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Synopsis

The sub-irrigation system such as Ebb & Flow has been rapidly and widely adopted in the production of potted
tflowers, since it provides uniform irrigation and fertilization in addition to reduced labor costs. However, the Ebb &
Flow system is vulnerable to infection by Pythium and Phyviophthora species, which produce large numbers of motile
zoospores in water. This problem is serious in greenhouses in which the nutrient solution is re-circulated. Control of the
diseases is currently performed by application of chemical fungicides after the occurrence of the discase. Excess
application of the chemical fungicides should be eliminated for an environmental preservation and a cost reduction. For
establishing adequate disease management strategies, it is essential to determine infection routes of these pathogens in
hydroponic cultures. The objectives of this study are to develop detection method of Pythium and Phytophthora
necessary for ecological study, and to identify the pathogens, and to determine infection routes of these pathogens of the
several diseases of omamental flower in Gifu prefecture.
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Pythium ¥ X108 Phytophthora &2 1 %6 0 E OS2 89 5 090

## =

WHE . DRETHBTEOERRS T A 722 2 4 DX
fbZp Lok, AFIcELERMEE X SO E
*E"i'ﬁﬂ‘ e ENTWB, £, BoE TR ERAE, #
BRE L L TRAL - ERSEFICBOTH R X 2%EEI 2
2RI TETWD, BEOIEEERIL. £ED
GNEE ThEOIZFF G| ~<— AT 9,400 {0 B
WD (MESERER [TEAk 17 RO % EAS R
#) |, BERRCTRL L, X OEFmiiE, Spim
MO O8%IchI=-D3FH 6*T‘hai_ &I h, fEE - HE
AEREERERIL, RREMEFEELO 1%ICHI2H 247
6 T A FE= BT, IR EERENEO 6%I2H7=5 4,800
M & Ao TS UBMOKEEARERHER THEASE 4 FE K
?ﬂﬁ"fﬁ PR B OME T REFE R 1L 12005 JEPREEE ot A )

EREREFTERE ), 72, EERMCLL EHRSE
l‘L:aj;J%i%ﬂi, AVD, &5 FITRNTHRE 3 L
EoTEN, m%@%dHKWQ%w$T£¥¢%ﬁW

-DTHhEEFLD, —FH., BRRIZOWTHREEE.
2006 F O AL & Hks rmh:.'i 266ha T, & OPMNERITEIFE 90ha,
§54) 79ha. Wi d6ha, F Ol S0ha & Ap o TS, £,

AEREFRIL 90 (I 852 T, FEIEBIMRE LI EIIE 15%.
#4 63%. WM 17% GEHIHE 13%., ST 4%), £
DOl 5% L5 THEY . SOBEB B ONFEHETH
B, 2biz, T=RF, B B =17, RIA=TFH,
VI AVAEBLUATEIOTRLEES =T OE
1A% )T A (I B R B ECED TEAK 20 47 B B UL i
EOHE X )

FEAEFEIC BT, D AKIEEDE hibidEEha 4
WET S L TRLEERERO-DTHLD, V27 AV
OFITlE, BEICHERITHDH B, MAKFET 40%
whwD (R, 1993). Zofd, ERIZEVTH 1970
ERL VKR PEER LEZERHBAERSL, Ob%
A L f@fak H (D6, 1975) 75)@7\ <AL, Ak
fEROABNIZKE CEHBRL TE /-, & 512 1980 F1R
WL, AL EA ST TR 7r— (Ebb &
Flow) U5 BLRSLR I T R Lix U, BifE Tl
PENCIAD D S EEIL & &I KHRB{LINE A TE T
L, =T TR 77—t THO#MLI &) CWHE
BEC, $EMW AT FRIZHRENS 2-3cm BREIZ—BF
FHZHEAR L TR FROSRIC—FIZRAK L, BRa Tk
THEKT, FORME LT — N F HA L RENRS
TEvbh, o, EEMTHEROSELOIZD, BS

BB LA— IR F AT ZEbETEA
LW AE R b2V, RGO FA [IEAKDAK]
ELTHREIOG ARG, 7 A U A TrL 1970 £ £ THA S
NTCWZRENRH 50, YEFORE RO L, IR
EHEORTER LD +ERTHZ LR o, D
o B auED L, Ebb & Flow i3 —uo w3 TRk

HiEH H /’lx'v bW AINTE L, KEXORHELT 3
DEFEFHILBTES, P, Blo U FIoHEED
RN THEOYAEEZ@mOTD Z L, FIoHReR
AKRELO ER- &R X o T f}</)vﬁiﬂiﬁ;&0| ERE-U,
[EAOEATRER O 2 ERETE H 2 b =0 iR OR
BRI RIREIC 22 5 = & T B (BH, 2005) , Ebb & Flow
FAOFERE, bbb ERROMBITHY | fHiKiC
T HEMOE NI — o o S TIEER OB 25 A
TV 5D, HARIZBWTE, KB MRICHS Z L&, ?M@
DOREIRD 2 < PFRIDMEIE 2 POk LTzERTH 57
Enb, KB LUEIRARBRAL TRy \/‘f--7\w'§3
CRFEGTBND, L LANS, SEFEE, EHNOHKSE
ERFILBWTHLRERSEROG £ VOIE =22 b
H: & IR OMERFIH 207 > WHAHML TE T
Wd

—HTCREOHERA
Pythium JETHN> Ph l()p/z[/mm SR & v -
FicLagkEomMTHE, Zh bk, Bz A Clla
FO—FTHHEETFEERICEAL, KEH LTS
BRicde e iofmied 20, RS CRB O IERSLE
TRRE T D, BRI, AOBEREICBNTLS
<OV Y (Sanogo and Moorman 1993; Stanghellini et
al. 2000b: Thinggaard and Middelboe 1989; lhlnggaard and
Andersen 1995) #BReCEEHERETIC BV T, RRIZIRIR
RRERELE 6T LA DD, BHL fw . R
A0 Ebb & Flow R E R OMA X i IR o 3
———/\/_L#)‘J}I‘_nxt BUNT, 1996 ELZ Puthium helicoides

LOBHMOMEBLFLEL, RELBFOREEZ LS
L7z (Kageyama ef al. 2002a), Z @ J (2, Fbb & Flow
FROEAZ, BEOHRE - KB A TREIZ T 5 —
FC, KREERMEREIC LS ES R L LT WY
A7 HIES TG,

TEAS, Pvthium JE1E 35 L UY Phytophthora J& 15O FEOD A
Ei, BFo 5 (EEFOH) RAEHRE R EOFREN
Bl LU R AT RER Slc L 0 iThhv T& /2, B,
Pythium JE 17 -2 THLL van der Plaats-Niterink (1981)
mFERIEL-KMICERZLTWS, £,
Phytophthora 818125 T, Waterhouse I963) k5
WEENEICERA ST S, UL s, Pthium
BEB LW P/?__Wop/?[horu BE W TE, o fER T
F A SR B AR AR R TR IS A 8 {}'?5\/?){3@ EhHiZ
Phyvtophthora Jg.if IOWWTHE, HEREREEMEORENZ < |
B — 538 Tl ‘tﬁ‘fﬂi%ﬁ% K’H‘/HZI T, FANRET
ERWRANE Do, FO LD Aed, 1980 FEICIE
PCR (Polymerase-chain-reaction) {57507 & 4L, White et
al. (1990) (= B ¥ DNA @ 185, 285 & X UF ITS

(Internal-transcribed-spacer) i fa 7 3§55 25 o= — /1 —+F
NTFA=—PHEEND L. DPEOSHE T FEYT
)ik OISR ZE A EGEIZE A, WEYIRIRE L RIS T

EVROLBESND ORN
S o A R e 5
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i<, BIETHZ OMMPFHIREOREIZFMA ST
X TW5. Pythium B SO Phytophthora BT T,
DNA ® & — 2 =¥ A fR# 7 F T4 <, RFLP

(' Restriction-fragment-length-polymorphism ) . RAPD
DNA ) . AFLP

(Amplified-fragment-length-polymorphism) 7¢ ¥ O -4
W F B L D8 & IER O RE 8 4 Ll L 7= 7%
PELE S TUVS (Chen ef al. 1992; Chen and Hoy
1993; Wang and White 1997; Cooke ef al. 1996; Cooke and
Duncan 1997; Crawford er al. 1996; Matsumoto ef al. 1999;
Matsumoto ef al. 2000; Forster et al. 2000), Jit Tl
Levesque and de Cook (2004) |= K = T, van der
Plaats-Niterink (1981) 234388 L 7= Pythium & 0O 3L 151 Bk
EOWERFNEZH L L, RS2 ENTWA,
F 72, Phvtophthora JEFEIZ-5W T, Park er al. (2008) (&
Lo TH BRI 07— 7 ~—2{kaEn 5T
4o ZDE DD, Pvthium BIES> Phytophthora JET 0|5
EFHEIZOWTIHE ORI E & RERiC K E a8
EAZE>LELTVES,

Pythium &= Phvtophthora B L, FRx 708 ONE
Yt E AR D EiREIC XL o e TS 2 &
PR S LTV S (Hendrix and Campbell 1970; Sanchez et
al. 2000; Thinggaard and Andersen 1995: Watanabe 1981;

( Random-amplified-polymorphic

Watanabe 1984) . £ 7=, Thinggaard and Andersen (1995) (&,

Ebb & Flow FFOMEEEIE IS Cedrus deodara D3
% FA\NT Phytophthora cryptogea DT # il TE /= &
WELTWD, £k, ToMOEEL LTHEHUERE
ERIRLEHES 7 c v —ERWEFELRERS D,

Kageyama e al. (2002b) 15, Pyvthium sulcatum OE / 7 1
— iR A {EM L | ELIZA (Enzyme-linked-immuno
sorbent-assay) {Z L ¥ = > U U fEimARE-C LI ST
EERELTND, Pettitetal. (2002) A L/ T vE
AiE, 74 F Y Pk LU BT, Puthium
“group F'DilE#EF% 2 x 107 zoospores/ml DEE THHT
XL LTS, £z, Hong ef al. (2002) 3. 9 Ff
BOHROAL T Ly 74N 22— AT, BiEFH»6

Pythium JB T35 X8 Phviophthora T8 O S EEA LRl |

BHICELIC7 A Z—OfBEERA LML TS, Thb
USADFELL T, BETit BB O LD T4 ERF
BERWZHELSED LN TEY, MR 74~ —I12k%
PCR i (H£23 B % 41TV % (Kageyama er al. 1997; Wang
et al.2002; #RE:H 2007),

IR LV HBEEORTELELIAALTVD
ke, EEEEFOHSHHEIIEREM L <. EEH
BTHERSD =R MERDSRD 5 TVWD, FODIZ,
WEREIZLDWE ALWRERIRY R TH L
HELRETH S, BENFRICHT 4R B LUMR
HOFFOWMEY o, BikOWERMAIZHTH=—X
HHEE-2TWS, LrL, E0—H TLEL EOEEK

MloFARLTEH, RBEBLUFEEOHBE S LR/
ETLENDD, THET. skAEERRICHSVTIL,
Pythium JREEX° Phytophthora J&EIZ X DA ENRBE LT
B, RAERICEAGRT 2 Z L0888 O
REBBONBNI EMLEREREFIIRND F—ANE
Mhoatz, £, BEO LS ICEROEENIREL TWD
DIZLEb LY, TORER Y ZIchdOh. FFE
L ZIZWA 00 LW o ARV ERIN I e < ik
AT ATV BF/ENE N o i, B A EERTRR
H—0 B OKREAEFRS, HEfEEAL2G D TESE
HHFF 2R Y, TOAERREREFICL > TTE
TRITH D, Z O ARG E O AR Rk~
ThHY., TOEREEHTLOIIES: 2 L TR,
E 7= Pythium B (XEN THEE I TV 5 b0 T 40 fill,
Phytophthora JBHE L 54 Fi L %2 < | BLHMIaY ) SHRHL 7=
W, Bh, KRLhbiEofzRbTa 3. o
X CTHWICEE ChH - L EXREOREDOT-DITIL,
RHERRE A B2z LT, IR o BB B Sy i Bl
RIS EEDIEICEY, BREREEZR/DRECMRS
ZERKEITHA, LLass, T E T
ORFRENE, BREAEEE L -BHREER ORI
HEYENT IRl Flls Q007 iE, HERDOFHR
HERETIETORBZHOHY FEZREL, TORK
FREDZA 7% A 70, @BARE (B —iRIGER) 9k
EBILRER (B -]y R PIlconWT, #EREY [
G2 THLEMEZRRTVWS, BEBFIZk-T,
ZOWEE TORE OGCEARR AR S L, (EYEK %
W5 Z Lz k0, RN LRAAREICR S, KT
TlE. ATEDORFEWFRFEIINMZA T, YTALEA A
PCRIZX % DNA BERES~Y A /YT 74 bv—H—
ZHRAWEFEAREESNA TS (Yin-Ling et al. 2009).
T slE, MERkTIHE#HTHo-EEORBEOERY
WHREIC L, E O EIZOWT G R X 0 3
CHIEETE S0, REBWOBARY —n & LTHIF
2R TWB,

F Z CAMAE T, TEXEERR TRE L TWWA K
{B8A% Pythium B2 Phytophthora B 12 L HIEE O
REHESMCTHE LB FHREOBRHFELHESL,
FOGREME A AT 5 Z Lo X0 fEROFREBIEE 2
Mz ERREROBES AR T L 2B E L,

F—E FHRREFEOFEREZRH

Iz LR OSKIEAPERIT 2EF I TH Y . RoEER
F=fETh D, ShTEAEEMR TIX, LEMEE LoD
Ebb & Flow X°= v bk & O Sk K A W
M U TWNADS, Pythium JBES Phytophthora JETE7: X D
KR REMFRFOMISICER L TS, S EOREFR,
BRI L ORBEOMRENRZ oD, FEMCo
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Pythium¥s XU Phytophthora J&EIZ X B IEXHFEDOR ST BHF5E

WTRBAARBER S, O, Bt ®En--5icdE
ATWZEWDORBRTH S, £ Z T, 2000-2008 42
BT OSIEAERRICIHS O THBICRAE LismEOR
FEZ8E &0 Lz,

1. A5 2 TIRER. &R

J3 7 > = = (Kalanchoe blossfeldiana Poelln.) |12 % A
VORHCR T S~ X ARNVREORY T, EAEER
R BN (L TH S, 2000 35 L 72001 FEDEIC
B OEEOSTEAERFE TIRE L UHIERH o EHEH K
BARICEHCT DEERVBERE L, ZOX5MERE L
T, ERTH Phytophthora spA= X 55 7 2 2 TR
BRTWB (G - R, 1993), 22T, KRTHREL
TEHEPUEROFERIZ DWW THE~<z, 72k, ARIHT ) Gen
Plant Pathol (T TBEICHIE L7z (HE05 2007)

HMHEBXLUAE

##4 RUH D 47 il

B A EERERR 0 S WEIFPR AR EE L. SRR TRER L2
[ZVESR AR 2 Smm O R ICHIMT L. | % R SERe- -
U ATRIRIC 3 STREERE L /=th, BRE/K T3 kSR L
T, REHRE L7 R IS AR TR 2 BRE L2,
FEKTIRHICER L7, 2SCHRSRMETT 13 A/
HELT, MELTEEEROLEME Yo o8
¥R (CMA) R BhE L 7=,

Vig: 1173007 R

faFo ) HRES, HEEFERE LUFESRERED
JERERD L, grass blade #: (Waterhouse. 1967) 12 X 0 1T
of, MIERKWE L=~y bS5 LR CMA Fais
MGz Sy B & R ICRBER L7z, 25°C T2 AMIIgAE L, %
FICHM#E o R 2R SE-, J=ATL—MIAR
72 0.5ml O L7zt Gk « FREEAK=1: 2) |Z REYLE
F#B L, 20CT 1-7 BEEEE L TR SCBisE cRES
BEL7-.
HARMmERIL, Sy HAE - =R RPCA)
AW TRIGE Lo, R e U 7= 50 B o 16 5% Ao in o
ANy h—F—Z2ANTHHEWZERE Smm OEHE
ERT 4 AV EHEHICER LT SCHE 4SCORERE
B HERBEARIE L=, )

DNA filiH}

EaE % CMA B5HC 3 BN &%, BE lem D=L
IR—F—THBHRW-E¥T 1 A7 3R &2 RT b FX
A b o— 2R (PDB)C@IK L. 25°CT 6 H [#liFEiEa
L7z, HEde L7 2 Ko ® L, BEK THREISER L
THRFKABRE Lo, MIKZ-80°CTHI L. T @il
L 7= fLk TR L 72, DNA OfliHHIE Lee and Taylor D J7

EICHE L TITo 12,
rDNA-ITS @D RFLP f#hr
ITS fEfkidt, White et al. (1990)0 FiEIZHEV, ITS]

(5"-TCCGTAGGTGAACCTGCGG-3) & 1TS4 (5°-TCCT
CCGCTTATTGATATGC-3") 7 7 A v — % Al v CHilE L 7=,
PCR RISHIL, &7 F A =—1uM, rlagDNA 7RY 27
—¥ (Takara Shuzo Co. Ltd, Shiga, Japan) % 1.25 units,
ANTP mixture % 0.2 mM, Ix PCR buffer (10 mM Tris-HCl,
pH 8.3. 50 mM KCl, and 1.5 mM MegCl,) . FifniF7 7 2
Y% 0.2 ng, DNA % 100-200 ng 35 L USEE K 230 L
TS50 ul & L7z, PCRJHIE Gene Amp PCR system 2700

(Applied Biosystems, Foster City, CN, USA) # FW\TiT-
7o WANZ, 94°CT 3 HMENESH, MWT W CTI1
FIZEE, SSCT 1 fEl7T=—1 7, 72°CT 24 E DNA
OMEBERIEOYA 7% 30 BEVIRLEZE, 72CT
10 & X7, PCR E#IL 1.5% 7 Hoe—2 LO3

(Takara Shuzo) # AN THEXKEIL, =F v A7a<
A FCHf LTl L7, 1 L7 DNA I8 I3hIiREE
xR I L=, 6 RROOHIPBEESR ., Alul, Hhal,
Hinfl, Mbol, Tugl, and Rsal (Toyobo Co. Ltd, Osaka. Japan)
DB T ET A — A —ORHABI G- T, 0B L7z
i1 3.3% NuSieve (3:1) 7 A o — A5 (FMC BioProducts,
Rockland, MN, USA) # FlVCTHGkEN L, =F T 7 A7
o= FTHRE LRI, INRT Tl OBk
BEL-,

rDNA-ITS §isk o 1 JERC 5 O fig b

PCR PEAIL GENECLEAN SPIN Kit (Qbiogene ft) % H
WL L /=712, Gene Amp PCR system 2700 (Applied
Biosystems Ltd) #fW\W T —27 2 & PCR #{To1=,
PCR EEMIIE, =% 7 —NILB A AT - 121 . ABI 3700 DNA
sequencer (Applied Biosystems Ltd.) 7 I\ T— 27 = A
EiTol, BonBMNT — %11, BLAST BFEAITVEE
HOEFNT — &7 L REME A /T L=,

¥4 I U

HhZvax (@, T—AT ) FRRERBRICEE L
7o, 3B T, B RERESRMCET S oMEEOR
Rz STl <, ST O TR I7iE1T. Tojo er al.
(1993) D F k% —HME L TiT> 1=, CMA FHikEthT
SR L TEONENEOEET A A7 %, NV W
F AFEFIEHL (300ml D7 T A 2oy YT RFET 3
g BLUZREK llml # ANA— b7 V— 748 (@R
Uiz, 25CRERERMFT C6 BMEE LI-tRiC, MATE
ORI E2RY L, REDF AP —T 500ml OFLE
K Z M Z T 100rpm T 30 PRI L 7=, IR EE DG
. A= FZ L—7 L7 2L O ATH A+ (BM-2) ICH R
i S00ml ZiRFI L THER L7z, 7 Z 7 P L—THEL
To S % 100ml D75 % AdL7- 6em AR » MMIEHE L /-,



e B R S S B i &2 v & — RS

BEfE L 7-fE# X, 12 FEIE] B & (photon flux density: 81 umol
m?2 sYDrao—RF ¥ L N—CHIHEEZ 90%LL iz
BRELT, 20,25,30,35 BLU40°C THIELZ, 3K
OB 2 AR & U CERE L7, 10 A L5
L=tk BT IR T 0 -4 OILEIZUWE > THRE
L=, 0= &4, 1= REHh, 2= tEHoXiEr LT
PITRERR, 3 =HIBEEEE DR, X O PR E TRA.
4= EMEEIRSFELWVER £/, UToREEIC L

DRBRER RO, BHRE = & (BWERENEK x
EREBOBEFEE)/ AKDORFEx BEEE KIRE
DS Pythium #INELH (Kageyama and Ui, 1980)
ERWTITo7, &40 SHTHBRETV., BEBRIE3E
oL,

HER2 T, &/ — T ORKEKREAVT, Blo
FERERFTICRBT DREMEIZ OV T~ T, BERRO
S S OB IERTR D & 350 17 - 7=, BERE L 7-HMIT,
/' m—RF ¥ s3— (CFH-405, TOMY SEIKO Co. Ltd,
Tokyo, Japan) % AV T 60% (KR ) 35 LT 95%LL E (&
) CEHELE, BRRERERET AR IHEELL, &4
HSHTRRZITW, BRI 2B L L,

#w R

B TORERR

2000 B L VN2001 ED 7 AbH 9 AT T, BN
DEBOEFERR TH T > I TORB LOEMNKRIRIC
BT DIER B RAE Lz (Fig.1-A), ZNHDEDIKET
@ 7 A OEHRIRIZEN TN 28.1°C, 28.6°CTEELD
23CEM 2T, BT v aTXERBKFXTHERESINT
BY, &K<y b, Ebb& Flow BLPRINLHFIEA L
VAT ADEA I TV, BRGEKR IR O BER H B

115 7~60 (2011)

XB XU (Fig.)-B,0), R (Fig.1-D) TBIE S, =
o OBHFERITEIR, MBEFE T CLEAXRE CET
HREL, BMBERGFTHE., FEOKREIAGHRELD
AP D LN (Figl-B), B THEE SIS TWHWDEE
HBomHFED S B, *Goldie’ . *Mie’, Jaqueline’ 35 &
UMount-Loa’ D#ERFFIC K E Hrofe, #HEIL, Pl
THOOEETHIEEINTZORETHES 2D, HAD S BIZ
N FEEICERIIER LT,

5 B O 57 Bl

BEHHERR ) O RFRE 57T EERE L BREA 24T
B89 300 EERORREE DML, ZADOEKITZ3 D
DIN—F (A, B, O IZHEE#7- (Table 1), A 7L
—TDOEAEBTITRC, CMA B FOSPERITEE
T, an=—OBERIRICR) T, B ZL—TFOH 4
AEF LR, AERELDan=—%2FE L, Ihb
EEPLTmarn=—28750, EREFTHHALIE
WEKRE C 7NV — I B LT, MR I T, Zh b2
TOIN—TBoBESNDIcxt LT, g% 1 TiE B, C
TN—T BB I Tl A.C 7 )V—T 3558 & 7= (Table
D, MEZIBIOCN T, 2 BOBEISE—BEN, LS
BfSNDr—AHFEHIZED BT,

53 BREEE D Rl 2

A TN—TORKHEKR TH D GF-46 1X, KRRF3Dp
LBES AT S 24 L (Fig2-A), #EEFIZERO >N
IR Lz, /o, REITHEMZEIROMEREFR
% L7 (Fig2-B), BRINERITH —HEHROES# THR L. &
HOFIR. BRI 20-32 (4 27.8) um Th o 7o, BAEERT
BINERIZ 3-6 AMTE L, TN ORI LI LIZERERET
clock-necked (BUfE#s D TE A ASEEIPAS & BEfR L T 5,

Fig.1 Root and crown rots of kalanchoe. A: Occurrence in subirrigation systems (4rrow). B, C: Water-soaked rots of stem

and leaves. White mold appeared on the lesions under moist conditions

(4Arrow). D: Water-soaked root and stem rots
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Pythium ¥ 5O Phytophthora J&THEIZ & AL & TRTFOREZMNIZET A%

Table 1 Characterization of the isolates from rotted roots and stems of kalanchoe

[solate grouping

Greenhouse Sampllmg Number of
location tested plants
Group A*® Group B® Group C ¢
[ Gifu City, Gifu 14 = + +
I Mizuho City, Gifu 23 + + +
111 Motosu City, Gifu 20 + — +

* The isolates grew rapidly and developed colonies with no distinctive growth pattern.

® The isolates grew rapidly and developed fluffy colonies.
¢ The isolates grew slowly and developed fluffy colonies.

Fig.2-C)Tdh > 7=, Ja-FIIIEShmitE T, FRE T, BE
WX 1525 (%4 21.9) pm TH o7 (Fig.2-D), #EAREHIT
10-42°C TR &1, Al 35-38°C T - 7= (Fig.3), 25°C
(25 D E R R E L 18 mm, 24 hr T#H - 7= (Fig.3),
INHOEMERIFF X, van der Plaats-Niterink (1981)%
Pythium myriolum OFLif & K< —F L7z, =iz,

rDNA-ITS fiiio> 6 FEE O Hl FREE S (Alul, Hhal, Hinfl,
Mbol, Rsal I3 £ U TagD)iZ & % RFLP /N % — 13 Wang and
White (1997) 35 X U' Kageyama et al. (2005)D 45 & &
< —% L 7/~ (Figd), L7=MN->7T. GF46 i3 P

myriotylum Drechsler & il & L 7=,

F:g 2 Morphofdgy of Pythium myriotylum (scale bars=20pum).

A: Filamentous, slightly inflated sporangia. B: Typical
clusters of large appressoria. C: Oogonium with several
antheridia. The shape of antheridial cells is clock-necked,
making apical contact with oogonia. D: Oogonium with an
aplerotic oospore

B /N — 7 OREEMTH D GF-56 1. ¥ Toei
WREEATOHTO D BHEL, K0 5 NE» L H
T2 218+ 9 % B{ 4 (proliferating) L 7= (Fig.5-A), £ T
IXERD 5 IR L 7= (Fig.5-B), HORZIIHE —EE% T
R L. i CIEeE 24-40 (£ 31.2) uym Thotz
(Fig.5-C), IEhizRiI R FH CR <, BIRERIZ 1-3 @«
ELio, ALY TRE LR, KEIIER

21-31 (EH 26.0) um Td - 7= (Fig.5-C, D), HARLEFIL
10-42°CTa® b, f@iRIEIX 35CTHh - 7= (Fig.3),

25°CICB T D E AP REALIL 19.5 mm / 24 hr ThH ol
(Fig.3). Z2 5 OJEERFEEIL. van der Plaats-Niterink
(1981)> Pythium helicoides D FE#li & L < —% L 7=,

GF-48 Hitk¥ LU GF-56 kRO 5 FE O PREE R (Alul,
Hhal, Hinfl, Mbol LT TagiZ &% rDNA-ITS D
RFLP /R4 — 0%, Hhal T—#ERINRBO LN LOD
P helicoides OIEHEFRE Td 5 CBS286.31 HifkD /5 —
vk I —F U (Fig6), L7~ T, GF-56 Hk%E P.
helicoides Drechsler &[T L7,

40
o~ —eo— GF-46
= —=— GF-56
%30 —a—GF-101
E
< 20
S
g
= 10
el
(3]
£

5 10 15 20 25 30 35 40 45

Temperature (°C)

o

Fig. 3 Growth rate of three representative isolates (GF-46,
56, 101) on potato carrot agar at different temperatures

C ZN—7 O KHE GF-101 FHHkIHHE TRz
REAATHITOD 2L, BFD 5 NEEH & iEE
FA&IEAL L T (Fig.7-A, B), B0 5 O K& 13 47.4
x34.6 pum T, MEEBAOLAIT 1.4, FEBHEETH T,
oy BEREAR I MERE AR C . BPIAF I3 —HE A8 TR L
ot MAMER 5-35CTRO BN, RiEEET
28°CTd - 7= (Fig.3), 25CIC5i) % ik R HAE T 6.1
mm, 24 hr T o 7= (Fig.3), T 5 DFEIEAFFEEE,
Waterhouse (1963)D3IC LD 70— 11 BF+D 5%
FLEAZEE 2 A U, e SRaktE, BRI EEE M) & —8 L
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7=, GF-101 1% ¥k @ rDNA-ITS 3k o i & 5 i
Phytophthora nicotianae & FA[RIED 317> 7= (Table 2).,

GF-101 iR & S df - R & (1993) W EATH H T
Phytophthora sp. & L T8 L 72 S HEE K Phkq [-1 33 X W8
Phkq 2-1 @ 6 FROOFEREE A (Alul, Hhal, Hinfl, Mbol, Rsal
BEO TagDic L 573 Fr38#— & Ph nicotianae & L
TRIESH TS MAFF306167, MAFF305978 & X O
PGSI WtRO b E—FE L, 62, AT vraxzhb
SEELT- 25 3 @EEREL Ph nicotianae MAFF306167 (38
AL A1) & DXt CHRIE 2T L7z DIZk LT,

MAFF305978 (2B A2) & idHilaF+ AR L 72 s o 7z
(Fig7-C)e LB 2T, ZHOLONEEREKEE Ph
nicotianae Breda de Haan (ZZ @AY A2) X [AE
ks V2

M 1 2 3 4 5 6

800

350

Fig. 4 Restiction banding patterns of polymerase chain
reaction-amplified internal transcribed spacer of rDNA from
isolates of GiF-46 after digestion with Hha 1, Hinf 1, Mbo T .

Tag I, Alu 1 and Rsa 1. M, marker (50bp); lane 1, Hha 1; lane 2,

Hinf I; lane 3, Mbo |; lane 4, Taq 1; lane S, Alu [; lane 6, Rsa |

Fig. 5 Morphology of Pythium helicoides (scale bars=20um).
A: Sporangium proliferating from inside an old sporangial
wall. B: Zoospores in vesicle. C: Qogonium with attached
antheridium. Antheridial stalk is wound around hypha. D:
Oogonium with an aplerotic cospore and smooth, elongate
antheridia

Alu 1 Hha | Hinf 1 Mbo | Taqg |
M GF48GF56 CBS GF48CF56 CBS GF4BGF56 CBS GF48GF56 CBS GF48GF58 CBS

Fig. 6 Restriction banding patterns of rDNA-ITS region in
GF-48, GF-56 and Pythium helicoides

Table2 Nucleotide sequence homology of IDNA-ITS region between the isolate from kalanchoe and Phyrophthora nicotianae

Country Databasc Homology
[solate Host Sy . .

of origin accession no. (%)
GF-101 Kalanchoe Gifu, Japan ABI85112 -
IMI354395 Banksia sp. Australia L41383 97.1
KACC40403 Lpiphyllum trucatum Korea AF228085 99.4
KACC40407 Lilivm longiflorum Korea Al228086 99.4
UQR48 Australia Al266776 99.5

" DDBJ, EMBL and GenBank databasc accession number for the nucleotide sequence data
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B

Fig. 7 Morphology of Pluytophthora ni;:zi
sporangium. C: Qogonium with amphigynous antheridium

3o B 1 ok

i |

3 V' —7 o E [ GF-46 (P myriotvium). GF-56 (P
helicoides) £ O GF-101 (Ph. nicotianae) %4518 L 1= Z
vaxid, ¥ EBIOROEGKRAESIZEZ L, BT
BELTWLERSAER SN, 6 3foFmRick
HIHEOBMATEEETH ~ 72, B L B0 RIFESAL
NG, R C RO ESM SN,

BRERIZ OV TR L 2F5 R, GF-46 35 X U GF-56
RERLEZAT a2z, 20-30CED b 3540CTHL
<R LIz, —J7, GF-101 MEREERLAEN T 2=
30°CLL LT L < %5 L 7= (Table 3),

Table 3 Pathogenicity of isolates from rotted roots and stems
on kalanchoe seedlings at various temperatures

anae (scale bars=20um). A: Papillate pongium. B: spre release from

¢

medium to reisolate the fungus. © Values followed by the same
letter within each isolate are not significantly different
according to Tukey's test (£#=0.05)

R 2

GF-101 [#8 (Ph. nicotianae) R L =40 7 > 2 |k,
VR EE 4o (60%)35 E VR MEESR(F (95% LA E) TEIED
ISR A e B K7, — 5 GF-46 (P myriotylum) 5
LR GF-56 (P, helicoides) D3y iE, WilEEZRtE T Titi
L v vRHGE R8O By, IRIBEESRMN T TiaEiE~
DOIFEER IR Y G- 7= (Table 4),

Table 4 Comparison of virulence to kalanchoe cv. Goldie of
Pvthium and  Phytophthora  under  different  humidity

conditions *

Species. | oy peitige  JoCdence. -5 everity ¢ Refsolation

(Isolate no.) ) " (o) ?
P. myriotvium 20 100.0 250 c* 86.7
(GF-40) 25 100.0 250 ¢ 100.0
30 100.0 41.7 b 93.3

35 100.0 935.0 a 100.0

40 100.0 100.0 a 93.3

P. helicoides 20 933 233d 929
(GF-36) 25 100.0 26.7d 100.0
30 100.0 383 ¢ 100.0

35 100.0 81.7 b 100.0

40 100.0 100.0 a 933

Ph. nicotianae 20 R6.7 21.7%¢ R4.6
(GF-101) 25 100.0 3T e 933
30 100.0 65,0 b 93.3

35 100.0 75.0 ab 86.7

40 100.0 81.7a 80.0

) Discase severity
Species (Isolate no.)
Low humidity © High humidity ©
P. myriotylum (GF-46) 250 b° 813 a
P. helicoides (GF-56) 250D 713«
Ph. nicotianae (GF-101) 725a 76.3 a

* The experiments were repeated three times. The values are
means of the three experiments. ” One-month-old kalanchoe
seedlings were grown in soil infested with Pythium or
Phytophthora in a growth chamber. © Root and stem rot
severity based on a disease severity index with 0 = healthy, 1
= root rot, 2 = slight rot on the bases of stems and leaves, 3 =
rot of basal and central parts of stems and leaves, 4 = severe
rot of leaves and stems including apical portions, stems partly
necrotic. Discase severity was calculated as: disease severity
= X (disease severity scale x number of plants at each
severity )/(maximum discase severity x total number of plants)
x 100.  Five pieces of each rotted lesion were placed on AP2

* The experiments were repeated twice. The values are means
of the two experiments. Mean temperature: 30°C. " Root and
stem rot severity based on a disease severity index with 0 =
healthy, 1 = root rot, 2 = slight rot on the bases of stems and
leaves, 3 = rot of basal and central parts of stems and leaves, 4
= severe rot of leaves and stems including apical portions,
stems partly necrotic. Disease severity was calculated as:
disease severity = X (disease severity scale x number of
plants at each severity)/(maximum disease severity x total
number of plants) x 100. © Low humidity (about 60%), high
humidity (above 95%). * Values followed by the same letter
are not significantly different according to Tukey's test
(P=0.03)

RLod

2000 45 LU0 2001 FFICBIMARERR TRAELIZN T
YAz OREBEAERORKEIL, P helicoides . P
myriotylum +5 XU Ph. nicotianae |~ £ 2 EH Th D 2 &N
HEMZR>T, ZD35, 2 D Pythiun JEH (P
helicoides, P. myriotylum)\=-oW Tl # T2 = o Tl
HERRLEFHROPFETHL MG, H T raxifigi
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(Pythium rot) L 125 U7z, £70. S48 « RIS (1993) 3% 7%
& U CTHE L7z Phytophthora spiZ 2\ Tk, AHERRE O
TR TE Rl LTRBPHESN TV RN
7o B, ABFZEIZ T U FEOFBE (phkql-1.  phkq2-1)iZ
DWTHERATRER, HRRTRELLEKRLED, £
T Ph. nicotianae ThH Z LB LI LT, Fiz, AE
L7 3 Hii8 THEZ b DRRIEA DR &b 2 fiLl EREE
LT\, 2 HE0 Pythium IR & Ph. nicotianae 036975
FizonwTmat LefESR. P myriovlum 8 XY P
helicoides 11 (235°C) & #i L el THAE 10 B &IC
wmUVIER A8 &R Z L, — . Ph nicotianae 13 Z 4
& 2 FRO Pythium & K LT X 0 IRVIRAEEE & 18 Sk T
BEBBIERZBI SR LI, ZOX5. AFvrax
{Zxt U C Ph. nicotianae VX, P. myriotylum <° P. helicoides
Y VIREANEN EEZ BT,

2. RA 2 F7IREH

KA v F T (Euphorbia pulcherrima) X, + U &
ATHBRICBT A2 -7+ /VETROESMEEART,
VAR RAEEDIEHEME L TLL ARBSH D, 2007F
Wi RRARTTOAEME T, MEEXE X UM B KR
RUEEM U EREEEST O2WERZRELLLD, 20
BEIcoWTER~A%,

HHB LUV AL

WIREO TR, e
RIRE D5 R & OCRIEIFAHRO FIEICE L TIT o7,

rDNA-ITS G O i IR 5 Dbt

5y B (GF-87TNC DU T IDNA-ITS IS O £EE 5 D
BRITZ1T o7, RERE CMA 15T 3 B R,
K[PHE AR AR LT DNA fili¥ ~ b (PrepMan Ultra
Reagent, Applied Biosystems 1) % FA\>T DNA % fiHH L 7=,
rDNA-ITS SRIkOEE, BWHEES| D — 2 = 2T D
FIEEATR D FIEIZ e T,

iRk Bk

Sy BT (GF-87TN &~V b/ 5 AMEFHEH#T 5 B %
%, BAKTEREST A XL THEEBRERERE2RA
YEFT (R Vo RE ) ORBEEICREEEE L =,
30C., BERHFTERL, BRBEOAMELEE LT,

¥ R
Bt TORERKR

20075 7 A TAENPS 8 AIZT T, = v bEAFRD
IR TRA L EF 7 (R ; V= A )ORBLV

(2011)

PR T ARRRICBAE U, 08 - #ET 2 ENREL
7- (Fig.8), WEIXFICERICRAL, _RUFICLoTi
FEEAEHMATRRICAR s T b O bbb,

C Pl ; -- : _D.,. . 1 =
Fig.8 Root and stem rot of poinsettia caused by Pythium
aphanidermatum A: Occurrence in mat irrigation system. B:
Stem rot. C: Root rot. D: Water-soaked root and stem rot

B O 51 B

TRIREEE) O IR R 2 T T AT ORWARRE S
RIS, CMA HiHh EIC AEREIROKPE R
A EICEAR L, BRI IIaF S S EEREN TV D
DPFERB ST,

R T B

SyBETE (GF-877 HER) %, LA A U F 7 (WL -
VxAZNIHEER LI EZ A, 30°C TS BigID, BREHE
WZERERE 2L, BISKBRICER L TV D01 ERR
&, BHICOREAERS N, £, BRAENS
B & RN S i,

SEEORE

GF-877 HikkiL, RO TD 5> 2HAk L. ®HE D%
SRR S VT2 ER D 5 > b+ % K L 7= (Fig.9 A-D),
H—BEERCTHAMREEREAL., BUSIEEICEATR@E



Pythium#5 5O Phytophthora B L D6 IR EH OFREZHIC B 5%

T, K& S0P 24 9um Tdh o 7= (Fig.9 E-H), HkiAS
ECEAE T, mIRERIT 1 RS Lo, SRBa-F1E 36 Fei
PET, K& XLFH 19.6um Tl o7 (Fig9, Table 5), i#
RAEFIXSTHD 2CTRD DI, K@i 35CTH
o 7= (Fig.10). Z 415 O FF{#iE van der Plaats-Niterink
(1981) @ Pythium aphanidermatum O FAME 2 L < —F L7,

E7- rDNAITS kO BRI OMIFER T 21T > 72
& 2 AL P oaphanidermatum = FAIRIPE DS b # s o To
(Table 6).

Fig.9
bars=20pm). A,B: Sporangia (filamentous, inflated) C,D:

Morphology of Pythium aphanidermatum (scale

Zoospores in vesicle. E,G: Oogonium with intercalary
antheridia. F,H: Oogonium with terminal antheridia

Rt

200748 HIZARRDORA 2 F 7 THAE LIZAREHER
1. Pythium aphanidermatum \Z X5 b D T2 Z L 23H]
BN o To, Pythium BENBMEGTHRA L E2FT 0
AT, Pythium spaZ X ZARIGH (F 5 5. 1975)05#
LEINTVAR, FEMIZOWTIEM L TRV, S,
AR TN LT P aphanidermatum 2 & B AR b AR
WEHDZEREY THD LEXLNI I, BN
THZLEERBLE, GRELOBETIE. 9 AL 10 A
THRED R ST D% LT, P aphanidermatum 12 X
DHEFRAERINT T A TANPDL 8 ATH-T2Z &b,

Radial growth (mm/24hr)

SBEFBFEOEFICOVTHHEENLETH D, £1-.
I 5 (2007) 1%, Phytophthora nicotianae \= Y. 7 ¥4 % [ 5]
NTHERBLTWS, #ZMid 8 Ao@miaiicgeEr, P
aphanidermatum = X 2 & F8 A2 D3 REIE T, HIPREE
YEL KA % 5| & e = 98 CHll & O I o8
BPIL T\ 5. ERIRORA o F 7 4P fif% T b o
BAELMR L TEH Y, HMTIT Pothium 12X D% LR
FLTWDLEFNED LIz, 5%, WEOFREIZEEL
THEEPLETH D,

—®— GF877 ---00-- GF878 —>%— GF880

40

30

20

10

0 7 !
0 10 20 30 40
Temperature (°C)

Fig. 10 Growth rate of isolates (GF-877, 878, 880) on corn
meal agar at different temperatures

Table 5 Comparison of the morphological characteristics of

50

Pythium isolate from poinsettia with that of P
aphanidermatum
GF877 P. aphanidermatum *
Sporangia
shape fil inflated fil inflated
Oogonium homothallic homothallic
shape smooth smooth
size(pum) 20-28 (av. 24.9) 22-24 (av. 23.0)
Antheridium
shape broadly sac-shaped broadly sac-shaped

inlercalary,
sometimes terminal
monoclinous or diclinous monoclinous or diclinous

interealary.
sometimes terminal
monoclinous or diclinous

terminal or intercalary

Oospore
plerotic or aplerotic aplerotic

size(um) 16-21 (av. 19.6)

aplerotic
20-22 (av. 20.2)

a) A. J. van der Plaats-Niterink (1981)
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Table 6 Nucleotide sequence homology of rDNA-ITS region
between the isolate GF877 from poinsettia and P
aphanidermatum, P. delience

Isolate Source Cour?lr:\ Damhifsc a Hommlogy
of origin = accession no.* (%)
P. apharidermatun Pa-0549-1 Cucuniber Australia 1.41383 100
TOc159 Soil Japan AJ233438 100
P36-3 Bent grass  Korea AB095052 100
66C - USA EUI69131 100
CBS 11880 - Trance AY598622 99.9
P deliense CBS 314.33 AY598674 972

* DDBIJ. MBI and GenBank database aceession number

3. ESULERRK
¥I=0ad7vayoRRINLI=U LBRIZET S
SAEE DRI T, KR TIHERCRA L EF TRV I T A
VipEOWTEM B & LTRSS TV 5D, 2005 4 1-3 A
2. IR TR RIS 3 FOLMERKR T, BT =v 4D
PR LN KRR T DI ENERE LT, O
FHERNZ DWW Tl 7,

MHEBLUVAE

WIRE O #E FE
IR Doy iR KL ORIEILANR D FIEICHE LT TIT 2 7,

Foa DA A R

CMA 15 CHE L 7= /2B (GF-723, GF-730)D & 14
TARIEWERE I = LOEBLOHEICHREL,
25CIBESRM FCHARBEE L CRIMEO B2,

rDNA-ITS #ii® RFLP T

3 FOAEPERR (A, B, COOREBERINLMELTZ 3 5
FRICOWT, RO FHET DNA ZfhiiL, ==,3—4
INTZ A =—(TSL, ITSA% fI T PCR ISEAIT> 7,
HYWE L 72 DNA W Fr bl BREE R & V7 fighric ket U 7,
4 FEDKIIREEFE, EcoRl, Haelll, Hinfl, Tagl (Toyobo Co.
Ltd, Osaka, Japan) LB FiikiE A —J1 — OB IS HE -
7=o ALFN L 7= kX 3.5% NuSieve (3:1) 7 —xX 4L
(FMC BioProducts, Rockland, MN, USA)% B\ THE Sk
L, =F VLT ovf RTRELIZHRIC, BHART
TR OUIWRR R A B S LT,

SYHEEIME D RAPD bt

BAEPER R DRI DML 7 17 EERIZ DWW T
RAPD it &7 o7, RERIZIZ 2 2D T T A4 =—A0]
(5’-TGCACTACAACA-3’, Wako Pure Chemical Industry

LTD, Osaka, Japan)#3 £ U' OPRO8 (5°-CCCGTTGCCT-3’,
Eurofins MWG Operon, Alabama, USA)% {34 L 7=, PCR
RUSHIE, &7 74 <—125pM. rTagDNA R A T —
+ (Takara Shuzo Co. Ltd, Shiga, Japan)% 0.625 units,
dNTP mixture % 0.05 mM. 1x PCR buffer (10 mM
Tris-HCI, pH 8.3, 50 mM KCl, and 1.5 mM MgCl,), 4=iiii§
TNT L% 10 pg, 5 DNA % 1lul 38 X OB K& IR
AL T 25 ul & L7z, PCR BULTE Gene Amp PCR system
2700 (Applied Biosystems, Norwalk, CN, USA) % A1\ C{T
ofz, £, 94CT3 HHEEESE, HLNVTHCTLH
RZME, 35°CT 1 Dl 7 =—Y > & 72°CT 3 4> DNA
OB ERRIEDY A 7 V% 40 [E#ED KL%, 72CT
10 43 [HHE X7, RAPD EEMIIL 1.2% 7 A1 — A LO3
(Takara Shuzo)Z AW THEZXB L, =F v L7V u< A
RCH L TR LT,

B R

B TORA RSB

Yo =0 LEREL T BEE~RE 3 F(A, B, OT,
2005 4 1-3 A, IZIEEBRCEENRBAE LT, ThHoDil
=TI VWP Ebb & Flow DEEiAA K T30 A &1
TRV, Kk A BLEOB MR L FX, Mk C i3
BERFXTChotz. £, ZNHLOBRTIEEZI =y
LU b H—_T | =X h Ll EHEO M E & HLH
B AERRICR-TEY ET7=0AiX10 Aic®
MR LAICEREL, AMICERL T2 BEICIMT 5
KR E BTV, HHFIX, HWEMOES =0 LIS
B L. XU FHEICHEIEBIE S, HIBREO ZICHHE
KRR DR BT (Fig. 11-C, D), EAZE~FR
WOERT D, ABICIEYT RIS DR EE &
7= (Fig. 11-E). #ERRORE, TREBOBLIZV22 0
DD HIFRIEARRITEM L TV /= (Fig. 11-F). #RH5 it i%
DPERERIE. 20%-50%LL B X AT,

R D 57 B

3 POAFEZGHOFFLIAENTRFEHROEB LUR
DRIFFIED BT, WIFI BT OB Pythium J&E)
RSN, EFEE, 2o=—FER X ORI
FUZI R S e ATESRE OFEE G, Wb [E-—- 7
Jo—"O Pythium [BIE & # % Ltz

¥ DR At il B
RFEROBEMARRICL Y ¥ T =0 JITHEEMHENR
BT,

53 BV O 2
SHEEIE. BRI ONF D 5 (10-32 e m)&ETERL L, it
BEOFWFRENTZERD D hbilfEF a2 L, £/,
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Pythium ¥ £ O Phytophthora JBIEIZ L DI X EDOREZWNZ B4 S 4F5E

R 7> BB SR O Hyphal swelling # 2R L 72, BEL
THMURE LR L, BIFREROXE ST FH 17um, B
PHESSFEMEIC 1-2 (@03 EED b, (Fig12), £/, &
PRERPERICIEFEIGME D SEaF 1 AR L7z, BT
FE IR R M TREIRER IS 1-2 B A% L7 (Table 7). %
AFIZSTHE 35CTTRD b, BOEiREIL 28CTh-
72 (Fig. 13), 2L 5 DOFZHERIFFHIT, van der Plaats-Niterink
(1981)D Pythium irregulare DFEHE & X < —E L7z,

STHERI > & DNA Z R L. rDNA-ITS #thko> RFLP ##
WEIT o125 R. P irregulare D 1, 11 7 )V — 72434 &
#L7= (Fig. 14, 15), F7=. RAPD T ORER, B 2 »»
B 4y B X 7= 1 Matsumoto ef al. (2000)DFE#&IC L D P
irregulare DNV —7"1, BF 1 BL U3 OHBEFEO />
KR35 —Z 7 —7 11 & —F L7 (Fig. 15).

E: Rl o)

LLEDFER, 2005 FIZRADEERR THENPSRE
L€ T =0 AXBIEKRDINIRE L P irregulare L [FE

Fig. 11 Root and stem rots of geranium caused by Pythium
irregulare complex. A, B: Ebb & Flow irrigation system. C:
Initial symptom (leaves wilt). D: Brown water-soaked rot of

stem. E: Disease progresses rapidly several inches up the stem.
F: Root rot slightly

L7z g T, € 7 = U LZENEYHE (Pythium Blackleg)
It < LA BILTIY JHEE LT P aphanidermatum,
P, carolinianum. P. debaryanum. P. helicoides. P. irregulare.
P. myriotylum. P. paroecandum. P. polytylum. P. splendens .
P, spinosum. P. vexans Dacskd3d D, —HEATIE, X
FROWIRE & LT P. debaryanum (1878, 1990). Pythium sp.
(FFRTF 5, 1990), P aphanidermatum. P. splendens (A T,
19D E ENT VA, TR HDMWFUC & D 1R E AR
WX 4-8 H THBDIZXS LT, P irregulare \Z £ HHLEIT
133 AR TH -7 Z L b, SHITEBICHONT
HLEBEL TV LERH D & F X DAL (Table 8),

ITHE, Garzon e al. (20071 E5FAEWFRIFiEE AVT,
TEH P irregulare & S IAI LT\ e —ER & FTIo IO ML &
. B/ 72 FE (P cryproirregulare) & 35 Z & BB L T\
Bo KREFGETHBE L 7= P irregulare ®F 2 ¢ ITS-RFLP B
K U'RAPD 47 2> & P, cryptoirregulare \ZF8IS T 25 FEER D
FENSTBENDD, ZEIZOVWTIISEBRETAET S
LEZOND, LMo T, FHRICENTI, Zhb
DU % P irregulare complex & L TER Yk ~7=,

Fig. 12 Morphology of Pythium irregulare (scale bars=20um).
A: Globose sporangia. B: Zoospores in vesicle. C,D Hyphal
swelling. E: Oogonium with monoclinous antheridium. F:
Oogonium with blunt projections (arrows)
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Fig. 13 Growth rate ol isolates (GF-723, 730) on corn meal
agar at different temperatures
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800> 800>

350» 350

Fig. 14 RFLP analysis of tDNA-ITS regions
Lane A: Isolate from greenhouse A, B: Isolate from
greenhouse B, C: [solate from greenhouse C

A B C

AACA-3’,

Fig. 15 RAPD analysis of isolates from geranium

Lane Al-6: Isolate f{rom greenhouse A, B1-2: greenhou
se B, C1-7: greenhouse C, Primer A01(5-TGCACTAC
Wako Pure Chemical Industry LTD, Osaka,
Japan), OPRO8(5’-CCCGTTGCCT-3", Eurofing MWG
Operon, Alabama, USA)

Table 8 Report of Pythium blackleg of geranium in Japan

Species

Qcceurrence .
st Reterence
of discase

P.debarvanum

Pyithivm sp.

P. splendens

P irregulare

P. aphanidermatum

Apr-Jun  Fukunishi (1990)
May Abiko et al. (1990)
Jul - Aug  Uematsu ef al. (1991)

Jul- Aug  Ucmatsu ef al. (1991)

Jan - Mar

Table 7 Comparison of the morphological characteristics of Pythiwmn isolate from geranium with that of P irregulare
42 g ;

GF-723 GF-730 P. irregulare ™
Sporangea
shape globose globose globose
size(um) 10-32 10-28 10-20
proliferration &, ~ e

Hyphal swellings grobose, obovate,

grobose, obovate,

grobose, obovate,

shape limoniform, ircegular limoniform, irregular limoniform, irregular

size(pm) 12-29 (av. 21.8) 10-40 (av. 21.2) =25
Oogonium smooth or with blunt smooth or with blunt smooth or with blunt

shape progections progections progections

size(um) 16-20 (av. [7.3) [6-20 (av. 17.9) 16-21 (av. 18.5)
Antheridium

shape monoclinous monoclinous monoclinous

number per oogonium 1-2 1-2 1-2
Oospore

plerotic or aplerotic aplerotic aplerotic aplerotic

size{um) 10-17 (av. 15.1)

10-18 (av. 14.4)

15-18 (av. 15.9)

a) A. . van der Plaats-Niterink(1981)
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Pythium ¥ YO8 Phytophthora BT IZ L ATEE B OBREZINIMET A0%E

4. NTEF

BRRTIE, A7, 1Y AT B LU =37 04
DREAT, BTH I =T OAERDTSEOK S Flx 5
W, ROEERIEEXHA TS, 20024FE3 H, R
N =3 T AFERR TEFRBIERSRBAE LIZoD,
FOREERTLE,

MHEELVHE

WERO DR, FHE

B AT AR Z 89 20 EEEREL /- B
DR ERREBEE T2 & L Lo, FAREO S
L ORIREHRE O EIc g T o 72,

rDNA-ITS #ik0 RFLP fi#h7

I=ATHLAEEL TS 2 Bk (GF446. GF460)3 L TF
P megasperma 3 Gk (CH9S, 1FO31624. 1IFO31016)% Jf
WTHEB A (To7z, BIROKFET DNA ZHHL, ==
WN—=HNT' T A =—TSI, [TS4)%Z VT PCR &7
<7z, 1 L 72 DNA WA TR PR EE S A A 7 g o ik
L7z, 6 FROOHIFEEEFE . Alul, Hhal, Hinfl, Mbol, Tagl, and
Rsal (Toyobo Co. Ltd, Osaka. Japan)?D LB 77 k11 A — 7
— DA FNGE o 7=, AER L7287 13 3.5% NuSieve (3:1)
T =A% (FMC BioProducts, Rockland, MN, USA)
AFROTHESRKEIL, =F A7 rv A FTCRE LS
Ao, AT Tl R O Uk 2 BlE LT,

rDNA-ITS {5 0 i ALEC 51 O g 4

GF460 WiV T, Fi D FEICHEY (DNA-ITS f§
WoOBEERINERELZ, ZOF—Z LBE®RD
Phytophthora &% ¢>7 — % (Table 10) % Jiv TRl 4
L7z, 3 6IZ, GF460 EbkERl—2 L— FIZB T 5%
(22T, Table 1) ZRT IR E B34 L CTRAUM % (ERL
Ly

i DA ik

DM E N N AT G g O T AT
F & 12ml OKREAN TEHERKHERE) ClE#E L, e
EKOEATEDON BB TRET 6g 4= VHEKEZ 1L
MATHRECHA XL THEEBVERZHE L, SR
I L7 AT 1Lt U, MR RNE 250ml & X
ML CTHERELAER L, BlREEE 2 XL |
LAZARI =ATH (S oo Ly REBRLTZ,
nE. FIREOA> TOWRVCATHHICEZBR L.
DFEFIE U TRV, B L7 20°Co Mg 1 %
2= —TEHE L, FEEOEEA R L.

#w R

Bl it TOIRERR

2002 % 3 Ao, AREMTOFIEHR (Ebb & Flow J550)
TI=ARTOAEBERBIERDSERE L=, EKOEH
FELLHEBEN., 7—AR_UF ECHEERICEADRRD
bz, ZOX D RO RITKBRICEZERBRIL . #Hk
O IR A SRR S 7= (Fig. 16),

Fig. 16 Root rot of miniature rose caused by Phytophthora sp.
A: Greenhouse where disease occurred (Ebb & Flow
system). B Oospores in rotted root (scale bars=20um). C:
Water-soaked root rot

WL O 57 il

AL S | O RRESERC oS h 1
F0 5 DBMEEPSERE® | il Fzx b2y, PDA
HEHL, CMA B COAFIZER B> 72, Zhioxt
LT V8 Bt Cik BAFAr 4T 27~ L= (Fig. 17),

Fig. 17 Colony of isolate cultured on different mediums at
25°C for 15 days

Joa IR ke

SYEERE AR Lo = 5Tk M 10 ki 3o
ERELLL, FLWEFFRRERSRD OGN, 724
HAKRARICIBZE L, Bl COREA TR S h iz (Fig. 18),
TSR & VLBl & AR SRR oS h 7,

Sy Bl O )i
DEEEROBEE O D13, HLEEEERH L e T
RRERTHLOLBO LN, KE IO 31x23



Iy B R SE Rl & o 7 —WFgEE 11 B

Fig. 18 Rool rot of miniature rose by inoculation of isolate
GF460 at 207°C for 10 days

pm, L/BfE 13 THEEETH, £72, B—HF
ETHMERELER L, BRI IIRm TR, K& ST
¥)29um TEBACVRIREETSZLOLBHEN
1=, AR AR MRS L, Bl KE X
VL) 26 pm Tih 7= (Fig. 19, Table 9), Wk DAL
7.5-30°C Ti® b, FoEiEE L 25°CHith Th o 1= (Fig.
20 THHDOEEMFFMIZ, BROATERE P
megasperma = [XW] HMZ R TR | P citricola % =
B E <, LHEREA T HHEETFOHIZHTHZ
L5 Waterhouse (1963) D3 ORIV —T 1 4
WEHINZEB T 5L EL6h, :
SYEENE 7O DNA ZERHLL | rDNA-ITS ffilk®> RFLP fif
Pr2 AT > 1o iR, P megasperma 2 X RIgBHo80 Fris—
YR B, B, LT P omegusperma @ 3 TH
HROM T LRGBS b (Fig. 21, S HIT, R
Sl B Phytophthora J& 14 O S A 2 {E R U 725 4.
GF446 FIL P megasperma 2 1158470 5 clade IZJ8 LTV
B2 EVH ST (Fig. 22). Cooke et al (2000)ik
50 fift 234 [HEROD Phytophthora J8T8  rDNA-ITS il o3
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7~60 (2011)

FLELF 2 B At A R L. 10 FRO clade (247 4H L T
%o TD 5%, P citricola Tl & Uiz /0 — 7} clade2
LT B TEY . GF446 WfkiZ Z @ clade i
fZ@Efti ez, £ C. Zhb 7D Phytophthora J&
B & GF446 BEERIZOWT, & GICHETL 7=AfR, FUHE
[l x ELEaf-VN—72BER LIS, clade2 OHFT
ty, GF446 {37 L 7= (@12 & - 7z (Fig. 23),

Myzelial growth(mm/10days)

Fig. 19 Morphology of Phytophthora sp. (scale bars=20pm).
A: Papillate sporangia. B: Zoospores in vesicle. C, D: Sexual
organs, antheridia are all or nearly all paragynous, Funnel

shaped oogonium

40 r
<--¢-- GF-446
30 | —®—GF-460
20
\
10 |
O I3 1 1 Y ]

5 10 15 20 25 30 38
Temperature!°C)
Fig. 20 Growlh rate of isolutes (GF-4406, 460) on V8 juice
agar at ditferent temperatures

FLoH

2002 4E 3 AICARD I = 3T AEMR TRELIZER
A BIEW Phytophthora BHE D | fliIC L5 L0 TH A Z
LWL ANT T ST, BT, AT ICEER A5 &
HIFHEFLLTEI 3 2BM6ATWS, B/ 1 i
Phytophthora megasperma |~ L. 215495 T d» B (Nagai et al.,
1978), AYEIL 5-6 A IR A L EICHIBREICRENRD L
N5, 5212 Pythium helicoides (= 3. SRER T v | 7-9
BOHEFEHEFIZIHEENZHET S (Kageyama e al,
2002a). % L"CHi 3 |2 Rhizoctonia B L % MR
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Pythium ¥ Y. X Phytophthora JBHEIZ X HIE X IR EDORES2IWHZET 5077

Tk Y., 9-10 AEIZ#KELF8D 5D (Priyatmojo ef al.,
2001), A IZ X S, P megasperma V= X HIER &
LT, EICRZILNT A TORRR > T, Ei:,

SHERE O EFEHIE, K TFEDFHIFEIILLRED
fi#ti R, Waterhouse (1963)DERRE O/ V—T 1 &H L\
ITIZE L., 5 F RECH T Cooke er al. (2000)D 2 L—
F2iTET 22 LMo, Eelc—8BT3
i<, SEHILICRNPSLETHL LEZ LN,

Table 9 Morphological characteristics of Phytophthora
isolate from miniature rose

Sporangia
shape ovoid, papillate
size length(um)  22-42 (av. 31.1)
breadth(um) 17-31 (av. 23.2)
L.: B ratios 1.18-1.56 (av. 1.34)
caducity non caducous
Sexual organs homothallic
Oogonium
shape smooth
sometimes funnell shape
size (pm) 25-306 (av. 29.1)
Antheridium allmost paragynous
Qospore
size (rum) 22-30 (av. 26.4)

Temperature 7.5-30°C

Alu | Hha | Hinf |

Mot er e 8 1 2. 3-8 58 1253 &4 %

bp

800>

350>

Mbo ! Rsa | Tag!

bp

800*

350 >

Fig. 21 Restriction banding patterns of tDNA-ITS region in
isolates from miniature rose and Phytophthora megasperina.
M, marker (50bp); lanc 1, GF446: lane 2, GF460: lane 3,
CHO95; lane 4, IFO31624; lane 5, IFO31016
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Table 10 Isolates used in phylogenic analysis

5 7~60 (2011)

. Database Origins
Species , "

Accession na. Host Country Date
P. arecae IM1348342 Cocos nucifera Indonesia 1991
P. batemanensis AF271223
P. bhoehmeriae AF228076 Ailanthus altissima
P. hotryosa IMI136915 Hevea brasiliensis leaf Malaysia 1966
P. cactorum AF0B7480 Pyrus sinensis
P. cajani AF266765 Cajanus cajani India
P. cambivora AF087479 Mualus Pumila
P. capsici AF266787 Piper nigrum India 1989
P. cinnamomi AFFORT478 Japanese larch
P. citricola AF228080 Zizvphus jujuba
P. citrophthora AF467086 Indonesia
P. clandestina IMI287317 Trifolivm subterranca Australia 1985
P. colocasiae AlF363009
P. cryptogea CBS113-19
P. drechsleri ATCC44388
P. erythrosepticu CBS956-87 Solanum tuberosum U.S.A
P. europaca AF44949( Quercus sp. soil France 1998
P. fragariae v.fragariae AF266762 Fragaria X ananassa Seotland 1979
P. fragariae v.rubi AF266761 Rubus idaeus Sweden
P. gonapodyides ATCC34302 Pseudotsuga menziesii
P. heveae IMI180616 Hevea brasiliensis Malaysia 1929
P. humicola IMI302303 citrus orchard soil Fia Faiwan 1981
P. idaei [DA3 Rubus idacus Scotland 1986
P. ilicis AJ131990 llex aguilitolinm UK
P. infestance AF228084 Lycopersicon esculentum
P. inflata IMI342R898 Swringa
P. insolita IMI28B805 Soil [aiwan 1979
P. iranica IMI158964 Solanum melongena Iran 1969
P. katsurae IMI360396 Cocos nucifera Ivory Corst 1993
P. lateralis IMI040503 Chamaecyparis US.A 1942
P. macrochlamydospora IMITE32R0
P. medicaginis AF266799 Medicago sativa Australia 1987
P. megakaya IMI337104 Theobroma cacao CGhana 1990
P. megasperma AF403500 Pinus Iran
P. melonis AF228094 Cucumis melo Taiwan
P. mirabilis CBS678-85 Mirabilis jalapa Mexico
P. multivesiculata CBS545-96 Cymbidium The Netherlands 1995
P. nicolianae AF228085 Epiphvllum trucatum
P. palmivora AF228087 Chrysalidocarpus lutescens
P. phaseoli ATCC60171 Phaseolus lunatus
P. parri CBS782-97 Brassica chinensis I'he Netherlands 1994
P. primulae CRS620-97 Primura acaulis CGiermany 1997
P. pseudotsugae IMI331662 Pseudotsuga menziesii U.S.A
P. psychrophila AF449494 Quercus robur soil Germany 1995
P. guercina Al131986 Quercus rohur Germany 1995
P. richardiae IMI340618 Zantedeschia The Netherlands
P. sinesis ATCC46838 Cucumis sativa China
P. sojae AlF228089 Glycine max
P. syringac IMI296829 Rubus idacus Scotland 1985
P. tentaculata CBS552-96 Chrysanthemum leucanth. Giermany 1992
P. trifolii UQ2143 Trifolium
P. uliginosa AF449495 Quercus robur soil Polund 1998
P. vigane uQl3e Vigna sinensis Australia 1988
G446 - Rosa hybrida Japan 2002
Pythium ultimum D86515 Sugar heet Japan

a) DDBJ, EMBL and GenBank database accession number of the rDNA-ITS regions

23
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Pythium ¥ S OX Phytophthora REIZ L DL E R EORASZMICIET 54098

clandestna

iranica

tentaculata
nicotianae
100] nfestance
mirabtlis
phasedl

cactorum

o
27 1gaei
pseudotsugas
Hhicis
Ly psychrophila
quercira
29 100[ heveae
katsurae
1nn [ pPalmivora
2g|Lst arecae
megakaya
1 gonapodyl des
10( E ITIOGas ey
humicala
»
4‘/ o3[ Citrophthora
1Q0°" botryosa
92 colocasion Clade 2
clricola
57 2
inflata
noc capsici
rmultivesicuata
a7
Ao 445

fragariae-ver. fragariae

10 |
fragariae-ver j

gof{ fragar er rubi

96 cambivra
uropaea
agl7 ourop

wliginosa
cinnamay

melors
sines
cajarns

g 9
1
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vigare
Sojae

78 cryptogea

erythrosepfica
drechslen
medicaginis

88
100 trifoli

pom

prirmuloe

sSyringse
1007 richardias

o7 macrochlamydospom

76 . .
insolita

boehmenae

batemanerisis

pythium ultimum

Fig. 22 Phylogenic tree of Phytophthora from rDNA-ITS regions
Proportions of 1000 bootstrap replicates are given on the branches
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Table 11 Isolates used in phylogenic analysis (clade 2)

Phytophthora
species

—
<

-

o)

P
B

. colocasiae

colocasiac

. citrophthora

citropiithora
citrophthora

. citrophthora
. citricola
. citricola

citricola

. citricola
. inflata
. capsici

capsici

. capsici

capsici
capsici
capsici
nudtivesiculata

GF446

P

cactorum

Database Origins

Accession no. " Host Country
AF363009
IMI368918 Colocasia esculenta  Malaysia
AlF467086 Indonesia
IMI332632 Actinidia chinensis Chile
AlF228081 Citrus sinensis
[.76536
Al228080 Zizyphus jujuba
AF266788% Rubus idacus Ireland
141375
PCI7370
IMI342898 Syringa
AF266787 Piper nigrum [ndia
AF467083 Hirazil
ATF467084 Tote d'lvoire
AF467085 India
AF228078 Capsicum annum
AF228079 L..esculentum
CBS3545 Cymbidium Netherlands
- Rosa hybrida Japan
AF087480 Pvrus sinensis

a) DDBJ, EMBL and GenBank database accession number of the rDNA-ITS regions

£ capsm/ AF266787
P.capsici AF228078
49 P.capsici AF228079
P capsici AF467083
P capsici AF467084
P.capsici AF467085
P.colocasiae AF363009
P.colocasiae IMI368918
P citrophthora AF467086
P, citrophthora L76536
P cztrophthora IMI332632
P c:trophthora AF228081
P citricola PCI7370
79/2%nﬂata IMI342898
P.citricola AF266788
P.citricola AF228080
100= p.citricola L 41375
P.multivesiculata CBS545
GF446
P.cactorum AF087480

)]

42

71

Fig. 23 Phylogenic tree of Phytophthora from rDNA-ITS regions (Clade2)
Proportions of 1000 bootstrap replicates are given on the branches
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Pythium¥5 X O Phytophthora B L HIEX R EDOR SIS H0F5

5. ¥ &R

I BIRAN DA~ b~ LAEBERIGE T, 2003-2004 O HE
(7 A E-8 A FaNIZ PR3N NEHE KBRS 5
EIRELE, 2T, REROFEEIZOWTHS A
[ I

HHEIURE

WO, e
B R R ) S B2 B L. WSO s
L REEIRANRD FEICHE L TITo 7=

rDNA-ITS il o i AL &L ) O fig iy

SHERE (GF-749 EERIC W T, Rl o o e
DNA-ITS B OBEERFIZRE L, —07—% LB
H Phytophthora JBE DT — 4 (Table 13)% BV THRHE
1 2 fERR L7

I I A L
GF749 fitk% CMA E5HLT 14 H %% SEEXK
SRRy b=LQ & ¥—2 ST, iRy

7 2T, Kol 3 #)OMBREIC I TR L /2, 30°C.

MRS CTEA L, HPE 5 OMECERIN 28/ o A
% ¥ TRREFRICHR T,

#s R

B TOFEERDB

2003 4E3 LR 2004 FED 7 A LS 8 A FHZ, &+
SR D AR Y TR v b v LOHBREA BB KRR
IZHERL, REPET D MENRSRAE L, #HHEHROBRBLY
HPEE IZAKRIRICHEZE L, W - ET 2HBED 6N
7= (Fig. 24), MR TIE, v v FRAFAB LU EbDD &
Flow FETHIE SN THY , WFhoFRTHLH#FEINR
5407 (Fig. 24),

I O 47 B

FRITHLER > 5 22 DRV Phvtophthora JBE D3 RS2 5y
HEX Mo, RaF0 5 OFEENLEFREC | BEEXL
4L, PDA i, CMA Fitiis K O° V8 155 F CRIFRAER
%7k L 7= (Fig. 25), ’

993 B

72 o bV MM BEE A HTE LRSS, /M3 A
i b HUBR2E IO 38 G EDIR O RR O S v, B o
#Rif & &bz EIENIC E TIREDSHER Uiz, L7 3
il T R L BREVRD SN, 2Ry 7 ORI
FRENR LR E Do 7= (Fig. 26), HEIFBAMED O 1SR
L RERO AR E S HE S 7z,

i S | E r
Fig. 24 Root and stem rot of chrysanthemum caused by
Phytophthora sp. A: Occurrence in a mat jrrigation system.
B: Occurrence in an Ebb & Flow irrigation system. C: Initial
symptom (leaves wilt). D: Brown water-soaked rot of stem.
E: Root and stem rot

Fig. 25 Colony of isolate cultured on different mediums at
25°C for 12 days

Sy ERE O E

YRR OWEET O 513, IR THLEAZEE A 70 < JEREVE
PTilEEFO I NEHOERlEETO S 28 L=
(Fig. 27, Table 12), £7=. EREOEMERFB L URER
@ Hyphal swellings % 88 ZFZAE L 7=, BB 3 TH MRS
B AR L, WSS I RE g, KE ST 370 m T,
AL EICRRINRR B AR L7, R4 E 1L 5-35TC
TR L, ROEENE L 28°CRITE TH - 7= (Fig. 28), =
N DORITEER O X 7 IEIEE P cactorum = 1XBH B
{2720 Waterhouse (1963) DEEFR I D 4348 7 v — 7 VI
B2 &BZONT., FHEN S DNA ZEHL,
rDNA-ITS SRR YEEFIS & Phytophthora W& T O 574k
W2 PERR U 7o #E 5L, GF749 [EERIL P cactorum & 1198703
clade (ZJ8 LTI Y . Cooke er al. (2000) 43§ (clade 1-10)
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DA B, clade9, 10 (ZITVMLEZ B S iz, ERIC—
T 2R Shied -7 (Fig 29),

(2011)
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Table 12 Morphological characteristics of Phyviophthora

isolate from chrysanthemum

Sporangia

12 shape ovoid, non papillate
i @ Dark bizarria size length(um) 24-44 (37.8)
= -- - - - Miremar
“é 10 oo breadth(wum) 20-32 (28.2)
2 L- B ratios 1.2-1.47 (1.34)
a2 8
3 caducity non caducous
Y
§ 5 proliferation proliferated
= Chlamydospore globose
o
< 4 Hyphal swellings irregular shape
% Sexual organs homothallic
8 2
%5 Oogonium
= shape smooth
0
3 4 5 6 7 8 9 size (um) 31-52 (37.6)
Days after inocutation
Antheridium allmost paragynous
Fig. 26 Comparison of pathogenicity of GGF749 between
three chrysanthemum cultivars Oospore
size (um) 26-36 (30.2)
Temperature 5-33°C, optimum28°C
25
2
320
=
E
Eis
&€=
%
o
®10
=
3
g 5
0 AP . B S .~

0 5 10 15 20 25 30 35 40
Temperature (°C)
Fig. 28 Growth rate of isolate (GF-749) on V8 juice agar at
different temperatures

Fig. 27 Morphology of Phytophihora sp. (scale bars=20um).
A, B: Sporangia (non papillate). C: Proliferation of sporangia.
D: Chlamydospore. E: Hyphal swellings (irregular shape). F,
G: Sexual organs, antheridia ave all or nearly all paragynous
(arrows)



28

Pythium ¥ Y. TN Phytophthora JEIEHIZ .

FED

2003, 2004 0 7-8 A AR OR v b~ W ERIGE T
F6E LT E I Phytophthora JBIED | fIZ LD LD TH
5 LWL R T, ENTIE, ¥ 27 ORERE S L

T P cactorum 3 BN TWA, LLRMR6, Ry b=

Table 13 [solates used in phylogenic analysis

LHIEETHEORSRZINCET D5

DA FEAE UT-ERIE, P cactorum & I ITHERY . T 4ED
RN LRI THDL LB LMC o, BRED
007 L B\Hhx 7 TRIEROERE AR L TEBY,. Zh
LHLEOTHMOWEEELHBZ EMb, FEMIZONT
HEEBRFT LTV LELH S,

; . Database
Phytophthora species )

Origins

Accession no. * Host Country
P. arecae AF266781 Cocos nucifera Indonesia
P. boehmeriae AI228076 Ailanthus altissima
P. botryosa AF266784 Hevea brasiliensis leaf Malaysia
P. cactorum AB217671 Japan
P. cajani AF266765 Cajanus cajani India
P. cambivora AF087479 Mualus Pumila
P. capsici DQ464056 Capsicum annuum L. US.A
P. cinnamomi AB217675
P. citricola AB217676 Japan
P. citrophthora Al266785 Actinidia chinensis Chile
P. colocasiae AF266786 Colocasia esculentu Malaysia
P. cryptogea AF266796 Lyeopersicon esculentum New Zealand
P. drechsleri AF266798 Beta vulgaris US.A
P. frugariac v fragariae Al266762 Fragaria X ananassa Scotland
P. gonapodyides AF228102
P. heveae IMLIBO616 Hevea brasiliensis Malaysia
P. humicola AF266792 citrus orchard soil Via Taiwan
P. idaei AF266773 Rubus idaeus Scotland
P. ilicis AJ131990 Llex aquilifolivm UK
P. infestance AF228084 Lycopersicon esculentum
P. inflata AF266789 Syringa
P. insolita AF271222 Soil Taiwan
P. iranica All131987 Solanum melongena [ran
P. katsurae AF266771 Cocos nucifera Ivory Corst
P. lateralis Al266804 Chamaecyparis U.SA
P. macrochlamydospora L41367
P. medicaginis AF266799 Medicago sativa Australia
P. megakava AF266782 Theobroma cacao Ghana
P. megasperma AF266794
P. melonis AF228094 Cucumis melo Taiwan
P. mirabilis AL266777 Mirabilis jalapa Mexico
P. multivesiculata AF266790 Cymbidiun Netherlands
P. nicotianae AB217682 Kalanchoe Japan
P. palmivora AlF228087 Chrysalidocarpus lutescens
P. phaseoli AF266778 Phaseolus lunatus
P. porri AF266801 Brassica cliinensis Netherlands
P. primulae AF266802 Primura acaulis Germany
P. pseudotsugae AF266774 Pseudotsuga menziesii U.S.A
P. ramorum AY845186 Rhododendron France
P. sinesis AF266768 Cucumis sativa China
P. sojue AB217683 Japan
P. tentaculata AF266775 Chrysanthenum leucanth. Germany
P. trifolii AF266800 Trifolium
P. tropicalis D0Q464057 u.s.a
P. uliginosa AF449495 Quercus robur soil Poland
P. vigane AF266766 Vigna sinensis Australia
GF749 Chrysanthemum Japan
Pythium helicoides H5sz1C 14 Rose Japan

a) DDBJ, EMBL and GenBank database accession number of the nucleotide sequence data
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180 infestans AF228084
———f mirabilis
phaseolt AF266778

) di 100 iranica
lantaculata AF266775
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arecae
palmivora AF228087
megakaya AF266782
buolryosa DQ275188
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100 E haveae AF266770
& kalsurae

gonapodyides AF228102
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Fythium helicoides H5521C14

—— 10 changes

Fig. 29 Phylogenic tree of Phytophthora from rDNA-ITS
regions

N 1R

AT T, RANOSEIEAPERR THBLIZIAENED 5
NEFOFERZHOHZ L, BT a3 iz oWV TH,
P, myriotylum 33 SOV P, helicoides |~ Y. 24 (Root and
stemrot) & L URARERINZ, £, ZhE THLEAR
ATho7h 7 A EIROBREIZOWTIE, Ph
nicotianae T D Z L #A LI L1z, RIZ, KA EF
T ORIERER DN T P aphanidermatum 235K T &>
DT EEHBMCL, BIFEF (Rootrot) & L TEREMDN
FEiciEmani, £, €7=0 L2251 T, P
irregulare RE Th 5D Z & W 502 L, X

{(Pythium blackleg) Ol L LRSI, 7eds,
FEREIC OO T FEOM LN —E THED LI TEY |
BT =0 AGHEOSEIZ W TR S Tn 5,
Shin, L=/ 0onTIL, 1 Fio) Phyrophthora B TH
BRETHDZ L 20675001 L, & (Phytophthora
disease) DI & L TiBM & iz, DHEEEIZ >V T,
EFAYRF G X OV - A i) F ik 2 M T2 [AE OF R
—HT AR b, BB OVWTIRELR

BB LETH D, HEICX 7 Ry b= 20220 T,
Phytophthora JEHE O 1 FBFREETHAHSZ E ARG L,
#47 (Phytophthora rot) ¥RJi & L THFLEM A fREEH T
HD, ok, KEIZOWTEH I =T kEERICERORE
OPICRFRRIC—HT IR RY o RDo 2 Enb,
FREOAEERH VS HIDICHEFPALETHD L EX
oY (V) st

WHE S FEMFERTFEOBREGZAR LV LORH D |
% < OfEHIREORIEFRECFIH L >2H 5, AREF
T EBWT b, Pythium BEE X O Phytophthora T&T#H O
FROFERE L T, ERFEHRFROBE L 5T EYFa
FiEA2 O Uz, Pythium JBE S LY Phytophthora JE& T
ZHOWTE, ZhE TIREBEFRREE L L ICRO SRR
HEW LT X203, AR OTEM Tl A D BBk 2235
Wb otz, £7=. BT Phytophthora JBEIZ-OWTIE,
HEHE SRR O L < | B CIIAMRE 2 L
iz, FABRIETERWEENZ -T2, IEFED
WFFEA & Pythivm J& 1 3 £ O Phytophthora J&HEIZ 350N T
D FAERRATIZ L DB, (EROBIESE A L < Rk
LERRE DI EHBESNTETEY, S&ITFE
FHERIC L ARIEAMET DY — v b LA O HT
ThdLEZOLND,

FIE REEBREFEOMRE

RANOSHHEEIX, I=AZVFTraxiiffFEREIh
HE— B OREAE R, SR A M6 DT
FEHFTT 2 5 Y., FOAERRIRERICL>TF
EFATEH D, Ok, KEEEEHREORAERMET
e Thy., TOERZMATL0EES R L TR
W, EEBREOLREDT-DICIT, BEREKER O
LT, WHEEOEEICESWILES et gd &5 i
L0, RFEELXF/PREICMZS Z 2N KEITHSB,

L2 U, Pythium BEITERNTHEE SN TS HLOT
40 flLl, Phytophthora JBTE I 54 fli - % < | BitliEss > HEE
L= R KRN RECHZ BRI T 5 Z i,
ZhETHEICRETH-T2, £ T, AETITRAD
HPEMGRR CRIBE : 2o TV ARREZ SR L LT, £0
BHEECOWTHRA LT, 23, KEO—EIL J Gen
Plant Pathol |~ CTREIZ 8 L7- (PEiD 5 2008),

1. k. ERDOSOBREAE

1) RERIEIC &k S @iRtE E 2 7 L OBIRW 47 ik
Pythium helicoides 13, I =/3Z°4 5 v 2 O

XTI LNG, Ebb& Flow Y AT AZHA LT

HERRICBVWTIE, RVEERFBHEO —->THD

(Kageyama et al. 2002, 2003; Watanabe ef al. 2007), £7-.

AEIZEDHEEI 2 v 7 U —NBIEOUY NS THLRE



30
Pythium33 £ Phytophthora i IC

LTW%, Bali TiX, 4 FF0x 7 ORECTHEELE
BlEE T Z LAHEINTWA ErARS 2005, EAL
2005: Tsukiboshi er al. 2007) . E7=, P aphanidermatum ~°
P myriotvlum (3% = 7 U b= b, #7322 bell pepper,
floral crops, LV H# A, T—F 4 Fa—sR0ELL OEHD
WSO BEEIR - L CaSI TV S (Moulin er al.
[994; Jenkins and Averre [983: Anderson e al. 1997;
Chellemi ef af. 2000; Moorman ef af. 2002; Stanghellini ef al.
1998, 2000a).. ZAL5 3 fliod Pythivm BEL, 40COE
Fafgefis LTamEN TR, Hlmw\f?tm »

IRWTEICESICER 2 ELs &R

/kfi Lz WAt 9T i DB B o) T & A4 B 7o b T, E%‘ffﬁ
RORBREEE=% ) 7 T5 fL~’3:£’~;j=.ba D, FOEbIC
VLR B 2Dl FE O @ W E I RSB T B D R
FEEAS 6 Pythium JEEX2 Phytophthora 16 % 3BT 47
WIZfERE D Gl &4 T & Ty A (Hendrix and Campbell
1970; Matsumoto and Sato 1979; Watanabe 1984)
P ORFIEE ORIIZET 28 & 1200, £ T,
AWFIETHE, RS A =R L THEED B EiRME
Pythium & % DRI 5 a2 g L BLHLE
AR T O A FER L 7=,

1

LasL,

HESE LA E

i 2 BB L 7z,

Table 1 {2715 D DY Pythium

helicoides ., P uplmnid@rmutmn BLOC P myriotvlum (X
A0°CLLED @RS FCHRAERTDHETH S,

Table 1. Pythium isolates used in this study

. 4 Geographic i
Species Isolate "' Host s ,; Year
origin

P. helicoides MAFE238913  Miniature rose Gifu, Japan 2000

MATT238916  Kalanchoe Gilu, Japan 2000

P. aphanidermatum SSB7-1 Bent grass Hyogo, Japan 2000

NBRC 100101 Carrot field soil  Gifu, Japan 1994
P. myriotyium MAFF238918  Kalanchoe Gifu. Japan 2000
Fuk kat3 Fukui, Japan 2004

"Isolutes beginning with "MAFF" was from the Ministry of Agriculture, Foresiry

Soybean

and Fisheries of Japan, Isolates beginning with "NBRC" were from the NITE
Biolagical Resource Center.

fili 2 RE¥T

PR L 8 O FE A A H L7z (Table 2), &
FEME 03mm HEWOT A v AEDOHEEE(5 x 15 mm)
ANz, XU R FABIUANTOEIEI x 7 mm (T
#HFL, TohoEHIEFOF MM L, FFMI
30mg FHL L T A v U 8~Gh Y, 1.5%FEFE IR

DOER~FEXREE HEANCER L, WitAETZ2 AR
T F A m ot e LT L, kit

EHIEEMEORSRINICET 205

Waterhouse (1967) 0O 7126 U T LA F oo )5k CaidE L /-
AR R U7 P o o o 2R EHE (CMA)
WEEERRWE L h Y AEEBE L, 25CT
2 HMIEEHE L kel n @i Lo b 7T AR
Z 50mi bk (A : FERAK=1 2, AR SR AL
BE) (2 7=, 200C T 24 BFE® L =%, V—E Al
L CHER ZFRE LilE Wik 2% 7-, 10 spores/ml |
A L Pl R Sml B b A 2 S A TR L7k
Hieh g~ A 43 0E L7e, 25CHF RS T T 3 B EES
. BT o BEHE Tl Ot /1% 0 06 4 oFa% (0
%?{;ﬂlﬁli:ﬁjui': HARDHERETE RV, 1= 1 r'-i‘,o\t,c
WARDEROBEND, 2= HJEPHICHE; I\/J\.,.L_r\’)h)i}
WEEARIZCBERFEAVBEDEND, 4 %LE’LJHIUHL-_ <
RO IERICEE BB SN D) F?&Ffﬂl} Lz, A<pll
2 KGR AT T,

Table 2. Bait materials used in this study

Bait material Amount of material per plate ®

Cucumber seed 1
Tomato sced 10
Radish sced -
Hemp seed bof
Perila seed 6
Millet seed 4
Bent grass leaf 2em’
Miniature rose leal’ 2 em’

* Amount equivalent to 30mg

Ny MTZAER N v T ERAVIEBHRE
EFROBBRIZBNT, N2 b REIHER L 22T
D OWEEF Tt L TR I @ otz £07h, B
EOERTHEHA L M5 AL MIEEE L LTHEAL,
UTOFETR T T 2ERT » 7 (BLT) &{EEL
SRR T AR STmm DS TR L 9.5 « Tem
OREATEEICHE R 50 Fed Adu, 1217C20 4 Ml £ R B
ML=, MAFF238913 . P
aphanidermarum NBRC100101 35 LY P omyriotvlum Fuk
Kat3 ({250 T, 3 BB OB (4107, 4x107, 4x10 spores/I)

Pythium  helicoides

ISR L EFRBRIELL OA-TZ7R2F v 7R b
VIZ BLT #A#fz, R MWd 25CT 1L 3B K007 AR
é’ ’L Ty THNBORER ZEIR L7z, EHITKZEZ+
3R "’) BRNTZ1210 . Pythium iEREEHL(CMA 12 5 mg/l
pimaricin . 100 mg/l agrimycin 45 L T8 100 mg/l
pentauhloronitrobcnzcnc UM Kageyama and Ui 1980)
(230 B A fEER LTn, 25°C T 24 BEfESFE L f 1,(.: fH
AP 0D 4y e S 'r/k&bk SyRERE TSR AEF D 5

ﬂ’L/: He OB G BRD T, W3 Rfﬁ‘c‘fro 5D
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I B RSl 2 oo —WFFEHRE F 11 & 7T~60 (2011)

i 2EE D 5 O Sy Bl R E Z % 100 $kERE L7=, AKiE | BiZ 2 EfT>7-, BLT
IR EE O ORE e MREAZRET S0, B 12 X B o IR O IR L U AR S0 Hig E
TOHER AT /-, ARERIZL P helicoides MAFF238913. T8 B AT 7=, BLT {E3&HEPiz 3 HIEEE L, A

P aphanidermatum NBRC100101 35 LY P myriotylum W LT P helicoides O 5y MERRE % RobTz, &£z, #ERN
Fuk Ka3d #H#t L7z, 77 AF v 2 H b ($9%m x B ORI R A TEWIA a7,
16em) = BLT 5 L OVEEUE o0l & W @ 1L (80 WAC 3 RO EEMTR T, Wik HMEEORH A
spores/l) & AfL7z, 25°CT 3 HHEE® Lok, HE%E i dn iz, BEROWERAHZIT> T D b= b ORISR
B L THIR O S LY Pythium BRI H 30wh i (CHBHT) Tid. 2003 4 9 HiZ BLT fevi!%a‘f&drw: 3 HH
BEL. 25, 35. 38, 40, 42, 45°C T 24 WpisE®E L/, ARE L7z, M TIE, 2 REOFEES AT L0350,
BEHRIEE BT SR 2 k-, BEBRIT 2B T- ENENDOL AT ATRERA{To 7o, EISHIA LT
=, BHFAKIZOWTHLARFE L7, Ebb & Flow ¥ AT A% il
ALTWA2FOH 22T 5 (kalanchoe-1; I Eurfi,
FH T ORMAERER kalanchoe-2; ZHLili) Tik, 2002 4 7 H I &HE#RIC BLT
HHIFHIZ1T D BLT OFEHEEZFTFMI 5725, LT % 7 HWERE L7
DR AT T W T OREBRIZEWT L B L 7= BLT 542, LTS P ohelicoides \Z L D E EZ - 3 =
V& Pythium BHFEHUZ 30 U ER L, 38°CTHIE L T NRIBILUOHI T 3o DEERRICEHEVT, ﬂﬁgﬁﬁiﬁ?%]
B 2R 72, £7=, van der Plaats-Niterink (1981) ? ORIRE R E =42 Y >/ L, BLTILERERD
RBEFTITHEV, HEE O IERDAHRABZE L CTHEZ [RE KEOHM T &>z (FH 50kD) POIFERFRIEFEIZ 7 BH
Lie, FRE L BICEIR L=, S = 8T Hia% (AE) 1E 2000
HUMDIS, BRREEREHE ¥ —ADRETUT® EvE 2001 FEWZ, BT iy (BB T, 2004
A (Tolm, 1O Y7 (Q00L) #3EFT 52 T 5 Amb 8 Al zIT- 7=
DOOFIERF (90 % 180 x Sem)7s 572 HIfEER O Ebb &
Flow Y A7 L& ER Ui, MEFE OB 8030 F o & wOR

IWCERR L7z, CMA BEHUTRIESHE L= ST IRERE P
helicoides DEHET 4 A7 X2 b7 T AffifHH (g WM A7) —= v

DRy WY T AT Liml OKETHNL TEEAET 3 fRO Pythium J&E OWEAETFIHT D 8 f‘ﬁmﬁfw)ﬁﬁ
H; HUES 1993) IR L T 2STCHREREMET T 6 HIH YA e L e, SRR RN SR I8 KOS HL oD i L R
Wi LT, RBRHETIX, VY L A=A T L R rp s b R 2 T T L 7o R
500ml OFREAK & L L2 100rpm T 30 FOREIERE L=, & EHEBEBROBEAABTEE %% 3 Btk TIEM L.
JEZRE I L7z 2L o A TEs = (BM-2) 12 500ml O HEE FORER. X T R, ﬁt-ﬁxtL 7= 8 fli DK KR
P 2R L TiE R A (El L 7=, B AT LDk TREEAMOEAEESRLEL, Fa v UMT, ¥
T O FNTH, PR ek BV L 72 100 ko> ¥, v MEFLY HLHLMNIC faE,u, TN (hhle ,)
I=A"T7EFEL, b —FHOXUrFICiHRERI = Z O AL 3 FED Pythium BE CTRERTHh 72, —

Table 3.  Comparison of bait materials in their ability to attract zoospores of Pythium species

Bait material Mycelial density around baits

hel-1" hel-2 " aph-1" aph-2" myr-1" myr-2 "
Cucumber seed 2.0d 2.0 cd 2:3 B 23 Be 2.0 1.3 be
Hemp seed 3.0 be 3.3 ab 33 ab 3.3 ab 3.5 a 35a
Perila seed 2.7 cd 2.7 abe 2.7 be 3.0 abc 3.0 ab 3.0a
Millet seed 1.0 e 1.0 de - 0.7 d 1.0 de 0.7 d 0.5 cd
Tomato seed 2.7 cd 2.3 be 2.0 ¢ 2.0 cd 20 ¢ 1.7 b
Radish seed 3.0 be 3.7 a 2.7 be 3.0 abc 2.3 be 33 a
Bent grass leaf 4.0 a 3.7 a 4.0 a 3.7 a 3.0 ub 3.7 a
Rose leaf 3.7 ab 3.3 ab 3.3 ab 3.7 a 3.0 ab 20b
Control (Nvlon mesh bag) 0.0 f 0.0 e 0.0 d 0.0 e 0.0 d 0.0d

* 0=hyphae cannot be seen with the naked eye, 1=a few hyphae observed, 2=hyphae observed around the bait,
3=abundant mycelia around the bait, 4=extremely abundant aerial mycelia over the bait. ® hel-1 (P. hielicoides
MAFF238913), hel-2 (P. helicoides MAFF238916), aph-1 (P. aphanidermatum SSB7-1), aph-2
(P. aphanidermatum NBRCL100101), myr-1 (P. myriotylum MAFEF238918), myr-2 (P. myriotylum Fuk Kat3).
Values followed by the same letters within each isolate are not different according to Tukey's test (»=0.05)
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Pythium ¥ Y. U8 Phytophthora BT L

EE LTRWE T+ a8, RE O %2 /MR T
& pdais,

B R e

BLT & W ohiift e OB U 2 3859 5 7=, BLT %
R DEEFBEEORRS 1, 3, 7 HEERE L, 1
FRICIEIR L7 BLT O & SERE Ol ¥ K 21
yHEBRE 138 50> 7= (Fig. 1), e T8 08

P aphanidermatum 35 LU P,
myriotylum O5yBESAEE LR | H %12 100% Th -7z,
WP OBEEFEEIZBS VTS, BLT OB E I E <
RAFE LRI fpodn, BRI 7 ARIZE, W
NOBEFHEIZI VT HHEBEIL 100% Th -7z
(Fig. 1),

H G

EWE LS

4x10° zoospores/l D4

BLT DR53&i1E

APEBRBEIC BT, R A R T 2 BRIZRRENE & 3
FRIRYED Pythivm B 2 XR|T %5 = L IZEETHL, &
MR OREIT J0CU ETvAFTRAHEEFLED
Pyvthium JEWETh 5, Thwz, BLT »H I 6o
\JanEH\WN:;uMEuhths’wc:/ab\t%$€¢h feo P
helicoides . O P myriotylum 73l
RSz BLT 25 OFRHESREE, 25, 35, 38 BLW

P aphanidermatum 135

40°CIZ BV TIE90% LA L T o 12 (Fig. 2). —H.42°C B
LU 45°C Tl BRI EBICE T Lz, LIRS T,

ZAVS 3RO Pythivm JRE OSSR ST L IR E
38T T 2 &Il LT, LB S5 T ol A 38°C
& ILTE,

Ebb & Flow Y AT AIZBUTAE=SY 2 7 il

R IEEECO Ebb & Flow ¥ AT AT B W THiEED
i T 5, 2 20— R F L | DOFEF
& R ER ) /17u~&ML TR 21T o 7=, WiFE &
BRLIEI =N —FOXUCFIZEBL, b5—FHO
AN FViE R ;Jc =T EGE LT-, P helicoides 13X,
TEERAE I & RBRBREG 6 BERICRN S, SBERE T
47% T SYBEMRRE I th A LN L, RBEBH S 18
H%Vbl%mfﬁﬁtwgﬂo%HMH\M%ﬁ&‘
FORBARERIND 20 AL ERTIZEIE DA SRR
it

3 A
LR IV N

BlHufsiiz BT 2R 0 Bl

M MR Ic BT, BLT Z AWE=GEiREHFE
Pythium BE OB MR AT 7=, W5 1;\ = kO3
ifeHs % 35 L O'Fbb & Flow ¥ A5 A& A L2220
BT AEERGETIT 7, b= O RR T
X B DT >
AERE LT, I 6E
BLT # %

P myriondum 75 2 3
LENENBRH &4/ (Table 4),
Hah T aBRAKE = 7

. P aphanidermatum

IS

DS WHHEOREZMCET DA%

(@) P. helicoides
Isolation frequency (%)
0 20 40 60 80 100
1 day r'—.—'——‘-!L -4
G

‘/7A¢¢H/ e
.4>< 10 LJ 4% 10° @ 4% 10" zoospores/|

(b) P. aphanidermatum

Isolation frequency (%)
0 20 40 60 80 100

B e T e e e ke i b gia el s s n B b oaa
//'7,,/,,,,,?;’ T T
Gl s

Waxio [Jax10° 7 ax10" zoomorast

P. myriotylum

(c)

Isolation frequency (%)
[¢] 20 40 60 80 100

B oixro [Jax10" [ ax10® zoosporess]

Fig. 1 Effects of trapping period and zoospore density on the
isolation frequency of high-temperature-growing Pythium
species using bent grass leaf traps (BLTs). The BLTs were
exposed to zoospore suspensions of 4 x [0, 4 x 10”7 and 4 x
10" zoospores/| for 1, 3 and 7 days. The pathogens were then
re-isolated from the leal segments by incubation on Pythium
selective medium at 25°C. Isolation frequencies are the
percentages of leaf segments from which fungal mycelia grew.
The experiment was performed using: P helicoides (a), F.
aphanidermatum (b), and P. myriotyfiun (). Error bars show
standard deviations.

L CHBEMIE AR 25 Pythiuvm RREIHBH X
HNigmoiz = AR BERERE T, P, helicoides
H B W P myriotlum @ EH G R X dL7z (Table
4}, b M OEERME T, AR EZ T o 2 H%ISK 40%

Db bRBIELI, 07 ax=d | fiax Tl 5%5,

R 115 B ¢ s Y. et
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P. myriotylum
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Fig. 2 Effect of incubation temperature on isolation frequency
of high-temperature-growing Pythium species using bent
grass leafl traps. The bent grass leal traps were exposed to
zoospore suspensions (80 spores/l) and then the pathogens
were re-isolated from the bent grass leaf segments using
incubation temperatures of 25, 35, 38, 40, 42 and 45°C.
Isolation frequencies are the percentages of leaf segments
from which fungal mycelia grew. The experiment was
performed using: P helicoides (a), P. aphanidermatum (b),
and P myriotylum (c). Error bars show standard deviations.
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b D 1 DOfiEE TIXH 3% R LIz, Znbo
MR T, B LIt O A 5 b ARSI E D3 578 X .
Zhooffiid BLT »boMish/cfisthEh—&KL
o

Bl 2z BT B P helicoides DEZ=H ) 57

L =RTOEERRIZBWT, BLT % P helicoides O
FEoA Y CREICER L., AERICHEW T, 2 F
falfkAE L CTIRAEAZTTVN. 7 BRI T BLT % Ebb & Flow
MEER OPERBIRPICKE L=, FoOfR. FHEEIE 2000
£ 5 Hds KU 2001 400 4-5 Aok iz (Fig. 4. [
MERRIC BN T, =7 0RBILHTFROES 69 Hiz
WMEBENT, £7-. 2004 D58 AlcHTF T, BT =
T 0 Ebb & Flow fiiix DIEIRIEHIZ 2T RERIZE =
Z Y TREHIT -7, P helicoides D4YEEMERE L 5 A&
I 23% Tho7-73, 6 A EAIZ 100%iz= L, BKiCiT
STEEMEEEPME T L7z (Fig. 5). RIBEERIZ ISV T, 73—7-/
o ORES EUHIBREOBRUER X 7 A LaIcBlE X
L, 10 Hicl@BE s otz

El BLTs trap

100
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40 +
20

Isolation frequency (%)

1 1 1 L 1
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Days after irrigation

E Disease incidence

100

80

: 60 Inoculated
e bench
8
3 40 .
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20 bench
0 i . i}
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Days after irrigation

Fig. 3 Isolation frequency of Pvthium helicoides using bent
grass leaf traps and the spread of rose root rot disease in a
re-circulated Ebb & Flow irrigation system. The irrigation
system consisted of two cultural benches and one nutrient
solution tank. Miniature roses inoculated with P helicoides
were put on one bench (inoculated bench), and non-inoculated
miniature roses were put on the other bench (non-inoculated
bench). a: Isolation frequencies of Pvthium helicoides from
the bent grass leal traps (BL1Ts) were determined periodically
for 48 days after the irrigation system was set up. b: Rose root
rot discase incidence on the inoculated and non-inoculated
benches was determined periodically for 50 days after the
system was set up.
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Pythium¥s X (X Phytophthora i

kDAL 2 AT OR DTN BT 5 5%

Table 4. Detection of high-temperature-growing Pythium species using bent grass leaf traps in commercial greenhouses

Nursery

Isolation frequency (%o) *

P. helicoides

P.aphanidermatum P myriotylum

l'omato (hydroponic system)

recirculated nutrient water | 100 0

recirculated nutrient water 2 80 93

well water 0 0
Kalanchoe-1 (ebb & flow system)

drain water 87 0 0
Kalanchoe-2 (¢bb & tlow system)

drain water 0 it

! Data showed isolation frequency of each Pythium species from 30 segments of bent grass leaves

100 R R S - - ————— == »
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& 50
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o
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S 25
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12 3 6 9 3 6 9 12

2000 |

[2001]
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Fig. 4 Monitoring of Pythium helicoides in a miniature rose greenhouse with an Ebb & Flow irrigation system. During 2000 and
2001, bent grass leal waps (BLTs) were placed periodically in the nutrient solution, and used to determine the zoospore isolation
frequency. Arrows with dotted lines indicate the periods of root rot disease occurrence in the greenhouse.

100 § oiobm oA R
75
50
25
5/19 6/16 7/20 8/24 10/19
Month/day

Fig. 5 Monitoring of Pythium helicoides in a kalanchoe
greenhouse with an Ebb & Flow irrigation system. Bent
grass leaf traps (BLTs) were placed periodically in the
nutrient solution, and used to determine the zoospore

isolation frequencies, between May 19 and October 19, 2004.

The arrow and dotted line indicate the period of root and
stem rot disease occurrence in the greenhouse.

FLH

1

Pythium B> Phytophthora %14 Fi 4 7l O hE
YA AR DT R BETE 6 Z LMl ST
V% (Hendrix and Campbell 1970; Sanchez et al. 2000;
Thinggaard and Andersen 1995; Watanabe 1981; Watanabe
1984), aard and Andersen (1995) (L, Ebb &
Flow 73O MEB &L 225 Cedrus deodara OHER
T Phviophthora cryptogea Pethyb. & Laft. ool v 4 [ {2
TEREERELTWD
A aDFEF, SNTE LUy P TRERY
BN Pythium R OFGEF 2R T2 5 2 L2 RML
7=. Krafteral. (1967) 1k, P aphanidermatum OOl E+1%
LIy 7T ADEICF EHFEONDILBELT
W3, Mx T, < b7 AR Pythium B OFRO [F]
E DT OTFIER ZI < AV B LTy S (Waterhouse
1967), ZALHD T Enn X2 7T AMERL Pythium &
EOMIEAEEL LTHELTWD EEZ LN

¥ 7=, Thingg
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Pettit er al. Q00D 1k, A A/ T vk A, 7402
v 7R L OMHHE 4 VT, Pythium ‘group B O &+
% 2 x 10° zoospores/ml OFE TRHTE /L WMELT
W3, AFFFETIE, BLT OBRHEEIZ W TRT L7
AYENZ LY . P helicoides, P aphanidermatum 45 ST P
myriotylum OEFRET-% 4 x 10 zoospores/| (O TR T
Xl TS D Pythium BEOSBERBEL, EE R
ZE~? BLT DR BEHMEZELS T5REGRaT. £h
Wz, LECERNKESLETHS 26, BLT Ok
BHIR AR THERY L, HHXAC B ORI &t
BT O Thiud, BLT OREHHEAE Thid kv
EZzb6hb

B A IIE R Pythium 7200 T7e <0 IERRMES
HVIFRMEO < By ELRIBHCAR L TWD, Lz
o T, IR FAEE D HRREEOTES T 28 IRA 55
=) __ﬁﬂiLwLKW%vﬁ&kLtmm%ﬁi
T O Pythium B T o D P helicoides , P
aphanidermatum, P, myrior}dum IEAFE R 35°CHif T
OCTHEFTAHETHL ZENMENTND, BIREH
A AV o i RS AR (2 K D aBIR A S EiE I X LRI b?ﬂ L)
% (Lumsdsen et al. I976; Watanabe 1981) , Burr and
Stanghellini (1973) i, LS P aphanidermatum (%
SCEHTESICDMTTRETH o LBEL TV, K
WFFEIZ 38T, BLT Wl 2407 P aphanidermatum, P
helicoides #3 . UR P myriotylum 053311 38-40C TH F
EAREET LD o7, BHIOS =T B LN T =
TDAMEMER OHEHE T IZFRIE Lz BLT (3, EMZ L7- 8 H
AEPUEHICEIR L THRBERGRC) 5 LIk,
FIFAED &R T E Pythium JBH 2 BR0 2085 Z
LA Th-7o. EEL, 38CTHELESS. BIR
Bi M b TIEL> Pythium WA GHES RV T
WA, @IRAEFYETAR Y Pythium BE OB G, £
BRBIER AR A2D, ZRIEHLTIMOERET
4 Pythium BHEOFEAAFTRIL, 2 AT 30mm DLETH
0D ESHIZEBINERETH D :ﬂF)(/)f_ LMk, The
OFGEABYE Pythium BHE L, BLT (= X B HiHEE & BIR
Bl ECo Mg L9, @Iﬁﬁﬁﬂd‘ﬁlﬁ RIETH D &
Hlbr L 7=,

NI BIOA T o OREFE O 55 i R E
BSCLUETHY, EFEREARICEESRET S
(Kageyama et al. 2002a: Watanabe ef al. 2007), L7»L, P~
helicoides DA FIL 2530 C TR LB EA£Z 725
(Kageyama e al. 2002a) . P aphanidermatum <° P
myriotylum % &1e% { OFT, WEETFOMKERIZ, #
ALEALDOFEEE L Y H{XV > (van der Plaats-Niterink AJ,
1981), ZHLEOZ L, @RAEEYE Pothivm B#EIL, ¥
EARAETIHEFLY LEO L D KRICHRER I
WEETFZSRICHM L TVWS Z L EZFRML TS, K
FTIZBNT, AT RERZ AW EEEBRIC SO T, #

d
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RIS 23 HANCEER IS DR 2R Uiz, &
= BRHL O AEEERERE T L BRSO B35 30 A LLERTIZ,
EBRAEE» HGHREEA R T A2 Z N TE, Zh 6o
T Eb, BLT ZRAWEEMBRE=2 U » /&I,
W o511 2 @i B Pothium B O T 221251
THETHB EEZ BN,

2) ATV 2T 4INE Ik BEETHILE
RIS L UER D & R MR R 2 R 5 555,

PRI AE T OB Pythium R & - TQIF M2 Fik
THDHB, Prthium B L LEL TEFTNEL
Phytophthora JBi# S~ FILEEETH S, Hong et al.
(2002) 43, 9 WEOHRD A T L7 4 ¥ —& A
T, @A B Pythium BiEE L O Phvtophthora JBE O
B R BE A Ll L 7= /5 %, Durapore ® A7 LV (L
£ Sum) BERTVWAZ EEHALMICLE, £2C, &
AT VL7 4= BT EASbE-FE
DWW TRERT L 72,

HHEHBXUAE

il
AT L, T v 3 IERTE Phytophthora nicotianae
GF-101 itk & #R L 7=,

R Ok

BEaE ol T REIE AL 1 10° B,/ ml IZ#HEL,
PEEE A 1L AT Sul, 10l 35 LU0 100u] @07, WEH| SiE =
=y FE#EX=FR— NV FBLU4TIMM HF AT T ;
3M B, RG> V-500; BUCHT i) ZFWT AT L
v 7 4 v Z— (Millipore ft: Durapore® Sum, 47mm) T4
WL, ERLEZZ /07 —% W I THIBTL, Fig. 6
OFNET DNA Z il L 72 iC. GENECLEAN SPIN
Kit(Qbiogene #1) T DNA Z R L 7=, 8L 72 DNA
TR - Sl 5 (2003) O Ph. nicotianae FHHA R Z
A4 < — (APN-F : GTGAGCCCTATCAAAAAAAAG .
APN-R : CAGCCGGTCCGAAGACCAAT) # fHWT PCR
Z{T=7=. PCR RUJEIIE, 57 7 A ~—0.5 uM, Fast Start
Taq DNA Y A F7—1 (Roche Applied Science, USA) %
1.25 units, dNTP mixture % 0.2 mM, 1x PCR buff‘cr (10 mM
Tris-FHCI, pH 8.3, 50 mM KCl, and 1.5 mM MgCL) , A=l
T 2 A 400ng/ul, DNA % lpl 35 .5 Uﬁfﬁﬁ’i?ﬁ‘ﬁﬂu
L TS50 ul & L7, PCR EUENE Gene Amp PCR system 2700
(Applied Biosystems, Foster City, CN, USA) Z B\ T471-
7o £F, 95CT5 pHAESE, VT HACT3I08
M2, 65CT 30 Bl 7 =—Y & 72°CT | 22 DNA
%@@E&rw%4ﬁwm4omﬁnﬁlfﬁ ner

0 srffhEe &t/ Wi, BRGKENC L v Bl R oom
@@ﬁﬁé’%iﬁ’\ Uiz, Ffo, 3 Uik o
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ISR - FERR D o0, BIMEERI S L v iEEF %
RAEL, T2, AT Ly 7oy —ic kAR
EFOBRILRIL, LUTFO LS Ciif. MERATH 8,
CMA EHEEH il 30ul 35 5 OMEREK Iml 280 L

B EIC T 25°C T 48 BRI %I o v =—¥ %K
Az AMEEHOMERIE, BEK 1L CEES 30ul 2R
LERDFETHSBEICATLORBEE FIZLT
CMA FiRsE Bk L 25°C T 48 BE % Ic A T L
v &2ERFE L. Ph nicotianae 02 2 = —E AR,

Bz Bl 5Bl

BB 7 o EERRRIZCBWT, AT v 7y
WA —iEIC L BRI E1T - 7=, 2004 4F 6 A 12l Bl
DT v ARERRR (A ik, B HiaR) OffERIERs
LB FHRE A% 1L Sl L, BERLEY 7
RS L 2, ERROFETSE. DNA i, PCR X
s L OERKE 21T 72,

ATV 7 40— kOB &

gk L - MW ol IR T, SEMETESIC LA E
RoofER, ¥ s55M,/ 50 Thotz Ef # L
T ANVE =L LD EFEEFORNLEL 3% Th-7=
(Table 5)., Ph. nicotianae U)lﬁﬂ:ﬂ“‘rffﬁ*ﬂt LA e Pl
y7%¢?—ﬁ\ﬁng$TDNAmm‘ﬁ@\@ﬁﬁ
M7 T A ~—%F 7= PCR 2175 Z & T, = REIK
SUI/L MK (AiEpTofEEiGEFIRE 5 /L) TRk
HAFEETH 72 (Fig. 7).

Table 5 Recovery of Phytophthora nicotianae zoospores by
filtering method

Number of zoospores

Recovery (%)
Cont. Treat.

15 8 533

Membrane; Durapore® Sum, 47mm

Bl 38z BT 5 kil

2004 6 HiZHh T o o o A PERRR OSBRI S & O
R F PR DS . Ph nicotianae DVEH 2 A7 FE 5
AMEEX O~ FHEE S L OB DAY 7 35 L O
& 7 NOTEERBEED LRI Sz (Fig. 8). Zh b
Mgk Tk, 7 HICERORAENMIE SR,

+0.4 g Glass beads (1mm) in 2.0-ml| Eppendorf tube
l

+Menlane filter (cut )

+20ul  Skim milk(0.2g/ml)
+500ul Extraction buffer
+100ul 10%SDS
+10ul  Rnase A(10mg/ml)
+300ul Benzyl chloride

|

Vortex vigorously for 2 min

50°é for 60 min
+30(l)p| 3M NaOAc
Vortlex
On ite for 15 min
|:> Cen%rifugation at 15,000 rpm for 10min.

Upper layer
[sopropanol precipitation

200yl TE buffer

Fig. 6 Protocol for DNA extraction from membranes

Sul 10ul 100 1
M 1 2 3 45 6 7 8 9 1011 1213

500bp—+
300b

Fig. 7 Detection of Phytophthora nicotianae from zoospore
solution of different concentration by filtering method.
Zoospore solution (1 zoospore/ul) added 1L of distilled water.
Lane designations: M=100 bp ladder, 1-5=5ul zoospore
solution added L water (5 zoospores/L), 6-8= 10ul zoospore
solution added [L water (10 zoospores/L), 9-11=100pl
zoospore solution added 1L water (100 zoospores/L), 12=
DNA extraction from Sul of zoospore solution, 13=membrane
filter (positive cont.)

£LED

PAEDFER. AT 7 45— TR
1938 Ph nicotianae D e A BIUL L, {572z &
DR 5 Z ENERETH o 7o, RiEIMOERE,
Pythium J&TE %15 U B SRR = 5900 6% 0 Bk
W LA HFIATTRE L T2 bz,
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Fig. 8 Detection of Phytophthora nicotianae by filtering
method in a kalanchoe greenhouse with an Ebb & Flow
irrigation system. Re-circulated nutrient solution (IL) was
sampled from two greenhouses (A, B) at June 23, 2004. Lane
designations: M=100 bp ladder, {-3=greenhouse A, nutrient
solution from tank, 4-5=greenhouse A, nutrient solution from
bench (1), 6-7= greenhouse A, nutrient solution from bench
(@), 8-10= greenhouse B, nutrient solution from tank, 11-12=
greenhouse B, nutrient solution from pre-tank (D, 13=
greenhouse B, nutrient solution from pre-tank @), 14=Ph.
nicotianae (positive cont.)

2.t BEEIMLSOBERE

1€ 2 B OREHIE MR I BV T, KRR
TR Sl U THERNAERAT S EESRZ LD
IH. ER G RO Pythium JBER Phytophthora

B, e REE O v R SR
T&EDH WA & Ty 5 (Hendrix and Campbell

1970; Sanchez et al. 2000; Thinggaard and Andersen [995;
Watanabe 1981; Watanabe 1984) . A5 I25H 0T, F =2
Vfli+., 7Y, =I~fF, R NTTRRERLE 9
FEOME 2 FIVNT  Puthium helicoides 72 2 380> Pythium
BEICr T DR IR, v 7T R
7Y, Il E THIERENEH, PTHRY
7T RN LEN TV, TOD, KRPEE T
HOMBITIESN U M T RARERRLBELTWDH LEELL
e, FBO Pythium BE ORI~ W75 AR
AW TFRICHRBREIT-o12 L 25, BEMRElOREIR L
B oA ET A @B R MAEY., bzl < b7
5 ABEDHIMIEEIT T = b i, HH S ORIIC
IRy b RERFES WL EZ bW, 20 M
FOREEZHEY TRV BV, AFOES RS~ T
EFRNT, HEPLLOBRMERSI,

MHEBLOHE

PRtk

AMFFEIZiE, NTRERIE P helicoides MAFF238913
WERB LU 7 =0 LR P irregulare GF723 T BR
AL L 7=,

B Lo O]

CMA SEHEEHLCRilkE 3 L TR oIz BEE o E# 7
A AR T, RohT T AR (300ml 7 T X3
Ny N TAFRT 3 g BLUOHERK lIml # ARA— k7
L—7 0B (K L7z, 25CREREMET T 6 A Mk
L7ztkic, @A TEOACEFERY ML, FETFTA
W —C 500m| OFFEAK % 1 %2 T 100rpm T 30 TR ERE L
o, WK T CREF 2+ L C, 120 o R R
FREPRE LK, HETRES HRFEGRETE
R L7-., @IEAEEREE L1 100g O A THE = (BM-2) (ZH#
JREEYFEF4 1, 10, 100 f@igfn L T, Gk 44 {Esk
L7, 500ml O 7T AF w7 K b AZif e+ 100g 3 &
UMREE K 2 500ml A, =T~ fli+ ~ T v 7 1 {4 A,
B5CHEREN T T3 HRE®R L., BERlczd<fr
Z B L, Pythium @IREEHL (VP,) 2 30 @A EIK L T,
25°CHF BT 2 B IS L TH&E O o BEERE 2R~ 7=
B, BX3HETRRAITo72,

BlEsic B sl
20054F 5 B . IR IEFFITOY S = AEERZICE
WT, Sk EFRICHE L Wi AR L, =
Il T v TERV, BRROFEICE L TREREZT
ST, SiEREE. ankoFiEEHOCTRTO S S0k
#ExEiTY, MERELL,

& 2
s ks okl
Tadeflf Ty TERAWT, HEEOBESY 3 B
WRRE LR L b OB ERALT., EORER. P
helicoides O EIIINEE  (1unit/100g 55 -12) o 125

7 P. helicoides [ P. irregulare

100 F%
—~ s
e s
§ 80 g”,/
S 60 % 7
z 7 S
o Z 7
g 40 ) 7
= % ’,x. % %
2 90 7% //

0 L% A // i

0 1 10 100
Pathogen density (unit/100g soil)

Fig. 9 Detection of Pythium helicoides and P’ irregeloie from
potting mixture using perila seed traps. The traps were
exposed to soil (potiing mixture) suspensions for 3 days. The
pathogens were then re-isolated from the sceds by incubation
on Pythium welective medium at 25°C. Isolaiion frequencics,
are the percentages of sced from which fungal mycelia grew.
Iirror bars show standard deviations.
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Pythium¥ Y. OF Phytophthora J&TH

L DAL= HEORES BT S 0FE

Table 6 Detection of Pythiwm species from potting mixture in commercial greenhouse

Isolation frequency Species
Sumple
(%) P. irregulare P myriotylum Pyvthiwm sp.
1 2 -
2 2 +
3 28 +

The perila seed traps were exposed 1o soil (potting mixture) suspensions for 7 days, The pathogens were
then re-isolated from the seed by incubation on Pythium selective medium at 25°C. Isolation frequencies

are the percentages of seed from which fungal mycelia grew.

t 7-97% OBE THalES ., PEE (10unit/100g K5 1)
B X U"ﬁ'.‘]’&.!i (10unit/100g 1) OFMETIR, EHEET

(Fig. 9) J5. P irregulare DEETL, 1BE
EE (lunit/] ()Ug BE) ¢l ’Wl""\ HUE I (10unit/ 100g
) okl ‘h’bu*whﬂ VAL, W& (10univ100g
Krt) T67-97T%MBET J‘ﬁE:jéI.‘.r': (Fig. 9)

r}ll{l b4

BinZHHZ B0F 5 et at e

Y5 =7 LAEERFE) G 2k BT R o R+
3 NG Pythium BB H S 4. FEIEAOFFEC
ELTfER, 2 St TNt Poirregulare, |

myriotvlum T# - 7= (Table 6),

o)

VI EDFER, B2 PICEET D Puthium BHE LT
Il A AT iC X )'ﬂ'ru‘i AHETH B Z LM

RS Y R Sl

N 1

TR, FEifk H{'l} CERWTIHHE SO MR A A ED 6
h22h0  BEAMOERIZ&Zr->TW\Wb, — 5T,
il 2 P R ‘FJJ} 7% & Puthium JRTE=0 Phveophthora J& 1
DEIBRABEERERREOHEFE) R 70355
(Sanogo and Moorman 1993; Stanghellini ef al. 2000b;
Thinggaard and Middelboe 1989; Thinggaard and Andersen
1995). AT4F, HEERBUEE ClRBEM LB FV TH Y rif::
i A FE Rt'flzf'z/r)z BEZ L DEEN S %R 3 DT
DR SR S AL TUy D (Anderson ¢f al. 1997, Chellemi et al.
2000; Kageyama et al. 2002b). EEHZ P, helicoides (2 1 -
THEFRZENDFHEIL. 1996 2 =37 THIHTH
HEINTLURE, W10 87, 7‘77/:11\ X7, AFd,
H=_Z RI=TFThrLTHER WTEREEN T2

(Watanabe et al. 2007; Tsukiboshi er al2007; $:A &
2005; #3375 2005; #AG 2009; EilEG S 2009), Fived
A, TEERACEERES Z B W OIIRAE T Puthium [BHED

=4 U‘///};ﬁ'lff'»’f{tt&‘ﬁ‘ Li-fE A pEr+5 -
CHIERWICEETHD, £ TENETIE, X bXT
AYEN K B E S PUE I K S ik E (G8C) &
HLZE T, EIRME Pythium Jaf-'a A TEIR ISR T2
kA MESL L7z, AREEAWT, fﬁ“ﬁ?f&r‘f"—“|’d'>ﬁi [
EEE Tin ’L'LQ]HJI—HWI’ 5L T, "’CJPJFJIJ/J'-»}“&LM !’i”’
MERHTERZZ fi%H“ﬁhmu.uLﬂ %fj'L
LT'U]T!LLJM) %‘KL A e,
HIZ DV TiE, = ‘\meiﬁmb\é:: XIS AR T
HBbERLID, X7 AEB LI
L oMM, SESENTFIRETH D Z b, 8
LT Y P helicoides . P (Jp//zu//(Iw‘malunz BXU P
myriotylum OFNE Pothium Cin 285 5100E, AR08
B RO g o GIBIRANC I T | FPE‘LH( SRR |z
BOTHLEBICHRHNARETH - 7=

£72, WiRtE Pvthium B Pythium BT L O
P/nfO/Jhr/z()/u BEZ2W T, LW AT L

T A N —iER R OIS 2R L B R
U)*r[l BabHlz LV HEARETH D LEEZ LR

3 I L: ’/“'":n’/)

f&‘:;

;‘f]
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FEE TRERORBH

ENOMYAEREIL, S =RT0hTrazisFaR
B E—dn B oo KBAER A, MEEZHA S b TE
FEHRWT D HFR R Y, FOEERRIRERICL-TT
RN THD, Z0l=s, KE(STAEREOR AR
e Thh, TOBRZMATIOEEZ R L THHAR
W, EEREORELOT-DITIE, EREEEZH O I
LT, WMEEOERICESW@EY R MEEZ LS LiC
L0, BEHELR/NBEICHMZAZENRKEITHS,

AHFRICENT, N> b7 7 AERL= T2 F 2 H
THRE, AT Ly 7 4 F —EB L RGN
WaEHWT, B CHEE R THAMREEPLE L
T Puthium BE=R2 Phytophthora B % W4 % Fikico
WTRRER L7z,

TIT, ARETIE., BERRANTRAE L T 5 ks
MEIRE O BAEE L L Y biF. FoORAEARE - (EsR
T2V TRRR L7z,

1. NIRBRDRELRE LERR

RNTREEIEIL P helicoides \Z L > TH| 2 - &5
F T, Ebb & Flow 5300 I = F A EREFR T 1996 i
WD THEM S 41 (Kageyama er al. 2002) ., A<z L A<
7 OMETEATLEES R, BRICBWTATRE
Wilx P helicoides 3918 TR E L TREMENTMET
55, KL oHEIIe v 7 U— L BEOEIY ST T
LERAELTWS, T, BEICA>TENTHEAZ 3
T, AFTBLCF I TARBEICL2EFERREEINTE
TV % (Watanabe er al. 2007; 545 2005; 0 & 2005
Tsukiboshi ef al. 2007) . AL, MiESRMF F THLAFTE
72 Pythium BEO—fTH D, VIFE, ENTIRHELOR
WERIEEEIEL L ood AT, MWiRE Pethium B
BIZ LA WHEOERBBEENATND, £2T, =4
7 HIERIEE KRR (CBi 2 ARFO WAL L (=i
WOWTHRER L, el REAO—HL, #B5EIZES
WTEEIZ T A TH D (ML 2008),

HHBLUAE

L OGRERA
2001 #£4 A4 5 10 BICEFIATORASE 4328 -
TR LTz, K56 O Pythium BE OB, #ik
DFEIZHEL TR b5 2R B REIC LV 1T
o7, ¥BEiE IL 7 F AF v 78 bbiZH 500ml &2 A
., WEKEMATIL &L, by 7% | EERA
WCEALT, 25CHBERHFTTIHMEBREL, FZo7
NEDR b7 AHER B LT, U R IIKRSE+52
(CHRY BRI 1% 0D, Pythium 3B EEHE (CMA 1€ 5 mg/l
100 mg/l agrimycin ¥ 1. U

pimaricin | 100 mg/

pentachloronitrobenzene % ffll ; Kageyama and Ui 1980)
(230 B A 2 (XK L /o, 25°C T 24-48 BRI L
7=t Pythium JETE O BE2H <7,

UKD 5 OFIEEE O ik

2001 4E 6 A% 10 AZ/ T2 SOfigd Tl LT
WAIRAK (HUTFK) OERERELZIT-72, 2 2O (A,
B) Dk HAKER—AEA L THKZ 151 QR UE
B AR, Iz AKRIBIZL T, R STZED
Zv7 (BLT) Zax@L., | @EZEIC T 7 %2EN -
T LT, B, RUEBRO LSIEERAL T, AE»S
FEMRALRNE ST L, ERLEFF v bR
YN TARERD ML, KA ASHTHRE L 2%
Voo Pythium BPSEHIZ 30 U1 2 @K L, 25CT 24
FFfalhE % L= & . Pythium B35 KO P helicoides 53
ISR T 2 SR 7=,

RO P OMEEDOE=Y ) 7

MEER TR O P helicoides DDE=% ) » 7 % 1999 £ 7
B 2001 AT THEREANIZIT 572, 2 O REdk (A, B)
ORBOMT # 7 (FFk 50k) AORERERE Iz~
h7Z AT v (BLT) ZREL. | AR LIz b
Tyl - AE LT, EIRLTE b T v T bt b
77 AEEATO ML, K EPREESHHECRRIE LIEIZ,
Pythium &EREEHIZ 30 Ul & @R L7z, 38°CT 24 B
E53& L 7=1%\Z. P helicoides 0%y BERIEE %2 R 7=,

Fle, I=ATOHNICEEr T — (BAYZED, ¥
REHT AT F74) @B L. BEICSERIERE A
FHfll L 7=,

2 JIRE A Bk 5 K USRI U ACER O 08 3R 7
WmERPORFEEOE=2 ) VRERR L, Bt
MR O ARISDW TS L -5 B, AdEICHERR A T
HIE S oo —EiL, LU BTEHEE T4 XU iEgk
BICHIBAZIhAZ LALLM -T2, ZoAM
BEAERIZAA B LT P helicoides T8 DA % T ~7-,
AHNCEHIES TEE ST oBEA K 9 ST 225 £R
(& ah T 25 k) #2001 3 AP E)-FHICEHELZ, &
PROWBZFIK FTHOIzHEd L, WiElo L) KL
ez, 2 BRIGEMICEEKL, 25CTERLT
Pythium JREE 7 oyie L=, BESEIE, 40CHEETOER
OF ., TR S L TEMTED P helicoides
DR EZT <7, T2, W% B THERUBICH IO
LA S =2 2000 4R 7 HICERE L, Zh bLIzou
ThHEERIZAA~T=,

Rt ORI A
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Pythium}3 5. O Phytophthora JiE- X HIE 955 O & 2T S UL

2001 £ 4 B A6 10 AlCEHH 2 = T EFERGE D IR 5 DHE I OB
L -ERAORAE L 2807 ro 5 h, 18 2001 %6 A6 10 BiZ, 2 D% (A, B) ’G‘f)i)l
TG Pythium BRI X 7=, TEEES 'thﬂ o R TWAHERAKIZDWT BLT A WififdiEic &

EFER L0 oM 2 W 5 CRE L 7-fE %, #idEL Pythium JBE 2 U E, Wik A T 7/7-713 12,
T4 7 WX P helicoides | X388 BV 72— 7= (Table HigZ B Tl 6/30-7/6 \Z Pythium J&#; J\’!JK‘H ahf=»n, 2
16 helicoides & VXHI & Mz BRI ZMTH-T-, —FH, TOfh
OB HB TIROTHOREE TE Pothivm BRI ITRE S
Table 1 Detection of Pythium species from potting mixture N1 (Table 2)
soil
Lot  S¢ ling Delivery ae i AT
3 {d are
1 4/10 = 7 _ 1999 £ 6 H 7225 2001 £ 12 Hizi ) SO P
2 4/10 - + - helicoides e =% 1) . L{-fEHL, Mig% A TiL 1999 4
j “{'2‘: - g i 9H FaFB LU 2001 28 H Falckii sz, —H, i
6/ - 1 - e 5 & ) o | - g
5 6/11 - y - A% B T 2000 1F 5 H 35 JU02001 R0 4 H FH)-5 HICER
6 6/6 . - . Hah7 (Fig. 1), YHERICHBVT, Had¥ A i3 i
/ 6/27 = . HTOBE R, MiEE B Ii3dd L ARB LU E Ao &
8 6/29 20015 + - ol e 1B ek i ke
9 6/29 2001.5 4 . LT7= |<|‘Ig. 4)0 1= .’\ 7 /)'{‘Eﬂ’l'-}i vt ””Jl“ %’;l,fULu'n'.
10 716 2001.5 2 AlZHBWT 6-9 BB anT:,
11 712 2001.5 -
12 /14 2001.5 ks - " - b
DR EEHE
13 TE 2001.5 + - e fH)EH B _ )
14 730 2001.7 _ _ 2001 43 A6 ]]JJrf/J\‘) LTl 7‘/‘71*171(/){51“th
15 7/31 2001.7 + - DUVTEREANZIR /R 3 HE s ABXU 10 AN
ij e iggi; - - 5 11 AOFRHR I 20CHI & Th o7z, —H. 7 A
8/6 ; - - y v s o P - o
18 ]/% 2001.7 + B 5 :\ 8 )‘1 ORI —tjiu H_Amu I 27 ( > ([lg 2. Table J)o
19 8/9 2001.7 - -
20 8/17 20013 - - AR PR & U U AR O LR BT
21 8/27 2001.8 : : 0 I HGRY A CHERE %17 B S CHA & 4
9 978 2001 8 B _ 2000 [‘.-JJ{‘_’.'? \, BB L7 Lwr-,bh“ln_lltll"&' \’Iﬂ‘ R L
23 8/31 2001.7 + . C X =T ORI, BLAFREE R L T Y IBRUER
24 9/5 2001.7 - - BERH LN LONH T ’[“m 3C-D), ZhDBH
2 51 2007 + - & P helicoides #1552 3 S hu -, FRIC, 6-9 1D
26 914 2001.7 . - B e =
37 91 20017 4 ) L= ORE L 57.4% 2 JEFICE D> 7= (Table 4),
28 10/15 2001.1 - -

Table 2 Isolation frequency of Pythium species from well water in greenhousces

Greenhouse A Greenhouse B
Frapping period
Pythium . spp P. helicoides Bythimn . spp P. ficlicoides

6/9-6/15 0 0 0 0
6/16-6/22 0 0 0 0
6/30-7/6 0 0 67 0
7/7-7/13 33 0 0 0
7/14-7/19 0 0 0 0
7/20-7/27 0 0 0 0
7/28-8/4 0 0 0 0
8/5-8/10 0 0 0 0
8/11-8/17 0 0 0 0
8/18-8/24 0 0 0 0
8/25-8/31 0 0 0 0
9/1-9/7 0 0 0 0
9/8-9/14 0 0 0 0
9/15-9/22 0 0 0 0
9/23-9/28 0 0 0 0
9/29-10/5 0 0 0 0

Data are frequencies ot cach Pythinm specics from 30 segments of bent grass leaves
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Fig. 1 Monitoring of Pythium helicoides in two miniature rose greenhouses with an Ebb & Flow irrigation system. During 1999 and

2001, bent grass leaf traps (BLTs) were placed periodically in the nutrient solution, and used to determine the zoospore isolation

frequency. Arrows with dotted lines indicate the periods of root rot disease occurrence in the greenhouse.
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Fig. 2 Temperature of potting soil in miniature rose
greenhouse. 2001.3-2001.11. Arrows indicate the periods of
detection of P helicoides in nutrient solution.

INLOMAESRMMBZE UL Z A, kP IZiTIiaF
BEBIER STz (Fig3-E). £72, B LR
b P helicoides '\ EDMT P, dissotocum =2 Phytophthora
megasperma 7% & bR T, —F5, 10 A LRI/ E
L7z 12> D P helicoides VX3 S iz noTe, 72,
i B T 2001 FEOFRLURICHE LA S 4725 OPREIK LT

DONWTIHRARFER, 3 AFICFELASIR S OREEIT
75%-85% & FEHEITE 0Tz, —FH . 4 ALUBRICH LA
NI E b5 P helicoides 1353 E S 72> > 72 (Table 5),

Table 3 Temperature of potting soil in greenhouse

Month * Average Minimum Max
Mar. 20.3 14.6 33.5
Apl. 212 13.8 36.2
May 20.0 92 34.1
Jun. 22.8 13.0 329
Jul. 27.4 19.1 37.9
Aug. 27.2 22.8 373
Sep. 22.4 10.5 37.0
Oct. 20.0 9.9 313
Nov. 20.3 16.8 32.0

#2001.3-2001.11, Mar.: 3/14-31, Nov.: 11/1-16
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Table 4 Isolation frequency of Pythium helicoides from roots
of miniature roses of an dormancy state at outdoors

Isolation
Cutting date Cultivars frequency Sampling date
(%)°

2000 Jun.21 White Run 100 2001 Mar.29
2000 Jul. 1 Teddy Bear 75 2001 Mar.29
2000 Aug.25 Teddy Bear 60 2001 Mar.14
2000 Aug.29 Cock Tail 3 2001 Mar.29
2000 Sep.20 Pinoechio A-2 90 2001 Mar.29
2000 Sep.27 Pinocchio B-2 16 2001 Mar.14
2000 Oct. 5 Loving Touch 0 2001 Mar.29
2000 Oct.10 Purple 0 2001 Mar.14
2000 Nov, | Pinocchio 0 2001 Mar.14

® 25 samples were investigated, respectively.

Table 5 Isolation frequency of Pythium helicoides from roots
of miniature roses which carried out the cutting in spring

Isolation )
Cutting date ~ Cultivars  frequency bamphig

a date

(%)

2001 Mar.23 Ben Moon 75 2001 Jun.20
2001 Mar.29 Pinocchio &5 2001 Jun.20
2001 Apr.17 White Run 0 2001 Jun.20
2001 Apr.24 Mannish 0 2001 Jun.20
2001 Apr.24 Easter 0 2001 Jun.20
2001 Aug.10 Ben Moon 0 2001 Sep.18
2001 Aug.10 Easter 0 2001 Sep.18
2001 Aug.12  White Run 0 2001 Sep.18

* 25 samples were investigated, respectively.

&

Fig. 3 Dormancy of miniature roses at outdoor field, and
infection of Pythium helicoides. A: Miniature roses at outside
of greenhouse. B: Miniature roses put into greenhouses just
before. C-D: Rotted roots of miniature roses. E: Oospores of
P. helicoides in infected roots.

(5 TSNS 0 [ 11 [12] 1 [ 2] 3[4T578]
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Fig. 5 Disease cycle of root rot of miniature rose caused by Pythium helicoides.

2D

Pythium helicoides V= Y. % 7S Z 1R IEHT 18 1996 4512 £ 584
L8 S =8 T A RERIRR -5 T, FORAER L5

RBRICOWTHREEITo 7o, B—RERE & L TRER L,

FAMBREZ Shicf- R 7T 8L BTk
LRI R, WIS b P helicoides 13RI S 07
Mmotz, LinL, o Pythium BETIEE 0 6 SR IO
Hah, Fkpsir— Mt Ens, o0, &
WEEE T Pythium BEPREB SN Z 26, BAEYNTIZ P

helicoides D% —FARY TH - - aHEYEILEE TE 20,

T BEWEOEREMAD, 2y Mo Lo THRERIICE
MO LIEI L B LEOBALESCHEGERICEE
LIz B8R Yt oW T B2 BT A L EX O,
P helicoides V%, [ERN Tt <7 iREH W0 TR E LT
BEMENT-RETH DA, 1996 ELUFHZE R 0 3 )
ERRESNTWD Z LG AL LIZ L RBAD
AHEME OV EIBED O H P E L TV b 0T
[CREY L7-9TREME S B X 515, Yin-Ling e al. (2009) bX,
P helicoides D<A 7 W% T 54 h~—h—%F B LI
Ke—H—iz Ly [EFEEKEOERMENFMETCE 52 &
e, Stk WSO L EN O SHEEK A KRS S 2 &
X0 F— AR IE A S TE SaREME B 5,
AR O X2, UKL THEH L QNSEE 12055 P kelicoides
RSN -7208, R XD T AN Tl
S, ZoZEDs, MHEECIE— R A LR D%
PHCFEE L THREEZ IR L TWA RN E Z v, &
T, R EIE T OREEOE =2 7 W E A REEICT
ST-FER. fEf% B Tik4 A TAPS S A LA, Mk A Tik8
A FaH69 A FaIZ P helicoides 734 S d07-, 244 BE i
FBITEWT, A EELEICHATATOMEMRE LT, B Mk
ARL AR B RO OB R EL TEAI S TRY, A Hi
FY RIS SN oO—5IL, AHIC B33 TlA

SHBEIZ B HRICHBASNLIERNBE LR TV
(Fig. 4). % ZC, ZMBAPROMEIRELZ M7 FE 5,

A CIEERE SR SR, THHOEO B Miak~
O ANFE & B K% OFHE T D6 D P helicoides 001 HF
My h—H L= e n, 2R 6EOKRIC K > TRIENO
RREEENE £ o EMESmVE F XL bhi, 612,
BMifZ CHE LA, HEPOWIZOWTHATRR. SAD
BB ETICHER SR TOWEES»OEBEET P
helicoides D3BESIVI- = L, TREREHEZ AN L THFW
sl L alEEsmun B o, Th6D/RNG,
YRR T IS TI AW A RO BN ~OFIRAIZ K -
THHEIBREGRL TWDAEEAmNEE L Lk
(Fig. 5),

Fh, =2V TRECERNE | AIFORIFRIIED
BIDH 69 A LD 1y HRLERTA G, FEERIERH 0O J [
BENEE>TWBZ 2PHALMMT T, T HRIERHEO
FEEEIT 35CRiRTH AN, BEFOFBERIZEN
X YKV (Kageyama er al. 2002), ASp I3 20-25°C TREAIZ
WEETFERIEED B, 30°CLL LTl E TR ESME T
T 5, SRNIBEEIZ W TR ISR~/ R, fEBd ik
= P helicoides D5 &= 4 A @06 s A ERB LK
9 A XS HURIE 20°CHiTHE Tdh - 72 FiC 4 H TRAEIX
EFOBEAE LT 5720, B OSBRIREEL)R
HoHN BFORERELEF LI KREN2T, ZO LI,
YRR O FE N &l EF OB I # 7 R R o 7
TENERBEOEEELEDIERTH D L AR
Sz, —F T, BB TH D B &R 3R D
B P helicoides VERRI S 7ginodo, 7 HB LT 8 H OF:
HUEL B 1 T 27°C, @l 37 CTh o7z Z L bilEE
FIEEONH STV DAL B X L7 L ED T &
D> | AT LR SR A OO BN AT#A O B LDl - A B AT
TERR L TR AL K1 2 — 05 T, B M e 1 e e 8
OIIFVEIE I D b O OBEETFRIC X D ZRGERE
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i SN D FTHEMER R I NIz, ZTO/RUICHOVW T E BT
BREBLBTHD,

W REEE TIEBIE, B MR EAC RO B A Z T v
LHicEL, BRBOMEIZEH TS, £/=, KEOD
THRERIBFABALIVLREVERCREZI o TS EE
ABNDI NG, FE=2 ) L ZIZ L2 RR A, BikRic
LOEELRETETHDZ EZL LN,

2. AT A IRBBEORELRE L GRR

ITHE, 1EEREUEbb & Flow IS AT AZ KA L T3
Hihoh T v a = AfERGE (Fig 6-A) Tik, EMICRE
91 (JFIRTE : P helicoides. P. myriotylum) D#EFHIFAE LT
WD, AFITESREREICOMEENRET D08, Mk
TOEMALM L -@OBESIITHTHS, T 2T, KR
HOH T o EERRE (P helicoides |= X 5858) 128
WTAIRORAERZ DO TR L, A4 Bhsdfico
WTRRET L7,

MHRELURE

K oOfREHE

2005 6 AICHERRIOR LAY 7 AR L2, 4
RTHEMOME ZRiFEN TEML TELZRE LT
Toizdh, WD S ICERR Lz, 856 @ Pythium JBE O
B, AR = =@ %2 HoisiitiEic L v iTo7,
Bl IL o7 7 AF v 7R AC# 500ml 72 Adv, B
KEMZTILE LI, v 7% 1 EERNICEALT,
BSCHEBRRMTTT7THHGEL, 7 v 7HE O %[
L7z, fEF 3K 2+ RO T=1IZ, Pythium i$#
REEHE (VP EEHE) 12 50 fliF A2 SE{EBICER L/, 25°CT
24-48 WEEINETE L7212, Pythium J&E O B2~/

SR S OB O R

AARAOKIRE L THWTWDHITF A% 200 HRELL .
AT L7 44— (Millipore £, Durapore Sum) T5
Ltz 740E—% VP ISR L, 40CT1-2 HiE
3 LT P helicoides O 457 WE 0 47 1 % Jf ~ 7=

(e B O A [OF hel R B2/ 4

WHEFE D 2R (A, B) BT, 2004 FEH25 2005 4
ICTRBRIETE P D P helicoides #€=4% ) > L, Wi A
TIHE S F b OBEE A EIRT DHEOW 4T | L O%
WAL, MWIccT= bT v 72 AN (Fig 6-0),
Fio, W% B T FHE A — i BT 2 Tl 7
U2 T T HRE LI (Fig.6-D). M7 v X
7 AMGEBL. EIRLE NS v 7o lFAIRD L.
Gy Z W AR TR L2120, Pythium :BiRESHIIZ 30
Gl 2 @eE L7z, 38°C T 1-2 BIMEE3E L T P helicoides O
SYBESERE 2SR 7=,

YEM N S ORI E OB

WhiFk T 38 LAR LI 2 Rl —HRR TER L TBY .,
IS IERT D E CRHBEEREER T EH ENAKE
fToT\wW5 (Fig.6-B), £ =T, HEHEBHPOF D
RERRERARL7=0, XoF 25Ok RIC T v 7
B L. EXROFGFET P helicoides 043 B D A7 1 2 P8~
7= (Fig. 6-E). E£7z. U TH O FEEFOE LT

BT B Ko F Lo THBELER - FHLUER
Peifr~<2F 5 5 WIS W TRERD BT P helicoides D5y
MDA AR <T, S B, HmHIcHy PR NS L F
FIRAShAZ L AFEBD B LA 6 5250 TG+
ZERERL .
i~7z,

k7 v T &N T P helicoides 053 80> £ 8 %

E - S ﬁ“ .

Fig. 6 Detection of Pyvthium helicoides from cultivation
environment of the kalanchoe. A: Ebb & Floe irrigation culture
of kalanchoe. B: Cultivation of kalanchoe seedlings by
overhead watering. C: Traps set on to drainpipe. D: Reservoir
tank in front of main tank. E: Drain water on cultivated young
seedling bench (arrow= perilla seed trap). ¥: Wash the bench
with water.

wOR

Bt - BUKM G OBl

YT Y 7 UTaRE R B, Pythium 8 3R
EXZerolz (Table 6), £7z. KUK G & Pothium JBE
B Ehiso i,

Table 6 Detection of Pythium from potting mixture soil

Sample v Cocorful Compost Sand
A B husk
1 - - - - -
2 . R 5 s 5
3 . “ " J

Detection test was conducted by bait method using perilla seed
traps



I B LB 3 i o & — TR e 11 B

Wk boe=y S

AT raciBEmc L HEEFIL TA LB L BAEL
bheh 8 HICEEHI L 220 . 9 H P EILIRE R IZH L 10 B
FHLUMBEIEE A LB BN otz, BREETD P
helicoides Z#E=5 U o VRE L #5558, AFITTEREIE
MOERAZE L TEEEICRHE SR (Table 7, 8). fEHR
Bz PO IL, I EITEMZE LT B helicoides D3 SR,
MaRZ A DR S F ORI VTR S H Pz 23%.
6 H B 100%I0# L. FKIC 2Bl 23K 9 S48
R L7ods A0S & B EE TR S, MR EE ik
OWEHA LD —EOERMAED ST, £/,
Wif% A Titdli L KERRP OS2 F b b P helicoides H3F
Hahiz, ZheO~FIERERAMEAL TEe T |\ E
AREII TV (Fig. 6-B) .

PR 6 DR
REFEPIO4F L AR5, WEE T2 TOMM,
EREEAERTTHEPAKRET> TV AICHLEDLS
T, 2B DR F DI B 6 S P helicoides HAH Eh
7= (Table 9).
T, RNUTFEREFOFEIZL D P helicoides 0453 BEWEE %
MRTER, SUoFEERLALVESIE 38% Thold
AL T, LS FCR 3% EFLLETLE
(Table 10), 2 $5, B F 5 ficHVWTHRE LT-iE%:
AR RER, 4 OB HED S B helicoides D S vz
(F—4g), £/, Ty L AICHFLERELLD
AEH R S (Table 11).

EX0)
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2000 fELARE, A7 REHIZRNOBEEO LT ax
A RERGE CEMIICWEEARAEL THD, ARE TR R AL
oI BN OAEBEMRR L. T2 =o B —RE T, FElE
WMETHTZ oA EEERMLTWS, L2508, #HFEOL
NCEHICIRIEHEOWENRAEL W, AZ7aRER
(21 2 myriotylum 35 XT8N P, helicoides 00 2 FFEAEERL TWH
HIEBRR o TEY ., MERIZE> TRIROFESR2503,
ARIFR O FEEIFBIENL P helicoides Tlh-oi=. T T, Al
RIZBITSRBAEER I DWW TR L=

B—RERIREELTEZLNAE L, K2V THRFELE,
Whagk THEAL TWHEE LI, E—hERA, 323ty YRS,
L UHEIB IS LW RN TIRS L THV BTV,
InEfER Y7 VIGEL | fifREERVT Pythium B
BHOBIEIT12L 25, WTFhoV 7 uhbbikiiEhg
ot iz, ML TOSHUT ARICOWTHRERIC
BHENahot, ThbOREREB L UVEFEFE RO/ E
Pythium \ZE->THENBELTOBBUILDS, BN TS
RBRERSHATHDAEABELNEZEZONTZ, 2T,
2004-2005 0 2 FfH, HhEiRO25HiFE (A, B) 12380 T, 1§
BRI (A R IE~rFHik, B lRRIZ Tiwsr2)ho P
helicoides DIHEZHIEEICIVREL -, BERIC L 58
T, THERBELIOBAE LK S i@, 9 A
FALARERE D L 10 APRILRRITIEE A YRR LR
oz, ZHUCHE LT, IR B, IRITEM A
LT P helicoides i ENT-. Higk A OPEEIZSW T S
A2 23%. 6 H ERIC 100% 258 L. fKIC Lol
PMETF

Table 7 Monitoring of Pythium helicoides in two kalanchoe greenhouses with an Ebb & Flow irrigation system (2004)

Giseilivsiise Place 5/19- 6/16- 7/20- 8/24- 10/19- 11/206- 1/18- 2/23-
5126 6/23 7126 9/1 10726 12/7 1/26 3/4
A Mature seedling lane 3 100 100 77 13 43 93 7
Young seedling lane | 3 20 0 40 23 0 50 0
Young seedling lane 2 50 12 43 87 10 0 73 20
B Reservoir tank | - 100 7 27 97 40 7 97
Reservoir tank 2 - 3 43 0 83 0 13 100
Data are frequencies of P. helicoides from 30 segments of bent grass leaves
Table 8 Monitoring of Pythium helicoides in two kalanchoe greenhouses with an Ebb & Flow irrigation system (2005)
I Place 5/16- .6/24- 7/20- 8/23- 9/27- 11/1- 12/19-
5/24 7/1 7/27 8/30 10/4 11/8 12/26
A Mature seedling lane 73 97 97 17 100 100 100
Young seedling lane 1 23 0 &3 0 n.t. 47 93
Young seedling lane 2 10 13 0 0 43 100 100
B Reservoir tank 1 98 100 97 77 100 97 100
Reservoir tank 2 70 97 100 100 100 97 77

Data are frequencies of P. helicoides from 30 segments of perilla seeds



46

Pythium¥3 Y. O Phytophthora B L DL SR HEOBREZEN M3 20158

Table 9 Detection of Pythium helicoides in
re-circulated nutrient solution from young
seedling bench

Number of bench Detection bench

25 6

Detection test was conducted by bait method
using perilla seed traps

Table 10 Isolation frequency of Pythivm helicoides from bench
drain water

Consecutive bench numbers

Washing of bench Average
1 2 3 B! 5
Non-washed 87 100 0 3 0 38.0
Washed 0 0 17 0 0 3.3

Data showed isolation frequency (%) from perilla seeds

Table 11 Detection of Pythium helicoides from surface soil of

culture tray

Detection frequency

Detection %)

Number of tray

6 1 16.7

Detection test was conducted by bait method using perilla seed
traps

FTAMM Ao U223, £ @ TR S, rhEa
EIZIE—EOERPRD S otz KEO L Z v
&ﬁ%mmvu%?mn\mnﬁﬁﬁfwm*ht:wa
B, FiEH O P helicoides DRI E IZEVIKIETH -
FrEBZ NS, BRNRBROERNE . P helicoides V1T%
Wb o EFEED 40 /L UEDBE. 7 HHO FZ
v 7R THOBEEE L 100%ICE LD G, BFEL
FORIECHEE ThoT-Z EWMEEINS. E->T, &
Mggomes., M7 v 7OREMBAZES TS b oL
Af;&ﬁ‘ﬂwﬁﬁﬁfﬁ"e RREME S E R B, 12, wWTh
b2 U b Y e R oo 17 B8 3 i b e f) ii FEMAMEIT P
helicoides DM TR SN2 206, §F B HIR
ELTREREHREREZLTHS yz{_L_Jﬁ'LfZ:

BT raxii—ERICHEL Kfﬁf’ié«'li’if‘t@ﬁ A, [ESE
HTHLE BOMFLBEASERE A THLAKRL TERLHFTLTW,
Too FRURLICE L, ¥R T X COMEIIFRRIEL 5 2
TR T_J:L’Jﬁ\ EDA KL TOHAKEBRIN TV, E
=2 U REZBVT, mzﬁ‘fu‘)ﬂwﬂjﬂfﬂ;&% P )
BEWmOEEGR S Y P ohelicoides D3ESHRE THady X ﬂ i
%wﬁ FL 35 TRE S0 FUK 20 SR R S e s
Sl EMmG ENLUAOERNREZ Sz, £IT, L

ARICEHL TV 25 O F Iz o0 TEBICHHE Lz
TR 6 H DR FYRE D P ohelicoides 3R S AL,
Flo R F oG OFEC LD RHBEZ OV TIRA T
R, RFEEELRVIBESOSMBEEIL 38% TH-
O LT, P LESUFTIRI%EF LSBT LE,
By b F AR LRSS bARESRE N
2. ZHEDFERING ., P helicoides | IHRPEHF L F2 b
v%&fwﬁﬁﬁﬁ'ﬁgtﬁt+w§%®tr'ﬁf*
AMES N HEITRG L AT TG BRACHE 2t T his% Py
EEARER LT b‘%ﬂﬁtﬂ?ﬁn?»b‘ L& /uwa‘tf"

VL EOFERDG , BB O R AZME 3528 — o
GO F T O I~ O ”‘*T‘% ""*?ﬁi
B &, B TSI R 000 IR 9 B AR L R 2 ik~
TNy i il R YA 'iuin/ LEZ LN, T . IhEHEE
ot TIFIBAME, BEEFELLB SN RELLIIEIC
Lo THRSFIEE Rl 3 f‘THETL%Z) rEZ LT,

":UA%@;’EUD%EEF& ERRIR
2005 4 2-3 HIZugRIRPIO BB OSBRI TE 7
= "JLEJ@EW#}‘:,’)»%%& L7z, SyBE@EeRIL, TR IERY RS &
Pythium irvegulare complex & RITE &, AMERE OFIEES
LOEFREIZW TR GO THEELL Tz, —3F,
RAPD fif#fds X U rDNA-ITS s o — o o o ARt 0 5
STBEFERRIL P oirregulare s.5. 45 OV P eryproirregulare \Z4H

BLf, £ZC, AFTIHBEERCTRA LIz Puhium
irregulare complex (ZX 2 #EORAEBER I OVTIRETL
el

MEE LV HE
ki ik & Ok th

I =0 LAEERHKIF (A, B,C) 280 T, 2005 422
BT =0 LADORFBBEEFELEREL, BEOFHET
Pythium Wi % 57HE L. P ir regulare complex )4y HERFEE %
WLfo, Eim, Mgk B IZFRWL T, 2005 48 10 B o8k B
ﬁﬁrf)ﬁ&)k-t»‘éééﬁ!ﬁ[’ri%t:*f:/7" UL, NARM HiHt
(Morita and Tojo 2007) % FHUNT P irregulare complex )%y
HESHE AR ~7-, £/, iR B TRET=v sz
& B I (Exacum affine) 15, Mgk ¢ TH=F¥ L LB L
W =T (Garbera L.) 15 _JL Y, hen—
HC 2005 44 A, 2006 F 3 AIZEMERSIREAE Lz,
eIk A PR SR u‘ﬁﬂﬂ‘ﬁw/ﬁﬁ@ [RE %17 - 7= (Fig. 7 E-G).

EB(LH =T (LW T, ¥k o¥ 7 =7 LBk
X0 3L P oirregulare (sl'74"\ [%Iﬂk""ﬁ?_/\ HIZHERR L |
WCTEH L THREMEOTEA MR L

+Him S OBt

FERETH EITHIZ#ER L T D IRERT LA 2005 £ 4

i SHBOLABLI 12 AICEESICY T 7 LT,
D80 Pythium B ORI L, Ao = < fli1 4% H
l/‘ﬂmﬁﬂ_!*ﬁ' LV Tol, =i+ % 95x 7em DR
TR 50 AL, 121°C20 M EAESRBE U Thite H
b7 o7 (PST) %{FREL7z, L IL OF S5 RF v
T FAAZH) 500ml A AAL, BEIE K Mm; T IL & L7z, PST
| EAERRPUCEA L T 25CHFREMTT7 BEHEL,



I IR FRIEH T & 7 — WS

Moy 7RO I EF 2B L =, MK E 2
CHRY BROZ RIS, NARM HEHILC 30 18 & BAES (@R L
Tz 25°CT 24 WRWIHEHE L7=1RIC. Pythium B A2 57REL |
P irregulare complex Oy EEMIFE 2 R /-, BT/ > 7
N3 EETIT=, o, MR A LBV Tk, $kETFHA
e Eoosh < ACHERE L Td » 1o EHE A5 L L Uk e
BED O A 2006 4 1 HicH 7Y o2 L, Bidko K
T P irregulare complex O 4 HEREIE % ] ~7= (Fig. 7 A-B),

s Py S Lo Y &

o -
_?‘ 5':':_’?- 1%

-

E (o — - LF§

Fig. 7 Detection of Pythium irregulare complex from
cultivation environment of the geranium.

Az Used potting soil which is put near greenhouse., B: Unused
potting soil (arrow= water invades {rom the outside)., C: Drain
water on cultivated bench (arrow= perilla seed trap)., D:
Geranium seedlings which infected P irregulare complex., E:
Gerbera and geranium in a greenhouse that re-circulated
nutrient solution., I': Gerbera which P. irregulare complex were
infected,, G: Exacum which P irregulare complex were
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infected.
Bk, HE S O

MAKHOKEE L THWT WA T K Z &R D5
20L BRH L. Hongeral. 2002) D HEEZBE|IZLTALT
L7 )b — (Millipore . Durapore® Sum) TH5|5
W%, 7 (/F—% NARM KHUZ@HE L, 25°CT 12 @
3% L C P irregulare complex O yHEOFEAEF~7/=,
B MAEIL 20055 11 ABXUN2006 4 | HD2[E{T~ e,
Fiz, 2006 £ 1 A, EERTET =V LE2FRFDOT—
NRFOHRBIE PST gL, 7 BEICERL T
NARM $EHIZBBER L, 25°CT 1-2 AK53& LT P irregulare
complex D 5yiff oo 47 85 25 ~7= (Fig. 7 C),

s R

2005 HE 23 HIZHEESE R LIZ 3 FOREIZBWVWT.E
—RRGHRB L OB RERROMEEZ T2 B—RiE
PR L LTEZ LN D HIT /K, 853 3 X ORERRE L 1138
EAHICOWTHARER MTALLIZWTROER T
Yy P irregulare complex (TR S ipd» /=235, HiFk A (2
BT A0 38 48 X Ui aR B0 487 & M (c
R En, &6, HHMERLDIZOVWTIE, & A
BIUBbBHEI, FROmER A Tk 23 R $ 143
sk Shic (Table 12), E7=, Mif% B W T,
HEFPLEANEEOELEIG P irregulare complex 73
7.5% OB TRl 407z (Table 13),

WIS, FoERRE LTEZ NI FHEEE. W
EIEWIZ W TR, TORBR, W ORMERIZHEWT
£, F AR S B BEREIC P irregulare complex D3R HI
B, iz, E7 =0 LOHRAI#ICE—RE THEE X
WX h o H—<_FIZHREERSED B,
NSO EBY P irregulare complex 73S IR 41
7= (Table 14), Z® 5 B, =% Y H L57HERIZ > T RAPD
fRIT 24T > 2/ 58, & Type Il (P crypoirregulare) T
D, F—HRDOEZ =7 L5HER O & —F L7- (Table

Table 12 Isolation frequency of Pyrhium irregulare complex from cultivation environment of the geranium

Isolation frequency (isolated/sample)

Sample Greenhouse
A B L

Plants

Geranium 5/5 5/5 ) ¥

Exacum affine - 242 4/4

Gerbera L. - - 5/5
Soil

Potting soil (unused) 14/23 1/14 0/18

Potting soil (used) 5/5 - E:

Soil around vreenhouse 8/8 - -
Water

Well water 072 0/2 0/2

Drain water 5/6 4/5 6/6
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I B MR T 2 > 2 — T e |1 B

4), &bz, E7=vrmblfshiz P irregulare
GF745 Wbk %, fltR27o i —< T ol (CHEfl L 7 RE R, BEfELR
ARSI 3R S, FfspichbsE L 7= (Fig. 8).

Table 13 Isoration frequency of Pythium irregulare complex
from the seedlings of geranium

I Numbcrlof' Isola'tcd :;2:?::;
test seedlings  seedlings (%)
Multi bloom lavender 10 | 10.0
Multi bloom pink 17 4 235
Multi bloom white 11 0 0.0
Multi bloom bright rose 14 0 0.0
Multi bloom  scarlet eye 14 [ 7.1
Multi bloom red 40 2 5.0
&t 106 8 7.5
1) Greenhouse B
FLED

2005 4= 2-3 A2 R4 L7z P irregulare complex 12 55
7 =0 AZERHROBREREIZ SO TRAZ, ROk
ELIZoWTIE, MR A BLUBOBRIEBSh, FCKE
A THEHBEICRBEINE, £, KR A LBV T
(o FH i Ze 553 £ 45 KL UMHERR 80 3 6 b MBI R &
N, £, MEid% B IoBWL T, BEELSMALIEE
VS P oirregulare complex 23R H S 407, Pythium IR
LR L R H o R 54 LTV %, Hendrix & Campbell
(1970) i, 7 A U 0 & Hhoo HHRE0E 2 il ik & ARk
Z FANNT Pythium BIE O 32T o728 25, 90% DK
6 P irregulare-P. debaryanum OEATEA BN S, 85
e PRER 10,566 FEPROD 55% % S0 7= L BE L TnD, &
7=, Watanabe (1981) {% H AE ¢ 48 Hi Ao 8530 5
B, 96% DFAE G Pethium [REVB RSz @S LT
Wh, ZOX ST, Pythium Wi S0 E A AETE
L. ThY P irregulare complex | EfRO—2E %X 5
N5, RPIZEICHBWT, R LS 806 @EE TR

7~60 (2011)

Fig. 8 Pathogenicity to garbera of Pvthium irregulare s. L (P,
crvploirregulare) GET45 which isolated from geranium. A :
Control., B: Inoculation.

HEnl-oik, B EoMEEE. [RERTORE, TER
BARECHEL WD EBZ o AFHRICHODOE
BERVETHLLEEZZOLNT,

Wiz, BoREERRE LTEZ LR FRPER, &
EEMIC W T~ TORER. WThoOMEERICHEWT
by FNPEIED G S P irregulare complex 4%

Table 14 [solation frequency of Pythium irregulare complex Irom geranium and exacum

Isolation frequency (isolated number/sampling number)

Greenhouse Geranium * Exacum *
P.irregulare s.s. P. cryptoirregulare P.irregulare s.s. P. cryproirregulare
A S/5 0/5 - -
B 0/5 5/5 0/2 212
C 0/7 7/7 0/4 4/4

“ Sampling time: geranium 2005.2, exacum 2005.4
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Pythiumds 5O Phytophthora i £ 516 2 E OS2I 507

B ENT Z b DA KIEEZE L TR—< FHNO
il PR~ L | A0 MG BRI RIS Clidfh o < F~
PR LB EEZx BN, £, ¥ 7 =17 LD
A lcl—RE TSN T\ FFh o H—<F o
LIRBAER AR B, ZHHOWEe 4G P iregulare
complex ANEER IR Xdiz, =0 L5 HER I RAPD

iRt DR, [ —HEdk ¥ T = 7 L 47HER OR L — 8L 7,

ERIC, BT =0 LoyMERIE T — =T I LERMEEY
Biviz, e OFERD B P irregulare complex 133 %
I L THERR I R ~IEAS 0 ¥ T =17 AR LI iz
LEREFERAEE L LS &GN O EEEDER SHh
Tnd LEZ I, YLEDFER. €7 =0 A0fIEHzR
lZFB\W T, P irregulare complex [ FIR A L, W& U THi
RN A~ES @A L DAKERIC L > TITWRERL TY
HEEZLN, U EA~OBRGLEB® S, P irregulare
complex (X, ZIEOHTHY | SRR EIZL > TIIEL
OF B EES| R TS H D, 2O, B
IZHERE R ~ORE DR AZE TEBHRY A F52 &8
VETHD, REEBRERICAERLTEY ., Mikr~
DB 5 LR THE EELLR
DO IRENE OB ORET D D RS Lo
R, BEEEA ~O T AR OISR R LIz, DU A
s EERBSHD - LEAHETH D, —F TIEE, Pythium
BEIZOWTIE, 2 2 7 F 2007 0o5F B 7HIO0E

E AV ST Y (Moorman ef al. 2002, Taylor er al. 2002,

Moorman et al. 2004) , LEABED = HIZILEE O T =4
Doy B THBEEZ LN,

h G

AT TEL, B IRAN THRA L TV DK RRMEHRED B
REYWGE % - 0 B, FOREER L (EREBIZOWVTHRT
L=,

TR O TIE, ARG 05 Pythium BTEED 5y
BEENDZ b F—REBRED—2E LTEHELIZXY
PR RPN @A L2 ATREME A% 2 & T, TEER TR
DE=K ) TORER, RWEHI Y 30 BLLERTIZHEiE
FOBREHBERE L RoTRY ,, AT ~OBRIT RV
ECEZ>TWAaREMEREZ bz, Z0fRR & Hio
W ER R AR & A bl L= & 2 A By L7 e Rk
YRR D RERR P~ O BRI A K - T B BR800 953 B 1 %5
FEREEY  FHAAE B L TRRBRIER S T3
AEtEA R L, £ H 5 aifiRoBER TIE, H
BREEHEPICITAEM 20 U TRFEAGFEEL TWwDH Z &8
Gyl Mgk ORIRAEEERSILIZE 25 T L
Tel o FORRENHaic S E EHT-REOM LA
EERITTOR TV ZEMNHHAL, Zh s FE LW
BRIV TR R ATE Lo LR S SIS mEE
THIREPTFEL TS EALLICR -T2, Lo
T, {5 2@ U TR 20 ~ IR 2B i L, 5548
k%l U CHERR S ~ER L TV 2 EEfE S E 2 6,
FLT, E7 =0 2E@HROEH TIE, ERICE L3RR
BIZL o TEBEILFRINTWARHRRED -, =
DOBFEF Tl sk B P 480 & b s ISR E 2 B
EAni, FMOBRICENTIZEASE D LIEEE
FhiAEh T 5 aEMLRENE, a6, 57 =20 A

ARG E EAShRERBRERRE O TE
W BT =0 L EEHEE LR E RN OB S E A
SbhaEshic s, 2 b OihE A28 U CHERE RN &
BAEERELTWDAREELEZ 6k,

VL EOFER, $KtE O EmmGAHEHRBsTiE, Bt
SO Al U TR N ~FIRE MR AT D Y R 7 @b 2
& DR SR o T, HERE I HBRE S ER LT D
Witz 2 26, B EORESET, EEATIC b
LDOEENLETHD, £, RN ~—BEFA L /2HE
P, TR PR (RS B 7R & A0l U T HEAR PN A R
R DEHEYED 3 D Z L | Uik O F08M O Wik
T4, FRIC X > THE=RE~MRT5 ) 2
NN RGN o1z, Lizhio T, (RIS % EwT
T HIEHICE, HEOF R ERCHAA S B O@®IE.
IEEMEICL R LIS OEETAILENHD Z LR S
i

BUE I UARBORELELBENRER

SAEO TR K TR, FIZ Ebb & Flow HR., <
v MEKRAERB L PEEH/AER B Y | EERAIZHB
Tid, Ebb & Flow FlS2EEMMD 21% Tdh 5 DIk
LT, v v haAkFTRIT45% % S5 TW5H, Ebb & Flow
R, Bt X 9 I KRR AEEMM CEICERLTEY,
Pythium BB YIC L AENRKE ARt v, —F T,
< v bMEAF OBV TH, Puthium JBE S
LHWENRBELTE, L L. AEFRICHIT D Puthium
BEOWEEIZ >V TIXRBA S E

F o, PR AEPERIAR T, fRE o [ AR 1 BRI
(= & BHEIR S —AERIZIT I TW A28, gk Elsio BT 5
ABEEAF R & Pythium JiEOBIRIZ W T B L7z
ey, Zmfsh, KBETIEIRALORITOWTREL
Fey

1. $7k< y FEIBCB TS FEREOBHRE

SR, SRAE O 4 BEIX IR LA e . Ak fERE N1k
D 7= Ebb & Flow J7i, = v FAAKTRAB LU e K
FRAe EOERBKFTEANIESEAZNLTVD, PTH,
< v MEAKFRIXE= 2 FTILAERRE <, CHICEH T
KEEHO=y b~EETRKTDHZA 7 (AETIEIN
o MK LE L) Bk LT05, Ebb & Flow
TR, IR FIC -k TS bic ko T
2 ¥ O KEHE TE DD, Puhium JBE <
Phytophthora JBEZ L2 #FED —RENHZ R E (20 bR
Ve FALE L T, = v MaRFRE#ERR IR e
MW EMBEEAKEAB b EEZ BN
5. LasL7Zen b, EERICITRHCEERR CiE R 28T
B =213 L 2 (B 5 2006, Watanabe ef al. 2007)
FOER L LT, fEl - b £ ORUK A S ORI E OF
HIAHNEZ LN, ¥ v &R LIzWEEOSEECS
WTIRTRALR AN E NV, £/, BT~ v b LiIZgkdH 5
ViEEL B L AR LT LIES < OWIIIEEE B Ak
PO S H Y | Z O A AR RIFEE I 5
LTWARREMNREZ D, £Z T, TRNLOHAIT2W
TRH Lz, 28, AHITEER R EFRESEICTEICH
ELE (DS 2007),



50

I FL L e BT o 7 — TR R8s & 11 B . 7~60

HHEELUHE

kB L

HPE N ORHAE AR AL S OREKERIZ X
Z IR OWIE & B ~ DA O FIHEME 2 = B 7=,
PATFORERZ1T - 7=, FIEEEOWMEZ Fig. | (R LT,
FYRF LB b LA (750 X603 X 106mm) 2 #EKIZ L.
fakKe &ML T EMICERE LB KYy b (==FF
W: 77y bU) ~akEND L IC L, BITRIZE
K=y O EEEFAILRY v AF (KETEEXSH) ©
W L 7=, S R AKX, BB AE S 54 3 4+ H L
B EMAKE 23 BIC L EFALTIT-o7, 2, Bl
— MR K=y P EHLRY =F L OMICBR S —
b (HE(EREEECEH : =2 R) ENAT, TR 17 HF 7
H4BIZZEROHEK=y b EiZ, I="F7H (LfE N
Ve F:3BRYRy b) & 30 REEE L, ZD5H
R 2 BRIZ N T ARIEETE  (Pythium helicoides) 15384112
=N TERETU-BREAREL, 7 A 24 BIZITZH
To 7R 1 CACHR U 7o, AR L L OO TR oD el (X A 5%
7. 2B, BER2HETHRRY T2, FXOMKiEF
OFREOBEAZWRD1-0, HBHELE 1, 2, 3, 4, B
LU 6 AM#%E ClEAKE I I« T v T E2K 43
HFRZ & EIZ L, NARM #5H (Morita and Tojo 2007) 12
FEAME(EAIZ 30 » B L T, P helicoides 7%y BEMTE %
Wiz, £, EROBFAMFFEEET S5 L L bic, Tk
1843 H 6 B (GABAPHAS 245 A %) (C& X D EHERERE (28
PR) ORZEEHD 5 AER L. NARM BB LT
P, helicoides ORI 2 T 7=

Perforated

mulch film
/:ioot barrier seet *

Irrigation mat

S S S R TR
il i i s i L P o A oo pty

——/—’Irrigation water

B Fig. I Mat irrigation system
* Only an experimental plot of “subirrigation
+ root barrier seet”

Expand metal

Irrigation tape

(2011)

ik 2

FKBERHDWITwy F6OBENC LY oK ic
BEENFET HHAOEmMN 6 OMAB<y F Lo
DRI ~FINTT B SV THRB =0 UL FORER
PITo7-, HEEEIIRR 1 L FEEC. RBREKOMRITE
1T, iR — FEB L OMERMEX & L=, PR 17 % 6
A 20 BICHEREOEK~ v b E~EL2I =T (i
VAT Ly K3 BRVF Y b)) 24 30 EERELE, B
AI74E7 A 21 BICTIRES LUBHIR S — X Ok
P helicoides DT % #9 30cfu/ml D725 L HFIM
Lz, &5IC, 8 A2 H, 8 A 17 RICAEDBEEFEZN
F# 60cfu/ml, 80cfu/ml (2725 L 2 BIFER L 7=, &KX
EFAFEETL L L hiC, EEKIS4E3 H 6 H (B
228 AR) (CHEOBOREHRELFHBR | LEHROSET
[ Ry

=R

a1

KPR O IREFREOWIEEAL Table | IR L7, #/
1TIX 3 L OB (X T, 6 3 s T, dkdEns
HIGHmEIHR S o7, iR — X T, 36
W L TR S e 28, 2, 3 MM ISR
Eniehotz, BITEB L UBR — FE Tk, {E 4
VM%7 6 KA AR EF E I S 4. 6 BEEIC L&
RBTRIR SN, —F, HELAKFFHARE G, #HE
W% oKD SARE I ESIHIE S (EHRHREE
41.7%) . 10 6 W% £ T <TOMER A THESN
_i’:'..-. ﬂ*jl:m(f)ﬁféﬁliﬁﬁﬁwﬂ'ﬂ%llﬁL"Cﬁiﬁ giLfﬁfJ”)ft.f_'_
¥, BRI T I (GRERPHIA 245 Bik) (TR OREUER R0
~f= (Table 2), 1HITEK, BHfo— M35 L OERERX T
Vi, MR BL ko o, —F5, B EMAKGE
FAEX T, 46.4% DRICEEMRD bz,

Wl 2

A S S BRI I W T 2RI L, KD 5 O
KICTE Y 245 A2 {To 1=, TOREE. WFROED
Wb HARORER TSRO N -7 (Table 3),
245 HEOME T, WITED L OEEREKIZ B TikskiE
o=y PASOROBERIEIRD 703, Mk~ fd
i@y Sl hhofo, R — FRIZE K= v b~DHR
OERITED SN - Tz

Table 1 Effect of irrigation process on the isolation frequency of Pythium helicoides from irrigation water

Weeks
Treatment
1 5 3 4 6
Subirrigation 0 0 0 61.7 56.7
Subirrigation + root barrier seet 0.3 0 0 56.7 63.3
Subirrigation + overhead irrigation 41.7 23 16.7 68.3 483
Control (non-inoculation) 0 0 0 0 0

Data showed isolation frequency(%) from perilla seeds.
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Table 2 Effect of irrigation process on the infection frequency
of Pythium helicoides

Fisahimant Infection
frequency (%)
Subirrigation 0
Subirrigation + root barrier seet 0
Subirrigation + overhead irrigation 46.4
Control (non-inoculation) Q

Data showed isolation frequency(%) from miniature roses, and
were determined 245days afler the irrigation system was set
up.

Table 3 Eftect of Pythium helicoides in the irrigation water on
infection frequency to miniature roses in mat irrigation system

Infection
Treatment . o
frequency(%o)
Subirrigation 0
Subirrigation + root barrier seet 0
Control (non-inoculation) 0

Data showed isolation frequency(%) from miniature roses, and
were determined 228days after the irrigation system was set up.

FEH

CHZRA L=y MaAREEICBW T, ST IRERE
[ LRELER D iR~ 2 Z LB S o7, ¥
(L HEH B A K A& (FR L7
L7 L2e i s | AR Ttk oz S Z AR o 037 L
T B DIEKOLTIEY v  ED/3 T H~0 R
RS ST B B Ak E R L 728 & oo AR5 330
HeENT, ZNLOI LG, KEHKOLDEE RE
IR DR P~ T HOB®BIEH s b0, b
T Bl 5 = it SRR~ RYT B )
A7 RHEEEWb o L EL SN, —F, BB EhAKE
1T, BHET 5 Bk~ LR T 5 U RS
BENZ EBEHGMCR T, FOER L LT, Hkk2
L S IEIRE OB E TS, pAKEED - v R REO
AROBEYNZ L B~ ARKTRERE L TWh S AREMER L
tEZ BN,

£, SEIORBRICBVWTIL, MITE & HRS— KT
R EIIRD o, L, BITEROD~
PR OMBENRRD SN b R LRS-
v MCEETLEA I~y 2N L THOBE~GRT
SAREMEIIRETE RV, RE TR, BICL=v & 5-10
ELL RS - E B, Do, B — F&FIH
LT=y b~OROBAZHS ZLITFARFETHD
tEZBNE,

KRB T ATRIEHE A TERBRA T8 Lo
Pythium JBEOEE LFREOBEMAEHNEELLND, <
v MAKEIEI BT Puthium BN ERTH—ER L L
T RAHCHEE L6 HIA BRI L7258 -
BARKICE > THBFEVIERLTHWA28E80HDH 2 LRI

BICFORBREZBEE CH- -,

ENTeZ s fik=wy b ETOIE EREKITE BT D
L L LR - 6k RO EEAIBGERE DT A EE T
HdHEEZLNTE,

2. PiEERCLIEE
SNTARIEFIL, 1996 F (DIl B R0 I =237 AR EE i i
(Ebb & Flow J#) THIMH THER S T4, AIHSER

A LT Mige i, TEERAETE L ETARE & (R Lz inksE

MThh Tz, —fiRic, IEEEARBEORERE ICE

A RIFTZ I3 BTV A2 ATRER I G

ICER TR, FI T, RIETIRZOAIZOVTERRL

7o, 28 AIE B PR AR S Ic TEEICEE L (B

W6 2008),

HHEB LU RE

PRI, 2006 FF 6-8 A (B 1) 35 1182007 4 6-8 A

(B 2) 20772, WTh o L IFIEREOSE
HTiT- 7o, BRI, AR L OEEEEGH X
L L, FhFPhOBEREEERS L OEERR AR, W
BRI VI HER R A0 Ebb & Flow $EESEERM 2 v, 3Bk |
T2 RE, W2 TIRIKE L7, #EP L (750X
603X 106mm) ki, @RI ="7&k (K. 17 L
v R, 3AELEE, 3 5Ky F) 2% 24 sklE~7-, Wik
H O X 3 &L OVE T IR R OF X oo 3 i RR iE R

(N20:P20:K20) ¢ 1000 &AWk 2 A iz, BERIEEHFH
Kix, fB2hEEmmEe: (NI3:PILKIZ, 70 B ¥4 7)) &R
B 112006496 A 19 B, 382132007 46 H 22 HIZ
Y- 2 WA LTz, AT B 2TV, kOIS
#9 30 538 2-3em BREFREVDHAKT D E 512 L1, WEME
Ik, AAER 11X 20064F 8 H 9OH., B 212200748 H 9
BlIo&AX (WEEEMRE) O @ iEDP ~ P helicoides
MAFF238913 Flk il 7 7 2 fe e S EEAS 20 f8/ml & 72 B K
HEFRE L7z, M EHoRmMEIEL, %R 1L 2006 48 A
28 B, BB 2112007 48 H 20 BicfTvy, #TE (HR)
EENFIL 2006498 H 28 A.2007 49 H 12 BITiT- 7.
Hi B ORBEE, 0: @2, | TEO—MMHL, 2:
RO 50% AR OIEN T - T, 3 : RO 50%LA LD ENR
Hl - VEHE, 4 R - REIEL Lz, RERICH T ORI
REEIE, 0: ROKBMRMBER L, | 1B 25%KiA3K
BTS2 ¢ [R] 25-50% D B ZEIERL. 3 ¢ [7 50-75%
DABZEIERL, 4 : [A] 75% L LB 2GR & Ui, FIHEEIL
S (GEFREEXEEE S (4 XREKRE) X100CK
DREML~E.

F7-. R 2 TR KR LOEBERFHE
RS EEHERR) O HEEVS R O MR B 2 R ISR 2, &
KD 5 RiZoOWT, $hRES (K@D lem OEX) B
LOBA T (EEfS lom OES) O AR Z AR
A b TR LNV E (HORIBA,  Conductivity Meter
B-173) ZHAWTHE L=, 610, FlaX (95R %
BTl oWEE, BERFEH (MINOLTA, SPAD-502) %
FVT 2007 45 8 H 20 B IZf~7z,

R
AR Z OFR L 72356 W o3 RICHE W T L &R

BAX & L CTHEO LS LU LWERAERSE
#H7- (Table4), #EHAX TIE, TEOT(LIRLA
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Table 4 Effect of fertilizer application on disease of rose root rot caused by Pythium helicoides (disease symptom)

Inoculated Uninoculated
e G Exe. Disease Disease © Disease Disease
reatment s incidence (%) Severity incidence (%) Severity
Solid tertilizer + Exp. 1 97.9 633 L) —r—y o -
nutrient solution Exp: 2 5.9 83.0 0 0
Exp. 1 6.3 Fel 0 0
Nutrient solution
Exp. 2 20.8 6.9 0 0

" Liquid fertilizer (N20: P20: K20, x 1000), Solid fertillizer (N13: P[1: K13, 70 days type 2g per 9em pot)

" Exp. 1: 2006, Exp. 2; 2007

“ Disease severity scale 0: no symptoms, 1: some leal vellowing, 2: leal yellowing or fall less than 50%, 3: leaf yellowing or fall
more than 50% . 4: dead plants, Disease severity = Z (disease severity scale x number of plants for each severity score)/(4 x total
number of plants) x 100.

Table 5 Effect of fertilizer application on disease of rose root rot caused by Pythium helicoides (root)

Inoculated Uninoculated
= X b Disease Disease © Disease Disease ©
Treatment Exp. incidence (%) Severity incidence (%) Severity
Solid fertilizer + E.\'p. 1 IOOO Q()S 0 0
nutrient solution Exp. 2 100.0 99.0 0 0
Exp. 1 79.2 29.2 0 0
Nutrient solution — —
Exp. 2 77.8 39.6 0 0

* Liquid fertilizer (N20: P20: K20, x 1000), Solid fertillizer (N13: P11: K13, 70 days type 2g per 9cm pot)

" Exp. 1: 2006, Exp. 2: 2007

¢ Disease severity scale  0: no symptoms., 1: water soaked rot less than 25%. 2: water soaked rot less than 50%, 3: lwater soaked
rot less than 75% . 4: water soaked rot more than 75% Disease severity = Z (disease severity scale x number of plants for each
severity score)/(4 x total number of plants) x 100.

i; j LD i DD, L???’E'i_ D ‘f*!‘—t;:{ »Heh fL FAR ) _f:_ * 7= v ‘*: ——+— Nutrient solution (upper layer)

TR MR o0 3 5 1 B L ?:HH# JLEHETHRE “HER Nt Ralutnn indeplaver)

TEASTEW AR D o —®— Solid fertilizer + nutrient solution {upper layer)

IS sin IJ S iy ) ¥ 7.0 ® - Solid fertilizer + nutrient solution (under layer)
F 7o BRSO LIS RRUER 2 GED

'“,;31 7= (Table 5). —75, BEHEAIRIL 77% LA EO¥KTIR 6.0

G OFEFOATER I NI OO, F ORI S 2ZIEi%

karmf_., Eio, MLEROBE & kCEREEEEoS  § 50

AL ERIES A A L BHE T L RIBMBRDOERE 4 4

ol b4

. Q

S LN R OSSR, BKEAXTIZ7 A 10 W 30

B GUBBRLL 18 B#) £T. BNE Lo LB LT TE B
THRBREI KX RETRD ONRD 2120 7H 18 B z

(FUBRDHES 26 AR) 26 EHIOMBEN M HEB L, & E 10
MOBELPICHBEPEMLTETNHL0LER O

(Fig. 3). —J5, ERICFGEAK DN LTI, 71 2 00 6/22 72 110 1/18 7726 8/7 8/20  8/27

B (BAERBALE 10 BR) (TR EEREO ER?ED S
U, ARSI SmS/em E @ <HERB Lz, #EOREZEHE

L 7= 5, M X Cligk &I 94 L Tunvieo Fig, 2 Salt concentration in potting soil
L:i“r LT, ERIEEGFA XTI, & B~ R
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Prthium ¥ L O Phytophthora BiEIZ L DIE X REDOREZWNIZET S5

Fig, 3 Effect of fertilizer application on disease symptom of
rose root rot caused by Pythium helicoides

Ns: Nutrient solution, Sf: Solid fertilizer

A: Uninoculated, B: Inoculated (19 days after inoculation), C:
Uninoculated, D: Inoculated (12 days after inoculation).

Table 6 Comparison of leaf greenness

Treatment SPAD score *
Solid fertilizer + 411
nutrient solution ;
Nutrient solution 38.1

® MINORTA SPAD-502, 2007/8/20

ENRD LT, W ETOEE T, FIEEHAEK e
HRRR I 2SI AT (Table 6) . IR T
AEFRICKE RETRD bR -T2,

FED

LLEDFRERD & | /TR (3 8% 20 M [ 2 AR 18 N e
AL > THEDRBESNDIZ ERHELNNI o, EEHE
ARl & - HRE O RR & OBFEIC OV T, < BRFEE
DEANATDI, I LAXSIAFERT KRR, ~ AL
W7 L OREN B D (Huber 1974) , FrIZZERILHES
BIF/ICKELLEERTH I ENMENTEY . Pythium
aphanidermatum \" X DIREFIL. = Ry b ER 2T
12 NOy-N {2 X - THRIFAHEI L (Huber 1974) ¥ =27 ) T
FE NH,-N (2 £ 9 BRI #9515 (Kawase et al 1970) , HafE
MREFIZRIET A B = X AE R LB & OB TR~
THDHEZEZLN . THRLEDELTERIZEDL R LRI
EET 2B OEBL A OE TR0 REICA BT 28EY
NT v ADE, T pH OEL R ENRZBZ BN TV B (HE
YR B K EH 1995), Smiley and Cook (1973) 1%, MifE &
2 LR SIRER DR & ORI OV TIAA, BIFICITRE
D pH BRELEBLTWDL I LEERBELTNWD, T,
RPHIFIZ BV TIE, BN S (1986) 73, MWD UITIREE %
<452 & THRY LY Y UD Pythium 5 %5 O 395 & Ml
AT, TOERE LTHRRESNE VLG T T
Pythium RHE OO 5 RO MG L OEEEFOHD 5
B X 2R OREHOBETHIEG L THNDZ L5
BELTWD, AT LYY vEmEENESVIE Th D 2 &
b BIEOEBEIC L DPBRPERTRERZERTHA I,

PRI, 20CHTIBOREXEFIZE L T, EEE
FFIZ@EBZXANCBLZ TS, T, LHERIX
2.0mS/cm AT CEBRBTHIONLELVEENTNS, =
NoDZEEBETDH L. NTIRIEFH 1996 FEIZEHE
Le—BRE LTUTOLSZEZX B LEBTEDL, 7,
BICEHOEBIZ LB X b LRICINZ . BEEEIER
DEMMERAIC £ 0 #kRNEE EOMIRER ML P IEOR
FABELIET LAEZ &£ L THIBED BEEEIC X
DRI D DKL DRI AF % 5| XL = LR, #E
BHMREENZEVIETEETH D, £-. EREHOFELE
WX DI ST HERES . 2N 6DRIZDONTESTE
EHIIREBLETH D,

EEEARK T RUT & B $k# 4 PE IS Pythium BT 7 & DK
BYRMERFEEIC L DWENREE LTV, —F T, 20K
T T OHIFEMBBE LTV SR H 5, S%, X
TIRIBFTE T < L B O Pythium B FEIZB W THEIE
RIEHEEBRICL > TREMAREELZERAIELE ZE2 b0
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Summary

Recently, flower production becomes tight because of various factors such as cooling of the market and soaring of oil-materials
prices. The sub-irrigation system such as Ebb & Flow has been rapidly and widely adopted in the production of potted flowers, since
it provides uniform irrigation and fertilization in addition to reduced labor costs. However, the Ebb & Flow system is vulnerable to
infection by Pvthium and Phytophthora species, which produce large numbers of motile zoospores in water. This problem is serious
in greenhouses in which the nutrient solution is re-circulated. Control of the diseases is currently performed by application of
chemical fungicides after the occurrence of the disease. Excess application of the chemical fungicides should be eliminated for an
environmental preservation and a cost reduction. For establishing adequate disease management strategies, it is essential to determine
infection routes of these pathogens in hydroponic cultures. The objectives of this study are to develop detection method of Pythium
and Phytophthora necessary for ecological study. and to identify the pathogens, and to determine infection routes of these pathogens
of the several diseases of ornamental flower in Gifu prefecture.

We identified the causal agents of diseases in five ornamental flowers which occurred in Gifu prefecture. In this study, Pvthium
and Phytophthora species were identified by molecular phylogenetic analysis as well as by morphological characteristics. The
pathogens of root and stem rot of kalanchoe were identified as P myriotylum and P helicoides. This was the {irst report of kalanchoe
disease caused by these Pythium species. Therefore, we proposed the name negusare-byo (Root and stem rot). Additionally, the
pathogen of Phytophthora rot of kalanchoe as previously reported was identified as Ph. nicotianae. The pathogen of root rot of
poinsettia was identified as P aphanidermarum. The pathogens of root and stem rot of geranium were identified as P irregulare
complex. The pathogens of miniature rose and chrysanthemum causing root rot were identitied as Phviophihora sp., respectively.
These isolates were considered new species of Phvtophthora.

We developed detection methods of Pythium and Phytophthora species from nutrient solution and soil. Bait and filter methods
were used for detection from nutrient solution. In particular, three Pvthium species, 1. ¢. P helicoides, P. aphanidermatum and P,
myriotylum, that grow at high temperatures were detected semi-selectively by bait method which used bent grass leaf traps (BLTs)
and high temperature incubation (38 C). P helicoides was detected 30 days before the disease occurred in a commercial greenhouse.
The other Pythim and Phytophthora species were detected by filter method. DNA was extracted directly from the membrane filter
(0.5 um) which filtered nutrient solution, and PCR with the species specilic primers was conducted. Furthermore, the bait method
which used perilla sead traps (PSTs) allowed the detection of £ helicoides and P irregulare from artificially inoculated mixture soil.

We examined the disease cycle of the pathogens of the diseases (3 examples) which oceurred in greenhouses in Gifu prefecture. In
the root rot of miniature rose, the potting mixture soil was considered to be one of the primary infection sources, because Pyihium
species was detected from them. £ helicoides was also detected {rom re-circulated nutrient solution 30 days before the discase
occurrence in the commercial greenhouse, suggesting that the pathogen would infect to roses in early stages. By comparing
monitoring data with the production system, the latently infected seedlings were seemed to be the one of the important factors in the
disease cycle.

In the root rot of kalanchoe, P helicoides was detected from the re-circulated nutrient solution throughout the year. In the
greenhouses, the used pool benches were not cleaned before next use. £ /helicoides was detected in high [requency from soil which
remained on the surface of the benches. These results suggest that the used benches contaminated with the pathogen will be the one
of the important factor of the disease cycle in the green house.

In root rot of geranium, the pathogen was detected in high frequency from a soil mixture before the use. Additionally, the pathogen
was detected from soil around the greenhouse. In another greenhouse, the pathogen was detected from cell seedlings which were
commercially purchased, indicating that the pathogen would invade through outside of the greenhouse. Furthermore, the pathogen
was detected from other ornamental flowers after the geranium production in the greenhouse re-circulating nutrient solution. The
result suggests that the pathogen would also remain in the greenhouse beyond the geranium cropping season through the rotated
flower plants.

In conclusion, Pythium and Phytophthora species will be introduced easily with a soil mixture or a seedling in greenhouse. We
must pay attention an infestation in a storage and preparation space of the mixture soil. In addition, once the pathogens invaded to a
greenhouse the pathogen will have a whole life cycle in the greenhouse by the latently infected seedlings or other ornamental plants.
Furthermore, the used benches or other materials contaminated with the pathogen will have the risk of infection to young seedlings.
Therefore, we must take care of a culture system, a combination of growing cultivars and a sanitation of a greenhouses for cutting the
disease cycle.
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