL TWD, BRICBITHFF & LT,
T ARG ATIIRMBIG DS ENIOEM THRINL L TB Y | PEHICKREREEL LG A TN D
(Weber &, 2006), —J7, BHIBIRORAERFITITIRESLT L r— Lo AW - {bERIIA
FOVHIBA L TWADNRIZICRAZR 1T <. BB OBTE b IBIE L T\ 5,

EHBGHZ BT AR T L LTE 7Y U AEICK AW ENHPILTEH Y (Vujanobic &,
2006) . HA[EN TIE Fusarium oxysporum f.sp. asparagi % N F. proliferatum ME 5 TH O . Th
DT & DA M OBEEHS  (Fusarium crown and root rot, FCRR) MRFER 7V U 7 AR EEZ B
TV % (Nahiyan &, 2008), L72>L. JWEBIER - MW AEBLEZ I & L7 GBI RIE O AL
[COWTITRFZEEGI D 72 < . ENTOMRGHIEIM L AEIE L TV 5,

AT, ARRREZ BE LRk TRe 2 BEPER SN D T, AL EEAI L2 EE S 0
BFEL LT, HEMEYZ IV T EEREMS 2 M 5 EMARIENER S TnD, (54
ZHIR O X D 72 Fusarium JiF 25k LTI, FEWEYE Fusarium oxysporum <> AMF (arbuscular
mycorrhizal fungi : BRE) S K DBIFRORA DB HLE SN T2 (Damicone and Manning, 1982;
Schneider, 1984; /]NI| - BiH, 1984; Paulitz &, 1987; Park &, 1988; F - HF, 1991; Akkoprii and
Demir, 2006) ., AMF D% MHRIEDMIC, FEEEFRELD R (Matsubara 5, 1995, 2004; Wu
5, 2006) M OMUE DM | (Ozgonen and Erkiric, 2007) . ik, Wk, HE, B4 ESOKFEEREE
A kU AMMEAS HAL 5 72 (Hirrel and Gerdemann, 1980; El-Kherbawy ©, 1989; Ruiz-Lozano 5,
1996; Al-Karaki, 2000; Matsubara ©, 2000). #&{HI7eHEMIAR A B UEEIE OB DIAEDEM &
LTHEEBZOILD, AMF EIIRIKE O—FE T, B FHEY) O K3 IR U, JERYAR 0 K2 Jg 4
T BRSO PN L A IR RO FRIR AR & MR 2 AR 2 2 TR 5. AMF I3 IRk 2 38 U Crg
THED» AN ZZ T . AEBARICL > T U2 EERF SR L, FEICHRTs 2 &
2 & o THMIRICAERIEEZ T4 H 725 LT % (Marschner and Dell, 1994; Smith &, 2003),

— 5. T AT B ANAIRE ORI R & U CHEEA AW EE B RET S NTE Y . NaCl

16



(2 &% FCRR MMPEFFEDFTREME RR S TH Y (Reid &, 2001 ; Elmer, 2002), AHFFEEICE
WTh, NaCl 2 X 2 \EARMHER E O AIREME 2 /R S LTV 5 (Okada and Matsubara, 2012), —
7. 7V T AIEICx U CHIRIRME E oxysporum INFIFIHEII R A AT D Z IOV TIEEL D
WENH D NI -EJH, 1984), ZAUIZESH L Nahiyan 5(2010)i, 7 A/ H AIZBIT 5 AMF,
IRENE TV U U AEHIC L D AEBIRED R & HRMEII R 2 "M LT % (Nahiyan &, 2010),
LirL, 2D DAY « ALFRIFIEIC X DMPRTES ST 2 37 5K HE o B 5 & U5 8 HHT
PEREREICBI L TIE S STy,

—J7, WWE TR AT O BRICIRR A3 AE L, WRIZREFPMFET D EMBEFOZREK
ELTHBRA—/N=FF TR (0y) RHiRbkE (H0,) ZIZLHE LI, E RrFI7U0
v (+OH), —HEIHEWE# ('0,) 72 EDIEMEMEFE LA LS (Foyer H, 1994; Asada, 1999), Z M7=,
TR TIZA——FF > RURALZ—E (SOD) X°FT ALV~ LVAF U7 —E (APX),
H1 527 —E (CAT) EWVolzHiR(bEERCAR Y 7 = /) — 0T A2V B U BEICRE SN D Hik
{EENC X 2 PR bR 2 T L S, BH R OVA b U A S T O AT D IHMEE SR A T 1T R
EL. ZHER LT D (JEH, 1990, EEF - JH, 1999; KiLb, 2002), LU, {EVEEESE
DAERINHIRAE L4 ITHERE L2255, B B, DNA 8145, R, o RBeE . &1k,
KERRIEAE 72 LRk 2 e AR BRI B PR B A U D Z E S B 2272 5 T D (Kaiser, 1976; Dhindsa
5, 1981; McRae and Thompson, 1983; Powles, 1984; Panavas and Rubinstein, 1998; Asada, 1999; 7 &,
2001; Sohal &, 2002), F7-, YECmi, KR, FE, HEEOR LU ARE T CIRIGTERE S
AN S DD [FIRFIZ SODX° APX & W\ o e LRI LB SR TR PEA = £ - 7 & DHIED 8 % (Foster
and Hess, 1982; Feierabend 5, 1992; O’kane 5, 1996; Fadzillah &, 1996; Asada, 1999; Kang and
Saltvait, 2002; Gulen and Eris, 2004), —J5, JAIREIIAT T DM O EBRRISUSICOW T, ¥ v
A BT AR IR E O R ARRET Y o &% — (HWC) ZE L7235A12 0, D4
3T HAL (Doke, 1983) . A FERLT ZFE, ~ AR & o Tekk 2 ZeHEWHE C b I [ B D L2
T Y AR K D 0% HyO, DAERMBA L E 72> TWvD (Apostol &, 1989; JIdL « TEZ,

1992; Sanchez ©, 1993; Tenhaken ©, 1995), X 52, b~ MIBHREZEMLI-L 2 A, Bt

17



FRFEIZIS\UVNT SOD TEMEAME T L. Oy BRENZ < oo ffif, MEURSOS 23558 Lz &9 #H
Hd D (Zacheo ©, 1988), ZALbH LIFxMIIC, b~ b ~DIHIREE Botrytis cinerea HFEi% 1T
SOD {EMHED AR 37 541 (Kuzniak and Sktodowska, 2004) , 1 > 72 SUYR0A F THED HIFAFIC
B TR RGUE AL TE TIERRIRPEA R & 0 b R R B R O R Z SOD JEMEN IR 5 Z L 2V
HENTWS (Buonaurio 5, 1987; Ehsani-Moghaddam 5, 2006; Sahoo ©, 2007), — /7. %%

TR EE OBIEIZOWTIE, 7 A 2L E R E &N BRI LT 30% KV m A X7 X
FTEERIFRH 2T 0 & B Y RV EThH D B- I N —EB R OFFF—ELPR-1,
PR-2 &\ 572 PR (pathogenesis-related) % > /X7 /B 73 EDOEAGFDOFBEHEIM L, 3 E 0 B X
Nz OW|ERH 2 (Pastori H, 2003), S HIT, ZOERKIZT AL o gaebGd5 L,
WIZ PR-1 DFEBIAEA L2 Z D (Pastori &, 2003), 7 A 2L B U EROPRUD DB EEAR 1%
BUZBHE L TV A AEEME D ZE X DTS, £72. 7 A 2L E VRBITHTE(EWE Th 5 & [FIRFIC
TAANEUBINNF X E—E (APX) OB THEH L7, APX IEHICHEE 525 Z &0
Mo TWD (FER, 1999), 2D X DI, MHRTE & IR O IR L EERE X EHER) K OV 72 B
B D T ENRBEINTND

IR OB LS EEAL BN & AMF 4B & OB EIZ OV ClX, =2 R T AMF #f 23 B &K O
30 HZIZ SOD {EMEA E £ U (Arines B, 1994), Z /33| ZEWTIIHERE 5 HZ1Z APX & CAT 73
KUZEFNRHS (Blilou 5, 2000), £72, @iRA b L AKMICBIT S 72 AMF 344 F THH
IR TIXERRIEDS 2 Hav, @IRBAT 5 HE KXY 10 H# TIiX, SOD KN APX JEMEDHE K - #EFr
MRDHHNTND (LI B, 2008), S BT, TANRTHAKOAL FIFZEBWT AMF AR TIX
EHRB TR IS PR LR R O L E & B K - MEFF SN DR BB O T D (B,
2007), DX DT, BHEEREMIZ BT AMF J62E1C K0 SR bEERTEEN R E D 2 E R ST
WA DS, AMF, FERIEPEZ Y 7 A KON NaCl ALBRIC K 5 7 A/XT 7 A2 1T 5 I IR R
% OPIRA AR B K O ERBIME & OBSEIC SV TIIAB RS Z W,

AWFFETIZ, AMF ZFIH U727 A3T I 2 OB G I SGEE 2 St T 57201, EHMET

b5 7Y — %3 TR L SR 2 ATRIZISIT D AMF 425812 X 2 MR MHE O s R 2282 2O T

18



Rt L7z, F£72. split root system ¥5% VT AMF, FERENET U &7 A &KUY NaCl (2 X 5 32kk
A ERPIEDORGEZIT ) & & bIT, T AT HATOmMIRE#EFEHO—R & LT, SCAWRE
BERERIR SR 2 Pl LB R -CH (b W'E . DPPH 7 U W VI ERES 204 L. AMF, FEmJE
THV U AEHK O NaCHIZ LD T AT HAIZEBT 2 PR LEERE X OV SOD 7 A A L A5 H) L it

JAE & ORI Z A LT,

19



PR 051k
F1E T AT HATO AMF (2 X 5 SRR IR 0 G R 75
1. AMF $Efii

F—hr27 L—7 (120C, 12kg/em2, 204y ) Li=ifilREmE L (SM-2, 28I T ¥4
3y b (13.5%27.0x15.5cm) (2G5O, TANTHADT ) =R 3 M (V=L A
W=DV, BEET YN ) PERR2EHE (N T T =7, TR ) 28
fEiL7-, ZDFE. AMF  [Glomus intraradices (Gi)] ZH#FE Qg/Ek) L. ®RXIZITA— K7
L —7 L7c AMF #2002 0B U7, (AR ARSI T4 RBR X 20 B & L. Mfe i ieel [a
YT R—=HVT0HX AT (N:P:K=13:11:13), bk tt] 26EH (01gMER) L., ik

RRZOT T ZBENTHEEREKZITV, BRBE T THEE L,

AMF 18 10 M8 2 (A R 2 PR L CHb_EfSds KO Rz B 2 di A L7z, A fEART 10
ik & L7,

3. PR A

PDA E5Hi1 2 - CTHIFEESEE U727 AR T I ASEANEE [Fusarium oxysporum f. sp. asparagi (Foa :
MAFF 305556) ] MDE % 9 % potato sucrose (PS) HiHi~EA L. 25°C., BT CH#&E LT, T D,
Foa 43 /E i 708 22 10°H0 - /mIUC 3% L. AMF $4F& 10 #[E% 0 7 A 3T A FAEFRE AR

(SomIfER) Uiz, SRR EEEREZ I 7 AREN ClEEK AT O REEE T L7,

5. R

I3 I B TR © I [R1 1% B 20 BRE U CHEIR AR AL 21T o 7o i AR R T4 AR BR X 10 AR & L,
FEIRFFS L OFIRARIE 2 &8 1R O IR 6 5 R AR OFI A TR, 6 BRFICRRE LT
FIGHRRCCRIME L7z, F72, BPELLUTORICK Y HE L,
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FEIRTEE
B8 R D RTRAREAZ X 5 R IR ORI &

0:0% 1:~20% 2:20~40% 3:40~60% 4:60~80% 5 :80~100%

Y (EfE < FEFTEE)
R = x 100
iRt x5 (FRKEE)

95 2 fii  Split root system {EIZ K BT A/XT T ATOEY) - {LFHIFIEIC L 2 FFEEGIERD & O

filiRfk

5

e BT
2-1 Splitroot system (2 X %7 AT I ASLAS IR O & EARHTIEREAR
1. 7 AT AR
F—r7 =7 LEdlREE L (Bt IM— 1 X A GRS 250 b
(19.0x33.5x15.5cm) (27D, 7 AT H A (Asparagus officinalis L., ‘Welcome’) % #&FE L, fi e
XRENENEEL (o2 h—% L 180 A& 4 7, NP K=13:11:13, F VA SH) 2/ L.

RENTHEEREAK (9 50ml/[Fl, 2E]/day) Z2f7TWEE L7,

2. AMF, JERJEMEZ YU 7 5 K O NaCl AL

F 6 U LIz X O IR 8 MR IR R A 2 0B L, AER (R) ROMEALERR (L) Z28E
L7 (BL'F split root system &#5d, %5 7 X)), FABXDOIEAET 20 kL L. AMF [Glomus
intraradices (Gi) ; HE7 77 MRS L0 4538] 2476 8 MR R ~ R L7z Qg/fEk).,
AMF #f# 8 J 1% 7> 5 1 B8 H IS NaCl KR (50mM) Z R~ 1 A4S 72 0 10ml LB L7z, —
Ji. Potato dextrose agar (PDA) Hiiha v Chliesag (25°C, 14 A, W5AT) L723BWEE >
U 7 L [Non-pathogenic Fusarium oxysporum (NPFO, NF1)] D% 5 % potato sucrose (PS) 4%
HA~EA L, 25°C, BEATC2 MR Lz, T D%, NPFO O AN FEE Z 10° Mf/ml (23R

. AMF $25fE 19 %10 R ~ T8y ssfE  (Soml/ 8 ik) L=,
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3. AR R
2 LABROFIETER LIZT ART T ASLARE [F oxysporum f. sp. asparagi, MAFF305556
(Foa) ] 43 AN 1 2 10° fdF/ml [Z 3% L, AMF BEFE 21 38 [ # (2 42 C AR~ T3

BEAE (S0ml/fAfA) Uiz, I EEARR IR SN TRl B K 2TV R & L7,

AMF $7E 21 B[R]t O 1 58 & 30 K ORI R AR 4 B8 1% O # FE ORI IR Z 8RR L, #2

WHEZRAE L7, HAEEESIES X 5 ks Lo,

5. RAHFRNICIS 1T D5 AMF JEGLIREE O FR A

Phillips and Hayman (1970) ®J5EICHEVY, AMF B2 21 8 [H 14 K& OV IR B 4 B [B#% 0% 5%
A DO %2 10%KOH IRRICEE L7Rfie T4 — 7 L—7 (120°C, 1.2kgem’, 15%)) L7,
ZD%., NIRRT A—ER (7)Y 50ml, FLEE SOml, FFAERIUK 50ml, R US> T 0—lg
ZiIRA L, 70%T % /7 —/LT500ml {2 A AT v 7)) ICX gLz, fash/zR4 0.5~1.0cm
DESITHET L, BEIFEZ 254 FZ T2 RIZOR, A= 5 2 THEW, K EEMEE % VT
JRYSRIZ DWW Tl A L7, BOeRIE, ARSI A USR5 AMF 23888 U 72 IR 80 45 o>

FEL L, BEMXLE BEITI &Lk,

6. FEJnil
Jri R B AR 4 B % AR A B L T 10 EIRICOW TR 21T o 7o, IR L L
T BEEORHTBAREIZ AT 2 BRI OFEI & & KD, 6 Bk L~V Rl L. F89RfE%A DL
ToXIT IV HEH LK,
FEI[ L)L
0:0% 1 :20%A 2 1 20%LL F 40%Ai 3 1 40%L4 F 60%Ai
4 1 60%LL F 80% AT 5:80%LL I
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) X FI[ L~
P (fEAEL X F895 L) 100

HERE AR X5 (REE L)

22 HERICHEE TR
1. BRRHE
21 T BT AME 2 21 SN % R OB 4 BIN% O 7 255 5 AL ZhZh

. RPEAR  CLERAR, BEALERAR) (TR L. WA= TR LT,

2. SOD i&E

SOD &M DI E 1% Beauchamp and Fridovich (1971) O HIEICHEL TIro72 (55 8 X)), ik
BE0.1g 12 50mM YV > EEREENR (pH7.0) 3.0ml ZUshi L, WAL 7= ek z AV CEERE . 0o
B (BF—1300, b — TS CmizE (13,000rpm, 5°C, 5 77) L7 EiE & HEERIR
& L7=,50mM BEEET U w7 AR (pH10.2) 2.3ml, 10mM NBT 0.1ml, 4.0mM 34> F > 0.1ml,
3.0mM EDTA 0.1ml, 0.15% (w/v) BSA (4FifiE7 /L7 2 2) 0.1ml ONEICIRA L2, MR
0.1ml &Nz 72, ZDRAWEIC 6.0 units/ml FH > F A% 7 —F (100 (E7 i) 0.1ml ZFN
U O Z Bt SH 72, 30°C, BEPTC 30 40flA v % =2 X— %, 14mM CuCI2 0.2ml DI X
STHIGEBEIESE, ERLEHEAT 40~ % 560nm O & THYEEER (U—1900, HA7
NAT Y Y= AR TRV HE LT, 7o, MIRIRILE 2 50%Mi 5 SOD G A&

lunit & L7z,

3. DPPH 7 ¥ 1 /VHfiHERE

DPPH 7 ¥ # /VHEHRBE D JIE IS/ MK (1999) D HIEICHE L TiTo 72 (55 9 ). HEFF L 7= itiat
FHO.1g (2 80% T % / —/b 3ml Z N A CHEERE L, mhE L (13,000pm, 5C, 5747) . EiE&450
Hrafek & Uiz, e CRUBRE I 400uM DPPH ¥, 0.2M MES #E#(K (pH6.0) . 20% ™% ./ — /L

Z4 09ml T oMz TERA L., 80%T % / —/L 0.75ml, 54kt 0.15ml 2012 T 30°C., B5ATC 30
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SEEE LT-, TORS, DB oRb 0 Iz 80% =% / —/L 015ml A T-bDET T 7L L,
SYEHEEFHZ KV 520nm (Z381F 2 WK 2 RIE Lic, &M ERIZIE Trolox (0~150pg/ml) %
W, REHROMEENG 77 o 7 EE 2 LS &, MEHR TR L/2fE4 DPPH 7 2 1 VHfitERE &

L7z,

4. T A E FRSHT

BT AN e VEESHIEE R7 VU@ (Roe ©H, 1948) ICHEL THio72 (85 10 [X), wAE
B0 1g ZREFE L, FLERZ T 5% A X U g (A X U U fE Sg ICZRBE 7K 100ml % 0 2 CYafR)
3ml ZWSHI L CEEREL . EidiE O (13,000rpm, 5°C, 54%) #%. B2l e Lz, w0 CikBr
& 2 AR 0.5ml &2 A, 0.03%DCIP &k (2,6— Y27 vl > K7 = ) —/F F U7 A 15mg
(ZIE/K 50ml Z N2 TEAR) 1ml 2002 TIRE L. B A ALEAIC REE, 2% T A IRFE—5% A ¥
U VERTRIR (5% A &2 V) ERVANR 100ml |2 F ARG 2g N2 TEEME) 0.5ml 2% 7=, SUEHIR DAL
BPHZT-%, T ORBREIZ 2%DNP %K (ON Fifig 100ml (12 24— Y= a7 -=/Lk KZ ¥
> 2g U UIEMR) 0.25ml Z AL, 7 4 —Z — R ZN T 50°CITHER: L= £ F 70 U6 S8 72,
PG T %, KK THHI LR S 85%MilE AR 4 IR L, =R T 30 i L7z, ZOFE,
B HTIZ 2%DNP ¥ % 1 2 72703 72 3BRE 1 2%DNP &K 0.25ml Z3siL, a7 707 &
L7z, BUS#H. R 2 AW TR 520nm 2B WL 2 RIE Lz, MERIERICIT L-
T AILE R (10~25ugml) Z MV, SEHEOBIEMB» D 77 7 A2 L&, RERNS

T AN RE R e R LT,

5. AR Y 7 = ) — )L

WARY 7= ) —NgHrE 7 +— Y 7 =Rk (Folin and Denis, 1915) IZ¥EU Tfro72 (55 11
X)), RSB 0.1g ZHREFE L. kit L7z fekz VT 80% =4 / — /L 4ml 2RI L CTEML, &
a0 (13,000rpm, 5°C, 5 43) 2. RIGZoTHRERKR & Uiz, FiWVT#K 3ml 201 % 723
BRET, BUBHIE 0.4ml, 74—V 7 = RS GREEK T0ml (2X o T AT T R U D L =K
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i 10g, Vv Y 7T U (12 7 F(VD Y Ufe-n KF4) 2g. U U8 Sml 2002 THARL
Tt 2 W] D 4 — 2 — X ZANTIEG L, WmAE, K8 KZNZ2 T 100ml IZERT D) 02ml &
Iz TR, ffREET N Y U AR 0.4ml 2002 VA SR T 30 ffE Lic, TORE, 7

=V T = AREDOF DLV IZARK 02ml ZMx b 02 L, Zhz7 707 &L, 30
St LR 2 VTR 700nm (2361F 2 WO 2 HIE Lz, MEMERIZIZZ = vEF
(25~100pgml) Z vy, BREHKOBEMEN S 77 v 7 lEZ LB &, REMRNDRARY 7=/

—NEEERE LT,

3 Hi AMF AT AR8F 7 A1 D SEASRIT MRS S & LA KR SRE) SOD 7 4 V¥ A LA E)
1. AMF $fl

F— b7 =7 LB (At TM—1) 223y b (19.0x33.5x15.5cm) (276, 7
ANTH A (‘Welcome’) ZHEML 7o, £z, FEHERFIC AMF2 Wi [Glomus intraradices (Gi),
Gigaspora margarita  (GM) ; £ b Z /U F-RESHE L 0 /538] 28 Qg/fEik) L7z, 7ei,
XRRKIZIEA— 7 L—7 Uiz AMF $:FW) 2 U U 7z, RALBRX O FEA L 20 fEiRE L, Mieix

FRZWMEIERE (27 b =XV 180 HZ A ) %A L., IR=ENCHEEEKEZITWEE L1z,

2. SERES AR
2D 2-1 D2 LEMED HIETEER LT-T A35 5 A% HE  (Foa; MAFF305556) D434
fa TSR VBT 2 10° BaF-/ml IZFHHE L, AMF #4F6 8 HM % DT A /3T B 2 FAEIRENC e

L7z (S0mIARA) . o3I Hfi ik | LIRS PN OOl BV K 2 AT W RRBER i L 72,

HE
ot
E_Ué
g

AMF £:7f 8 1 [F 1% M O R i 1 8 I [H] 5% D b 8 & M NS OREM IR A £R L L | Re A B 4 G A
L7z, aRA ARSI X 5l e LT,
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4. FEIHAEAM
R AR 8 I M. MR &2 B L T 10 fEIRIC O W TR 21T - 7o, BIRaFli o5

EIXE 28D 2-1 D6 LRIBEDTIETIT- T2,

5. WEOWE

5 U B HEE R 8 L 05 0D R P -8 R OMIPRRAR 2 4RI L 45 > b g 2 2R R & RO TR L,
RIE 5 107, BPEiRIL 10 TR, FRIKE 7 U 0 LRI C & 2 B 5 (5 3
FITHML T, 7 L— N (25°C, 5 B, BEAT) 21T - 70, BEth, =t m =—$&3H0 L TR

LR OHFREAINIC 0 579 ) 7 AR REUFORL Y FHl L1,

FRPE - - IPRR 1g H7 OFE = FHillave=—% X 108 x: mREE

6. PR LFERE AT
(1) brakklo el
AMF #2758 8 M % (M b0 & H 7 0) L ORI R 8 %k (M i) i, o7 v 7 LTl

WikZTh Nz, IEARICERI L, IRIR%E3E TR L7,

(2)SOD 7& %

SOD JEMEDORIEILEFE 2 G 2-2 D 2 L RO HIETITH- 1,

(3) APX {1
APX JEPEDRIETL, Wu 5 (2006) D HIEIZHET CTITo 7= (5 12 [K) . BREE (0.1g) 12 50mM
U EREETHR (pH7.0) 3.0ml Z i1 L, AN L 7= 3Lk % W CEM% . mdhaL (13,000rpm, 5°C,
597) Uiz BEiE&MEERK E Uic, HEESRTZ 0.2ml (2 U > FEREMERR (pH7.0) 3.0ml ZJE4 L. 10mM

TALE R 0.2ml & 1A T 290nm ([ZF T AWSEEE A HIE LTz, D% 10mM H,0, 0.2ml % 1

26



Z. 13BN 290nm ([Z B 1 WL 2 HIE L-, APX &M HH J7151%, Nakano and Asada
(1981) DIFIEIZE, T A )L B BO WO E 2.8mM/em Z W CEIET A av e

oErzFEE L, 1 2B APX ICK VB b ENTZT A a e s BE TR Lk,

(4) DPPH 7 > J1 )V HifiE A

DPPH 7 ¥ I )VIHHEREDRIE XS 2 Hid 2-2 @ 3 L [RIERD HIETIT- 72,

(5)SOD 7 A A LfRHT

SOD 7 A Y WA Lfi#HTIX, Davis (1964) %O Sahoo ©(2007) ® 5 EIZHEL . Native PAGE (7R
V77 U7 I RTVEKVKE) 12X 017572 (5 13 X) , A ARHUER 0.5g 12 Extraction buffer (PVPP
75mg/l, Tris 12.1g/1, sucrose 68g/l, EDTA 170mg/l, Tween80 0.031ml/l, 427V 22— LfigF KU 7 A
800mg/l, pH7.8) % 3ml A, A L7-FLeA CTEEME L 7=, iR 25050 (13,000rpm, 5°C, 15
M Uiz, ZDth, LiF 18ul 1T 40% A7 1 —A 2ul, BPB &K (7 uEFE—/L7/L—10mg, 7
Ul iml, Z#EK9ml) lpl ZMNx 76O %E0kHK & Uiz, kEE (AE-6500, 7 b —REath)
\Z Tris Glycine buffer (Tris 3.0g/l,7° U > > 144gl) Z{EX, 125%KV 727 VL7 I K7L
(e-PAGELE-T 12.5L, 7 h—#k&th) A% L, sUBHE 20ul 2 7 = VIZIEA L, EXVKE) (&
JE:100V, FEft:20mA, 130 4y) Z1T-7-, vKEIE T#. Beauchamp and Fridvich (1971) & 5iEIZHE
U CH V&Y A (Tris 1.97g, NBT 50mg, 1.0M #if## 80ml, 75887k 170ml, pH 7.5~8) (ZiZI&E L,
AT C 30 /M IR & O LD &R &7, FOGKE T, 7 /v Z7KBE L Y4faik B (Tris 1.97g, 1.0M
g 80ml, Y AR~ Z ¥ 0.15mg, EDTA Smg, TEMED 25ul, 788K 170ml, pH7.5~8) (Ziz L. +
DRI NDETIRE 5 L, UK T#H, a1 To72. % SOD 7 A VYA LOFKHERE RF
DOFMIX, Manganris and Alston (1992) D JFiEICHEL, /N> ROUKEBIE 75 BPB AR D)

S ETONREE 1 & L, BN BE/ N RETOMSHEREZ FH Lz,
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Control AMF

Fusarium Fusarium

Fig. 6. Split root system method.
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NaCl AMF +NPFO AMF +NacCl

Fig. 7. Treatments of split root system.
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Table 3. Composition of Komada’s medium.

Media Chemicals/compounds Quantities Remarks
g/l
Komada’
omadas ¢ Hpo, 1.0
medium
KCl 0.5
MgSO, - 7H,0 0.5
Pentachloronitrobenzen,
Fe-Na-EDTA 0.01 _
Na,B,0, * 10H,0, cholic
L-asparagine 2.0 ' '
acid sodium salt and
D-galactose 20.0 streptomycin sulphate
Agar 15.0 was added finally when
the medium  was
Pentachloronitrobenzene 1.0 autoclaved in 1.0 lit, of
Na,B,O, * 10H,O 10.0 distilled  water  and
o , cooled. Finally pH has
Cholic acid sodium salt 0.5
adjusted to 3.80.2 with
10% H;PO,.
Streptomycin sulphate 0.3
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Test tube for

extracted Test tube for blank (absence
enzyme of extracted enzyme)

2.3 ml of 50 mM sodium carbonate buffer

0.1 ml of 1.0 mM NBT solution

0.1 ml of 4.0 mM xanthine solution

0.1 ml of 3.0 mM EDTA solution

0.1 ml of 0.15% BSA solution (100-fold dilution)

0.1 ml of xanthine oxidase solution

0.1 ml of extracted enzyme 0.1 ml of distilled water

l l

30 minutes keep at room temperature in dark condition

0.2 ml of 14 mM copper chloride solution

Measure absorbance of the reaction mixture at 560 nm wave length

Fig. 8. Flow diagram of the procedures in SOD analysis.
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Test tube Test tube (Blank)

l l

0.9 ml of DPPH solution

0.9 ml of MES bufter

0.9 ml of 20% ethanol

0.75 ml of 80% ethanol

0.15 ml of extracted sample 0.15 ml of 80% ethanol

30 minutes keep at 30 °C in dark condition

Measure absorbance of the reaction mixture at 520 nm wave length

Fig. 9. Flow diagram of the procedures in DPPH radical scavenging activity.
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Test tube Test tube (Blank)

0.5 ml of extracted sample

0.5 ml of 0.03% DCIP solution

l

0.5 ml of 2% thiourea-5% metaphosphoric acid solution

0.25 ml of 2% DNP solution

Keep in water-bath at 50 °C for 70 minutes

l

1.25 ml of 85% sulfuric acid solution

0.25 ml of 2% DNP solution

30 minutes keep at 30 °C in dark condition

l l

Measure absorbance of the reaction mixture at 520 nm wave length

Fig. 10. Flow diagram of the procedures in ascorbic acid contents assay.
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Test tube Test tube (blank)

l l

3.2 ml of distilled water

0.2 ml of extracted sample

l l

0.2 ml of Folin-Denis solution 0.2 ml of distilled water

l l

0.4 ml of saturated sodium carbonate solution

l l

Keep in dark at 30 °C for 30 minutes

l l

Measure absorbance of the reaction mixture at 700 nm wave length

Fig. 11. Flow diagram of the procedures in polypehnol contents assay.
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Test tube

l

3 ml of 50 mM Phosphate buffer

0.2 ml of extracted enzyme solution

l
l l
l

0.2 ml of 10mM ascorbic acid solution

Measure absorbance of the reaction mixture at 290 nm wave length

l l

0.2 ml of 10 mM Hydrogen peroxide solution and keep 1 minutes in
the room temperature

i !

Measure absorbance of the reaction mixture at 290 nm wave length

Fig. 12. Flow diagram of the procedures in APX analysis.
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0.5g of fresh
sample

!

Extraction buffer (pH 7.8) containing:
75 mg/L PVPP

12.1 g/ L Tris

68 g/L sucrose

170 mg /L EDTA

0.031 mL/L Tween 80

800 mg/ L sodium-thioglycolate.

l

Centrifuge the homogenate at 15 min in 5°C and use the supernatant

for electrophoresis

Run at 100V, 20mM and 130 min

i

Mix extracted enzyme, 18 pl : sucrose, 2 pul : BPB, 1 pl. From there

apply 20 ul for each well
Staining A (pH 7.5 to 8)
Tris, 1.97 g + NBT, 50 mg + HCI, 80 ml + D. water, 170 ml

Duration 30 minutes in dark at room temperature then washed by
D.water once. Use shaker during the time of staining.

Staining B (pH 7.5 to 8)

Tris, 1.97 g + HCI, 80 ml + D. water, 170 ml + ribo flavin, 1 mg +
EDTA, 5 mg + TEMED, 25 ul

Use shaker and 15W two florescent lamps during the time of staining.
Stain until bands are visualized.

Fig. 13. Flow diagram of the procedures in SOD isozyme analysis.
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fiti R

F1E T AT HATO AMF (2 X DSBS S O G FE - B2

AMF $£FE 12 J8 % O B35, iz E & bIC, AMF QB X TR IX L 0 R LTz (6F
14,15 ), FRZ “A—="—=0 =57 | BT U= 0 TERET O AMF LB X TIIM
B T & HICHIRIX L D R & SHIMM L CTUe, SEASIREERE 6 R ORIFHEORER., &
AnfE 0D AMF 2K Tx IRIX L0 & RN S 7z (B 16 X)), FRIZ "D =/ L7 [ R
== VT KSR OFIREEIL 20 AT EIRVWVETH D . HRRIX ORI D 50%F2
FETh o7z, SMHIREER 6 H##% D AMF #HX O e EiT, #5588 2< 25
ni (F 17,18 X)), F7-, WM FEHEMEITETOMMEICHB N T AMF K TxHRX % EFRl-7-, 2
DG, FHZ ‘U=l O ER, BRIV N b N= T =" O N E

TIRBAE ITHER L TuTe,

%28 Splitroot system {52 K BT ART HATOEY « LR TR L2 FHERGIEAm L O

filiRfk

1. HEIRAEE KO AMF YL

SRR B EFRATIC I T M B0 M OV TR B 13 RF LT AMF X &% OY NPFO X T iIX L 1)
B U7z (519 ), SERGRBEHERER IS\ T, M F R 34 LB K TR FRIX L W SR L7
BN h oz, KT AMF X (B 27 X)) Z 086, # FEEIZ W TE, L8R (R) KO
HEALPRAR (L) & I XA LElo72, —77, NaCl APRIZ L5 AMF RO T A B 7R

NoTz,

2. SEARIE R REAM
KR CIEETOMEENEF L TEY | BIRERN 10 L EE o7, ZHUCX L, AMF | JE

JRRPEZ Y 7 N KON NaCl OFMLFXTIBN T, FBIRER & BIREEOBEBN A b (5
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242526 M), ZOHE. FFIZ AMF KIZBWT, AR (R) KROMEALFER (L) & & IZHIWFLEE
MNEEE AR U, PIRFEEAY 40 LT & 722 572, NPFO KIZFRWTIE, AR (R) K OMEALEAR
(L) & BITHWRRE AT UHRIRFEES 50 BL T & 72 o7z, NaCl KIZHRWWTiE, 48R (R) B
B OBEALPEAR (L) & bISFPRREE BT L, MmfE%as 50 LUF & 72 72, AMF-NPFO fif fIXIZ
BT, AR (R) LOMEREAR (L) & HICRFRE OB A i, BFRENKE KT
LSENHoT, i, AMF-NaCl fFHIXIZIBW TS, AER (R) K OEELER (L) & I3

TR DI S 2 DAL, BIFRDPREIEKTTLHENH -7,

3. BURR{LrgREZ BT
(1) SOD &

SOD JEMEIZ DWW T, AR EHERERTIC IV T, i EE R OMERES (L, R) @ SOD TEPEI%
XTHRIX D AMF, NPFO, NaCl IZ X > TwmEd%5ando7z (F20K), ZOHE. KT AMF
X &% OV NPFO [XIZ331F % SOD 1EMEDB KA Th o 7=, SAREBEREZ ISV TIE, AMF,
NPFO. NaCl (Z & 5 H#1 FER> SOD {HMEITALER (R) KOMEALHFR (L) Oy THRX KD K

=<HIMLE (28 X),

(2) DPPH 7 ¥ 71 /VH#HERE

DPPH 7 ¥ U /WAHHEREIC DU TR, SRR BEEEAERTIC U T, AMF-NaCl ff fl X o I 36
WTIEZE BRI - B 417, AMF, NPFO, NaCl X T" AMF-NPFO ff [T & THiL B350 K OVt AL
FEAR(R) S OMEEALERAR (L) D 18 5 TXIHRIX L 0 #hn L7z (58 21 X)), SEARRESERER IV T,

Hi TR OO ALBRAR (R) Mo OMBERLERAR (L) 0D i 5 CHEMMEIR 23 2 7z (55 29 1) o

(3) M7 AaANLE U BEE
1/

BT AN EUBEEICOW TR, AREERERNICRBW T, i EELOM T (L, R) &

. AMF, NPFO, NaCl |2 L > T LV EmEL5E608H-7- (5F 22 X), ZOHE. FFC
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AMF X & O NaCl KIZBWTHRNIEE TH - 77, AR EEEZ BV TIEL, AMF, NPFO.
NaCl (2 X > THI FEROMEAR (R) M OVMEALEERR (L) O CxEX Iy k&<#EmLz GF

30 X)),

@) BRY7x/)—1E

AN Y 7 = ) =V @E BT OWTE, SEAYREERERTIZ ISV T, AMF, NPFO, NaCl (2 & % # |-
HOMRNPBETH T (523 X)), #HITEICBW TR, AFR (R) MOEELAFE (L) Oy
TEEDLIHAENDH V. FFT AMF X &N AMF-NaCl {f X ClIRk & <8 L7z, SoAbJp  Befi i4
IZRWTIR, BLHEX THINOAER (R) MOELHE L) O&bLLIZBWTHA LML

7= (F311X),

F3H AMF BT A8T 22T D AR MHETE & LR R SOD 7 A Y WA L5 H)
1. AMF (2 & 2 SERGSR PR REATR

EBREORER, SIAREERERI®%IC VT, SR FE W EIL AMF X3 RIX 4
AREIZEEDY | KR G KO KMBEE Tho7o (5 32,33,39 [X), NSRRI HAE 8 H[F#% ORI
A OAER, Gi KA NGM X & b Ik FRKIZ T AMF X CHIRER & F I EE OB 2 5
7= (537,381, ZOHA. FHZ G KICB W TRIRRRE DN BE N T L, MRS 10 LI E

720, GM XKIZEBW TITRIRIEEN 20 LLF & 72 o 7=,

2. WEOHAE

AR B I R ORI 81T 2 SERGI B B & A L 7R L, AR 18I Gi KA GM K2
BWTHEBD DA LN, ZO%HE, FIZGM K THERD NBHE I CALNZ(F438), —H.
BHAEFEN T H Gi KL GM KIZB W THERBD 233 H v, FHZ GM X O B RED 1S BHE Th -

776
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3. SOD i&E

SOD IHMEIZ DWW T, AR EEERERTICH VT, AMF X Cliki B xR L 0 & A RIS
KL, #HFEIZE DN THHEMEMICH Y . BRI G KOBEMNEETH 7= (5534 X)), iAHE
BEFEA IV TR, HE D SOD TEMEDY Gi KIZHB W THREIZHR L, GM XIZHBW\ T b H e

Mz -7z (5540 X)),

4. APX iEME

APX TEPEIZ DWW TR, AR EEERERTICI VT, AMF X Cidtt EECIAEICHE R L, T
IR W T HHIMERICH Y . IS G KOBMBSEE TH 72 (F 35 K), VIR EEREZ IR
WTIE, #ITHED APX TEPED Gi KIZBWTHEIZHE AL, GM XIZBWTHIIMERIZH > 72

(841 M),

5. DPPH 7 ¥ 71/ HfiiBE

DPPH 7 ¥ 71 WAHHRREIZ DWW T, SRR R EEFERTIC IV T AMF X O EES K& UM R H8IZ s
WTHIIMEM 23 DALz, 2086, K2 GM KO RNEHE Th 72 (5 36 [X), SEREE#HE
R IZFBWTIE, G KA TN GM XIZEBWTHE N ERO DPPH 7 2 70 VAR REIZHEIME M 23 2 & 4L 72

(%5 42 M),

6. SOD 7 A YA AfiFHT

HPEARIZIS1T D SOD 7 A VWA MRMT 24T > 7R, Cu/ZnSODs } UF Mn/Fe-SODs 73345
FAERATRICIB VT AMF KEOSIRIXTE b s GF 43 M), ZoHE, X TOH
KIZFBUNT Mn/Fe &0 Cu/ZnSOD /X R/ — U R8RS B bdu, /N R8Z — 2 DfLEIZ DN T
(TALPRX TR D FE78 T B U782 o Ty SRR AR AT (Foa-) (23T SOD-1 - (Rf=0.37, Cu/Zn-SOD)
1% Gi KUY GM X TrRIX & LA TROWEEN bz, AR E SRR 8 #[#1% (Foat) (2R

T, SOD-1 &2 (Rf=0.37 & 0.33, Cu/Zn-SODs) 1% Gi &N GM K THIRIX & b THRu VIS H,
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MAHBIL, SRR TIINAR E AT L Y Cu/Zn N2 RANZ = Rge< Ro Te a8 R bivTz,

F 72, SOD-3 (Rf=0.25, Mn/Fe-SOD)IZ GM X TxfHRIX & bR TRV BN A 5 47z,
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‘Super welcome’ ‘Manmi murasaki’

Control Gi Control Gi

Fig. 14. Growth enhancement in mycorrhizal (Glomus intraradices, Gi) asparagus plants.
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Fig. 15. Dry weight of shoots and roots in asparagus plants before Fusarium
oxysporum f. sp. asparagi (MAFF3055567) inoculation. [ ], control; W, Glomus
intraradices. Bars represent standard errors (n=5). Columns denoted by different
letters indicate significant difference according to Tukey's test (P<0.05).
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Fig. 16. Disease incidece and index of Fusarium root rot in asparagus plants 6 weeks after
Fusarium oxysporum f. sp. asparagi (MAFF 305556) inoculation. Ratio of diseased storage

roots:[ |, ~20; , 20~40;

, 40~60 ; B8 , 60~80; M, 80~100 (%).[] , Control; M, Glomus

intraradices. Bars represent standard errors (n=5). Columns denoted by different letters indicate
significant difference according to Tukey's test (P<0.05).
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Control Glomus intraradices

Fig. 17 Asparagus plants (‘Welcome’) after Fusarium oxysporum f. sp. asparagi
(MAFF 305556) inoculation.
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Fig. 18. Dry weight of shoots and roots in asparagus plants after Fusarium
oxysporum t. sp. asparagi (MAFF 305556) inoculation. [ ] , control; W , Glomus
intraradices. Bars represent standard errors (n=5). Columns denoted by different
letters indicate significant difference according to Tukey's test (P<0.05).
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Fig. 19. Dry weight of shoots and roots of asparagus plants before Fusarium
oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus intraradices;
NPFO, Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM
NaCl. ], non-treated root parts with AMF, NPFO and NaCl; &, treated root
parts with  AMF, NPFO and NaCl. Bars represent standard errors (n =10).
Columns denoted by different letters indicate significant difference according
to Tukey's test (P<0.05).
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Fig. 20. Superoxide dismutase (SOD) activity in shoots and roots before Fusarium
oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus intraradices; NPFO,
Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NacCl. , nhon-
treated root parts; ¥ , treated root parts. Bars represent standard errors (n=10). Columns
denoted by different letters indicate significant difference according to Tukey's test

(P<0.05).
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Fig. 21. 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in shoots and roots
before Fusarium oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus intraradices,
NPFO, Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NaCl. , hon-
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Fig. 22. Ascorbic acid contents in shoots and roots before Fusarium oxysporum f. sp.
asparagi inoculation. C, control; AMF, Glomus intraradices; NPFO, Non-
pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NaCl. , non-
treated root parts; & , treated root parts. Bars represent standard errors (n=10).

Columns denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).
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Fig. 23. Polyphenol contents in shoots and roots before Fusarium oxysporum f. sp.
asparagi 1inoculation. C, control; AMF, Glomus intraradices; NPFO, Non-
pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NaCl. , non-
treated root parts; , treated root parts. Bars represent standard errors (n=10).
Columns denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).
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Fig. 24. Incidence of Fusarium root rot in asparagus plants 4 weeks after
Fusarium oxysporum f. sp. asparagi (MAFF305556) inoculation. C, control;
AMF, Glomus intraradices; NPFO, Non-pathogenic Fusarium oxysporum f. sp.
asparagi; NaCl, 50 mM NaCl; L, non-treated root parts with AMF, NPFO and
NaCl; R, treated root parts with AMF, NPFO and NaCl. Ratio of diseased
storage roots; [, -20; i, 20-40 ; &, 40-60; & , 60-80; W, 80-100 ( % ).
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Fig. 25. Disease index of Fusarium root rot in asparagus plants 4 weeks after
Fusarium oxysporum f. sp. asparagi (MAFF305556) inoculation. C, control;
AMF, Glomus intraradices; NPFO, Non-pathogenic Fusarium oxysporum f.
sp. asparagi; NaCl, 50 mM NaCl; L, non-treated root parts with AMF,
NPFO and NaCl; R, treated root parts with AMF, NPFO and NaCl. Bars
represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).
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Fig. 26. Asparagus roots after Fusarium oxysporum f. sp. asparagi inoculation.
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Fig. 27. Dry weight of roots in asparagus plants 4 weeks after Fusarium
oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus intraradices;
NPFO, Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM
NaCl. £, non-treated root parts with AMF, NPFO and NaCl; , treated root
parts with AMF, NPFO and NaCl. Bars represent standard errors (n =10).
Columns denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).

55



400

SOD activity in roots (units/g FW)

300

200

100 |

400

300

200

100

]
]

NPFO

AMF+NPFO

400

300

200

100

N
e o

e
o

o

7

NaCl

AMF+NaCl

Fig. 28. Superoxide dismutase (SOD) activity in roots 4 weeks after Fusarium
oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus intraradices; NPFO,
Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NaCl; , hon-
, treated root parts.
Columns denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).
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Bars represent standard errors (n=10).
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Fig. 29. 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in roots 4
weeks after Fusarium oxysporum f. sp. asparagi inoculation. C, control; AMF, Glomus
intraradices; NPFO, Non-pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50
mM NaCl; i, non-treated root parts; &, treated root parts. Bars represent standard
errors (n=10). Columns denoted by different letters indicate significant difference
according to Tukey's test (P<0.05).
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Fig. 30. Ascorbic acid contents in roots 4 weeks after Fusarium oxysporum f. sp.
asparagi inoculation. C, control; AMF, Glomus intraradices; NPFO, Non-
pathogenic Fusarium oxysporum f. sp. asparagi; NaCl, 50 mM NaCl; [:], non-
treated root parts; , treated root parts. Bars represent standard errors (n=10).
Columns denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).
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Fig. 31. Polyphenol contents in roots 4 weeks after Fusarium oxysporum f. sp. asparagi
inoculation. C, control; AMF, Glomus intraradices; NPFO, Non-pathogenic Fusarium
oxysporum ft. sp. asparagi; NaCl, 50 mM NaCl; 5], non-treated root parts; & , treated
root parts. Bars represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).

59



0.4

03

02 b

0.1 f

Dry weight of roots (g) Dry weight of shoots (g)

Fig. 32. Dry weight of shoots and roots in asparagus plants before
Fusarium oxysporum f. sp. asparagi inoculation. C, control; Gi, Glomus
intraradices; GM, Gigaspora margarita. Bars represent standard errors
(n=10). Columns denoted by different letters indicate significant
difference according to Tukey's test (P<0.05).
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Fig. 33. Growth enhancement in mycorrhizal (Glomus intraradices, Gi) plants.
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Fig. 34. Superoxide dismutase (SOD) activity in shoots and roots before
Fusarium oxysporum f. sp. asparagi 1inoculation. C, control; Gi, Glomus
intraradices; GM, Gigaspora margarita. Bars represent standard errors
(n=10). Columns denoted by different letters indicate significant difference
according to Tukey's test (P<0.05).
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Fig. 35. Ascorbate peroxidase (APX) activity in shoots and roots before
Fusarium oxysporum f. sp. asparagi inoculation. C, control; Gi, Glomus
intraradices; GM, Gigaspora margarita. Bars represent standard errors
(n=10). Columns denoted by different letters indicate significant
difference according to Tukey's test (P<0.05).
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Fig. 36. 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in
shoots and roots before Fusarium oxysporum f. sp. asparagi inoculation. C,
control; Gi, Glomus intraradices; GM, Gigaspora margarita. Bars represent
standard errors (n=10). Columns denoted by different letters indicate
significant difference according to Tukey's test (P<0.05).

64



<

X100

=

o

S

s 80

o

=

S

S 60

N

S

3 \
kR, 40 \
Gy

o
o RN
8 20 . e
(]

S

Q

= 0

C Gi GM

Fig. 37. Incidence of Fusarium root rot in asparagus plants 8 weeks
after Fusarium oxysporum f. sp. asparagi (MAFF305556)
inoculation. C, control; Gi, Glomus intraradices; GM, Gigaspora
margarita. Ratio of diseased storage roots; [, 0-20 ; , 20-
40 ; &, 40-60; 60-80; W, 80-100 ( % ).
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Fig. 38. Disease index of Fusarium root rot in asparagus plants 8 weeks
after Fusarium oxysporum f. sp. Asparagi (MAFF305556) inoculation.C,
control; Gi, Glomus intraradices; GM, Gigaspora margarita. Bars represent
standard errors (n=10). Columns denoted by different letters indicate
significant difference according to Tukey's test (P<0.05).
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Table 4. Number of colony forming units (CFU) of Fusarium oxysporum f. sp.
asparagi from roots and rhizospheric soil of mycorrhizal aspargus plants.

Treatments CFUx10% /g fresh root CFUx10° /g dry soil
C 51.8+1.4a* 97.1x13a
Gi 279+08Db 63.8%+1.1b
GM 20709 ¢ 536%1.7c¢

*Values are means £ SE (n = 10). Data within the same column followed by
different letters indicate significant difference according to Tukey’s multiple
range test (P<0.05).
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Fig. 39. Dry weight of shoots and roots in asparagus plants 8 weeks after
Fusarium oxysporum f. sp. asparagi (MAFF305556) inoculation. C,
control; Gi, Glomus intraradices; GM, Gigaspora margarita. Bars
represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).
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Fig. 40. Superoxide dismutase (SOD) activity in roots 8 weeks after
Fusarium oxysporum f. sp. asparagi (MAFF305556) inoculation. C,
control; Gi, Glomus intraradices; GM, Gigaspora margarita. Bars
represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).
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Fig. 41. Ascorbate peroxidase (APX) activity in roots 8 weeks ater
Fusarium oxysporum f. sp. asparagi (MAFF305556) inoculation. C,
control; Gi, Glomus intraradices; GM, Gigaspora margarita. Bars
represent standard errors (n=10). Columns denoted by different letters
indicate significant difference according to Tukey's test (P<0.05).
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Fig. 42. 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity in roots 8 weeks after Fusarium oxysporum f. sp. asparagi
(MAFF305556) inoculation. C, control; Gi, Glomus intraradices; GM,
Gigaspara margarita. Bars represent standard errors (n=10). Columns
denoted by different letters indicate significant difference according to
Tukey's test (P<0.05).
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Fig. 43. Changes in superoxide dismutase (SOD) isozyme of mycorrhizal
asparagus roots before and after Fusarium oxysporum f. sp. asparagi (Foa)
inoculation. Gi, Glomus intraradices; GM, Gigaspora margarita; Foa-, before
Fusarium oxysporum f. sp. asparagi inoculation; Foa+, after Fusarium oxysporum
f. sp. asparagi inoculation. Rf = relative mobility (i.e., relative electrophoretic
mobility with respect to the bromophenol blue band).



INETOFRIZLEY . AMFIZL DT AXT H ASOSIAHRIIEREIIMER STV D2, £
DR OV TIIAARER L, —F, K TIIEIECHER, WRES O X b L AR FIC
BWTIEMMBEORENER L, ZOWHEICHBLEELREALE L TWD Z LRI TNDS

(Gorvin and Levine, 2000; Chaitanya ©, 2001; Kuzniak and Sklodowska, 2004; Wu &, 2006), =
7oy FEREME T U 7 AE LY NaCl 2 K DA GO FTREMES RIB STV EH 0, 26T X
D FEEGEICE LTI LT ST, AMFFETIR, AMF 812 X 2 MR PETE S o ALl
ZARIZOWTHRETE & BT, split root system VEIZ LD AMF, FEIRIEMEZ ¥ Y & L E K& OF NaCl
PR ZAT > 12T AXT I AT ET D SEARRIIHE OFFRERGTIE 2 3840 U, 3P a8l & L
THIm LB RE A B 2 3 L7,

F1HIOERTIZT AT HADFER 5 SHEICBNT, 7 AT HANAEFRICHT 5 AMF 12
L DEGEFR O B FERICOWTIHAE Lz, AMF £1# 12 BE%, SERENAZLNZ SO
D, ETOMMEIZINT AMF 82 X 0 i E I L Tz, AMF 34K 57 AT T A
DEBREDRIZON I I E TICHE S TE Y (Wacker 5, 1990) , ARZEERIZIBUW T [AIEE
DINFD TR S AT2, AMF A2 K D7 A /8T T A DR IR HE 134 & TICiE STk
D (Wacker &, 1990), AEIDOEBRITINTS, HEEER Y WINREIZ LV EHENEM LT L5
R DAL AMF JLAEIZ L DT AT HADAEFREIZZ K OEMGFETRREETH D Z L DBRE I
T2o MCRRBEHERER OFIHRREICOW TR, 5 1 HiOERITIN T, SAYHEETE 6 8 M % 0%
HE, BAERT & FARICETO AMF XTRIRIX IO HEIN L, SERE O FERRREE K U895 L Dk
RIT AMF K THBX LY bBETH -T2,

2 HiDFRBRIZIV T, AFUR K OEELRAR & & (B X TR - b7z Z &b, AMF,
FHIRIENEZ Y & LB KON NaCl (2 X 2 SERSRITER S 2 iR S iz, ARRIZ- OV TE split root
system & Jii L7= & 2 A, AMF, NPFO, NaCl #EALERIR R CH EM EA AT HHE 02D S
72 AMF IC X DMitEPEOm BB L TiX, A FAR b~ b, T AT H R, AMF (D& LT

Bk & 72 R FEIZ 35\ C Fusarium J&#<° Phytophthora J& 5% (2%~ 2 MR TES H A STV 5
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(Azcon-Aguilar and Barea, 1996; Matsubara ©, 2000, 2001; Fritz ©, 2006; Garmendia &, 2006),
X5, b FTIE2 DEILTZRRDO—F DI AMF % #5852 split root system 5% WV Ti%
BEHEDOBREEZAT - 72556 . AMF X O SERFIAR TIIHRER & RIS IR AR S i 2 &
23D, AMF B:FEIZ L 558 E OB BN B SN T D (Pozo B, 2002), AREERTIL, split
root system {E % fiti L 72 HRRICISUN T, ALBRIX D MEALPRAR CHLERR & [RIERICHIR DB S e 2 &
D B SHERR ST, IR BERERT O PR LEERE & o HT L2 RS SR, A LB X T
J O FERIZ 381 % SOD & & DPPH 7 ¥ I VHlifiREES G R L7z, L2rL. AMF [X & NPFO [X
£ V. AMF-NPFO fif /][ X TiZ SOD {EMED ] L2 RN DM & > 7=, AMF-NaCl ff fIX
TIZ DPPH 7 ¥ 71 VAHRRE AN D 3~ S8 IAIC 8 - 72 Z & 225 . AMF-NPFO ] X % U8 AMF-NaCl
OFAIX CIIPI LSS - WHEICH 2 2B L 5 2B S D L 52 bND, £z, xR
X LW AMF [XCHl_ 5 & O FEBIZ35 1) % SOD, APX {44 & DPPH 7 ¥ 41 /UHHHERE S K L7,
F72. GM X LY Gi [XT SOD, APX {EPEDIEHENRNBAE A B, Gi XL Y GM X T DPPH
T VN IABRREDRAE N RN K E o722 L6 AMF OBEFEIC L - THIRRLIEREZBNC 5 2. %
NI D Z AR E T, — ., FIREEREATOTIIRLEREN LR LT\ e Z e K| HE
YIS AMF I &5 A b L ALK L C— RIS IS W B EIROR & R LT FTREME S & 5, L L
AMF A2 Lo TABREZ R L MR IER bl o, RERICHW T AT TR L
AMF OFFMEITE NS D LEZ HND, —J7, MK LY S THE EE A O NI BT 5
BT AN UBERERARY 7o ) —VERMEMN LTz, £72. AMF XX Y AMF-NPFO {if
X THRT A )L E VIS &N L7223, AMF-NPFO ff X CIZ NPFO X LV b7 2=
FEE EmOSEEI L7z, % LT NaCl X & lbXT AMF-NaCl ff ALK TR 7 A a L v v igs & L ik
RY 7z /)= NEEOEKITNShole, TNHDOZ NG, HiIBLWES EIZH 2 52
SOD L [FRIZAIRIZ L5 2R8NS D L EX HILD, TR EBERER OFUHELHERE & 70 HT L 7o fE 5L,
RLBRIXAZ Ko TROSMIFEIR Y | SEARIR EHFERZ 123V T, 1R TId SOD 1EMEDSN UERAR J OVIEAL
R T LA T 25808 H 0N, ZO8E, K2 NPFO X} U AMF-NPFO ff I X C SOD {& 7
BRBBEE A ONT,
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55 3 HiDEFRIZOWT AMF IZ K Y e E AN L | SRS B 12 A bl 2 &6 AMF
TAEBIRER R & MR 52 R 2 A LD EHER S, T 05T AMF ORFEIC K-> TR
DT DR S LTz, £z, SOD IEME R O APX IEMEN Gi K & GM RKIZBW TR Lz, Zih
SOFER XV | PR LEERIGIE O KB FIL AMF ORI X - TR D Z L AURIE STz, Doke
(1983) &% X Chai and Doke (1987) (X, ¥+ WA EHMRIZIERFWNEL — 2D Y ¥ T A T
FDMRAT D &R & RSB BRI DAL, T DINE OGS D—DITEWEER DA% %1 T\ D,
ZOGEOIERBRFEITY M abh e R= a7 —7 7V ) U LAOBREESE L THRA B,
SOD IZX->THHEINDGZ L E, A= —FF T K (0)) &z, £z, IEERRFEITHIR
PR AR DRI AT AN T b AR AMEE S D L E S TWD (Park H, 1998), A3
BRC IR R L R R B R AL C b 2 R TIEMERR SR DA RN & F - T2 TR Y & 2,
Flo, EMERRFENER S, S X TH R L7z SOD KON APX (T X o TIEMERESE D4R - 1HE
DMEHE S T RER., RPER B L7 L HEE2T& 5, DPPH 7 U VHIRAEIC DWW TliE, ALt
X CAVERAR ff OVEEALERAR & |28 K L 7=, DPPH 7 ¥ B /LHiHEREIT Kang and Saltveit (2002) &
Hou © (2003) (2K 0 HIEMEWEIC X 2 AR HiBLISREZ KT RIE L B2 b T D, £0
72, BRICBWTZDEOHEMAA LN Lid, R 7=/ — LV EBOHEMNZ KB LT
LAREMED D D, — 7, SEARIR AL IC SOD VEMEDS /I E o 72 AMF KORRIZEWT SOD 7
A VWA BREHTEAT S TofER. SOD /32 R/NH — 2D Tk AMF (2 X 2RI/ BB
BT, SEAEEERERT (Foa-) (28T, SOD-1  (Rf=0.37, Cu/Zn-SOD) (I Gi XT'GM X C
SHHRIX & e THRWIE BN D AvTz, SAbpi#efE 8 Hf##% (Foat) (23T, SOD-1and -2 (Rf
=037 KU 0.33, Cu/Zn-SODs) & Gi KT GM X TxRIX & bR THRWIEHR b, RIXT
IR ERERERT L U Cu/Zn /Xy RXZ — U R IR o 1258 03 A B LT (Fig.30), £72. SOD-3
(Rf=0.25, Mn/Fe-SOD)|Z GM X T RX & [k XTIV N A BTz, —J7, ABFZETld AMF2
EREZ =8, SR & RO T8y RAZ — U 3B b TEY | REEIKIEIE-H LT
7zo L& AZEWTIE AMF (Glomus mosseae, Glomus deserticola) HEIZ K 5 R 5T A A A
Ny ROHBIZA LT, 7o, @A LA FIZBWT AMF 4K Tia#

2 SOD {1 & UF SOD
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FEIEMEIZ EH L7228, SOD 7 A VWA LREZ—  OEWENT o EMEEINTWVWAD
(Ruiz-Lozano &, 1996), LLED Z L5 FRICSIALRE B4 12 SOD fiH14: 0 BEAH KA AMF
BT VFEEINT A VA LFEENBL otz tEZ B, Cu/in 7 A Y VA DIISEASIREI

i
P& BERICBE L TW D TREMED B 5,
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i

[

T ART A (Asparagus officinalis L.) 137 U BOHAVEIFE D ZAFEEERIEY) T, Al &
WNAR D JREIZR R R Z A L, AR Y 7 = ) —/X° GABA S OMREMRN 0 % £ < BT R & LT
M LTV D (RTH, 2008 ), E7o. JRERR S L CENOEM T R, ARt S 72
EPMTONTWDD, +oRRIFEATHZRY (oK, 2002 ), IEFETIE, EERREEZH
LR BENMRR SN TEY, 7T ARG T ARHESRAMICBNTEL, Zooe s
U o 7g EDLFRIFER AT 5 O Tidle < . HERMUEW I & & VT R FEIH & X 5 4
HIBIBRFIED KD HIL TV D,

AMF 4L T COMMRIITARRED RS DV | ALFIER ORI L 2 D B B TV D,
AMF [E4e T C, A F TZEEF (Fusarium oxysporum f. sp. fragariae) X°. > 7 7 A W5 (Fusarium
oxysporum f. sp. cyclaminis) OFAERLHEFRENRH I N D LV O WMERH D (#HHE, 2008 ; Maya
and Matsubara, 2013), ZHE TIZ, 7 AT HAZEBWTH AMF BEXIZEB W TR L O
I IR DFIRARRE OB TR S Av, THRTEDS M E L7 WO dE L H Y . 7 AT T A BB
BIAEB TORILIZB N THEHENTHD Z EARBR I TS (Wacker B, 1990 ; Nahiyan and
Matsubara, 2012), —J. AMF |[ZEE L7HE CTh->Th, MFEIC K - TFXEBRENE Z 57
WEERH L ZE bWEINTWD (1H, 2003), 7. AMF 47 287 B 2D IZI51F
DAEROGIE, IRERER L TR R R BRI TS (Pedersen, 1991), £ D72, 514, AMF
EARRERIE BT 2ABUELEE UCHNLT 2 720120%, WEIRKGAETH D LR H 5 2 &
L WS TOFMEZMHEGR T D MEN D D,

—J7. AMF & 3R OAEMPBRFIE LS LT, IR~ ¥ U 7 A non-pathogenic Fusarium
oxysporum (NPFO) AL FRIBLBRFILE L LTk R U 7 A (NaCh) OFIHRH T 5415, NPFO
XYY~ A TOBENIE (Fusarium  oxysporum f. sp. batatas) DAEMHIBLBRICHEA S TEY
BB TH TR b FRRIRE ED L RWIBRIREZ R L, £, AU LY DIZBNTH
BAEWEEITH Z & T, +oRBiBREN S5 2 LGS Tnd (NI - BIH, 1984 ; 505 -

I, 1997), 7 A/8F H AIZEBWTH, Nahiyan 5 (2010) 75 AMF & DAL X % 389540
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il 2 7’18 LT 5, NaCl & W27 A /8F 7 AD Fusarium 855259 5 L0 BRTFE1E Elmer
5 (2002) BHFEET-TEY ., YWFFEERICENV TS AMF & OBEALERIT L 0 SERE R3]
Z sl LT % (Okada and Matsubara, 2012), ¥72, AMF (2, NPFO iff (NZ NaCl Z#7& oH
T SERERFR B EIC DUV T b YIRS TIIRET U ZAR RN 2 fERE L T % (31, 2013)
ARFFETIE, T AT I A 8 (SRR ) (2361 2R R E 12 KT T EIARE (AMF) |
Ak b U v A (NaCl), FERIRME 7 Y o A O ALBESh R o sl ONC SRt R s A 20 72

WBX DEK ZAT o T2, FTo, B IZI T D IR & U O TR L E & BTl 21T - 7,
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PR O
BT o 12 BRRICRT B IIE - A R
1. AMF #8fi36 KX OGEIRIEME 7 Y ) 0 AR
AR (L BEN2S, A— b7 L—T70HE) Bl 4 BR%OT AT H A (T
N A= NR—=T 2 L) DRy b (BiE ARy MY AL CNIS0; A— 7 L—T B B
FEIFIZ, AMF3 #RE [Glomus intraradices(Gi), Gigaspora margarita (GM) , Glomus fasciculatum
(G ) ZHfE (dg/Mafk) Uiz, ;BRIXIZIX, A — b2 L—7 L= AMF B4 U L7-, PDA
e A O CtEeRs 2 U2 FBREME 7 U 7 A [non-pathogenic Fusarium oxysporum — (NPFO :
NAlD) ] OE% 5 % PSEHI~EG L. 14 HEEER (25°C |, WEET) L7z, KE&#&. NPFO 34 Md+
BB % 10 /ml ISR L, Ky MBHE 2 BRI DT 28T 5 A ORI (10mUkk) L7z, %

D%, JA TETH (BE) O =—0 T RZBWCHBEEKEZITV., BRAEFTEE LT,

2. NaCl JUB s J OV e [~ oD 2 Akt

ot R (g S [B]) ~ERE 1, 2 BT NaCl %9 (50, 100mM) %78 ki g
SUER (10mI/ER) L. ERERFIZIIAE /X~ NaCl50mM « 100mM [X(Z 1 fEARY47-0 5g - 10g ¢ NaCl
ZHVEE L 7o, EREICIE AMF3 ERE, NPFO, NaCl (50, 100mM) O HUh, #EEWLEE % K87 I B
I 31T 2 YOREREE 1 2 BT 5 44,45 RO L 5 ITERGE L, %X 30 #% (10X3 [i8) 2l L7z,

F7o, BB XKENIE S I —Rk S BRA Rl E LT,

FEAE 12 WIS, RERR, 2R, RREL, RO W THAEZIT 72,

4. PCR-SSCP Z5#r
AR ZEE 2 BB 5. BHUBIRNEREINTZT A7 B 2O # £ L 7=, Fusarium B % 5

FH 5% 0 (Komada, 1975) (2 X > CTHLEE L .PDA E5#1 2 FC 3 [mIfkE(GIE#E L TR HL L 7=, % Fusarium
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B DNA ZffitH L, Nahiyan &, (2011)DH{EIZHE T T PCR-SSCP ot #1772 (55 46 [4)

F2H RIS D IR M OMNHE S O JifR b E & Rl

551 Fio0 Bl 2 (23617 D ERETR AR EE DL M OUUHER 3 D FIIRIL A & 'IZ OV Tl 21T

ST, FUALIHTIZN 2 B L RO TIETIT > 72,
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Asparagus seedlings in pot
before transplanting

Transplanting to decline field One month after transplanting

Fig. 44. Asparagus (‘Zenyu Guliber’) treatment in field 1.
. dummy; , non-pathogenic Fusarium oxysporum (NPFO) ; , S0mM
NaCl; 100mM NacCl; |:| , control.
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Transplanting to decline field One month after transplanting
N2>

gy

Fig. 45. Asparagus (‘Super welcome’) treatment in field 2.
. dummy; , non-pathogenic Fusarium oxysporum (NPFO) ; , S0mM
NaCl; , 100mM NacCl; |:| , control.
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minutes).

Asparagus plants are collected from each
decline field, 10 roots are taken from each
plant and surface sterilized (70% ethanol
for 10 seconds, 10% NaClO for 15

v

Isolation of Fusarium from

Fusarium in Komada’s medium

», DNA extraction

asparagus roots by Komada’s
medium and subculture
by PDA medium.

Fusarium in
PDA medium

Denaturing: 95°C for 45 sec.
35 Cycles Annealing: 50°C for 1 min.

Polymerization Step: 72°C for 3 min.

ITS3
(5"-GCATCGATGAAGAACGCAGC-3")

e
<1ss 288 >
5.8S
SSU | 1Ts1 Irs2 | LSU

«—

ITS4
(5"-TCCTCCGCTTATTGATATGC-3")

Verification of PCR
products with agarose gel

A4

Electrophoresis by agarose gel

PCR

Denaturing (95°C for 2 min)

SSCP sequence analysis

Fig. 46. Flow diagram of the procedures in PCR-SSCP (single stranded conformational polymorphism) analysis.
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B 1HT O 12 RIS T D3R - B CE

FusariumB& 5340 2 A L7-fE R, W51 CIINIARREE  (F. oxysporum f. sp. Asparagi) & BRI IR B

(F. Proliferatum) OFHZFITIZEFRFTH Y | BEIG2 TIIRBIHE OB SR & -T2 (547,48

(), k120 fI%. mESGICsT 5, BHICE TS, MRX LY ZFUEXTRIWEFTRA LI
7o (549X, %FHRIX CTRARFIT60%FEE T L7243, AMF, NPFO, NaCl HHALEL - #5540 B1 X
TR LD REERIZIK T L7z (BB50), Z DA, AMF 8 & NaCl #0f A5 LT
IEBE Do T2, ZOEFRIZ OV TIE, GM & NaCll00mM OEABLX TR & < (KT 5 F5#
BB (F51K), ZOEAKITOWTIE, 1 K%, 2 WEFIZEBFTOINABRIC B RHET
HH, AEOFHE TIIHREICL D REHLEBALTRELTND Z &5, B R0%KIIfFAE
L722Vy, Ko T @mEROGEIT, FERDFR LT TE 2, BELIZHOWTIZGM & NaCl100mM
DEENFAX TRKR E 20 | LI L 5K EBRED RS MR S e GE52K), ZHzkwn
THGM & NaCll00mM DO G ALFRX TheR & 72 o 7= (55531K)

3521 31T 2 RERIZOW TIIFFICHERR S D o 7o A3 BEZE R TIEA T OFRX TxfRIX L
VIET L. $ICAMF (Gf,GM) +NaCl100mM #EELHX TR bR T Lz (554K), BOL - 228
[XAMF. NaCl, FEFEMEZ VU 7 ARAERIZ L0 XHRIK X 0 N3 2 B 23 2% < | FL T
GM+NPFO [X, %% TIXGi, Gf X & U'Gf,GM+NaCl100mM[X CHIFRIX L 0 KRk L7- (5555,56

1)

F2 8 UERIZISIT DU E K O 2 D iR b B & SRkl

SR R AR FE 12 381 B IHESE S D\ TUE, Gf K& Y GE+NaCllo0mM X Ciek & 7e o 72 (58
57 B), BERMICHD & INHEEEL~D AMF KO NaCl OREGMLER T4 B & g4 2 &
—HDOXDHBTENRELNTZ LD REKMBIRIER & ARMREZROFEH AT o XTI &
STREDIGEN DD Z LRMB ST, —h ., BRI T DR & B HT [(HiEkb

B25% - SOD JE1ME. APX T&ME. HiEs(b'E : DPPH T 2 UEHERE. MR 7=/ —/L BT A
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VB VRS R] ORER, BREMIZAD E. WTILOOHTHEE IZEB W TEH AMF, NaCl, NPFO 4L
FRX CxBIX L 0 KT D5A03% < INHEE ZE OMSRETER Y B R O Al REMEAS R X u7e (55 58
%), SEEHDOEINZHOWTIE AMF, NaCl, NPFO UFEX TXIR X L v KT 5580134 < . GM

+NaCl50mM OEAFLX TR K &R ->7= (5 59,60 X)),
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Foa Fp

Fig. 47. Representative SSCP (single-stranded  conformational
polymorphism) gel showing the typical results of Fusarium isolates. Foa,
Fusarium oxysporum f. sp. asparagi; Fp, Fusarium proliferatum.
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Fig. 48. Fusarium population in the decline fields.
, Fusarium oxysporum f. sp. asparagi (Foa); [, Fusarium proliferatum (Fp)

88



Field 1

Control Glomus fasciculatum+NaCl100mM

Field 2

Control Glomus intraradices

Fig. 49. Growth of asparagus 12 weeks after replanting.

&9



80

/-o\ a
SO

o 60

=
=

Q.
,8 b
540 H | & P )
g bc b be
E Ea Ea
C c C C C Y

8 20 c ¢
I

] L

0 1 1 1 1 1 1

NaCl 50 NaCl 100 NPFO

Fig. 50. Rate of withered plants 12 weeks after replanting in field 1.

], control; [, Glomus intraradices; W, Gl. fasciculatum; W, Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-
pathogenic Fusarium oxysporum. Bars with different letters indicate significant
difference by Tukey's test (P<0.05).
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Fig. 51. Rate of fern yellowing 12 weeks after replanting in field 1.

1, control; [, Glomus intraradices; W, Gl. fasciculatum; g, Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-
pathogenic Fusarium oxysporum. Bars with different letters indicate significant
difference by Tukey's test (P<0.05).
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Fig. 52. Plant height 12 weeks after replanting.in field 1.
], control; [, Glomus intraradices; |, Gl. fasciculatum;

margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NacCl;

difference by Tukey's test (P<0.05).
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20

a
ab a a
a a

15 b ‘Tl_ab
2] b b b
g a
:;10 b % ‘} be
g o f c f
g T d
=
Z 5|

0

NaCl 50 NaCl 100 NPFO

Fig. 53. Number of ferns 12 weeks after replanting.in field 1.

], control; [, Glomus intraradices; g, Gl. fasciculatum; |, Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-
pathogenic Fusarium oxysporum. Bars with different letters indicate significant
difference by Tukey's test (P<0.05).
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Fig. 54. Rate of fern yellowing 12 weeks after replanting in field 2.

1, control; [1, Glomus intraradices; B, Glomus fasciculatum; B , Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-
pathogenic Fusarium oxysporum. . Bars with different letters indicate significant
difference by Tukey's test (P<0.05).
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Fig. 55. Plant height 12 weeks after replanting in field 2.

1, control; [1 , Glomus intraradices; B, Glomus fasciculatum; W, Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-pathogenic
Fusarium oxysporum. . Bars with different letters indicate significant difference by
Tukey's test (P<0.05).
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Fig. 56. Number of ferns 12 weeks after replanting in field 2.

L1, control; [, Glomus intraradices; B, Glomus fasciculatum; W, Gigaspora
margarita. NaCl50, 50mM-NaCl; NaCl100, 100mM-NaCl; NPFO, non-
pathogenic Fusarium oxysporum. Bars with different letters indicate significant
difference by Tukey's test (P<0.05).
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Fig. 57. Number of harvested ferns 1 year after replanting.

1, Control; , Glomus intraradices; , Gl. fasciculatum; @ ,Gigaspora
margarita;, NaCl50, S0mMNaCl; NaCl100, 100mMNaCl; NPFO, non-pathogenic
Fusarium oxysporum. Bars with different letters indicate significant difference by
Tukey's test (P<0.05).
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Fig. 58. Superoxide dismutase (SOD) activity, ascorbate peroxidase (APX) activity, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, polyphenol contents and
ascorbic acid contents in harvested ferns 1 years after replanting in field 2.

[], control; ,Glomus intraradices; = , Gl. fasciculatum; & , Gigaspora margarita;
NaCl100, 100mMNaCl. Bars with different letters indicate significant difference by Tukey's

test (P<0.05).
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Fig.59. Growth of asparagus after harvesting in field 2.
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Fig. 60. Plant height after harvesting in field 2.

1, Control; &, Glomus intraradices; [, Gl. fasciculatum; & , Gigaspora margarita;
NaCl50, 50mMNaCl; NaCl100, 100mMNaCl; NPFO, non-pathogenic Fusarium
oxysporum. Bars with different letters indicate significant difference by Tukey's test
(P<0.05).
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TIETIT, T AT HANARE K ORI R IZ AMF, NaCl, NPFO ZLEEIZ 0 F&5p i A3 ol fE
Thy, BELFEIZEY EIZHHTA2ZENAETHDL Z ENRBELANLTHREINATND

(Nahiyan and Matsubara, 2012 ; Okada and Matsubara, 2012 ; %, 2013), ABFZETiE, BXT
FRRRHT RN L A O TDITx L, AMF #EfEIX Tk, KERSHEIMERA A RIZD 2720 |
NaCl & DBEAFLXIZ LY E I ooz, £lo, TANRT HADFE RIS | LRI AMF
PR NS AT H 2 & CABFTDRIERIC > TRV | WHIC X5 EFUEN R ST,
Z OB O LR OITHEAR IR E DN HER SN TE Y . ZOKITREITERNTL LB b0
Ho ZDOX DT, AW TITEBEOUMEEE RIS T, AMF (2 NaCl F7-21% NPFO % Bl E 7=
AT TS 2 FIEDETUBEICAN TH D Z L AR LTz, £72. NaCl BAHULIRIC X 5%)
FlE Reid 5 (2001) DEER & FEROKE R 2 ADFZETHR L, NPFO B OFER S He b (2002)
ERIBRDFERZ R LT, Lo T, MMOBIGZICBIT2INHIER S D Z EPRRB I, 51T
AMF & OB E DTN I HITHRTH D Z & BARMIGE TS L~V TR &z, —F, i
H 5 (2009) (X ‘Welcome® & BRI EV Y AMF & #id L T2 DUX Glomus intraradices T Y |
ARIEBRCTO RN Y /3—""TlX Gigaspora margarita °.G.  fasciculatum \Z B\ TRIEN E - 72,
IO Enn, A%, AT LESICHE LS AMF HREOMAGDOEEORKE L
TeOZATHATZ2ZLENEETHLEEZDND,

PLEDZ &b, AKFFETIE, 7 AT 5 A 2Bl 412 LT AMF, NPFO, NaCl DA
KD ALFHIBRRIE - EBUGEE AL TE, 2O Z LI1ET ANT HAKEHC BT 5 Frgend -

LERN IR BN D72 3 D LB Z B D,
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i

EHBGIIEEAEY AR IS B W TREIFREE TR IR OB I EFT AR, IR - BT 2%
BT DG T, BRICBITHEH E LTT AT HATIIENAOEMTHEIMEL T 5, ITF
TIE, FRICSHE 2 2 72 SIS COAB AR, INEK A EM - FEEICZ R E 252 T
W5, BHIEBRORBAER AL LB REERE & W o T AR L 7 v e Ry —ICERT 51k
FHIEF DIFLED IR STV D, RIZICARIZR AT < FFITED - AL FHIE - O AR
RIZoWTIEH LIS TW e, —F, 7 L asSo—iitk - JEDRE O o 2R G4
BUEA 5l & U7 B HBLG S R ORI DWW T HRRETREINZ L <. ARh7225x R OB 03 EBIE
LTV, ABFETIEL, SBISIZE D 5 AR A DT A7 T AR S AL FHIRFTHh 5
T L a2 VoRIEYE OF AR, 7 ARG HAEBREICKT DT — A F 2 T — iR
B (arbuscular mycorrhizal fungi : AMF) % E{K & U 7= M PER5 505 « M TR O MR I O ok [
EWIZI T D FEAERIRREZ 1T > 7o,

T AT A MBI IR T DAY - ALFIIER T O A O W TOMR ARG Z
EERHE L, FERETH A VAE ST L a2 I VRERYE OF B AEFIZ-SW T in vitro
M EAT o7, Tl a s I HATREWE (W7 o, 7oV VEE, 7 kT, U aiE) AR
i (0.01, 0.1%, wiv) L7= Czapec-dox BsHUZNIALISE (Fusarium oxysporum f. sp. asparagi,
MAFF305556) Oyl imik e U, AR LA Lz, TofR, Rl -aToy
BB TR R BT U, BRI E Y BV K TR D A LTz, i TRE IR
A LT Lar IWNOREERET D120, BROT Ll I VREWE Z i (0.01,
0.1%, w/v) L7 Knop's 551l 7 A /35 H A (Asparagus officinalis L., cv.Welcome) % MEHFERE L |
4 BERBICIARE 2 B L ORI EZ T o 72, ZORR., —H o7 e 7 I B VEIINX Tl
R EMHIA A G, MR EIVZOT vad I BVIRINK CRIFNEEIZ R DA H D |
FRZH 7 2 BTINMX TIRBEE Th o7, LD b, 7 Luas I SR EBG I3 m
HIHCThH Y | FEIRAE B I % U7z B 2% CRBBI R ICIEH T 2 FTREMED R S Tz,

TANRTHALEH S FE (77— R0 3 MRl - SR 2 ) 128 WT, T AT AN
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I3 % mBURIPE AMF (Glomus intraradices) |2 X 2 MR MEFRE O S FERZE2 048 LTz, Ok
B, WHERZEEIAONTZLOO, &MHIZEWT AMF X TRIRIX L 0 A E (eI X
T2 HE TR & RS RS SRR STz, #EV T split root system 75 % VY AMF, JF
JEIRPE 7 Y 7 A (NPFO : non-pathogenic Fusarium oxysporum)) & 08 NaCl (& & % 7G55
RPIHRE 21T o 7oA R, AR EBERRITR ISV T, L B3 & O R B I AR AMF &
O'NPFO X CHEALILX L 0 BEIN$ 2358030 0 | MR RIBHED RO R S v, Eo, Sikh
IR K O IR HEEUZ DUV Tik, AMF, NPFO & OF NaCl ZUEL X O iR R 1230 Cxrb R X &k
DIKTF L. ZOERITMEBR TREN -T2, TOHAE, WERO AL T < EALERIZB W T H I
JRRREE DN S T2 2 & BB EIREIME RS S v Tc, — 7 AR AR R 12 51T D SOD &M,
DPPH 7 U VHliHREE, #T ANV EUEE, #R Y 7 =/ — /L E®mIZOVWTIE, AMF, NPFO K&
O NaCl ZLER XU Z 350 CALEAR Jo OVEEALERAR & &t IIX L 0 @ E 235603 % 0> 72, SOD 71 Y/
PA DRENTEAT S T2 4ER, SOD /X2 R/XZ — 2D T AMF (2 L 5 AR RAY S RITmiH
7P, AMF X & SHRX Tk RE X —8 L Qi SAASIR A BAERT (Foa-) (23T, SOD-1
(Rf=0.37, Cu/Zn-SOD) 1% Gi &K TN GM X Txi X & FE~FRUNEBLS S AV T, SEAIR B HEFE 8 I
ft% (Foat+) 123 T, SOD-1,-2 (Rf=0.37 %01 0.33, Cw/Zn-SODs) 1% Gi X O' GM X CTxI X &
FEARTHWFEE AN A2 AL, XRIXTIL Cuw/Zn N> REERERERTL 59k L7z, £72. SOD-3
(Rf=0.25, Mn/Fe-SOD) |% GM X THIX & LR THROVFEH N A i, LLED Z &6 | AMF,
NPFO U NaCl (2 & 2 AR MR ITFF SIS B S L T D 2 LB 2 b, T3t
{EHERE A B O BRI S 7o, E 7o FRICYAAR A EEAE % 123817 5 SOD &M D &I K73 AMF
ALV FE SN L E X DI BRI Cu/Zn—SODs 7 A WA NEEASIARR I & 2 5% (2 B
LTWDHHEMD B 5
T ANT HASREREE BB A L FRITFEIC L AR AR AEBSGEDREEE LT,
CREE D 7 % 2 SUEFRER (S 5 [E - 2 [B) BT AMEE Tz, Zhb 2 SEEERIC
BT D EEEIL PCR-SSCP (single-stranded conformational polymorphism) 12 & 0 TR & Ok

R T o LigWisiic, 7 AT A AR « Ry FEERHAEMTFIE L LT AMF3 Fiik
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O NPFO, fb5B9FEL LT NaCl (50, 100mM) Z BUMUE 7213 EEABE L, 2 SifEE R~ E
fill 12 MBI R R OVEBTRE T o2, TORE, SHRX TIIHE - 7 L a Sy —ICiENT 5
IRERFRD 60%FLEE L HECTH Y | HILERAERGEEICHmA > 724, AMF, NPFO, NaCl Hjl -
BEWHEX THEX LD EEIKT L, EEZEOLET LUEX TRIFThHoT-, ZOWHA. FRZ
AMF & NaCl 2032 2 L TENL DRB R b @ oTo, —75, SdifkicisiT 2 I &R
AT T2 AER. AMF & NaCl OffF X% H 2 2RI S R U 2 381T 5 EE TR E
(RY 7 x ) —NV5E) OMRNHLNDEGENDH Tz, o, IHEROLERBERHCB VT,

AMF & NaCl Off K& o %8 - ZRMKRIC K 2EFREDRE SR L TR S, 20
£ 912, AMF % £ E L NaCl Z#AE b CTRBET 2 HiE Sl E M 12 361T 2 4 B UGB I
bENTHDLZ L iR LT,

ABFFETIL, T AT A GBI R BT 24ENET (0FF) SRy (7
LrsRy—) L OMAELFENCET 2 AR R AW THE O, SUEFEEEICIHVL T AMF % 3

K& LAY AL A B UGE R &2 5E6E LT,
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NAGNN o HiPNES -2

PO ETFRIMEZR ICICREA TRGH OB 2R, MHEEEEikicbizn | fkx
771 L B E RO TR SRS A FE R SR RIS D &L Y G OB A2 R L E T, AMF B

W a SRR HDE T 7 U Rt ' b T VIR O TT 2 1S KV G L R &
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