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Synopsis

Tomato and spinach are economically important vegetable crops in Gifu prefecture. Although the continuous
commercial production of tomato and spinach has been developed, soil-borne diseases such as Fusarium crown and root
rot of tomato (FCRR) caused by Fusarium oxysporum {. sp. radicis-lycopersici (FORL) and Fusarium wilt of spinach
(FWS) caused by F oxysporum f. sp. spinacisae (FOS) are appeared and become the maim limiting factor for their
production. In recent years, as for the greenhouse tomatoes, the production has begun to shift from soil cultivation to
various hydroponic culture systems such as rock wool system. However, a severe outbreak of FCRR was also occurred
in the rock wool system. The most effective method of control Fusarium diseases has been soil disinfection using
methyl bromide. but since that caused severe environmental problems its use was outlawed in 2005, Thus, further
alternative control measures need to be made available as soon as possible. The objective of this study was to control

FCRR and FWS throughout the growing period by plant growth promoting fungus (PGPF). Fusarium equiseti.
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b= FBEURT LYY TIRBAREHTHREShTE
0., FFEOICHRLEELFELBTHS, BRRICHBN
TIIERTFHEMRTHATE N b BLUOLED R LY
Vo, FREBHHLIE T EE S 400~ 1,200m o) B HA 0D ¢ 1 20 S A
HIEP LB M FBLOEY VR LY UOARE
DEATHDH RO b= MMT A0 EROEVESR 2
LRy bV R 2 EnomLifiicsuywTREC
e TR L VSRR LB h HEEHTH B,
b= bBLUKRDY Lo TiXhEERE LU L s il
ORI L0 EENEE L, BIFEmIIEEh 332ha,
1,220ha (il 5 R B IR | 226 20 ER P B BB 26 0 ) 2 |)
ERANDEERMB LR>TWD,

Lasl, BF3EEE < o T 5 Lk R4 HRE
BRAEL, TNLHREREE L TRERAREERL 2
S>TWVWD, EMTIEIINRETREL R, b= TR
BHERFL, RY Ly v CIRERBS SR L CHE:
Halts

b MBEZERPIS LUK T Lo Y O 2R 8
T O—f T RREIL T ALEI Fusariumu oxysporum £, sp.
radicis-lycapersici. F. oxysporum {. sp. spinaciae T 5D Z 2
o, —MRIZTZF Y DR ELFTA TN, b= MR
TEZEWRRIE 1969 G212 m I TR Tl &, kg &
FAROEMTENEI 33%. 4% O EEY O EDFE
Bt (Ogura and Ban, 1971; Sato and Araki, 1974), %
O ABBERF LA ARSEO b~ MR ER Y |
HEEZHZL LTWA KT Ly Y 7EBREIL 1964 410
e TRAENBE S (Okuda and Furuta, 1964). 1977
Fiol B RGO X BT F ORELRHE S

(Naiki and Kano, 1977) , 4 LARE, H A% MO EH T3
ERED-TND,

THREZ T LOEMRE IS LT Kt SEof
RAEFEHRHMRO—2THS, LrL, b= MREER
MB LAY Ly mERBIZT 5 BRI E
MHBEEFOGRBIIZOBRIREDBFT+ S TH 72

(Elgersma et al., 1972; Scott and Jones, 2000) . £t % F%h7z2
BABRXIH T AL A T, A ¥ LY T 7 LH] (McGovern et
al., 1998) . </ /L7l (Mihuta-Grimm et al., 1990) 7¢ 2
(L FERRIEA AW BEBRIETH D8, BiL A FILITBE~
DEERRENT EM D, 2005 FIEAIEIE SN,
Flho, LFRELRYVELERT D Z L TRE~OER
REFFEROREL YA E L TV S (Dekker,
1979). £ 2T, ZThOOMREFITHTH0WE LT, HL
WEREE Th 5 AEMBEREITORBEBEEE TV S,

£z, EE, EERESLEREFEOLBLR: X BRIC
b= b TR R OLEERE SN L oo b B,
LrL, #EEIE T, HHRFICRI L CHIATE 2 8
TR BT, — B FESRET S L REARE

Eed. FBR. 1997 FiICEBREERTICEWT, vy
U R L RS R E TIRIEE WD KRE
(BEHFRRTE 63%) L K& 7Rl & 72 - 7= (i &, 1997)
EOTMEEEHE T, ¥ LVBBRIE, B EWILERE

ORBKBEE TH- T

SE, 5O SRR XA SR LIEREOEMKRT
e, ETUED & T2 3 0 A S BE R 78 A )
B b L L, 15D 2 M\ -l R E O LBk
IZix, LFD 5 >ORL 57T 7 a2—F (Cook, 1989) 7>
HEL DRV ED RTINS, (WAFREEEDET ;
EREROESRE, fiAERrofEic Lo l+3
TR OB AT S5, QR & A~ &
¥z fEYBEICRVICTEE T DRI 2 EC S
HICE XS, QUREREOREFE XL UEFIMR ., HE
Me~DOTFH A, Fik, NI TV A UEAEEYA
ANAREOWEIZEY, FHIREORTFRBEFSLEE 2 HH
L. FRMEATED S, @EROBORE ; JEFIRE T
FTRREZ DO LWLt 5 2 L THIEELE EICH
A BETERLT S, O)EECEFEFHE L 5EEN
B IERRECTRIREL & 5o U HEERE L COF I
IR lcot T a2t 5+ 5 2 L Th b, BFEABS
THEZHEY, BN 60@X /R EMED O
WERBLEL 2T,

ZBROEMTRET S 7H Y U ARICKH LT, BRxi
THAERMPREE S L CoOmEME R 55 2 L AEE
ERTWg. Fod T, IEFRIENE Fusarium oxysporum
i B L UMREE . A SR
LTPBRIRETRL, S6icFav ), R4, U=
AE, ROL Y UDT7HFN g LROBRIZENTHS
R X TV S (Amemiya et al., 1989; Katsube and
Akasaka, 1997; Larkin et al, 1996: Ogawa and Komada,
1984; Paulits et al., 1987; Yamaguchi et al., 1992), 7=,
Pythium
oligandrum. Bacillus subtilis. Pseudomonas fluorescence 71
EOEPUREY LR x AR O 7 ) T LREOIERIC
HAWBit T2 (Benhamou et al., 1997; Duffy and Defago,
1997; De Cal et al., 1995; Marois et al., 1981; Piga et al.,
1997; Phae et al., 1992; Sivan et al., 1987). =i & f5#id
VD7) U ARET D EBISERA B =X AR~
ThoHN, ZILREHES, BRRBOBEEE L UMY
HAEET, TOMITIESTMEFH I 2 RE SN
TW5h,

I B AR AR B E Cld. Tk THE
FIZxHT 2 MBI STERICIThh, M EFRE
F4E (Fusarium equiseti, Trichoderma spp., Penicillium spp.
and Phoma sp.) M AX, Fa2 7 VR YOEYOLEE %
Rl % & & b2l 585 F (Pythium spp., Rhizoctonia
solani, Sclerotivm rolfsii, Gaewmannomyces graminis var.

tritici and Cochliobolus sativus) (2T A EHERE R % m4

Trichoderma  harzianum .  Penicillium  spp. .
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ZEBRHE S TUvE (Hyakumachi, 1994; Hyakumachi
and Kubota, 2004), F7=, FOFEMINHEIHEN & L THER
HEFEOM S @S XL TV (Koike etal., 2001; Meera
et al., 1995a; Meera et al., 1995b; Shivanna et al., 1996), &
PRSI L, BRe 2R E R L TR
MRERTZ LG, ERAFRENBIIE L2405
fpr—C =y b LTEORRADBHESRL TS,

IhbnZkint, S0, flHEFREREELAVT
b= MBI ZE 3 L TR REBRD R 2 s LA
MAEBRRT D L L bio, @KENT: Fusarium equiseti %
Rl EBEicsT 2 b~ MRIEERKR, KoLV
ERFEIIS T D EMBBROMAEITo =, £, F
equiseri DFEFFIPHFERECEI T SWFE L RE TiT-o 7,

AFFZEIE, 1999~2007 4EIZ 0T Tl B RIS AR
S LU R R R T o 7 — (RSB A &)
(CBWTER L7,

BT RRETO b S HUE R BRI A S iDL
A O
1. #5

v MRIEZEFIT Fusarium oxysporum (Schlecht.) f.
sp. radicis-fycopersici (Javis&Schemaker) |21 - T &k
IENLEFEEO | BE T S Jarvis and Shoemaker,
1978). AIFIZFR L7 b= ML, TROBL BROER,
RSETESR AT L. £/, RO, XR0MEREDIE
Wadd, KpoOEL LT, fiWEEREFIR L7
TARFEFEIN DY AN BTV S, Z ORI 4855
FICH L THIRERTH D, @EOLEa A MO
PR L R TS, Eiz, BRERINT, LHRH
OEEEA BRNCHMB N, S HBEEFARZHTH
BoO b IBEFESNDZEHEN,

RIGZE WX 2 EMBROBIE TIE, FEMIRME
Fusarium oxysporum % W -WER#E {fTbh, |~
MRGEMBEIZH LTHSTHD Z L8 MEShTVS

(Komada, 1994; Louter and Edgington, 1990) , A% Tl

IEIHIRNE F oxpsporum A Hee L LCTHV, mWBEBRZ) R
TR AU O R A BIE L7,

2T, M AEFRERE (CUF. PGPF). JEHEIRME
F oxysporum & & HHEME 2 BWT, #ilkiETo b
- MMRBZEMF 3 LT O S R A R E RO
B AT,

2. MEB XU L
it i

b= MERANOAFERE CER SH, BEERREIC
LTRSHOGHETHS (Y AP 2L,
bk~ ML 1% RTEHIFREE T U o AR 5
ZiEL, €OHBEKT3EERTH I L CRmXREE
Tol=t, WEBIZAW:Z,

Bt

dUBR TLCRINE & Ml oS mEn = vz, RiKE
{& PGPF @ Trichoderma harzianum (GT31), Penicillium
simplicissimum (GP172),  Phoma sp. (GS81, GS122),
Fusarium equiseti (GF191) & . 3E 9 i £  Fusarium
oxysporum (F13, JLEMRAFERIH B 2558 % Fuv
7=, AL B SERAE SRR Pseudomonas fluorescens
(F-2), Xanthomonas campestris (K-3), Bacillus subtilis (B-1,
B-2), Bacillus amvioliquefaciens (B-3) # flv iz, b= MR
G R R AT O D L
Fusarium oxysporum f. sp. radicis-lycopersici (FORL) @

RINT fER%Z 7,

fital i E M O KT %
() ARIKEOETITEY

T harzianum & P. simplicissimum VL, 9em ¥+ — L {ZIL
Fl= 4 A E R EK (PDA) M £ T 25C . HEE T,
7 AR L%, BEDKAEHICINA . BhEm ol
FAUEE L/ ETEMR L7z, F0i%, 2 EOH—E Tl
BL. KFREEEEA 107 spores/ml (ZARML L 795, kI
FNT= F equiseti, 3R IRYE £ oxvsporum & 2 fEOD Phoma
sp. X, 9cm ¥ — L £ PDA HH =€ 25C, FERTF,
7 FMIERE L t% B Smm D 9 A 300ml 7 F A=
oD PD iRAEEHE (100mD) (ZFHE L 7=, 8 & 5 5388 (¥
A7 v 7B NR-150 ) %, 25°C, 7 MR E 555
& (120rpm) L7z, £D#%. F equiset 35 X TIERIFHE
Fusarium V%, 2 EOH—¥ i@ L7- 884 107
budding-cells/m! (ZFHME L72t%, BEIZH W=, 2 o
Phoma sp. \IB@EZ SRk E, REZ A ¥ — (A
AN — 2 RE A F— EF N AM) T 8,000rpm,
5 oML, £ 3 FROBBEKEMZ/LNE
[ ARNR B 2 BRI L7,
(2) FEHEEE

P fluorescens . X campestris . B. subtilis . B
amiloligefaciens V. 300ml 10 7 7 A = PJ> King B ifeffks
o (tooml) € 25°C. 2 HMEEE 5 H5#€ (120rpm) L.
857 MRS A 19 10%cells/ml IZFEE L TRV,
(3) b= MREEEWFE RIND HEER

RINI FEEEEL, F equiseti 35 X OERIEYE Fusarium = [7]
BROFETHEL, GontRTFEEHKE 100
budding-cells/ml {ZFRHME L 7=, SBRIZ vz,

b b HUB AR 0T B JEse i R

b= b % 36x36x45mm O/ v 7 T—NFa—T
(/&8 GrodaniaA/S) (ZHfl L7=t%. EHMAEY
Z 20ml AUFE L, 25 AMIREENTEE Lz, b+ X
65%65x75mm OKRM 11 77—/ % 2 — TR L -,
PRSI % 200m]) ALEE L 7= (Fig. 1), oABR 1, 233
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L4 E, 77 AF v 7 EE (50<50x50cm) PUZERE L
fray 2 o—AZ77 (Faf B 15x45x75em) k
L APDKEE y I —AFa—THEE, b hE2R
BL, BRIEFEEKEFRXTiTo, 72 XF v 2%
BT T AF 7T (15%45%7.5cm) Z#RR@E L. K

EFLiEOhntitay sy 9—nNAT7 7 2RB L=,

EREPUCEHIIEIE A (NPKCa=12-0-0-23) & #E2h IR
BB (NPK=13-11-13) #4143, 19.2¢ Z R L.
B w—NAZ7OERETKBEREMZTE, TAE
NOEET 20em BFT 2 om BB Zm v 7 T—
NWAZT2HRFRE LT (Fig. 2), M7 B%ICREE
AR OB FEEIE  (1.0%10°budding-cells/ml)  100ml %
KBy & T — b F o — TR L 7o, B A ik
BEROICAREE LA, el L, IR O S 8EHE L 721X
(Pathogen) . fEHURCAE IR ULEESS L UM IR E SEEERE 0D X
(Control) Z#FERIE L 7=,
R 3, WFEBRBTHO SR TV SR FCTHER
EATo7z, Ak E FERICNE L7 b= b 4 Bk (KB

20ml suspension

of bio-control sowing
agents tomato
' ‘ 25days

later

o = B

mini rock wool cube

v U—NFa—T) EHTAREMNCRESNIZ0 >
O = AT 7 (20%91x7.5¢m) 42 20em IR ERL L
7= (Pig. 3), &L, WEIE A (NPK=7.3-0-3) *{%IE B

(NPK=1-4.5-6.5) &M\, FhFh% 122 OLBTRM
L 7= ik 2 E e #ek L,

B 13 1999 5 1~5 H Bl 2 13 zooo‘ﬂlE 12 4 ~2001
HE 4 B, 3R 3 112000 4E 10 A ~2001 4 1 B, B4 1T
2001 #= 12 H ~2002 4F 5 HicEhEh 7 2 {ﬁﬁP’] CAT
o 1o, S8l FE IR 1 ﬁiuéﬂ-‘h - FE¥ 0~4 @ 5 BBk (580
FEWHERD B 1 I R, 2 BRI < 220,
3R L < ZEW. 4 BROMEIE) THE ATV, BW
BEZ- B Lz, MEREIT TN EIRIR TR 71 A 1%,
[17 A%, 96 B, 140 BZICHIpSIOEA DML, 18
$0~4 0 4 Befy (B0 MEITIRENRRORRN 1
HEO 3 LUTAEE, 2 HED 13~23 FBE. 3
HED 213 LA ESEE) CTHELITY., HEEEEATR
HL7=, &, kit K480 4 HETIT- 2

200ml suspension
of bio-control
agents

i >

36X 36 X40mm
200ml suspension large rock wool cube
of pathogen 65X 65 % 75Smm
7 days
later grown for 71-140 days

=

evaluation of
disease severity

Fig. 1. Experimental design for controlling crown and root rot of tomato using hio-control agents in rock wool system



65

Ing B UL R e il = o & — TSRS B 11 B 61~88 (2011)

Fig. 2. Effects of Fusarium equiseti GF191 against Fusarium crown and root rot of tomato in experiment 2
(A)  Tomaro plants treated with GF191 or not
(B)  Arock wool system in experiment 2

Fig. 3. Effect of £ equiseti GF191 against Fusarium crown and root rot of tomato in experiment 3
(A) Tomaro plants treated with GF191 or not
(B) A manner similar to that used in a standard commercial rock wool system



66

b PO B 2 i O B st
HEEL, 2, 3OMTH®, b PENOFHEFEORRL
WS-, BB | TIEHBRA S EE~ Scm [HIHEIC GIT L
4 SOFCH] (0~3em, 5~10ecm, 10~15cm, 15~20cm
D4 SO (2 hv PEEFERLZ, KB2EBIU3
E., WEBEEEGIC b~ FEARRL2E, HBRE
5 EEE 200m OEEFRBICHWE, ERLAEEEZ, £h

FHKIEKRTAE L=&%, R EAEEED 10 fFROBK
Iéﬁ*’?r:)‘]ﬂ}i’_‘ FEVFA N —ZERL TERLL (8
8,000rpm, 10 73i]) . [ERHEIL 2 BO T —EZ Tl
i@ L=k, mmmwmw 10~1,000 @ L THH
Kt (F oxysporum S@HUIEHD) 6 ¥z EHF30 0.5ml 2
LiAZ, 25C, MERT T L7, K6 Bk, KL
(CIERE ST F oxysporum D= =—%FHHIL. £ g
- O kAR L, BB 1 Tl Sem RO o
EEAZEH L%, TROXZHAWTOAEROENDF
oy [ i A B L e,

ENOFERE B (Average FORL pupulation)
=(Py.sA+P<10B+P.15C+P 5.20DYN X 100
Pps: 0~5cm #BZ, Psyy:5~10cm B2, Pygys: 10~15cm
B, Plsay : 15~20em SREOFREREZTT.
A 0~5cm FE, B:5~10cm #ZE. C: 10~15cm B,
D 15~20cm EFZ. N : 0~20cm #-2E0E DA (K ()
T

P 2 B RO TIHEEREEENIOEPOME L B
ML=, TRRONXE AV CULFERR O E R O TG G
B, FRRoOXERACTEY LA,

ENOFEFEE#E (Average FORL pupulation)
-—-(P..A+P B+P,C+PiD)/N X 100

D MERERE 0 OXE, P ER I OXE, P,

wﬁ.ﬂzﬁﬁ3m§m ﬁ%i&%f
AR ODE, B:ER 10X, C. 58 20X, D!
BH3IOE, N 2ToOXOEEE@EZTT,

bi=t )

3. B
9 100t 2l

AR | T R EIERL 7) ARICRB AR L
AR, BEAEE X TSR ORIFEELL 59.3 Th 27 (Table
1). FE equiseti GF191, Phoma sp. GS81, GS122, B. subtilis
B-2, B. amyloliquefaciens B-3 33 L UYEFEIENE Fusarium
FI3 A0 CLIRMIMEI I RARD Hiv, RFENDH
H L 7-BABRAIIZ Z 40 Edh 100, 94, 94, 87, 87, 87 L&
Motz —J7, P simplicissimum GP172, B. subtilis B-1,
P fluorescens F-2, X. campestris K-3 JLEE[X TlE0059
BR.GH, PIBRMEIEEILED 31, 50, 38, 50 &2 KDs
-7z, GF191 MBRKITEEREKEL 3.7 LK<, HEH
BENGEME UMERML 96 LE L @hoitz, Eiz,
GS81 & FI3 LB & BABRIL = 2 56, 60 & Wi
fz. LanL. GS122, B-2, B-3 ZLBE[CiEAME T 2

TARME S Fusarium equiseri lZE D b= PEBXRED LY o079 ) 7 NREFICHT 5 EWMEMRICET A0

4 % 2 RAFRD STz h3,
K &g ARz
GF191, G881,
BRA{ToT,

AR S L < SEALE
IFRS LAl lz, ZHEOEERN .
FI3SBXU B2 #i&EL T, TOHDOE

Table 1. Effect of biocontrol disease  and

discoloration severity of crown and root rot of tomato in

agents  on

rockwool system in Experiment |

Treatment Disease severity | Discoloration

of foliar symptom  severity

2)

Trichoderma harzicnim GT31  148ab" glde
Phoma sp. GS8I1 31a 40.7 ab
Phoma sp. G§122° 37 70.4 be
Penicillium simplicissimun GP172 40.7 ¢ &1.5 be
Fusarium cquiseti GEFIY91 0.0a ¥la
non-P Fusarium 113 74a 37.0 ub
Bacillus subtilis 13-1 29.6 he 77.8 b
Bacillus subtilis B-2 744 70.4 be
Bacillus amyloliquefacicns B-3 74a Rl3c
Pseudomonas fluorescens F-2 37.0¢ 852¢
Xanthomonas campestris — K-3 29.6 be 741 be
Pathogen 59.3d 926¢
Control 0.0 a 0.0a

1) Disease severity = (4A<3B+2C+D)YAN* 100, A: number of plants
on index 4; B: number of plants on index 3; C: number of plants on
index 2; D: number of plants on index!: N: total number of plants.
Discase index; 0: no disease; [: yellowing; 2: slight wilt; 3: heavy
wilt: and 4: dead.

2) Discoloration severity = (3A+2B=C)3N*100. A: number of plants
on scale 3; B: number of plants on scale 2; C: number of plants on
scale 1; and N: total number of plants. Discoloration scale; 0: no
vascular discoloration; |: <33%; 2: >33 to 67%: 3:267 to 100%
discoloration of vascular tissue/cortex/xylem.

3) Values with same letter in cach column are not significantly
different (2-0.03) according to Fisher's protected least significant

dilference test.

R 2 THLUGFI91 35 L OB-2 IR AME O D72 < |
BBl 85, 78 & @V BABRGDFEAGED &/ (Fig 4-A),
GS81 (3G HAR 103 B X TIXEEICREBAMmE L
?“: L OO FERE 110~117 BEICTRERIME RS EL 2

. BEBEflIIL 22 TH o7, FI3 L GFI91 BLU8B-2 &
”%#ﬁ?)\%?bb%n L0, BikkliiEs2 Cholo, BE
BEE LGB LR L. GF191, B2 | FI3 %
&<, EhEh 34, 30, 20 TH-o7= (Table2).

PR 3L, rElEURH O RS EEE (R TR
EI{Tol R, GFI91, FI3 BLU B2 HRBEFEIC
ol L. BHBRMEE =2 88, 92, 81 &7 (Fig
4-B), E£7-, GFI9 BIUFI13 (M EREE LI, B
BRffiit £ ALE4 58, 67 Tdh -7z (Table 2)
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Table 2. Effect of biocontrol agents on severity of
discoloration inside stems of crown and root rot of tomato in

rockwool system

[ reatment Discoloration severity '

Exp. 2 Exp. 3 Exp. 4

(117 days)” (96 days) (140 days)
Fusarium equiseti  GF191  60.4 b 41.7b 813b
non-P Fusarium F13 729b 333ab 938¢c
Phoma sp. GS81 938¢ ND Y ND
Bacillus subtilis B-2 64.6 b 792¢ 834 b
Pathogen 91.7¢ 100 d 958 ¢
Control 0.0a 0.0 0.0a

1) Discoloration severity = (3A+2B+C)/3N*100. A: number of plants
on scale 3; B: number of plants on scale 2: C: number of plants on
scale |: and N: total number of plants. Discoloration scale; 0: no
vascular discoloration: 11 < 33%: 2: =33 to 67%; 3:>67 to 100%
disceloration of vascular Lissue/cortex/xylem.

2) days after inoculation of pathogen.

3) Means of four replications with four plants per replication: values
with same letter in ecach column are not significantly (#-0.05)
different according to Fisher's protected least significant difference
test.

4) not done.

B4 13, R EEME 140 A F= P E#EE L T,
REIB OB RIZOWTHREBI L 7. FOFRE, GFI9I
R 208 U CRFmAIE S 4. 140 HEORFEE
1% 29.7, AERAR 63 & &\ RN RAFES STz (Fig.
4-C), FI13 (LA HEHE 120 B4 £ TIEAERI 67 L HE
\ZRFEIE L, ok, BRAGERL, 140 B
W ZHERIFE 609 72 -7-, B-213, RBRHIMZE L TH
WRIFE Th o7z, ERNOEFEEICEL TR, £To
MR CHEBRIIA LA, MOEERER AT L

(Table 2),

R b 221N Fusarium oxysporum i

B 1 TIE, GF191 B XOERAOFHERERILETO
HAI T, FI3 MBEX D 10~15em SR M THEIC
{hv>7= (Table 3), £7=. GF191 BLW FI13 AR D
FHORBEHELAEEICELS . BRBOR LR

(Pathogen) & KL T, FHFH 94%., 91 %fEh- 1=,

BB 2 Tid. GFI191 LB K 0 95 IR 1 8 s 8 A0 s ik
0, 2BLU3DENTHEICIEL, WREHOAMERMX &
Felie L THENFAL 98%, 100%, 97% (KA~ 7= (Table 4) ,
B2, GFI91 BRI ) FE OF R B, TR o 7
SAFRIX & Ll LT 99.9% K2 - 7=, FI13, GS81 45 X 1t B-2
WRBEOENOTEEERE RS, FREERX L gL
TENFN 26%, 75%. 68% & HEICIELS T,

FER 3 TlE, GF191 38 LU FI13 B OZEN O FH5H

JREE R, WS L L TERER 93%, 41%
EHEIZEN o7 (Table 5)s —F., GS81 WLBEX o) EH
R R, R R L e L T 267 %M L7z,

i1
40 —— G191
A —0—113
e S Rt
.-é‘ 30 ——R2
‘: —8— Pathogen
o
; 20 —— Control
o
o
o
10
0
0 30 60
80 - —e—Gi'191
—O—F13
—A—B3
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? ——Conirol
7 40
Z
a
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0 .ﬁ
0 30 60 90
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e —Q—t--l 191
- | —O—F13
k> 60 " —A—f-2
;2% ‘ —o— 'mhogmn
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T l
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Fig. 4. Progress of disease severity of foliar symptoms caused
by Fusarium oxvsporum {. sp. radicis-lycopersici on tomato
treated with biocontrol agents in A, experiment 2, B,

experiment 3 and C, experiment 4.

4. HE

AWFENT BT, E equiseti 1L 4 [8] 42T O THRIE
ERBOREF MG L, SMRORRIE DS B L 755
flitE 63~100 L @i -7z,

b~ MEEEBERORRIL, AMBOBFRELEAO
WERETEE 2 MROEEEA RV THRES L, 240

A CTHEBERE - EORBHREITHEET 5 2 &
EH TS (Mihuta-Grimm et al., 1990) . U8 | 12 B
OFRER (FIREER 71 BRICEE) Tho7-2% FEE
MERIX OAMBLOFIRIE B L OS2 F L Fh 59.3.
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Wi BB R EEE Fusarium equiseti V=55 b= bBLXUKRT LYY O T7H Y v LAREICGT A 4EH05EIZET 555

92.6 Tir->7=, BN GEH L 7= P5BRfliiE 7 Bk
PUMAEALERIX T 75~100 & @\ BEBROIR 58D Ltz
A3, EREEEE) S L BRI F equiseti GF191. 3
M F.ooxysporum F13, Phoma sp. GS81 02 3 LD 7
TE<, THEI96, 60, 56 Th-oT-, MR 2B LU4
THd B 117~ 140 B % & S IHMICIE - TRAWGIH] 20 %
A L, WIREERX ONMR ORI LA
FNFN422~79.7, 91,7~95.8 T -7z, A2 (B
117 B&ICHEE) 20T, GFI91, F13 3 X T B. subtilis

B-2 (XSO FEREE MR < | PIERAM 52~85 & PIERENF A3
R B, HEREEIISTONHMKX TEA- T,

B 4 (FEFE 140 D’*":Tﬁﬁ) IZBWT, GFI91 #ds
%%&(/ﬂ’eaﬁ FEDMEE < (BHBRATE 63 & i BHER AR 6
ni=9, HEEeE Jimm LMo, THNHDI &
s énwiﬁalmnr&ﬁm.:i WTHENOBEEE #iHET 2
Bh. R ook M\x :rtMs"s{v:/)feﬁ'ﬁwéﬁf“ Vi
N mf“x/t%w:ﬁi&u TWA I LR S,

[able 3. Population density of Fusarium oxysporun f. sp. radicis-lvcopersici (FORL) in tomato stems collected from 0-20 em

above soil surface in Experiment 1

Treatment

FORL Population (xlOchu/g) in different portion of tomato stems b

Average FORL pOpulation: ;

0-5 cm 5-10cm 10-15 cm 15-20 ¢cm (x 107 clu/g)
F. equiseti GF191 0.1a” 0.4 ab 0.2 ab 0.1a 02a
non-pathoecnis F. oxysporum F13 0.3 a 0.0a 0.6b 0.la 03a
Pathogen 12.0b 2.6b 0.3 ab 03a 35b
Control 0.0 a 0.0a 0.0a ) 0.0a 0.0a

1) Stems taken [rom 0 to 20 ¢m above soil surface, and cut into segments 5 ecm long 0-5, 5-10, 10-15 and 15-20 cm above soil surlace.

2) Average population = X (population of different portion of tomato stem

sweight) @ total weight.

3) Values with same letter in cach column are not significantly different (P=0.05) according to Fisher’s protected least signiticant difTerence test.

Table 4. Population density of FORL. in tomato stems collected from 0-20 cm above soil surface in Experiment 2

[reatment

FORL population (x10"cfu/g) in different discoloration scale"”

Average FORL poputalion:'

0 I 2 3 (x 107 cfu/g)
GFI9] 0.5a" 07a 0.0a 16.7 08a
FI3 02a 31.3b 8333 ¢ 370.0 ¢ 433.7d
G581 ns.” ns. 00a 186.7 b 146.6 b
B-2 04a 8.0a 2983 b 915.0e 188.7 ¢
Pathogen 250D n.s. 584 a 653.5d 5822¢
Control 0.0a n.s. n.s. n.s. 0.0a

1) Discoloration scale; 0: no vascular discoloration: 1: - 33%; 2:--33 to 67°

123007 o 100% discoloration vascular tissucrcortex xylem.

2) Average population = X (population of different discoloration score xweight) / total weight.

3) no sample.

4) Values with sanie letter in each column are not significantly different (P =0.05) according to Fisher's protected least significant difference test.

Table 5. Population density of FORL in tomato stems collected from 0-20 cm above soil surface in Experiment 3

I'reatment

FORL population (xIO"'cI'u-’g) in different discoloration scale"

Average FORL pc_);mtulion‘5

0 I 2 ) (x 107 cfurg)
GF191 0.3a" 36.7a 14.0 a 13.3a 14.4 a
F13 137.0b 129.0 b 1.7 a [35.3 ab 124.0 b
B-2 ns. 165.0 ¢ 343.7b 1320.7 ¢ 776.8 d
Pathogen n.s. n.s. n.s. 21L.7b 211.7e
Control 0.0a n.s. n.s. n.s. 0.0a

1) Discoloration scale: 0: no vascular discoloration: 1: <33%: 2: =33 10 67%; 3: =67 Lo 100% discoloration vascular tissue/cortex/xylem.

2) Average population = X {population of different discoloration score xweight) / total weight.

3) no sample.

4) Values with same letter in cach column are not significantly dilferent (P=0.05) according to Fisher's protected least significant difference test.
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Larkin and Fravel (1998) O#EFIZL 5 &% < OMBE
F USRI O A & VT b= MERERKE O ZEFE
il RARAE LR, WM F oxysporum & F
solani V% . Pseudomonas fluorescens =° Burkholderia
cepacia & L TR WRBFMIAZI R Z R Lo, AW
ZRWTYH, SRR 6 Ebk, M S HkERBRIZAV
M, SRAKE OFREHUM A I THETUR S & HLB L TV B
MEHREPBO LN, TRHDZ b, b= MEE
FEPRpiox LT, RIRE ORI A MR —
VN LTHHTHD Z EMRBEIILT,

F equiseti GF191 #40LF L7= b~ b XN ORI,
FIFEE O HHEEREX & BB LT 93~100% & A RICED -
7= (Tables 3~5), RIERDOBEITEER 112364T D F13 A
KTHRDHNDLDOD, AR 2, 3 TIEEOIHIHIEILE
<. E£7o, HBR3IZBVT B-2 B X 0 B B i a0
X LB LTE RDHEbH o7, THHDRERD
b F equiseti Z 508 U 7= b~ b CHIMREZEERE ORI
MR ENDDHRRLT, ENORFEERMMES 252 &
WRENTe, TDZ &I, F equiseti IARFEFFHRIZR L
THERBEHIMEN THOL I LEXFTEILOTHD L
Exbii,

LAEDRER, WIS b~ MIBWT F equiseti I31R
RS DI & LTE L CHIf T 2 R HM e & LT
WEIiz, £, F equiseti (TIRIFHEEEFR 140 B %I
D RIBFIMEN R AR UIZZ 05| F equiseti ZER L1
AP RS R OBEHE b~ MZBVWTHHE
BN E XN D,

BoR WY EERERR F equiseti DIREZEENIC
9% e B
1. #¥38

B — ¥ T®IK SN T- Fusarium equiseti t¥. Section
Gibbosum (2R3 2 7Y U AT, KBS AT DR T
KD, REGEFIET 4T 74 RO EF R
MO S, 3~5 B, JEim oM R Ve A
47 (Fig. 5), GF191 | PDA F T3 T 5 L W1 B T,
HICHEEE~RBEDan=—% 275, £7. GFI9l
i 7YY UL ERIREHD | DD~T b - PCNB #
1 ECF oxysporum L FAMEIC R D a0 =—% T 5

(Fig. 6), €D T8, KWFIETIL E equiseti DEHFE (FEH
DHOBESHE, HREERY) ERLDBICE. XS
>« PCNB iz O THRBRE{To 72,

F equiseti X3 A FRDVIR, U ) BHREICRRA 5| &

BIIWHEEE L THLN TV DA (Burgess et al., 1988) .

HEVEETHRN., bLIIEMARRE T 2R L
LTCRBENT WD, —H., F equiseli IIHEYDRIZFAE
THTUR7 74 bELTORMERSL, HHERESE
VFavZET A e L L THE AR TSI LN
XN TS (Macia-Vicente et al., 2008; Nitao ef al.,

2001),

Fig. 5. Conony on (A) PDA plate and macroconidia on (B)
synthetic nutrient agar (SNA) medium (1 g KH,PO4, 1 g
KNO;, 0.5 g MgS047H,0, 0.5 g KCI, 0.2 g glucose, 0.2 g
sucrose and 23.0 g agar/liter distilled water) of Fusarium
equiseti (GF191)

Fig. 6. Cononies of Fusarium equiseti (GF191) and F

oxysporum  f. sp.  radicis-lycopersici  (RIN1) on

peptone-PCNB agar

F. equiseti GF191 {3, IRIEZEJAF At L CHUATE M.
EHERLOMEEIBDLENR, £FZ T, ZZTIRE
equiseti @ = MRGZEMBFICRTT 5 RBIMBEIEHEIZ S
NWTORFTEIT2 7=,

2. BB X UHE
el B X Otk

F= ME T/D ZBEKER) 2 AW, #EMESILE
equiseti GF191 %, fRFEZEEFEIL RINI @ E AV,
AL, B-EABHE,

FY FREEDS D E equiseti DE7EE

GF191 DIa X% (107 budding-cells/ml) % k<~ ~&
TERRIC /R o o 7 D —1(36x36x40mm)is 20m] 4LF L /-
%, B & FEHRICIREN TR L7, % 25 BB LU
45 HigiZa vy 7 u—/LNO b= b DR & #EEER D S |
BB 10cm 3 DEEZTRR L RBICHAW, #RE LT,
GF191 D b~ bR & EAEH Lo, RIE s
ay I U—AERRELLE, REEEF 2L TKIEK
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WA TIREEE Fusarium equiseti (o XD = FBLCART LY OO 7H Y 0 LAEECT 5 4MB5ERIZ I 2075

TURE L, 0.5% KRR b U w7 AEIIZ 3 55/
BIEL, TORMEKTIEFEEFTDZ L CRIEmBEE
To7=, T lem EiZ, ZEIFESH 3mm OYI Y (28)
MLk, ENEFRLOURFEZ~T7 b - PCNB il

( Content; Difco Bacto Peptone 15.0g, KH,PO, 1.0g,
MgSO,-7H,0 0.5g, Streptomycin 0.3g, PCNB75%WP 1.0g,
Agar 25.0g, Distilled Water 1000ml) [Z{FK L7, 1 iE&H
729 10 o AT, | Yy —LHlY-ERLTR 10
URhEERLE, &5IC, b~ bW EEICEEED 10
BROBEKEMZ, KElF 4 ¥ —CERLIE

(8,000rpm, 10 43 [HIALER) , FEREIE % A1 7K T 100~1,000
FEIZFHIR L., <7 b - PCNB ESHIIZ 0.5ml Z¥E LiAZx,
25C. MR T CTHEE L7, 5% 6 HERICH I Bz L
7= GF191 ®mam =—%itfll L T, EB X UURD F equiseti
MR L,

E equiseti ZMBU 7= b b 2HBEEA TOMRHE O
FHRIFD LU WHI
BEIEORER 2 O TIFIZ, GFI9 X, JRIEE
FHHEFRX (Pathogen) DT | X AL /-,
F/o. dRE LT GFI191 SELLAEFs X O I8 SERE AR (X
(Control) DEGLEM L 7=, R LAZEZEFN TN EK

EA T L7=1% . RE PF 4 F— CEEFEL 7= (8000rpm.,

10 43 . BEFEGOIE O 5 BEZE C 3,000rpm, 10 43 [R]ALER
L. f6n7- Eifi% 045um O X DRT 7 4 04 —Til
W L7z, ZOlEE b= g E L CRBRICH VW,
N % — L (40mm*x20mm) T 2ml OfREHTEE Al
HHEOREIZER 7 7 L REPR, FOEIZ b~ MR
6 2 VA9 1 O B IR R (5 10°budding-cells/ml) 40pl 4
L7, 25C, MRTC 2EMERLEE. 1 v v—
LH72Y 400 ADRRFIZ OV TRIFEOFE L, 40 EOR
FIZOWTHFEDOR I L FRIL 7, #BRIL 4 I TT
o1z, BT, GFI91 R EUEE L7z b~ b XA BIiRiE
fifi LC. IRELREMREORTREFB L OTRER A {T-
7= GF191 R L OKAEn v 7 U — L F 2 —TH
R (2 BTIR & AR ALEE L7tk IR BN CHISEE L7,
SHR & LC GF191 8 K OYAFUE |4AFE (Control) % 3R 7E
L, b~ FOZETER 75 HRICERER L, #ESERH 5 E
&5 20cm B4 E HEBICA V-, ik & RERC K & F
L7, RaF5F LR EAcET 28 BRE 177,
FaFHERIE, 100ml 7 T 2 =2 9ml DR & AR,
M2 E  (1x10%udding-cells/ml) 1ml 0% . & &
5 HEgkd (25°C, 120rpm) THEHE L 7o, H53€ 1. 3. 5. 7.
14 BEO 21 HEICHS A ERER L, MERGHERAE Ay
TH LS ERESNEBTORELZRE L, BREBIZTH
Zi 4 KETIr»> 7=,

3. MEB&R
R MR EEN S D F. equiseti D5y B

GFI191 IXIHFE25 Atk L 45 AtAD b~ MROLENE
0 94.3%, 97.1%& &\ EEE THHES L7z (Table 6),
F7-. RTO GF191 OFEE L 25 A% 6.7x10°cfu/g, 45
A#%I21316.7%10°cfu/g & 25 (5 ETHRM UL, — ., %X
MHIE25 Bk LUM45 HRICBWTWI b GFI91 i
oSS e ino 7=,

Table 6. Re-isolation and population of Fusarium equseti

(GF191) from roots and stems of tomato after sceding

Treatment % re-isolation of GF191  Population of GFI191 (xlecfu/g)
25 days 45 days 25 days 45 days
GF191  roots 94.3 97.1 6.7 16.7
stems 0 0 0 0

FE equiseti ML 7= b7 MERNTOREIE DR T 7 4%
B LU

GF191 2408 U /- IR ERR 2 B Lz b= b
i E T, 12 B ORI A E O R T 2
L REIFER AT I S 47z (Table 7). GF191 DA%
WMER L= b= PEMEBERTIZBONTH, FERIZ 8, 10,
12 BFRE (SRS PP O e T RS ISR S
7= (Fig. 7). & HIZEMHIE T ORI ZEVE 7 8 O a1
FEZRE L7-fE R, GF191 ALBEX O BT MEALBEX L b
L CHEAE 3 HigE D 2] HiL FE CHAFX DO 1/3 L A
Eiohsl sz (Fig. 8).

Table 7. Effect of stem extracts from plants treated with
Fusarium equiseti on spore germination and germling length

of Fusarium oxysporum f. sp. radicis-lycopersici

Treatments Discoloration ~ Germination Germling length
severity (%) (um)
GF191+Pathogen 1 70.0a”? 114a
Pathogen 1 85.5b 14.8b
Control 0 85.0b 14.8 b

1) Stem and root samples were collected 117 days after inoculation of
FORL from experiment 2. Germination and germling length
determined 12 hours after incubation. Data are means of four
replications with 200 and 40 spores per replication for germination
and germling length, respectively.

2) Values with same letter in each column are not significantly
different (P=0.05) according to Fisher's protected least significant

difference test.

4. BE

E equiseti {327 7 A 37 HRIE 43 5 5B L /- F%h
AEFREEE (PGPF) T, XU FF R, ab¥, b
FBEOX 2V VOAEEEZREL., F=20 ) SLHEF
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(Pythium irregulare) , 2 LN ITAERT (Gaeumannomyces
graminis var. tritici) 78 &0 EHIFEE LTI ENE]D
BAd - L EBE S TVWS (Hyakumachi, 1994), %
2. PGPF [ZROBRLEBARMIZERT D Z LAVRE
U (Hyakumachi, 1994; Shivanna et al., 1996) . 14 DRM
LA PGPF D3MERERYICAFTET S = L M il O
MEAZFELTWS Z AT ENT (Meera et al.,
1995b). GF191 i b~ FMESHEEIZSEES L, FOH
it LHERL 25 B K VIETE 45 BRiCimT2 Z L3R
Eh- (Table 6), ZDOFERENE, GFI91 BFF> b~ bD
BTOBMWNEFEAVFEMRBRIZBEET 52 LR

M,
. .|
80 s == GRISE - - - Control *
)
e
S
=
B
n
-
®
20

Tme (he e

Fig. 7. Suppression of spore germination of Fusarium
oxysporum . sp. radicis-lycopersici in stem extracts of tomato
treated with GF191. Asterisk denotes significant difference
according to Student /-test at P = 0.03.

il )]

——GH191 - 4 - Conol

150 v B Tl
{0

50

Density of budding-cells 10" /ml)

0 ] 10 (s Y

Tirme (dayx)

Fig. 8. Suppression of production of new budding-cells of
Fusarium oxvsporum t.sp. radicis-lycopersici in extracts of
stem of tomato treated with F equiseti GF191. Asterisk
denotes significant difference according to Student r-test at P
=0.05.

ARIBRRIC R B D R HTICE Y O B RS BRI R
&< 20 (BEEMICHFFEIZER, &M% LT

TERI2MER) (o4t xS (Mandeel and Baker, 1991,
Postma and Rattink, 1992) . F equiseti 4 U L 7= b=~ M,
IRIBZEWIR O3 2RI 27207 Tl b~ FOZEAD
R O W B2 H L7z, Z ORI, Nelson & (1992)
OIEFRFAE Fusarium Z0B U b= M LUF2 T Y
AN TIRIRE ORI 2T o2 ME LR C TH -7,
72, b MRS 2P E T, B ES
i & bl L CEORANORFERD S5 2 L RS
I TWS (Elgersma et al., 1972; Stromberg and Corden,
1977) . AWFFIZIBVVT, GFI91 ZAF L b~ M,
ERNORFERIVME 705 2 L, EBEVSEP T mEE
OIRFRIF LML IMHI SN D Z LR ENZ, 2D
LG, GFI91 2B L 7= b~ hAITIE, RS I
THLODWMTE RN LIRSz,

Benhamou ¢ (1997) (L. Pythium oligandrum 7% I~ b
RBEMFEC L THEERZ 6T 7=/ —AY
HOEMEFN T > LZBEL TS, E6iD,
Stromberg and Corden (1997) & b~ b ZEURHEH A B
L= fEHiiE f o it iE R E o £ F I & LTy

PEEEE T T b2 BELTWS, ZhET, b= b
EORTO b~ FERBEOMZIRIE, b=F 20U

VFUOEMEIEGRT S EREEXRLTWS (Furui et
al., 1998; Hammerchlag and Mace, 1973: Langcake et al,,
1972; MacCane and Drysdale, 1975), ABFEIZEBWNTE,
E equiseti ZHVER L 7= k-~ 2R TR O 3 3E0
FHE 43N] 2 4L (Table 7, Fig. 7~8) . E equiseti {ZH4H N
AT SO AR B L2 FHH Lz Z L mme s
=, 60, WICIE LT E equiseti 1XZEITHBIT LW
Z & | F equiseti (TIRBZEREE Iz L THiAE, FERY
DOEEHREMIIT S 220 2 L6 | F equiseti (XD E
B IHEFIEFESE S L TWAH Z SR S

=5

BN [l equiseti EERYER v b & W2 EBERES
b M RBEER O EPBER
1. #5

T I T A E R Fusarium: equiseti GF191
FRAWT B b~ MoBT 2 REERRIC T 588
PR AR L7z, b~ MRISEMHE (Fusarium
oxysporum . sp. radicis-lycopersici) (£, HHHIEE O —>
T, EEEF O TRUIE S PICAEFTD 2 L
LRATWD, BRFICHEWT v MgEZOZ DL
et s T, IRIBERMB S RAE Lz WiE L
THEEELITOILERHD, L, suares )z
A=z HEEFEIEVEERI M CE L2 00, (E
¥0REETH DS, HERICESTT S v POEFLIE
ERICRLEOMERRET L., 0D, (KFREL
AWz EHEH T A D 2 W AR O R LA

AR EIR-TWD,



il 4 T EWE Fusarium equiseti i LD b= rBLUER D Ly YO T7H Y o NEECIH AR 2 855

EHCHIE SRS EH O LR E o LTS
RN AEYRTIE, € OMBRARDAREILR D5
BNHDH, TOERE LTI, HRPOBEEGEN S
WI & THEAOER L RS M EICER LR W
ZEBRTOND, FOEDEMROBEOERED
Wiz, HEHR A 2 AR E T I B R B R R A LA S
O Es T, SHEEE & Trichoderma harzianum,
58D & Pseudomonas. Fluoresence, ~~—s3—i v | 2 JEHH
B Fusarium oxysporum Z A Sbhwdn LTI
LFEII L CEWBERBRSE LS Z EEE S h
Tuwv5 (Katsube and Akasaka, 1997, Duffy and Defago,
1997; Sivan et al., 1987),

—fiz bv i =—ARy hERWTHEE L%
M CERET 5 A THIE S T\ 5, BIE, REAE
S TRAST LB ORI A BRI E=— &M O
Al L TAESMERMEZRVW B X NRA NI, £
PN F AR Y P EREE IRFESHLTNS,
SRRy I FUER I REOBHEREL LT
Rk &, TP OFRAEMOM X TR E ZBIRFEIZS
fgahsd, ~——hy FERAWEBERES, so L
VY OUERR. VxHAEEIDWREOTRFEEZN
FlIs LB ShiZ L26 (Katsube and Akasaka,
1997; Naito et al, 1998), ~—/3—K v k& [EHROFHEED
il 2h B 2 M FF L TAESARIER o F 2 RERICHV V=,

ARWFIETIX, F equiseti = ERMER o~ b & AE D
MEE S LT, EHEE O b~ MRBZEEMIC LT
ZEL THmWERENBLN D AR LT,

2. MRBXUHE
ik kit

b~ ME2TORBRT, & (o 28KEs) 20
7. FEFIEADE (F—8E-2) OLBYICERmEREZT-
Tot. BERICAW.

Bt &K TR %

TEPICE™ L, Fusarium equiseti GF191 Z AV #iJi
1L Fusarium oxysporum f. sp. radicis-lvcopersici (FORL)
@ RINI HiBkZ MV =, GFI91 & FORL Ak & 359
ICHE3E LT & ivic e Rl 2 v iz,

b7 HEE R OBk Rl

¥t (A¥—~<y ) ZART 128 XELFLAIC
GF191 O a7 (M 107 budding-cells/ml) % 10ml
WMBE L=k, hv P ARERE L7, BN T 19~25 AE#H
WLk, £ 12em DRy b~BHET S & & bilc, BEE
GF191 R @ik (M1 107 budding-cells/ml) % 100ml
MBI 7o, PER | TIX. AESMER > M (LR BP LR
T) IBAERES SV, BB 2 B L0 THL, BREHC

e =—ady &RV, FEIRETE L~ ERAT R
& 12em @ BP ~w &8 LEZ, BP & & bICHIAREIELR
W45 EA L 7= (Fig. 9, 10- B), W89 R & 5L,
PRER | THE Sx10%cfuw/g. s8R 2 & 31X 10%fuwg ThoTe,
TO%, REEMHORBBEM~5& L bz, HE1T
FXERE 131 B, B8R 2 TILER 149 A, %3 TiE
EE 135 Bl s Fh b= RSl EhE, SEELED
BEZMELE (Fig 9. b, BhWELEranto
LBV THD, ML, R T 2001 £9 8 7
H~200241 H 16 B, 38k 2 TiL 200241 H 22 H~4
Hi12B, B3 Tik20024 10 A 21 B~200343 A 5
HTHY, ZNEFNEFRTMBELZE=—1 7 AN
TiT-7z, £, BB 1IR30 IlE, KRB
LT3 IFE I XK I08RD 3 HETITo=,

e, SR » MIXHEELRR(ER) O 12em DR v
b (Fadhd : To ENfigAR v k) ZRui-,

b= B3N Fusarium oxysporum ik

A3 O TRICENENOREXD v FZENORH
FiEoE AWM~ WEFERILE (B—8E2) ok
BYThD,

b M S LD OB X T E equiseti DHEFE

HE 3 IZBWT, b b oAl L ARE LY O IRE

(FORL) w@EBEZMELEZ. b= bORE HEPIRE
(G ULR~TE 15, 45, 60, 90 F5 L T8 120 HILIZHRRL
Teo b= PO E LRE AEAREAR » b (BP, 18 12em)
DR SERE L, BP REMA XL BP X L B AL
DIRE L7z, BRELU 2RI, AGEK TKEE L 721k, A
Eo 0 FEROBEREMZ FET A F—2ER LT
EREL 72 (#9 8,000cpm, 10 43FH)) ., BERE#EL 2 Eo A —
A& TS L7t BEAKEFVT 10~1,000 fFic
IR L TEIEEH (£ oxysporum BRIERL) (2 0.5ml %7
LiaZ, 25°C, BB T, 6 HREE#EE, b Elo s
X7z F oxysporum Oan=—%FHML, B I1gH¥=2D
B R U7, SRR L 7= i, SRR & AV 10~1,000
/AR L =tk, BOmEREA BV TERRICHEL T, £
lg =W OFEZEN L7, BEETEhFhEEH
=9 6 BiER L=,

b= PO E BB RO F equiser THEE, B HE;

Mz U~ | >« POCNB 85#8 (Content; Difco Bacto
Peptone 15.0g, KH-.PO, 1.0g, MgSO; - 7H-O 0.5g,
Streptomycin 0.3g, PCNB75%WP 1.0g, Agar 25.0g, Distilled
Water 1000ml) % fAVT L & AEkICHE L7,

HBITENTN | K3 b~ FOBEB L U2
BRL, 3RETIT=-7,
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Treatment of 10ml sowing Q}" Treatemnt of 100ml
suspension of GF191  tgmato suspension of GF191
19-25 days .
‘ ' Later transplanting
O =0 = -
Paper pot
@38 X HSOmm
Seedling with BP were /
transplanted

Biodegradable pot

/ ® 1200 X H760mm

evaluation of
disease severity

131-149 days later

Pathogen density
5x102 - 1x10" efu/g soil

Fig. 9. Lxperimental design for controlling crown and root rot of tomato using F equiseti (GF191) and
biodegradable pots (BP) in a soil system

Fig. 10. Control against Fusarium crown and root rot of tomato in a soil system by combination of a plant growth
promoting fungus, Fusarium equiseti, and biodegradable pots (BPs).

(A) Experiments were conducted in greenhouses. Although control plants (not inoculated with F equiseti and BPs not used) were
wilted by FCRR, treated plants were healthy.

(B) The seedlings with the BPs were transplanted into artificially pathogen-infested soil.

(C) The BPs was decomposed at end of the experiment.
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Table 8. Effects of treatment with Fusarium equiseti alone (GF191), BPs alone ( BPs) and £ equiseti combined with BPs (GF191

BPs), against FCRR of tomato caused by /7 oxysporum f. sp. rdicis-lycopersici in soil system

Treatment Experiment | Experiment 2 : Experiment 3
Discoloration'”  Protection Discoloration Protection Discoloration Protection
severity % severity Yo severity %
GF191+BPs 18.5 a” 58 37a 87 13.7 a 81
GFI191 ND* 11.1 ab 62 34.8 ab 53
BPs 48.1 b -8 16.7 ab 44 26.7 ab o4
Pathogen 444 b 29.6 b 733 b

l:xperiments 1, 2 and 3 were conducted from September 7, 2001 to January 16, 2002; January 22 to April 12, 2002; and October 21, 2002 to March
5, 2003, respectively. The data were taken 131 days. 149 days and [335 days afler transplanting to pathogen-infested soil in experiments |, 2 and 3,
respectively. BPs were used while seedlings in experiment 1. and while transplanting seedlings to pathogen-infested field in experiments 2 and 3.

1) Discoloration severity = (3A +2B+C)/AN*100. Number of plants on A: scale 3; B: scale 2; C: scale 1: and N: total number of plants. Discoloration
scale: 0: no vascular discoloration; 11 <33%; 2: =33 to 67%: 3:>67 to 100% discoloration of vascular tissue/cortex/xylem.

2) Values with same letter in each column are not significantly different (P =0.03) according to Fisher’s protected least significant difference test.

3. Bk R GF191 & BP u;ﬁ:flfffﬁhﬁknféﬁb‘(/)%éﬁ:-tfiﬁ< Hefs L

b B E R OB R R (Fig. 11), sRBR#& TRFOMIFTEZEHE ) HHH L 7= BARBR{E
Wl 1 (2B T, Fusarium equiseti (GF191) & 45 5y itk EFENERN 88,81 &MV \BIERZNR R S/ ('l'uble 8);,

Ry b (BP) OffiAE b XL, SAFEE z/,l‘f';";‘: F7o, B2, 3 TiX, GFI191 3 LU BP BHAMLEE T

HY U7 BABRATE 58 & b - AR ZE U803 00 %93 4 it 5 NENPEER R FED v,

T LB TET (Table 8), —75. BP KIiLPibRzh B350 0

B oi-, BP L, o & TR E A YR | 2 b B2 Fusarium oxysporum [$i 1

THZLETHRNRZBD LD LEZ NS, B | B 3 Thv hEANOFNERYFHELZAHR.

TRHESEFORENATHS . HEFHI L0 BP T GF19] RBXDOFEH 1, 2, 3 B LU ORE L, Hn

MBE Sz, F0fh, FEEGYRESE CER L /I2% #1 (Pathogen) » FLilz U TATEIZ {4 /= (Table 9), F 7=,

D BP iC L?s-;rfﬁwf&w—ﬂw\'-tt‘c\\ BAERZD A GRWD H e GF191 & BP #iA& ot Ko P2y oo i i BEALER 1 b
st ZEBx bz, £ZT, A2, 3 Tk, BP @5 LTHI 1733 &Aoo, FE7z, BP EXDOIEK 1, 2, 3
EMERICAVWS Z LT, & U RWIRIZEY b= LR BIUOVEHOERO SO & L THEICE - T,
& I O e & [X] - 72 Ofs R, W8 2, 3 T,

Table 9. Liffects of IMusarium equiseti alone (GF191), BPs alone (BPs) and /7 equixeti combined with BPs (GF 191 + BPs) treatments
on population density of /< oxvsporum {. sp. radicis-lvcopersici in tomato stems collected 0-20 em above soil surface in Experiment
3

FORL population in different discoloration scale Average FORL"
Treatment (x10%cfu/g fresh weight) population (x10°cfu/g
0 | 2 5 fresh weight)
GF191 + BPs 2.8 b (58.6)" 5.1 a(41.4) ns. 0.0y ns. (0.0 9.1 a
GF191 0.1a (31.0) 15a(41.4) 32 a(17.2) 124 a(10.3) 374
BPs 188 b (45.0) 21.3 a (35.0) 28.6 a(15.0) 56.7 b ( 5.0) 30.0 a
Pathogen nd  (0.0) 373.6 b (26.7) 333.8 b (26.7) 264.3 ¢ (46.7) 306.1 b

Data were recorded at end of experiment 3 (135 days after transplanting to artificially pathogen-infested soil).

1) Average FORL population = £ (population of different discoloration scale of tomato’s stem *weight) / total weight.

2) Values with same letter in cach column are not significantly different (P+-0.05) according to Fisher’s protected least significant diflerence test.
3) % of plants in discoloration scale.

4) no sample.
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Fig. 11. Progress of disease severity of foliar symptoms
caused by Fusarium oxvsporum {. sp. radicis-lycopersici on
tomato treated with F equiseti alone (GIF191), BPs alone
(BPs) and F equiseti combined with BPs (GF191 + BPs) in A,

experiment 1; B, experiment 2; and C, experiment 3. Data are

the means of three replications with ten plants per replications.

Values with same letter in each column are not significantly
different (P=0.05) according to Fisher’s protected least
significant difference test. Bars, standard error of means.

b3 PR EWRE P ORKEEB XD F equiseti DHERE
PRI I o JFE R i, MEAPEIX (Pathogen) "c:i
EME 45 A6 4 \fﬁiif@}mb\ ERL 90 BiZiC
1.4x10%cfu/g h%#ot_Wg.nn~—ﬁ‘oH9131w
DA AKX (GFI9I+BP) O IL, A
A 2@ U CHBICIE S | EAFRXOTE RO 4.3~16.7%
Thol-. 7=, GF191 B, BP A ELX T & /R
BITE<SHER L2, b= FOROFFRERL, BOEX

75
# 11 5 : 61~88 (2011)

THER 15 B H8MUCHin L, EHE 60 H#ICidk
K 2.7:10%fu/g Th -7z, —F. GF191 & BP OflAED
H SR K o975 i ik BRBR DI ] - U TR ECARS ,
MBI OB D 0.6~31.9% T > 7=,

b= MBOD E equiseti W ikiX, BP OFECL 5T
<HER L7- (Fig. 13), GFI191 1E b= MRizx L TEFE
MEW =, BPERORB R LR LB S,
£, ARE SR D F equiseti W EIL, BP L OfBED
HMFREKIE GF191 HUAMABRX b b U TRk Wik 4 i@
U< B L1,

—— G191 + By
15000 - == (F1Y)

@ 6
=
5 ---a- BPs
-3 —eo— Pathogen
& 10000
: C
3 A %b
3 o SR ---ab
= 5000 el
:‘5. da
0 —= ol -
0 20 40 60 80 100 120
BPs
35000 —=0-=CF191

Population of FORL (cfu/g)

0 20 40 60 80 100 120

Days after transplanting to pathogen-infested field

Fig. 12.
radicis-Ivcopersici in soil around roots and tomato roots
treated with /- equiseti alone (GF191), BPs alone (BPs) and F
equiseti combined with BPs (GF191 + BPs) in experiment 3.

Population of  Fusarium oxysporum . sp.

Values with same letter in each column are not significantly
different (P=0.05) according to Fisher’s protected least

significant difference test. Bars, standard error of means.

4. B
Sivan & (1987) Ik, LBHELES b~ b OWREERFIC
% LT, Trichoderma harzianum O 7 THEA+4y T, Bl
A Ff iz HEEHE L OB & DRI T 2B
BROENRGELNEZ EZWMEL TS, —ikIC. LRF
Wfiﬁf%ﬁfﬁifﬁmﬁfﬂﬁnmb‘%mJ’I‘ EHEEZTV, E
T8 nb5, Lo LAPETE, #BER2, 3
®iju*$¢@mﬁﬁﬁﬁm@%&mhw@%
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Fid A4 FE IR Fusarium equiseti \Z &5

(10%cfu/g) 2B W Th | E equiseti & ERfRER v M %

ARG HEAEA S = L CTHREZEWEB O R 20T 5
I EMNFRETHh o, g
{30000 —— GF191+BPs

= B GFI91

Z 100000

$ 60000

= 40000

2 20000

E

a

0 20 40 60 80 100 120

e —e— GFI91+BPs
= 1000000 oo GF19)
2
T 800000
=
S 600000
“
2 00000
S 200000
E =3
-8
0
0 20 40 60 80 100 120

Days after transplanting to pathogen-infested ficld

Fig. 13. Population of Fusarium equiseti in soil around roots
and tomato roots treated with F equiseti alone (GF191) and F
equiseti combined with BPs (GF191 + BPs) in experiment 3.
Asterisk denotes significant difterence according to Student’s

t-test at P=0.03. Bars, standard error of means.

AR T b~ MR ORI TIL, F equiseti
RIS L L LIS b N EP T ORI 0O B
Hilgh A Rm Lz, B ORER T HIFERIZ, GFI9] L
BRI R R L b~ b PO IR B O S A
T Lz, 2O EbsB | F equiseti 13RI PNAK 53 (AT & 4>
DAEBK B2 AH L, £ otk (gL, 18P
Zhh b 6T RHET D Z LAGRME NI, ZORFENHR
W ORRIIESHOWBE L 72> T4,

—fis, IEFRES & BT AR A B E OB
BRICAWD LR EBALECRDIHEELHD, D
PR EOREEDREICE., ROBRBRET LN,
QA P OBEEA b L2 (o4 & oS .
BB, WERMZY) CXviEhioEs Ly, QY
ZTEML L=, A& L CHREESSEICMT 5, £
OFER, FETTMEY 2 08 L C L R RN R+ 4
125 EEZ BN TS, SEL GFI91 BHLE X 137
90 AETH v bR ARE HHEOBHREROE T %
AL, Fi2, BP HBUEBRMM 2E L T b= b OtR, =

b= bBEUKR T LY v 7YY U NREC S AP SR

:’Eiﬁfﬁﬂ)ﬁlﬁﬁiiiﬂi’&ﬁ"l‘tﬁfLT{&<ﬁfff¥rLf: &
512, BP & GFI91 ZilA&bH 5 Z LT, RE LG
D F equiseti FERGEE < HEF U, iR TP L H
B L THFICEHR L, ZhbDZ Lnb, BPIEE
Herp b b= MR TORWIFEE ORI AR U, #Hi
AEMOEFL(RETSHRAHD Z LHREni, 0
Z LB, FEVUAEY b ESRRER v P 2GR TR
B 5 LPRRESE EL-EREEZ LD,

ZHE TOWR T, Fusarium equiseti & 53 FEHER »
OFHE DL b= MREERBEOLR LT, by
kWP L O EBERICX L TH OB R A R
L 7= (Horinouchi et al., 2002; Miyake et al., 2008) ., A= 47 fif
MRy M3, BRBEEZIT O X200, 4 FT 0 LOE
WTHHFRETH L2, RETIRMES & Avis
AWBEROERICHKTE 5 L Bbh s,

LinL, SEERy hERWBESICEBhOEE R
LHENRSH D, o, WE~OERMAAITR ORA
ARRMER  FORMIT LR Ly, KERIC
AR EEALELRIETHDH, IO, WKk
RUETH L TESICHRT S, RIZ, EoitER >
N O oy R I ER RO MR, HEk sy, MRoREIC
LoTRRDZLTHD, DEE IR E~KIET
AR, BE, ARy oo RERH & R
FENROMBIITFHATH S 2D, 5. SLRAHFED
VETHD, £, EMYERy MIRTE. MESS#
FER R S WA BIRTE S TWvWd, MEBRICHFSA
ENRBUERHMOERLSHORETH S, EHEOKE
R LT, ASRER v POMBAE=—AHK Y b
CHEL TEmWZEThD, UL, EaifERy ME
E=—ssh oy b EROCEEREBEIEMI A S IREE
AFEREIZ TR B L T S T D, 20 E(E
HAE B3 TR » P OFIHAERY % RAE
Tnd, S, 'flﬁfﬁ(b‘%éﬁf"f‘fllm ah, £OMELT
A5 EBHEEX

ﬁmﬁ. F. equiseti \Z X B U ) 220056 O AR kR
. W

R 7w v Yy MRS Fusarium  oxysporum
Schlechtend: Fr. f. sp. spinaciae (Sherb) W.C. Snyder & H.N.
Hans (FOS)HIC L > THIZREZENDHETH S, AMIT
Lok Y LY vk BEFNOIMN, ORI
PROFEE, HEIEDTER & RATEE O HERIIER 2R T (
Fig. 14) . F oxysporum \SFFEE 7 KBy 4, ANy A=
FHBIXOEBRF21ED Z LMo Tunaa3, ki
T EHB ISR TAEFT 2720, HEREO—RIC L
o TD, MR FRELER L HEHESED
T, BYXORy LY UEMTIIZ o2 ) vERN
= EHMEI TR TV
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Fig. 14. Syptoms of (A) foliar and (B) root inside of Fusarium
wilt of spinach

INET, AT Ly Y UERBRIONT D EMPMRIZA
T OO BE TP 72 < . IR Fusarium oxysporum
(Katsube and Akasaka, 1997). 539&JRME 2 ¥ Rhizoctonia
(Muslim et al., 2003), Enterobacter cloacae (Tsuda et al.,
200 B TH D, BEEE - ARk (1997) iF, ~N—s%—aK
v NERWEBREESEEM SRR T LY BB L
THI T, FEFEME E oxysporum & ~_—/"—Kvy b &4
HEDEDLZETHWVBRDRNBELND Z L E2HREL
o

% Z T, Z Z T Fusarium equiseti & ~3—/3—7R v h
FRWEBREREERENAEAEDERY L Y UERE
W3 2 B HEID R A BRET L7z,

2. MEIBXUHE

fitalmd
2TORRIIBENT, AU LY vid&afE (o4
b EZERALE, Y74 NIRRT LYY TEBRCR
LUEZMEDORETH D, RBEANIIE, Ay LY ofl

Fi 1%DRBEEEET R ) U LABRIZ 15 2RREEL.
ZOHMBEKRTIEERET D & CREREEITo 7,

BERAM D

FEIUREIX, Fusarium equiseti (GF183) % & B&IZ A
72 GFI91 43 b~ MRIEERF TELRBINHEIRR &~
L7223, GF183 (ZF U L Y UARIZ GFI91 X Y @V EH
AR LIZZ &b, GFI83 28E Lz, ERWEILSE
FIREERBRS D 557 4172 Fusarium oxysporum f. sp.
spinaciae (FOS) @ SI1HI-4 PgtE% A=,

GF183 & FOS {3, Ak (BH—H-2) DLBVITHERL

TR S e Rl & BRI A e,

B L2 OERFOYERSE

AR 1~3 1k, st (R —_y b 2RER) 2A
ALtz 28.0x58.0mm D_—,3—FKw b (Bl V4, HAF
FhgE (BR)) (2. GFI83 DY Miug (ML 107
budding-cells/ml) % 10ml ZAFE L7=1%, F Y L2V Ui
L, MEATH 4 EBEE LK, ~——Kv b
EEHLIGAAYRNDODaLZ ) — KT ay s
(50x100x80cm ) P O %5 Ji [ 75 4= 4 (fR i i %
Ix10%fu/g) ZEREL 7= (Fig. 15, 16). B4 BI V5
L. GF183 @ 3 DDUMEEHIEIZ K 237l zh R & w2t
L7z, GF183 Z#EFERFIC 1 [8], BAHATHIC 1 [B], $ERIME
ERHERED 2 BT 5 X E . B S TiX, X HITiFR
TICHF2EETHARERE LI,

Treatment of 10ml
suspension of GF183  of spi

| At one day bafors transplanting |
Sowing the seeds Treatment of 10ml
h ion of GF183

! ' ll4 days .
ater
O= 0% =
Paper pot
®38 X HS0mm
1 day

later O g -

-l

Seedlings with paper pots
were transplanted into
pathogen infested soil
(10%cfu/g soil)

== . evaluation of
disease severity
22 - 27 days later

Fig. 15. Experimental design for controlling Fusarium wilt of

spinach using Fusarium equiseti GF183 and paper pots

.

~ PR ot
v

Pathogen -~

Fig. 16. Effects of PGPF Fusarium equiseti GF183 against
Fusarium wilt of spinach in (A) experiment 4 and (B)

experiment 5.
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W EERERESE Fusarium equiscti l\Z XD h= P EBIOCRY L Yoo 7Y U o AR EICT 5 4E806 B A5

F£6H6B~7HS5BIZHKTANATARNTITW, ERE
NEREEM22 B, 24 B, 27 B, 22 U, 26 HLIZ B
ERE Lo, AMBLORBIFILIEE 0~4 (F8¥ 0 BN
HHIR, 1 FERT L, 2 BR2ME @, 3 B8
WL < ZEPE, 4 BRASRESE) o 5 BYMETIAT L, FERIESE
BmHLE,

BV BA Fusarium oxysporum Wit
EE 4 O TR, ==Ky FAROR L EEE LSS
BRANCER L, £0%, KEKTAKEL., EnEnt
BED 10 fFROWHKEMA  RESFTAF—LEMAL
BER:L7= (8,000rpm. S 43fH]). E#MEIL2 EOH—E %
VTR L=, WEAKZAVT 10~1,000 {5 &R
L CEEEEHIZ 0.5ml %t LiAZx, 25°C, BFETFT6 A
[MlESEE L, HEH BITHZR S 7 F oxysporum D=2 o =—
Zatfl LT, R g 472 Ol EHH LU, AFX DR
WOFEFEIRERIT, TReoXEAWTHRE L,
Average FOS pupulation (4R PN o 2 4 95 Ji 1 4t )
=(PeA+P,B=P,C+P;D)/Nx100
Po TR 0 DR, P, fEER | OIR, Py HEE 2
DR, Py : FE¥E 3 OB O A RS,
A fEE0 DR, B: {1 DR, C: 52 DR, D
3 DM, N: 2TOROEFEE@@ETRT,
EEATER 0 MR OB OME AR K bz,
1: 34D 13 LTAMBZE, 2: {ED 1/3~2/3 B, 3 :
WE D 23 LA LB,

F 7L R R OFE R E O M5

HER 4 O THEC, GF183 O | [A4AFK. #E
A HERE X (Pathogen) O #1825 Hi 4K 3., AL [X (Control)
OMEBERRODFEY LY Y IEFNEIARTL T
HBRICH W, £/, GFIS3 OREUF LIz L2 Y
7 % BIRERES U BETE 30 & ISR 2 BRE L CRBRICH L
Teo AR LY DHRICAREO 10 fFIEOBREARE M,
REVFA P —THEEFE LT (8,000rpm, 5 S3[HIAEE), BE
Rl % 3 Loy B 28 CAABE L (3,000rpm, 10 43FH) . 5 6
Nl Eili% 045um O URT 7 4 02—l L7z,
ZOWHE AR T Ly DARIINIR & L, 9ml oK
Z ALz 100ml 7 F % =) 1x10%budding-cells/ml ¢ 2598
JRE Iml ZI0A, #R& D HEIEERCHREE L7, K& 1. 3,
SPBIV T ARICERIEAFE L, B L <RIl
FEMERFHFBEEZAOTREL 2. RRIT4KETIT-
7%,

3. HERKIR
FERIFIRI R
WER 1, 2 B L3R WT, FE equiseti GF183 4LPEX
VORI OO 69 A B HN] L BABRME X T E L 91.8,

51.5, 79.9 T ~7- (Table 10), Bk 4 CTlX, GFI83 ®
FEAERY | [l EE, FEFdS X OYREAT T o 2 (a9 e, BA
BRAM 52.5. 58.1 & ZEIINGEISH A GRS AV, B
Ho1 [ BB 58 i Nl s RS 38 8 L 7e v » 7= (Table
1), &% 5 Tix, GF183 OfFflif X O o 2 [a14L
FRIT . FEAEME 1 [EUEE X 0 @SBRI R AR L, BRI
ELET % & GF183 0 2 [l K L W BRI R T o o
= (BABRAH 94.8),

Table 10. Effects of Fusarium equiseti GF183 on disease
severity of Fusarium wilt of spinach caused by F. oxysporum f.

sp. spinaciae under polytunnel conditions.

Treatment Disease severity

Exp. | Exp. 2 Exp. 3
GF 183 + Pathogen 34b 229b 63b
Pathogen only 41.7 ¢ 472 ¢ 31.3 ¢
Control 0.0 a 0.0 a 0.0a

Disease severity = (4A+3B+2C~D)/4N*100. A: number of plants on
scale 4; B: number of plants on scale 3; C: number of plants on scale
2; D: number of plants on scale 1; N: total number of plants. Discase
scale; 0: no disease; 1: yellowing; 2: slight wilt; 3: heavy wilt; and 4:
dead.

Values with the same letter in each column are not significantly
different (P<0.05) according to Fisher's protected least significant

difference test.

T L ) OB Fusarium oxysporum B i

Bk 4 1235\ T, GF183 i flilF | [FAAPE[X, GF183 &
flids L OAEATA © 2 [AAFKORY LY DRANDFE
ORI B3R R AR K L te# L T ERERR 177
EHBIC o7z (Table 12), £7-. GF183 A 4LFi L
7K Cik, AT 3 L BB LVMESE T LR
W@ﬁmﬁﬁmﬁa_ﬁtmotu

F L2y BalL# O R TE O R

WER AN SHF BN GFIS3 2B LTk LY TR
R COERMBIEOMMT- IR, 5% 3, 5§ 8LV 7
B CHEALBEC O 1/3 & A EICIH S 7 (Fig 17-A)
Fo, FREAREX L B L CLEFE 3 B RN 7 ATkl
HEIEN»- T,

GF183 OH %A L7- (RIS L MR oFR v L
Y ORFMHEF I I T S, 20 14 O T 2
ALFR L b U CHER 3 RED A E TGl S v, s
LR L TR 1/4~1/73 &Ko 7=(Fig. 17- B),
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Table 11. Effects of single and double application of Fusarium equiseti GF183 on disease severity of Fusarium wilt of spinach

caused by F oxysporum f. sp. spinaciae under polytunnel conditions.

Treatment Disease severity

Exp. 4 Exp. s
GF183 single application at seeding + Pathogen 416 b 20.4 be
GF 183 single application one day before transplanting + Pathogen 71.3 be ND
"._R '.l' 4 ¢ ‘.J"g.k . - - M -+
GF183 double application at both seeding and one day before transplanting 36.7 ab 46 b
Pathogen
Pathogen only 875¢ 30.1 ¢
Direct sowing + Pathogen ND 89.8 d
Control 0.0a 0.0 a

ND: Not done. Values with the same letter in cach column are not significantly different (P~(.05) according to Fisher's protected least significant

difference test.

Table 12. Effects of Fusarium equiseti GF183 treatments on population density of Fusarium oxysporum {. sp. spinaciae in roots of

spinach in experiment 4.

Treatment

FOS populations in different
discoloration scores
(x10%cfu g’

Average
population of FOS

fresh weight) (x10%tu g’

0 [ 2 3 fresh weight)
G183 single application at seeding 791 213 4332 35332 989 b
+ Pathogen
iz - :
L 7.3 b 55.0 73.5 b 204.0a 96.5 b
Pathogen
Pathogen only n.s n.s. 953 b 14533 b 573.0¢
Controf 0.0a n.s. 1n.S. .S, 0.0 a

n.s.: No sample.

Values with the same letier in each column are not significantly different (P 0.05) according to Fisher's protected least significant difference test

4, %

E equiseti GF183 1L SEIORBZH L TR L VU #
JRAR O AN L F O PibEfiL 43.5~91.8 Th - 7=
GFI183 (= L BB i, MG ERE TR DL HDO
IR E oxysporum (= X Z 5% % (Katsube and
Akasaka, 1997) *I1ZIER U#ER TH - 12,

GF183 OMEREH 2 i L 72 /5%, BAEATH 1 B0
TIEPEEREN R NGRS o723, #RFERF | [0
FEREE 3 L ORI H o0 2 BIAAMIS RS R A2 = LT,

IO EMnE, GFI83 OWEIRERTE L v RS
THREEZON-, £, 2 SDUHOBTHEEAEIR
HAe o205, GFI83 o 2 [al LB HERE | [El B b Lt
LTV BEBRS RS S k M. GF183 DA

RS D 2 ELBETADNTHD LEZLNT,

RU LY oRAOHERERZRE LR, GFI83
BALELLUT=7R U L v Y O TR R E O B B
£ =7 (Table 12). Z @ = &5, WEIFHIL GF183 &
M Loy Loy DIRNAMEAT S B O0 HRNTHY
¢ - MRMEEA =, F£7=, GFIS3 MBI L.,
FTOBFREGRLTTER LAY Ly Y oOROEH
2P TR, AR E O A B R L (Fig. 17- A).
GFI183 DA &M L =7k 7 L >/ o ORHE T 4 [k
VIR O SRR 2 B3GR Sz (Fig. 17- B)
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O EE, GRIS3 ZNHET B2 L Tho Ly VY OENT
RIS T A5 OO ENEESH, Fhick

- TREEOHERCREZ RS2 L E X 6, &
%, GFIS3 WLBHiZ L R L v Y MmN CHIEY S
DEFERFEHEINLDEZRMRLHLE RS, ZDOKRT L
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Fig. 17. Suppression of production of new budding-cclls of of
Fusarium oxysporum f. sp. spinaciue in extracts of root of
spinach (A) treated with F equiseri-GF 183 and pathogen, (B)
treated with F  equiseti-GIF183 and unchallenged with
pathogen. Values with the same letter in each column are not
significantly  different (#<0.05) according to Fisher's

protected feast significant dilference test. An asterisk denotes

a significant difference according to Student’s (-test at P<0.05.

Bars indicate standard crror of muns.

ZERFICREFE LR Ly ooRE L ClE, HE
EHENEWZ ENREE SN TS (Naiki and Morita,
1983), AEOFEE T, EEWICEB LAy LY DID
RAOFEFEEERIL 1.5%10°cfulg & @72 (Table 12),
KT LY Ui OS2 LT AR ES T,
TO, R LREAEBICEENS - P ORR

MEEITARICE RS R ENT. RIS
HOFR T Ly D 4~5 BhERE L THESE S TH

Do £OT=¥, 2 {FH OIERANC HRHFELZT-TH,
FTOBROBETHHE P ERP ORFHEEREEY . &
FEOEMFLZFRET HERRBLMOTWDH, EFWMFHO

U5 Fusarium equiseti {Z 55D b~ PEBE LUKy

LY o7 U LEECST D AP BT 2%

I AT B ook, MR OBEE AL L EX D
Hit,

S, ~—riofy H«Jﬂu\f;a&mﬁmmﬁ& E
equiseti % IV T2 AL BREL T 2 fL A G 5 2
LY DB ORI RE D FEE T Hh o 1o, LVPL‘
BASE R A R T Ly Y R G A ST AR

WA EET AL B, F equiseti OULER JTIEORMFTAS &)
!355- T %,

WHR BOER
b=hédro by ok, £F

W BB R L SN T @ !
DEMIZ BV TRENE (RS, 009 %E) &8

B 7= A FROIEECRETR ], IR P OM AT D

b CEE A RN H O AR L T D, EERIC
A3 b= MEEHTIE, EERS R IR B ZE S e

[Ny ZABRARRL G TEZ R THERRR J) oD
Sl b, RIFEERPORBEIIRD LTS, L
L T tﬁ?&r*a‘raLd\?&@ﬁ%i«‘ﬁ%ﬁ;/ml e HAL
jf}rﬂmﬁ o DR I EARTR L igo Tnd, o,
b=k %ﬁ(ﬁ I (PRL : Fusarium ocsporum L. sp. Ivcopercisi)
Pt WHEERRAARFI I B Tl L — R | 33 LU0 2 ik
dnfll 2 VD 2 LT, oA ST, L
L. 1997 $E(ZHBIM U T h = FEWBIE L — X 3 OFAEDR
WE SN TLE, FoBAEEIZITAL., ERETEH
2009 £F (= 74 i HUs o0 JERR K v M T L — AW L %
WIRDSTEAE Lin, Z o0 Z B PUE ST o A ClapmEam
MAEETHD Z & 2WDTHEMEEOLND_LETH-
e
Ry LV ORI, EBRE I D e SRR
< ~"J,J\|TJflf)t ENDHHLOD, FORFIRRIEA A5
ThdH, T LFERE (a2 ) ) ZHVEL
T uL! u\b/‘oﬁrf e R O BN TT L
TWAA (kWS Boo HRERE R L) . o
I o 2 . BRNFRETH D E0 RS~ &
MfENREShTWwWas, BEXEMTIR, x> Yo
E4~5 FLME L THE SN TV 5, BERIC#{ES RS
B2 TR, FREERBHE T o s U 2R
- EEITo 2%, 375 T%& L{ERIgTHZ LT
S B ERNTRTO 100 fFIc 2 5 Z LA T
W3 (E 2006) ., 3: YR L g OB
L 7= 45 WJ:UUP BRREESE O Z LB EE S
(Naiki and Morita, ) AR HBTH, BRLE
TW’C//WVHEWU?QMWNﬁﬁHnM“lnw —hbm
Z L, RS R O I A T o
VJ{’E/""? LV o ERETTH L T, WEEHRLIES

TH <

TELS B ERFERENS, FOlD, BEEYVER2 L
Y DENTIHEEO HEEE LS E T\HI’)‘W‘ Wiz
L.

k= FIREEZE M E O AP R T, JEREE
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Fusarium oxysporum VL WBAERIR 273 2 L 3 d X

TS, APFZE T b IEHIERE F oxysporum F13 EERIE,
INETOWE L FRICEV TR E LR L, BB 1~3
TORERE (SMBLoOFE 7 BE 7 B ) 1 52~81 THh -7,
HIR4(CHBWTDH FI3 FLHUETEERE 120 B &IZIXBEERAE
67 & @V PR EDFEANERY BTz 23 SRR T i (R 140
H#%) OBGERZVRILBAREAR 24 L& oz, —F . 4
AR EE Fusarium equiseti | ITEEFERE D b < MMRIEE %
BARICA L TRE L TEmW BRI EETR L, £ OBERS)
FUEISERAT 63~100 L @7, T D Z &5 (E equiseti
i b= MBEEER IO L THEREMYRe— Y =

NCodDH I ENRRINTZ, F equiseti IS L OBHE

WEoD 2 [EALFE 2 & L Ol h Rk i i
fiii% 140 HE & BN FRe L7, 4., F equiseti
OALFRRFH, APRER R 2 2 & THRDRES 5
ICEHWMBRTRE: B2 N5, ThAODIZ LG, #
RS Tl FE equiseti % RV 405 BRI CTHRIF &)
HEThD I LRS-,

TR OARFEZE ot U T, F equiseri HARLER
THPERAG 53~62 &L BhBRIEN R H/=, LisL., b
v MR TR E I L SRR B O CERET S
2, LOEVHIR LG VER Do, £ T,
F equiseti ZMLFE L THE L2 b= Ml 24018 »

b &I TE R M T L A R, DB 87 & @V Bh
FRoh a8 2 L3 T& 7. £ty MIEomE
AT B CERE PRI L D OREE e A
BiCohRnidod = Lamme s, EBC, AEofgENR
v hOPORFHREBRITREROHE L L THEICIE
<. E equiseti =3 M1ER v b & flAGibhd s 2 L T
FIE -7, £z, b= FORTOFFER S RIS
F equiseti » 53 RIEAR » N OG- E o1 AU X T LEsH
FIED o, SHIC, ASER > MIRE LSRG o
E equiseti [H &% @ VIRIETHERFT 22 o7, Zh
Wi AR o M2k - THEE = TIER LTz F equiseli
AR () OOAEY > DA OWEREZTIC
KL pofcbD BION:, ZhoDZLhh, £
Ry FERWD Z LT, ZHVE TRFIMEDE R
RO PBRTHLDNROFRRELMRRT D Z L0
AETHD LB Z LN,

R LY UEREL, ROMFRNTHAL T, K
WiEAET S E5720, EOHL, FEh, KEERES]
TR, FU LY URERA AT D0, FEE
Zx L TIEHEWBEBSRBRO L TWS, bbb,
kv b THBEF W OMER Th D EOEIT, Y L>
Y U CIEIREAS TR R IE A T, ARWFSE T F equiseti

AR LY ERRFEICH LTHBRIENED b,

L, ZOBBRSRILLA— =Ry F &RV BIER
T OB A D ERTh o 1-, RGN,
—3—i b E RSB OB B RS TfT

b T, 22T, b= b ERIEEIC F equiseti % 48

LIk o L vy U 2 BHL L CEIR AT % AR5k
AT o772, LxL, WU LY 70 10a 7= 0
EERREICIHT 80,000 Bk E b= b (92,000 ££/10a) & LLilig
LTHEL DERMELRD, £, RULY Y UIEE4
~S{EITDIND Z LD LIRS ZAT O 2472 ) LB
W AMERT DT L FRISSE L RS, ZOIZLink,
R LV UBREEREN TN LTy, FEFfEm o
B J7iE X U, Trichoderiam & % BV - K RafE+~
EE (BE/D,2003) ZIFELHUF, as¥, Ry,
¥ay U, b= M PERa R ~OTFZERGRH S,
% 2T, F equiseti D3 FREiE~FE LAy LYy
fili1% AV CERB O RRB 2T R, Bk R
AR5 Thotz, ZHEKRV L YOI LE
F equiseti D& CiX EREIZRFE LA T L2 Y DA
PR ORY, WIZIET 2 2 Lo ko fo/z®
Mg E NI, Eio. BHEETH IS E equiseri ZW0LH L7
Ry Ly U T, ZERIE ORI RE - 7=
Z L6 E equiseti DIEAFIXAR D L v Y skt L TIARE
MINPLETHL - ERmshiz, BE xoLrr vy
P OE BRI LT, fEPURAES o B T ik
RELRBELR-oTWVD,

ARUTFETHE, RN v 77—/ & V=B
P b MEEEERE ORTIMAED ORE A 1T-7, 1
I T—ME 7YY T AEOEFESR@HNEMTH D Z
LAVEMENRT2® (B - B)IL2004) ., MM
R HEPCOMCRIT T A Z LR s, EBR,
FRUFERE T LHEE & bk LT, AR LR SR
AR DR L B TROBFRE L& -7,
FOicd, RBRITEMN @ER%7LR) »hoRM (82
flith 140 B) . IBEEABORBFITERE GEFE 422) 2
LEE (BRESLZ) LERAREMH T CREEZTI> Z &
NTE, FLREMRET—Y > FOBRNWHEETH
afz. Flo, KFFETIL F equiseti B L7z b~ h®
EBLOHR T LY oORofhitlikd T, £ EnRIE
FURE ., R ORI RS RS, oM
WP TC O E ORAING 2 <D Z L CREBURAE
OBPRDSVIRE L 72 2 2 L WRME X7z, F equiseti VIR
P E ISR - AT 5 = 32 8E< | FEMEBE
&L TEPMEFMOBENTHBERA TS, Z0OL5iC
A 2 WLBR U - A hel ik A P SR TR S T ) 2h
AWM LT, WIREIC KL TEEN M & AR A
WIEHTMEY O 5 7B WRE Th 5 L Bbh 7
F oxysporum DMEET 2 FILIEFIZE L, RO
BN ER O 40% 2 5025 6 B TH, bv NEH
Wil LUMREERE, Lo Ly UK, 4 FIER
Wi, ¥ VobEE, ¥4 a3 BERR. =8~ A
HEARAE L TR L 22> TWA, RIFFEIZBWT, b=
MRBERE, ST LY DERBICH L TRER4Y
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g FARE W Fusarium equisetiiZ 3% F= PBENE D L2 Yy od 7 o amEICHT 2 EWEERRICMT 5 H %

Pibr=—Y = b THD E equiseti it, D 7HF Y 7 L
WEICH L THBRSREZRT RIS, EF
\=. F equiseti V% I~ bZFERMFEE oxysporum f. sp.
Ivcopersirsiy, A F S HEEIFEE oxysporum f. sp. fragariae).
SRA=T B (Fusarium foetens) (Z%F L THRAHEANF 2h
FErmLEZ, UL, BT E equiseti % V2B
ERE2AT 2 72 ITIE, F equiseti DEMLHBRETH S,
BTE, HACTIEREFUIUAE & R T A S R 3E (R A
Bika L BERINMEH S Tnwa, LaL, KfGDOFET
MEARCIK ANV S B E 2R L RI03E
A<, LB FIHT54EYBEE. EREME E
oxysporum [ (& VA E=oR8H, EaH <
Nt T A 1)k Pseudomonas fluorescens Al (K4 . b~
MRS, REERME LR Y Mt BEAEER) © 2
BOHThDH, &6, EWEME E oxysporum BliE, 8
fE, fRENTVWRWELRETOEREAATRE 2>
TW5, BARTIL, FERRNE £ oxpsporum \Z X %4k
MR RILTERICIThihv23, /AL - TRICET 260
=20 HThD, iV, F oxysporum OB
B Bacillus subtilis 72 2 00 2 Ml LT, WA
HEEL 72 o TWH DT B, F equiseti IIHEY &
L TRAERAES L, EOMAEYRMITERLI-E—
i (REBA) ZIEMEMRE L, 700°CLLEOFiR THER L
=AM F equiseti 2B SHT-b D THho7 (Fig
18). ZOOMAEMEMIL M= FEWH. KU LY UER
#1 (Horinouchi etal. 2008) 5 L U= =7 kit L
TSR AR L (Fig. 19). AR EDPFREH O a6
R EE, Ll REEHEMITEM L X ME
OEED & HIRAEIZIEE > TV, ZORH - WAk
a2 MO IR, 7Y U AEORFAESEE &
DI FEOMREN S HOBETH D,
A 2 R - A BERRER L. FERIMMER O R 4E
YR EE, ISR TE L — A ~ORE, FL
TR B TR FTHE AR T LW BARRIE TS B, ERR B~
e RIER IR S h BB O ERICER L TW D,
LasL. ALFRIESIEFIZEm ORI R R4 P T,
ApRETOEHABEPBEZNS, OBHRDENEN
EERRE, QREMENEV LWL DNORENTE
EhTnd, DORE, KgOFEEN. b~ Felo
BRI OER T 2 2 & TRIRMAYD O & /K
RICSERTE2FFALR[IZbAR-oTWD, —J, BER
BO(AWOMEER, EHORERE ) ORTH., 49
BIEODEPBFHFTERVRER DD, QB LUOD L
bR, AEFHICEMSTLOEESSERTH S, BIE, LEH
BTRES A FOEESLERR KRR T, HEVR
V23 U CRERNIEAR R O Z D T D, R F
AR A E R U T L BRI AR A, YO
R, 97, BRBEOE»HLEERDH D, FDDH, &
b mOBABR R & RSP O BRSBTS B

BN GELR>TNS,

Fig. 19. Effect of spent grain charcoal infested with £ equiseti

on disease suppression against leaf and stem rot of begonia

caused by F foetens

il P

b= bBEUFRY LY U, ERBRRTEEENSE
ERRRELETHSD, LhrL, TALOEESE TIL,
HEFEO 1B THLI 7Y U AREORENRKE A2MH
Lo TWD, b= b THERFES L OWRBEERES.
R LYy TRERBIREL, ThEhERTES
FRIFLTNS, £2, b+ b TIHEEFRAL LTER
HHBER L 22550, £ THLREEB/BEOREN
PS> TD, Z7HFV U LREONRLE LT, k¥
BRI X5 RSN A FRETH DA, RERET
AN HEME XD T L W BRI OB S R &
RoTWHs BLT, b PEBFYLWVIDITFIY
AEEIC R LR AR T RETE IR Fusarium equiseti % J7
W2 BRSBTS AT 4 e L 7o

eI 6 MO A FHIRERE, | BHEOIEBEME
Fusarium 1, 5 FEOFRAMEZ V., SikEigicsg
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% bv MRBERFICR T DR BMBD R LW~ HA
REMBRT -V bOBREToT, TO/E,
MAEFILEREE D E equiseti GF191 JERH L2005
fro—Cx v b b LTRSS, TORFEMHIRRTE
WM oMABR OREFUSEER% 71 B) TIXE5ERME 100 (B5BER
fii 100 DFE FBIFELE |/ L E2RT) LMok,
£7-, EBEORS COMMAZER LEMHORE (FHK
AT 117~140 H) % L /285 Th F equiseti @
FEINHN ) R IIBERAE 63~85 L&EE L THdr T,

WIZ F equiseti ETFR) Ry FOMRERL L THEEMN
LA S REER » PAMABSDE THWD Z LT, +#
BIEZE1T 2 b= MR W O B IE D R AR L
7=, BBRIE F equiseti B Lo b~ MF & AR RER
v bR ICHEREE RS CERTS 2 L TiTo 7. F
equiseti = AEGTIEFER » b OIS LB O TN
MBI, FRERE 131 B®ICHEE LIoRER. FAERI 58
Thoto. ZORBRTITEDARYER » A sk EIFREE
A Ltdosh, HiICER L7296 . A figtER o
FOSRENRHEL TN, FIT, LD EOBBRERE A
LI, AR v b E2E R EREEAN VA
fRPER o Pl D b~ MB LIRS OB A B < A2
L9z, REERFELFTREOKR TIX. E
equiseti & AL SBEVER » b OGO F equiseti
HATALER ARy fRdEa o - HOMULER & Bl LT BRR
ENG AL, HETENE 149 B %O RmEE 2RI
BRfli 87 & dro 7z, & HICIREGEME S Z B EOBEIC
BT h, Fequiseti & EGMRIER o b OMABEHE LA
1375 GR35 TEAR 135 A 4% ICBABRE 81 & @V A8 I 20 3
BESNT=,

Ef 15 BH~120 HiE OO LR L f~ MRTO
WRERIT, ¥ 002~ 144x10°cfu/g, 1.7~
27.2x10%cfu/g cfulg THT=DITxI L, £ equiseti & 44y
FRYER v b OB EORARIZ T DAEDRIER Y FA
OFMER L BORFERE, BAELEELTERER
43~163%. 0.6~31.9% & ip #EfE L=, £7=. B
B O LS IRIER <~ PO MO E equiseri kN
3.9~9.5x10%fwg &, HEaREMER v FAER L2
L TLI~19. 1 ERm<H#EBLE, 2hbnZ b,
ANIRIER v M b= MREBIZBY TR O 2 40
il L. F equiseti OB @ MR T ol 3 H5 Z L2
BHEMMZIe o1, 3

LR O b= MBIEE R ORIV T IR
R 117 BIC b~ PEAOFHIEEORE L W& L /26
B E equiseti ZALEL L 1= b= FENOFFEERIL, HE
W OMEMOFE RN 5.8x10%fu/g TH-oT-0Icxt L 80
cfwg £ 1/700 ThoTz, ZOBREGIEMOFEEHIES L
Ut oRBRTHL RO, ThFNFEEEE 97
B, 135 AEOFREOEROE KA 2.1x10°,
3.0x10%ctu/g TH - 7T=DIZKT L E equiseti ALFRE DL D

S BL L4x10%cf/e, 9.01x10%cfwg &4 1/150, 1/30
Toh o7, F equiseri LR L1- v bEOBERHEP TIE
WRTE ORA-F OFEERD R 8~ 12 Wi - MUK &
LB LT 13~68%IE S HERE L 7=, F 7=, F equiseti % 307
L7z b= bEQEREP TON-FH7E b SR X L o
L ClBRIMIM (BERE 1~21 Bk ZiE L TH 33%{E» -
&

R LYY DEMRBICHL TR, mY Ly Y 7RTO
ERD N F equiseti GF183 F#k & AT Z (T - 7=,
BRI, IBERRRC F oequiseti 22 0B L T2k, ~—/3—7F
v b CHEE LIzE 27535 B LT - 72, B 22~
27 R&ED F equiseti EROPLERARIL 51.5~91.8 & i
7z, &7z, E equiseti ZfEREME | [B], BAEATE [ 2], $&R/E
B3 X OB RS A o0 2 Bl 3 FRE O LR IZ X SR
g F At L, EMRRLRERNETRBELITo12
fi R, FERERF | | & AR X OB REATH o 2 BB T
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bk HERERY | [ELER OBEBRA 43,5 & He<BABRA 87.3 &
Ll fal
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HAMFR O 6.7710%cfwe (Zx L 9.9%10%cfu/g X 49 1/70
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EEWER TSI T, RN Ol F-HE AR SRR AL L bz L
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OO~ P (L RSP & LEE LT 67.9%, 48.8%., 53.8%f{K
Moz,

PLED X DI, F equiseti ZAF LI b= b LRy Ly
Y OGRS LR RBIEF TR, bw hELERY
LoV ORI BWTENFNFRE OS> A
D2 ENRBH LI o T2, £T2, F equiseti ZWMF L7z b
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il Xtz NEOZ LG, F equiseti ZHEH 25 =
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IO BAEESN TS Z EAvmmle S hi-,

AWFFNZ BT, MW AEFREREEO F equiseri 11K
AR I © FERES -~ b ORI ORI A L
Too B, F equiseti & EFRER v bRo_—/3—Ky
kG DD Z L THEHE O b= MBEZERR &
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Summary

Tomato and spinach are economically important vegetable crops in Japan. Although the continuous commercial
production of tomato and spinach has heen developed, soil-borne diseases such as Fusarium crown and root rot of
tomato (FCRR) caused by Fusarium oxysporum L. sp. radicis-lycopersici (FORL) and Fusarium wilt of spinach (FWS)
caused by caused by £ oxysporum € sp. spinacisae (FOS) are appeared and become the maim limiting factor for their
production. In recent years, as for the greenhouse tomatoes, the production has begun to shift from soil cultivation to
various hydroponic culture systems such as rock wool system. However, a severe outbreak of FCRR was also occurred
in the rock wool system. The most effective method of control Fusarium diseases has been soil disinfection using
methyl bromide, but since that caused severe environmental problems its use was outlawed in 2005. Thus, further
alternative control measures need to be made available as soon as possible. The objective of this study was to control
FCRR and FWS throughout the growing period by plant growth promoting fungus (PGPY), Fusarium equiseti.

Six isolates of PGPE, non-pathogenic Fusarium oxysporum, and [ve isolates of bacteria were tested in hydroponic
rock wool systems as potential biocontrol agents of FCRR. PGPF F equiseti GF191 proved the most effective
organism in controlling FCRR. In short-term experiment (71 days after pathogen inoculation), the protection effect of
F. equiseti was 100%, higher than those of other antagonists. In long-term experiments (117-140 days after pathogen
imoculation), the protection effects of £ equiseti were also high (63-85%).

A combination of I equiseti and biodegradable pots (BPs) was tested for its ability to control FCRR in soil during
long-term cultivation. The protection effect of 7 equiset; with BPs was 58% 131 days after transplanting when using
BPs to grow seedlings. When BPs were used at the time of transplanting to pathogen-infested soil in order to extend
the separation time of tomato roots from the pathogen, the protection effects ol £ equiseti and BPs further increased,
reaching 81 and 87% 149 and 135 days after transplanting, respectively. FORL populations in soil and roots treated
with F. equiseti wiyh BPs were lowered during the 135 days after transplanting, being only 0.6 - 31.9% and 4.3 -16.7%,
respectively, compared to those of control. Populations of £ equiseti in soil treated with I equiseti in BPs were higher
than those in soil treated with £ equiseti alone throughout the experiment. BPs were effective in maintaining the
population ol F equisesi in rhizosphere soil and in suppressing the multiplication of FORL in roots and soil as they
were able to shield plant roots from the pathogen during the early stage of transplanting. FORL populations in stems
treated with F. equiseti were reduced by 93.2-99.9% relative to the pathogen-infested control in rock wool system
97-117 days after pathogen inoculation. FORL populations in stems treated with F. equiseti with BPs and F. equiseti
only, were reduced by 97.0% and 98.9%, respectively, relative to the pathogen-infested conirol in soil system 135 days
after transplanting. Spore germination was inhibited in stem extracts of K equiseti-treated plants compared with those
of untreated plants. The stem extracts treated with £ equiseti and unchallenged with pathogen inhibited the production
of new budding-cells of FORI, compared with those ol untreated and unchallenged plants, and the rates of
budding-cell formation were reduced by 33% throughout the experiment.

F. equiseti GF183 was tested for its ability to control FWS in transplanting systems. Spinach plants treated with F
equiseti had less discase than pathogen-control plants in three experiments, and the protection eflects were 51.5 -
91.8%. Three applications of I equiseti which were single application at seeding, single application one day before
transplanting, and double application at both sceding and one day before transplanting, were tested to compare the
effectiveness against FWS. The single application at seeding and double application at both seeding and one day
before transplanting significantly (’<0.05) reduced disease severity by 52.5% and 58.1%, respectively, compared to
the pathogen control. The single application one day before transplanting was not effective for controlling FWS. In
another experiment, the protective effect of the double application was higher than that of the single application at
sceding and the protection effect was 87.3% compared to the pathogen control.

FOS populations in roots treated with the £ equiseti were reduced by 85.3%, relative to the pathogen control. The
root extracts from spinach plants treated with F equiseti and unchallenged with pathogen inhibited the production of
new budding-cells of FOS compared with those of untreated and unchallenged plants, and the rates of budding-cell
formation 3, 5 and 7 days after inoculation were reduced by 19.7%, 24.1% and 30.9%, respectively. Futhermore, the
root extracts from spinach plants treated with F equiseti and challenged with pathogen also inhibited the production of
new budding-cells of FOS compared with that of untreated and unchallenged plants 3, 5 and 7 days after inoculation,
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and the rates of budding-cell formation were reduced by 67.9%, 48.8% and 53.8%, respectively.

In the present study, pre-inoculation of tomato and spinach seedlings with F. equiseti not only suppressed the
diseases but also reduced pathogen populations in the stems of tomato and roots of spinach. We also observed such
inhibitory effects of stem or root extracts from F. equiseti - treated plants on pathogen germination and proliferation,
suggesting that F. equiseti might induce physiological changes in the composition of plant extracts.

In this study, PGPF F. equiseti could effectively control FCRR both in hydoroponic and soil systems and FWS in
soil system. Futhermore, combinations of £ equiseti and BPs or paper pots were more effective for control FCRR and
FWS throughout the growing periods of tomato and spinach in field.
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