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niveum) (Fa%RE FnC-0801) » SefEARHTE 2
B o KEHR B 5% » BERE -
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B RESRFMK) % WA 2.5ml
EW (0.5% glucose+0.5% asparagine) s
7£24°C ¥575 16 /)iy » BEB DRI B R 2
o BUREER G » SR A LR HEERT
HERBFERABRETE
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1. @EE LR R4 pH—B\E
TR AR LRk » R RNz
—o BEBEHELL Fusarium oxysporum, F.
solani B Trichoderma sp. =F B ERE
o MIERILL B-9 vB-8~B-6 =& MBHAR
& o N\E L » BELPZBAEBEERS
B .
2. FIRRAERENHENEERNEE

F—  NALHP SRR TGROHBEHER

Colonization frequency of m:croorgamsms on roots of watermelon seedlings

Table ‘1.
in different soils

—REHRCA)E (BKLE) MA 1%(w/w)
HREER L YT BE » FAFIMA 1.5%
8 0.5%(w/w) FEEXRHEHE 21 Y F.
oxysporum, F. solani, Trichoderma sp. &
Aspergillus sp. (Fa#eiReh73HE) SO 4
B BRI REe  BEARBN\ASNER
A BEEEELETFAN  RE+BESR
“HRESBEFRR  FREAF=EE - 8%
HERNE— o B —w4 F. oxysporum, F.
solani B Trichoderma sp. =BEE AL 30
%) LHIBEIRET] o Aspergillus sp. FE{HSE
BiiRAET) » EMABIRERZ o

3. RN ELEEREHIERANTL
#—XHt B-2~B-5+~B-6~B-7~:B-8~ B-9
~ B-10 LA NRHMEE » 25 DEEER

MIERRR - DB ERISRFRIER PDA T

Frequency of Appearance” ’

Microorganism & # 5§ B *ﬁﬁ

"~ Hsihu Wuyjih Chung Yénchao Chung Ming-

hsingling

g TRAB o py owrcn)  me(B)
Taichung Taichung

Hsing chien (A) (B)

univerity

. 0xysporum + - ++

: Sysporum - ++ -
clerotla type) :

. roseum
. solani
Trichoderma sp.
Bacterium (By)
Bacterium (Bs) ++ - -
Bacterium (Bs) - - -
Bacterium (By) ++ - —
Bacterium (Bs) ++ - -
Bacterium (Bs) -+ + 4
Bacterium (B;) + - -
Bacterium (Bs) l
Bacterium (B,) - ++ ++
Bacterium (Byo) - - -

- ++

"1"1 '!:"!:1

I+ 4+ |
|
|

—_ -+ — —_ —_

+++
+++ +

1) —=none,

+ =less frequent, + +=moderate frequent, + + + =most frequent
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Fig. 1. Effect of soil amended with saprophytic fungi to control watermelon

fusarial wilt in greenhouse.
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ok BB HEETRASREESE
BERTRERENBARELTLR  FHERKA
TR TR EE R TR 0 KE
BB H R EER TR EE AR
RBL& > LTRSS » FERERR IS
ENBAREEERT SRR RS
HERBE o
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SEEA 5053 » WRM (NPK) RE 25%
BN o BILATATE PRI Gk Ca R PRy » AiR
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% RERIBR R RNPI o
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Table 2. Effect of antagonistc bacteria on chlamydospore germmatlon of Fusarium

oxysporum f. sp. niveum in the soil

Antagonist‘ Germination ( %) Germ tube lysis (%)
Check 55 A 12 B
B-2 52 A 24 A
B-7 41 B 28 A
B-9 28 C 7C.

1) Data followed by the same letter in each column are not significantly different at
P=0.05 according to Duncan’s multiple range test. ~

=» %&Eﬁﬁ"iﬁﬂiﬁ%ﬂﬁ%ﬁﬁﬁﬂ?ﬁ%Z%&

Table 3. Effect of organic amendments on germination and germ tube lysis of
chlamydospores of Fusarium oxysporum f. sp. niveum

Soil amendment Germination (%) Germ tube lysis (%)

Organic maxiure HERR 60 AV 9 Cv
Longan seed meal HMRETH 56 A 21 AB
Sesbania H#% 56 A 13 C
Duckweed K& 55 A 29 A
Check $RBRINEI 53 A 9C
Green duckweed FH# 40 B 18 B
Soybean meal K& 29 C ' 9 C

1) Data followed by the same letter in each column are not significantly different at
P=0.05 according to Duncan’s multiple range test.
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Table 4. Effect of organic amendments on controlling watermelon Fusarial wilt in the
. greenhouse : :

Disease incidence (%)
0.5% amended = 1.0% amended
4 17 20 4o 17 20

Soil amendment

‘Sesbania ¥ : 64.3 78.6 8.7 8.0 100.0 100.0 A®
Longan seed meal #IBETH  63.6 72.7 90.9 36.4 81.8 81.8B
Soybean meal k¥ 54.5 63.6 72.7 50.0 64.3 78.6 B
Organic manure %zfE -~ 57.1 78.8 92.8  16.7 389 77.8B
‘Green duckweed E#EH 35.7 50.0 71.4° 0 13.3 66.7 B
Check ®BTRE 21.4 357 57.1 21.4 35.7 57.1 B
21.4 C

Duckweed A& 33.3  40.0 60.0 0 7.‘1

1) Days after plantmg
2) Data followed by the same letter in each column are not significantly dnfferent at
P=0.05 according to Duncan’s multiple range test.

#A -~ TRRZHAERBERZEE (RERR)

Table 5. Effect of element deficiency on watermelon wilt caused by Fusarium
oxysporum f. sp. niveum in greenhouse ;

Watemelon Fusarium wilt (%)

Treatment ;

8 days 14 days 20 days
NPK 0 B» 25 B 87 A
-N ~ 0B 0C 75 B
-P ‘ 1A 45 A 75 B
-K 0B 13 BC 80 AB
—Ca 12 A 50 A 80 AB
—Mg 0B 12 BC 62 C
—Fe ' 0B 25 B 75 B

1) Data follwed by the same letter in each column are not significant]y different at
P==O 05 according to Duncan’s multiple range test.

3. 7RIF] G R N B TR S P N B
HFHOEE

(MNP N B R TR
#—— 454 500 ppm SERET S5k CaCls ~

Ca0 ~ Ca(OH); ~ Ca(NOy); ~ 4H:O~ CaCO;

% CaSOs ZRIRMMH LA » BAKE » 5B
LS B RMEA RN L ERRE - 1R 10 %
4% » fnA 2.5ml B#¥E (0.5% glucose+

0.5% asparagine) » 7£ 24°C ¥% 16 /s »
0.5 mEMURERE » SR PERRET
BHRRBFERIER o R(EABAESE
e B + e R TR AR’
SREARE > T Ca(NO,):-4H0 ~ Ca(OH):
~ CaCOs » CaSO. MIH BB TR KB
(2L e N H N R R TR
EE—RABMET 500 ppm Z NHH.PO,




110 - EYRBBERTIE 1 BH 1, 1989

» KsHPO; » KH:PO; » Na;HPO, 8 NaH,PO,
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2H.0 ZHHBIRHE - £ EHEMbRERT
BHEEZHM o

(BN N N A R TR
2z —Ll IN HCl & IN NaOH i
Wt s 3t pH R 4.55.56.5+7.5+
8.5 A& » HHBEH » £I 10 BHAN

BRI (A% 6 cm) &> MA 2.5 ml #3%

¥ (0.5% glucose+0.5% asparagine) » 7¢
24°C 5% 16 /NESETR 0.5 E - LIRERE
s BREBRNTRERRERELER o f55
(FEN) BRI MENHRT 2R HR o

()RR TN E R Bk ) B
—-——u IN HCl #1 1IN NaOH ﬁ?&ﬁ@%ﬂ?
(A) 43 (BHL) > FELBWBREA R 5~

6 Rl T~8 R » HBER » FHIMA 1 %%

WEEAES » 4RESEE  WEANRE
BT » 10K5%4S 5 RESBHEH—X o
WR (=) Bar R BRI+ BEs
KB 115209 4 » BURRRIE L RE R

A ﬁ;k‘*%ﬁﬁ“ﬂ:*ﬂﬁﬂlﬁ%ﬂiﬁ%ﬁﬂﬂ@%ﬁ%ﬂb%g

Table 6. - Effect of calcium compounds on chlamydospore germmatxon and germ tube
lysxs of F. oxysporum f. sp. mveum in the soil

Calcium compound

Germination (%)

~ Germ tube lysis (%)

Check 95 AV
CaCls 80 A-
Cz0 A
Ca(NO)s+4H,0 49 BC
Ca(OH): 44 BC
CaCOi 32 C
CaSO; 31 C

4 g CI)
24 A
22 A
13 B
23 A
13 B
14 AB

1) Data followed by the same letter in each column are not significantly different at
P=0. 05 according to Duncan’s multiple range test.

zt- ﬁk“%%ﬁ"‘i*ﬁ)ﬂﬁ%ﬂﬁ%@ﬁﬂ@?ﬁ%‘éﬁ%g

Table 7. Effect of phosphate compounds on chlamydospore germination and germ tube
lysis of F. oxysporum f. sp. niveum in the soil

Phosphate compound

- Germination ( %)

Getm tube lysis (%)

Check 95 AD
NHH,PO, 75 A
K.HPO, 72 B
KH3P04 ; 66 B
Na;HPO,-12H,0 | 58 B
NaH:PO;-2H:0 27 C

4cCo
10B
- BA
18 B
12B
21 B

1) Data followed by the same letter in each column are not sxgmflcantly dlfferent at
+ P=0.05 according to Duncan’s multiple range tent. i
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Table 8. Effect of soil pHs on chlamydospore germination and germ tube lysis of
F. oxysporum f. sp. niveum in infested soil

111

pH value Germination (%) Germ tube lysis (%)
4.5 47 A» 9 AV
5.5 48 A 2B
6.5 46 A 8 A
7.5 26 B 8 A
8.5 10 C 2B

1) Data followed by the same letter in each column are not significantly different at
P=0.05 according to Duncan’s multiple range test.
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Fig. 2. Effect of soil pH on incidence of Fusarium wilt of watermelon.
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40 mesh fBEFEES » 2B 5000 ppm %
{t4F 500 ppm BEH » BLREEESHE
s FEEERLRE 30 R ENEEL (AKX
8.5 cm) A s ¥in 10 ml FKeuALs B »
WK » BEEE FIMBHER 7K » REIT
B L35 68 + MR T RARE » DUEREMAEER o 8
PDA i -4 £ 5 Kiy FnC-0801 L)o#&

HEHRBBGGTE 31 85 131, 1989

0.5 cm MYITFLERVIIREE 2% BRI » BHER
TEPERR 0 WHEA 10 ml HEEE (
0.5% glucose + 0.5% asparegine) -5
REE » FE LIS » R 24°C BE 10
» BUITILAS e R B hR S PR AR N 1 4 B 8
I3 o SHERREY: PCNB BRETIR
L@ DRI FnC-0801 B/ AERB © &
xR (B=) B8 K.HPO, % NaH:PO,-
2H.0 #gE{tsy Ca(OH), & CaCO, &pim
ZEE EMHERERRE AR -

Check

NH;H,PO,

KH,PO,

Na,HPO,12H,0

NaH,PO,-2H,0

KoHPO,

Ca(OH)»>

CaCOj

Ca 504

CaClio

cao

Ca(NO3)2-4H20

1

: i |
0 5 10

1
15 20 25 30

Growth on soil (mm)

B=- ﬁﬁﬂ:*%&ﬂn@ﬂl@?ﬂﬁ'%ﬁmﬁmﬁ%ﬂﬁﬁéﬁE’J%g
Fig. 3. Mycelial growth of F. oxysporum f. sp. nivewm on corducive soil amended
with phosphate and calcium compounds.
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EAEBRORAVA
B B A EA RS o BRRNHERER
WRERAYERIFEDEETRT » B
TR A HERIBH TR A ¢
1. BL2% (w/w) %EEE*@*%WE
¥ Trichoderma Sp., Fusarium oxysporum,
F. solani+1% K& +1.5% CaCOs+0.5%
K:HPO, H58A » BINRE 1% WENES
(A) (H58t) L8eho
2. Bh2%(w/w) BEREXXRDPH Tri-
choderma sp., F.solani B F. oxysporum+

1 %X ERBIRE » BIMRE 1 BRENE

B (A) £4 (HBKL) -

3. Bl 1% A&EH+1.5% CaCO;+0.5%
K:HPO. B58E » BINRE 1% R EnE$
(A) £ (BKL) -

4. D1 %RELHERAAES (A) £
B ERAM - AREBE=ZER » LRESHIB
EENET  BEEREIRABER -

R @ . B4 kEHm CaCOs B
K:HPO, FE A =M k4 Wavsha B RIT »
RAERBHIBFBIRERT) o I ZMBAmE
HH642HIBF IR T) o fk4> CaCOs B K:HPO,
# > ATHRTOZHIBIRER o

100
90
80
70
60
50
40
30|~ (]
20}

10} ,////

(%)

Disease incidence

d

e

= CK

/.

A Min

A/D Cap

A A

a All

o /—1 &
10 12

@~ REHEREERNESE

16 18 20

Days

Fig. 4. Integrated control of watermelon Fusarium wilt in greenhouse.
All: Corn meal sand contains saprophytic fungi + CaCO; + K:HPO,
Min: Duckweed + CaCO; + K;HPO,
Cap: Corn meal sand contains saprophytic fungi + duckweed

L5 ]

DWSEREEER » 845~ B ~ $=
BLREALBHNRORSRR LHREER
At o BT & RGN ENFRRER

& BN o R BRI
IR » R B MR EIRD o %
TR LSS ROBRHE » M ROIRISIE S
FILEREETECCD + BRBETEEIN
EEHARLE o
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B REDMRBNIR S 2 — » BEERGRES
B HARBITIMRS AR » AR EHK
BEHEREREREEABEHERE o BK
(3220 b G IR b s R R e 2
» BRGHEEFEIM o Pearson®® R R pk 54T
EFIE A BRI o 3B B AR R BRk AT R
N E LR 4R8I o

STRCETETAK S » HeHI R ILBRPA SR BB
FE=IHTIEE o WABETRE » HHEES TFHBE
R R4 o Walker B2 Hooker(sn8)
Walker B& Foster(®® S EghsnT{EERERN

BEE R DB » UERERL

BERB AR o

Kao fll Ko@229 552 B BB Heit Pythium
splendens W9¥5% 3% Huang F1 Sunt® 3
92 Fusarium oxysporum f. sp. raphani )
P EBEIRABERIEE— AR TR
YA FIFA RN R o BEFEEFFA
HiRA R TRE LR EEREFE o

Ogawa #1 Komada 2 LIgA#R F.
oxysporum BiiaHEEEFR (F. oxysporum
f. sp. batatas) > WM F. oxysporum T4
R RS » RARRNT T RENE
o B REMLENRABEDEAREEY
HYIRAE o Lindsey*® BHIR RN BIERH IR B
% BRFREREERNE I REE AR
& o R LWMPHERBERAR » HARYHEK
FERLIPERRS  HRFEEZETTER
FRBHEEHRILHE o Kirmani %95
HEREE  BURBREESR » FEED
HEWA o ‘

Alabouvette %54 ZEIRLHE4EY
F. oxysporum B F. solani BEENER+
o BRERFRE S 7 Hrils 1+ BREHS - ch U B W
> BEIE bRy Fusarium spp. BERK
+ehify 6-12.5 £% » HALE SN Trichoderma
sp., Penicillium sp. FBHIEE ~ ﬁg&%mfm;ﬁ
T+ B LR HERS o

Alabouvette 429 FIFR&REMEy F.
oxysporum T F. solani wjEBOHBFEH
W (F. oxysporum f. sp. lycopersici),
Morois %= D FEGiAME)  Trichoderma

harzianum BRERERN » BEE BB E BAER
% (F. oxysporum f. sp. radicis-lycopersici) -
» Kraft B2 Papavizas ¢" ) metalaxyl (
Ridomil) In¥#HiE T. harzianum, T. viride
ZHRTRERSGERTET » TR BT
THREH (F. solani f. sp. pisi & Pythium
ultimum o EEFBBAEE F. oxysporum,
F. solani BiEHiE# Trichoderma sp. W FIBH
Ta e B & o

CEE BRI REEZHERBS
EANARUEBRRERER » Kommedahl
F1 Chang 29 gy H 4 h 43819 Bacillus subtilis
T Chaetomium globosum fEEXETHE »
TR MRERBYE B REER (F. roseum f.
sp. cerealis ‘Graminearum’ ) HEEA o HEK
LOORE 64 FEH BB KLF MRS Clost-
ridium sp. B Bacillus sp. » ZRABTILIBS
BRI (F. oxysporum f. sp. lini) o
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ABSTRACT
Huang, J. W., Sun, 8. K, and Hsieh, T. F. 1989.

Characteristics of sup-

pressive soil and its application to watermelon Fusarium wilt disease

management. Plant Prot. Bull. 31: 104—118.

Five saprophytic isolates of fungi and ten isolates of bacteria were obtained
from the root of watermelon that were planted in eight kinds of soil collected
from different localities in Taiwan. Among five isolates of fungi, Fusarium




118

EHEREESTE 31 8511, 1989

oxysporum, Fusarium solani and Trichoderma sp. were effective to- suﬁprese

‘watermelon “wilt " caused by F. oxysporum £ sp. wmiveuni. In ten isolates “of

‘bacteria, ' B-2 and B-7 could ;inh'ibit the growth 'ef watermelon  wilt ‘pathogen,
and B-9 could rapidly colofiize the Hyphae of the pathogen. When the bacterial
antagomsts were ‘mixed  with “pathogen-infested soil, both B-7 ‘and B-9° could

inhibit 14% and 27% of chlamydospore gefrination, respectively, and isolates
-of B-2 and B-7 could cause geim tube lysis of the watermelon wilt pathogen.

Studies on the effect of mineral ‘elements on watermelon fusarium wilt indicated

" that calcium, phosphate ‘and potassmm-defzcxenc:es could mduce more incidence
" of -watermelon fusarium wilt ‘disease. Among soil’ amendments w1th 125 (w/w)

orgamc manure, longan seed powder, sesb_arua, dnckweed green duckweed

" and soybean mieal; only duckweed, green duckweed and 1ongan' s'eed'powder

could promote germ tube lysxs Moreover, duckweed could ‘reduce about 36%
watermelon fusarium wilt in greenhouse Sesbama had the tendency to promOte-
disease inciderce. 'Calcium compounds and phosphate salts such as Ca(OH)s;
Ca(N03)3-4HgO CaCO;, CaS0y, K:HPO,, “and NaH;PO;-ZHaO were strongly

. inhibitory to chlamydospore germination and promoted 1y51s of germ tubes.

Mycelial growth of F. oxysporum f. sp. miveum in conducive soil was inhibited
by Ca{OH):, K:HPO, and NaH,PO,-2H;O., Greenhouse experiment showed that
alkali soil was inhibitory to watermelon wilt, Mixture of 2% (w/w) corn meal
sand culture of F. oxysporum, F. solani and Trichoderma sp., 1% (w/w)
duckweed powder, 1.5% (W/w) CaCOs and 0.5% (w/w) K,HPO; showed
excellent effectweness for mtegrated control of ‘watermelon Fusanum W]It

(Key words: Watermelon Fusariur w1lt duckweed (Ulotkrzx sp. ), antagonistic
fungi, antagonistic - bacteria, calcium compounds, phosphate
~_salt)




