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Control of Fusarium Disease Using Antagonistic Actinomycetes
II. Selection of Organic Matter and the Preparation of
Microbial Materials Containing Antagonistic Actinomycetes
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Effects of various organic materials on the microbial flora and the activities of
selected antagonistic Actinomycetes to Fusarium oxysporum in soil were investigated.
Thereafter, a sample of antagonistic microbial Material A (mixture of selected antago-
nistic Actinomycetes and organic matter, compost made of photosynthetic bacterial
sludge: CPBS) was prepared and tested for its antagonistic activity to F. oxysporum and
the fixation rate in soil.

1. Compost made of photosynthetic bacterial sludge (CPBS) was selected as an organic
material which promotes the Actinomycetes activity in soil.

2. Antagonistic effect of Material A on radish yellows and Fusarium wilt of cucumber
caused by F. oxysporum f. sp. raphani and {. sp. cucumerinum was observed. The effect
was more pronounced in the case of the mixture of five antagonistic Actinomycetes than
when only a single species was used.

3. The number of Actinomycetes in four different soil samples were increased by the
application of Material A and they maintained a relatively constant level. However, the
number of F. oxysporum was not affected by the application.

4. Activities and fixation rates of applied antagonistic Actinomycetes in soil and in/on
radish roots varied with each microbial species, respectively.

Key Words: antagonistic actinomycetes, Fusarium oxysporum, organic material,
radish yellows, fusarium wilt

EERFRTAILE, BREMEHLLTVL

F E BEEPBHBTLIIEDNETHE, 202D

EF 503, 5 13 BT Fusarium oxysporum
TR R TR 28R L, 2o 0Bk
DF 4 a3 YEERIH T 2 FHRIMEISIE PR L
Too UL, FEHEC & 5 FRISIRIRELZEL
TREE 2.0, BABIEOLEANDE

19914 8 A 5 A=Z#

1%, BHMETT 2REBRE LTCOEBYE
MORFNBEETH 3,

Lo Ledss, BEYBESEEHETHD, ME
MOEBEPHEEIE 2 2B I TRV, ¥
7z, B ERENERLBOMEREEATE
D, bLEBHAIANE, LEMEYHIZSL
DHEBEREVMEVIZERYIMR I X > T HiE



42 A - dbAY - KA

FREHMIE X o3 BiR & N g & w5 RGO
BRPRELTWS, DD, TEREOMEIE
ELTHBWERAL, RIHL 2f*9 bk ik
W, HRIHENELND LIRS T, IERE
ERERRE{F T3 EEION S,

ST, R LEREE I L CHEDEE
PETA2MEMEHAGDOEEIEWCEST, &
D& 3 RREEL 2R 38, BENZLEBRE
PHHEITZ 30T RWh EHEL 12,

7 ZTAHTR, SEOEEDSLEMEYHE
w5z 5B HEE L, D THIRE 2 RINY
IEEL 3R 2ERMOBRE 2ITo e Z LT,
iR & NI BHEY 2 BRE EHAEbE
FHGREF AEM 2R/, 51 IV ERFEB &
V¥ 29 ) D3RI 2 FRIGIRER S LU
IR E O LB R UIRE A O EFIZ DV THRES
L7ze

RERAE

1. FHEYORR

TEROBREEEEBD 2EBYERET S

E#c, EYHROERYL L T FEEAER
¥ (RM: Residue of mashroom), /v—2 (BK:
Bark) B0z —t—# (RCE: Residue of coffee
extract), KB T YRR b & UTFRLEES
ERFEEY (SC: Sludge compost), LA RGHE
ML 3 75 J8 (PBS: Photosynthetic bacterial
sludge) ROESERMENEERFREY (CPBS:
Compost of photosynthetic bacterial sludge),
REER VTR E U TEEER¥E (FB: Feces of
broiler), FEEFHE (PC: Pig compost) K UFEE
43 (CC: Cow compost), ZDfi& UTKREK
(CHA: Charcoal), % > (CHL Chitin) KU
k4> (CHT: Chitosan) »SHBMAEMHICS X
ZEERPHAE U, ERHLL8E, LBERKRE
HomEt: (E18) ¢by, zohedihs
B, MEMOEERDIZ LT 50K
b LIBROBREERREZL THAL .

i SCEEE 38w Bukim AT O T8 R MY ERE
ELT1/100 0%, K53 20% AL -Db 24
e 25 °C CHIBSE L 7o 2D 20 g % 100 m/
A7 FRATCAN, EEEY 0.5 g 2RIES L,
25°C CEEERTY, 0, 1, 2, 3, 4, 8:EMEKL
BMAEYE R BT IRE CHIZE U Tz,

SHEMEEOHEEEICOWTUTORTE S 2

BEHL 72,

Bttt =log,, (FRWHRMXOMEDE/ A
YIFER X OPRETHO
2. EVoRsY

FEL EEY O TR LBBREEELED
CPBS 1 kgizxf L, 55 1 SR CEER & Wi HiE iR
S5HYEBENZNS HREEBEL I Va—A 713
SRR % 50 ml 70, 250 mI IBE L7z, F
BRI 2 BRIESE BT, BHERM CPBS &
7 UTEHAELTZ) 2T, E—HURE
¥RizDWwTid, CPBS HOWMEYOZE ZRINT
570, F— b 7Vv—TEEL72HD 1kglzHL,
BEROBEEWR 50 m! 2EHIML CHEBRCHESL 2

. (CPBS-1~CPBS-5, Table 3),

1) EHANEER

BHAOEEERMEEERAEL 1z, BEE
REFERETHIE L, £2BRE 7 VI — VT,
ERFBIIF 2 —V VT, pH 34 7 AERETH
E L,

2) THEWAEMRICEA DR

B ABIIBHEMHEC S 2 EEER L. &
RtkiCHAEL 720

WIEER U T OFERTEH L 72,

SR =log,, (REBYRNLIBOHMEY
/WA XM EYH)

3. EMAORBIHHR
1) FAACEHFRIIHTIHR

EMADY A 3 EBERCHT 2 HRIHEIR
2Ry FRERTHESEL, CPBS RUESHEGRINEH
(CPBS-1~CPBS-5) kH#KL /2,

FHiE, E1HRTHRELZL D, MURTH
BEINT2F A a2 EERE F. oxysporum f. sp.
raphani ZHEAL, KEBE2HOEE L L HK
1%5 0 1 OHETRE L1 a/5,000 DRy
MZEEDHEELE L Ui,

LB REM R 202/ Ky MRIMEAL, 1
BB S A a8 54 8EH, WHRRKD)
ZRy BT D 12 RREEL 1o B 2 BRI K
v NHID IEREL CHE & 21TV, R 4 HR
BIEL 72,

REFEBRIFZ1IX 3Ry b, &5 9 EOEETT
272,

FIRTRE AT L AR L, FRE, R
ERUHERE &L U 7. ‘

2) Faw03ERICNT AR
CPBS, % 73S HERIMEM (CPBS-1~CPBS



PR OBREEAAL 279 ¥ AREOMGII . 43

-6) 2Lzl (100HETESE, W17
25°C THEL.CPBS-6, A—r 271V —78
B L7- CPBS iz 5 SROETHIRE 2 BATEML T
PRz, BNRTHEI N 2TV D 28KE
B F. oxysporum f. sp. cucumerinum O EFTF
BB TIEICEEL, V17 H 25°C TEE L=,
INSOEMERELTBLOZ2ERELZES
Liz+#B% 1 . 10K TCESLESY v—1L
AN, F2UvVEF (FF /Y, NEray
V)% 25 MBEL 10 HRU 17T HECRKR2ER
Uizo

3) HREOTERURE~DERE

LES A 3 ERFISEIRORERRTB L
T4 (B 3~5cm) & 51 a iR OSHE
B L BRRRE OB E e IR ETHE L 72,

WOBEW L, Kk, BEADCERL T
U7z,

B ETEF L BEEESRIL 2 ERETH
EhESIPOERLEB LI - KONV,
WIEPIE L R 21T, IBRENZEE, &
FRER I & DB ETS T2
4. +EBOBERERU F. oxysporum BMEIZE 2

EHMARMOEE

KBS A a v BERFBRELTVLS 4 YFO
TEEHVT, LEFORBHEES L UFR
oxysporum BEWC G 2 2EM ARMOEE2F~
Too FIRIIEBRAE L. LRAETH S,

FERAL BB EERS/ RN L8 (B
731), BEIRREIEHEHELE (BRs1), &
ERAEREONE GRa1) RPEBEREEA
ERAEH 18 (WEl) o4@ETHS, LBO
BihEHEs L CEYEE Table 1 2R L7,

BRRUEE

1. BYoRZ2Y—=2 7
EEERYRIR 8 AME OME, KRS, %
RE B F. oxysporum OB % Fig. 1 7L
T BRE L BRI DY 4 FRASEI I,
F—DF 47 LT, KRERUEESRIIMED
BEEREZ ihole BEELT, F MY,
R, REFERURKBLEIITTOMNE
M EEInE %, EZELTC, N—7, /) F
ERERERV I - -HEAREREVFE
oxysporum DEHERME LT, FMHELT, *
# >, PBS R Uf CPBS BMIESE UM ESs 1
maeiz, TheDFBRIEBYOBEICI-T
THEBEYHCEL 2BERRRLILERLT
Wa, Led->T, BATIHEMOEEHEC L
THRIEDOES, BE R F. oxysporum DFHED
WTRBERCEZ2HEBIELD LEREM,
EHRBROBERL S 13, BHEAL GO b
HIREEE Y E SO /- CPBS 22k L, 2hicsE
1 R CHER U RIS R L 728 2 3
TBHI kLT

2. BHOBE

1) BEHAOHE

B A pH Beh¥ETHD,C/N b 10 i
b2MERUI: (Table2), ®7z, MH, HKEE
BENE L, F. oxysporum IBHShit o iz,
WL 7 REHeE R 5B bR R
720
2) TEWREPHICEZLSHE

AR, ZOoPOME, WREEELEL
(Table2) T, ZhEHML 78Tk CPBS
LS RFF ricliE U THIHBEE S ENE L
7Y, 20BWEEIL 8 BEH & ciE sz (Fig.

Table 1 Soil properties

Soil
Showa Yatuka Tano Ohno
pH(H,0) 6.35 6.84 6.34 6.80
EC us/cm 83 57 137 128

Total nitrogen % 0.148 0.270 0.521 0.169

Organic carbon % 1.859 3.971 6.964 2.036
Bacteria CFU/g dry soil 4.66X107 2.17X107 6.19X 107 5.54 X107
Actinomycetes n 3.89x10° 7.41X10% 9.33x10° 2.69%10%
Fungi ” 2.67x10* 9.62X10° 1.01X10° - 4,61X10°
F. oxysporum Vj 5.89%10° 3.16 X102 3.23X10? 2.82X10°
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Fig. 1

Actinomycetes

Effect of amendment of organic materials on soil microorganisms

Every axis (left; Bacteria, right; Fungi, upper; Actinomycetes, under; F. oxysporum) indicates
the proportion of the number of microorganisms at 8 weeks after the application of organic

materials.

BK; Bark, RM; Residue of mushroom, RCE; Residue of coffee extract, SC; Sludge compost,
PBS; Photosynthetic bacterial sludge, CPBS; Compost made of photosynthetic bacterial
sludge, FB; Feces of broiler, CC; cow compost, PC; Pig compost, CHA; Charcol, CHI; Chitin,

CHT; Chitosan
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Table 2 Characteristics of Material A containing
5 antagonistic Actinomycetes
Material A
Bacteria CFU/g d.m. 1.91X10°
Actinomycetes n 1.71x108
Fungi 7 7.25%X10°
F. oxysporum Vi ND*
pH 7.3
EC us/cm 1890
Total nitrogen % 2.01
NH;-nitrogen mg/100 g d.m. 182.09
NOs;-nitrogen U 6.17
Organic carbon % 25.63
C/N 12.8

*Not detected
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Weeks after treatment

with some organic materials
——: No treatment

Table 3 Control of radish yellows by application of organic materials

=: CPBS

A: Material A

®: Chitin

Changes in the growth rate of microorganisms in the soil amended

Treatment Inﬁ;::f):lon Degree of infection SUD?:;)SSIM

No treatment 77.8 63.0E£ 6.4**** —
CPBS* 66.7 51.9+ 6.4 17.9
CPBS-1(+15-1-2**) 55.6 22.2411.1 64.7
CPBS-2(+15-1-4**) 55.6 33.3::11.1 47.1
CPBS-3(+66-1-1**) 44 .4 29.6+28.0 53.0
CPBS-4(+67-1-4**) 55.6 33.3+ 0.0 47.1
CPBS-5(+83-2-3**) 44 .4 25.9+ 6.4 58.8
Material A*** 22.2 14.8+£25.7 76.5

* Compost made of photosynthetic bacterial sludge

** Sample number of selected antagonistic Actinomycetes (TAKAKI et al. 1992)
*** Material A contains a mixture of five antagonistic Actinomycetes
xEx SD.
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Table 4 Control of Fusarium wilt of cucumber
wilt by CPBS and each antagonistic
Actinomycetes

Infection (%)
Treatment
10 days 17 days

No treatment 87.5 100.0
CPBS* 62.5 95.0
CPBS-1(+15-1-2**) 85.0 100.0
CPBS-2(+15-1-4**) 22.5 22.5
CPBS-3(+66-1-1**) 42.5 45.0
CPBS-4(+67-1-4**) 77.5 100.0
CPBS-5(+83-2-3**) 17.5 47.5

CPBS-6*** 7.5 10.0

* Compost made of photosynthetic bacterial sludge
** Sample number of selected antagonistic Actino-
mycetes (TAKAKI ef al. 1992)
*** CPBS-6 contains a mixture of five antagonistic
Actinomycetes

Table 5
in soil and roots
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Effect of application of antagonistic Actinomycetes on the number of Actinomycetes

CPBS+each antagonistic Actinomycetes

No treatment

15-1-2 15-1-4 66-1-1 67-1-4 83-2-3

Soil Actinomycetes* 5.01x10¢ 2.20%X107 1.02Xx107 2.69x107 3.31x107 3.24%x107

(100) (445) (204) (537) (661) (647)
Applied** — 1,78X107 2.95%10° 2.63X107 3.09X107 6.16 X107
Occupation ratio*** — 76.2 2.9 97.8 93.4 52.6
Roots Actinomycetes 1.02x10* 2.29%x10° 7.08X10° 1.66%10° 1.00x10° 5.24X10°

(100) (505) (3401) (3093) (1480) (794)
Applied = 1.02x10* 1.58%10* 1.41X10* 1.25X%10° 3.72x10°
Occupation ratio = 5.2 2.2 0.8 12.5 71.5

* Actinomycetes cfu/g dry soil or CFU/g fresh root
** Applied actinomycetes ibid
*** Occupation ratio is expressed as the

(number of applied actinomycetes)/(number of actinomycetes) X 100(%)
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Showa soil

Microorganisms
Log (Number of microorganisms /g dry soil )

Yatuka soil

Tano soil Ohno soil

Weeks after treatment

Fig. 3  Changes in the number of actinomycetes and F. oxysporum in soils

amended with Material A

®: Actinomycetes, No treatment
O: F. oxysporum, No treatment
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