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Tsutomu Arig**, Shigetou NaMBa**, Shuichi YamasuiTa**, Yoji Dor**
and Toshio Kijima*#** : Biological Control of Fusarium Wilt of Bottle
Gourd by Mix-Cropping with Welsh Onion or Chinese Chive
Inoculated with Pseudomonas gladioli

Abstract

Fusarium wilt of bottle gourd (Lagenaria siceraria Standl.) caused by Fusarium oxysporum
f. sp. lagenariae is a serious and wide-spread soil-borne disease in Japan. In some fields
of Tochigi prefecture, welsh onion (Allium fistulosum L.) has been mix-cropped customa-
rily as an associate crop with bottle gourd. Those fields showed little occurrence of the
disease, in spite of continuous cropping of bottle gourd. This phenomenon suggested the
relation between mix-cropping with welsh onion and control of the disease. From the sub-
terranean parts of the welsh onion, Pseudomonas gladioli were isolated frequently, and some
of these bacterial isolates showed antifungal activity to F. oxysporum f. sp. lagenariae on BPA
plates. But as they were usually pathogenic to roots of welsh onion, we had to select, for
practical use, isolate that antagonized strongly to F. oxysporum f. sp. lagenariae, had no pa-
thogenicity to welsh onion or other plants, and multiplied well on subterranean parts of
welsh onion. Such an isolate P. gladioli M-2196 (isolated from Miltonia sp.) was selected
from 90 isolates of Pseudomonas spp. from 20 kinds of plants. For the purpose of biologi-
cal control of Fusarium wilt of bottle gourd, we cultured P. gladioli M-2196 on BP broth
up to 10° cells/ml, dipped the root systems of associate crop (welsh onion or chinese chive)
in the cultural suspension for five min., and then bottle gourd was mix-cropped with
associate crop in infected soil. With this treatment, occurence of Fusarium wilt was
districtly suppressed. This mix-cropping using associate crop with P. gladioli M-2196
seemed to be a beneficial technique for biological control of soil-borne fungal diseases.

(Received April 30, 1987)

Key words : Fusarium wilt of bottle gourd, Pseudomonas gladioli M-2196, mix-cropping,
associate crop, biological control.
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A field of bottle gourd in Tochigi
pref. mix-cropped with welsh onion.

Fig. 1.
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sporum f. sp. lagenariae) 13, JEEHEOTRO0091 kL
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NYE, HPVT, INbET, Tyl TVR, 0
TAZART 4 Wb, HhVFY, FV, BE, UX, 4
FYI, hEF, YTEE, Yo, YNF, wHF,
THAY, ¥Y=EIVDIBMT, cnslicLEF L
TR U 2o M, —, &, +, H, WO
SEMTEEL I, £/, 24, bet, =5,
F oy, TRYTHITE, RBEINIMEO BP
e (BPA Hlulisr @ 5 IR 108 527
C, 96IRID SRIC RO, IR
U, 10 B I SOl B O3 Bk 0 F AT & M & O
N REn iy i
EEEYAOBTAMADOERERE  #isnom
B& BP REHLT27C, 96M[, EEHEL, Thk
FERI & U e SEFEY (associate crop) & LTI,
FF (WL, AAEE BX0=37 (W, 7Y -V
SOV R) OB L AR, 2SO E
FO.1%M LNy a = T4 kifrLicth,
DR 2T D BEf U Ao 553812 5 2R L 720
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BIRMED F. oxysporum EH{LEIC 33T B
BEMEOBE . oxysporum O5MEIIE LT, f
sp. lagenariae (w7 A4 5 AHIKEE © 0091, 860220,

hﬂbf‘

e

87, 136) ®flli, {f. sp. callistephi (T KRIZEDL & Dl

i 0 850802,), f. sp. melonis (£ v v > 5%E :

NIAES 5122), f. sp. cucumerinum (% 2 1) > 5%
Si5E 1 171, NIAES5116), f. sp. lycopersici ( b=
%5 & DU - NIAES 5121), f. sp. lycopersici J3
Ch = PHUBNE S & DIENRIEE © 860320a-1), 1. sp.
fragariae (4 F = 172, 79, 1. sp. conglu-
tinans (F » Y ZE 1 851108a-15 2+ v 7 %D
& DIiEE 1 0251), f. sp. mpham( A o VEEIRE:
71, NIAES 5123), f. sp. spinaciae (ko v vy 38
B & DN - 850721a), f. sp. cepae (&= A XU
SR KF 229), f. sp. allid (5 v % 5 U REIEINE -
0279), f.sp. lilii (=) X D4k : KF 224), f. sp.
garlic (= = 7 )8 « KF 211, KF 215), f. sp.
asparagi (72X 7 77 23R« KF 233), 40{b2
AIE (= FTIEISE © 23, 24) DEF221EM A IV,

T, TOLOREL T F.osolani . sp. phaseoli (&
A ZALKGEEE - 20, 21), F. moniliforme (=3 XD
Sk - 840424a-1) OFKWAEMGAL Joo BUBVED B
13, LiEo&ps BPA SEHCEHL b TskHIT & i
AR U, KBTS T DHEINE % £ OAFE ORI T
AL 720 7ods, LER NIAES OARKkB LT KE O
[ NER JLHL“W\/J\J': h;‘l’i 'MMUI r)’w‘r"x

AL TN T %o

Radial growth inhibition () of Fu-
sarium oxysporum f. sp. lagenariae 0091
by Pseudomonas gladioli M-2196 in a
BPA plate assay.

Fig. 2.
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P. gladioli D718kk, P. avenae O17H#k, P. cepa-
cia D1 BB LY P. glumae ® 1 kD EI90EIE%
WAL Tze 2 ORER, 20 ADLENRE (F. oxy-
sporum f. sp. lagenariae) 15 L T s A2IR
L7z () &Did, P. gladioli TiZ IV b =T X D4
Hix e M-2196 (Fig.2), ¥ X bastsnsi W-
2443, W-2444, W-2445, BX T P. cepacia TiI*>
Frosusht: B-83 OH BT H » 720 —H>

Table 1.

FPHFICEENER U (£) 0I3, P. gladioli TF
VEREYLNSHEESh: S-2252, KU Ih5
SEEE ke S-2258, S-2259, BXU I =THS
SEEX NI M-2196 DET 4B TH 120 TDH B,

I =Th o4& N7 Pseudomonas gladioli M-
2196 APIFOERICHRL 72 (Table 1), 7%, Ta-
ble 1 lIe/R &b » e BIBRIE, =7 4 A2 ZEN5HE (F.

oxysporum f. sp. lagenariae) T34 AHEMHIED

Antifungal activity to Fusarium oxysporum f. sp. lagenariae and affinity to

welsh onion of some Pseudomonas species and isolates

Bacteria No. of isolate®

Antifungal activity®

Affinity to welsh onion®

P. gladioli
Ca-0550
Ca-0551
V-0560
V-0561
V-0562
V-0563
Cy-0617
Cy-0618
S5-2252
S-2258
S-2259
M-2196
M-2197
M-2198
V-2396
V-2397
W-2443
W-2444
W-2445

P. avenae
P-0530
P-0531
Ca-0751
Ca-0752

P. cepacia
B-83

P. glumae
R-1000

I+ W+

I+

l

EFF++ 0+ HF

_H_

FEFAHF AR FFE+ 4+ +F

+ o+ o+t

+

a) Ca-0550, 0551, 0751, 0752 : isolated from Catileya sp.; V-0560~0563 : Vuyistekeara [Miltonia
X Odontioda] ; Cy-0617, 0618 : Cymbidium sp.; S-2252 : Dendrobium sp.; S-2258, 2259 : Bowa

NoRa; M-2196~2198 : Miltonia sp.; V-2396, 2397 : Vanda sp.;

W-2443 2445, B-83: welsh

onion (Allium fistulosum); P-0530, 0531 : Phalaenopsis sp..

b) Activities were investigated on BPA plates.

¢) =: Good affinity (Did not damaged welsh onion, but multiplied well on or in it).; H,
+: Damaged welsh onion. ; —: Did not multiply on or in welsh onion.
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SN -1 EDTH B, WREE ¢ +) ARU s, M6 ORI IIREE%:
HBEMICK T DR EEDORE R&EMGp T (Table 2), %7z, FBFERIC L-T

P. gladioli M-2196 2R DRER, REkkD 8 b, 2UHA, bel, =7, Fr_NVEBIUTRY
WTHEI Vv r=TOM, YVEPyas, FYyFor TH KU TIRAREENED 5N (Table 2), &
T, SNYE, HEVT, TrL/TVR, T 47 fo P. gladioli (377K o 74 L BIA DR 5135
P4 NEDT B ROVZ RARETOREM (G HES NS oo

Table 2. Pathogenicity of Pseudomonas gladioli M-2196 to several kinds of plants®

Pathogenicity®

Tested plants -
Needle inoc.® Dip inoc.®

Rice (Oryza sativa) - D
Corn (Zea mays) -
Mulberry (Morus sp.) -
Tomato (Lycopersicon esculentum) - -
Eggplant (Solanum melongena) -
Red pepper (Capsicum annuum) -
Bottle gourd (Lagenaria siceraria) -
Cabbege (Brassica oleracea)

Onion (Allium cepa)

Chinese chive (Allium tuberosum)
Cirsium dipsacolepsis

Lettuce (Lactuca sativa)

Gladiolus (Gladiolus spp.)

Iris  (Iris spp.)

Cymbidium (Cymbidium spp.)
Dendrobium (Dendrobium spp.)

Vanda (Vanda spp.)

Cattleya (Cattleya spp.)

Miltonia (Miltonia spp.)

Phalaenopsis (Phalaenopsis spp.)
Paphiopedilum (Paphiopedilum spp.)
Citrus (Citrus spp.)

Japanese pear (Pyrus serotina var. culta)
Peach (Prunus spp.)

Japanese apricot (Prunus mume)
Japanese persimmon (Diospyros kaki var. domestica) -
Fig (Ficus carica) -
Wax myrtle (Myrica rubra) -
Pomegranate (Punica granatum) -
Camellia (Camellia japonica) -

o

I+
H I+

A e

b

Japanese spindlietree (Fuonymus japonicus) —
Oak (Quercus acuta) -
Maple (Acer palmatum var. matsumurae) -

Non-pathogenic (but multiplied) =(affinity); —: Non-pathogenic (and did not multiply).
b) Needle inoculation on leaves or stems.
c¢) Dip inoculation on roots.
d) Blank: Not tested.

a) {it: Pathogenic (strongly); -: Pathogenic (moderately); +: Pathogenic (slightly), =+:
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Table 3. Control of Fusarium wilt of bottle gourd (Lagenaria siceraria)® by mix-
cropping with chinese chive inoculated with Pseudomonas gladioli M-2196>
(pot test)
rentment Percentage of Giseaced lants
germination -
10days®’ [ 2ldays®’
Mix-cropped with !
M-2196 inoculated® chinese chive® 100.0 0.0 ‘ 25.0
Mono-cropped M-2196 inoculated® ’
bottle gourd in infected soil 25.0 100.0 ’ 100.0
Mono-cropped non-treated bottle gourd
in sterilized soil 100.0 0.0 } 0.0

. a) Cultivar: Oonaga-Yuugao.
b) Incubated in BP broth for 5 days at 25C.

¢) Root systems were washed with 0.1% benzalkonium chloride solution before inoculation.
d) Root systems were dipped in M-2196 culture solution for 5 min.

e) Days after seeding.

Bottle gourd mono-cropped (left) and mix-cropped with M-2196 inoculated

Fig. 3.
chinese chive (right) in artificially infested soil (pot test). Mix-cropping
with M-2196 inoculated chinese chive protected the plant from F. oxysporum
f. sp. lagenariae.
DAEEREIEINE Fil7c = 7 RMEX T 75.0% OFkDs BT 4H L7
AT AT £ DRy bl (Table 3, Fig. 3), WEERIZH T, D555
10HEICay B4 (GLEL j\"lQ Y E U 2o p A (I, L bl b”))
WIFEBEL - DIZHED & D, "Trﬁ;"%% 5 72\3;0)0,& DFIRRIZI00DB TH - 1ohs, =5 FHid 2FIC
VIS & ivice —I, P. gladioli M-2196 T 2196 7&1‘5;"1:["13"3"1!}'&’( B LK TE, JOHERT0 /

MG L 7o = 5 AL L 72X TRAT-13100% 5 G%‘L/ ,
UndEDLHEIIRITTH - 7o IER21HEICIE, |
T U SO X TIIAMDEBEL 7205, M~2196 & it

fv li(gﬂ_‘_}_*:o m ;l}‘J(/) d_]b)%fl ll ‘Kjlf—o 'o(fsa
=713 FFIT M-2196 A0 iR L 22 X 1iT
BT, TNENFIGRIT26.7% 8 £ 040.0% T,
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FETOFRIFIHEESBD Shtce LLEHS, M
-2196 ARIBHEEL o2 o F A BB L 2 X TRIGK
IR 4 < Y S Nith - o (Table 4),

Fusarium oxysporum &4 {tBIxT HHEHE

F. oxysporum D1453bT B L OHETRED 2 B
MROE25E RT3 M-2196 OHuEME%, BPA E
W TSR T 3 C LI K DREL 7. £ D%
A Table 5 ItRU 7. BlB, M-2196 13 F. oxy-
sporum f. sp. lagenariae (0091, 860220, 87, 136)
Ofh, £ sp. cucumerinum (171, NIAES 5116)
f. sp. lycopersici J3 (860320a-1), f. sp. congluti-
nans (851108a-1), f. sp. fragariae (72, 79), f. sp.
raphani (71), f. sp. spinaciae (8507212) 73 & [LFETE
SO % OBEKIC U THROTERE 2R Lo U
»U, f. sp. garlic (KF 211) A RKED =58
JEIREE (23, 24) T3 L TIESOILEM: LR 3 13 h
-720 &5IC, F. solani, F. moniliforme 1T LT
HEROTLBEEE MWD Shte (Table 5),

% -3

Bk, PUEMEMAEMAERRL 72 NBRIcE. ©
F i EEREE MY ARAT 25k @i
BAMA, AsktigEhicd BY 2 Bt e
163 35 GEmichiEik sty rEEErE Ey
INEE, FIREELE) TAHESRA LN TR @
OFEE, BRABRLTRBEEDERZRED LT
e Tild, HEBICAERT AMAEMHESREAL

DR MY OBIEAIRZ 5710 EEZ SNTHBY,
@O FEE, TERICEBHOLIKEEARBATSC
LI X RESED St Fidk 50, UL, B
& - TRALZRBBED Shah 720, hORE
DIEEBET B EbAMONT 5, @DHIER,
F 2w Y D5%NE (Fusarium wilt of cucumber)
3@ Fusarium X 2 2T (Take-all of
wheat) DOF5[C, Pseudomonas JEHNE % 5 REED,
FETFmEs U, RIBLehlisd b, o ® Pseu-
domonas [BHIEIZ TEYO WRH T B4 L, Fusarium
oxysporum 0 Gaeumannomyces graminis var. tritici
WHEEARLU TS, Uh LS, EEOEYIC
XU CEE O REEM Y= 2 OMWERINT C &1
KREREEE EN 5%,

AW T, ARIEPOH T HICEZ OIS WEE
Mid%, (BROEZEEY (associate crop) DHl
THICERE S ERET AT ik, REkEEZEL
THEF T BT EMNTEBT AR DED, i
OFEFE I BRI S IR RoE S b C &3l
Hax N, 2T THWE P gladioli M-2196 13, =
UHADBERECH L TRV AR, EEE
Y (¥, =7) OHTHPTILLBEIETZ0T, Th
ZRET B LIk, RENCHEEEMETE S
LR I N, T, AREEZ L OEPICH LT,
EREIE AR S 180> » 720 P. gladioli M~2196 747
UISWBATHEAF L =5 Iy H A D BERICHd
DEIRIMEZIEN B TR S (Table 4), Th
i3, 2o OHTIICHRICES L e UEHES O

Table 4. Control of Fusarium wilt of bottle gourd (Lagenaria siceraria)® by mix-
cropping with welsh onion or chinese chive inoculated with Pseudomonas

gladioli M-2196 (field test)

Treatment

Percentage of diseased plants

Mix-cropped bottle gourd with
uninoculated chinese chive®
uninoculated welsh onion®
M-2196 inoculated® chinese chive®
M-2196 inoculated® welsh onion¢®

Mono-cropped
M-2196 inoculated?® bottle gourd
uninoculated bottle gourd

Mono-cropped bottle gourd in sterilized soil

26.7
40.0
0.0
0.0

100.0
100.0
0.0

a) Cultivar: Shimotsukesiro, grew in sterilized nurseries.

b) Incubated in BP broth for 5 days at 25C.

¢) Root systems were washed with 0.1% benzalkonium chloride solution.
d) Root systems were dipped in M-2196 culture for 5 min.
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Table 5. Antifungal activity of P. gladioli M-2196 to some Fusarium species and forma

speciales
Species and formae Isolate Antifungal activity®
Fusarium oxysporum
f. sp. lagenariae 0091 ++
lagenariae 87 ++
lagenariae 136 +
lagenariae 860220 +H
callistephi 850802 H
melonis NIAES 5122 +
CUCUMET INUM NIAES 5116 H
cucumer inum 171 ++
lycopersici NIAES 5121 +
Iycopersici J3 860320a-1 +
fragariae 72 ++
fragariae 79 +
conglutinans 851108a-1 +H
conglutinans 0251 +
raphani NIAES 5123 +
raphani 71 ++
spinaciae 850721a +
cepae KF 229 +
allii 0279 ++
asparagi KF 233 +
garlic KF 211 —
garlic KF 215 +
lilis KF 224 +
(chinese chive)® 23 -
(chinese chive)? 24 +
Fusarium solani
f. sp. phaseoli 20 =+
phaseoli 21 +
Fusarium moniliforme 840424a-1 +

a) Activity was investigated on BPA plates.

+: Strong, + : Moderate, + : Slight, — : None.

b) Pathogen from basal rot of chinese chive.

2, & 2003 Allium BRSO allicin 788
OWHBEHEL?? KL B0 ICONTIE 4%B1BE%
EEBEEZ LNT

Ftr, M~2196 22 oA DAERBELAKC S b=
MEBNED & D EREETSICH U ChE» D
SNTHY (Table 5), KEHRDMOKREICH T BIH
RIZ2NT, BIEERERTH %0

BE, ok MAeEs & EBEEYOESEDHEIT
DT HREIRTH 205, FOBRNBELEE HMEME
FUEEEY O FREMFRILTOMBY EEZ 515,
HiL, HEESEmOREICE, ORBEESIEY

KRN &, QEBEY~OEEENRS T E, @
TENCH U TR R ol T &, IEDEHETH
bo —F, EFEEPCONTIE, OREDBHRIEYE
—BT 5L, OHRIEHOREHIEZE U AB W
THB L, OWERTEEL, BESTRTHSC L,
REMEMHTHEBLEEZ SNB,

B, BIEELFEILID, ELRESZHED
EBEDDS, WIEPHIEE VI TORRIC DT
LA T EBEB DS Do
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1l E:3

Y HADBERER A A OEEL L IBEGER
ETHHM, FOEECHIDL LT, FENTDLON
WOBBBELEL, ChoPEE TRy 4 &dkic
*F ORMESBITHICTONTO BHNEP 7. £
CT, COEREFHNIETH, THO X FHTHH
53 EEIC Pseudomonas gladioli h3pyiiai, i
SliavwH4->3EE (Fusarium oxysporum f. sp.
lagenariae) WL T SOHEMEE RU. £C T,

Pseudomonas gladioli ZrhMT, 2058 ORI & O 436
U 7z Pseudomonas JEME 4 FEOEMKICONT, D3
EREICE L CHROREEEBE L, » D03 FOMTH
ICEEMED B 2B EHL Ic & & A, P. gladioli M
-2196 BBHRI Nice FFBIT= 7 OHTHICAE
PRERBEREL, 29 FA 238K ERLIC2YH A
EBHELIcECH, DRERO FRS EL L MEE
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