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Table 1. Soilborne diseases of plants found in Taiwan in recent years

fEIRE ( Pathogen )

% 2 ( Disease )

Fusarium moniliforme

Fusarium oxysparum f. sp. apii
f. sp. asparagii
f. sp. batatas
f. sp. cubense, race 4
f. sp. melonis
f. sp. niveum
f. sp. momordicae
f. sp. pisi
1. sp. raphani
Fusarium solani
F. solani 1. sp. pisi
Phytophthora cactorum
. capsici
cinnamomi
. citricola
. citrophthora
. colocasiae

. cryptogea
. infestans

in-2a e -Biia - ia- Bl e - Bla

. melonis
P. palmivora

P. parasitica (P. nicotianae)
P. vignae
Plasmodiophora brassicae

Pythium aphanidermatum

P. myriotylum
P. spinosum

Rhizoctonia solani, AG-1—AG-4
Rosellinia necatrix

Sclerotinina sclecotiorum
Sclerotium rolfsii
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( =P. cyperi-iriae Saw.)

( =P. cyteri-rotumdati Saw.)
P. melonis Katsura

( =P. drechsleri Tucker)
P. heveae Thomp
P. humicola Ko & Ann
P. ingestans (Mont.) de Bary



. insolita Ann & Ko

. katsurae Ko & Chang

. leesiae Saw.

. macrospora (Sacc.) Ito & Tanaka

A~ Tia-Riie vEe vIle '

. nicotianae Bred de Haan
(Syn. P. parasitica Tuck.)
(=P alli Saw.)

P. formosae Saw.)

P. lycopersici Saw.)

P. melongenae Saw.)

=P. murragae Saw.)

P. ricini Saw.)

P. taihokuensis Saw.)

P. palmivora (Butt.) Butt.

( =P. carica (Hona) Hori)

P. vignae Purss.

TR 21 IR B - RIVEYDRES < %
ERUELIERRMAEZRERE » LHEER
BERHEEEANT ¢
Phytophthora cactorum

BH (1927) BARERESM®, 31
TR EERES » DIRAMERE R E o 19784
- BERBERERE  5EEER (RE)W

o REREIMATE » DRI F BRI A

KR T B R B » R EE

B EET] o TR AT > A 70% RS

ERA&TIRMEE ( Ronilan-M ) 5004% » &

PABFHEZ ©

Phytophthora cinnamomi

BH (1942 ) sREREZHRR > BREH
CYETLE P cinchonae Saw. » El P. cinna-
momi Z 4 o SEER » BERILT ELER
“L930) , E e LS [RAREER Y » FEZEEN
EEELEERE ° B Ann R Ko™z 5 » P
cinnamomi ERFIER B EE -t » Frpk
BERLEE  EIRESRRERERE > MK
BREERAEREERS — » RABSRKEL »
EEARSEYRIFZAE c HA R A%
FERGE EEREBREEFE - (5 5HE
ZBEREE TR ~ B BREHEE
B HBERTECCTER » ITELEE
T BERERZELFIER » WHEHR

HEREE P. cinnamomi [REEMZ 57 o
Phytophthora parasitica ( = P. nicotianae )
EHKEARERENT » IBNHRES
ERBHNRER > BIRFEE P. melongenee® o
1955 4 » KK ~ ZREEERE P Parasit-
ica FREREL ~ A ~ IETHSE ~ HIEERE - B Y
B~ BHAO BERE - M HRIEHRBEER
¥ » P. parasitica BREREZ— » BIBREP.
citrophthora ¥ P. palmivora © BRIV &2 BELL,
RSt RearaE o AELUEER PSS »
SRR B 2O AR A » EERAH
RAMEMIERI T A o FRKEEEERTEH
# o SRR LERER - BREREREEEE
Bl FEEEWAE » BR P parasitica 55>
{LRKBERARR o BELW ~ KB #F
R~ RE A40 T [ RBEL LR » B
KA HEEHR
Phytophthora palmivora
REEGEIMEEE » 5BARZERCY
MHARERSR BB © ~ M5 B A1 Beeps 40
o B ViR BEMILE R ER (ERFGES
P. carica) o BRE Y ARSI REEE
RSN RIS BRE » BRARNREAE
EREEBRET » HRERIT » €Nt
H#E - HEARSANFEHATEEHRE %
HZE ~ A~ &I - B ESE » JREfE
ETEATE ~ FRIERE ~ EEE - ALETIS
ARERE A o DUEYIEA R E M BRER
gD IHEHELKXEREE » HhismsE
&I °

. Phytophthora capsici

1977 2 ~ B OO K 1983 FIR K V138
ARG R R AU - SRR OO R
FERFREEARET RN o &F ( 1990 ) ZH
HEN AR R REERE® - B 50
EHAREMERTES 12~28~32°C» i
ETFRHEBES 12~28~40°C» 8K 12°C
BEFIERRS c ARBHRERET » JRES
FaF » B8 P capsici B A'EEHEICO o i
RETHUR RS - BRI EEEN ~
TR HE- BT S kB
T o
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Phytophthora citrophthora

1919 FERAKOBE L EMFTRE » (B
REST RESRERER (FRECRER
ZRt) o TEET HRES  2/MAD B2 229
EMEE P 8 BRRE - 15% - RS
Wt > thi8Z P. citrophthora > TILMRZES »
BB AR > JLERHEE SRS o 1979 4F > &
BERPBAAREF BEFERE 2 EER
1990 FEE K OO & AR | BB A R B
% (B—WEES P. parasitica ) °
Phytophthora citricola saw

1927 B HE ) SRR B BT S0 &
FFSRTIE o SEERH (BRPGIHIRSS 65 F4ER)
Rz Ow BHRE R LR BARR S EIE 4
AL S o FIIF BRI NERZE » (E1Ekd
AE R » BEEETBAR AR » 72 PDA $S8EE -
H%HEHEE o IBFEROBELARFDE
BEERE > BRMKE -
Phytophthora colocasiae

1914 FEHCVE LM E S WEER > E
Kren 445 Kawakamia colocasiae (Rac.) Saw. »
TR S REERSER2EE M > EHEE
W MRERF T EEEREZK o Anng®)
REEZLTHRIRA » SHERS 799 (HEHR » 82 P
nicotianae var. parasitica 7 A'F A® RS EIE
PRI RS2 » A FRURHERE A®
Bl > WIHEE/R P. colocasiae MiFEE 147 o
Phytophthora eryptogea

1983 FFR KOOSR & 1 BIR T B B IEW
% ( Gerbera hybride Hort. ) ZEVERRERS BT
Phytophthora sp.» IEFEH L EEBP.
cryptogea © Z/NME B TR LB EE
FRETH] o ARERBEEE 22~25C» BF
BRI > BE e IR e, » FER
BIER
Phytophthora melonis

Ho "2 P. melonis 88 P. drechseri B[F
o 1977 FBRECVEREL BEREARED
RIS o I FGA TSR BEEIER » MKk
ROV 2R R AR A ARG o &8
BB » (BRI R R KR
B R PEETIRIBEM LEL > 5HEZEH o ek

ARTCT » FHERTE - HERRFTEVOE » ik
FaAl > AR EA VR o BEREIRAG FESR I -
BET > MR B M2 K o 13k S-
H BEY » b L EESESE » TR ES
@) = 3% B e FA IR VA 2 2 0
Phytophthora heverae, P. humicola, P. in-
solita

It =B B R AR B - SR P D B AS »
HHREIRER M o P heveae Thomp T] B % #5
RECHE » BISRE P heveae T ESERIERT ~
AAERF ~ ARR - BB o % %%
B Ko B Ann E4 » HEHEYY > ###E
WRIRME » 2 OV P imsolita B2 SSTRIEY) »
P. humicola F] FRE IR E KHHIK o
Peronophthora litchii Chen et al

1934 FEE R BRE BB R h R
B EEN AMI R B S » FRR R0
B—EER » HRBEMEE Peronosopra »
{EXFIATHEE » BB Phytophthora »
REBEERRSE » 1961 FERRM L > ELB—I
& Peronophthora litchii Chen » 85 BiEH
(101 1978 4 Ko %42 7 55— B} Peronophtho-
raceae "™ > IR EETRA P. litchii 5~ 6
ARG RAC BB SN » B REWERE
AEAERBES 27 ~28°C » 8~ 20 °CIEEE
BEE% 3008 > HRIPERT 20 S4E0H
BREET > ICCREBERETRS B
B OOt 3 S B R B e S S =
() BEFBRETE > QFFERIEET > 3)
B E RGBT RN EE o s To R i
FERE o R OVRERILE S MR BEM
5 R2TEIER o 78 FEEEYRET MR 5 ~
6 AW ZEREGRI BB EIH » B IHARSE ~
FEEL AR ~ RIS RS 0 BE—-R &
4~ SRENEIBAIG ©
BERBEZHMME

TEERE BATEEI S BN EI RS ~ 4258
UM FRE ~ B E A R — R FEEE— Ry
FEOASNBI0 o FUNEF R BB > (EISEER
SHERE RO » BI85 » (8 FremEssy
R o ¥ F LT ( Hormonal heterothal-
lism ) $R%2 ~ FIKEAIZERC » REWES
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BAR AR ER S B EE

REHMBZ TR SRS EITTELIIET o K
LT P parasitica B P. cinnamomi BLfUE
BEEERESERER Chloroneb B Ethazol 1
Reggpdirh > AVHEITESE ATRE R > K
RO o p paraaitica, P. cinnamomi, P.
palmivora. P. capsici YJEEARRRGII#EE ~ BEAE
D IRERF RREER » P. parasitica & P.
palmivora TNEAESRIEER ~ ¥ EE DNAse, pec-
tate transeliminaase > {HEEEEHECZE

98 o

BEH ( Pythium ) 5|E8AEE

RERRETEY R LESEERE
5 | 2 5 v R B AR BEIR © 1943 4ERT » B H
BVup A5 PUFE © Pythium aphanidermat (B
BiAMAEER ) ~ P debaryarum (FHRZAG
% ) ~ P. hydnosporum (EERRILFER) ~ P
spinosum (EREREERRK) o EFKEER
BARGE » REENAERD o HERERE
B7kFE RS » REENEER AR
Pythium aphamidermatum (Edson. ) Fitz,

A A EHERE » WEIREREHAMN -
BT~ FHEGY » FERALHE ~ RN o RE
T2 EEKREHE 351 SR R RERED
o ft ~ ZEEHELIBES ( Ridomil-MZ ) 7]
BEEAIE o BIKGEH (BE®R35~40H)
1~ 4 ERBHREF I I 20 ~ 30 @2 5K
TR —E > BERER IS CZAILRET
(IRE 100% ) ZHERRBRE=SNTAEFHRERE
RPURERE o

1987 SEARECEE @22 8804 4 TS Bl o5 B ARG
TRIEFERIRSE o LUHISI B BB S 2 Bt Fr
HE R EREIR RS » SRR
FEREEEAAERN (Y=078X+2022 > Y
=B > X=RHEHIEE) © DR
SRt HIRTFE TR $EY » HOEL B
wL o HEEERERERS - FER S8EN
F o BLSHEEW 0.5% > b » "Il
WEZFE » HEHIRREZECIER » (BT
B s Y o
Pythium debaryanum Hesse

RS E LI SRS RS > 1962
FERERE ARG E AR LA E G RAEH
il ERE 0 o B EC I HERE G FA RS ER R (L L 335
%% Trichoderma spp. A2 %58 » A #1%] Pythi-
um o BB KPR ERET FERERR SRR
% » BrAES) o 8978 P. aphanidermatum, P.
spinosum ¢ P. vexans ©
Pythium myriotylum Drechsler

BHARZRENS > EAES BEE
7~ TGRS > K DIERRE
TRIERBRE® o
Pythium spinosum Saw. } P. ultimum Trow.

B 5 EERERIA B R B S i Fe s
BEBEAL » 5HDHERENR o hE®gs
P. spinosum 755 S IAENRS » BRERE
24 ~28°C » P. aphmidermatim 755 |#2&7 L YE
B% » BWFTEER 32~ 36°C o FiEBWAERK
T REBEREF -

Rhizoctonia solani Kihn

FlEEZRmE

R solani 32 P HEERIKHE » {21945
FELRIARARE RS » K 1919 FEH
) S 25 25 T AT B Bk RS TAte » BBy
IR E 445 Hypochnus sasakii Shirai o B
1960 245 =1+ FH » HBM R solani iR
HETTHE 3R LE ) BE ~ 2 SRR
T G107 5 KAk (BAS48T0) | p oase
2w @ - BALREE - MREEER - AR
AT %Té%ir(lﬁ)uﬁﬁﬂZﬁfﬁ
B OO~ RORAURER ~ AR R R E
kg RGO

SR Rhizoctonia solani Kithn ( BifZHAL)
B 1858 GEFT 4 » HABTFHEAHERS 1956 4257
B Thanatephorus cucumeris (Frank) Donk »
BEERRFHEZLIEEERE - BHBE Cor-
ticium solani » Pellicularia filamentosa 8
Hypochnus sasalkii > ¥+ K@ (111219

 SEESEEE o IER BB H R solani B
JRAaBNRE IR » HAESR SR AHE RERE
FAEHA ~ RIREA ~ R4 ~ 5 o DL
BTHEAEEAEET MY, B8~ &



i~ RBIE 18 Z Pellicularia filamentosa ( R.
solani ) » HIRIEMERIE AR » AFE£HME
50 o HEIRD LB MBI A EIS S OB
Z R. solani BB AMEEMMSE | AG-1
(FRBTE4 ~ K& ~ B2l ~ 7KF8 ~ 285 ~ i F >
mE) » AG2 (ZREEMW ~ BN ~ 2 ~ 5%
EFEF) 0 AG4 (REFR -~ B - %6~
P~ EWE >~ REE S BB~ BT ) 0 AGSS
(ZREARE ~ 1) - FEUEKREMES
Bz ERYBRELE > BREEIOAHE
BIE » BBAD o (EEEHEBEMEEY
(ER) » LR p R IR % B A8 25 ~
30% o
Fi R solani AG-15 [ Z/KFERER » 55
FECEEIRE » SFEWRETEER 10% 2
tr RBEEZ AR o B YIRS
» BIZMTEERE L D EEEITAERIIRER A »
B PAMA S BEUKHE » MR B MBI
RIXEAT SRS W*ﬂf’ﬁﬁé?ﬁ%%ﬁﬁcﬁf
BEHRESZEEME &~ 8 - HE 05
%%Jt#ﬁ%ﬁﬁ%%%ﬁ%ﬁi Bile 1R B
R &R B JREE 4 Phenyl acetic acid &
meta, para-hydroxyphenye acetic acid °
HEBRERIS » BRIREERAE >
DMEEBBTERE o R RERELERIC A 155 ¢
TR EE ~ WANFLE ~ SRFPRERSE ~ FHEATERES ~
AR 2 MRNMER S A (E
RFM 1990 ) o EYPEH R HBEENE
Aspergillus spp., Penicillium spp., Nocardia sp.,

Bacillus, subtilis, Trichoderma harzianum.(13303

BUNS s BHRBBERTE o KBRS Tricho-
derma koningii Z T RIFIS B2 B2
FLEE TSR BRI E . T, koningii TR
AREARF (BR—) » A ARG AL RIS
( R. solani AG-4 ) "™ o

Sclerotium rolfsii Sacc.

52z BiEm

S. rolfsii B Bt —EESREE
19314 Curzi 545 Corticium rolfsii » 1964 4
West 874455 Pellicularia rolfsii »# ( 1975 ) 5
Z 1% Athelia rolfsii® o

S. rolfsii B REEN 7 EE - E ML IR
B ERZBRENRE > REE o 1919 F8
FHEDS 28T ~ 27 ~ HHREE) - 2828 ~ %4 -
B ~ SRR~ RIS R o 19704
% BEERBIBE L BRI HESE 4
RILIPCNB EH LR E » SR » mm
BEHEAI T 250 ppm &2 PCNB » 5 5 k% »
FRERE EBENER® o 2% 2R
BTN S EYE L ERRE RIS AT 4 >
BN B ~ BHE I R R 4 TR
( Aspergillus niger ) fuF 2 EMEML > kSR
Bk SiREAELERZ L 0 o BIRBIIRIE 98
B BRGNP R R s M
WEBRS > TRSEEAREE® « gif
e~ ZEAREASTEEBE £ OER 700
H2& 2L P.E. BB 7 25 R R B BB LARS
WBEERY » EEEEE P 4 R A
51°C » WHER 40 °C UL L2 R RITT3E 119 /N8 »
RLUFICER » BEWINETE ~ KBRS EX
o BRFEE o FROBERBZREMBY
WMEAAASS ~ 1HERSE ~ Bk - TGS Hes
HIREZRE » REREA B EEERIEER
+ d 2 WA WA Trichoderma  harzianum B
Fusarium ventricosum REFRHIRZRBS » R R
REERR » BILHE ﬁtﬁﬁiﬁ)’ﬂ“ SF b
ZAEHD o

Sclerotinia sclerotiorum

E5 R EI%R

HERHERREELR ~ EREBESW IR
et~ LA S > FEEEEE > BH
191209404 % 3 20 B} 104 FEREY) » B ~ FRi
BRSO > FEREYE 13458 o HRRA
KRERBEREEILR » EREES e
IR » DI EIR R RER 2 s
1976 “E IR L H B AFERE Y ZHET
WRFE RN B 2 A BB AR S S B ) IR IB S
B ~ MUENIREERBRIE D ARRRCOS) o BIRTETE
RFRIRE » 1~ 4 AERSTREETEEER
TEE > TR THE BRSEMEY o Huang
SWERRE 10~ 16 CTRREEK » T
IRERAE 21°CIRIER LR » = EREIERT
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BAZ > fE25~ 30 CEETERCE R » B
BHUEF xR EERCE
EAEEERTIEEERENRERER » X
1 Gliodladium delequenscens & Penicillium
vermiculatum 2 FEH 1558 o & ~ BD 515
Trichoderma viride . Gliocladium virens > &
F5ER R IR E ] DCNA RZRBEMEE © Wu
DSHERR T viride 4t » FIFE KB EEER BA
L8B3 v HN I B AL 42 T 88 o
Anton de Bary 1884 §T S. sclerotiorum
( Lib. ) 2% » BHEFELY Sclerotinia  libertinia
Fuckel 1870 » 1972 & Karf }x Dumont {515
Whetzelina sclerotiorum ( Lib.) » {E¥Z45 %
BABE S. sclerotiorum °

EUNELERTS]
( Ciboria alli )

1919 2238 OV 2 T8 R v 7B/ INKL B R
{4 Sclerotinia alli Saw. 7 [#2 o /% 1951 FE#
HARIBERENDTIRIBZ o 5~ '™
IRV NE BRI LER R RIS > MM BT
ZEBAE Cibronia alli ( Saw. ) Kohn., HFZlg
F4R4/N (RN L) » INFEEFARE
#F > EEDIEZBE o '

ZEEI® ( Ciboria
shiraiana ( Henn. ) Whetzel )

1919 FEBHCE LB E - K E S Scle-
rotinia shiraiana Henn., Whetzel &z Wolf EER

EHMBERERD AT THEFTHE

#5 Ciboria shirgiana {( Henn. ) Whetzel o

1980 L AR BIAIRAE R 1 A P BT AN KB4k »

Lin & LoV &M A B %k - » B&EE
MMEEES 12~ 16°CH » BERFEERTE
#5 o B 6O%F A= ] Atrazine & Diuron ~ 3%
EEIRIEE - DCNB K Ronilan #7] #IH 72
TR °

+FIER AR IR

FH Plasmodiophora brassicae Wor. 5[#2Z
+F R R » 2hEREZ— © 1933
FEEACEREEESEEE » DIBEEAR

ZIHRE RS o 1985 FHE » REFEERIH
R ERLE » BB BIREL AR R
FURFSE c HEPRE R L 119F +18 > 5 47
BEEERERE » ERTFIBRLRE > o6
PHE S T hEaEd o THEpHE4~ 771 »
BR S FER TS ~ T)IIPESE ~ REBRAZE - &
REZERMHZE o HE ~ 77 ~ 106K ~ FEE
RIEERRATREER o 3% R EraE
TFIER R R R A B e R
ECD 16/0/0 & ECD 16/0/31 o B ~ F1L] ~
ARE ~ KRE ~ Z#HEHE ECD 16/0/0 8 » &
5 ~ LU B ECD 16/0/31% o HE ~ %
TEZE R ACARZEIE ECD 16/0/0 24 o
R E RSN 0.5% B0 1%S-H B &Y »
B ERENH I SR B - SE—F 3%
B S-HIR &Y 2 W0 NI B B M 8 TR
IREA G o Bkt E/ERE
] ST VL O SRR A R » BB A
BRFE AR TR R - ASEnEE L T EERE T8
BIRERAEERS 7 o B PRI 1% i
BRIk » E B MW PEEAESE 2K
TR LT o IR BERFER 13% > M
HIREER 50% » & ErEEAEFWhER
R OD o TR R » (EEHERE

Him = R A HpRhAR

1975 EMEE e B IREALEE A 2
W% ( Fusaium oxysporum f, sp. lini ) 2 H5%
O o igpE - R TR RS R > TEAEEE
NEEE - EFRREEMEINRE » KiniRd
WE o HIH R EEE RS » B 8% »
T 3895 056 B B S A 53 23 ~ 66% o 3%
LRV o 1984 FEERIRCIER AL RRIR 1
M EENE ( F. oxysporum {. sp. niveum
(FON) ) s+ » fEH% L4 » FON B
HEF R 18% » IR 81~93% o
W% £ g TT 888 FON 2.5~ 6 X 10° &
8 > TSI BRERE 20% » K15 80% o
R RER L pHABIE 715 6.4 » YK
TEML  FRESER > BeEERLHER
LRI o MW LG4 Fusarium spp. B
BR L% 6~ 12565 » AL INE ( 100°C »



GE L ENRERC FEERE 11

30 5368 ) HINEHENBL o (BEBAIMEIE
+ BB LR 2 A » B 2 s IR
PRAE » (B35 £ RO RI9% OF o #0192 3005%
WHEH T R ECEREER > E8RtYa
EEE 10°8 5 X 10°1 » RS < 34
EHEERE 10'% > BOREAMER 14% - EF
FEIES 5 X 10°HF » R 2 IR T B4 O
o Huang % 105 25BN - 70 i e v s 4
BMRM > FUSHERER 28T 2L
AP HENEIEIQ0 Rose bengal ~ Streptomycin
B¢ Rubigan BREHNE 1= » ATERSF B2 ERIBERE
TR0 > B PRI AEMHESE » (IR
FEGE H A RIS £ > BT A0H0E 1 2 3% 0
BAEMERIEEYME o R COOEE HERIR B
FEEHER ( F. oxysporum f. sp. cubense, race
4 ) ZIWEL o FEM B R TR T FED o

FRHCVOELERE BT IERS
KIRER IR L > SR L2 pHEE » &8
REHET - INFEEARIBEEINFR T > R
FEEYNE ©

YR ¥E R T 2R L& B Y R A
STEEL » BEMRIGHE - B EMIMAZIE
B B B 22 R B R A1 - S i) LA s 1
CBERERMETTR  ERHAREREREC
“1830314344GTI0NIBI) o fieprpu s por A o st
FAER— L > FER BRI FEHARERSA
> B P HBEARERTE » HERMAE
Brad o 817 DI SRS 2 Trichoderma Kon-
ingii » EHEIR—TC T. Koningii Bif& » LI F.
Koningii i 7 IFHAEALEEF » R8I
PRERRARIL 14 ~ 56% 5 ~ B ~ BN 38
YU Aspergillus spp. ~ penicillium spp. >
Trichoderma. spp. ¢ Bacillus subtilis & ¥ R.
solani FHRARIELITT © AIMFIEHTEFRDR -
KHIASEAERGE Penicillium sp. ~ T. harzi-
anum B, Bacillus subtilis > £ B Z B 1B 3R
MO o '

B DRI R T BB ERE > £
BRI TEIET » HEREZHESETS
T o 1983 EFREFE G N B R Th S HIR
&Y > BRIEREYEIRE - W B
BEBRESTTIRY, » FIRSIEPEINEER ~ HEREER -

BT Z ~ BB RARER ~ HEAER
BRI ~ BN » RARBER AN
WEEEENR (Puthium myriotylum ) ~ B &
&9 ( Peronophthora litchii ) E ik R R
(F. oxysporum ) » XAIRGYEHEKAR (5
§5) ~ FEIGIREE ~ BURSEE » NAHEBRE - %
B~ BEARIERBETERS R o

TREBREREMRZREE

FEERCBAEE » BOHUESE » LICER RS
RIS > EMERET HEHEmEs > WL
B ERRIE RS » B AFTAE
% MESSETERBAMRTS » BER
R R iR > IR R TEIR ST o

— ~ YRR RIRERRE 1A 2 B
HERIhAIREME S » &S ERETERIAYE - B
BRBEEZHA » BEYMBZET » 8
WEZEASRERBHEETARESE » 0TE
HEHEMBAPHBZBER » BSRENER &8
THERECHEEAE - MYEER -EMEY
HRILFEBFHATE o BIEHCEHE - BEER
BB R LHE ~ BIRESER 0 AR
% - GEEXRETNEREE  BEan
RERRE » HUEIR » ATk ET A
MEFBRIEREREE G - EETRE
IE PR E R RS E R EEEAE
73 > TS L2 B IR Te Ty B S R TR RS
ERFEREE LA ©

= BRMRRCEE | FTEBENEE

( subclinical disease ) 75575 SL B3 20 4 oA
YIARER » 15 [HCBARERE - BSR4 RS
MEERE - BRiTEES Pyhium spp. ~
Fusarium spp. EHEFEPHEYRE » BRALIK
R » B BUER » fEAERATRIERS »
EEXE » BRMERRZEEBLER - 25
BRMRR AR R - EEEYR
HA TR o thFrFEs M s 24 mEt
WERERERC R HRWMERE > 285
BERNFEZIAL  HER MK » RO
& °

BRUERREERRE - EEREE—E
TR EREAR A EMSRR S » B
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BRI » BENRZEATELHEYET
RWARERRETZ— © TFERFF ZREMRR
HIgMRERWE S » BEYRE SEER”E
EHUHRRE o
= BRI L RADR s BR
EINHENE ~ BRAE ~ BEAIRBGKIES AL » &
EERRMER LT o BLEESER S B
FALRR » BEENYZ A BWAR » &
HALERRERE » A TH3 3R M B AN »
FHIBEERAINYCEENE - B¢ S-HES
W et A 2 67 22 P R T S BR B A AT B 1
TEMREAREFDER o FTRP 1990 FH#E
HixZ SF-21 » Bhia RSB B A BUER il
(RRFERER) - BUZESERRIYIEE
ELHHIR » DUTHIEEL LSRG LR o
EERE LDATHEREEHESE » DURBUESE
PREET » TERIMMEREERERS

B e
5| 3R

1. FEEZY - BICHE 1986 +FAERISZSHRE
PRI £ TR M AR R 2 TR 9% o fEfR
T 28:363-370 o

2. JTHR 1988 [RF K HEME W LR
B HRRE B RSG5 o
BN A A SR B E BT LR
j( o

3. ZEH 1989 EEEIER o GERE
FSERFTRIF 27:212-222

4, &= ~ Knnimoto, R. ~ FISCHE 1990 &
BEE R BTV o HEET 32
145-157 o

5. LEE ~ FIOE ~ FIESC 1991 BELE
TEIEIR < 596 K 9 + 38 o fEfRErT] 33:
142-147

6. RIFZF~ BXF 1980 BHBEERC4E
Y BALZEAIE o HERE T 22:269-286 ©

7. FFHK 1989 BEEHERECERE - B
BEREEYRGEBIRFTMELR o

8. HE& M ~ LY 1969 [F— HRHETEY
SR Pellicularia filamentosa BERZ %]
SR o FELRE T 3:105-110 ©

0. Kkt ~ FRAKHE ~ B 1975 LTI
VA 3095 + 3 o ARSI 17:309-399 o

- 10, FRE ~ REOKHE ~ GRERSE 1975 PEITRE

e R B AR B A R RIThRE RS o
HEE T 17:434 (%)

11. #£4:# 1975 Rhizoctonia 1 Sclerotium &
WREE ERELE P 45 o e
¥l 17:155-172 ©

12. ¥ & ~ BEEEE 1978 Rhizoctonia solani
Kubn Z kLT B o ZKFERERE © £ 8
DHEFTE (BBAESR » 263-285H) »
TRENERBEEEGHIR
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ABSTRACT

Sun, Shou-Kung. 1991. Soilborne disease research in Taiwan: retrospect and
prospect. Plant Prot. Bull 33:1-16. (Department of Plant Pathology, National Chung

Hsing University, Taichung, Taiwan, R.O.C)

During the past three decades, studies on soilborne diseases have been carried out
extensively including diseases caused by Fusarium spp., Phytophthora spp., Pythium spp.,
Rhizoctonia solani, Sclerotium rolfsii, Sclerotinia sclerotiorum and Plasmodiophora brassi-
cae. Research also extended to suppressive soils and biological control. Among the
above-mentioned diseases, more detaild studies were concentrated to Fusarium wilt of
watermelon, Fusarium yellows of radish, ecology of Phytophthora, Pythium damping-off
of cucumber, diseases casued by Rhizoctonia solani, Sclerotium rolfsii and Sclerotinia

sclerotiorum.  Studies on Plasmodiophora brassicae and control measures by soil

amendment, especially the effect of calicium, received high appraisal.

(Key words: soilborne diseases, biological control, antagonistic microorganisms, soil

amendments)
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ABSTRACT

Tu, J. C. 1991. Etiology, biology and control of a soilborne root rot complex of
green peas. Plant Prot. Bull. 33:17-35

The field incidence of pea root rot in southwestern Ontario averaged 26%. The
root rot complex has severely curtailed green pea yield. In order to resolve the etiolo-
gy of this complex, a total of 782 fungal isolations were obtained from 465 samples col-
lected from 33 pea fields. The isolations yielded Fusarium solani f. sp. pisi, F. oxyspo-
rum f. sp. pisi, Aphanomyces euteiches and Pythium spp. in 7:4:1:1 frequency. The ratio
of races 1 and 2 in the F. oxysporum isolates was 7:4. F. solani did not appear to be
highly specialized and no attempt was made to determine its race profile. The disease
severity caused by F. solani (root rot), F. oxysporum (wilt), Pythiuni and Aphanomyces
averaged 3.2, 8.7, 2.6 and 4.0, respectively, on a 0-9 scale. Plants with Fusarium wilt
usually died while those with Fusarium root rot showed various degrees of stunting and
yellowing but rarely died. Pythium and Aphanomyces are considered to be minor prob-
lems in Ontario. Based on this information, a disease damage index (DDI) was devel-
oped to rank the relative importance of these four root rots. The DDI of a root rot
equals the total amount of root rot (26.5%) X the frequéncy of occurrence of each
fungus X the severity of disease caused by each fungus. The DDIs for F. solani, F.
oxysporum, Pythium spp. and A. euteiches, were 45, 71, 5 and 8, respectively. Therefore,
Fusarium wilt is the most damaging disease followed by Fusarium root rot. While
Pythium and Aphanomyces root rot are of minor importance. Based on the etiological
and biological findings, an integrated control program has been developed. The pro-
gram includes: (a) development of a new seed treatment formulation; (b) trial and se-
lection of disease resistant cultivars; (c) formulation of suitable herbicide combinations;
(d) development of a soil indexing procedure; (e) improvement of tillage practices; (f)
adoption of interseason green manure crops and (g) modification of soil pH. The suc-
cess of this integrated disease control program has brought pea root rot under control
and increased pea yield by 150% over a three-year (1984 to 1986) period.
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INTRODUCTION

Approximately 9,000 ha of green peas
were planted each year®. A survey of 550
ha showed that root rot disease affected
about 26% of the plant population. Many
fields sustained total loss. Average pea yields
in Ontario in 1983 were only 1.5 t/ha, where
a yield of 5.0 t/ha is possible if root rots are
brought under control®.

The etiology of pea root rots in south-
western Ontario has not been fully resolved.
There are more than 20 different fungi that
can cause pea root rot®. Root rot disease
of peas in different regions of the world may
be caused by different fungi as a reslut of
geographical and environmental differences.
In Canada the most frequently isolated root
rot fungi of peas have been Fusarium solani
(Mart., Appel & Wr.) f. sp. pisi (F. R. Jones,
Snyd. & Hans.), F. oxysporum (Schlect.) f. sp.
pisi (Snyd. & Hans.) and Pythium spp., with
Asochyta pinodella L. K. Jones and Rhizocto-
nia solani Kuhn isolated occasionally™®, F.
solani has been reported to be the predomi-
nant root rot fungus in southern Ontario®”,
unfortunately, these reports have been based
upon limited surveys. The frequency of isola-
tion of specific pathogens has not been re-
ported, nor the relative severity of disease
caused by different root rot fungi. No recent
systematic research efforts have been at-
tempted on pea root rot in Ontario, so that
new information is needed to develop an in-
tegrated control program (ICP) for the On-
A detailed sur-
vey and controlled experiments are required

tario pea root rot complex.

to obtain information with respect to etiology,
and biology of this disease complex.

This paper discusses the application of a
quantitative approach toward etiological de-
termination and application of biological find-

ings in the development of integrated disease
control measures.

MATERIALS AND METHODS

Etiology

A survey was conducted in Essex and
Kent counties in southwestern Ontario. To-
tals of 600 and 800 ha were surveyed in 1983
and 1984, respectively. The acreages repre-
sented 50 and 5% of the total acreage of
the largest pea processing company in the
area. Since peas were grown exclusively for
the company on contracts, the growers’ fields
to be surveyed were selected randomly from
lists provided by the company.

Surveys were conducted between late
May and mid-June each year. For each field,
four replications of 10 plants were dug‘up
and the incidence and severity of root rots
were assessed. The severity was determined
using a 0 to 4 scale in which 0 = healthy, 1
= 0-10%, 2 = 11-25%, 3 = 26-50% and 4 =
51-100% of the root discolored.

A large scale isolation was conducted in
1983 in conjunction with the disease survey.
A total of 465 samples was collected random-
ly from 33 pea fields. Isolations were made
by cutting small pieces (ca., 1 mm?®) of dis-
colored root tissue. The tissue pieces were
surface sterilized in 1.65% sodium hypochlo-
ride solution for 1 min, rinsed in distilled wa-
ter and placed on an agar plate containing
potato dextrose agar (PDA) and 40 pg /mL
of novobiocin. For each petri plate, 4 pieces
of tissue were plated. The plates were incu-
bated at 22°C. After a 4-day incubation, the
fungi that grew out of the tissue pieces were
isolated and later identified on the basis of
pathogenicity to a series of differential pea
cultivars 9.

Development of a new seed treatment
formulation
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The etiology of this disease complex has
been resolved and is reported later in the re-
sults section. Frequencies of isolation of F.
solani, F. oxysporum, Aphanomyces euteiches
and Pythium spp., were 7:4:1:1,
apparent that Pythium and Aphanomyces are
not a major component of this disease com-

plex and should be controlled by seed treat-

It becomes

ment. Unfortunately, captan is the only
chemical routinely used in treating pea seeds.
Since captan cannot control Phycomycetous
fungi, such as Pythium and Aphanomyces®
other chemicals should be sought.

Several fungicides were assayed in the
laboratory against Pythium ultimum and Apha-
nomyces euteiches. They were: benalaxyl,
Dowco-444, metalaxyl, Ortho-Xe779, pro-
pamocarb, Re 26745 and oxadixyl. Two con-
centrations of fungicides were used, 40 ug a.i.
/mL and 100 yg ai./mL (Fig. 1). The fun-
gicides were mixed into potato dextrose agar
(PDA) which was plated in 10-cm petri plates.
Small mycelial discs, 5 mm in diameter were
punched from the actively growing colonies
of P. ultimum and A. Reuteiches on PDA and
transferred to the fungicide containing PDA,
one disc per plate. For each fungus-chemical-
dosage combination 4 replicated plates were
prepared. The diameter of the colony was
measured daily for one week. The experi-
ment was repeated.

Seeds of the cultivar GG313, a wrinkle-
seeded pea, were used throughout the test.
Three fungicide dosages were used (i.e. 15,
30 and 60 g a.i./100 kg of seeds). The seeds
and the fungicide were poured into a seed
tumbler and a small amount of water was
added. The seeds were tumbled for several
minutes until they were evenly coated with
the fungicide. Treated seeds were planted in
potted soil obtained from a field with heavy

root rot infestation, 100 seeds/25 cm pot at a

depth of 2 cm below the soil surface. Four
pots were planted for each dosage-chemical
combination.  After sowing, the pots were
kept in a greenhouse at 21+ 2°C and wa-
tered as required. Germination counts and
root rot ratings were made 2 and 4 weeks af-
ter sowing, respectively. Root rot severity
was determined on a 0-9 scale, in which 0 =
less than 10% of root with symptoms, 1 = 10-
20% of root with symptoms, etc, 9 = plant
dead. This rating system (0-9 scale) was also

used in all experiments unless otherwise stat-

ed.

Based on the above evaluations, chemi-
cals that were effective against Pythium and/
or Aphanomyces and had no apparent phyto-
toxicity were selected. Metalaxyl and oxa-
dixyl were selected for Pythium and Dowco-
Three

new formulations were developed in combi-

444 and benalaxyl for Aphanomyces.
nation with captan. They were (a) captan,
benalaxyl and metalaxyl; (b) captan, Dowco-
444 and oxadixyl, and (c) captan, Dowco-444
and metalaxyl. To test their efficacy, each
chemical was applied at three dosage levels
(15, 30 and 60 g a.i./100 seeds). The treated
seeds were planted in the same manner as
described previously in the seed germination
tests. Germination and root rot severity were
determined as described above.
Trial and selection of resistant cultivars
and lines

Most cultivars used in Ontario are highly
susceptible to Fusarium wilt and root rot.
An evaluation of a range of commercial cul-
tivars and breeding lines for resistance to the
Ontario root rot complex was conducted in-
cluding cultivar trials, testing for specific re-
sistance to Fusarium wilt and for non-specific
Although
some pathotypes of F. solani have been re-

resistance to Fusarium root rot.

ported®, it is felt that the species is not yet
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Fig 1. Effect of various fungicides on growth of Pythium ultimum (white bar) and Aphan-

omyces euteiches (black bar). Two concentrations of fungicides were used, 40ug a.i./mL

(A) and 100 pg ai/mL (B).

highly specialized.

Cultivars of peas were obtained from
various research brganizations and seed com-
panies between 1983 and 1986. Each year,
between 150 and 200 cultivars and lines were
tested in 4 replications of randomized single

rows in a field with severe root rot infesta-
tions. The ratio of Fusarium wilt and Fusar-
ium root rot was approximately 7:4.

Root rot severity was rated on a 0-9
scale in the last week of June, with 20 plants
examined in each row. Cultivars and breed-
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ing lines which had a disease severity rating
of 0 to 4 should have a high to moderate re-
sistance to the disease complex of Fusarium
wilt and root rot.
Formulation of suitable herbicide combi-
nations

MCPB, MCPA and MCPA/MCPB (1:15),
phenoxy compounds, are the most commonly
used post-emergent herbicides for peas in
Ontario. These herbicides have been found
to increase root rot severity and exacerbate

@D Twelve herbicide

symptom expression
treatments consisting of different combina-
tions, rates and methods of application (see
Table 9) were evaluated over a 3-year period.
A moderately infested field in which a stan-
dard susceptible cultivar, (GG 512), usually
showed in 100% infection with a disease
severity rating of approximately 5.0 in a 0-9
scale was used. Herbicides were applied in
accordance with the manufacturers’ recom-
mendations. Preplant incorporation were ap-
plied immédiately before sowing, post-
emergent spraying was applied about 4 weeks
after sowing. Peas were sown each year in
The 12 herbicide

treatments and a control were randomized in

the first week of May.
each of 4 replicate blocks. A treatment plot
consisted of 20 rows, 7 m long and 20 cm
apart with 40 seeds/m. Root rot were rated
on or about June 24 as weather permitted.
In each test plot, 40 plants were scored on a
0-9 scale.
Development of a soil indexing procedure
F. oxysporum and F. solani are soil in-
habitants. Incidence and severity of root rots
are related to the density of inoculum in the
soil, and fields with a previous history of root
rot are likely to have an ongoing problem
when susceptible cultivars are planted. Sher-
wood and Hagedorn® have developed a soil
indexing method for common root rot (4. eu-

teiches) of peas. This method was adapted to
estimate the inoculum density of the predom-
inantly F. solani and F. oxysporum in Ontario
fields.
laborious and costly. As an alternative, an

However, the method proved to be

on-site testing program was developed to
evaluate the recommended cultivars in a
small area of growers’ fields one year prior to
commercial production.
Improvement.in tillage practices

Soil compaction increases incidence and
(1229 Therefore, the ef-
fect of various tillage practices was investigat-
ed.

severity of root rots

The field experiments were conducted
on Brookston clay, a fine textured soil classed
as an Orthic Humic Gleysol. This soil type,
one of the most widely distributed in south-
western Ontario, has shown favorable re-
sponse in yield when soil compaction is re-
duced®.

A Latin square design was used to com-
pare five tillage treatments planted in a east-
west direction with green manure treatments
superimposed running north-south.

The experiments were conducted in a
field previously showed 100% disease inci-
dence and an average disease severity of 8-9
on a 09 scale.

The five tillage practices applied were:
(1) Fall plough + spring flat seed bed prepa-

ration (FP);

(2) Fall plough + spring flat seed bed prepa-
ration + compaction (FPC);

(3) Fall plough + fall flat seed bed prepara-
tion (FP-FSBP);

(4) Fall chisel plough + spring flat seed bed
preparation (CP);

(5) Fall plough + spring raised seed bed (20-
cm in height) preparation (FPB).

The fall tillage practices were carried out
in late October, and the plots left until mid-
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April of the following year. Spring seed bed
preparation involved smoothing the land with
a triple-K. Soil compaction was achieved by
running tractor wheels over the plots. Com-
pacted and non-compacted fields had pen-
etrometer readings of 11.0 and 18.0 kg pres-
sure at 18 cm depth respectively using a Bush
Recording Soil Penetrometer (Findlay &
Irvine Ltd., Midlothian, Scotland).

Peas (cv. GG512) were planted each
year in the first week of May. Pea root rot
ratings were recorded in the third week of
June. For each rating, 4 replications of 10
plants per plot were examined. The experi-
ments were continued for 3 years (1984-86).
The weight of pea plants were recorded at
the same time.

Adoption of interseason green manure
crops

The root rot disease complex that causes
severe loss in this area can be attributed to
long term improper cultural practices. One
potentially beneficial practice is the growing
of interseason green manure crops. At pre-
sent, this is not widely practiced. The impact
of interseason green manure crops in pea
root rot disease control was investigated
along with tillage practices using a Latin
square design.

Bean, peas, rye, oats, corn, sudan grass
and sorghum were grown as interseason

green manure crops in two root rot-infested
fields (one heavily and the other moderately
infested).
harvest in mid-July, the fields were chisel

Immediately following the pea

ploughed, disced, smoothed and sown to
green manure crops. Cultivars of green ma-
nure crops, seeding rates and row width are
listed in Table 1. At the end of October,
samples were taken from each crop to esti-
mate the amount of green manure produc-
tion. Later, the green manure crops were
chopped and incorporated into the soil.

In early May of each year, a root rot
susceptible cultivar of pea (cv. Green Giant
512) was planted in 15 cm rows in both heav-
ily infested and moderately infested fields. A
There
were four replications of each test. Root rot

randomized block design was used.

severity and pea growth were determined in
the third week of June and first week of July,
respectively, using a 0-9 scale. For pea
growth, plants were sampled for fresh weight
determination. For each plot four replica-
tions of 10 plants were sampled.
Effect of soil pH on root rots
i) Effect of liming on plant growth, root rot
severity and pea yield in a green manured
and non-green manured soil
"~ A split plot design with 4 replicates was
employed to compare green manured and

non-green manured soil relative to quantity

Table 1. Cultivar and seeding rate of various green manure crops

Crop Cultivar Row width (cm) Seeding rate (kg/ha)
Pea Green Giant 512 15 246
Bean Improved Tender Green 60 90
Rye Empire 15 108
Sorghum Silo Maker 15 81
Oats Garry 15 100
Corn Pioneer 3707 60 22
Sudan grass Trudan 8 15 81
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of liming. After the pea harvest in early July,
one half (24 X 10 m) of each plot (approx.
24 X 20 m) was planted with field corn (cv.
Pioneer 3707) at 60 cm row width and 22
kg/ha seeding rate and the other half left
bare. In mid October, 1986, the corn plants
were chopped. The yeild of green manure
was estimated to be 8.8 t/ha.
after, the plot was strip (3 m wide) limed by

Immediately

spreading dolomitic lime at a rate of 0, 0.5,
1.0, 2.0, 3.0, and 4.0 tonnes per ha and then

disced to thoroughly incorporate the lime and.

green manure into the soil. The plot was left

over the winter and planted with pea (cv.

G.G. 512) in the first week of May, 1987.

Fresh weight of plants, root rot severity,

green pea yield and soil pH readings were

recorded in the third week of June.

ii) Effect of liming on soil microbial activity in
a green manured and non-green manured
soil

In early July, soil samples were taken in
four replications from the top 10 cm of soil
with a core sampler. A series of dilutions

(10~ to 107 %) were prepared from each soil

For bacterial count, 0.01 of a dilu-

tion was applied to a PDA plate. The plates

sample.

were incubated at 22°C and colonies were
counted 48 h later. For fungal count, 0.01 of
a dilution was applied to a PDA plate con-
taining 40 yg/mL of tetracycline. The
plates were incubated at 22°C and fungal
colonies were counted 72 h later. Root rot
fungi were visually differentiated from other
saprophytic fungi recognizing that a margin
of error exists with this method of determina-
tion. Each dilution was plated four times.
iii) Effect of different green manure on soil mi-
crobial activity

Soil that was heavily infested with pea
root rot fungi was brought into the green-
house from the field in Tecumseh. The soil

was limed with dolomitic lime to bring its pH
to 6.5, an optimal pH for microbial activity
determined in previous experiments®. The
soil was divided into eight subsamples. One
subsample was reserved as an untreated con-
trol and the other seven were allotted to sev-
en different green manures (i.e. pea, bean,
rye, sorghum, oats, corn and sudan grass).
The green manures were harvested from the
filed, oven derived at 55°C and ground in a

2 screen.

Mill grinder with a 2 mm

Two percent by weight of each type of
ground dried green manure was added to
each soil preparation, throughly mixed in a
cement mixer and placed in 13 ¢cm-pots. No
dried green manure powder was added to the
control. Each treatment consisted of eight
replicated pots.. The pots were kept constant-
ly moist in a greenhouse at 22 + 2°C for a
six month digestion. Later, the pots were di-
vided into two groups. One was planted with
peas (cv. G.G. 512) to assess the severity of
root rots and the other was used for soil
sampling to determine the soil microbial
population using a method described previ-
ously. Root rot severity of pea was scored

two months after sowing.

RESULTS AND DISCUSSION

Etiology

Root rot survey. The incidence of pea
root rot varied widely from field to field and
differed greatly from one cultivar to the oth-
er. Variation among fields ranged from 0 to
98.5% and cultivars from 15.8 to 53.5%
(Table 2). Similarly, the disease severity also
varied widely among cultivars. For example,
GG451 had an average root rot severity rat-
ing of 1.6 versus a 3.3 rating for GG 313 on
a 0 to 4 scale (Table 2). The differences in
incidence and severity among pea cultivars
indicate that some cultivars may be more tol-
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erant to one or more root rot pathogens.

Isolation of root rot organisms. Isolations
were prepared from 465 samples collected
from 33 pea fields, from which 782 fungal
cultures were isolated. Of the 782 fungal cul-
tures, 356 were Fusarium solani, 201 were F.
oxysporum, 58 were Aphanomyces euteiches, 43
were Pythium spp. (mostly P. ultimum), 6
Rhizoctonia solani, 5 Thielaviopsis basicola and
the remainder (108) were non-pathogenic
fungi, mostly common soil inhabitants. Fre-
quencies of isolation of F. solani, F. oxyspo-
rum, Aphanomyces euteiches Drechs and
Pytium spp. were 7:4:1:1®. Other fungi, e.g,
R. solani, A. pinodella and Thielaviopsis basico-

la (Berk. & Br.) Ferraris, were isolated only
occasionally.

Overall disease severity and yield loss
are the sum of the effects of each component
fungus. The incidence of pea root rot in
southern Ontario averaged 26.5%. Disease
severity of each root rot was determined on a
scale of 0 to 9. The severity of disease
caused by F. solani (root rot), F. xysporum
(wilt), Pythium and Aphanomyces averaged 3.2,
8.7, 2.6, and 40, respectively. Isolates of F.
oxysporum were identified as races 1 and 2 by
a differential scheme® and known races
provided by J. M. Kraft of Prosser, Washing-

ton. The ratio of race 1 to race 2 was 7:4.

Table 2. Incidence and severity of pea root rot in 1983 and 1984 in Essex and Kent counties

Area (ha) Root rot

Cultivar Total Surveyed % Surveyed  Incidence (%) Severity )

1983 1984 1983 1984 1983 1984 1983 1984 1983 1984
E.J. 235 92.7 90.9 459 677 500 736 535 34.1 2.1 2.7
Sparkle  131.8 66.4  80.5 482 606 72.7 15.8 21.1 3.2 2.8
Mini 381 207.7 1350 1114 995 536 74.1 213 22.8 2.0 2.1
G.G.313 182 —? 745 — 399 - 433 - 33 —
G.G. 451 100 4220 0.0 3200 00 758 NA 202 NA 1.6
G.G.512 3873 3070 2223 2482 5713 80.8 207 211 2.2 1.8

1) Root rot rating based on a scale of 0-4 in which 0 = healty, 1 = 0-10%, 2 = 11-25%, 3 = 26-
50% and 4 = 51-100% of the root discolored.

2) Cultivar discontinued in 1984.

On the basis of this information, and as-
suming that hosts, environmental conditions,
and cultural practices are random relative to
isolation, a simple disease damage index
(DDI) can be developed to rank the root rot
fungi according to etiologic importance. The
DDI of a root rot equals the total amount of
root rot X the frequency of occurrence of
each root rot fungus X the severity of disease
The DDIs (Table 3)
show that Fusarium wilt is the most serious

caused by each fungus.

problem, followed by Fusarium root rot.
Plants with Fusarium wilt usually die, where-
as plants with Fusarium root rot show various
degrees of stunting and yellowing and droopy
in warm, sunny afternoons, but rarely die.
Pythium and Aphanomyces root rots are mi-
nor problems in Ontario.
Development of a new seed treatment
formulation

Bioassay of various fungicides against P.
ultimum (Pu) and A. euteiches (Ae) showed
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Table 3. Disease damage index (DDI) of each fungus in the Ontario root rot complex (average

incidence = 26.5%)

Fungus F.0.D D.S.2 DDI
Fusarium solani 7/13 3.2 45
FE. oxysporum 4/13 8.7 71
Pythium spp. 1/13 2.6
Aphanomyces euteiches 1/13 40.0

1) Frequency of occurrence.

2) Disease severity, based on a 0-9 scale, in which 0 = <10% of root with symptoms, 1 = 10-

20% of root with symptoms, 9 = plant dead.

that Pu was sensitive to Dowco-444, pro-
pamocarb, RE 26745, metalaxyl, oxadixyl and
benalaxyl (Fig. 1). Ae, however, was sensi-
tive only to Dowco-444, RE 26745, Ortho-Xe
779 and benalaxyl (Fig. 1).

Although Pu and Ae are both phy-
comycetous fungi, they differ in their sensitiv-
ity to chemicals. Of the above chemicals
Dowco-444, RE 26745 and Ortho-XE 779 are
still in the experimental stage’ of development
and the availability of propamocarb is limited.
In addition, Ortho-XE 779 had an adverse af-
fect on seed germination (Table 4). There-
fore, benalaxyl and metalaxyl were chosen for
Ae and Pu, respectively.

All above fungicides had some residual
effect in controlling root rot as compared
with untreated control (Table 5). The resid-
ual effect was more apparent for Ortho-XE

Table 4. Effect of fungicides on seed germination

779, propamocarb, oxadixyl and RE 26745
than metalaxyl and captan (Table 5).

It must be pointed out that the high
root rot indices were expected, because the
residual effects of seed treatment fungicides
were limited. GG 313 is a highly susceptible
cultivar to root rot and they were grown in a
soil with high inoculum density.

Three new formulations were developed
and evaluated. These were: (a) captan-
benalaxyl-metalaxyl, (b) captan-Dowco-444-
oxadixyl and (c) captan-Dowco-444-metalaxyl
Seeds treated with any of the 3 formulations
gave significantly higher percentage of germi-
nation and somewhat lower root rot severity
than untreated control (Table 6).

These results suggest that addition of
fungicide specific to phycomycetous fungi to
captan for seed treatments is desirable. Seed

% germination of treated seed

%g[i%l(()nig Control Captan Xe-779 Oxadixyl Propamocarb Metalaxyl Re 26745 D0\77vc0-444
seed untreated
15 64.0 73.0 a 433 a 81.0 a 825 a 69.3 a 81.0 a 785 a
30 64.0 705 a 353b 715ab 765D 735 a 78.0 a 705 b
60 64.0 713 a 283 ¢ 753 b 713 ¢ 778 a 785 a 74.5 ab

1) Means within columns followed by the same letter are not significantly different (P > 0.05)

according to Duncan’s multiple range test.
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Table 5. Root rot severity in 4 week-old plants grown from seeds treated with different fungi-
cides (60 g a.i./100 kg seed for each chemical)

Fungicide Severity of root rot (0-9 scale) n
Control (not treated) 8.8 a?
Captan ‘ 7.6 b
Ortho Xe-779 77b
Propamocarb 64c
Metalaxyl 7.2 be
Dowco-444 6.4c
“Oxadixyl 6.4 c
Re 26745 6.4 c

1).See footnote of Table 3.
2) See footnote of Table 4.

Table 6. Comparison of the 3 new seed treatment formulations on seed germination and root

rot severity on 4-week-old plants.

g fungicide of Captan Captan Captan
each component benalaxyl Dowco-444 Dowco-444
per 100 kg seeds metalaxyl oxadixyl metalaxyl

15 Seed 715 a? 80.0 b 718 a
30 germination 810 b 745 a 84.0 ¢
60 (%) 78.8 a 83.8 c 8200
15 Root rot 82 ¢ 85 ¢ 85 ¢
30 severity 78 b 80b 81D
60 (0-9 scale)V 7.1 a 73 a 75 a

1) See footnote of Table 3.
2) see footnote of Table 4.

treatment with the new formulations in-
creased seedling stand by an average of 24 to
31% and 13 to 18% over untreated control
and captan treated seeds. Seed treatment
alone cannot control root rots of peas, but it
may form a component of an integrated con-
trol program.
Trial and selection of disease resistant
cultivars

The results (Tables 7 and 8) showed that
many commercial cultivars and breeding lines
had a disease severity rating of 0 to 4. These

results indicated that these cultivars and lines
had a high to moderate resistance to the dis-
ease complex of Fusarium wilt and root rot
in Ontario.

These resistant cultivars (Table 7) could
be adopted readily into commercial produc-
Many of the
resistant breeding lines (Table 8) could be

tion in southwestern Ontario.

developed into new cultivars or used in
breeding for disease resistance.

All cultivars and breeding lines which
had a rating of 4.1 to 9.0 were moderate to
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Table 7. Response of cultivars to the disease complex of Fusarium wilt and root rot of peas in

southwestern OntarioV

Root rot
severity Index Cultivar®
(0-9 scale)?
0-1.0 Perfection WR'!
1.1-2.0 Early Perfection” RS-7** Parlay’ Green Giant 531 (Nuttall selection)
New Season® Anoka? Novella® Almotto?* Puget?
2.1-3.0 Bolero®® Medalist® M1402 Early Perfection 3040%*
Home Guard'
Frontier’ Parlay® Alaska 423°  Early Forsty? Mini?
3.1-4.0 Maro? Little Sweetie!! Massette®  Jade? M-1291
Olympia'? Mercurio!

1) This list may include some private cultivars and named breeding lines. Interested parties who

wish to obtain seeds should write directly to their respective sources.

2) For 0-9 scale, see footnote of Table 3. Cultivars having a rating higher than 4 are not listed.

3) The superscripts following each cultivar indicate the suppliers of seeds: 1: Mr. V. W. Nuttall
(deceased), Harrow Resarch Station, Ontario; 2: Dr. R. J. Howard, Alberta Horticultural Re-
search Center, Brooks, Alberta; 3: Dr. T. P. Reiling, Pilllsbury Co. Le Sueur, Minn.; 4: Dr. J.
M. Kraft, Irrigated Agriculture Research and Extension Center, WN.; 5: Libby Co., Ontario;
6: Asgrow Seed Co., MI; 7: Canadian Canners Ltd., Ontario; 8: Roger Bros. Seed Co., On-
tario; 9: Dr. A. A. Reyes, Vineland Research Station, Ontario; 10: Del Monte, California; 11:
Stokes Seeds Ltd., Ontario; 12: Harris Moran Co. Seed, Ontario.

highly susceptible and were excluded from
the tables.
Formulation of suitable herbicide combi-
nations

Some herbicides increased, some had no
effect and some reduced the severity of pea
root rot (Table 9). Herbicides that reduced
root rot were: (a) pendimethalin, (b)
cyanazine, (c) pendimethalin + cyanazine, (d)
trifluralin + cyanazine and (e) oryzalin + tri-
fluralin. These are all dinitroaniling com-
pounds except the triazine, cyanazine. In the
triazine group, prometryne appears to be
neutral with respect to root rot severity.
Benzoic acid (chloramben) and phenoxy
compounds (MCPA and MCPB) generally in-
creased the severity of root rot in peas.

Dinitroaniline and dinitramine herbicides
that reduce root rots caused by phycomyce-
tous fungi®™®!® have been shown to disrupt
the flagella of zoospores®?. Since = most
fields in Ontario have a very highdensity of
Fusarium' spp. and a negligible amount of
Pythium spp.®, the reduction in severity of
pea root rot by these treatments may be at-
tributable to some other factor.

The phenoxy compounds (MCPA,
MCPB and MCPA/MCPB) are somewhat
similar in structure and function to 2,4-D and
are plant growth regulators®”, while the dini-
troaniline and dinitramine herbicides are in-
hibitors of protein synthesis and tend to re-
duce root elongation®.

Development of a soil indexing procedure
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Table 8. Response of breeding lines to the disease complex of Fusarium wilt and root rot of
peas in southwestern Ontario.V

Root rot
Severity Index Line®
(0-9 scale)?
1.1-2.0 9602-10 a 97067-1-5-1 a
80-717 cd 7710-4-1-2a 97313 a X9602-7 a 494-All be
7801-10-3 a X9500-1-1a  9601-3-7-2a  9816-14 a 8221-5a
2.1-3.0 9601-3-3 a C82-409 e 9713-6-1 a 9713-30 a 7601-2-1-4 a
X9725-8 a X9504-2-3a  74-SN5 b WSU R22 bc
Minnesota 108 bcd
7705-7 a X9727-10 a X9602-2 a VR1492-1 bc  508-7a
9603-10-12a  89617-EP a 83-1356 7712-10 a P.1.189171 bc
9406-1 a 9728-8 a 83-1392 f 7025a WR1158 f
3140 | w9762 89171 b 9889-2 a 98882 PH14-119 b
7705-8 a 507-8 a 9716-1-1 a OH69.22 g 8615-3EP a
74-SN4 bc

1) The list may include some numbered cultivars and private breeding lines. Interested parties
who wish to obtain seeds should write directly to their respective sources.

2) For 0-9 scale, see footnote of Table 3. Lines having a rating higher than 4 are not listed.

3) The superscripts following each line indicates the suppliers of seeds: a: Dr. D. Polson, Can-
ners Seed Co., Idaho; b: Dr. R. J. Howard, Horticultural Research Station, Alberta; c: Dr. I.
M. Kraft, Irrigated Agriculture Research and Extension Center, WN.; d: Pillsbury Co. Le
Sueur, Minn.; e: Roger Bros. Seed Co., Ontario; f: U.S.D.A., Beltsville, Md.; g: Mr. V. W.
Nuttall (deceased), Harrow Research Station, Ontario.

Table 9. Effect of different herbicides on the severity of root rot of peas grown in soil with
moderate fungal infestation

Root rot severity

Treatment Rate (kg/ha) Application (09 scale)?
Control 52 1%
chloramben 3.0 Pre? 6.1c
cyanazine 2.0 Pre 44 a
pendimethalin + cyanazine 2.0 Pre 44 a
prometryne 22 Pre 51b
trifluralin, MCPA 0.8; 0.4 Ppi; Post 59 ¢
trifluralin; MCPB (Tropotox) 0.8; 1.7 Ppi; Post 73d
trifluralin; MCPB (Thistrol) 0.8; 1.7 Ppi; Post 74 d
trifluralin; MCPA/MCPB 0.8; 1.7 Ppi; Post 7.6 d
oryzalin 0.8 Ppi; Post 62c
pendimethalin 2.0 Ppi 43 a
trifluralin + cyanazine 0.8+ 1.5 Ppi 40 a
oryzalin + trifluralin 04+ 04 Ppi 43 a

1) Per = pre-emergent spray, Ppi-preplant incorporation and Post = post emergent spray.
2) A three-year average. For 0-9 scale, seed footnote of Table 3.
3) See footnote of Table 4.
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Soil indexing conducted in pots in the
greenhouse and in short rows in the field was
equally effective. In fact, the variation in
disease severity was smaller in the field than
in the greenhouse. In-field soil indexing al-
lowed the testing of more cultivars, so that in-
field soil indexing was preferred in practical
farming operations.

Improvement in tillage praction

Tillage practices played an important
role in root rot severity in root rot infested
fields. The results of 1985 and 1986 were

generally similar and only 1986 data are pre-

sented (Table 10).

Most of the variation among the tillage
practices could be associated with the com-
parison of treatments 1, 2 and 3 with treat-
ments 4 and 5. FPB and CP had lower inci-
dence of root rot and FPC gave the highest
root rot severity.

Adoption of interseason greenm manure
crops

Effect of green manure on root rot—
The results (Table 11) showed that even one
interseason of green manure incorporation in
the fall of 1983 effectively reduced the severi-

Table 10. Effect of different tillage practices on severity of pea root rot in fields with heavy root

rot infestation.

Tillage practice

Root rot severity

Fresh wt of plants (g)

(0-9)Y (40 plants)
1. Fall ploughing + spring seedbed (FP) 7.7 b? 78.6 ¢
2. Fall ploughing + compaction (FPC) 8.0 bc 296 e
3. Fall ploughing + fall seedbed (FP-FSBP) 75 b 584 d
4. Chisel ploughing + spring seedbed (CP) 7.0 ab 88.4 b
5. Fall ploughing, raised beds (FPB) 6.4 a 1154 a

1) For 0-9 scale, see footnote of Table 3.
2) See footnote of Table 4.

Table 11. Effect of 1, 2 and 3 years of interseason green manure crops on root rot severity of

peas in fields with heavy root rot infestation.

Root rot severity (0-9)"

Green Manure Crop

1984 1985 1986
Control (none) 7.0 b? 73 ¢ 7.8 ¢
Peas 88 ¢c 86d 8.7d
Beans 73D 74 c 82d
Rye 70b 6.8 bc 74 c
Oats 62a 58a 55a
Sorghum 6.0 a 6.5b 56 a
Corn 6.8b 65b 64 b
Sudan grass 6.8 b 63D 64 b

1) For 0-9 scale, see footnote of Table 3.
2) See footnote of Table 4.
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ty of the root rot disease in the subsequent
pea crop in 1984. Of the seven green ma-
nure crops employed, peas and beans: result-
ed in a slight increase in disease severity, par-
ticularly peas. Rye had little or no effect but
the other graminaceous species (oats, corn
and sudan grass and sorghum) reduced root
rot severity significantly, with oats the most
effective.

When the same green manure procedure
was repeated for the 2nd and 3rd years in
heavily infested fields, pea root rot severity in
plots with oats, corn, sudan grass and
sorghum as green manure showed a gradual
but steady decline over the years. In contrast,
plots with beans, peas and rye as green ma-
nure showed either a slight increase or re-
mained unchanged. The pea root rot severity
in control plots also increased slightly.

A field
survey showed that there were no significant

Effect of soil pH on root rots.

differences in root rot severity relative to soil

pH; however yield was related to soil pH.

The most favorable soil pH for pea yield was

between pH 5.9 and 6.4. Acceptable yields

were obtained between pH 5.4 and 5.9 and

pH 6.4 and 7.0 while pH values below 5.4

were unfavorable (Table 12).

i) Effect of liming on plant growth, root rot
severity and pea yield in a green manured
and non-green manured soil in the field

Liming a heavily root rot infested field
with various amounts of dolomitic lime re-

sulted in increase of soil pH from an unlimed
check of pH 5.5 to a maximum of pH 7.2.
Plant growth and yield on green-manured
and non-manured soils responded differently
to soil pH. The greatest plant growth and
green pea yield were found between pH 5.9
and 6.5 in non-green manured soil and pH
6.5 and 7.0 in green manured soil. Increase
and decrease in soil pH from the optimal
ranges resulted in a gradual decrease in plant
growth and pea yield (Table 13). Root rot
severity responded to liming somewhat simi-
larly to plant growth and pea yield, but the
ranges were considerably smaller (Table 13).
An apparent synergistic interaction existed
between green manuring and liming. For ex-
ample, at optimal soil pH (6.5), plant growth
and pea yield in green manured soil in-
creased approximately 30 to 40% over the
The favorable pH
range for plant growth in green manured soil
was broader (pH 6.5-7.2) than those (pH 5.9-
6.5) in non-green manured soil (Table 13).

non-green manured soil.

ii) Effect of liming on soil microbial activity in
a green manured and non-green manured
soil in the field

Although the soil pH increased as lime
was added to the soil, the increases in soil
pH were not proportional to the amount of

lime added (Tables 12 and 13). There was a

significant interaction between green manur-

ing and liming in terms of microbial popula-
tion in the soils.

Table 12. Relationship between soil pH and severity of root rot

pH <5.0 5054 5559 6064 6569 7.0
No. of field 1 11 26 12 9 4

Ave. pH 4.85 5.30 5.74 6.28 6.75 7.11
Ave. oot rot (0-4 scale) 09a? 200 1.8 b 19b 23b 25b
Ave. yield of pea (kg/ha)  2344a 2976b 3327c  4083d 3,092b 3,18 b

1) See footnote of Table 4.
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Table 13. Effect of liming on soil pH, Plant growth, root rot and pea yield in a heavily root rot
infested plot with or without green manuring with corn

Fresh wt of plant

Green pea yield Root rot severity

Lime (SS;ICI) zI;er (g/10 plants)? (g/10 plants)? (0-9 scale)?

(tonnes/ha) liming) Green Non-green  Green Non-green  Green Non-green
manured manured manured manured manured manured

0 5.5 59a¥(a)?  54a(a) 24a(b)  20a(a) 7.3c(a) 7.1c(a)
0.5 5.7 71b(b) 56ab(a) 32b(b) 22a(a) 6.9bc(a)  6.8bc(a)
1.0 5.9 81b(b) 59b(a) 36bc(b)  25b(a) 6.5b(a) 6.9bc(b)

2.0 6.5 103¢(b) 65b(a) 48d(b) 28bc(a) 5.1a(a) 5.8a(b)

3.0 7.0 97c(b) 53a(a) 42¢(b) 19a(a) 6.2b(a) 6.6b(b)

4.0 7.2 95¢c(b) 50a(a) 38¢c(b) 19a(a) 7.3c(a) 78.6d(b)

1) Data were taken in the third week of June, approximately 8 months after liming.

2) Disease severity based on a 0-9 scale, see footnote of Table 3.

3) See footnote of Table 4.

4) (a)-(b) Means are compared between green manured and non-green manured soils. The fig-

ures which bear the same letter are not significantly different (P>0.05) according to Student’s

t test.

In non-green manured soils, an increase
in soil pH from 5.5 to 7.0 resulted in a grad-
ual increase in soil bacterial population but
there was a slight decrease between soil pH
7.0 to 7.2, On the other hand, populations
of both saprophytic and root rot fungi de-
creased gradually as soil pH increased from
55 to 7.2.
fungi appeared to decrease more quickly than

The population of saprophytic

those of root rot fungi.

In green manured soil, an increase in
soil pH from 5.5 to 7.2 drastically increased
the bacterial popultaion in the soil by approx-
imately 20-fold.
saprophytic and root rot fungi decreased with

The population of both

higher soil pH except for an increase was ob-
served between pH 5.5 and 5.7 for saprophyt-
ic fungi. The decrease in fungal population
occurred more sharply for root rot fungi than
saprophytic fungi.

Comparisons of microbial population in
limed soil with or without green manure

showed that the soil bacterial population
drastically increased and fungal populations
(both saprophytic and root rot) decreased in
The de-
crease was greater for root rot fungi than

the green manured and limed soil.

saprophytic fungi in green manured soil. In

non-green manured soil, however, the de-

crease was greater for saprophytic fungi than

root rot fungi (Table 14).

iii) Effect of different types of green manure on
soil microbial activity in a heavily root rot
infested soil at pH 6.5 in the greenhouse

The results (Table 15) showed that mi-
crobial population in the soil varied with the
type of green manure used. The types of
green manure that induced a large increase
in soil bacteria tended to result in low root
rot severity in peas. Green manure of the
grass family (such as rye, sorghum, oats, corn
and sudan grass) increased bacterial pupula-
tion more than peas and beans used as green
manure. The bacterial population after green
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manuring with plants of the grass family were
predominantly Bacillus spp. and fluorescent
Pseudomonas spp. Althoug peas and beans
also increased soil bacterial population, their
increases were small compared with rye,
sorghum, oats, corn and sudan grass. More-

Table 14. Effect of liming on soil pH and soil

over, the small increases in bacterial popula-
tion by peas and beans were overshadowed
by the increase in the population of root rot
fungi which reesulted in increased root rot
severity (Table 15).

Although liming of acidic soil reduced

microbial activity in a heavily root rot infested

plot with or without green manuring with corn

Microbial Population?

Lime Soil pH Non-green manured soil Green manured soil
(tonnes/ha) (81?;:;:;;& Bacteria Saf;l)lr:g;;hytic Root rot fungi Bacteria Saf;lnjrr?g};hytic Root rot fungi
(10 femsoil) (103/cm3soi1) (10% /em®soil)  (10° /em?soil) (10 /em®soil) (103/cm3soil)
0 5.5 0.6a2(a)® 23c(b)  2.7de(b) 1.7a(b) 2.1c(a) 2.2d(a)
0.5 5.7 0.9b(a) 2.2c(a) 2.4d(b) 3.1b(b) 2.6d(b) 1.8¢(a)
1.0 5.9 2.0c(a) 2.1c(a) 1.9¢(b) 10.4c(b) 2.4d(b) 1.4b(a)
2.0 6.5 4.2¢e(a) 1.0b(a) 1.5b(b) 36.2d(b) 1.6b(b) 0.8a(a)
3.0 7.0 4.4e(a) 0.7a(a) 1.5b(b) 35.4d(b) 1.2a(b) 0.6a(a)
4.0 7.2 3.5d(a) 0.8a(a) 1.2a(b) 34.6d(b) 1.3a(b) 0.6a(a)

1) Samples were taken 8 months after liming.
2) a-d See footnote of Table 4.

3) (a-b) Means within line of respective items (e.g. Bacteria vs. bacteria of non-green manured

and green manured) followed by the same letter are not significantly different (P>0.05) ac-

cording to Student’s t test.

Table 15. Effect of different types of green manure on soil microbial activity in a heavily root

rot infested soil at pH 6.5

Microbal population

Type of Ave. severity of

green manure  root rot (0-9) D Bacteria Saprophytic fungi Root rot fungi
(10° /em® soil) (103 /em? soil) (10%/cm?® soil)
Control 72 10.7 a? 18 a 29d
Pea 8.6 200 c 11.7 ¢ 11.2 £
Bean 74 162 b 8.2d 53e
Rye 6.5 272d 35¢ 26d
Sorghum 53 443 ¢t 31b 1.9 bc
Oats 4.8 642 ¢g 300 1.la
Corn 5.5 422 f 32 be 1.6 b
Sudangrass 54 38.0¢ 28b 1.8 be

1) For 0-9 scale, see footnote of Table 3.
2) See footnote of Table 4.
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root rot severity somewhat, the reduction was
substantially enhanced with addition of green
manure and crop residue of a species unre-
lated to the crop. Apparently crop residues
increased saprophytic bacterial and fungal
population which in turn increased soil organ-
ic matter. Tu®) reported an organic matter
content of 4% in soil (pH 5.5) which had
been planted to peas for 3 consecutive years
After 3
years of interseason green manure between

without interseason green manure.

July 15 to October 30 of each year an overall
increase of 1% in soil organic matter was re-
alized without liming of the soil. Experimen-
tal results would suggest that, with liming, or-
ganic matter in the soil will be increased fur-
ther as a result of microbial activity.

The present results are consistent with

(L1329 who showed that liming of

other works
acidic soils reduced the impact of Fusarium
Garrett™ showed that

vascular wilts and cortical root rots caused by

wilt and root rot.

formae speciales of F. oxysporum, F. roseum, F.
nivale, and F. solani are more severe in acidic
soils. Cook and Baker™ and Woltz and
Jones™® postulated that liming of acidic soil
caused a reduction in micronutrients suffi-
cient to restrict growth of the pathogen but
not the plant.

In addition to liming, several researchers
have used plant residues to control root rots.
Papavizas"® reported several situations in
which biological control of a pathogen by
plant tissues was related to reduction of the
inoculum density of the pathogen. Addition
of oat straw, corn stover, of alfalfa hay to
Thielaviopsis basicola-infested soil caused a
population reduction of about 90% and al-
most colmplete elimination of the root rot of
The popula-
tion reduction was attributed to the stimula-

bean caused by the pathogen.

tion of germination of endoconidia and

chlamydospores ‘of T. basicola, with subse-
quent germling lysis occurring before forma-
tion of secondary endoconidia or chlamy-
dosporesM1819),

Lewis and Papavizas"” observed in a
greenhouse study that of the 10 kinds of
plant tissues incorporated into soil, 9 signifi-
cantly reduced bean root rot caused by F.
solani f. sp. phaseoli. Mature plant residues
were generally more effective than immature
ones in reducing root rot. They believed that
pathogen survival and destruction are inti-
mately associated with the decomposition of
a particular residue that appears to involve
volatile and toxicant production, fungistasis,
lysis, antagonism and antibiosis.

The present results show that combining
liming and green manuring can enhance soil
microbial activity. The high level of sapro-
phytic bacterial and fungal activity indicates
that antagonism and antibiosis may play an
important role in the control of root rot dis-
ease. It must be emphasized that combina-
tion of liming and green manuring is superior

to liming or green manuring alone.
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LA Fop » FZEEIERE (F. oxysporum f.
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2 1 =REAEREBNE » 2 =REHANE
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ABSTRACT

Lin, Y. S. 1991. The occurrence of pea wilt and its control in Taiwan. Plant Prot.

Bull. 33:36-44. (Departement of Plane Pathology, National Chung Hsing University,
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Taichung, Taiwan, R.O.C.)

In Taiwan, most garden peas were cultivated normally from November to Febru-
ary in the rice-rice-peas rotation fileds (winter peas) and also, planted either from late
August to December or from February to May in many dryland fields at different ele-
vations all over the island (summer peas). Pea seedlings in both seasons were suffered
with a root rot caused by Fusarium solani f. sp. pisi (Fsp) showing the symptoms of
root rot, leaf yellowing. and occassionally, a red vascular discoloration. The diseased
plants were usually not dead. When the pea plants grew up to the flowering stage,
they would be damaged by a wilt caused by F. oxysporum f{. sp. pisi (Fop) with leaf yel-
lowing on one side (lateral wilt), vascular discoloration and wilt symptoms. The pea
wilt was the most important disease of peas, especially, severe in summer peas. The
isolates of Fop were identified as races 2 and 5. Fop race 2 was more frequently iso-
lated from the major commercial cultivar, TC-11. The cultural variant, a pionnotal
type of Fop race 2 was easily obtained from the PDA culture of wild type
(sporodochial type). The wild type isolates were highly pathogenic to peas and sur-
vived well in soils, while the variants were less pathogenic and survived poor in soil. In
a winter peas field, Fop race 2 was. found mostly in the soil of tillage layer and was
able to be reduced to the non-detectable level after rotating with two crops of paddy
rice and hence, the pea wilt was reduced. However, the field was colonized with the
pathogen after growing a crop of peas. ‘The inoculum probably came from the infested
seeds, weeds and soil particles. Seed treatment with thiram plus graphite (2 g/Kg seed)
could protect the winter peas at early stage, but not for the summer peas. Using cal-
cium cyanamide at the rate of 300 Kg/ha as soil amendment could reduce the pea wilt
of summer peas.

(Key words: Fusarium wilt and root rot of peas, physiological race, cultural variant,
survival, seedborne, soil amendment, integrated control.)
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ABSTRACT

WU, W. S. 1991. Control of sclerotinia rot of sunflower and chrysanthemum.
Plant Prot. Bull. 33:45-55.

Benomyl and DCNA were able to inhibit the growth of Sclerotinia sclerotiorum in
cultural medium and able to control sclerotinia rot of sunflower in field. Vinclozolin
expressed better effectiveness of disease control on sunflower than DCNA and iprodi-
one. Vinclozolin inhibited the germination of ascospore completely and caused the as-
cospore losing its cytoplasm. When soil treated with calcium cyanamide, the survival of
sclerotia declined and the disease on chrysanthemum was reduced significantly due to
the amount of apothecium was reduced. Trichoderma viride isolated from decayed scle-
rotium was able to infect S. sclerotiorum and produced some inhibitory substance(s) to
inhibit the growth of the studied pathogen. Spraying the spore suspension of T. viride
onto sunflower was able to reduce the disease rate significantly, but was unable to in-
crease the yield of sunflower. Soil solarization by mulching the field soil with black
polyethylene sheet was an effective method to reduce the amount of apothecium signif-
icantly. Consequently, the percent of disease was significantly reduced in 1986 but not
in 1987. The temperature on the top soil at solar energy-treated field was 10°C higher
than untreated soil, but 5°C higher when the soil temperature was measured at the
depth of 5 cm from the soil surface. Sclerotia lost their vitality when the soil was wet
and the soil temperature was raised to 45°C for four hours a day for four days.

(Key words: Sclerotinia sclerotiorum, chemical control, biocontrol, integrated control)

that it has a wide spectrum of host range
INTRODUCTION o P o e

and ability of survival for long time. This
Sclerotinia sclerotiorum (Lib.) de Bary is pathogen was able to infect about 400 differ-

an important plant pathogen due to the fact  ent species of plant in 72 families(:31930313340)
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Generally, S. sclerotiorum produced black,
irregular-shaped slerotia under various stress
conditions.  Sclerotium is the fundamental
structure of this pathogen to survive for sev-
eral years under natural field conditions %3
Although sclerotium of this pathogen can be
the primary inoculum®!**® ascospore, usual-
ly, plays much more important role as prima-
ry inoculum to cause plant to be infected.
Ascospore was produced in apothecium
which was initiated from sclerotium. Each
apothecium contained approximately 1.3-2.3

(344D The duration of each

X 10°® ascospores
apothecium to release ascospore can last for
11-12 days, once the apothecium started to
discharge ascospore“).  Since ascospores
were produced only once from one specific
sclerotium and infected host plant once in
one growing season, the disease caused by S.
sclerotiorum should be regarded as monocyclic
or simple interest disease ®®.

S. sclerotiorum is world-wide spread and
existed in Taiwan, especially in notrhern Tai-
wan. This pathogen caused evidently losses
on vegetables and flower plants when the
temperature was below 25°C and weather was
wet in Taiwan. In order to reduce the inci-
dence of this pathogen, chemical control was
the most popular practice. However, the ad-
verse effect of applying chemical was men-

(1D For minimizing the

tioned frequently
drawbacks of using chemicals, the most
promised chemical should be screened. Be-
sides, other control measurements should be
considered solely or applied integratly with
less amount of fungicides. Biological control
has endurable effect to inhibit pathogens
without polluting or disturbing the environ-
ment dramatically”. Since 1976, solar ener-
gy has been applied to control soil-borne
pathogens(ls), solarization has been identified

as an effective measurement to improve plant

growth, increase yield and reduce the amount
and severity of disease (21328293537 Tpe
main purpose of this study is try to find out
some effective and available methods to con-

trol this pathogen in Taiwan.

MATERIALS AND METHODS

Tested plants

Sunflower and chrysanthemum were
used in this study. Sunflower seeds and
chrysanthemum seedling were sown and
transplanted, respectively, in field when
bioassay was needed.

Chemical control
1. laboratory experiment

Benomyl (methyl 1-(butylcarbamoyl)-2-
benzimidazole carbamate, Benlate 50%, du
Pont), DCNA (2, 6-dichloro-4-nitroaniline,
Dicloran 50%, The Boot’s Co.), PCNB
(pentachloronitrobenzene, Terraclor 75%,
Olin) and zineb (zinc ethylene bisdithiocar-
bamate, Zineb 75%, Luxan) were prepared in
potato dextrose agar (PDA) and broth (PDB)
at either 250, 500 or 1000 ppm (active ingre-
dients, a.i.). The same size and age of inocu-
lum was transferred either on the center of
PDA plate or in PDB. All the cultures were
incubated at 25°C for certain period of times.
Each treatment consisted of four replicates
and repeated twice.

Compared to DCNA, iprodione (3-(3, 5-
dichlorophenyl)-N-isopropyl-2, 4-dioxoimi-
dazolidine-1-carboximide, Rovral 50%; Rhone-
Pouienc Inc.) and vinclozolin (3-(3, 5-
dichlorophenyl)-5-methyl-5-vinyl-1, 3-oxazo-
ladine-2, 4-dione, Ronilan 50%, BASF) were
also prepared at either 0.01, 0.1, 1, 10, 100 or
1000 ppm (a.i.) in PDA. When the ED, was
less than 1 ppm, further tests were made at
concentrations of 0.05, 0.1, 0.5, 1, 5 and 10
ppm. The mycelial growth was measured af-
ter incubating this pathogen under 22°C for
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certain period of time.

DCNA and vinclozolin (1000 ppm, a.i.)
were sprayed onto sunflower 5, 2 or 0 days
before and after inoculation of ascospores.
After inoculation for two days, the inoculated
tissues were treated and observed under
scanning electron microscope (Hitachi S-550).

Either 0.5, 0.25 or 0.05 g of calcium
cyanamide (SKW Trostbery) was mixed with
100 ml of field soil (40% moisture content).
Ten sclerotia were immersed in the soil and
incubated in 40°C for 4 hr and in 30°C for
the rest of 20 hr. everyday. After incﬁbating
for either 2, 4, 8 or 12 days, the survivability
of sclerotia was determined. FEach treatment
consisted of three replicates.

2. field experiments

Sunflower was planted in 0.05 ha. field
Each
Each
replicate comnsisted of either 40 or 50 sun-

which was divided into four blocks.
treatment consisted of four replicates.
flower or 200 chrysanthemums. Randomized
completely block design was used in this
study. The field soil was clay loam.

For the first field experiment, each
treatment consisted of 40 plants which were
planted in adjacent two rows. Every row was
25 cm apart from each other. Each row was
600 cm long. Benomyl, DCNA, PCNB, and
zineb were sprayed at the concentration of
5.25 g (a.i.)/6 1 when sunflower had grown
for one month. Afterwards spraying was
once every week.
iment, DCNA, vinclozolin, mancozeb, PCNB
were used. Each chemical consisted of two

In the second field exper-

treatments. One was applying 50 g (a.i.) of
chemical along the seeding sites plus spraying
with the same chemical 14 days after planting,
The other was spraying only which was start-
ed 14 days after planting. The concentration
of each sprayed chemical was 1000 ppm (a.i.).

DCNA, iprodione and vinclozolin were used

in the third field trial. After 30 days of
planting, 1500 ppm (a.i.) of each chemical
was sprayed and continued to be sprayed for
eight times at 7-day interval.
Chrysanthemum was planted in the S
sclerotiorum-infested field for determing the
effective of soil treatment with different
chemicals. The size of each block was 2.2 X
3.9 M2
seedlings were planted in each blocks. 250 g

Two hundred chrysanthemum

of either urea or calcium cyanamide and
1000 ppm vinclozolin were treated with and
sprayed on, respectively, the field. The dis-
ease rate and survival of sclerotia were
recorded and analysed by Duncan’s multiple
range test.
Biological control
1. isolation of antagonists
The sclerotia of S. sclerotiorum were
buried in field at the depth of 5-10 cm. Af
ter 30 days, microflora on the sclerotia were
isolated by diiution plate on PDA. Soil mi-
croflora were also isolated by dilution
method on sclerotia-powder medium. The
sclerotia-powder medium consisted of 2 g
powder of sclerotia, 8 g agar and 400 ml dist.
water.
2. screening the antagonists
Capability of either hyperparasitism, an-

@) were used

tibiotic activity or competition
as the criterion to determine which isolated
soil microorganisms were good for further
study.
3. field experiment

The spore suspensions of Trichoderma
viride 81, T. viride 8IR, Gliocladium virens and
Bacillus sp. were prepared in glycerol-sodium
nitrate nutrient solution™.  Spraying began
30 days after planting sunflower and contin-
ued to spray for eight times at 7-day interval.
All treatments in the fieid experiment had

four replicates and followed by randomized
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completely block design.
Physical control
1. soil solarization

Black polyethylene sheet (0.2 mm in
thickness) was covered on field plots for 50
days (Sept. 5-Oct. 25, 1986) in the first exper-
iment, and for 35 days (Aug. 29-Oct 2, 1987)
Afterwards, 200
chrysanthemum seedlings was transplanted to

in the second experiment.
each of these treated plots. Control was
seedling growing in the untreated plots.

2. determining the effect of temperature on
the survival of S. sclerotiorum

Every 10 sclerotia (0.4-0.6 cm in diam.)
were buried in field soil which was filled in
100 ml beaker. Those beakers were separate-
ly incubated under 45, 40, 35 and 30°C for 1,
2, 4, 8 and 14 days. When these beakers
were incubated under 45, 40 and 35°C , the
incubation time was 4 hr a day and they were
transferred to 30°C for the rest of 20 hr ev-
eryday. Survivability was determined by
counting whether those scleotia was able to
germinate on PDA.

Every 10 sclerotia was also buried at the
depth of 5 cm in each field plot which was
After 50 days, scle-
rotia were removed from field and cleaned

treated with solarization.

with running tap water. Then the survivabili-
ty of sclerotia was also determined as afore-

mentioned.

RESULTS

Chemical control
1. laboratory experiment

Benomyl and DCNA stopped the growth
of S. sclerotiorum after three days of incuba-
tion, this inhibitory effects remained even till
14 days after incubation (Table 1). PCNB
and zineb slowed down the growth rate of S.
sclerotiorum on PDA. Besides, PCNB at all
tested concentration altered the mycelial col-
or from white to brown. Small sclerotia were
formed on PDA containing either 250 of 500
ppm zineb, but irregular colonies were
formed when the concentration of zineb was
1000 ppm.

This studied pathogen was unable to
grow in PDB which contained 1000 ppm
benomyl (Table 1). All the other chemicals
reduced significantly the dry weight of S. scle-
rotiorum compared to control. S. sclerotiorum
was unable to grow in PDB which contained
1000 ppm of DCNA in the first two weeks,
but started to form a dense layer of mycelia
and irregular sclerotia after three weeks of

Table 1. The effects of four different fungicides on the growth of Sclerotinia sclerotiorum

diam. of colonies (cm)?

parameter concentr. .
(ppm) benomyl  DCNA PCNB zineb CK
_ 250 nil nil 28 a® 34 a 84 b
diameter of 500 nil nil 30 a 34 a 84 b
1000 nil nil 30 a 28 a 84 b
dry wt. (g)? 1000 0d 046b  0.16 cd 0.26 be 0.69 a

1) Each treatment consisted of four replicates and was repeated twice.

2) Data, the average of every treatment, followed by common letter in the same row did not

differ significantly (p = 0.05) by the Duncan’s new multiple range test.
3) Data were obtained after three days of incubation under 25°C .
4) Data were obtained after 21 days of incubation under 25°C .
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incubation.

Compared to DCNA and iprodione, vin-
clozolin was the most effective in inhibit-
ing the mycelial growth of S. sclerotiorum on
PDA. The concentration of EDy, of vinclo-
zolin, iprodione, DCNA to inhibit the growth
of S. sclerotiorum was 0.25, 0.27 and . 1.47 ppm
(a..), respectively. The concentration of EDy,
of vinclozolin, iprodione, and DCNA to in-
hibit the growth of S. sclerotiorum was 1.24,
1.37 and 7.37 ppm, respectively.

2. field experiment

Benomyl, DCNA and PCNB were able
to reduce the percent of disease when sun-
flower grew for 70 days, but were unable to
continue to control this disease when sun-
flower was ready for harvest (Table 2).
Among the four fungicides, DCNA was the
most effective fungicide to control S. sclero-
tiorum in field.

Among DCNA, vinclozolin, mancozeb
and PCNB, DCNA and vinclozolin were able
to reduce disease rate and increase the per-
centage of surival of sunflower significantly
(Table 3).
ed the capability to increase the yield signifi-
cantly than the other three chemicals. There
was no significant difference between two
methods of applying either chemical.

DCNA, iprodione and vinclozolin were
able to control sclerotinia rot of sunflower

However, only vinclozolin provid- -

(Table 4). Besides, DCNA and vinclozolin
were able to increase yield, but not for ipro-
dione.

Ascospores germinated readily on the
untreated sunflower, but failed to germinate
on vinclozolin-treated sunflower after ten
Although DCNA al-
lowed some ascospores to germinate, the

days of inoculation.

germination was limited. Besides inhibiting
the germination of ascospore, DCNA, iprodi-
one and vinclozolin were able to cause the
affected ascospore to leak their cytoplasm.

Chrysanthemum sclerotinia rot was sig-
nificantly reduced when the field soil was
sprayed with vinclozolin or mixed with calci-
um cyanamide (Table 5). Besides, calcium
cyanamide reduced the survivability of sclero-
tia of S. sclerotiorum significantly in field soil.
Chrysanthemum grew significantly higher
than other treatments when field soil was
mixed with urea, ‘
Biological control

One hundred and eleven isolates of mi-
croorganism were isolated from sclerotia
which were incubated in field soil for 30 days.
Among them, Trichoderma viride 81 and 8IR,
as well as Gliocladium virens were identified

as hyperparasites of S. sclerotiorum.  They

~ produced short hyphal branches which at-

tached to the susceptible host hyphae and
caused them to be evacuated or disintegrated.

Table 2. The effects of four different fungicides on controlling sclerotinia rot of sunflower

percent of disease?

days after

planting" benomyl DCNA PCNB zineb . CK
70 . 1067 9.8 125 22.5 20.6
120 51.3 46.1

58.3 577 552

1) Spraying chemical (5.25 g/6 1, a.i.) was once a week after 30 days of planting.

2) Percent of disease = disease rating X no. of plant of the same category of disease rating/5 X

160 (total tested plants).
3) Data were the average of four replicates.
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Table 3. The effects of four different fungicides on controlling sclerotinia rot of sunflower

DCNA mancozeb PCNB vinclozolin

parameter g 1 1 I 1 I 1

disease rate? 2.16b¥ 2.50b 3.50a 3.75a 3.75a 328a 0.75c¢ 1.19¢ 3.66a
% survival  21.00b 19.25b 4.75c¢ 3.00c 4.75¢ 7.25c 32.50a 32.75a 75 c
yield (kg) 220.13b 176.9 b 91.25b 110.6 b 130.0 b 163.1 b 546.3 a 576.3 a 163.8 b

CK

1) I: soil incorporated and plant sprayed with a specific tested fungicide;
II: spray tested fungicides only.

2) O: healthy, 1: leaves infected only, ——; 4: wilting.

3) Data, average of four replicates and recorded at harvest time, followed by the same letter in
the same row were not significantly (p = 0.05) different.

Table 4. The effects of three fungicides on controlling sclerotinia rot of sunflower

. treatment V

arameter

par DCNA inprodione vinclozolin CK
disease rate after 2) )

79 days of planting 8.3 be 8.8 bc 38 ¢ 224 a
disease rate after

92 days of planting 389D 39.6 b 271 c 60.4 a
average yield (kg.) 10.7 ab 57¢ 13.7 a 38¢

1) Each treatment consisted of four replicates. Each replicate had 50 tested plants. The con-
centration of all tested fungicides was 1500 ppm (a.i.)

2) Data, average of four replicates, followed by the same letter in the same row differed signifi-
cantly (p = 0.05) by Duncan’s multiple range test.

Table 5. The effects of different soil treatment on controlling sclerotinia rot of chrysanthemum

treatment
parameter vinclozolin urea c;;rll(;rlilrirclie CK
percent of disease 3.36 b? 7.26 ab 330 b 12.88 a
height of plant (cm) 39.39 be 49.70 a 46.71 ab 39.96 be
% survival of sclerotia — 100.00 a 10.00 b 100.00 a

1) Each treatment consisted of four replicates. Each replicate had 200 seedlings. 250 g of urea
and calcium cyanamide was mixed thoroughly with soil of each block (22X 39m?%. 1000
ppm vinclozolin was sprayed on the soil before planting.

2) Data, average of four replicates, followed by the same letter in the same row differed signifi-
cantly by Duncan’s multiple range test.
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G. virens was able to penetrate into and grew
within the hyphae of S. sclerotiorum. T. viride
produced appressorium-like structure to press
against the hyphae of S. sclerotiorum. Besides,
they produced some inhibitory metabolites
which caused swelling and plasmolysis of af-

fected cells of S. sclerotiorum. The growth of -

S. sclerotiorum was inhibited eventually.

T. viride 8IR, the DCNA-tolerant strain,
had the same capability to reduce the disease
rate significantly as T. viride 81 (Table 6), but
was unable to increase the yield of sunflower
significantly. G. virens and Bacillus sp. were
also able to reduce some degree of disease

rate.
Physical control

Solarization was able to reduce the
amount of apothecium as effective as soil
treated with calcium cyanamide (Table 7).
Spraying vinclozolin and soil treated with cal-
cium cyanamide reduced disease rate signifi-
cantly in 1986 and 1987, but solarization re-
duced disease rate significantly only in 1986
and not in 1987. Spraying vinclozolin was
not able to reduce the amount of aprotheci-
um significantly in field.

The temperature of solarization-treated
top field soil can be reached to 45-50°C and

Table 6. The effects of different antagonists on controlling sclerotinia rot of sunflower

. treatment ¥

cr

patame T viride 81 T, viride 8IR  G. virens _ Bacillus sp. CK
p

disease rate after 11.4 b? 105 b 13.3 ab 13.9 ab 24 a

79 days of planting

disease rate after 468 b 458 b 489 ab 51.9 ab 60.4 a

92 days of planting

yield (kg) 438 43 3.9 33 3.8

1) Each treatment consisted of four replicates. Each replicate had 50 tested plants.

2) Data, average of four replicates, followed by the same letter in the asme row differed signifi-
cantly (p = 0.05) by Duncan’s multiple range test.

Table 7. The effects of solarization on controlling of sclerotinia rot of chrysanthemum compared
to spraying vinclozolin and soil treated with calcium cyanamide

no. of apothecium % disease
treatment
1986 1987 1986 1987
solarization? 2.00 b¥ 450 b 261 b 46.57 a
vinclozolin? 22.00 a 20.75 a 336 b 24.55 b
calcium cyanamide? 150 b 575 b 330 b 2487 b
CK 22.00 a 2075 a 12.88 a 56.25 a

1) Black polyethylene sheet was covered on wetted field for 50 days in 1986 and 35 days in
1987.

2) The method of application was the same as in Table 5.

3) Data, average of four replicates, followed by the same letter in the same column did not dif-
fer significantly (p = 0.05) by Duncan’s multiple range test.
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the untreated field soil was 35-40°C . The
temperature at the depth of 5 ¢m in solariza-
tion-treated soil and untreated aoil was 35-40
°C and 30-35°C, respectively.

The survivability of sclerotia was reduced
to 26.67% when sclerotia were buried in wet
field soil (40% water content) and incubated
under 45°C for 4 hr only. Sclerotia incubat-
ed in the same type of soil at other tempera-
tures remained 100% alive. After incubation
for four days under 45°C , sclerotia were
dead completely. The survivability of sclero-
tia which were kept under 40, 35 and 30°C
for 14 days was 96.67%, 46.67% and 70%, re-
spectively. The survivability of sclerotia was
reduced to 50% when they were buried in so-
larization-treated soil in field after 35 days of
treatment.

DISCUSSIONS

Although benomyl was found to be able
to control white rot of cucumber® and scle-
rotinia blight of peanuts®” effectively, beno-
myl failed to control sclerotinia rot of sun-
flower in the first field trial regardless of the
fact that benomyl was able to inhibit this
studied pathogen to grow in cultural medium
within 21 days of incubation. This was prob-
ably due to the timing of first spray was late,
high inoculum potential and suitable envi-
ronment for disease development were exist-
ed in the field. DCNA reduced the amount
of disease of sunflower the most compared to
benomyl, PCNB and zineb in this study.
DCNA was regarded better than benomyl
and PCNB to control lettuce drop(23).
ever, vinclozolin provided the best effective-

How-

ness to control sclerotinia rot of sunflower
than DCNA and iprodione in this study. 5
ppm of vinclozolin was able to reduce the
production of sclerotia and controlled lettuce

(24)

drop very effectively Ascospore of this

studied pathogen failed to germinate on vin-
clozolin-treated sunflower. Besides, vinclo-
zolin caused the ascospore to lose its cyto-
plasm. This may be due to vinclozolin was
able to inhibit the bio-synthesis of triglyceride
and cell wall@®,

Urea was reported to be able to reduce
the inoculum density of Pythium  ultimum,
Thielaviopsis basicola and Macrophomina pha-
seolina by producing ammonia in soil®. Scle-
rotinia rot of chrysanthemum was not re-
duced when soil treated with urea in this
study. This was probably due to the amount
of urea used to treat the field soil was low
and there was no coverage to stop the am-
Calci-

um cyanamide was hydrolyzed and released

monia to release to the air from soil
cyanamide in soil. The production of
cyanamide was regarded as the major factor
of calcium cyanamide which can be used as a
soil fungicide to inhibit soil microorganism ),
Calcium cyanamide was proven to be able to
control sclerotinia rot of chrysanthemum ef-
fectively in this study. This chemical reduced
the production of apothecium from scle-
rotium of S. sclerotiorum, especially signifi-
cantly when the soil was wet with high tem-
perature. Consequently, the disease was re-
duced significantly in this study.

Coniothyrium  minitans®®,  Gliocladium
virens 9 and Sporidesmium  sclerotivorum ©
could penetrate in and destroy the sclerotia
of 8. sclerotiorum and reduced the diseases of
sunflower and lettuce, etc. T viride was able
to control sclerotinia rot of sunflower when
spore suspension of T. viride was sprayed in
this study. This was due to the capability of
T viride to infect the hyphae and sclerotia di-
rectly and to produce some inhibitory
metabolite(s) to inhibit the growth of S. scle-
rotiorum. Besides T. viride, the other species
of Trichoderma, e.g. T. koningli, T. harzianum,
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had the capability to destroy all the sclerotia
in field within 60 days®®. T. viride and T.
polysporum were proven to be able to pro-
duce trichodermin to inhibit the growth and
production of apothecium of S. sclerotiorum®
Whether the inhibitory substance ‘produced
by T. viride in this study was trichodermin
had not been investigated yet.

Soil-borne Verticillium dahliae and Fusar-
ium oxysporum f. sp. lycopersici were reduced
significantly by soil solarization™.  Trans-
parent thin polyethylene sheet had better ef-
fect to raise the soil temperature than black
polyethylene sheet™. Usmani and Ghaffar
®7 regarded that there was no different ef-
fect on raising soil temperature by either
black or transparent polyethylene sheet when
the soil was wet. Black polyethylene sheet
was used for soil solarization in this study
and was efficiently to reduce the amount of
apothecium in the field. This treatment was
able to raise the soil temperature to 45-50°C .
Sclerotia of this studied pathogen were killed
when they were incubated under 45°C four
hours a day for four days. This treatment
reduced the initial inoculum significantly.
Consequently, the disease on chrysanthemum
was reduced in 1986, but not in 1987. This
inconsistent result was probably due to that
this treatment can not impede the arriving of
inoculum (air-borne ascospore) from sur-
roundings or other sources.
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Effect of Antibiotic Antagonists on Control of
Basal Stem Rot of

Chrysanthemum Caused by Rhizoctonia solani

Johannes S.-M. Tschen

Department of Botany, National Chung-Hsing University, Taichung, Taiwan, Republic of China

ABSTRACT

Tschen, J. S.-M. 1991. Effect of antibiotic antagonists on control of basal stem
rot of chrysanthemum caused by Rhizoctonia solani. Plant Prot. Bull. 33:56-62.

The antagonists Aspergillus, Gliocladium, Paecilomyces, Trichoderma and Bacillus
spp. were used for the control of basal stem rot of chrysanthemum caused by Rhizocto-
nia solani. All the antagonists protected chrysanthemums from infection by R. solani.
Solid media for the culture of the antagonists were more useful than culture broths for
application as soil additives or as coating materials. When chrysanthemum cuttings
were treated with culture extracts of the antagonists, basal rot disease was also inhibit-
ed. The degree of the control of Rhizoctonia disease in chrysanthemums differed ac-

cording to the species of antagonists used and the application method.

(Key words: biological control, chrysanthemum basal stem rot, antagonist, Rhizoctonia
solani, Aspergillus, Gliocladium, Paecilomyces, Trichoderma, Bacillus)

Rhizoctonia diseases on seedlings of rice,
INTRODUCTION s

mungbean and potato by antagonist, Bacillus

The basal stem rot disease of chrysan- subtilis F29-3, which produces fengy(my)cin,

themum caused by Rhizoctonia solani is an
important soilborne disease in Taiwan. Its
incidence during the seedling stage is high
As with other Rhi-
zoctonia diseases, fungicides have been used

and damping-off occurs.

to control this disease in Taiwan®®. In re-

cent years, the use of antagonistic microor-

ganisms to control soilborne plant diseases

24

has also been discussed The control of

was first demonstrated by members of our
laboratory &7,

Recently antibiotic-producing antagonists
against R solani, including species of the
genera Aspergillus, Gliocladium, Paecilomyces,
Penicillium, Trichoderma and Bacillus, have
been isolated from Taiwanese soils and their
antagonistic actions to R. solani studied &2,

We present here results on the control of
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basal stem rot in chrysanthemums by antago-
nists which have been grown in different cul-
ture media and applied with different meth-

ods.

Infection of Chrysanthemums
by R. solani

R. solani anastomosis group 4 (AG-4)
was isolated from chrysanthemums showing
basal stem rot symptom. The fungus grew
rapidly on yeast extract agar and produced
mycelia in abundance. The fungus grew to
maturity in a 8 cm-diameter petri dish four
days after inoculation. Its pathogenicity was
also established when chrysanthemum cut-
tings were planted in plastic pots (20 X 8 cm)
containing soils with a soil-potato inoculum
in the middle of each pot. The cuttings be-
gan to rot from their basal parts after on
week. Disease incidence increased in propor-

tion to the weight of inoculum (Table 1).

Antibiotic Activities of
Antagonists of R. solani

Antagonists were grown in liquid media
to obtain their antibiotic metabolites, The
substances produced by the nine antagonists
were tested on diffusion agar plates against
different indicator microorganisms, B. subtilis,
Saccharomyces cerevisiae, Paecilomyces mar-
quandii and Rhizomucor miehei. Results indi-

cated that all antagonists produced antibiotics
and that most of the antagonists inhibited
growth of the test fungi (Table 2). The an-
tibiotic activities were related to the growth
media used to culture the antagonists and the
sensitivity of the test microorganisms. Be-
cause antibiotic inhibition of B. subtilis and P.
variotii by metabolites of the antagonists were
clearly visible, the two microorganisms were
considered to be suitable as test mi-
crooranisms for checking the production of

antibiotics by the antagonists.

Control of R. solani by
Coating Chrysanthemum Stems
with Antagonists

When the basal portions of chrysanthe-
mum stems were coated with antagonists and
the cuttings planted in sands infested with R,
solani, basal stem rot was inhibited (Table 3).
Infection of R solani was reduced by applica-
tion with different antagonists. The disease
incidence was reduced 30% by B. Subtilis F29-
3 and 78% by P. marquandii CF407
to the control (100%). The control efficacies
by P. marquandii (CF407) and  Gliocladium
deliquescens (F-92) were greater than that of

relative

B. subtilis and was statistically significant.

Both fungi are known as hyperparasites of R.

;812

solan The control effects of mycopara-

sites appear to be associated with the in-

Table 1. Effect of amount of R. solani inoculum on the incidence of basal stem rot in chrysan-

themums

Inoculum of R. solgni®

Disease incidence

(8/pot) (%)
1.5 66.7
1.0 41.7
0.5 16.7

Control 0.0

1) The inoculum was prepared in soil-potato medium.
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Table 2. Antibiotic activities of antagonists of R. solani tested on several microorganisms

Test microoranism

Antagonist Bacill. Saccharom. Paecilom. Rhizom.

subtilis cerevisiae variotii miehei
Penicillium sp. CF111 +b + + +
Paecilomyces marquandii CF302 + + + +
Paecilomyces marquandii CF407 + + + +
Gliocladium deliquescens F-92 + + + +
Trichoderma harzianum TVCN1 + + - +
Trichoderma harzianum TYCN2 + — — —
Trichoderma koningii T12 + + + +
Bacillus cereus CB22 — + + +
Bacillus subtilis F29-3 + + + +

1) + : positive; — : no reaction tested with >100 mg/ml crude antibiotic.

Table 3. Control of R. solani by coating chrysanthemum stems with antagonists

Antagonist

Disease incidence (%)

Penicillium sp. CF111
Paecilomyces marquandii CF302
Paecilomyces marquandii CF407
Gliocladium deliquescens F-92
Bacillus sp. CB9
Bacillus sp. CB20
Bacillus cereus CB22
Bacillus subtilis F29-3

~ Control

46.3 a*
46.3 a
156 b
188 b
519 a
48.1 a
43.8 a
48.1 a
68.8 a

* Values not followed by the same letter are significantly different at 5% level (according to

Duncan’s multiple range test, DMRT).

hibitory activities of their antibiotic metabo-
lites.

Control of R. solani by Sawdust
Compost Containing Antagonists

In Taiwan, sawdust has been used for
cultivation of mushrooms, after which the
sawdust waste is used as compost for garden-
ing. We used sawdust compost to cultivate
antagonists and samples of it were used as
the antagonist inocula that were added in

sand beds to study the control of R solani.
By experiment 0.5 to 4% of antagonist inocu-
lum was used. The results indicated that any
of these concentrations of the inoculum con-
trolled basal stem rot in chrysanthemum and
that the degree of control increased in pro-
portion to the amount of antagonist used.
Of the 16 antagonists investigated, TVCN1,
TVCN2, CF302, CF111 and F29-3 provided
the highest control effects followed by T12

and CB22 (Table 4). Generally speaking, 1
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% of antagonist inoculum was useful; a high-
er amount of inoculum not on'ly wasted more
antagonists but was also toxic to plants. The
phytotoxic phenomenon was observed in ap-
plications with CF111, F-92 and F29-3. Be-
cause sawdust compost is rich in nutrients, a
high concentration of sawdust may promote
the growth of R solani and increase the inci-
dence of disease in the no antagonist control.

Control of R. solani by Various
Organic Substances Containing
Antagonists

Three different delivery systems were
used for application of antagonists to control
of R. solani. Sawdusts, rice husks and saw-
dust composts were inoculated with different

antagonists; the control effects by these three

preparations on basal stem rot are shown in
The results indicated that fresh
sawdust is not suitable for the application of

Figure 1.

antagonists, as only T12 showed some control
efficacy. In the other two systems all antag-
onists inhibited R solani to different extents.
The rice husk and sawdust compost systems
were more effective than with sawdust. Simi-
lar results were observed when these sub-
strates were used for commercial cultivations
of chrysanthemums. We speculate that the
different degress of inhibiton of R solani
shown by the antagonists depended on the
Although rice

husks are not easy to compost because of

application method used 9.

their high silica content, they could be used
without prior treatment for preparation the
inocula of antagonists.

Table 4. Control of R. solani in chrysanthemum by sawdust compost containing antagonists

Antagonist

Disease incidence (%)

Penicillium sp. CF111
Paecilomyces marquandii CF302
Paecilomyces marquandii CF407
Gliocladium deliquescens F-92
Penicillium vermiculatum F-60
Trichoderma viride TD
Trichoderma koningii T2
Trichoderma viride T20
Trichoderma pseudokoningii T33
Trichoderma harzianum TVCN1
Trichoderma harzianum TVCN2
Trichoderma koningii T12
Bacillus sp. CB9

Bacillus sp. CB20

Bacillus cereus CB22

Bacillus subtilis F29-3

Control

9.2 efgh?
8.0 fgh
15.6 cd
14.1 def
233 be
233 be
2520
13.8 def
2540
6.8 h
7.9 gh
12.3 efg
224 be
20.6 bed
13.5 defg
9.7 efgh
423 a

1) Values within the column not followed by the same letter are significantly different at 5%

level (based on DMRT).
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Fig 1. Control of Rhizoctonia solani in chrysanthemums by different vehicles containing antago-

nists.
The disease incidence (Y axis) was reduced by application of different antagonist strains

(X axis).
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Control of R. solani
by Antagonist Extracts

Chrysanthemum cuttings were treated
with culture extracts of the various antago-
nists before planting. The result indicated
that the extracts protected the chrysanthe-
mums from infection by R. solani (Table 5).
The control effects of F-92 and CF302 ex-
tracts were greater than those of the other
Inhibiton of the growth of R

solani was tested with extracts of some antag-

antagonists.
onists.  Such crude extracts contain antibi-
otics which inhibited growth of R solani.
The antibiotic effects from fungal antagonists
were greater than those of the bacterial an-
tagonists. The inhibition mechanisms of the
antibiotics that function against R solani
must be explained at the physiological level
in relation to the mode of action of the an-

@I Qur experiments were made in

tibiotics
a garden system, and therefore could not give

an explanation.

CONCLUSION

The basal stem rot disease in chrysan-
themum caused by R. solani can be con-

trolled by several antagonistic microorganisms
in three ways: (1) by coating chrysanthemum
cuttings with the antagonists; (2) by applica-
tion of solid additives of antagonists to soil
when chrysanthemum cuttings are planted
and (3) by treatment of chrysanthemum cut-
tings with extracts from antagonists. Control
results differed with the application method
used. Our experiments indicated that all the
antagonists tested inhibited infection by R.
solani and that the efficacy of prevention de-
pended on the application method used. A
solid additive that contained the antagonist
was the best means for applying the antago-
nist to control R. solani. The advantages of
the solid inocula are ease of handling and
high reproducibility, though its preparation
takes a long time. Coating chrysanthemum
cuttings with antagonists was better than
treating them with extracts of antagonists.

Control of Rhizoctonia disease by antibi-
otic producing antagonists has been evi-
denced. The disease may be controlled more
effectively by improving the efficiency of an-
tagonists with genetic manipulation in the fu-
ture.

Table 5. Control of R. solani in chrysanthemums by crude extracts of various antagonists

Antagonist

Disease incidence (%)

Penicillium sp. CF111
Paecilomyces marquandii CF302
Paecilomyces marquandii CF407
Gliocladium deliguescens F-92
Trichoderma harzianum TVCN1
Trichoderma harzianum TVCN2
Trichoderma koningii T12
Bacillus cereus CB22

Bacillus subtilis ¥29-3

Control

65.5 bc?
523 ¢
63.6 bc
519 ¢
62.9 bc
69.5 ab
59.7 be
66.4 bc
812 a
71.3 ab

1) Values not followed by the same letter are significantly different at 5% level (based on

DMRT).
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Table 1. The number of biotypes of antagonistic Trichoderma spp. obtained from physical and
chemical mutation treatments

Biotype
uv?y DES? EMS? NaNo,?
Trichoderma harzianum TC11 15 12 24 6
Trichoderma koningii T12 17 46 73 11

1) Conidial suspensions were irradiated under 255 nm wavelength at the density of 190 W/cm?
for 2-4 hr.

2) Diethyl sulfate (DES), ethyl methanesulfonate (EMS) and sodium nitrite (NaNO,) were ap-
plied as chemical mutagens. '

Fe ~ B Trichoderma spp. THEEMERER & N EEEE benomyl B2 £ R EHER
Table 2. Colony diameter? of mutants of antagonistic Trichoderma Spp. grown on various con-
centrations of benomyl

Benomyl concentration ( yg /ml)

. 2

Biotype® 0 1 10 20 50 100 200 400 600 800 1000
T12 %0 73 72 — =

TC11 9 87 — -

TCI1-R5 % 8 35 —

T12-R33 9% 90 63 37

T12-R33-D19 8 63 32 30 27 26 —
T12-R33-D25 % 62 38 4 37 34 2
T12-R33-D31 9 54 31 30 29 26 —
T12-R33-D75 79 43 27 24 23 21—
T95-GA 80 24 19 17 -

1) Antagonistic fungi were cultured on PSA plate with various concentrations of benomyl, incu-
bated at 28°C, and colony diameters measured in mm after 72 hr incubation.

2) T12 isolate is T. koningii, TC11 isolate is T. harzianum and T95-GA also T. harzianum (from
R. Baker).
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= ~ Trichoderma koningii i, benomyl ZS B RS Rhizoctonia solani & B34 K HIA/ER
Table 3. Mycoparasitism and antibiosis assay of benomyl resistant mutants of Trichoderma
koningii against Rhizoctonia solani

. . Hyperparasite ” Antibiosis?
Biotype isolate o - :
Hyphae coiling Hyphae lysis Colony diam. (mm)

T12 + + 17.5
T95-GA + + 44.9
T12-R33 + + 18.4
T12-R33-D19 + ++ 235
T12-R33-D25 + ++ 15.5
T12-R33-D31 + ++ 20.3
T12-R33-D36 + + 20.7
T12-R33-D37 ++ + 20.3
T12-R33-D75 + + 15.6
T12-R33-D83 ++ ++ 14.2

1) +-+, + means degrees for hyphae coiling by Trichoderma and hyphae lysis of Rhizoctonia
assayed by dual culture method. '
2) Assayed by cellophane membrane method.

FIY ~ FEHLEE B R AR IEE T

Table 4. Rhizosphere colonization of antagonistic fungi and bacteria on the radish roots

Seed coating Root tip colonized? Depth of root colonized?
antagonist by mutant by antagonist (cm)
AQ03 ’ + 2
A020 + 8
A036 + 8
A045 - 2
A047 - 1
A090 - 2
TC11 = 2
T12 - 3
T12-R33 + 8
T12-R33-D25 + 8
T95-GA + 8
1) Assayed by Randhawa’s seedling bioassay method; + = colonization, — = no colonization.

2) Assayed by Chao’s aluminum foil tube method with sterilized sandy loam soil.
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Table 5. Biocontrol of adzuki bean root rot by soil amendment with additives and antagonists

Disease incidence (%)Y
Amendment treatment

Re? Re + T12®  Re + D25% Control
Chitin 0.1% 37 ab 17 ab 7b 15 a
CMC 0.1% 29 b 18 bc 9 ab 8Db
CaS0O, 0.1% 44 a 28 a 14 a 9b
Rice husk 0.1% 44 a 28 a 12 a 12 a
Shrimp shell 0.05% 32 ab 20b 15 a 11 ab
Control 47 a 22 ab 9 a 5b

1) Disease severity was the average of five replicates each treatment, and each replicate had 10
pots planting 10 seeds in each. Data in each column followed by different letters were signif-
icantly different according to Duncan’s multiple range test (p = 0.05).

2) Soil infested with CPS inoculum of Rhizoctonia solani Re isolate at the density of 5 mg/g soil.

3) Soil also amended with the conidia of Trichoderma koningii T12 or T12-R33-D25 harvested
from rice husk media culture at the density of 107 conidia/g soil.
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Fig 1. The fungicidal response of antagonistic fungi T12 (Trichoderma koningii) and T12-R33-
D25, a benomyl resistant mutant, to PCNB, Benlate and Neo Asozin fungicides.
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Table 6. Biocontrol effect of benomyl resistant antagonist Trichoderma koningii D-25 against root

rot disease of adzuki-bean

Plant stand Yield
Treatment No/0.1 ha % kg/0.1 ha %
Noninoculated Ck 22019 100 b 169.09 100 b
Inoculated with
R solani
D-25 coating 19455 88.4 ab 156.17 92.4 ab
D-25 amending 28760 130.6 ¢ 193.58 1145 ¢
without D-25 16441 74.7 a 145.58 86.1 a

a. CPS inocula of Rhizoctonia solani were added to sowing hole at ca. 5 mg per hole. In D-25
amending treatment, 1 g of rice husk cultured biomass with conidia 10° per g was amended
into hole at the same time. In seed coating treatment, adzuki-beans were dipped into conidi-
al suspension (10 conidia per ml) with 1 % CMC for 5 mins and air dry.

b. Values in each column followed by the same letter are not significantly different (p = 0.05)
according to Duncan’s muitiple range test.
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Fig 2. The sporulation of conidia and chlamydospores of Trichoderma koningii T12 and benomyl
resistant isolate, T12-R33-D25 cultured on various formulating rice husk-bran media
(ratio of rice husk to bran) at 28°C for 14 days incubation
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Fig 3. The sporulation of conidia and chlamydospores of Trichoderma koningii T12 and benomyl
resistant isolate, T12-R33-D25 cultured on rice steep, molasse of yeast extract at 28°C for !
14 days incubation
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Table 7. Biocontrol effect of Trichoderma koningii D-25 on adzuki bean root rot disease, caused

by Rhizoctonia solani

Dried wt. Yield Yield
Treatment? (g/plant) (g/plant) (kg/ha)
10 2V 3D 1 2 3 av 1 2 3 av.
Soil

amending 44.6 52.8 744 57.3bHY 78
Seed

coating 581 50.7 608 565b 9.2
CK 347 282 435 355a 538

93 11.8 9.6 b 4026 4135 4517 4226 ¢

85 99 92b 3243 3158 4123 3508 b
46 73 59 a 3141 2783 3127 3017 a

1) Plot 1 and 2 were 1 hectare each, plot 3 was 2 hectares and each plot had five replicates de-

signed randomly for field trial.

2) About 5 g of antagonist biomass were put into sawing holes in soil amending treatment and

conidial suspension at density of 10% conidia per ml with 2% carboxymethyl cellulose and 3%

arabic gum was used in seed coating treatment.

3) The data in each column following the same letter are not significantly different according to

Duncan’s Multiple Range Test (p = 0.05).

51 SRR

1. Baker, R., and Martinson, C. A. 1970.
Epidemiology of disease caused by Rhizoc-
tonia solani, in Rhizoctonia solani, Biology
and Pathology (J. R. Parmeter, Jr., ed.),
p.172-188. Univ. Calif. Press, Berkeley.

2. Beagle-Ristaino, J. E., and Papavizas, G.
C. 1985. Biological control of Rhizoctonia
stem canker and black scurf of potato.
Phytopathology 75:560-564.

3. Chao, W. L., Nelson. E. B., Harman, G.
E., and Hoch, H. C. 1986. Colonization of
the rhizosphere by biological control
agents applied to seeds. Phytopathology
76:60-65.

4. Chet, 1., and Baker, R. 1981. Isolation
and biocontrol potential of Trichoderma
hamatum from soil naturally suppressive
to Rhizoctonia solani. Phytopathology 71:
286-290.

5. Elad, Y., Chet, I, and Henis, Y. 1981. A

selective medium for improving quantita-
tive isolation of Trichoderma spp. from
soil. Phytoparasitica 9:59-67.

6. Hadar, Y., Chet, 1., and Henis, Y. 1979.
Biological control of Rhizoctonia solani
damping-off with wheat bran culture of
Trichoderma harzianum. Phytopathology 69:
64-68.

7. Henis, Y., Chaffar, A., and Baker, R.
1978. Integrated control of Rhizoctonia
solani damping-off of radish: effect of suc-
cessive plantings. PCNB, and Trichoderma
harzianum on pathogen and disease. Phy-
topathology 68:900-907.

8 Henis, Y., Shaffar, A., Baker, R, and
Gillespie, S. L. 1978. A new pellet soil
sampler and its use for the study of popu-
lation dynamics of Rhizoctonia solani. in
soil. Phytopathology 68:371-376.

9. Ko, W,, and Hora, F. K. 1971. A selective
medium form the quantitative determina-

tion of Rhizoctonia solani. in soil. Phyto-



10.

11.

12.

FIFBHEPUR Trichoderma koningii $HL TR < £ WIB514 71
pathology 61:707-710. 13. Papavizas, G. C., and Lewis, J. A. 1983.
Lin, S. C.,, Wang, M. H,, and Liu, S. D. Physiological and biocontrol characteristics
1986. Integrated control of stem rot dis- of stable mutants of Rhizoctonia solani. re-
ease of chrysanthemum--I. The biocontrol sistant to MBC fungicides. Phytopathology
effect by antagonists and fungicide toler- 73:407-411.
ance assay. Bulletin. Natl. Pingtung Inst. 14. Randhawa, P. S., and Schaad, N. W. 1985.
Agric. 27:60-68. A seedling bioassay chamber for deter-
Liu, S. D., 1982. Systematic isolation and mining bacterial colonization and antago-
screening antagonists suppressive to Rhi- nism on plant roots. Phytopathology 75:
zoctonia solani. Natl, Sci. Counc. Monthly, 254-259,
R.O.C. 10:348-355. 15. Wu, W. S, Liu, S. D,, Chang, Y. C., and
Liu, S. D, and Baker, R. 1980. Mecha- Tschen, J. 1986. Hyperparasitic relation-
nism of biological control in soil suppres- ships between antagonists and Rhizoctonia
sive to Rhizoctonia solani. Phytopathology solani. Plant Prot. Bull. (Taiwan. R.O.C))
70:404-412. 28:91-100.

ABSTRACT

Liu, S. D., 1991. Biological control of adzuki-bean root rot disease caused by
Rhizoctonia solani. Plant Prot. Bull. 33:63-71. (Department of Plant Protection, Na-
tional Pingtung Institute of Agriculture, Pingtung, Taiwan, Rep. of China)

The root rot disease of adzuki-bean (red bean, Phaseolus angularis) caused by Rhi-
zoctonia solani. is an important and destructive adzuki-bean disease in Taiwan. Con-
ventional chemical control is impractical. Biological control or R. solani with antago-
nist(s) may be and alternative for control of the disease induced by this soil-borne
pathogen. By in vitro dual culture and antibiosis bioassay, two antagonistic fungi, Tri-
choderma harzianum (TC11) and T. koningii (T12) were shown to be strongly antagonis-
tic to R. solani from sreening tests. To improve the biocontrol efficacy and surcival in
field where a number of fungicides were constantly sprayed, TC11 and T12 were in-
duced to be benomyl resistant. A new strain (T12-R33-D25) obtained was resistant to
1000 pg/ml benomly, without decreasing mycoparasitic, lytic ability or antibiosis
against R solani compared with the parent strain. A rhizosphere competent phe-
nomenon and growth promotion effect were observed in seed coating or soil amend-
ment with T12-R33-D25. With soil amending of culture biomass ca. 1 g into sawing
hole or seed coating with conidial suspension, the healthy plants and yields of adzuki-
bean significantly increased compared with non-biocontrol treatment in field trials at
Pingtung and Kaohsiung from 1986 to 1990. R. Solani was successfully controlled by
these two delivery systems with benomyl resistant antagonistic T koningii, but applica-
tion by seed coating consmued less labor hours and culture produce of antagonist is
now under extension to the bean grower.

(Key words: Biocontrol, Rhizoctonia solani, Trichoderma koningii, adzuki-bean)
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ABSTRACT

Hsu, S. T. 1991. Ecology and control of Pseudomonas solanacearum in Taiwan.
Plant Prot. Bull. 33:72-79. (Department of Plant Pathology, National Chung Hsing
University, Taichung, Taiwan, R.O.C.)

Bacterial wilt caused by Pseudomonas solanacearum is one of the most destructive,
widespread bacterial diseases of plants in Taiwan. The disease has been reported to
occur on tomato, tobacco, potato, sweet pepper, eggplant, peanut, bird-of-paradise,
strawberry, perilla (Perilla crispa), castor bean and sesame. Very recently, the disease
has also been observed on radish, comfrey (Symphytum peregrinum) and sugar apple
(Annona squamosa). Strains of P. solanacearum from various hosts tested are all race 1,
but several pathovars differ in host range or pathogencity are found among strains.
Most strains are biovar 3, some are biovar 4, but a few tobacco strains are biovar 2.
Bacterial wilt in many crops is most severe during summer or warm-wet seasons and is
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much less destructive during winter. The disease occurs in various types of soils, and is
favored by high soil temperature and high soil moisture content. However, soils sup-
pressive to P. solanacearum and bacterial wilt of tomato have been detected. P. sol-
anacearum survives much longer in moist soil than in dry or flooded soil. Low pH
soils are less favorable for survival of the pathogen than high pH soils. When the ma-
jor means of pathogen dissemination which affect the disease severity in fields are con-
sidered, three types of bacterial wilt can be recognized in Taiwan. The first type is
bacterial wilt occurs on solanaceous and many other plants. The disease on these
crops is caused mainly by soil-borne P. solanacearum and the incidence of the disease
is determined by the density and distribution of the pathogen in soil. The second type
is bacterial wilt on strawberry. The disease is spread mainly by infected seedlings. The
wilting symptom during growing stages of strawberry occurs only on those plants grown
from infected transplants, therefore, the disease severity in the field is largely deter-
mined by the percentage of strawberry seedlings infected by the pathogen. The third
type is bacterial wilt on perilla which is caused by the pathogen transmitted mechani-
cally. Perilla plants rarely become diseased when planted in the infested soil, but wilt-
ed easily through stem infection. Young shoots of perilla plants are harvested periodi-
cally during the cultivation period by clipping off the top branches of plants with a
harvest machine. Because of this practice, the pathogen spread rapidly from diseased
plants to healthy plants, causing a high incidence of disease. The control of bacterial
wilt has been approached in several ways. The control measures available or underde-
veloping include breeding for disease resistance, grafting resistant rootstocks, soil
amendment, rotation, biological control, use of healthy planting materials, disinfection
of contaminated implements and other cultural practices. However, in view of the dif-
ferent means of pathogen dispersal, the control strategy should vary with the particular

crop concerned.

(Key words: bacterial wilt, Pseudomonas solanacearum, host plants, race and biovars,
survival, pathogen dispersal, environmental factors, control)
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Table 1. The relationship between inoculum density of Sclerotium rolfsii in soil and the disease

severity of lily southern blight

Selerotial number Inoculum density ? Disease severity?
(selerotia/100 cm®) 129 15 18
0.0 0.00 0.00 0.00
5 2.6 0.13 0.25 0.31
10 53 0.25 0.44 0.50
20 10.6 0.44 0.63 0.69
40 21.2 0.56 0.63 0.81

1) Inoculum density represented number of inoculating sclerotia in competence volume of soil
around the 14 cm circum size of lily bulb within 1 cm.

2) Disease was divided into 5 grades, 0 = No yellow, 1 = 1/4 part of plant turns yellow, 2 = 1/2
part of plant turns yellow, 3 = 3/4 part of plant turns yellow, 4 = plant wilts and dies.
Disease severity =2 (scale X number of diseased plant at relative scale) / (4 X total number
of plants)

3) Days after inoculation.

RO BEHHBREERRT LS

Table 2. Effect of temperature on germination of sclerotia of Sclerotium rolfsii.

Germination (%)

Temperature

Wet Dry - Wet?
16 53.97 84.13
20 84.13 - 8413
24 84.13 71.43
28 80.95 63.49
32 65.08 41.27
20—>28 84.13 93.65
2820 84.13 58.73

1) The soil plate that contained 20 g dry soil and 21 sclerotia was added with 4 ml distilled wa-
ter and incubated under different temperature conditions. 2028 represented the soil plate
with sclerotia was transferred to 28 °C after 1 day of incubation under 20 °C, while 28 =20,
the reverse.

2) Dry — Wet represented soil plate was maintained under dry condition for 3 days, then 4 ml

distilled water were added.

HEZERFRER T BEERME Y ZERS » EHSRWE TIOE - S E S
> Punjafl Grogan“ B BB #E CaCl, 8 77 THHIGIEEE S SRR 7 o BRI IEAKAT
SRFET 20 /NI ER > RIZKIRUEE/NRHOEBIAREZ RN B I LR - 5 LR
BHERD 25% » TBREEERIBCEY B > MR ES R B 5E o
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Table 3. Effect of temperature on the occurrence of lily southern blight

Disease severity?

1

Temperature V 2 whs 3 ks
16 0.00 0.00¢®

20 0.00 0.00c

24 0.00 0.00c

28 0.25 0.33b
32 0.25 0.50ab

20—28 0.44 0.71a

28 =20 0.00 0.00c

1) Lily plants were cultured in the growth chamber under different temperatures. 20 —28 repre-
sented lily plants were transferred into 28 °C condition after 1 week of incubation under 20

°C, while 28 =20, the reverse.

2) The rating of disease severity is the same as in Table 1.

3) Values 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 different solute water potential on sclerotial germination and mycelial growth
of Sclerotium rolfsii on corn meal agar.

— Bar? Sclerotial germination? Miycelial growth (mm)?
(%) 1 2 3 4 5 6
97.9 15.5 52.8 79.8
5 91.7 15.8 535 79.0
10 91.7 16.0 49.8 74.5
20 79.2 12.5 36.0 55.0 79.5
30 45.8 0.0 18.3 29.5 45.0 585 75.5
50 0.0 0.0 0.0 0.0 0.0 9.5 11.8

1) The solute potential was adjusted to values between -1 to -50 bars by adding appropriate
amounts of KC1 into corn meal agar.

2) Each value represents the mean of five replicates, sclerotial germination was rated after 72
hrs of incubation at 28°C .

3) An 8 mm diameter of mycelial disk (from the 7-day-old colony on PDA) was placed onto the
center of medium and the mycelial growth was measured each day after inoculation.

FH -~ THRENETAOBRRECEE

Table 5. Effect of soil moisture on the occurrence of lily southern blight

Soil moisture Disease severity?
(%) 2 wks 3 wks
15 0.13 038 b?
30 0.44 0.63 a
15-130 0.25 0.50 ab
30—->15 0.50 0.75 a’

1) Soil was adjusted to 15-and 30% MHC by adding appropriate amount of distilled water
(determined by calculation after drying soil sample at 105°C for 12 hrs) and kept moisture
with plastic bag. 15—30 represented the soil was maintained at 15% MHC for 7 days and
then added with appropriate water to adjust soil moisture to 30% MHC. 30 — 15 represented
soil at 30% MHC was progressively dried by natural way down to 15% MHC.

2) The rating of disease severity is the same as in Table 1.

3) Values follow by the same letter in each column are not significantly different at p = 0.05
according to Duncan’s multiple range.
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Table 6. Effect of soil moisture on the occurrence of lily southern blight under different tem-

perature condition

Tamperature V soil moisture? Disease severity®
(°C) (% MHC) 2 wks 3 wks 4 wks
20 15 0.06 0.19 0.31
30 0.00 0.00 0.13
2028 15 0.69 0.81 0.81
30 0.44 0.63 0.81
28 15 0.31 0.38 0.44
30 0.50 0.56 0.69

1) Lily plants were cultured in the growth chamber under different temperatures. 20 —>28 repre-

sented lily plants were transferred into 28 °C condition after 1 week of incubation under 20

C.

2) Soil was adjusted to 15 and 30% MHC by adding appropriate amount of distilled water

(determined by calculation after drying soil sample at 105°C for 12 hrs) and kept moisture

with plastic bag.

3) The rating of disease severity is the same as in Table 1.
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Table 7. Effects of various chemicals on the germination of sclerotia of Sclerotium rolfsii

Chemicals?

germination

"Sclerotial?

Mycelial growth (mm)¥

%) 3 days 5 days
Alumium sulfate 18 16.8 T
Ammonium acetate 0 0 0
Ammonium bicarbonate 0 0 0
Ammonium carbonate 0 0 0
Ammonijum citrate 0 0 0
Ammonium molybdate 0 13.8 T
Ammonium sulfate 30 29.5 P/A
Calcium carbonate 27 20.5 38.8
Calcium chloride 28 19.5 40.5
Calcium nitrate 23 12.5 473
Calcium sulfate 80 24.5 39.5
Calcium superphosphate 30 14.5 T
Citrate 27 14.8 T
Glycerin 17 25.0 P/T
Potassium chloride 2 14.5 42.7
Potassium sulfate 74 20.0 39.2
Sodium nitrite 0 0 0
Sodium phosphate, monobasic 57 22.0 41.0
Sodium phosphate, dibasic 19 21.7 42.0
Succinate 0 26.5 43.5
Urea 0 0 0
Check 63 358 60.0

1) 1% (w/w) chemical was added into soil with 20% water content.

2) All values are means of four replicates, with 15 sclerotia per replicate.

3) All values are means of four replicates, plate per replicate contains one wheat seed that has

been cultured with pathogen for two months. T =Trichoderma spp. P = Penicillium spp. A =

Aspergillus spp.
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Table 8. Effect of nitrogenous compounds on the germination of sclerotia of Sclerotium rolfsii

Germination of sclerotia (%)

Nitrogenous compound

1257 250 500 1000
Alumium ammonium sulfate 75.0 76.7 66.7 50.0
Ammonium acetate 91.7 8.3 42 0
Ammonium bicarbonate 87.5 0 0 0
Ammonium carbonate 33.3 29.2 0 0
Ammonium citrate 79.2 45.8 8.3 0
Ammonium molybdate 79.2 58.3 54.2 333
Ammonium nitrate 62.5 61.7 58.3 54.2
Ammonium sulfate 83.3 66.7 66.7 375
Sodium nitrite 0 0 0 0
Urea 41.7 20.8 0 0
Check 75.0

1) All values are means of four replicates, with 15 sclerotia per replicate.

2) The nitrogen concentration in soil (ppm N).
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Table 9. Effect of organic amendments on the germination of sclerotia of Sclerotium rolfsii

Organic matter "

Germiantion of sclerotia (%)?

Qil tea dreg
Check

Peat moss
Sawdust
Bagasse
Compost 1
Compost 11
Chaff
Chitin

85.7
76.2
71.4
71.4
64.6
59.1
57.2
47.9
0

1) Soil was amended with 1% (w/w) organic matter and then put 15 sclerotia on it after 7 days

of incubation. Compost I was the high rotted cattle manure. Compost II was the half rotted

waste of sawdust used for mushroom plastic bag culture.

2) All values are means of four replicates, with 15 sclerotia per replicate.
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Table 10. Effects of various amount of organic amendment on the germination and viability of

Sclerotium rolfsii

Sclerotial germination/viability (%)Y

Organic matter

0.5? 1 2 4
Oil tea dreg 85.7/41.0 85.7/60.0 99.0/40.0 100.0/40.0
Peat moss 87.3/26.7 69.8/30.0 50.8/33.3 39.7/20.0
Sawdust — 84.1/30.0 54.0/23.3 222/ 82
Chitin 46.7/45.0 333/ 8.0 9.5/ 0.0 00/ 00 "
Check 60.3/23.0

1) All values were means of five replicates, with 21 sclerotia per replicate. Sclerotial germination

and viability were examined at 3 and 10 days after organic matter was amended, respectively.

2) Amount of organic matter (gram/100 gram
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Fig 1. Effect of organic amendments on disease development of lily southern blight. Compost I
= the high rotted cattle manure, Compost II = the half rotted waste of sawdust used for
mushroom. All organic matters were amended at 1% (w/w) to soil, except chitin which
was amended at 0.5% (w/w).
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ABSTRACT

Tu, C. C., Hsieh, T. F. and Tsai, W. H. 1991. Effects of temperature, moisture
and amendments on the occurrence of lily southern blight caused by Sclerotium
rolfsii Sacc. Plant Prot. Bull. 33:80-94. (Taiwan ~Agricultural Research Institute,
Taichung, Taiwan, R.O.C.)

Lily southern blight was caused by Sclerotium rolfsii Sacc.  When 5 dried sclerotia
(Inoculum density about 2.6 sclerotia per 100 cm® of soil) were inoculated into soil
around the bulb of lily within 1 cm, the yellowing symptom appeared within 2 weeks.
Moreover, the disease severity increased gradually with increasing the number of scle-
rotia. On soil plate, the maximum sclerotial germination occurred at 20-28°C. The
percentage of germination increased when the sclerotia were incubated under drying
condition for 3 days at 20°C and then remoistened and placed at 28°C . Consistently,
the greater disease severity was obtained when the lily plants were transferred into the
28°C condition after 1 week of incubation under 20°C. In general, the best solute wa-
ter potential for sclerotial germination and mycelial growth was between -1 and -10
bars. However, with decreasing of solute water potential from -10 to -50 bars, the per-

centage of germination and growth rate decreased. Under the condition when tested
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plants were transferred from 20 to 28°C , the disease severity at both soil moisture
treatments (15 and 30% MHC) was 0.81 aftet 4 weeks of inoculation, however, the
disease development was faster at 15% than at 30% MHC. Among 21 tested chemical
compounds that were amended to soil at 1% (W/W) rate, nitrogen compounds showed
more inhibitory to the germination of sclerotia on soil plate than others. Sodium ni-
trite could completely inhibit the germination at 125 ppm nitrogen (N), ammonium bi-
carbonate at 250 ppm N, urea and ammonium carbonate at 500 ppm N. Ammonium
acetate and ammonium citrate at 1000 ppm N also inhibited the germination complete-
ly. The percentage of sclerotial germination was decreased when 1% (W/W) chitin,
chaff, bagasse, cattle manure or waste of sawdust compost used for mushroom growing
was amended to soil. Moreover, the disease severity also was decreased after amend-

‘ment with 0.5% (W/W) chitin, 1% (W/W) chaff or cattle manure. The effects of in-

organic salts and organic matters on Sclerotium rolfsii and on the disease were dis-
cussed.

(Key words: lily, Sclerotium rolfsii, inoculum density, temperature, soil moisture, nitro-
. gen compound, organic matter)
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]

=

&5t - T2k - BAE 1991 BAARBERBEEEHENQBRZPANE #

FETF] 33:95~ 102

BRERBAEN AR » PEIEERTERERE 025 mm PE EBAER > AlES L
RESADRBERE 12°C > HEBRBMAEERMIE S1°C » &EMWER 27°C > HE
HAR 15 RNHERE 40 °CLL L2 IFBGE 119 /N % » HIRAEZEZ &SR 39°C » K&
#bIB 23°C » KA 40°CUL L2 - TEARATHEER Z B RIm R » R REHIEI DR
ZEBE  FHERFART SASZ BIRRERIIRERE - HRERINMEDRR 8L -
TEREFE HEBAG » WEIRIIEEIRIE > 5% - KBMEBEKEES > HHEMOHERL

ez R LB B BB EHEERE o

(BRgET @ Fih ~ EHERE ~ BF0R ~ KRERE ~ #RIE ~ BYR)

#&

FHE4E9% ( southern blight ) BERZ
FEERMEEREC— » TEREBHERERIZRIE »
HiIRREE > XBRESEMEEER - B
FBEEHHIE » KETERE BEYEE
P > BiEERCEEHBREE - KR
(Sclerotium rolfsii) F52 I S FEHH
=, FEHWEER  EAEF TR 129%8F
YRS DEZEERE L EREEE -
RITT EL 5 ¥ FE LR R R SR IS B » FTfE#E
B N R IR BR{E SR R AR E
> BAREEEBS CAB//NE » FHRS
BARASERK » WEATREEEZ BT -

RITEEHRE L EREER » REMER

(][

SMESEA R R » RMERAAGRERE L »
Bo¥EEHENs - Bl m LGB » Sod R
o BRARRIRE RS R B ER
KB » Wb R BRI EBGEASR
BEZRE » BERAWFEZHH o

TERETE =B R RBm R
HIFRERE

FIFEHE B A e - g L3RR
TR ERKREE T BB R ECHE
AR o BN IR 2 B > WE
RELR  LRT SAOR 005 HHKE
Bt 0 DIBIE AR B R E R 2R AE D ©

PRESREIERT > FEEEEE 025 mm EEH
BRMEE > TiRELRE SASZEE I~
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12°C% - BEUBABREEEHIE 51°C »
BRI 27°C » M2 FEHM ( 5K
31K ) WHERF 40°CUA L2 RF B AIAS 11970
KE R 106 /NI » SRR E R R 39
°C » B{EMIIE 23°C » 40°C LA 2 B 0 /)N
(f—~2) o

—HFZ T HEBEZIRE - BREHS
B, TEDTH 1K~ 302 a5

e

Z

tEREE = BB h R
BRREERTE LR E

R7=

EEEEREUSERERIHBREREBHZ
BOBATEE) » WESEL PH 67 F
HE 1.16% » 8ALS1369 kg/ha » BERT 630 kg
/ha > TERERT—18 A EfTHME RS » RE
R R A ~ fERE R A
FL BRI > BREZ ~ BEERORTEEE » 5D
NEEN AR 108 /0.1 AtH » SEE
HERE 2 WE /0.1 R4 > SHRECEE » NEY »

R 2 IEMTHS] » /NEE 168 AR o
SRR B R RS > £5
TRTSAPREET 0 AT HIBRE » B
FARE ~ AU SR RS
EAERETY » R + P E IR R
B AR R B o

PSRBT S ANEL10 AR 438 »
(KA TR DB
B © BB EE B R SRR
HEMEELEEN © +RRERT SANEY
RBIETRE LA » TR s
TTEBRIE. (R ~ FRE ) JEHE
SRR B AR R LA T 2 B B BT
BERE (RZ) o

e E S BB h RN
HEMBEREEATER

e 78 2 B D AT B s VU Bt
BN HE o 19 FERESRER > 1E
EEEEWBMEE » FIEEE R ERA

F— - HREEE BT SR B (1983 )Y

Table 1. Effect of mulching of planting row with plastic sheet on soil temperature in 1983

+ # | & (°C) soil temperature

fa m B H

Treatment of planting row

=

=)

=y
maximum temp.

(°C)

+ W 40°CRALEFE

hours of temp.
over 40°C (hr.)

45°CLA LR 8
hours of temp.
over 45°C (hr.)

B E R AR

mulching PE sheet
+ *
+RT 5/
+ERT 1085
TR 15245

HREEE

without mulching PE sheet
+
FFRTSAH

- ERT10R5

TRT 152845

soil level

5 cm in depth
10 c¢m in depth
15 ¢m in depth

soil level

5 c¢m in depth
10 ¢m in depth
15 cm in depth

54
48
43
41

49
39
36
34

279 187
106 22
18 0
3 0
22 7
0 0

0 0

0 0

1) FHAHAR © 198348 H 16 H~9 A 16 H

Period of Investigation: Aug, 16~Sept. 16, 1983
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* - EEEEERAE SRR e (1984 )0

Table 2. Effect of mulching of planting row with plastic sheet on soil temperature in 1984

TIEEEE (°C) soil temperature
Mo E H e TR RELIR 40°CLLERE 45 CLL RS 50 °C oL ERF B
Treatment of planting row max. temp. min. temp. hrs. of temp.  hrs. of temp.  hrs. of temp.
(°C) (°C)  over 40°C (hr.) over 45°C (hr.) over 50°C (hr.)

ERUEBEE

mulching PE sheet
+ * soil level 54 27 124 28 17
+HRTS52A% 5cmindepth 51 27 119 29 18
+3=T 1024 10 cm in depth 46 28 73 8 0

without mulching PE sheet
+ = soil level 43 23 13 3 0
+FT524% 5cmindepth 39 23 0 0 0
+3£T 1024 10 cm in depth 35 24 0 0 0

1) FAEHAR : 1984 F9RF 15H~9H 30H
Period of Investigation: sept. 15~Sept. 30, 1983

£ = RSN S R D

Table 3. Effect of mulching of planting row with plastic sheet on survival of sclerotia

B2 H A ( % ) Germination of Sclerotia
+ £ LERTSAS LXRTI0AST ERTISAH
soil level 5 cm in depth 10 cm in depth 15 cm in depth
HHEEBAMEE 0 0 13 2.6
mulching PE sheet :
LRI NN 0 0 0 0
amended with dry sun hemp

ELERAIIN SN T 0 0 0 0
amended with fresh sun hemp

FEREAINEZ TR 0 0 0 16
amended with dry corn leaves

HERE AR I oK EESE 0 0 0 0
amended with fresh corn leaves

fEE A E

without mulching PE sheet
HEFREEHERE 2 BH /10 A8 478 285 11.1 14.0
fertilized exceed amount of compost .
TEFIRAESHERT 10 /10 2K 145 15.8 11.7 13.4
fertilized standard amount of compost :

1) 1984 F9H I5SHE®E » 10H 1HAE
Treated on sept. 15, Investigation on Oct. 1, 1984

mom E H

Treatment of planting row
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FRIE 0.6% » T ECEEED ~ REFHRBBG o
HEELBAWRINETE R AR B R » Hiify
PR R B BIR 2 B4 > T IR R T A
HIMBREBRE 1.9% » SRRt

9.7% » BEBKIE0.6% (DY) o 1984 FRF

ZHAERR  EREARIAR PR Rk N
EWBAREE » BIERER R EER e 84
HIRAEE > MR 21 /014 » &
DOFERRZ SBRER RS A IEIRE 10.6% » SMETE
#821% » RE 0.6% » B—H BEEERTS
e FEAEE R HEAL 10 /0.1 At » B
HEREAERREE 6.9% » HRTEELS 0.7% » JBE
04% (FHA) o

IR = B R Y
BMEELE

RS 78 2 i T R 1 0 h ety B T
EE - I9FERERERE  BEREESAE
FIhEE BAUAE 145,900 ~ 151,000 A2 5 » %
REEHEGAEERERS 127,000 A o
VMFERAERER  BEREEG A AEHER

86,000 ~ 78,600 23T » ¥ IR 25 i FlAEwe bt
FEE &AL 68,000 AF (FA-~H) o

TR E W B AR R E e INER »
KRBT < BEMGMS » WEERE S
Mok + e » (R THTE o

FEMEHER (Sclerotium rolfsii ) £ 2504
THRERRES - UEE T BB R AR
i FRMEEMELR OSHUTAENSY
B B LR 2 (EYARLS » T
RSB S aEE o

T DR B o B B SRS 25~ 30°C » 40°C
KRIOCH/EETR » 40 CRBRER » Bk
L RF RO 31°C » 37 CREBILTREDS
% > BBIAE 50°C 2 Bk AT BIEERE 90 ~ 105
TXSE o EARRIRE Btk - ST ARGAES S
BREZBOERR - AR RS s
EHEBE (025 mmB) TRELEB 5L
DR THEBEE 2CTS > MESEEE
E[51°C o 198459 15HFE 9 B 30 HiE#E

RV ~ AEEE S R T P R B A o I (1983)

Table 4. Effect of mulching of planting row with plastic sheet on the outbreak of southern

blight of tomato in 1983

EHERRAEEAE (% ) percent of southern blight

OB W

fa m & =

stem on the ground

AR BB

Treatment of planting row

BREZ 30K BHEZIOK

branch of stem fruit

30 days after 90 days after
transplanting transplanting

LR R o 0

Planting row mulching PE sheet

RIS » BRI 0

planting row amended with alfalfa
and mulched with PE sheet

TEEEAN ARG - R WBAR 0

planting row amended with sun hemp
and mulched with PE sheet

H R 0.6

without any treatments

0.6 0 0
0 0 0
0 0 0
1.3 9.8 0.6
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RE ~ RS RN R e R A (1984 )Y

Table 5. Effect of mulching of planting row with plastic sheet on the outbreak of southern

blight of tomato in 1984

B B R H

BISRBAETSE (%)

percent of southern blight

Treatment of planting row

OB Y

AREEY R O&'

stem on the ground  branch of stem fruit
BEEYEBAAEEE mulching PE sheet 0 0 0
GELE R IErA N i 0 0 0
amended with dry sun hemp
HERE R NG AR 0 0 0
amended with fresh sun hemp
TEEER IR ERTCEE 0 0 0
amended with dry corn leaves
TEREAS N TORTEEE 0 0 0
amended with fresh corn leaves
HTERERZ S without mulching PE sheet
TR EHENE 2 WH /10 28K 10.6 2.1 0.6
fertilized exceed amount of compost
TEFARHEEHERD 1M /10 28K 6.9 0.7 0.4

fertilized standard amount of compost

1) RINBFRMEFEFIGME The number is an average of 4 replicates

2) BAEE 80 RIFERER
3) BAEL 95 RFAEAER

HAR) 15 R ATHERF 40°CLL b 2 B BGE 11971
f > 45°CLAERFB 29/ N IR AR EBE 0
/NRF o TETE R TERE7E 25 M R IR B AT IR S 2 £
BUR IR RN D RIE 2 B » THEIER
B+ P EREIBGR o XREREE BT -
B R B B SR B e T L B T A
EAEA S g o
TEEEVRINE RS ~ KRB ~ EAREEGH
MBI A B B E > JRREE B HIEA H
R RE » BHBRICEERT TS S8
fHEHEE RS - ISR S B E
BEIERER » WIE B B I SRR -
ERE IR S R R E L AR

The result at 80 days after transplanting
The result at 95 days after transplanting

By R 8RR YR HAE RMEY I
o MBLRBECEE » EBREEERS

HH A AR » BRBGTE AfEms B
EREN BRI P IBS R Hisk > feis
L RN IRET EEEM 24
BEER -

mEAMER R » EREREEE
ZBIHATFIAR > FERRRSRESRIG 18 H IR
RE > LEEEER » ERERFHIATE
BEASHE ~ EIAEE » N EEATENR B
EfSHsE EHEBERER o '
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FA  EEESRENEMERLHE (1983)Y

Table 6. Effect of mulching of planting row with plastic sheet on product of tomato in 1983

OB B H B &
Treatment of planting row (product) kg/ha
fEREZE ¥R planting row mulching PE sheet 145,940 ab?

RERERINE TS » BB 151,024 a
planting row amended with alfalfa and mulched with PE sheet

RIS » BE WA 149,104 a
planting row amended with sun hemp and mulched with PE sheet

YR SEERTE without any treatments 127,454 b

1) RIEFRMEFTLIE » HEREER 75 -
The number is an average of 4 replicates

2) FINFE L FRAHEE RE Duncan’s ZEHREEIE P = 0.05 REEE ©
Column followed by the same letter are not significantly different at the 0.05 level by
Duncan’s multiple range test

=t EEESEERNENEREE (1984 )Y
Table 7. Effect of mulching of planting row with plastic sheet on product of tomato in 1984

fE B | E# = b=y
Treatment of planting row (product) kg/ha

75 WA E mulching PE sheet 84,239 a

TEREASIIEZ ARG ik 84,396 a

amended with dry sun hemp

TR IOAEA RN 86,232 a

amended with fresh sun hemp

RERE VR N K T 78,602 a

amended with dry corn leaves

AEME AN EE FOKHCLE 82,521 a

amended with fresh corn leaves

fHEME 772 without mulching PE sheet

TEFIEEHEN 2 HE /10 2R 79,071 a
fertilized exceed amount of compost
TEFAREE SHERL 108 /10 8K 68,029 a

fertilized standard amount of compost

1) FIFRMEATLIE » (EAAEERR 29 o
The number is an average of 4 replicates
2) FINF X FRAAFEE R Duncan’s S8 EHIE P = 0.05 RE#

Column followed by the same letter are not significantly different at the 0.05 level by

Duncan’s multiple range test
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. EEBREREAT 1984 HitEEENE rear sclerotia of Sclerotium rolfsii in soii J.
Wi E R E VIR ETSE 72 B BT IR Microbiol. 17:557-562.

40 139 o 11. Henis, Y., and Chat, 1. 1968. the effect of
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. BB ~ BERR 1971 BIBREC BERES] o Nitrogen form and plant disease. Ann.
BIEEZI19 (9~ 10 ) o 338-340 Rev. Phytopathol. 12:139-165.

. Albert, W. B. 1946. The effects of certain 13. Johnson, S. P. 1953 Some factors in the

nutrient treatments upon the resistance of control of the southern blight organism,
cotton to Fusarium oxysporum. f. sp. vasin- Sclerotium rolfsii. Phytotpathology 43:363-
fectum. Phytopathology 36:703-716. 368.
Aycock, R. 1966, Stem rot and other dis- 14. Owens, L. D., Giebere, R. G., Griebel, G.
eases caused by Sclerotium rolfsii or the E., and Menzies, J. D. 1969. Identification
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174:202 P. topathology 59:1468-1472.
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ABSTRACT

Tu, C. C',, Cheny, Y. H!. and Hwang, S. C2. 1991. Effects of solar energy and
green manures on the control of southern blight of tomato. Plant Prot. Bull. 33:95-
102. (1. Taiwan Agricultural Research Institute, Taichung, Taiwan, R.O.C. and TARI
Chiayi Agricultural Experiment Station, Chia-yi, Taiwan, respectively, 2. Tainan District

Agricultural Improvement Station, Tainan, Taiwan, R.O.C.)

For control of southern blight of tomato caused by Sclerotium rolfsii, mulching of

planting row with transparent plastic sheet before planting was studied. The tempera-

ture under soil surface 5cm in depth could increase 12°C after mulching and number

of hour for soil temperature reached at or over 40°C was 119 during the 15-day test
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period, while the soil temperature of control plot without mulching never reached 40
°C. The highest and the lowest temperature of soil were 51°C and 27°C for the plot
with mulching treatment, respectively, and were 39°C and 23°C for the control plot
without mulching treatment, respectively. The mulching treastment was effective in
controlling southern blight of tomato. The sclerotia of S. roifsii could not survive in
the soil surface and under soil surface 5 cm in depth. However, the planting row
amended with green manure and mulched with plastic sheet was better for the disease
control than the mulching treatment alone.

(Key words: Sclerotium rolfsii, tomato, southern blight, solar energy, green manure, con-
trol)
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Phytophthora citrophthora X_ P. nicotianae
TR FHAERE R

®I& 5

RE X4

BRMER R EW RIS YRR

1

&

EIE - 2% - FH45 1991 Phytophthora citrophthora % P. nicotianae B| 2 1%

HRREER WEAEIH 33:103~112

F Phytophthora citrophthora ] P. nicotianae 3!F2H % 2545 B BSR4 B 1990 £ 1
AR 10 AMERESREHE » REWEREAHREREBRI > #E B2 aame
FRUIR~ BB » 5F 6 REEDZFEBEBENATIFL o P. citrophthora B A'BISE » B{E
Rl RAERBEER 10 ~ 26 % 33°C » MBI REET » JEREY » T8 455 X
30 pum » ELEARAILIGIRGSE - (ERE B » I TR O IR R 3.3 ~ 8.8
X 10 spores/0.2 ml o BRI BER » HAEZSESER 10 FERE 1AM P
nicotianae JEEEIVE » T4 37 X 30 um » BFEILTRZER » S {EEREBER 10
C o RFIRERR 37°C » HPHRMBELBUER P. citrophthora. © L), 58% $4% 1 2 £
IRIERIT] 400 53R 76.5% SRBHESEFRIEH T 1,000 (SRR HBE » WAL P citroph-
thora W8 » (ERBE 3% » FiE L BE M IEE ME R R ©

(FRT | BEE - REWE - EHH)

&

B/EHN ( Annona squamosa L. ) BB
#} ( Annonaceae )} » 34 sweet sop B sugar
apple » BEEFR » BAEEFREIHA
BURSHE RS - B AT 2 RS EARE 5,000 204E »
& & R ERIT 3,500 26 » BEREHHE
BEEWRERE G o HRBRHARERE
DAERRTEAR S » SREHL RIS ERIN R Eg G910
1018) o T AT LA 3 R SR BT BB 2B R SR R BT B
B Phomopsis anonacearum  Bondartzeva-
Monteverde ~ Phytophthora palmivora Butler ~

i

Botiyodiplodia theobromae Pat. ~ Glomerella

cingulata (Stonem.) Spauld. & Schrenk var.
minor Wr, @9IVI21D o Lo fih 1o 40 58 g 3 75 K
TS ERREERBWHSOREE » REgs
E—ER2EHAE > B BEEEREES
WEREBEREESY Kb —EREES
Phytophthora citrophthora ( Smith & Smith )
Leonian » 53—FERIE P. nicotianae Breda de
Haan ( Syn. P. parasitica Dastur ) » [t —%&5|
HEBREBRYIS TR B REER » A ERER
PR ~ BAETE ~ REE M R o

MRERTTIE
ARERIR



104

19904 1 AR » 19907~ 8~ 108
B > SR ARME R EESEERERTSE
BB EAE  #EENTHSRLNEREY
% DA75% BRI R ERE » SIFARE U
Hu gk B 2R AR TS/ LA - BAKEEE
T E > REETRI~ 4K » FFEMEHSE
YA B R IH G RE A PDA R L558 » KN
KB RE IR AEE R > 1 4 ~ 5 Ko AR
PDA #TH L R/KEEF R ERNER » HERR
R R AEKEIE FEARENEEY » BHEBER
Phytophthora BJETK 10 » ELEHKEBAS
5% V-8 M~ 0.02% CaCO; ~ 50 ppm my-
costatin ~ 100 ppm ampicillin ~ 10 ppm PC-
NB ( pentachloronitrobenzene ) K 2% Bac-
to agar HEEEEMEEF IR ALK - 19
BE 10% V-8 HFaEpmE FEEmm©
W43 BUERFIAR SR PAL~ 10 » T PA1~9
%9 ERERRRREEHES P. citrophthora
( Smith & Smith ) Leonian * PA10 & P.
nicotianae Breda de Haan ( P. parasitica
Dastur ) o AHFFERESMEE Phytophthora
Bk—P. cinnamomi PC97 ~ CV64F » P
parasitica P991 ~ P731, P. citrophthora PCC 9
~10 (7BEfifs) HEESEIRE » P pal-
mivora PP1 RIFEEE ) B S R RRE e ©
RIRHESEE
WS Phytophthora BBRPA1 ~ PA2 ~
PA3 ~ PC97 ~ PCC9-10 K P991 %2 3 20%
V-8 FERRBEBR AT » 28°CT=K% » LUITHL
FITTHEKOS cn HIFTHEMA > BER20%
V-8 RIS EETR L » 25IBA8 ~ 10 ~ 12 ~
16 ~ 20 ~24 ~26~28~30~32~33~34 -
37T CHBBRREEM » 7 24 /N ER ERE
MERBRUBHEERPE  EHTXRBL -
{E{EEZE ( sporangia ) EEENE » R RS
H 10% V-8 FEREBRATR b » RwmkUIK
— R AGLATH/NA » SEREERIMA »
ABR/KRERRENER S » HEIE=ER
FR10~ 2008 » REFEALTEEK
HKEAIF R MR ET > 5 28° CElR
FEIROE 1~ 2K o SROEFNEBE O & TR »
Al A RERIREMBBA 15°CHyEBE+

30934 » BUHRERER ( 26~28°C) §115
~ 30438 » IEMITEE % - PEER
e B ERR ~ EIRAET ( chlamydospores )
~ ffg#® ( sporangiophores ) ~ fuZE K T
( zoospores ) HIFERER A/ o g Bl H 2
PEBETHER MR - AUHS PAL1 ~ PA2 F PA3 Bk
7 10% V88 #|E FRTE 6K » 1% 2L poly-
carbonate membrane &5 » E Fr ¥ £ H#E B £k
P991(AY) ~ PT31(A®) B, PCIT(AY) ~ CV64F
(AHECH » 7 24 CHENIB TR 6 K18 > $2
BENEBEELEE G .
RERE

DIt R S B O R E R IR
HEA RIS ER 20% V8IERE L » 82~
SKRBITEHER 05 cn WEFRBE » HEBERK
5% EFEREEENRE - EEEEm - B L
BARER - WLABTEE » HREBLST ; 41T
REGUEE  AIBREZE—-5X5X 4 mm
i » FBARER/DHIE R » RSB
RE  RASRERGEBLE D » ERERE
BIPRBURRYIETE o LAfAE 78RRy » Rlgn Bk
J7 i BUE PATREHE TR (6.5 X 104
spores/ml ) » HY 0.05 ml 3 BIFEREHRIER
REEE » SLVNIEEREREY - EE - )
PERMERNEBRET  BEEER » QK
PA1 ~ PA2 ~ PA3RYIREIFETFRIFHE (1.1
~3.5X 10° spores/ml ) > LISEEIKM 5 (5%
FIKTEE - A RNREREE TFRIERK 0.2 ml &
BIEPEFRRERE > EREAERESEE »
HRERBER BB » K SR ags
FIETE o
B B

BEESEREE—T70%FE W ( Previ-
cur-N ) S~ 25%#52hr ( Sportak ) EC ~
25% K EF] ( Terrazole ) EC ~ 50% A 554
( Dicloran ) WP ~ 80% %5 ( Mitram )
WP ~ 40% 55488 ( Yonepon ) WP ~ 56%
A 1LEEEA ( Cuprous oxide ) ~ 35% HEdif+
( Hinodan ) WP ~ 58% $F ¢ W % &
( Ridomil-MZ ) WP ~ 775% % 5 # ( Ka-
suran ) WP ~ 50% &%% ( Euparen ) WP ~
25% LUk&#R ( Sanyol ) EC ~ 68.5% &8R4,
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( Zincofol ) WP ~ 65% {#k/PU&E ST ( SN-

72802 ) WP ~ 39%¥Hi B8 k435 ( Basic cop-
per sulfate + Oxine-copper ) WP ~ 40% #i
RS2 ( Kinset ) WP ~ 63% A& T
( Mancozeb-Cu }) WP ~ 78% T &£
( Bordeaux-MZ ) WP ~ 80% i & W&
(Macuprax ) WP ~ 82% #i$£753 ( Comac-
bordeaux M ) WP ~ 77% @& t# ( Kocide )
WP ~ 72% &8 54 ( CurzateM ) WP ~
50% B 5wt ( Rizolex ) WP ~ 50% $E 35 22
(Sumilex ) WP ~ 3% (2% ( Tachigaren )
S~ 165% WA ( Mon ) EC ~ 70% F & &F
757 ( Antracol ) WP ~ 75% ¥ % 2 ( Ba-
sitac ) WP ~ 70% #7552 ( Ronilan-M )
WP ~ 50%#kEF ( Rovral ) WP ~ 50% &
5% ( Ronilan ) ~ 25% &7oFl ( Tilt ) EC ~
50%iiE % % ( Mocut ) WP ~ 50% 35 35/
(Dicap ) WP ~ 70% B & % {£{$ ( Topsin-
M) WP ~ 50% Zigih ( Benlate-T ) WP ~
40% R48% ( Quinolate ) WP ~ 75% 1R4#EF
1 ( Topsin-M Do ) WP ~ 76.5% I 3 £%
( Ridomil-Cupnait ) WP ~ 40%3E 85 &
(Fuji-One ) EC ~ 50% B&5ahigs ( Sporgon )
WP ~» 25% Eﬁl@ { Monceren ) WP ~ 60%
RS ( Sumilex-D ) WP ~ 80% ig#&E
( Aliette ) WP ~ 11.76% 23545 ( Rubigan )
EC ~ 40%J&# ( Mertect ) WP ~ 21.2% &k
B%1 ( Fungaflor ) ~ 12% 387558 ( Systhane )
EC ~ 18% HZ3ERA ( Vereor multi ) FP
20% 8% ( Denmert ) WP ~ 93% B & 18
5 ( Benlate-S ) WP ~ 25% T5#3% ( Befran )
S~ 50% HZH ( RovralM ) WP J 23.7%
MREE ( Rovral ) FP » K BEH(|G DI K
BRERNEE  BEXK09 cmEEKER
(Schleicher & Schuell No.321261 ) B A& g
Bk > 210 A » PREEERIES TR »
& ERE 2 EER PDAFE L
FIRENERENE R 35 » RIEREREKE
RE 1R > BBEIRFIR P ahE — B EK 05
cm i PA1 ~ PA2 B, PASEHRE #hBE » A
28CH > I~ 4 REFMBEB N EEERE
Frigsis » AEREISRYERERIEE

BE > PRI H M BRI A SO 3 > ]
BRI ARG SR 3L 8 1l » EERE
BRCRE LR S B B R A D AR
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B~ IREH AR ERE MR

Fig 2. Effect of temperature on mycelial growth of different Phytophthora species. PA1, P. cit-

rophthora from sugar apple; PCC9-10, P. citrophthora from citrus; P991, P. parasitica from

citrus; PC 97, P. cinnamomi from camellia.

tion on V-8 agar media.

Data were recorded at 72 hr after inocula-






108 EYREZGET] £33%8 FE1H 1991

&= (F—) o LIPAIMIRE FERENIEER:
T EEHE BT » WELEE R 16 ~ 24 /N
TRHIR > FEEFERIAEE o LLPAL ~ PA2 ~
PA3 Wi E FHER ERRT - TEWNRER
BREERE > ERFREES TR BERFRE
7E 7~ 15 spores/0.2 ml [ » thgA7EEERER 3
~SKIBERS T~ 10 RKBFEE2ESBE ; H
R RRITEERE > MERERRETR
IR » B 3.3~ 8.8 X 10% spores/0.2 ml
FTERE O FER2~3KBER > 5~6K
HEZESE ; BTENNRFEREEIRET
GEFR HB¥FEFARERERTEREN 44~
14.1 X 10° spores/0.2 mlff o
BhiA AR

7E PDA 8532 E | » (A 54 AR
A e PAL ~ PA2 B PA3 B #AERIZEING
EF » SR E > (B H b o % 2 48
1,000 & ~ $ATEEE 500 £ ~ FRERHUSEE 500 £% ~
SFESRWRESE 400 15 ~ EEALHT 400 £ 5 s
T5iE 500 EANR BB IIHIBER - HELAE
ZHRHRNAFERETERFR 140 ~ 137 ~
134 ~ 133~ 94 ~ 92 mm ° fERHT EHHR
B » TEPHRE B AR 58% SHEIRGESE WP
400 fE3E R EBME » HRE 76.5% S E L WP
1,000 f& 5. 80% TREE4S WP 500 £ » B R R
HIEEFENRRERS 98.5% K » & - =fEgEm

BREZHNRERFERFR 9.8% ~ 393% Kk
75.0% (F£=) » AR REEENRHEZR
N > HpREAEREASESRES
KBE o TIANRE R HHBERER > Rl
BEP s SR R HI P DR R ©
BERE

199041~ 7~ 8~ 10 BREHERE
FAE 4R k1 AMREHRES » ZER KB
EP R BEH A IR 2 EEEIREHER ~ AT
HEEESEHRE  HREAELETERRLEE
LELNEEE > FESIEERE > HEthoa3le
EHLEHRE BRREER > 5515 Bo-
tryodiplodia theobromae ~ Colletotrichum sp. ~
Phomaopsis sp. ~ Phoma sp. ~ P. citrophthora
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Table 1. Pathogenicity of Phytophthora species to fruits and leaves of Annona squamosa?

Disease incidence when inoculated on?

Isolate Lower Upper Wound Non-wound
epidermis epidermis fruit fruit
P. citrophthora (PA1) 9/10 5/10 10/10 (10/10) 10/10 (10/10)
P. citrophthora (PCC9-10) 6/10 2/10 10/10 (6/10) 10/10 (4/10)
P. parasitica (P991) 10/10 3/10 10/10 (10/10) 10/10 (10/10)
P. cinnamomi (PC97) 9/10 0/10 10/10 (5/10) 10/10 (5/10)
P. palmivoré (PP1) 10/10 2/10 10/10 (6/10) 10/10 (5/10)

1) Inoculations were made with mycelial agar blocks, 10 replications for each inoculation. Data

were recorded at 5 days after inoculation.

2) Data represent ratios of diseased fruits or leaves to inoculated fruits or leaves and ratios of

completely blackened fruits to inoculated fruit (parentheses).
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R NHZERZHEERE SR Phytophthora RETEHRERE
Table 2. Disease severity of Phytophthora fruit rot of Annona squamosa caused by P. citrophtho-
ra after treatments with several fungicides?

Disease incidence (%)?

Fungicide 3 days after 4 days after - 5 days after
inoculation inoculation inoculation

40% Previcur-N S 235 ¢ 518 b 923 d
(1.3 ml/1)
58% Ridomil-MZ WP 15 a 63 a 9.8 a
(25 8/D
80% Aliette WP ' 98 b 423 b 75.0 ¢
2 g/l :
76.5% Ridomil-Cupnait WP 15a 205 a 3930
(1g/h
25% Terrazole EC 235 ¢ 76.3 ¢ 953 d
(0.4 ml/1)
40% Kinset WP 313 e 82.8 ¢ 100.0 d
(2g/D
80% Mancozeb WP 26.5 cde 783 ¢ 100.0 d
25 g/
"40% Mertect WP 25.0 cd 86.3 ¢ 100.0 d
(0.5 /1)
Nontreated control 29.5 de 75.0 ¢ 985 d

1) Fruits removed of pedicels were dipped in different fungicides for 10 minutes, and 24 hr later,
inoculated with zoospores of P. citrophthora PA1 at scars.

2) Numbers are means of four replicates, 8 fruits per replicate. Any two means followed by the
same letter are not significantly different at p = 0.05 according to DMRT.

= ~ Phytophthora citrophthora ~ P. nicotianae F; BT 58 B SR8 HO B4R T Lt
Table 3. Frequency of P. citrophthora and P. nicotianae isolated from diseased black fruits com-
pared to that of other pathogenic fungi®

Frequency of isolation (%) in

Jan. July Aug. Oct.
P. citrophthora 16.7 — - 6.8
P. nicotianae - - — 1.1
Botryodiplodia theobromae 83.3 81.3 79.1 14.8
Colletotrichum sp. — 14.6 16.3 42.0
Phomaopsis sp. - 2.1 4.6 352
Phoma sp. - 2.1 — -

1) Totals of 20, 91, 127 and 164 suspectable samples were collected in Jan., July, Aug. and Oct.
1990 and pathogenic fungi were isolated from 6, 48, 43 and 88 samples of each sampling re-
spectively.
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ABSTRACT

Huang, T. C, Leu L. H. and Lee, H. L. 1991. Phytophthora fruit rot of Annona
squamosa L. caused by Phytophthora citrophthora and P. nicotianae. Plant Prot.
Bull. 33:103-112. (Department of Crop Environment, Taitung Distrist Agricultural Im-
provement Station, Taitung, Taiwan, R.0.C.)

Phytophthora fruit rot of sugar apple (4nnona squamosa L.) caused by Phytophtho-
ra citrophthora and P. nicotianae was first found in January and October 1990, respec-
tively. The infected fruits develop purplish black or brownish black discolored areas on
surface at first, followed by discoloration of interior tissues to light brown or dark
brown, then become completely black and mummified in 5 to 6 days. The cardinal
temperatures for mycelial growth of P. citrophthora were 10, 26 and 33°C . Its sporan-
gia are non-deciduous papillate, ovoid to lemon shape, with average size of 45.5X30 ym,
but often become distorted. It is heterothallic and all of isolates tested belong to A
type. The lowest concentration for its zoospores to infect non-wound fruits lay be-
tween 3.3-8.8 X 10%spores/0.2 ml. The disease usually occurred sporadically during Oc-
tober to January of next year. P. nicotianae from diseased fruit is characterized by its
broadly ovoid papillate sporangia, with average size of 37 X 30 ym. The lowest and
highest temperatures for its mycelial growth were about 10°C and over 37°C , respec-
tively. Its frequency of being isolated from diseased fruits was less than that of P. cit-
rophthora. 58% Ridomil-MZ WP at the rate of 2.5 g/l and 76.5% Ridomil-Cupnait WP
at the rate of 1 g/ were found to be significantly effective on the prevention of fruits
from the infection of P. citrophthora. However, all fungicides applied after infection
failed to inhibit the development of the lesion.

(Key words: sugar apple, fruit disease, Phytophthora citrophthora, Phytophthora nicotianae)
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Table 1. Examples of soil amendments for controlling soilborne crop diseases

VeI E EFE w O 2 noom SEU
W ARER Aphanomyces euteiches ‘IR 47
EFEEIER Fusarium oxysporum f. sp.  HERER 58

cubense
IINBRAR IR Gaeumannomyces graminis ~ BH'EERNY ~ X568 ~ 5 46
var. tritici = - A
EIAREIRER  Meloidogyne incognita BT ~ s 2
EE R Sclerotinia sclerotiorum [EERE 44
B EER Streptomyces scabies il 50, 57, 64
EERER Thielaviopsis basicola BHTE - BBIEXE - a8 54
AR ERNR Tylenchulus semipenetrans B ~ VR ~ MRS ~ BT 19
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—BR » BRREESBRENRENE Bt
T LIEERE B A — RN
IS E YR SRk B S B Ia e 2 RER
RE o T2 » BAENER » EAFEKA
14 ~ 28 ABEME BRI » FBEZEERAIBIR
ERIRE IR » AT TESARE ERrUB IR LIRS S
#HT o EREAZEAESTRERA » EES
BERAHEZ Y o Wil » 7EHIE » EHNRIEE
HT » SEEAEEERINY - BESGEYR
HZECD o MKMW - FIRERRIY > BTE
BHEEEN 4 R EIHHERREN Y » &
MEHEERZNEDRERRINYNEE - R
o SEEARE (BEHE) EALEEE (ERE
) o ATERTIEERENEEREREE
WERRED o BT BEE BB
BRI EE (BEY ) WRRRE » B2
REEE R L EEL » KBRS S R
A LRSS R BEINY ( formu-
lated soil amendment )®3792)  pEE L4k a
G S REIEY . T BB ERE WS 1AM o

RE 694 » FERKBHTFRBRBERIES
HARIINBRE TSR BRI - ZE S
HESY® c EREAYEHRBER TREE
¥ BIN=EERRE TR » EHEROEE
HEER 4.40% ~ T55% 8.40% ~ ERH 4.25% ~
R¥ 8.25% ~ TEEESH 1.04% ~ ABEERSE 13.16
% B IR (WERIETEE ) 60.5% o BHBEE » 18
B~ W R 0 FNIRER o SRBEER
0F R IBEEST S R » BN S-HIESY) o 15
BREMEEARCEEM,  ERAE | Z&1t
1 31% ~ S4L85 44% ~ 848 1.7% ~ AL
18% HE L 1% o S-HIESYE R B AT
L B ERIANRERER - BAIRAEEH
WEHRRE - BHRESEETFERERA
FEE) ~ TP IR ~ FHILEEE ~ IR -
7 NS E% ~ v ve N e AR » 7

RETER ~ EEALAK - SR - B908

AREFEIRESRE R AR TeERRE - |
B {EERE ~ NER > HEERFENER ©
Bian (1) BB 70 4 9 ~ 10 BEEG R -
ETHEEERGEHE - S-HEAYEER
BIRER 8.2% » HWIRIEL 41.8% ; S-HIEHE

HEEERHREN 1.89F (B—) - (DR
70 £F 10 A~ 12 5 727 3R R £ 80 vl [ A
H > BTN S ERL R EE - TERECREE »
S-HEFHHRZEE 20.14% > HBREAIE 74.6% o
(1) B 714 2 A~ 4 BfER R BREE T 01T
FREEREEE > S-HIERRZE 2.12% »
HRER 163% ; SHEREFREESHEEN
229% 0 (IV) RE 714F 1 A~ 2 BEEEHEGS
SRR METT R B v I B B BIR BGva B o
BRE S-H 3 » IRERIEAE » ERERBORI »
HERARERRBED (B=) o (V)RE
70 9 B~ 11 B 72 5 3R 5 s it 46 S 4T Al
fEmTaaER » WIRCREHERRESR 11.67% »
M S-HIES VIR R FEEE 0.56% o (V)72
9 A~ 12 BTEASRRAIE e BB+
R S-HRESYZBRER » HRKESHIER
SRERENY 1.52 15 » HEARE REVEEE - BATEHIIR
il » RERBEER . VNRE 2€E 73
B BB 5% B DI B B H 9 A MERk R
BT T R B SRR v atER - S-HIRE
GBI BN IEE 2 ok R BB E A
66% 7oA » MII@AN 57.6% WIS o (V) R
TIEE 74 F RN R E R R R BRI ET
EWERGREE > A SHIES SRR
GEEESIEM 2 ~ 365 » MR BRI RE
B4t > S-H RS WM RE R A Th 1S S 2 AR
@ 5 S BRI 40 g ) BB R 4
P (%) o

RR 76 £E 79/ » MBI &t
TR BB RN - thEABRThE—ES
R EBE I » % E SF21IRAY © SF-213R
BYRIHERCE | AREEZ 750 35 > BRERSL 357
IBHRSE 1057 > BALI5E 305 » EfbsR257 »
FRERSE 150 TEEEENH ( 10% ) 750 BFH O3 o
FEFRIE(HEC 5 T AN B ER » AT IR 54 P.
aphanidermatun (Edson) Fitz, R. solani Kiihn
(AG-4) ) F. moniliforme Sheld var. subgluti-
nans (Wollenw & Reink) =HFr3 [
#% (E=) 7 o ot » BILFEFIBR A%
MYETR T2 AEREZERR » JRAT Y SF-21 IRAYN
LARFE » DYEIE Pythium spp. T595 B R dE Y
B o
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Table 2. Control of soilborne crop diseases with a formulated soil amendment (S-H mixture) in

Taiwan
VeV E 418 m R B L i om &% R BE R
I b s Fusarium oxysporum f. sp.  WAWRE » IHERKTFHEF 89,62
niveum » BRERFE TR
REFIER F. oxysporum f. sp. raphani  JROFEE - WIGEEER 14, 62
FITEZHYER  Plasmodiophora brassicae  ~ WANRE » BEREZE 8 15, 16, 17
IHIRER 18,21
Wi R F. oxysporum f. sp. pisi B s )
A TR 2R Pythium aphanidermatum WA I F SR 48
HH IR Phytophthora melonis WA Bias > BFRESE M 49
EHAR B Sclerotium rolfsii NGB B A R B A 62
EFERE Pseudomonas solanacearum  7EIREN > MEREEEH 3, 4, 23

SRR E R A

ARG I E RV R R

BRI AT DA 5 £ SR AR MIRE T B
EER > WA EEYRR B ERERERTE K
FIRTEmRIA R o Adams et al® BEL
rRNITEHERER IR » TR T HERYRRRR R
LAYE L AR RIS 4 o Rao COMERTRINE
M3y » AILISUE F. oxysporum f. vasinfec-
tum BIB0FE M o RTA7 » Huber et al SR EH
BRI R bR R W R £ ERERT
41T5 ( Parasitic activity ) ° Sequeira®® 2
SLERINEB LIRS F. oxysporum f. cubense
WEENREG= Bl (){EEERE 7
#F o (1) 558 R DA AR S T »
(IIn) IR R F I,

Lewis F Papavizas V¥ in--ZERHRZE 2R
B HIBEARER ( Aphanomyces euteiches )
HIREA » FEREERER SR » 7T U
E% ( mercaptan ) » HE{k% ( Sulphides ) -
BIR&EAt ( Isothiocyanates ) HRME o B8
% e B AR A ( Vapam ) FIEE

(Dazomet )} 74 9 AT Hi 09 SR GRSV BE R B
( Methyl isothiocynate ) EEHAFRERLE o
Gibert et al®V$RBAE + PRI TEEITE TN

REREMEYE > A DUREEE S H A TS
77 o WHEEZRWMERE 0L EryES L
EYHEE 0 HhZ B ( Acetaldehyde ) ~ &ET
E% ( Isobutyraldehyde ) ~ EZEE ( Isovaler-
aldehyde ) ~ EBETEE ( Methylbutanol ) &
(8 ) B ( Valer aldehyde ) ~ H g
(Methanol ) & ZEE ( Ethanol ) BF+EMH
YE o ZEEV LA BEEINHMEE s ME
A ERRIEFI MRS ERIETE - ZRE B
B FR R B A B A I B R B 85 O o
BRIERNYEEWEL LN BB
fERY) - R EC R SR R R B E R I
SRR REEEN T RIMAERZR o %~ TR
Ol S-H IR AN M E I R S T
RY5E AR HL RSS2 1 BB R WK B AT,
¥ ERo iR EEREEFENEERS
PRI o WK ARER ST » LASEHE B 8
RS I 7 B 2 S R R A B R o
R S-HESYI 8% > igEEREER
BHRRER R » WAIH A EERAENES
W sy DUEE B AEYRIFE o S-HIR
Bt R IR S ERE » 5
IR EEER - BEZ » SHESYW
Pt TS EFReRERNER - B
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HAMEE AT E SRR RS > YA R
B 0 IR L pHE 5 (L) sein st
BHMEYNEE » EMISI R LEBREE
() Y =28 B RS EMEITER » ATRT/E
MERNRE  WINEYRZANEE » W858
TERHIR 17 o B S-HIBEYIRG R H A 115
HBEMERENERRFE : (1) SHEAYF
HIR R AT RS » BT LA S
WERRER R O B BanE TR BRI R4
“8 ., () SHEAYWEEHEENEE % PH
&> F)TLJ\_ILJ\B)E(“—I—??E%SPE%%’WE‘J@%(16'17) ;
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K> T EW SF2LIREY » W LAEKRGIA
Rhizoctonia solani (AG-4) f1 Pythium aphani-
dermatum P 5 [ EEMA XIS > E PG HEAE
JFHEE . (1) SF2LIEEEYWRLUEE Trichoder-
ma harzianum Rifai K& Penicillium oxalicum
currie et Thom KENFMEEEE (BEM) -
RITT#I%EI R, solani ¥FAREIEUREEST ; (IT) SF-
21 B EYRE B SRR R AT R SRR
BB BB BEHNA P, aphanidermatum Z B # R
W FRFENER | X SF1LREMHFEEL
B AR ERITENE » AT LRI E TS
FE () SF-21iREYH el DIERIMEIR TR
E’Jﬁtgﬁiiﬁ(‘% 37) o

® W

TR B B T MRS
REESR=M > B O)ENT LRI HEE »
(D) ERRIGERH=ER » () BRYERERIR
4B GR o Eiw L > (FRBRYE LSS
A I AT A B R A IR LR ] (1)
SRR R AL (1) E £ R Bt
WHE » DIERREEE () 8 EwE »
P B aELL 5 (IV) S8 LA E
Rt REIER (V) s i E
» DORSRIEMIR A& o b » Hinnal s
B EMEESRE IR  BURE Pk mE
MERE®RE » AN HEMERIER 8 - 5
& > WM KRETIE M FEEYE - X+

o e F W BR AR N AT IR A RS S R ZE R R AU 58
E(l) °
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% WIRER SR - BEEE EEEYREDN
Byl 9% > T » FERTHEOR] VR IIILARE S
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Prpitl » MRSFRNEE T SR ER
BRTF o Iving®V# TiEAB¥E ( Integrated
control ) § TT—@E# » BREVIRIMHAN
JE F & RERA IR SRS DUBE SRR 5 2 B A SEHY9R
FBERERAE » W B REEE AR
B o B B SR EBIR T E BHIHIEY
RIRES » FRF X AT - M AE Y EHRIR
BRI » RMESIPISRENNE »
EERSREE THRabR, ™ ESHE
SF21 B SRR REHIE < » BMFR4
YR FEHFEE YR F LR L E L ERE
hE—E "HREE WRE  cEE'EL > AR
THBRINYOREELEREEEBERAALE
VRN FERERE > BREREYERN SR
4 IRERAERMEYHIEHEGTE o ®It, »
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i SR 0357 [R DA I RA IR SRR A R BERY
HHEE » R EH B ERILERS o
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ABSTRACT

Huang, J. W. 1991. Control of soilborne crop diseases by soil amendments. Plant
Prot. Bull. 33:113-123. (Department of Plant Pathology, National Chung Hsing Univer-
sity, Taichung, Taiwan, R.O.C.)

When the soil elements essential for efficient plant nutrition and economic pro-
duction are low in availability or are not in balance, soil amendments and chemical fer-
tilizers are required. The use of soil amendments to intensify microbiological activity
and enhance competition among soil microorganisms results in lysis of inoculum struc-
ture of pathogenic fungi. Therefore, soil amendments are also frequently recommend-
ed to prevent the increase of soilborne plant pathogens in cultivated soil. Since 1979,
formulation of soil amendments has been devised to control root-infecting fungi with
minimal amounts of amendments or to alleviate root disease problem with amend-
ments used as an integrated part of an economical, feasible disease control program,
Two formulated soil amendments, S-H and SE-21 mixtures, have been successfully de-
veloped for controlling soilborne crop diseases. S-H mixture, consisted of 4.4%
bagasse, 8.4% rice husks, 4.25% oyster shell powder, 8.25% urea, 1.04% potassium ni-
trate, 13.16% calcium superphosphate, and 60.5% mineral ash (slag), has been used to
effectively control fusarial wilt of watermelon, radish, and pea, club root of crucifers,
pythium damping-off and phytophthora blight of cucumber, and bacterial wilt of toma-
to in Taiwan. Furthermore, SF-21 mixture, consisted of 750 g milled pine bark, 35 g
(NH,),SO,, 10 g triple superphosphate, 30 g CaCl,, 25 g KCl, 150 g Al,(SO,), and
750 ml glycerine (10%, v/v), was able to significantly reduce damping-off of slash pine
caused by Rhizoctonia solani, Pythium aphanidermatum and Fusarium moniliforme var.
subglutinans, and promoted growth of pine seedlings in the United States.

(Key words: soilborne crop diseases, formulated soil amendment, S-H mixture, SF-21
mixture)
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Somaclonal Resistance in Cavendish Banana to

Fusarium Wilt

Shin-Chuan Hwang

Taiwan Banana Research Institute, Chiuju, Pingtung, Taiwan 904, R.O.C.

ABSTRACT

Hwang, S. C. 1991. Somaclonal resistance in Cavendish banana to fusarium wilt.
Plant Prot. Bull. 33:124-132.

Somaclonal variants of Giant Cavendish derived from meristem culture were used
for screening for resistance to fusarium wilt caused by Fusarium oxysporum f. sp. cub-
ense Race 4. As a result of this screening program, 9 somaclones showing resistant re-
action had been obtained. Four of them (GCTCV-44, -104, -105, -119) were highly re-
sistant to the disease, while the others (GCTCV-46, -53, -62, -201, -215) were. moder-
ately resistant. Somaclones with high level of resistance had a percentage of disease
incidence of less than 10% and those with moderate level of resistance had 11-30%,
compared with over 70% in Giant Cavendish. All resistant clones differed from the
parent, Giant Cavendish, by possessing combinations of inferior agronomic characters.
Improved variants were obtained from a large planting in the field of plantlets of these
resistant clones. The majority of improved variants retained wilt resistance. GCTCV-
215-1 appears to be the most promising resistant variety because of having both ac-
ceptable horticultural characteristics and marketable fruit qualities. Disease incidence
of GCTCV-215-1 was 17.2% when 2-month-old plantlets were used as planting material
and it was 5.2% for suckers, compared with about 75% in Giant Cavendish. Plantlets
of GCTCV-215-1 had been planted in 700 ha of infested banana fields during the pe-
riod of March-May 1990 for further evaluation of the stability of disease resistance un-
der a wide range of environmental conditions.

(Key words: banana, Fusarium wilt, disease resistance)

ense (E. F. Smith) Snyder and Hansen in
INTRODUCTION e (5. ) Sny
Taiwan in recent years'”. Damage by the

The Cavendish cvs. Giant Cavendish and |  pathogen first appeared in 1967 and since
Robusta have been seriously affected by Race 1977 has become widespread in the major

4 of Fusarium oxysporum Schlect. f. sp. cub- banana-production areas in the country, de-
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Outbreaks
of fusarium wilt on Cavendish cultivars have

stroying over 500 ha annually ™,

also been reported from Australia, South
Africa, the Canary Islands and the Philip-
pines 7). Prior to 1960, fusarium wilt of
banana, caused by Race 1 of the pathogen,
destroyed more than 40,000 ha of bananas in
Central and South America over a period of
50 years®. The disease has been under con-
trol there since the susceptible cv. Gros
Michel was replaced with resistant Cavendish
cultivars. Race 2, capable of attacking cv.
Bluggoe and Race 3, which attacks Heliconia
species, are of minor importance®.

Previous control measures in Taiwan
which consisted of field sanitation, soil fumi-
gation and liming, were not successful®™. Al-
though crop rotation with paddy rice has
been shown to be an effective method for
controlling the disease®, replanting of ba-
nana in the reclaimed infested fields allowed
only one to two years of profitable banana
production before the disease increased to
epidemic levels. Therefore, it is necessary to
develop resistant cultivars to replace the pre-
sent susceptible Cavendish cultivars.

All commercial banana cultivars tested
previously in Taiwan were susceptible to
Race 4 of F. oxysporum f. sp. cubense®.
Searches for a resistant mutant were made
among survivors -in fields of Cavendish culti-
vars devastated by wilt, but without success®
Since.about 3% of the plantlets derived from
tissue culture of Giant Cavendish are mutants
@ these plantlets were screened for resis-
tance to Race 4 beginning in 1984.

- MASS PROPAGATION OF
PLANTLETS AND SCREENING
PROCEDURES

The method of Ma and Shii® was used
to induce the formation of adventitious buds

from explants obtained from shoot tips of
suckers of Giant Cavendish. Subculture of the
buds was made once a month and continued
6-7 times until a sufficient population of buds
was achieved. Procedures described by
Hwang et al® were used to induce roots and
promote shoot development from the adven-
titious buds. Plantlets were maintained in a
green-house for 2 months before planting in
a field in which about 60% of the Cavendish
plants had shown wilt symptoms. After dis-
eased tissue had been plowed into the soil, a
pathogen population of about 300 to 1,000
propagules per g of soil was maintained
throughout the period of testing. A large
number of 2-month-old plantlets were plant-
ed in the nursery, giving a planting density of
about 20,000 plants per ha. After 3-4 months,
the surviving plants were dug up and the rhi-
zomes were cut and examined for symptoms
of fusarium wilt. Those free of symptoms
were multiplied by shoot-tip culture for fur-
ther tests. When suckers of the surviving
plants were used for planting, rhizomes were
examined for symptoms by shaving with a
knife™; only disease-free suckers were test-
ed.

Tissue-culture-derived plantlets have
been propagated commercially since 1982 for
the banana planting program in Taiwan®. A
few banana plantations which were estab-
lished with these plantlets became infested
with the wilt pathogen after 2-3 years. Suck-
ers of survivors in seriously diseased planta-
tions were also selected and multiplied in vit-

ro for resistance testing.

RESISTANT MUTANTS
OBTAINED FROM PLANTLETS

Of about 20,000 plantlets screened thus
far, six have been found to be highly resistant

to the pathogen (Table 1). After one year,
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all mature plants grown from suckers of the
six remained healthy, while 60% of the sus-
ceptible control plants were discased. Resis-
tance of the six variants remained high dur-
ing a second and third generation, regardless
of whether plantlets or suckers were used to
propagate the plants. - Results of a green-
house experiment indicated that all six clones
were resistant to Race 1, as well as Race 4 of
F. oxysporum f. sp. cubense and hence there is
no evidence that there is a breakdown of re-
sistance to Race 1 during in vitro manipula-
tion.

The resistance of these clones is affected
by the inoculum density of the pathogen in
soil. Results of an artificial inoculation test
showed that at inoculum densities of 300
propagules per g of soil, all plantlets of the
resistant clones GCTCV-53 and GCTCV-119
remained healthy under greenhouse condi-
tions, while 65% of thc plantlets of the sus-

ceptible parent were killed. To cause an in-
cidence of 50% disease in the parent,
GCTCV-53 and GCTCV-119, inoculum densi-
ties of 100, 850 and 1,000 propagules soil ~*
were required, respectively. GCTCV-119 ap-
pears to be more resistant than GCTCV-53.

All six resistant clones differed from the
parent, Giant Cavendish, by possessing com-
binations of inferior agronomic characters
such as excessive height, weak petiole, small
fruit bunches and lengthened growth period
(Table 2).

IMPROVEMENT OF
RESISTANT MUTANTS

All six resistant clones had no commer-
cial value because the fruit was under the
minimum standard of quality. Selections for
mutants with commercially acceptable fruit
were made from tissue-culture progenies of
the resistant clones (plantlets of resistant

Table 1. Incidence of fusarium wilt in six tissue culture-derived variants of Giant Cavendish”

Clone Planting material Number evaluated % Diseased
GCTCV-40 Sucker 329 0.5
Plantlet 965 0.3
GCTCV-44 Sucker 118 2.0
Plantlet 250 0
GCTCV-46 Sucker 268 1.8
Plantlet 593 0.5
GCTCV-53 Sucker 184 0.2
Plantlet 467 39
GCTCV-62 Sucker 40 3.0
Plantlet 45 11.1
GCTCV-119 Sucker 75 0
Plantlet 650 2.2
Giant Sucker 207 39.5
Cavendish Plantlet 863 59.7

1) Average disease incidence for 3 generations of each clone.

The variants and Giant

Cavendish were screened in a field naturally infested with Race 4 of fusarium oxysporum f. sp.

cubense.
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Table 2. Major agronomic characteristics of resistant clones derived from tissue culture of Giant

Cavendish relative to the normal parent

Salient features

Taller, thinner pseudostem with wide spacing of internodes; weak petioles;
Shorter, thinner pseudostem, weak petioles and drooping leaves; normal
Black spots on pseudostem, petiole and leaf sheaths; more upright leaves;
Dark green pseudostem and leaves; drooping leaves; male bud narrow

Pale green pseudostem and leaves; slow to produce suckers; smaller

Clone

GCTCV-40

narrow, drooping leaves (resembles tetraploid)
GCTCV-44

bunch but with weak finger neck (resembles tetraploid)
GCTCV-46

smaller bunches with short fingers
GCTCV-53

and elongate; smaller bunches with short fingers
GCTCV-62

bunches and fingers
GCTCV-119

Taller, thinner pseudostem; wavy lamina with pronounced purple spotting;
rose shades in pseudostem, petioles and leaf sheaths when young; loosely-
packed pseudostem at maturity
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clones were propagated by the same method
as described above). When large numbers of
plantlets of the resistant clones were planted
in the infested field, a few plants with better
fruit quality were found in each clone (Table
3). These plants had thicker pseudostems,
grew faster and produced a bigger bunch
than their respective resistant parents. The
percentages of improved variants found in
plantlets of these six clones ranged from
02% to 10.1%.

Of four variants tested, GCTCV-44-1,

GCTCV-53-1 and GCTCV-119-1 were highly
resistant to Race 4, while GCTCV-40-1 had
lost wilt resistance (Table 4). In a large scale
field trial involving a total of 10 ha of plant-
ings at various locations, the incidence of dis-
ease in GCTCV-44-1, GCTCV-53-1 and
GCTCV-119-1 averaged 1.1, 6.3 and 3.9%,
respectively, compared to 60.9% in Giant
Cavendish.

The resistant variants yielded much
heavier bunches than those produced by the

original resistant clones (Table 5). For in-

Table 3. Frequency of variants with improved fruit quality among plantlets from tissue-culture-

derived resistant clones

Improved variants

Clone Number of plants evaluated
Number Frequency (%)
GCTCV-40 1,040 105 10.1
GCTCV-44 1,219 3 0.2
GCTCV-46 592 8 1.3
GCTCV-53 220 12 55
GCTCV-62 45 4.4
GCTCV-119 45 8.9
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Table 4. Disease incidence in improved, wilt-resistant variants of Giant Cavendish

Clone Planting material Number evaluated Disease incidence !
GCTCV-40-1 Sucker 47 571
Plantlet 45 44 4
GCTCV-44-1 Sucker 81 32
Plantlet 219 4.5
GCTCV-53-1 Sucker 300 4.7
Plantlet 118 6.2
GCTCV-119-1 Sucker 376 3.1
Plantiet 900 4.8
Giant Sucker 157 50.9
Cavendish Plantlet 150 63.3

1) Means of two trials in separate fields.

Table 5. Bunch weights for resistant clones, variants of the clones and Giant Cavendish

Bunch weight (kg)?

Clone - :
Original Variant
GCTCV-44 186 b 250 ¢
GCTCV-53 13.8 b 215¢
GCTCV-119 172 b 265 ¢
Giant Cavendish 259

1) Bunch weights are means for 50 plants of each clone and its variant harvested in June and

July. Means in rows followed by the same letter are not significantly different (P>0.05) ac-

cording to Duncan’s muitiple range test. Mean bunch weight for Giant Cavendish is signifi-
cantly greater than that for the variant of GCTCV-53, but not for the variants of GCTCV-44

and GCTCV-119.

stance, the weight per bunch on GCTCV-119
plants was 17.2 kg, while that of its variant
reached 26.5 kg, an increase of about 54%.
The bunch weights of GCTCV-44-1 and
GCTCV-119-1 were about the same as those
of normal plants, while GCTCV-53-1 produce
a bunch about 17% lighter than normal. All
the fruit produced by these three resistant
variants ripened normally upon ethylene
treatment.

In appearance, mature plants of the
three improved resistant variants are distinct

GCTCV-119-1
takes longer to produce fruit and is taller
than Giant Cave_ndish, whereas GCTCV-44-1
has weak petioles and drooping leaves, char-

from the parental clones.

acteristics normally associated with tetraploids.
These agronomic characters are considered to
be deficiencies in banana plants. Although
mature plants of GCTCV-53-1 were 30 ¢cm
shorter than those of Giant Cavendish, a de-
sired character, they produced hands with
shorter fingers. A search for resistant banana
plants that lack agronomic defects is neeeded.
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A PROMISING RESISTANT
VARIANT FOR
CONTROLLING

FUSARIAL WILT

Recently, a new improved variant,
GCTCV-215-1, with agronomic characters su-
perior to the three clones mentioned above
was obtained from the tissue culture plantlets
of Giant Cavendish. The variant had a de-
sirable level of resistance to fusarial wilt.
Disease incidence of GCTCV-215-1 was
17.2% when 2-month-old plantlets were used
as planting material and 5.2% when suckers
were used for planting, compared with about
75% in Giant Cavendish (Table 6).
pared with Giant Cavendish, the variant was
slightly taller, had a thinner pseudostem and

Com-

took about one month longer from planting
to harvest (Table 7).
leaves of this variant usually became necrotic

When mature, the

on the margin, forming a brown or grey band
of 1-2 cm wide along both sides of leaf mar-
gin. This distinctive feature of GCTCV-215-1
easily distinguishes it from Giant Cavendish.
The variant yielded 28 kg per bunch which is
about the same as that for Giant Cavendish.
Fruit produced by the variant ripened nor-
mally upon ethylene treatment and had a
shelf-life and flavor similar to that of Giant
Cavendish.
able agronomic characters and marketable
fruit quality, GCTCV-215-1 appears to be a
promising resistant variant for commercial

Because of having both accept-

planting for controlling fusarial wilt.

Table 6. Disease incidence in GCTCV-215-1 and Giant Cavendish

Disease incidence?

Clone Planting material Number evaluated (%)

(4

GCTCV-215-1 Sucker 427 5.2
Plantlet 1,881 17.2

Giant Cavendish Sucker 560 717.8
Plantlet 1,647 74.6

1) Means of 10 and 5 trials in separate fields for plantlet and sucker, respectively.

Table 7. Major agronomic characters of improved resistant clones of Giant Cavendish

Clone Plant ht.  Circumference of pseudostem  Growth cycle  Bunch weight
(cm) (cm)? (mo) (kg)?

GCTCV-44-1 260 66 12-13 250
GCTCV-53-1 257 75 11-12 215
GCTCV-119-1 333 83 14-15 26.5
GCTCV-215-1 286 74 13-14 28.0
Giant ‘

Cavendish 277 81 12-13 277

1) Measured at 30 cm above ground.
2) Average of 50 plants for each clone harvested in May and June.
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DISCUSSION

Race 4, the cause of fusarium wilt of
Cavendish bananas, is. more. destructive and
has a wider host range than Race 1. Find-
ing a resistant clone to replace the suscepti-
ble Cavendish cultivars is urgently needed.
Traditional banana breeding for improvement,
including resistantce to fusarium wilt, has
been based on obtaining useful tetraploids
from -crosses between triploids and diploids.
However, due to low fertility inherent in
most triploids and a lack of outstanding, fer-
tile parents, banana breeding during the last
60 years has met with very limited success.
Stover and Buddenhagen® have discussed,
in detail, the reasons for the failure of previ-
ous breeding efforts to obtain useful resistant
varieties.

Since bananas have been extensively cul-
tivated on a large scale for a long time, it is
commonly assumed that a substantial number
of somatic mutants exist in nature. In a se-
lection program to determine if a resistant
mutant could have arisen from the local sus-
ceptible Cavendish cultivars in Taiwan, a
large number of suckers from healthy plants
which were growing in wilt-devastated fields
were tested against Race 4 of F. oxysporum f.
sp. cubense. No resistance to the pathogen
was found™®. Similarly, searches for a resis-
tant mutant of the wilt-susceptible Gros
Michel made in many countries in tropical
America during the 1920s were not successful
), These results suggest that genetic varia-
tion occurring during the vegetative reproduc-
tion of cultivated bananas is rare under plan-
tation conditions, and that the chance of ob-
taining a wilt resistant mutant in this manner
is extremely small. In Taiwan, no significant
variation was found in 40,000 mature plants

grown from suckers in commercial plantations

@,

In contrast, great variability and high
level of resistance to fusarium wilt were
found in some clones of banana derived from
in vitro-generated populations and subse-
quently propagated via shoot-tip culture®>,
Although all 6 resistant mutants originally ob-
tained from the screening program were
morphological variants producing fruit with
poor quality(S), a .few plants with improved
fruit quality were found in their subsequent
in vitro-derived progenies. The improved
variants of GCTCV-44, GCTCV-53 and
GCTCV-119 remained highly resistant to
fusarium wilt. When these improved variants
were planted in infested fields at various lo-
cations in Taiwan, their resistance to fusari-
um wilt was found to be stable over a wide
range of environmental conditions.

The genetics of resistance of fusarium
wilt of banana is not known. Race 4 can at-
tack cvs, Gros Michel, Bluggoe, Pisang lilin
and Latundan in addition to Cavendish culti-
vars'®.  The mutants derived from tissue
culture of Giant Cavendish are resistant to
both Race 1 and Race 4, but their reactions
to other races remain to be tested. A sus-
ceptible segregant was found amongst the
variants of the resistant clone GCTCV-40,
The sus-

ceptible revertant has erect leaves characteris-

which has narrow, drooping leaves.

tic of normal plants. In contrast, the variants
of GCTCV-44, GCTCV-53, GCTCV-119 and
GCTCV-215 which retained the atypical fo-
liage appearance, remained wilt resistant.
This suggests that the gene(s) conferring re-
sistance to Race 4 in these mutants may be
linked to that (those) governing certain fo-
liage characters. By continuous planting of a
large number of tissue-culture-derived
plantlets of resistant mutants (themselves of
in vitro origin) in infested fields, it may be
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possible to determine the genetic relationship
between susceptibility and morphological
characteristics.

The commercial value of the resistant
variants depends on the productivity and fruit
quality of these clones relative to the
Cavendish cultivars which are now used by
the international banana export trades.
Among the resistant variants obtained thus
far, GCTCV-215-1 is the best.
Giant Cavendish except that it is slightly
taller and has a longer growth cycle (Table 7).
Plantlets of this variant were planted in about

It resembles

700 hectares of infested banana fields during
the period of March-May 1990 for further

evalution on the stability of disease resistance

under a wide range of environmental condi-
tions. Further selection to obtain a superior
resistant variant from plantlets of GCTCV-
215-1 in widespread planting is in progress.
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Table 1. Fusarium wilt of banana plantlets planted in different soils infected with chlamy-
dospores of Fusarium oxysporum f. sp. cubense

Inoculum density Disease incidence (%)

(Chlamydospore/g soil) Sui-1 Chuan-2 TBRI
5% 10* 20.0 a? 250 a 571b
5% 103 250 a 125 a 76.9 b
5% 10? 21.4 ab 17.7 a 286 b

1) Data followed by the same letter at each inoculum density are not significantly different (p =
0.05) according to Duncan’s multiple range test.

ik T MR A AT E R T
R 58

e S AR IR B RN 7 > %048
AR R R RIS > MHENE
HEF LR » (EREE R > {5 LR
IR R TRRR  RROEA % > RS
1R 1% ~ 6% 1715 » 1M B% L H{5H 10% ~
30% 175 > B TEEAMER » BRI L
RRIZIREEE > (R HERT 10% WIS
FEY o M TR E R E > RIR—E
% ATRHMEBR T  EEEL 8
FEEFREREESELIRD (B—)Y -8
RHFEPIE EEMERELY » % LB SR
RS o

iRtz tiER b

AT 15 B AR SR S5 ~ B - 89 - BRE
HHRESE  BREHES RT3
EEM (EZ) - Z508 - 87 ~ BEfaHE
R E R R o 4T 20 fE Hisk
AL FHEYRDRL ~ IXRIERATR & & > JRE LR
TR » (B2 13 pH EANEIME 1 REEEN
TEARRE (E=) @ o

IR+ 2 W

AT 12 {EREE AR, M RERM L
BA » BHEH TR > A RS B RS
HERENT R A EEEN > EREREE
HOTRRE T R SR 7 B A R AR @ o



135

50¢

20+

CHLAMYDOSPORE FORMATION (%)

I I i

2 3 4
WEEK

B — ~ ERREREERRE - H PR ER T2 ik
Fig 1. Chlamydospore formation from macroconidium of Fusarium oxysporum f. sp. cubense in
soils. TBRI is conducive soil, SUI-1 and CHAN-2 are suppressive soils.
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Fig 3. The relationship between chlamydospore germination of Fusarium oxysporum f. sp.cubense

and soil pH.
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Table 2. Antagonism test of banana rhizosphere microorganisms from suppressive- and con-

ducive- soil against Fusarium oxysporum f. sp. cubense race 4

Suppressive soil

Conducive soil

Microorganism I test # antagonist I test # antagonist
Bacterium 06 5 (1.2%) 429 27 (6.3%)
Fungus 282 22 (7.8%) 297 25 (8.4%)
Actinomycetes 220 8 (3.6%) 142 5 (3.5%)
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Table 3. Comparison of antagonists from banana rhizosphere of suppressive- and conducive-soil

for controlling fusarial wilt of banana plantlets in pot test

Suppressive soil

Conducive soil

Microorganism

I test It effective I test It effective
Bacterium 5 0 (0%) 25 27 (24%)
Fungus 27 8 (29.6%) 33 25 (33.3%)
Actinomycetes 5 1 (20%) 17 5 (11.8%)
Total 37 9 (24.3%) 75 19 (25.3%)
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Table 4. Effect of addition of nutrient on chlamydospore germination of Fusarium oxysporum f.
sp. cubense on suppressive soils

Germination (%)

Glucose-asparagine

. Sui-1 soil Chan-2 soil
(ng /g soih 0 day 7 day 0 day 7 day
0 16.8 aV 286 c 78 a 306 ¢
30 7.1 a 19.7 b 58 a 164 b
300 21.3 a 59 a 325b 10.4 ab
3000 69.6 b 4.0 a 530 ¢c 37a

1) Numbers in each column followed by the same letter are not significantly different at p =
0.01 according to Duncan’s multiple range test.
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Table 5. Effect of calcium from various sources on chlamydospore germination of Fusarium

oxysporum f. sp. cubense

Germination (%)

Treatment pH

2 day 7 day
CaCl, 5.4 78.4 cd® 88.6 bc
Ca(OH), 10.4 90.4 d 84.4 be
CaCO, 7.5 42.1 a 43.9 a
CaCo, 5.8 67.8 be 79.6 b
Ca,(PO,), 5.9 60.0 b 771 b
Ca;(NO;), 5.4 86.3 d 82.8 bc
CK 5.7 90.5 d 90.6 c

a) Numbers in each column followed by the same letter are not significantly different at p =

0.01 according to Duncan’s multiple range test.
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Table 6. Integrated control of banana fusarial wilt with antagonists and soil amendment in field

test 4 months after planting?

A . 2) Liming Chicken manure Control
ntagoist ; ; .
Plant no.  Disease (%) Plant no. Disease (%) Plant no. Disease (%)

A 12 0.0 13 30.8 12 33.3
B 12 0.0 13 15.4 13 30.8
D 13 23.1 12 16.8 14 42.9
G-9 12 16.7 12 83 14 50.0
CF303 12 0.0 13 23.1 14 14.3
CK 11 9.1 11 182 14 21.4

1) Banana plantlets were planted in diseased field on July 6, 1989.
2) A= CBI101+ SF200 + CF303; B=
CB705; G-9 =Gliocladium virens; CF303 = Trichoderma viride.

CB705 + SF501 + SF600; D = CB101 + CB602 +
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ABSTRACT

Chuang, T, Y. 1991. Suppressive soil of banana fusarium wilt in Taiwan. Plant
Prot. Bull. 33:133-141. (Department of Plant Pathology and Entomology, National Tai-

wan University, Taiwan, R.O.C.)

There was a positive correlation between chlamydospore germination on soil sur-

face and infection rate of banana plantlets among 10 soils tested. Among 69 soil sam-
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ples collected from central and southern Taiwan tested, only few soils were pathogen-
suppressive. The chlamydospore germination and new chlamydospore formation were
inhibited significantly in suppressive soil. Mycelial lysis was also enhanced in suppres-
sive soil. The pathogen survived longer in conducive soil than in suppressive soil.
Analysis of soil samples revealed that chlamydospore germination on soil was inversely
correlated with pH and Ca content, but it was not correlated with Mg, K, P, organic
matter content of soil texture. A negative correlationship between chlamydospore
germination and population of actinomycetes but not bacteria and fungi, in soil, was
found. Steaming completely nullified the inhibitory effect of suppressive soils, but the
suppressiveness was somewhat restored when the soils were exposed to the air for 7
days. Addition of rose bengal or streptomycin to suppressive soils greatly decreased
their inhibitory effects. Addition of glucose-asparagine solution at the concentration of
300 and 3000 ppm to the suppressive soils also decreased the suppressiveness at the
beginning, but the suppressiveness was greatly enhanced 7 days after nutrient amend-
ment. The suppresiveness of conducive soil was increased after adding antagonistic
bacteria and actinomycetes, but not fungi, into soil. The addition of CaCOj; or CaCO,
mixed with glucose-asparagine solution followed by microorganisms or 1% suppressive
soil into conducive soil resulted in increasing suppressiveness. The efficacy of induc-
tion of suppressiveness in steamed soil was better than in none steamed soil.

(Key words: Fusarium wilt of banana, Fusarium oxysporum f. sp. cubense, suppressive
soil)
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ABSTRACT

Ann, P. J.}, Ko, W. H.?2 and Kao, C. W.? 1990. Disease controls of soil-borne
Phytophthora and their suppressive soils in Taiwan. Plant Prot. Bull. 33:142-147 (1.
Chia-yi Agricultural Experiment Stagion, Chia-yi, Taiwan, R.O.C., 2. Depaitment of
Plant Pathology, University of Hawaii, Hilo, Hawaii, U.S.A., 3. Council of Agriculture,
Taipei, Taiwan, R.0.C.)

When spore germination was used to assay pathogen suppression, soils suppressive
to Phytophthora parasitica, P. palmivora and P. capsici were found to be widely dis-
tributed in the western Taiwan. Soil sample collected from the same general areas
showed considerable variation in pathogen suppression. These three species of Phyto-
Phthora behaved similarly in regard to sporangial germination in most of the soils test-
ed. The degree of pathogen suppression was not correlated with soil texture, soil color
or vegetation. All of the soils suppressive to P. capsici and most soils suppressive to P.
palmivora and P. parasitica were with pH value lower than pH 5.0. However, some
soils with pH lower than 4.0 still supported more than 80% germination of sporangia
of all three Phytophthora species. When the pH was adjusted to 6-8 the suppressive
soils tested became conducive. Most suppressive soils remained suppressive to Phytoph-
thora after being steamed at 100°C for 15 min. The conducive soil became suppressive
to sporangial germination when it was amended with dibasic or tribasic phosphate
monovalent cation salts.

(Key words: soil-borne, Phytophthora diseases, Phytophthora spp., suppressive soils)
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