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P-0531 —~P-0538, C-0751~C-0757, M-2196~
M-2205, V-23096~V-2405, D-2243~D-2253,
B-2258~B-2267, A-2243~A-2245, B-83, BC
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B decarboxylase base Moeller (W7 5
g, Br*A5g, ¥YAa—~A05g, BCPQ,
0lg, CROQ05g, Yy F¥4—nbmg/ 1),
% L7 — i Difco 218 urea broth (BEbx
FAO.1g, VrEBELAY LS 1, ) B2
H LS. 5g, REWg, 7/~ v FO.
Olg/ 1) B/, REBEOFHHELL Ayers ©
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RN OBER SISy /- TR L
Zha TR L — 5 — Tl LT, BERICEYE
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HAEL, M-2196E B EF RN TR/

3. Bk

MBSO S RitkE, +FEMIpIC
BAEL, THEEBTLILILE -7z RN E
O BRETRNT 5.

1} #RERER

{1y oo+ o56%H

Nutrient broth TIFE X /- M-2196 8k %
10%cells/ m OB IEMEITIEE L, Z OMREEE
WFOAKES LI I8 (X)) — o~ bHE)
BRUHE (BAF) #@ELTHEL, hy
Ay HFOLEIRE THEINCEEIZATH
d e BT HECHA A £, 2

a5z,
.5,



WA B RS BRI R M 3557

A EEERBEEY I CBEL CEAMT/. #
FILRBEEIZI OV T o7,

(2} A5 ITHEWER

(1) HFEBRE A M-2196 @ikx R L /2
FEG P TEEHRETHEINRLH LA F
TEESITHHICHR A e, 5T
PHEEEBEE I REL AN, RWE
EEREER IV TI o7

(3) v brELLIH ;)

(1) oFER & A M-2106 BkriERL -
2% b FEL 2 ARETHERSACHLL
P bbb TESICHZMNT. £, b
bR ESE BRI A R LT AT 2
BEREERBIEIIOWTIT - /.

{4) F o) oDHEHE

FFXFEFa Y ) OLERETHEINH G
Foag bbbl TSI F 7,
Foay ) rEBEEMEY IR L TR
7o MEEREREL T .

{5y R4 HDHEMH

(1) oS FREIT M-2196 BRI L 7-
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Nutrient broth TR 3 S #1172 D-2251, V-0563,
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BHELA. £4, BEUT#O L FCREED
ME T REEEA L, BAHS DRICVLBEE

FEHL ATHREEEIIDVWTT o
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cells / méiF BT B L, Z OMBREEII
FHORBNLI TR (X)) -0 MED) %
BELTEEL . OUERRBRCILEMERT b
v b IBRIZDE M-2106 AR E RS
B 1VER D, e oW ORET 2 s, Ailidd
4 BIEIRIE L QR ER RB T WMRo 8
fELA=T% e IBRIZOEL, 2, 3KT
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Nutrient broth CHRE 3 117-M-2196 W #k % 10°
cells / méDFRRICTRE L, T OMBRIERII
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Nutrient broth THEFE X /- M-2196F B % 108
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FF OB ENHIIBC- 1 ~BC-15, A-22
43~A-2245, B-83O#iWATTE SN, MEES
Lz, 20T FEAeL gL /2C-0056~
C-0557, V-0560-~V-0569, M-2196, V-2306~

V-2405, D-2248~D-2253, B-2258~B-2267%
ok ERER R A S B L S 22056~
Z-2064, A -2354~A-2361OWIZHEITHAE
ot (1 #E).
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HEEROED SR MBI 0BT, RF R
T 5 BIEME SR Wk E LT C-0556, V -0560
~V-0560, V-2396~ V2405, M-2196, D-2244
~D-2253, B-225%~-B-2267, BC-1 ~BC-15,
B-83x o & hi. LaL, M-2196, D-2253,
B-2258~ B-2267 RS OB 5 IR
Hdr o7z M-2196 ARl = 7 ITHANES A D,
Labiiicidiz b ASmERo B L EL
HiL O KRB R FOBROEROPLESRE L
THWwAZ EE LA £/, D-2251, V-2400,
V-0563 W AR 55 IR EA D D A%, s BIER
HrEOLORAORBTEE/KE LTRIK
L7 (852%).
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Mo S 5BC 1 ~BC15it Pseudomonas
sp., B-8311P. cepacia, C-0556, V -0560~V -
0569, V-2396~ V-2405, D-2248~D-2252, B-
2258~ B-22641% P. gladioli Z-2056~Z-2065,
A-2354~ A-2361{% Xanthomonas campestris &
HE S5, M-2196i3 P. cepacia } U P.glad-
ioli UM TR 22 (35 .
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H5 HEEUES
C-0555 HRLT
C-0551 #bL7
C-0552 #MLT
C-0553 # b7
C 0554 AMLT
C-0555 HFL7
C-0556 #H L7
C-0557 A FLT
V-0560 VWLAFHr T
V-056) ELRTrT
V0562 Y ALATHT
V-0563 Y ALRAFHT
V0564 ERLATHT
V-0565 KL AT T
V -0566 EIL AT T
V-0567 ENATFTT
V-0568 Y RAFHFT
V0568 WAATH T
C-0617 r¥Vwvi
C-0618 Y E¥vL
C-0619 AV Ry N
C-0620 V¥ ¥wa
C-0621 T EYVYL
C-0622 ¥¥EVwa
C-0623 Y E¥wA
C-0624 ¥ ETya
C-0625 YKL
C-0626 »rE¥on
P-0530 7T7L/7UA
P-0531 7rL/TYR
P-0532 77L/TURA
P-0533 TrL /TR
P-053¢ 77L/7vA
P-0535 7y L/7VR
P-053 77L/7LR
P-0537 77l /TYR
P0538 TrL/TLR
P-0530 77l /TLR
C-0751 #HLLT
C-0752 # LT
C-0753 #bLT
C-0754 HbL7

[ & [ R B % i
Pgladioli  — M-2196 3L h=7F Pgladioli  +
Pegladioli - M=-2197 I A b7 Pgladioli -
Pgladielt — M-2198 1A b=7 Pgladioli —
Pgladioli — M-2199 1ab=z=7 Bgladioli -
Pgladioli —  M-2200 IAb+ZT Pgladioli —
Pgladioli — M-2201 iwnb=7 Pgladioli —
Pygladioli 4+ M-2202 I b=ZT Pgladioli —
Pgladioli 4+ M-2203 Inb=T Pgladioli —
Pgladieli 0 OM-2204 InbT Pgladiol: —
Pgladioli +  M-2206 InbZT Fgladioli —
Pgladioli + - V2396 0¥ Pgladioli +
Pgladioli + - V-2307 ¥y Pgladioli +
Pgladioli + V2398 ¥ Pgladieli +
FPgladioli -+ V-2389 N Pgladioli -+
Pgladioli + WV -2400 AN Pgladieli +
Pgladioli + V-2401 ¥ Pgladioli +
Pgladioli 4+ V-2402 85 Bgladioli -4
Pgladioli +  V-2403 x4 Pgladioli —+
Ppeladioli - V-2404 N5 Bgladioli -+
Pgladioli - V-2405 3y ¥ Pgladioli +
Pgladioli — D-2243 FrFuYais Pgladioli —
Pgladioli — D-2244 FrFOUi Pgledioli —
Pgladioli —  D-2245 FrFovdh Pgladioli —
Pgladioli — D-2246 FrFuY¥™i  Pgladioli —
Pgladioli — D-2247 FriFuvvh Pgladioli -
Pgladisli —  D-2248 FrFu¥os Pgladioli -+
Pgladioli -~ D-2249 FrFovogis Pgladioli 4
Pgladioli — D=2250 Friodais Pgladioli -+
Pavenae —  D-2251 Frprovias Pgladieli +
Pavenae —  D-2252 FrrFuEds Pgladioli 4
Pavenae — D-2253 FrFOov¥sL Pgladioli +
Pavenae - B-2258 KT /T Pgladioli +
Pavenae — B-2258 Ho/ T Pgladioli +
Pavenae —  B-2260 &K/ 7 Pgladioli =+
Pavenae - B-2261 FEIT/ T Pgladioli +
Pavenae - B-2262 K7/ F Pgladioli +
Pavenae — B-2263 K7/ Z FPgladioli +
Pavenae —  B-2264 KT /5 Pgladioli +
Pavenae - B-2265 X777 Pgladioli +
Pavenae —  B-2266 K75 Pgladioli o
Pavenae —  B-2287 H /ST Pgladioli =
Pavenae s
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C-0755 #HbhLT Paveae + C -0062 PG A Eherbicola —
C-07%6 A bMLT Paveae +  C-0065 TRy E.herbicola —
C-0757 HPMLT Paveae + C -0520 G A Eherbicola —
A-2243  H X Pgladioli 4+ C-052t T A E.herbicola —
A-2244 #F Pgladioli o+ C-0386 7o X» Eherbicola
A-8245 A F Pgladioli + C-0587 <+ o5 A E herbicola -
B -83 F Pcepaia -+ B-10 ihr E.herbicolea ~—
BC - | FoA Pseudomonas sp. + B-1l AR E.herbicola —
BC -~ 2 FF Pseudomonas sp. -+ B-12 A3 Eherbicola —
BC- 3 FA Pseudomonas sp. +  B-mi 7Y E.milletiae -
BC-4 A Pseudomonas sp. -+ B -an TF A E.ananas -
BC-5 FoE Pseudomonas sp. + B-27 L s E_raponthisi  —
BC-6 #¥ Pseudomonas sp. + 2111 7 Erwinia sp.  —
BC- 7 P8 Pseudomonas sp. -+ 2112 Ve Erwinai sp. —
BC-8 #& Psewdomonas sp. + 2113 T Erwinia sp. —
BC - g P Pseudomonas sp. + 22056 AT X.campestris £
BC -10 &4 Pseudomonas sp. +  £-2057 AT — X.campestris
BC -11 F Pseudomonas sp. -+ Z-2058 A v — X.campestris -+
BC-12 &% Pseudomonas sp. -+  Z-2068  H T — X campestris &
BC -13 FE Pseudomonas sp. -+ Z-2060 Hh o — X.campestris =+
BC-14 F¥ Pseudomonas sp, +  Z-2061 715 — X.campestris =+
BC -15 H Pseydomonas sp. + Z-2062 A T— X.campestris
O-1000 A% P. glumae + Z-2063 h T X.compestris =+
G-2300 =ro# Psedomonas sp. — L -L064 T X.campesinis =+
G-2301 =r=2& Psedomonas sp. — A -234 T ANT L Xcampestris  *
G-2302 =% Psedomonas sp. —  A-2355 T X AUV L Xcampestris L
G-2303 Do Psedomonas sp. — A2 T AUV L Xcampestris &
G-2304 =y op Psedomonas sp. —  A-2357 T LAY AL Xcompestris  t
G-2308 =ro4 Psedomonas sp. —  A-2308 T AW T AL Xcampestris X
G-2306 =oow Psedomonas sp. — A-2359 T AN AL X.campesiris
G-2307 Zrz=4 Psedemenas sp. A-2260 T AL Kcampesiris *
G-2308 o Psedomonas sp. — A-2381 T rA)wi X.caompestris
G-2308 =r=¥ Psedomonas sp. —  A-2362 T AT A Xcampestris &
8-223%¢ 4R Psedomonas sp. —  A-Z363 T AU UL Xcampesivis &
S -2240 F X Psedomonas sp. — A-23684 T LAY LA Xcampestris
5-2241 FA Psedomonas sp. —

5-2242 FRA Psedomonas sp. —
5-2243 + =& Psedomonas sp.
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B2k 2F¥IHT IHMNER

Hi BAE 9 A & A 5 gk Ei kil
C-0556 +  V-2399 + B-2958 = BC-1 + 7-2060 —
V-0560 + o V-2400 4 B-2250 =+ BC- 2+ 72061  —
V-0561 + 0 V-2401 + B-2260  + BC-3  + Z-2062  —
V-0562 +  V-2402 + B-2261  + BC- 4+ 7-2063  —
V-0563 4+ v-2403 + B-2262 BC-5 + Z-2064  —
V-0564 4+ V-2404 B-2263 = BC- 6  + A-2354 -
V-0565 + 0 V-2405 B-2264  + BC-7  + A-2354  —
V-0566 +  M-2196 =+ B-2265 =+ BC- 8  + A-2355  —
V-0567 +  D-2244 B-2266  + BC- 9  + A-2356  —
V0568 +  D-2248  + B-2267 BC-10  + A-2357  —
V-0569 +  D-2249  +  aoe  — BC-11  + A-2358  —
V-2396 +  D-2250 + 79057  — BC-12  + A-2359 —
V2307 +  D-2251  + Z-2058  — BC-13  + A-2360 —
V-2398 +  D-2252 + 7-2059  — BC-14  + A-2361 —
D-2253  + BC-15 -+ B-83 +
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B EREY, BEESHOEIRD

— . WRBCERBAEY, EREEFORE IRy UEBMERD .

WEHE, 5 o0¥E LT R v ATOER, A5 —F
OMATEE, HAbkFEOEEGERE - Fh LR
LG — I F L F L RO Y TEBETE
TIE/ A, FhI-A, 7 /—R, UK
— A, vHnu—Rx, Frhr—R, 22X,
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Biological control of soil-borne diseases by mixed-cropping with associate

erops inoculated with Pseudomonas gladioli strain M-2196

Toshio KuiMA, Tsutomu ARIE, Sakae KIMURA, Nagatoshi MINEGISHI,
Nobuhiro TEZUKA, Kouichi HASHIDA, and Takashi HUKUDA

Summary

Soil-borne diseases caued by Fusarium spp. are serious over succesive years in
several vagetable crops in Japan, including for example bottle gourd and tomato.
Bottle gourd, a cucurbitaceae plant, is used for root stokck and food.

The plant has been cuitivated for 300 years, and is planted on 2,500ha. annually in
Tochigi prefecture. Fusarium wili of bottle gourd caused by Fusarium ozysporum f.
sp. lagenarige is serious, and also wide-spread in Tochigi Prel. In many commer-
cial fields of Tochigi prefecture, welsh onion, a Allium fisiulosum has been mixed-
cropped, customarily, as an associated crop with bottle gourd. These commercial
fields showed littie occurrence of the disease in spite of continuous cropping. In
these case, it is suggested that there is some relationship between mixed-cropping
and disease suppression. So, we studied the possible role of microoganisms associ-
ated with welsh onion, especially bacteria.

Pseudomonas gladioli was isolated frequently in association with roots of welsh
onion. These bacterial isolates showed antifungal activity to Fusarium oxysporum f.
sp. lagenariae on nutrient agar plates. But they were usually pathogenic to welsh
onicn bulbs.

For practical use, beneficial isolates, of the bacterium that strongly antagonized
Fusarium oxysporum f. sp. lagenarise,should not be pathogenic to welsh onion. We
screened a large number of isolates in search of nonpathogenic strains. After scr-
eening more than 300 isolates, we selected Pesendomonas gladieli strain M-2196 for
practical use.

Strain M-2196, had strong antifungal activity, colonized welsh onion roots but was
not pathogenic to welsh onion. An isclate that colonizes but is not pathogenic,we
say, has good affinity. Strain M-2196 has no pathogenicity to many kinds of plants,
but can multiply on Allium spp. In other words, This isolate good affinity to wel-
sh onion and other Allium spp. by our definition.

Strain M-Z196 was investigated for antifungal activity against several Fusarium
species, and many Fusarium oxysporum forma specialis.

Based on antifungal activity, strain M-2196 was antagonistic to 3 species of Fusa-
rium, and also was antagonistic to 24 forma specialis of Fusariuwm oxysperum and 3

specialis of Fusarium solani.
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We next itried strain M-2196 as abiclogical control agent against Fusarium wilt
of bottle gourd. We cultured strain M-2196 on nutrient broth and dipped the roots
of welsh onion and chinese chive in the culture suspension for § min. And mixed-
cropped them as companion crops with bottletgourd infested soil. With this treat-
ment, occurrence of Fusarium wilt was suppressed in pot and commer cial field tests.
Only 25% of the plants were diseased in the mixed-cropping with chines chive ino-
culated with M-2196. The controi is 100%.

And also, we tried to apply the technigue to other soil-borne Fusarium diseases.
We tested M-2196 as a control for root and crown rot of tomato which is a serious
disease problem under greenhouse in many fields in Japan, caulsed by Fusarium oxy-
sporum f. sp. lycopersici Ja. Strain M-2196 was cultured on nutrient broth up to 108
CFU, m! in the laboratory and diluted to 107CFU/ml in the field. Then, roots of
chinese chive were dipped in the suspension for about 5 min. We selected chinese
chive as an asscciated crop, because the root zone of chinese chive overlaps with
that of tomato. Commercial field tests were carried out in Oyama, Utsunomiya and
other cities in Tochigi prefecture in 1986~1988. The treated tomatoes are non-
symptomatic but non-treated ones are wilted or dead. The non-treated tomatoes
showed symptoms of root and crown rot, and Fusarium oxysporum [. sp. lycopersici
Js was isolated from the phloem. On the other hand, from the phloem of mixed-
cropped and non-symptomatic tomatoes, no Fusarium oxysporum [ sp. lycopersici Js
was igolated. On the commercial field of Oyama city, diseases appearance was 23.7
% in the mixed-cropping with chines chive inoculated with strain M-2196, while the
anon-treated control was 652%. At Ashikaga city, in the mixed-cropping with chi-
nes chive inoculated with strain M-2196, disease was 20%, while the non-treated
contro] was 75%. The other data were similar result.

We also tested M-2196 as a control for the Fusarium wilt of Strawberry, Fusa-
rium wilt of Cucumber and Dry rot of Konnyaku The resuits were similar to Crown
and root rot of Tomato.

In order to examine the movement of strain M-2196 along roots of chinese chive,
we observed the treated roots by scanning electron microscopy. We discovered st-
rain M-2196 near the root tip in 10 to 90 days after dipping. These are the colonies
of strain M-2196. Also, strain M~2196 was re-isolated from the roots of chinese
chive more frequently than other bacteria. We developed a selective medium for the
isolation of strain M2196.

We screened substances for antifungal activity in culture. We observed a substa-
nce with the characteristics of Pyrrolnitrin, and subsequently discovered that strain
M-2196 produced Pyrrolnitrin which was shown tothave antifungal activity.

Based on our research, we propose the mechanism of biological control. The Anti-
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fungal bacterium, strain M-2196, grows on the roots of welsh onion or chinese chi-
ve, and produces antifungal substances which are spread into the soil. Pathogens
which cause soii-borne diseases are antagonized by the antifungal substance. So,
pathogens can not infect plants, such as bottle gourd and tomato grown in associa-
tion with treated plants.

We, a joint team of Tochigi Agricultural Experimental Station and Tokyo Univer-
sity,are striving to make this technique more practical by appling the method to oth-

er diseases and by isolating better bacterial strains.

(Bulll Tochigi Agr )
Exp. Stn. No.35:95~128
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