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STUDIES ON THE DISEASE CYCLE OF POTATO LATE BLIGHT CAUSED BY
PHYTOPHTHORA [NFESTANS (Mont.) de Bary.
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RIS CH D, v o A AN E & SR EREORERME L - T
HI LSS ETERVE L THS, M F Zotddic v T 18 LFIRASRIE « B £y
HARHHGE TR 51, T O BRI RN L Ao 2 & A ARSI EE & o
Th,

POAEIT 31T BIBEENEIRE Y, ST R B &, IEET 20 ARG [ 34 4R T 6 RN,
5~10 W ha T » TWwb, TOWARIC X HHEMHNT, X D ERD S, K1 20~
50% THH, BILE 3~7%, 6~20 7k »IiELTv5, ZORINTHIREIRE M I L
ThBELintoTah, RO ERELLZALE, TOBHEERE EL0TH -7
EBEZLND, SREREIOISABINERLCWBERIL, & &2 RIAIEES iz
T B O, BIRENOTREC L5 200THD0, KEO ERIRFHIWTS LR
oW TONRSRE S THLI LI LA TETERV EBbh b,

FRVTIHT B I, 1861 45 Anton de Bary & LIkS B 2 CHRAECHSWTEHH
it s, TOWN, MR U TOUEES —lEhEr S vt rosd, IR
LW T A, RN IRIE AN, ARRBUHO race OFERE, HFROEHIME:
BHRCZ ML % < OIS s bt B, UL, [KRE L THREQERRI DV CIiEEN
OHAEDE TR T ET DR E LTHB XTI, T8, W < O Rmoisic s
LTkD, (RO, MESROEHEZAMEL, Thick o TERDE
BLER S U, MR OTEL, PREROR.LICHETH 2 28/ E LT, i
M < GERUE X 541 TV 72 perennial mycelium FECAMZ AR OMAMRE T X 5905
SEEROFELIERL, YR I3ERL M I LB NALRBDT, il sk
HCHhn,

ARG ONRE B AERE O AT B UINE, B ERE AE F PrR E
HEEFECRWT, REW R Lo XV ERL 2L 0T D, SRR ORETH -
PO NRERR, G E S EEICER LW BIUH - okt e 8o, =70, &R
Va-F DRk & & OEETT I X UARIE MBI A s & A o B i [ Sk, ATk
FEEGEREENAL, BRI EESREAN S, TRAFHEDREEEENREAESH
=R, ORI INABGEET (B E R ERREMEIEE) SRR 0RO
WD E, L TGELEHOoEE LTS,
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BTSRRI Phytophthora infestans (Mont.) de Bary 23, BHER LT = 2%E
EFTELEEHERTHEA, DM FREN . 2T w kg XX 2R LHEL, £
O F ARHEMEE T EBHETh TS,

HACH D WRATHERC XD, RECREL L RESh TV BiE#E Tucker®
FpLEI TR ROX5THE,

Anthocercis viscosa R., Hyoscyamus niger L., Lycium habmifolum Mill.,, L. Tur-
comanicum Turcz., Lycopercicon [ycopercicon(L.)Karst., Nicotiana tabacum L., Petunia
hybrida Hort,, Physalis Alkekengi L., P. coztomatl(?) (P. izocarpa Brot.), Schizanthus
Grahamii Gill., Solanum atropurpureum Schrank., S. aviculare Forst., S. Caldasii
Humb. et Bonpl, S. caripense Kunth. §. edinense Berthault,, S, commersonii Dun.,
S. demissum Lindl., S. Dulcamara L., S. etuberosum Lindl., 8. fendleri Gray., S.
Jamesit Torrey, S. maglic Molin., 5. marginatum L., S. melongena L., S. muricatum
Ait., S.nigrum L., S. polyadenium(?), 5. pyracanthum Jacq., S. stoloniferum Schl,,
S. tuberosum L., S. wtile Klotzch., S. verrucosum Schl.

DL EDEHE XL, REvE> ARHEMA QIR L BOEMTHFET S 00K TH
B, UL LEREET 3THEORE Licd o il WISHOWEITIE, AHORECH Y »
Lol BrTRORALH Y, EATELIORS Y OREORHOEASD S WITRE
BB SR - 4155 D > TRED HVWIIFEEL LPRIFRET S 50T, Lilof
WAL FRORFE DT LW rEHRS 5,

HET, ATREHHOFEMAS, RUTERDXIKEWDORERE, MO
KOVTIFR L 72, EHEFHORARE « RAWADEF - AR EGNIED KIS F
EAEEA X DRSS, FIHOWFAEMEOEEEL ST 5 EME N TERETR -7,

A EREEREOEEEWECSITSEAESLUBEE

(1) RBRHHBLUHE

SRR L 7TAEREE, SHER2ERS IO = b R1EKRTH B, Hlibkisd— 1+ ¢
~ SRR RN L, WL e T 5 (sporangium) #F Rl UM% -7,

ERRVE, AHEMOEOHRMEEICIRELEET O S BEHERMT 5 2k iR 7
ko -RTE LT, F— EOhFilEET (zoospore) ARG TR, “he
FEMHLTERL /. 2 OB 2R, F— b § —AERE BB L
FoFEIOEET O 9%, RETMh 0K IRECTmL, 12~13°C ORETT, #RS
HhicdhDTHS,

HERRTERI L7, 32 & LTI bRIB LA, LT BRBHAICIEERED &
DEFMLIz, & TR HEE = Y IEEFNCE V- THERB L/, UIREOEDHIED R
WHEID TR, BRREEEARIET S OMRE L LT, SEAEME ¥ 7 AN ARTER
Uiz, 8% 3~5 i, 12~13°C it &, +of% 20°C fiEDOENKHE L,

BRI DWTH, BEARELMMNCEE ORI 2o, REEHERY ML, 7
BRI 2V T, RS SR TIRTEROFLE - FREORBEHE L, WTholific



ML T hEMoESREEHE LA, BA - BLOMYBEESL ot LT, e S5
lEg s  EBL,
(2) RBEHER :

FEROFER @A &, Table 1 WRTIHY TH 5, &xﬁm,ﬁ&m@ﬁa%%mm%
DAL DT T, ﬁl@k* FLicbDTHD, JOFERPLRL LB -

= P OREICRLBEANELSTH L, EloI kAT - %wtﬁnTQZEﬂm,%ﬁﬁ
o b BT L TV B, %wmmfxﬂkmm A BEANTEREOBA LA b DI,
HITHELIETH o 70, HBTHYRBRARED SR,

Table 1, ‘Penetration and infection of P. infestans on various plants.

oo ' ' Degree

Plant? pexi’_zflziztio(fnz‘ infe‘glf:ionm,
i mwmgfi;'E{MWSOLANACEAE_"_“

‘ |~M '? 4 k Lyc-oj:erszcmz escule);t;;:ﬂi;ll o iifiim gﬁ% N

7;}A :\7; ~1‘ = .Solam.cm tuberoswm);L ” R iiiii AéB
. 4’ = ‘f‘ 71“ z # S.. nigrum L .......... L mimnti imii_}_wiﬁﬁgig:
3" 2 8. melngena L. +-(1)-+ i c ’(‘)IDQ
T.'; aF ;)‘—izi .g 7 :1“”5 lyr "atunt Thunb - +P_0 - ;ﬁg?
‘;m:ﬁ";; "":/ 3’ S pseudo capszcmn L ) ) i +0--!-"" i 'Wég.];é
N ‘j ﬂ' 2 L',' S, srsymbnfolzmn Le;n_l - -~-%-~ '4_0? 8 h

k 'D :h' .5 i Capsmlm annuum L - o +0“+v BED
“;: 3;::7_{2 / ';’J#i?' re ) J;_):ztma stramonium L. var*;halybea“ Koch +0+ _fﬁcﬁgDi
B

y ~ o Nicotiana tabacum L. E + ++~ 0 g:%
P 7 <A 7'&7J771‘77}’;rzrlaAiLybrzdaﬁ;;lirnnmh ....................... i MMMMM V_?_” MT ;g—ﬁ
S OO O . o e

€ -j— 1) FA A% Plysaris azzgulata L [ '
T P Alkekengi L. ~var. Francheti T T T T [4] 0

h’i—"‘wzmwz A;‘—" Hort. {, Bunyardii Makino ++ WJLMWC"'PW
++++ 7B
} vbf i:g 7 mf Salpwhma mombmdmml\flei I __1_&_‘_, B
Nox ;b»-l' # X # Tubocapsicum anomalum Mak]fi_.__ i +O‘? _WEM D~ 0 0
1 Scientific name of p]ants weré referred to “Makino’s New Ilustrated Flora of Japan”
(1961).
2) The upper sign in each plant represents rate of penetration or degree of infection on
grown leaves, and the lower those on young leaves.
3) : rate of penetration,
4) : typical symptom with sporangium formation.

! necrosis near the point of inoculation.

: necrosis restricted at the_point of inoculation.

: small spot or fleck of nécrosis on the point of inoculation,
¢ no visible symptom at all,

cg oW+



S e 5
Table 1, {Contintied)
Degree
Plant pgxifcia?ifon b, of
- infection
z 2 F LEGUMINOSAE
' 7 Amphicarpaca Edgeworthii Benth. } 0T o
m"’ 7‘.% f’ 4 N var. japonica Oliver, . + + C~D__
i & 7 & Wistaria floribunda DC. ! 0 0
CL "7 Lespedeza bicolor Turcz. ) T o
v v o~ ¥ var. japonica Nakai l 0 0
. - ; YD) C~0"
o w/: K b7 stza:n sativaem L, var. arvense Poir. () & ~D
4 % Pueraria Thunbergiana Benth, 0 0
oo WA 9 4 Tr 1falzwn mpen.s 1 0 o
77.?.. HF VA b s T pr -atense L. { 0 0
Vi 5 v 0z V;cm Fabtz L i mzacarpa Makino f 8 8
e e e o
4;'1‘ A /.: i .:—i‘;# V. Vzmzjuga Al Br_v - Poggy c ~D
_-t- 7 }E.} COMPOSITAE :
- . — e G 5
Wa 2 -)* Aster Yomena Makino . : o~ 0 0
*+ = 5! o4 5 = Yongra japomm DC. i g o
A xvoaxy Coeopsislawedlwal. 00 000
o5 . ! 0 ; 0
e gy Egeamesl ke e
7 F  Petasites japonicus M1q ' 0 a
u -\7:}-:‘;-/\3\: ') v o Sa!rdago occidentalis Torr. it-f}fi{ "‘?i‘w... '. IM)EWO#
J ’f 1 Sor!chus oleracens L, 0 ! 0
B & v R # Taraxzacum platycarpum Dahlst V 0 " 0
5 7 B POLYGONACEAE o
7} - ) ~ I" agopy: 1t »escztlgn_tfun Moencihu - i }~+0 78: g i
* A v a7 Do orieude Lvas pilown Meion. |y p
n v p 7 P el IR
Mr:-'w'v —:l—/ yj) %454 P, seaticosym Franch, et Sav ) +++w ! _8 ;Wg#
F v F b Rume:r _]apmzrcus Houttuyn ; 0 0
v v LABIATAE
}~ L7 B S 5 Clz'nopodimn gracile Q. Kuntze +(2)-0 I @
ﬁt:w * F ‘) avy Lar}tfi?.:a purpureym L, +: 0 _m,_g:‘:mg,
T v Perilla frutescens Britton var. acuta Kudo 0 i 0
T s ""P. frutescens Britton var. acufa Kudo o
7 7]- v £. wiridis Makiiio 0 0




Table 1. (Continued)

Plant lpeiziasfm e
k-H' )‘1: 1;_—7w Salma oﬁ'”zcmal.zi L. l n (?) i B
v *J‘F t AIZOACEAE
w Jlxwm ;— Tctrago;;exp;;sé“i\m&urr - { —0 “ :7 0 B
I:H :z.m% L_ _—AMARANTHA(M‘:E;{I:Zh S S
4 4 = B z = Achyraﬂtite; Jap;zcamN;k;— o - —0— b; 0 )
_‘} |..,]- :Eﬂ ARACEAE_ U S S, SR S
- l‘ 4.‘ “ '% Colocasia antiquorunt SCE:? soulenta Engl, i (%) T .D
J" ) :b ¥ ;fﬂ ‘:& C. antiguorum Sgiéﬁgttwflr ??f;i;lfe;lii Makino I -3-;)—— 17 o
b 'J 7 Z~ v liﬂ BALSAMINACEAE
"]' 'ﬁ £ ;b Impaa::ens Balsamma L o 40 *A ?N (;M
/_mm ¥v§ BEGONIACEAE - N
v E Y EAT=F Bego:zzcz semﬁerﬂorens Link etﬁ th_to_— 7 F _ a . 1ﬁ0 o
F7¥vap  CARYOPHYLLACEAE o S
7 %Y % #¥va Dianthus barbatus L. - I e o
PR ”}\ ? FFwa Siwlcne Armeria L. ) ++-i-( ?w?) g:%
N a ~  Stellaria media Cry. | 0 !
7 n¥F  CHENOPODIACEAE - o
i 7_ B 7:7 N ‘i?ilé;i6j50dz:"}i a!‘.’f:;n clelntr rorubrum Makmo_ | '(;L ﬁ‘ M r
How ,/_ { ) Spmacmr oleracea L . ) ) }_ +(2) 0
Va iR COMMELINACEAE
w o ; - H Comr?ielz;t;t ;:on;:nmzis L. - B E 0 O 0
 7797H  CRUCIFERAE N
R Tl Ot
- '7 & 4’ 9 "J'fil- EUPHORBIACEAE
b ® I v Ricims communis L. RSP
A R-R ‘?ﬂ GERANIACEAE
F U R T &4 Pelargazzzum, mc;rz;z;ns Alt-—_ 5 - 0—
#b— /j_.; -;a ——\7“:7 Geranium nepalense Sweet 0 0
4+ % B GRAMINEAE
a A - \:!:" %;;t;;m aestivum L., +E 0 g
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Table 1. (Continued)

——— e e . s
Plat R o
—ﬂ-" o F -ﬂ- P_oa_;ratenszs L. T . o
o ;i'vu/r;\ﬂ-ﬂ NYCTAGINKCECEW B
WPI: v- v A s > Mirabilis Jalapa L S . 0 . 0 .
T kR OENOTHERACEAE - a
:)lj_ja 4 ¥ Oe):othera bienus T.. 7 R 74_??) g )
A7y OlemrckivaSe 4l 0
a2 W oa 4’ v -rj- Q. sinpata L. 0 0
M,\‘ <1 OXALIDACEAE _ )
“WI_; -B' X H AN E O.ralrs Martiana Zucc- . o ; 0 | 0
: 7 v B PAPAVERACEAE
- f;— a o Papa”uer sammferum L } 0 0
T FOH PHYTOLACCACEAE -
—‘7 ;tTjJ Yz -i-‘ 'j Phytalacea americana L ‘ ? E D~0
T oS aE  PLANTAGINACEAE B
_r\ 5- ;1- ;1- o Planrago lcznceolataL . ' 0 . I 0
_;;-‘ s P asiatica L : ) ‘ 0 ' 0
““”—;,w?”-;;"f“ '?OLEMONIK@E e e e
z.b»;\(. .j;a }ny Phlox pamculam L L E 4k i D
Hh T v o Ll PRIMULACEAE
w; ;3 [N Lysmzachm clcthrozdcs Duby : 0 ‘ 0
o awﬂ;b«ﬁ RANUNCULACEAE o
7/ 5 ﬁ * _f; Paeoma albzﬁom Pali f hortensrs Makmo E O—E— o
R kR " ROSACEAE - o
4 '77 v ® 2 17 Sanguzsorba oﬁ'rcmalm L _ " 1 0 ' - 0
< ~y9H  SCROPHULARIACEAE |
|\ # 7N ¥ Mazus Japomms Q. Kuntze & 0 ! 0
“3‘ %‘- :!‘. b‘ M .quaeltt Makmo - 0 ‘ 0
T = N ¥ Scrophularra Buergeriana Miq. i _?_ f ]g
''''' Yy /;\y/ﬂ " TROPAEOLACEA*E o '
i -\‘z—; N /.}';o;z;zalum ma]z:s L I 8 4 8




Table 1. (Continued)

’ : T Degree
¢ Rate of
o ?iant o - i Pen_etration infe?:i'g%
AT LR VIOLACEAE

A Z v Viola mandshurica W, Becker | o l 0

FABLSHI DWW TL, B3 EICARALEDIIL O 26 HiTh Y, FEAEENT
PEEIICIRB T WS, Ll 2REDHBOm L FrFvadE - voiowwa sy
RYTEOL I NHEREMRATR DB o7,

DLEDOFE»S RS &, REVZESHY - b= RS L EARLAZ V2, b Ko
i, FROEEE IR A LD Z 23,

AHOEANL, — R EEI OB AILILIMEIC £ <o 5, BRADESK
TR, FOMOESNE LEAT S, SREALSWIETIE, e 0Mmiass kot
LT & YSBE OB &I BV T ORI T i T v b,

e AR, SREE RIS EET 0 ) BB LICLOR, BHERIUT LT DL TH 70,
it rhdRE I FY Y T b AT #o3a Y s e 7T, FRHERS
TR L, fRAFRF - va Py Y. ¥ TORBEEARESH ORI L 7o s bz,
B TENTHEWEETOS OBEERDEZ Db ot, JOERTHEDLIETHS
B, FRBE -V TREOUNIHE LIZ, REEESTS L, BET LSO Tt 0 HE
FOIEWEETEZ EMb v, FRTEHE, AT CEFE LM T EEE AT,
HEFO Y BER SR 20 h 5, LALLM Lo XS RERE - b v BSto e L
TOREOFHALINENS L OTEHBRFEOFAEF L ZH AL LIt TR
DEWAEHELL T, BHELIVI=t T508 B2HEERZLNS, i, HiEZE
4 EBEo~SF . =7ic, Hist 5902 2 ($EO L2 2 27 B X0 Datura stramonium
ir, Driver'® 1% Solanum aviculare 234U 2T 5,

B. REMHCLSFRRLOBTFRIFZOER

B ERIC X b RN AR OMAREMIZEA L ESLH, TR ARz R
MERMNBDB L EERLI,

REAHEE I L D BRI AT IS, BTSRRI ELL THo 5 (oyst) L
D, ZObDREFETERL, FOEMITHBIZIEHD 5 EREOES 2EESL, O
FEAKTBICHE, ABILC3HoMoHsZ LitEIL, Io3HLEROEHIC Lo AEOR
B S OMRARBE L LR RS0 %, WS T 50 ERETTE -1,

(1) EBHRBIUAR

KRR JORREE, EESE, TATHAREARTSE S,

(2) RBER

KZRERETRE L 53 5 RFFEOWE - MARELHELBR, >E0 3EORICKR
EhEZEBbRE. INFOREE, Fig 1 ILRTHEICHS,

M) REAEREERZRDT, #03 LRELTESZEESL S, HDVEHLTRICRE
FEEFHL, TORMIESLEETELO—AR
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Type A Type B Type C

Fig. 1. Germination types of zoospores of P. infestans (scheme).

@) BREVEYEORMITHEL LA TR, HE VIS ISR, ®E
it o——DB1
ey EEAYERAEEST, EXMI {h7/-RBER s bo—CH

BB BT - Ao R B b O R AT 3R S e R AN, Table 2 1Z5R-H5E D
THb,

FERRE DA TR - TR, LTFLE—KTkL, A B Co3SHoEHEL,
BHEROBEF—RL AV H 50, £RFBCTOBEMIBHB I L8 TES, KiF
PRI A L Wi R BT, AROIBERS v, BAORLESEHLON LI
Hizs LTl BEAYAROLTH -7, BENY, REIENCLE <, FILrmiEs L
Lit b HEIORA T EET 5 T L8 v T B AT o BEFLIC I A 4 33 i SN i
At E/ITETLEEET, IR ET S LB bh s e Th S, TORFIIER
SEFLL CHAPEEMEAMNIZEA L TV BIGE E FILL TLEABED TS
LIS TEL LS E A EET S, CE, &£<{FEIFRTIERIEETHS, A5
4 FFFALTREEIRHEICE, BEAEESSRIONTHS,

R OFEEEOLBCRTSIES 20, T SR LR, ¥ AT,
Pristou %9 3 thzBHTWLL0THB, LoLBOMHIZECTRAD MR 525
NTWaBEREE, RVEER2RCILTvE, TR0, BEREOFELCHET S
ITRIFEEORSESHEL, FILEHGT S LA S ORESBTLCEL 224 TS
LOTHh-T, COESLAOEREN S BIZET, BETOEMIVELFILL TS, L
Fobi o THED THEPIKIRT B &, WOHSRRE»OEN S Z a0 <, BLAEHCRE
EELTCVWEPOEIILRES, ‘

DB 5, FEHEBLTrrbb TELEDRIBETRAMBE N EETRT D
DTHY, ELRMCADIC LIz -7, BE, CREPNELRLIEEFRLTVS, Tihb
b REIMEOHEENE S HONRETETHLOLFLLN S,

C. EETOELE
oEE RITRIET 2 HE, &5 REZHREFDITPRHOFERRA RS
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Table 2, Germination type of zoospore of P. infestans on the leaves and
parenchymatous tissues of various plants.

Germination type

Plant C
A(s) I B(w%) C(%)

Lycopersicon esculentum Mill, 75 20 5
Solanum tuberosuwm L. 40 50 10
Capsicum annwum L, (young leaf) 40 60 0
Solanum pseudo-capsicum L., 0 9 . 10
Solanum nigrim 1., 40 40 20
Physaris Alkekengi L. (young leaf) 20 30 50
Solanwm Iyratum Thunb. (voung leaf) 30 70 0
Petunia sp. (young leaf) 10 45 45
Fagopyrum esculentum Moench s 25 40
Vieia unijuga Al. Br. (young leaf) 30 ' 30 40
Phytolacca americana L 0 90 10
Plantago asiatica L. 0 0 100
Tarazxacum platycarpum Dahlst. 0 0 100
Rumex japonicus Houttuyn o 0 100
Commelina communis L. (young leaf) f 0 o 100
Erigeron amuus L. : 0 5 95
Solidage occidentalis Torr, et Gray 0 35 65
Viola mandshurica W. Becker v 0 100
Lamium purpurenm L. 0 0 100
Perilla frutescens Britton var, acuta Kudo f. viridis Makine 0 0 100
Silene Armeric L. ) 0 100
Oenothera Lamarckiana Ser. i 0 ‘ 0 100
Qenothera bienus L. (young leaf) | 0 ¢+ 50 50
Parenchymatous tissues of various plants almost

R o, OWTHEHOFEME L HRSH 5 0BEPZAS T LLERD D,

EEECBHTLWEY, HO4FE2RES 50T, $AEARES D VIEHEL
THERADLHS Z LI 2WTIE, B4 hShhbELOlEND S, LrLEREL T,
WEHFELOHED, TOXIRMHFIZDWTRE, HEATREV,

FHEHEEF AT 24 BB OFES  E B ERR, JEEE LR oEET (o )
DFY - BALEERRHLHEPTOWTE, TEEETRS, LELEZRTE, —B
DEEE LT, FEEEETFORMEERHEEL, SOLEERCBHTIED 5 W iZHERD
faric ¥R RGP, KHORHMERA LEFS D P EPEERL T,

(1) HER TS E

A OB AT Rt & TR, H 5 VvizSy L Jedii e ofific, W
DEEEDWTTRERH B ELEERL -,

S KB ORI E L REROEMEL AW ONMIFZ2ED, chekEl T
HHEIRO AR R L e, BERR ORI CHETRELEZRD, JoRimiisii2fAL,
W ETF MBS R - BEREBE RS L A,
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Table 3. Taxis of zoospore of P. infestans to parenchymatous tissue fragments,

Plant ECollection ‘ Plant : Collection
Solanum tuberosum L. + 4V Dianthus barbatus L. +
Lycopersicon esculentum Mill, o e e Stellaria media Cry, +
Solanun nigrum L. + + Silene Armeria L, o+
Solanwm Iyratum Thunb. + Rumex japonicus Houttuyn +++
Lycium chinense Mill. A Brassica campestris L. + 4+
Petunia sp. + 4 Verbena phlogifiora Cham. + 4
Datura sp. o 3+ 4 Ricinus conumunis L, + +
Clrssaipan noriflitn |+ ss Rabus iifds Thant, :
Lrigeron annuus L. + + . Lownicera japonica Thunb. -+
Taraxacum platycarpum Dahlst. + 4+ E Chenopodium ambrosioides L. + +
Solidago occidenm'lf;s")rr et Gray + + | Lamium purpureum L. +  +
Trifolium repens L. -+ E Ruta graveolens L. +
Pueraria Thunbergiana Benth, + i Tropaeolum majus L. +++
Vicia Faba L. {. anacarpa Makino + | Digitalis purpurea L, + 4+
Pisum sativum L. + I Ocnothera bienus L. 4

var. arvense Poir.

1) Number of + indicates degree of collection.

SLEREERLE, Table 3 WRTHEH TH B,

AREEF1E, Table 3 M T&EMOFMEEBTIICHL T, (+) of{bEeRLI,
#HELIEFE - BATTHEL RAREL ORITIE, & <BEMEA RV, L Lo 5 ki
DRECRESED Bhvie, IERRR-ELERR LR, ¥y &y - 2vvvy - 9F
FYR - b~b - FITHD, §X-VSTRA-AAHAF - TrIAyH . Awvafy
FEFTA U TRIERCE V2 TR L 1,

(2) Ir2HECHT BERY

BEHOER: L, #HET2ES T2 WHEEEEMIBRtOTHs Z LMEESh S,
COMEABERITHE 5 VTR CH D 0E, BEWS M ULER Y, RERE,
FHHEOILEME X O 5t TRk I L b 0 Th B,

(a) HRBAX

Plefler OEEWE S FRT 5 FEEEALAESYY ORI L D fik -7,

BLRLOHHEC X D TR R S &z, METOMBEHERRE, BRECKZEEWS
TR 3 X O L& s, 11~13°C OIREETF TEBRE TS -1, /BRSSO
AR O B I iREL 3 X O 2 M) B nbis, SRR QRO IS L 7,

{ERAL/EBMEE, BX 1.5~2.0cm - % 0.15mm HETH D, ZORCLiEELiEL,
—inE 72 U v THT, BHUCEREEERCEVWE- 2fbiiE, 254 ¥4 3 A ki
PN HEETIRRRHTICRAT 5, BWE OWGHh ~DW G, BSOS TICET W,
WEET- 0T g L=,

£8 1 AEEEINT 5 EbE

ERRCER LT 4L MiTH D, HME Lo BIE R AT % L TR
BET 5, L LSiksinEinf® 21541003, BEIWHEE L0 rrbs FEET, |
BILEWZELT S, H5VINESAIEXR D, BELRET L T, EHOmEIC
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FAIG HIEYR 1772 5o A UDEICH L Ol Ealiiha 4 528, O —EL Lo &
EiX, DX THERALERTHMBIRERLTESL, MEOHI LB LA -T, K
W3S, BRIENCIKEAS, IS L oIERS I EIcH LT, &< RIELS
VWindh BV IS U T E O ST B, COMESICR, MiEO LS R BB
WER VI &S,

HEEREETIE, Table 4 WAL MY CHB,

Table 4. Chemotaxis of the zoospore to salt solutions.

Solation | Chemotaxis “ Solution - Chemotaxis
KNO, : -2 NayCO; b e
KCIO, - l Sodium citrate L
KCl ; - ! Sodium aspartate -
K.S0, z - : NH,NO,; -
KH.PO, | + i {NH,),S0, | -
K:HPO, ‘ - ! (NH,).S0, ; -
K,PO, ~ | NHHLPO, +9
NH,KHPO, L= 1 (NH)CO, -
K:.CO, ’ — NH,CH,COO -+
KHCO, ! - Ammoenium butyrate ?
KBr L (NH,), (COO0)s -
K. (COO), ) — Ammonium tartrate +
KCH,COO ‘ —_ Ca(CH,COO), +
Potassium citrate : - CaHPO, +
NaNO, —  Cay(PO,. +2
NaNO, - Ca(NOy); +
NaClO, - CaCl. i ?
Nag50, - : Mg(NOg), i +
NaCl - MgSO, +?
NaH.PO, ) - AL(CH,COOQ), i +

Na,HPO, ‘ —

EHEBGE, BB OEREZES I & F HAvE Lickwis, SEUETSITTIRAE 1~0.5
EAEL, ZHAGOEER, HANEUAREE TERCEER YT TER L,

FRRPLRB L, TRTORMESICH L TEIEEEZRL T30 LT, dlEd s
Wi Tk VTR, ThaSED LNV, ORI, &< ORGSO rd
BTRIZHHO pHIC L - TRAZ L bbb, 3TEOY YEHyva0 ki, FURS
FHEATCTHOTLEGEEGZET5 Y VB TR U v ALDSLTHE, BT oEESEDEN
TV TRRbbLREEEFOERGS, BEHEISEEToWMEREL TiThbh s I L 5H
LinTH5,

KB I B X OEBEERC T S bk

EHEOREDER AV TERL R, Table 5 Thd. HEUY o Myxomycetes |
DWTOHE L &L —~FHLILBRTH D, EETOEBRIEE, & SEI5TD BENL
H* (& ViRl Tnd, SHFREBWT, BEEEHEHSL b, MREISLv&F
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Table 5. Chemotaxis of the zoospore to acids and acidic salis.

Concentration
(mol) s Vi Ye Maw Yo Mso Yo Yewo Yeo Yo Moo Hae Yievo Yeove
Solution : o
HC] | # oH o+ +? 0 0
! 11 13 2 2 @) 31
H,30, POoW H#oH B H O H W+ o+ 0
(3] i1} [8:3] [¥2] 3) 3
HNO, s Wow H o+ £ 0
th (&35 s} 133 k) .
H,PO, # T || S Y SR - S S N
> cdr b @ (B (@
HBO; #+ H + + + +7 0
HCH,COO b L S S S A S 0
2
HCOOH # o4 M o+ o+ # o+ o+ 0
23 i2) [ «
H, (CO0). I L L L S
¢
Suceinic acid H -i;i- -({;}- #+ H H o+ 4+ + 0
12 (%3] 3 ) )
Tartaric acid ] ﬂ{; woH o+ + 4+ 0
23 12
KH.FO, | H o+ +?2 +7 +7 0
2
CaCl, + b 4?2
18) @7
Ca (CH,COO0): H HoH o+ + 0
‘ (&3] (3]
{NH,).50, ('é') + + +? 0
NHCH,C00 | T Ho+ o+ o+
=
(NH,).(CO0), + + +7 0
Wiy @

|
i
!

1) 4: attracting degree of solutions.
(1} zoospore movement is remarkably disturbed:

collection of zoospores at a certain distance from the mouth of the tubes,
{2) cloudy collection of zoospores at a certain distance from the mouth of the tubes.
(3) dense cloud of zoospores near or close to the mouth of the tubes.

VT TR AMERR TR IR X b, AR OMEL Y, WWBESHERRRLCVE, 2ol
L, WEEFO (+) OBLEENIES HY 14 o U Ciinbh, o 1 vz T
Fibho 4D TR VI EERLTYWE,

EB il 7Toas ) o Tk VRS Xet R TR S ik

EREERIT, Table 6 WiRtild Thd, 7AHIBITT L0 VEEHCHL T,
WEFE (+) oF{EEERER W L35 Table 4 b dhdbod 548, FEBT XS IZIBHEGC
TOZEERTFLTVS, LD T7TA0 VERREETLSIRNEE, TO74% VIR T
ETFERIEL Twd, ST, MSERIEEE Ly, BRIk
Belr BT S HF D 5 WILETEE S h 5 IREAFD B,

FEE v YR DOV oo R Be{b:

TEE/ —AFV A —A - FE2AILR~R - VTR FF IRV HR— A
T =R FUTV ARV s wv b U RY Y  TRATEVEE - T ARG HE
Vel aaa g iy PUTYY STy S a—Fy T ELY
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Table 6, Chemotaxis of the zoospare to alkalis and basic salts,

Concentration (moi) = : — E .
.I /5 1710 1720 1/30 1/50 17100 1/200 14300 1/500 1/700

Solution _ o
NaOH SRR | -— - — o»
KOHM ——— e - — - - -2 -7 0
Na,CO, e e - - - -9 0
NaNO, - -9 0
Na,HFO, - -? -2 0
K,PO, ——— mmm = m—— == == - -9 0
KHPO, I
K:.COy ——— —e= - -- ? 0
KHCO, - - ? 0
{NH,}:CO;, e TTT T - - -

1} -: degree of repulsion.
2) 0: no response,

~EF ey IR Y AT IV RV VEE 2 F AT~ 2—F L FHrBR
AT rFEY Y ¥y Y CEEOSE 20 EoKiEN A RIS ECISEL - EEOAED
IRBEIZ DV TR & MERD R T o 72,

BT, WL ISERBROERE 2L, 0% T ORRE CraEE FRMESo RIS T
S, IR LORREETE, BEIHLOEBERL, RERMTAITLYYy, EHREL
LB, PIZIE B0% FH AT r— AT, HEFRIWEEL RS CHERESESZ T
Bo UL OB TOEECEL OTREL, BROBEEOH#M X530
THoI &, TORGREERNTIWELLTHS,

FOMOIEIZ DWTIE, TAATFUEE - TAATEY - Sy a7 b v
EISEET 540N T B HERZE>OIH LT, 744 Y EEGERET S 0ORE
BEREZHES, M BOoERE2RE v, REIREO G GIDE I oS aEET &R
MHROENGESD, Bz X0 mBbhiny,

KR v kTR AV Akl

LA R RS, RENSET oRER, HY 13 v X OH 1 v DA HELE
HIEPELATHD, SHILTLOBERTD LD, WOERETE -/,
pH Bl Ak D UVKEARIZ e T2 S A, ZOWMPIT, MEROIS K
WAWAD pH ZARTEHlE L BSEzBAL, EHEhoBcHE T 5EETORIK
w L 72,

# pH Diivy, Koltoff REBEHETH B,

FEpEETLY, Table 7 W R/THDTH B,

Bk, R pH /NS iz U OETT 5 C LSS ATH D, MY ERT
B i, FRH 1A vigBEOXESWHERL, OH- 1+ v L Bdal &
AFESH BT,
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Table 7. Chemotaxis of the zoospore to the solutions adjusted to different
hydrogen ion concentration,

" Zoospore suspension! {pH)
8.2 7.7 water (6. 6)

Buffer» (pH) .

i Mwé_S - -_g:i;l T ’ -__ . —_
8.3 - - -
7.9 ? - _
7.5 2 ? '
7.1 ? +? 0
6.7 0 o4 ? ]
6.2 0 + g ?
59 ] o+ +
5.3 + + +
4.3 + + +
3.3 + + +
29 + + +

1) pH was adjusted with diluted NaOH solution.
2) 1/10 mol buffer solution.
3y 4 attracted

- repelled

0 : no respouse

D. #MERCHITIEARR

MATOERF R, S, FEIFEBWSSI, HALEOMINCE, TOROEUHEHER
MIAPPCBALEL Z Eddbhod, LALEOBA TS UHERGSELLTHWED
Wiy, BARZIiEN &Il & O, REOR AR LAHE s
SHEPErRNSS, AHMENOHTFHES, THE, RETHZERETT -,

(1) =BHEBLOEE

ERERE - EEFEL, ARLENETD D, $<{0E5&, EME 24 KilmolsL, 3
~5 HMICEH » CHET&IT 7z o bBodh &, BHGE 1~5 s, Lasfs
LICHIEEL 2o, RIS, SEOH SISEIC, gentian violet OFMINEITHEL T,

SESHEE & Ui, MEEAMTCREEEAIF O /i3 E v,

WU o mEER, ROBY THb,

~FT - HEFY VY R THEFF A fAF e Py b7}

P EHEMHTONE - kv h - FUFT C ATFHEHLATI VTR RF
TLF - BYYF TR THHA - "2 A S,

T E LT, HOEMELTTEFOREE cOFOMMEM  EERD, ML
BE s, W, FITKEE L TR0 Hik R IRR L 2.

KT, EfoEEE Y ve. P CRHERD, AEL RREOHNEERE RV,

(2) =EEER

(a) GUEEENC T DR

W) # R F Y ——IFE 2~3 R - BHEF oL, bTrRELLY, TOTOR
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2~3 hours after inoculation

6 hours after inoculation 24 hours after inoculation

Fig. 2.. Stages in the terminal swelling of germ tube of zoospore on the hypocotyl
of Cueurbita smoschata Duch.,, and reaction of epidermal cells to penetration
at each stage(Gentian violet staining). Note migration of protoplasm from
zoospore and process of cell reaction,

B A RoREeEs 5 (Fig. 2), 4~5 M RS oamoliaiixe i s,
BAAT-OMNBEOREFBITLCWS, FILL TV 5OBHL D BN, FILHMED
FmlsED B - EHORIIEEED S (Fig. 2), 6 keHE - BEMIBACEA L ZHR DT
D LI, RAROREDEGHEECLS (Fig. 2), 24~48 mfifk : EEMERAD
BABARSES MCHD LN, FILIFTOMIEBDIRENEL A, MBI
RoIbrETs, R rhEROogET 4+ (Fig. 2),

) ~F= %78 A5 - THHF - Fref3b -2 Fy - poITT
HOMEMTE, »FEFYOBELIREFRTSS (Fig. 2~3),

A
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(4)

B

©

Fig. 3. Reaction of epidermal cells to penetration of P. infestans. (Gentian violet staining)
A) Hypocotyl of Pisum sativam L. var, arvense Poir. {24 hours after penetration),
B) Young stem of Aster Yomena Makino (24 hours after penetration), C) Young
stem of Solawmwm tuberosum L, (48~72 hours after inoculation),

PN v s v A—FEHOMTHORET, I {BEALEILMNTEToNRtas 24
Do LiodioTHEILE, BBLALELBECHnL I EMNTED, BEF2 B0, WS
PR AMIENCE R RO L Z LATED, BILTEOZEL, REE2RLIC Lt
BEIRIT 7 5, TOEHEIE, hoEMic RS ERETH 5,

B kvevd  FFY  AFHEHEII - F A R F - a AF—FHOE]L
Ve, B~k 2Rl EE0 LS CHE, MATUINE L, ZoME0TELEL T
Binv, BATNES LT PICRRZ I VREINRILENH S, M 24 /g, &
EERAZEAL TV S HAEROLIEEL 550, BHRVESLH D, FioillaRnec
WHRMsEA LSS L3RS v (Fig. 3),

M EHE FRPCTOMTE)—IEE 2~2.5 Bl : #ETORmOMED 243,
& AETEREIRLTWEWS, BRATRIEFEIL:AEORINZROE I ENRTES, 24
Rif%, WoHHICBREFORSLONEWL, FEASRDLLNEY, BATLSIAR
fnh, CoRBICAEMNTET S, FEREATE, DTrREAREBLNE XSk
(Fig. 3),
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N btwh 2 raF ey T HA—BREOESELIEEAYRRTH S,

(b) ZoHlEEs LUNEF AT 5555

FERE B it viE, Table 8 OB D TH 5, Rl RBETOMMIZOWT, FHER
s O REHIECRHIBATEILATES, LALERYE - |~ A O TRE,
HENIZ BV TERAEE LET, vwWhdaF4LMSEIILTWB ERFLLNRAEV,
DLEDFEE, #3hREa oL oh b sl - BEOHHE LR VEHEETEHIL
LTDERTHLS, R AEIEATE I EMNTESL, T E - RE T2 MM
T oG4, TFHITKERTR S A% BEOTFFE,, H 5 VITEBRH IS EE h HE R
HFIZIBIRL C L B7dy, BETORENMEDTTREG AL H o7 LOLEBEL TEER
L7ofEGh, AL E DS o7t £ RADLLNIE: o filidi vy, FHoBllsh 50
W, RO AR FERWIEE (27 - Fdein) TL, RETHEHASEREST
HALEBHLTHD,

Table 8, Penetration of the fungus into parenchymatous tissue and under surface
of stripped epidermis.

" Growth of mycelium
Plant Penetration after penetration
(24hr after inoculation)

(Parenchyma)
Solanum tuberosum L. + ++
Lycopersicon esculentum Miil, + ++
Lycium chinense Mill. + I +
Datura stramontum L. var, chalybea Koch + ?
Lantium purpurenm L. + +
Petasites japonicus Mig. + —
Coreopsis lanceolata L. 4~ -
Tropacolum majus L. + —
Begonia sp. + —_
Pisiin sativam L., var. arvense Poir. + -
Trifoeliton repens L. + ?
Vicia wnijuga Al. Br. + +
(Under surface of stripped epidermis)

Plantago asiatica 1.. + 4
‘Oenothera Lamarckiana Ser, + —
Sonchus oleraceus L. + +
Brassiea rapa L. + +
Pisum sativeen L. var, arvense Poir, + ?

-+ +

Vicia unijuga Al. Br,
1) +-+: vigorous
-+ slight
—: no
IhEOBRPLR5 L, FENIREIELREFThIE, MIOEERFEHTEILL,
BABHIETH Y, REOBRADRESL, HMOREIMEOIETIC I  FILITHT 5850
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BErLziorEronsd, Young®’ ik, Dematiaceae ZIHT 5T L OF ERHEH
F AT W00 EOBEMITIEB U R, 198 ofBoMEeERswt s, WA
ZdieF iR R U callosity - fIRZEEBEDIEE - T ofb FERGE oz s
HEL TWab, T Johnson®®13, Colletotrichum circinum % 22 O EER L, 20
BORIMTEAT 5 2 L 230, FEORAMTREBERES LV BT B, S5z Dastur
. Neger®? - Smith™ - Young®® Zdfth% { OWEE L, fUlZBECREAK XD callosity
AEOBRATFLBLERCH LI EEEDTVWE, FEBRICH VT, BoSIBAILET
DRI & 7o (2 BE 0 A%, BULERIOBH 5 & O»E T, SHCERE Litd s 70, —
BEETT Vo THEILRE ORI, L AFIL - EAOESERIBNICHFTAETIOTE, o
RO Z e sy, FHOEESHIEERRZVOTREWrEFZ oS,

s, ELAME, FILHAS S BEEE AR T TR, 180U EOHbR 5O, &
BEORBAEEEF 25 LICEWECRETHE,

E. FEOBACHT IEMHERORISLEDEET EOBR

FREEAF RN IR A LSS, BARED M 2R ERELE, HiT AL
CEHOERZ LT 5 BERIT2VT, Ward®68? . Stakman®?, - Allen™'® - B #2550
BT AT 4R &£ LT, MEFEIWHEEIZ DWW T, 2L RN EhTns,
Stakman ZH3EEMER B2 Tind, FOMHRNEEETH D Sychytrium [BEIZ o0
Tk, BEEFY49 . Cartwright™® . 354141290 CE Leach™® o 1 v 7 v T RIS, 855
SOOI 1 T FREICT AR ERE SRS,

JERIIT 2T, Dufrénoy®®, ESAMERSEIT T, Muller® 25 L Ty %, Miiller
W, R GERTEOE AR RIS LSS ERE L, AT v 2R L TR LR
T O L, RSN CIREOR AN, L Himie : olfic A Es
T BT RZS LENTVS, FARBLOS 3 oy 5 ONENE MR BT
T3 E, BHHRETE 30 SHLIPOCHEMIENIEL, WELT 5%, Mtk T
1.0~1.5 28T 5, BARSRE, EEFRERETIE, 20 BHEBCENT L SREL
TV B,

EE, © MO TR EIS O R 2 S BB L,

(1) RBHEBLUOEE

(AL 72t fk s S OB, BBl A0 LRETS S,

(2) REEER

R BRI 2 RO IIRR - AOMRAKEE - F3maos4 BNk
THRRhE, Table 9 b TH s,

ABFEFZBHUCRLNRE &V, HRAOHESS, LT LLHBNOHMERBREOE L
—H LW ETH5, HHROBEAITKREROMPCRB NN, A TOWHROET
DR BRI PR CH o7, EREROBAITID, FEA YO VT, BRED
EH D, ISEERILD 5 VIRBE T 2 0MnEDH LN B,

BEZ - b b—EBHE - <, BBV ELORESED - TH, PR CED
BAEFT DL LIIRPRORD T 5. BAOHSD, TOEOHLDOERORTETTL
DTHEV, FEE, BHERICr~ORERERALCS 203 biFROEHFRFT
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Table 9. Reaction of protoplasm of various plants to penetration of P. infestans.

-  Rate of 33%25&1? Reaction
, Penetration fg};g;vér at?o;el; protoplasm?
Solanum tuberosum L. b+ 4 o ‘ +o~——
Lycopersicon esculentum Mill. + 4+ 4 4+ b e —
Solanum nigrum L. o o o e e 3
Salpichroa rhomboidea Miers, ++4++ — 4
Solanum melongena L. (young leaf) +++ o +
Capsicum annuunt L. (young leaf) ‘ ++ + +
Physaris Alkekengi L. (young leaf) : 4 + +
Datura sp. (young leaf) ! ++ + +
Lyeiwm chinense Mill. (young leal) + 4 . o
Selanum pseudo-capsicum L. (young leal) ' + - +
Nicotiana tabacum L, ‘ + 4+ + +
Nicotiana tabacum L., (old leaf) + - ’ +
Vicia unijuga Al. Br. ok + +
Polygonum semticosum Franch. et Sav. + + — +
Amphicarpaea Edgeworthii Benth. var. japonica Oliver + 4+ - +
Pilox paniculata L. o - +
Solidago occidentalis Torr, et Gray ++ — +
Lrigeron annuus 1. 4
Brassica campestris L. ?
Pisum sativum L. var, arvense Poir, ?
Silene Armeria L, 2
Cucurbita moschata Duch, {sprout) ) ERER — +
Lujfa cylindrica Roem. (sprout) +4++ - +
Dnpatiens Balsaming 1. (sprout) ++ - +
Solamim tuberosum L, (sprout) : A+ + +
1y 4+ .vigorous o ' )
+: slight
—: no

2) Reaction of protoplasm: granulating or browning of protoplasm 24 hr after inoculation.

Hotzbx b “FvFe—+" F- BHE "BEE @, oSS UABAUEL KB
MOAETHD ERE BRRANESREARS B, < “Hrye—¥" - BHE
CBEWT R A4V W CBERE (IR X0 b2 % HicowTEIE
FTBHE, Rv T e FHTIHERELOFHTHO 5> O&REY, FMmladicBial, 24K
MR I R MR LT, $8930~50p inET 2 0% S ¢, BTidAlE4l, o
RS 5 WBHERIOE T 2 b 0 b H 5, L LB AMMIEzE, BEaZE{br i
<y BRI R ITAR AFLEBE I B b2 BB h B I £ v, HEAE 2 BERITIE, BATLNE
FRAMAAEAEE LT 5 L NS B, T ORI IIE S, BB o rig
M MEL TV 5, BBEE - A -2 1vEL, BITRAERReRELLNLH, Wik
OEBTHETESY, H8E1 A% TIE20~30s T 55, MEOBIHLIREIR,
SHICHL, 2 SETIEERE L B, BrEanEETaBenbs s, I
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HMIETH, ZXEHOSNEPBTT 505 Ch5, 2 MBS Ry, hoE
FHTETH, MERESEIRE/ SRR LS - THROREEE L0850, TS
PEEEE T B3R S I S TIRP TR AR I 31T B & FIERIRAE T, MESNEROEE RS
D, BEMBNISILERT 5,

ik, TEASEESE TR, FMHCEEORRMEAL ZEAIE, MIa0HER R
W, EAEPERC KIS EFERORBETRL, HROEF EETHCENDL, 2D
FEE, HoRECHT5MnENEETHRER & ORERESET L OB H D,

1R b A E - ey e 7-—TFEHRE S HORATEDTH D, 1 BIEEE
BITANE QEH LU AER ET 540NV, I 10 MHHBELTWE L0 L By
Sith, ERBCHBALEIERLAEBELNS3 0L, WAL, 1 BB,
STANZHBET L Z &b, WA BANMEDOLCHER R S5, MM ER
R 5, DEHRREr MR E A, EH 3 BRI MR A RIS & WE L RT3,
LS FIRRC SR OMERSEA L BE, H5 Vi hERgmla Ao A LB aic
i, EROEFRITRETHES S, EABRSLEBRL, EROBIEBELEPOL I LR
2B,

F ADEYE— 1 HOERPEA LIBEICIE, B 1RSI RANE R Aap A o
it LRSS, 2 EORRMARERIRICEA L ZIBEITE, Miaadets 5, WARipLh
FL 20pfiig@ T 5, B2 B0, EHEETHEL TW555, HlJORESD 5 WX
ER b ED, HARZEETS ISR D, ChBEIRS L, HREERLTVW2X5T
HY, MIENEOZLGEERY,

P HFY e VARG AR B Y Y L F VeV T A —AERITERE 1~2 |
Fiiy, SAUREREEYEEL 20~25p 0BT 500 ELN S, MIEMNERE, TENEiE
SHOEMEERIRE RIS ERETS0ATHS, SHHLAED L2V Akt RE - 3Y
Y aF 2wV TYHATREL AAESRERLL, ERALMECRESED, W
ROEFIELT S, HPEEE, SEAZEE  OE, BuBREREDLILEER Y,
bR T YT, DRSO LSRR, HROEFLEILL, SRS S oSkt K
FEFL RN,

ba P Y Jay S-—RECE, HoRASPHEINAR Y, $hETCLEATED TRV,
EHHERE O LIBERAT S, HIEHEIZL, EEFor 2 BRI L8565,

g 7oy TOEFE—F L UL TLQIHEOMIRIZRAT 20, RARRTEEAY
HELER V-, EE2 BB, HE ISR R IR 2R HALRA IR VIERT 5,

Zola— KB - YT, HORAZBELES 23 EhTHD, RALIEELHE
FOEFNRRTH Y, HIBIEAILNER, ool eET 5, FiE - ITEZIIEDICE
AT 5, HRIERETEA, BEMRELTHIELEALEETHS, BESNIHENTE
Bl v, _

+ ZABEHAMLS —F v T Vo FOERTIE, HREICEAT S, EH2 BBIEEDST
1, FEROMESROIEWVIEENE VA, NI 20~30p OEXICHETIHERD S,
B OWHRARRRCEA L7y, E5 i BERTET %, 18oR0R»3 8L
BETE, BABMERZIFBET S, B3 BRETIUE, #iEAMRIREER LR
HAROEELFILT 5,
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wwa S URY A T wA SR TF Y by - pFE AR T, R
1 A RIS A U RO TR L i%%&lﬂﬁ%%ﬁkﬁé@#
HZgans, 2 BHIE, BEABRIEECHBETS, k<2 /YIRS 10K, H
kAR 2T H0LTIRELE Y, HREVWTFhoORad 2 ABCEERLTWE L3 Thd,

FOMMOREIC VTS, MERICEALZEHRZEL TMH B, UL LEHEAHRED
BT RSN B2, S DBAITEASRML I L BAERPTHR T/ ER/L, 7
B3 B WiZe e T, & B3 HRHBIZE - € #f AF0E2 Bt 5 op il Eh
7zo Table 9t “¥” 2{F LAz L OOMiCE, HEBAMNIEEL, HORESFTILLE
RSO it T, AKESIANC SN WIEaSE L, Jike AP 4 ViR
HBE . 775+ - 2v K« A% b Y +FoaBTHETCH -7,

RO EFY - ~F - BREOHE - kv v h 0FE O THRES T, HRiEEA
L, HFrtFT sl E0b5,

PAEREBORRON, BEHE - P~ ML T, S OMEEFORREAE—TL T
wWh, BEHEEE L~ FEOFEREMDTIE, HoRALMIST 2FERERNOE LB
WAL, B ATROETREE S EEREFRCHLZ ERWALATHS L EbRE, £RFOR
G RTMETLS, S HE o LEoF T, RN SROmMEAL T
MRS ART AT SR, HhRodeEREEInL S ThE,

F o3 BB, 12 R4 ZXE - AE s r T TR, HESHICHE AR E
T8, WAROEHEHEILL Tvw5A X5 iTBbivs, Fookf T e A s
2Tt WAL THROAFLELTSH S, 0k riilEoE bois, Hro+H
FARACTBRETHEON,, H5VITESIIRELLSEFBILOEESS S DMFHT
Hb,

+ ARSI TL, HhOBA - AFKEL T, £008EDEAREETTHEN
%\, HLHHEMTE, HORARDTNTH 50 pirbs TERIOESCHEEREZT L
@#&6 FobD L DT, REHMIECEAT HHERITED TS <, B0 HHEL
REHNADE(LABD LN AFNT, B EROEBTHERT 5, BHLIC2EDLNR B
Lo, FYTFYAF w2 /Y RI1DE I, HAUEEICEROEANEDLN
BiE, WEAGROZENLIMEEEL (L d, A dHhiedd %FE?%%A
BB, LT, IhBO+ AEUAOHEBOM AT S EFHIEE, —ficHT
T AT ER . BT, SR ATIEDRE RIS E RO ﬁ%mmLTV6leE
BNBHELH LR, NOREEIRTEHELEVEBbhb.

F. =% Er 3

BN, BAERIU I~ EFRETELE, H4{ b —FIZRBBLNI TS
B, MEFLL->TRFA - AV edhd Y230 ABHEMEFTZ L2 HEL T 5,

IR TR, ETHRHOFAEREEZ MY, FHOLER (life cycle) & fiEth & Oz H
Szl Xo iz,

9 79 FEOHEINCIERE® T » 128, FREESE - b = 2O > ABHEME IfD
L, HMYZEoEEHHOBLRMISIZR/ALES 2 EAEL M ENL, BADES M
P L DAL T, BHEE - b FEELBARSLHECETS, tofbr AR
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FHALEIrTHILERBIEBATS, & L THECEE TGS Y, K 79
MORFEOREIZE, B EREBPRALETHWS,

CNFORER G5 BT, Rl s—RREMICE » CEEoAmREcEALES L
DEEZLRE,

LOXSRBAOHR, MoBRETE»EERL T, FeDERLITL -7/, 4D
DHEE TR L T, FEOolEETE () olEbieat L TSI IR D, Wb BWE
& IR L ORITHECE R L TS oS3 v, b h B ABET R, Hifnic X o dE
HHH, HAEHRT 2 2 E0MREED SR, EET it pHic kv ¥fx
o, B HY 44 vicE3sh, OH- 14 v BT s s L2 e anic Ui, HniEis
XUEE LTS o SIBEESr BT B T Eame Ty B, BT Z o
FHOHEF#HEIL, EHTRFOMEMERAZMEABD L LT, TORDIZAEHD
fEEA, P EbHELIFFEOMEEEL AREICEL %A LNV,

WEEFAER A SR LTS L), BEL CEREINTT 24, BEEFOHEA -
B-CoO3MIZANTHILNTESS, FHOBHFIRAOHERIT L - T, IZIEHMLS,
FEAFMO LA BRI LTE, BrASCECTHE L, SXURALE-LEDL
ROz B STLCRDE V- LRFILOHS L BYPEMEREC L L 2T T ochs,
Hd S (cyst) OFEH - BILEMIH L TE, WO AL S L kv & Bibh
5, B L2 CoOEmoHL T, BEFEOMRAESZ &7, BLERE2{TR -
VW, T/, EEABOEBTCHE DI ETHESE, BAFAREDRTIOWT, EEHE
DNERGLELZLDINLBATEIEALRAT, SO EEMLITHS,

WO R A IS - B S AR R O S, o M A
BHOLTEATHEIEENLRT, FiloRkEolsicdkd s 0Th- T, HMd
BICEET A {EFEEC I S b LA sy, TeBEEEE, SIHGANND, hofkdk
HICR N5 X A HEREERE, BHEEEROES ZERMIcRAGREls o2,
REOESIZEEINLTWLOLWI I ENTES,

B g5l fn i AR S R O MR D £/ 0 B3, KHOHEHELIRET B Lo
Ty, RGO AT RERENE, st ofILich h, L LE0XREGiE, 4
B OEETE-T, LALTORAORERENE - b~ - 12 R3H% - 3¢
7 e TR A LTI, B3NE Y, MERER RN O R E FRE
BT Ch S,

EENELBALBREERHTHEM, BALBTL, FoBRAERMERL G0
EHH5, REBEHE -+ = HofEmcBA LTSS, T - RO T kR
JARlEO FIERRL D AL TWE, BERIIRL Iz LI, RECRATTRECE
JEL C, $UENPEASEA T L L, BHALS 5 VIR ER T L DR E, WHRoEHNRTRT
BB, 1 RFFERF - PAE ST B LO—OF AR T BEZIES, W60k
OEFE ML TWL 0N Boivs, FofhoF+ 2B, »v 5y ~F8E, #EAm
TAMCHANETAET T 505, 48RS IREFTINBD LN DT, BREErEFE
L2k Thd5y, BLROLEFHRRERE - F v RS LI EEL, ZoX
5 IS AR EICOAPEFRIEDRETH 2P EMIFRETH L, v~z /)2y
- FTTA FHFaTF sy PR v v BT L EE AL, e
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CWET B, HEN~RAT SHROREXREEICEN L, 2oBE T D, oMo
HWT, iR ABOE LA L Ry T, BROBAEIIIVAEL, TDELL
AFEELELEABNALENRDE, Lioh o CHlEOREEIGMC L, FEOEFT
FETERAR S EBbh 3,

BLEEET 5T, KEERLZ 79 Maolison, MYSROBMcEALED  LE
MHehbi-ot, BALED ZLEELTEAHROEBTTRELERT 3D THEL,
Table 9 (ZRlickdic, BHTE - L < oM, BAEROEFHIZEASRLR
v, TOREE, REOHSS, HEAMEOREERk T ofizieshd, Thabb
EHOEILLELCEEOE X LY, £SFEAMRSR, SOCEILEALTY, Ml
OB & D R RIR S, Uioh - CF 2 BISORIRAEF MM L IRET 5, 272
BREISHEE L T d BUGHIES T i, HREEL S EL, £FF3#EL
Boifars, BHE - F~ B2 0WTH S, TOMBRES & EHEFRRV RIS
ARk T 20EOFRY D 5 L Bbhad, TORERIIOWCE, EREFEBELERY

Dhbdet, REPEHRALS, WABEFCEF L CYIENEL SRR LESHE
MELTE, BHE - P~ PEEALOLWI L ERTES, REF257 - Solanum
aviculare, S. laciniatum 3L, SEHERBRLES & OHZE - 1%L H 555, B
BAEMTEA O R 51, TEFEEAFRLTELRL v,

AHOETR C B0 aHEL LT, Hilicgindand, BHE - p~i&ELLT
WEHRBREE, TS OHREEILEERT A LR o,
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. ERMIFOTERE &+ DEE

BB, I F 2R 2 B AT DR 1875 4R Smith I X D &hTw
%, Smith X BREOMTECFEEL 2RaT 28 A Lich 0 Ch 555, de Bary 12 Pythium
HOIMTF-OMAETHS L MM L7, Ll 1890 £ FE D Smorawski #2255 H Smith
LR, E0ERABRNCEGORNBEHOBINEZRRAERE L,  JICHR2IMeT
FEETHLOTHL T EPIREREL 2, TOH 1909 4£12 Jones™, 1912 4£i7 Jones
RGN gt AT BRI - fEHh Lo ERORMLERES  (cogonium-like body) BFRabioat,  Rih:
BOBEELLLOE R LELE»r 7 28T b, 2T 1910 £ Clintonft12.19 13
AHRERL, RRFERIZOWTHRERTE -7, HIEENroFERLAELLT,
RIS HOBIATF R EN OB L, Lo LRHRE ORI By T EhTdh
L ERAT S, RIMRT GEREE T L) ORRERE w58, MEROESL
PRI T o BB LR F o s IO vy, FHIL 2 0peT- (i3 perfectly
normal ocospore &7t L TV 4 ) DERAES FNAOT, FELEMEMIEITE KECk -7
LI ads, MREHHERF LAEEER & 2MEL, FES L LIITFTET 2RI oL
FEA T4 O THAS LOHLH D ThHD, L LHERETEOEINZ, &
ENTEE LA -7, Rosenbaum™® @ Phytophthora RT3 B9 1917 SIiH5HR
Shiz, ELERSREE T 5EIBORRS P, Bl ER L7202 Bbhst o
D 95% 13, BIBTFEL Wy EBRST w5, Pethybridge & Murphy®#25, #+ L T
Clinton OWE#EHL T, FofFRe 1913 FELTWS, BHETET2L 0L
L7e Wit oEEL38%, F LIV 4 Ol parthenogenetically il L7 O L#E2 T
WhH, ERTAEACEEEZ RO (thick walled spore) @R ERS ZEEZHMETW
B, W&, Vb 5 YN (chlamydospore) & FEIEA TGO T, IO L OET-
RV, LALMRLERETFELFIATWARVEITHS, HELRTNT
FPRERE S Al LBk -7, Wi Las P.eryvthroseptica b U7lfRCHE S L5
Z7z, de Bruyn® 1%, FEOHEEEICEL T, FEMSEHES S 1926 oL, FKigls
B3 5 MnEt & RIBAHZRNER U 7z, id, Ao TRk LT A st # SR L <, 58
BT R TR L, F8E /- 5 A AN P o L CRRL 729laFa iz
B Esh b0 Bz, ECRRRRTHIBTEFAKEELN S L0 RT, Kz &
OAWOB/EFRF2LDEFEA, THLLWR-HEET O S -JEET (FHis LUSRZHO
b O ETe) B X WA MK (resting form) L CH 5, BIRET LA RS, B 1R ERMREL
LB Z R U 7o 0h At U Tyvvin vy, Tucker®™ i3 1931 4RIZE58K L iz “Phytophthora
BoOGE” THEWTH, RERHWER L CERLAMRTSENZAsNE0RTHD &
L T 5, REIEFOEEMOLRKD BRHhy, s L C4E oIt Has
L s oo DTl VW& Bbh 5,

DAETIIEFE PR L CHERYS S I T ORRERIEL, 1938 4R0LH AR KR
FHATHELREETE -7

DA Bk RS LA, #E T 1938 LIS R O B E T BT B IFEILRE L Ty,
1957 4RIz E o C, Gallegly & Galindo®™ 55RO IREETE 1T X b 28I T-0: 508
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BENs I EEME LA, Fhis A%y =% 43 S (BEMBREER) & &5ER 256 51
(RERREER) LO/RICRY, BOTRIELELOTHE, TOREHOWEHR L LITHE
W& 23 ST, Hyl compatibility group OFEEER B, REIZIEES Bic$ % mating
type 5 &I L7, TOBHEERT, MNT L EENEES, W Th A TRTH
D, HHEZRTH 5 VIZ ST T 20, T S WEkOH CHRESENS, LT
mating type & compatibility type & & HBRWEFTELR. ABHEETEMEREICR
W & D HEE DI & DS HEHEDH b O~ LB 4 DRSS B LT w5, Gough
SNy, Gallegly ok R b B FHIM T 2RA S5 Z LIZATILz, DGallegly
HLITE A LRIFRCEE GO LI T- ORI RS L 7=,
AT L TREREOEFII LD X 5> Th a0, JIaFOMLYE - Fdhicontik

Table 10. Origin of isolates.

Isolate Host . Locaiiiy
P-1 Wk R oW ok % A rﬁl‘? "",a’cﬁﬁli}}
P-2 7l S S T S T RIS S
P-3 B OB # BIE RIRR

P-4 [} il RIS NEFHINT
P-5 A Al [l EHLmy
P-6 I 7 RS WL AR

P-7 £l FATNE - SR SR T

P- 81 fid mom o3 % %Z'ienkﬁ&ilif@ﬂf_

P- 82 il R 4 BHRRH

P-91 @l ¥ oF 5 F Fﬁ»ﬁﬁ,ﬂtw&m%
P 9-2 Al N oK LB -

P 9.3 il v E v I O

P_9-4 | 5 v - ¥ m ok

P-10-1 i - deHmn e H-L
P-10-2 7 — B H-2
P-10-3 il — tl H-3
P-11 i WK1 5 EHERTH

P-12 @l S B RS
P-13-1 ] Y o gz B v WL B AR I
P-13-2 ﬁ] £ F 8 oF ﬁﬂ i

P-14 & mooB % T UL/ BT
P-i5-1 ‘ 7 Al I LR T YT A 2
P-15-2 5 i i

P-15-3 ' | i [

P-15-4 5 7 Wk

P-16 ' [ " flliz v ot

P-17 [ ER i) : A T RE R S BB W
P-19 &l ER Bl EENEEE AR
P-21 7 R B & i 5

P-22 7l T i .

P-23 [l R 21; I koH LIRES
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Table 10. (Continued)

Isclate Host Locality
P-24 E&H%E B W E—aET

P-25 {7 I~ 2] ar e AN TP

P-27 17 E i KBE AT PR

P38 I3 F | BRI

P_29 7 R o L SR

P-30 7l ED Vi PEF AL

P.31 & EN I ARk

P-32 (6] - S - N o131 £ g g
P-33 & u B O% i F
P-34 [ P 1 % Al FEY
P-35 il 1N H Al FELAAS
P-36 G o i -3 ] I8 Ry o 4y
P37 Al 9%6 ~— 56 il I &4
P-38 [al B & 6 % 7 FA AL
P-39 Ei Boo@n ® i I
P-40 5] [ I 7 B
P-41 : [ ol SR & -+ ik
P42 | o B 0 R FEA AR
P-43 [ - A G i 7 R
P44 | il £ W 10 = i E
P-45 Gl 9% — 56 | i e g ik
P-46 [ i BOEA0E . @ ZE{AE
P48 Bl I ! WMk
T-1 b= b E if:} T K S T
T-2 [4] g A DT o S
T-3 [l E ] flE AT A R R
T-4 [#l ES i T S P BT A
T-5-1 A = BH T“;&TM

T-5-2 i 7 By FHEHI S

T-6 [l R A2 )RRy

=

HIBFRBLHTL % kv, TORMEE, fEkidnF ORBEslEi b fchy, ¥72-
(BT E B e g oficd L Bbh s, TEE, FFNRTHorsamEe T
RO L TIEEC SRR E XD T L ERIEE, D TTOERHEELEM I T B O
iﬁ%ﬁ'ﬁ: o

A EBCEOGCES

HEBRETE 3705, AEEHN L BREEDEREOFHE TR -7, FHET L bR
WEOEL, 4 — b3 — AdmIIEREN HEEEIZET) LSRR L, F0EE
SEERR D 5 HEET-0 5 OBRERERTAVERCER L, #HEkoBFRS S X OSEER,
Table 10 W RTH 0 TH B, fis P-32~P-48 Wik, JbipESERBINOREETH Y,
-l BEEER Tk o3 0TCh 5,



B. RmHESROBET

FRhb AT 3517 % BRIEF & L IR B 70000, FHIK & - CRE S /o wE O fmiildin
IR T-PHFET 206k, TS L TELORIEE VRS DO THL P MbIcD

12, LUFOEES T8 -7,

BRI . b v P EESIUCRER,
A= N L O & B 7 Tisiet &
BRI B R L 2 M & L
T BB EHETRE & GITERL, Bl

g # - IR L, RO S , Z
: st A £ Resting spore
HE (3500[E)/ 71041 L, EME D 22
TRSIUIBT R EE LS, B Table o efect oospore .
11 Rl Thb, o
Table 12. Sizes of resting spore and imperfect oospore,
) T ”AS;(;{ ) ' h C'e:-il;\'/{'all o
Part of , Degree of # ) ~ thickness(g)
diseased plant formation Range Average Range | Average
Potato Jeaf B | 12.5~49.2x12.5~46.3 28.5x25.9:0.4~0.5 0.4
Tomato leaf W 18.5~33.6%16.4~33.6 1 25.0%24.6 0.5~1.2 1 0.8
3.3

Tomato fruit 2 20.8~38.8x17.9~37.5 27.9x26.3 i 1.3~5.0

1} Resting spore
2) Imperfect vospore

Table 11 1Z7R¥ & 3 CHRTOEESRD bR PHTHD,
WMEERERDLOD) CThofo, COERESFFIRAHINABTOEE A ET~TRKRIEF
(—IEZoRHEMTS) Choto (Plate II-A, B), Fi-kRlsFiciz,
BIUCBEMNALN:, NRLHAINEFEELhbsbodh, HMIFROBEBESKL, £

Table 11. Qospore-like organs on

diseased tissues,

Numbers observed

Organ _

BELAVWLOARS D ERRMADLOTEEWHERDbRS,

AP B S RIREE T 5 XL ORSE 2 BIR ook &k, Table 12 il /z, OA

laFrihd/NETHS,

C. b PCHIB3FRESRIMBTFORE

L) SmEt

MEAFRMEAZIRIET (BLALDLOPRERE bR EA) OBKENEZ EH, 1
B kinofoht, BREEh TP CH ok, BEETIER LD SHBRE T 8 E

Ly, FOEMIOIDIZ LT OERS T -7z,

B LT, R 12 O oM LL, dhbby s v 7
FAEER R~ RLA A ~vELAeB i —H v N Ky F T4V AE
I e FRIV LTS I R—F i~y 7T —DOHEHTCH D, BWIBE L TH—
- TR R R R L 7, 8 oflakEE, Table 14 R L/2BDTH B,

REFERVE, Table 18 WRL 78, SREH_ECORBOER, SEWCTRTSHY,

y

Exp. I Exp. II

iz~ 5 AR

55

14

&

A5 AT (A

LAV I AR
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Table 13. Growth of P. infestans on synthetic media.

7 " "Diameter of —
colony (mm) Aerial

Medium? Isolate - T . Sporangium  Oospore
i . 72 i 14 mycelium

P- — — — - —
Knop : p_é + — — -
Czapeck-Dox g:% ; a5 - — -
Sakaguchi-O IE:% _ _ - _ Z
Henneberg A Il:j ; 2.8 + - —
Henneberg B II;:% : i ¥ _ -
Maassen gj% f ' 1£}- 5 i _ _
T S T I T
Krainsky ‘ E:% 11_]._5 1%*'_5 f : i -
P-1 + ; 9.3 +++ E -
Waksman . P2 ¢ 18 | 2B 444+ 3 -
,  P-1 - S+ + - -
Brown ! P2 i 9.5 + + _
, P-1 132 | 3L7 ++ + -
Raulin P-2 10.8 ] 31.5 +++ + -
Pleffer }P,"_m_é i i i f _ _
Oat meal < P10 290 66.8 +++ b -

extract ; P-2 17.3 40.0

++ + -

1} 1.59% agar and 0.1 ppm thiamine added: adjusted to pH 5.5-6.0 after sterilized:
5 petri dishes (8 cm) used.
2) Days after incubation.

WET-0 5 (sporangium) OEELHATH -7, Lrb#EL i 2EkovnThick v
LOATFORKIEL {EDBNE o, Eiod— P —ANHRERE RiT 4 9plaT 0
Brkidiodr oz,

(2) KPR

(a)  BIEERUFTE 7o vidhibiissih

BN i1, SRS FORRS RSN VDT, R DWW TRBREITE -7,
HHEREDHORE (33 - VD FFEFR YV - by r.zxF.o)
ar 7)), Fehh, NHEBEORERE, BEANEE I £rv— -, d~5a2=7
FEREERMELE LT, MBI EERL 7o, WM — b 3~ Al 2 /R E LT
BL.

SEREEEVE, Table 15 R TWHCH3,

= Y REERHEBU R R L, T T OB AERAT L. AR ORIFTH 720,
A= b 3 —AdhiiE R LU T ETINL BT H o . L L Phooisih Bz 4 SREET-
DEBILRD bl o f,
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Table 14. Composition of synthetic media.

Medium ' Composition

Knop Glucose; 20g, KH,PO,; 0.25, Ca(NOy).; 1. 0, MgS0,-7H.O; 0. 25,XCl;
0.12, FeCly{1 2 solution}; 2 drops, H:0; 1 liter,

Czapeck-Dox Sucrose; 20g, NaNO,; 2.0, K,HPO,; 1.0, KCIl; 0.5, MgS0,.TH,Q;
0.5, FeSO,; 0.01, H.O; 1 liter.

Sakaguchi-O Glucose; 30g, NaNO,: 2.0, K,HPO,; 1.0, XCl; 0.5, MgS0,-7H,0;
0.5, FeS0,; 0.01, H.O; 1 liter.

Henneberg A Glucose; 100.0g, MgSO,-TH;0Q; 0.5, Peptone; 10.0, CaCly; 0.1,
NHH.PO,; 2.0, KH,PO,; 1.0, H,O; 1 liter.

Henneberg B Sucrose; 100. 0g, MgS0,.TH.0; 0.5, KNO4; 2.0, CaCly; 0.1, KH.PO,;
1.0, H:0; 1 liter,

Maassen Glucose; 30. Og, Asparagine;10. 0, Na,HPO,;2. 0, Malic acid(neutralized

with KOH); 0.7, Na,COy: 2.5, MgS0,-TH,O; 0.4, CalO; 0.0L,
H.0; 1 liter.

Hayduck Sucrose; 100. Og, Asparagine; 2.5, K,HPOy; 1.0, MgSO,-TH,O; 3.0,
H,0; 1 hter.
Krainsky Glucose; 10g, Asparagine; 0.5, K,HPO,; 0.5, H,0; 1 liter,
Waksman KH,PO,; 1.0g, MgSO,-TH,O; 0.5, Peptone; 5.0, Glucose: 10.0,
| H.O; 1 liter,
Brown . Potato starch; 10g, Asparagine; 0.2, K,PO,; 1. 25, MgSO,.7H,0;0. 75,
H,0: 1 liter.
Raulin Glucose; 70g, Tartaric acid: 4.0, NHNO,;; 4.0, (NH,),PO,; 0.6,

(NH,):S0,; 0.25, ZnSO,; 0.07, K.COy: 0.6, MgSO,; 0.4, FeSO,;
0.07, K:SiOq; 0,07, H,O; 1.5.
Peffer . Glucose; 50g, NH,NO,; 10.0, KH,PO,; 5.0, MgSO,-7H,0; 2.5,
! FeCl,; trace, H.O; 1 liter.

D E I HEIE RN A S PES U /o 55 L ook g, Table 16 © X 5 TH5, IS0
LT IR ERRES bR T,

Pl Fo S RE DR  B Wi A S B T, 4 < IIET- DR D Hivinds o 72
DT, AFRFZENESLE LT, ETOoBSOBEEZEEL, REERETif. £
OfERE, Table 17 O bt o, EHEEMDAOEE ETREREF L2, P TL b
wERaIER, bvEw o SEIHE, F— b - ATIBET S S RIF ST -
fzo L LT RTOBIIIaFOWERE Eohigh o, Lk, FTHE® &, 52T,
F— b =BT T - 3 - AGERERE O, fidinns, oS s IR B
BERTLBpRT o HEEL Tn1D,

(b)  FOfihakE

ARk & 5z, RUGTEEM TR T-DE A S OT 20 MO XL
WE A, FREROIFHIEERE R ERET L E 2@ R, ORI, Table 18 i
TTEDTHS,

e Lo T T OB LT REI A E L, LAY 13 JokE LIcIRT 2 e Rk s laT
BREOWRAED LN, FOKEM, Table 19 wRMHEDCHS, BLZEEETH
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Table 15. Growth of P. infestans on plant decoction agars,

Diameter 707fuc6lglm1§?4

Medium - —(@li), — Sr;t:e};:ged . Aerial ZSPoran- !Oospo::e
714 |2l ‘mycefium mycelium &% t

Rice stem 16.0 2.0 | 5.5 ' @ o # . # -
Petunia stem and leat 13.0 15.0 21.0 H- e E 4 —
Corn stem and leaf 12,8 ' 25,0 : 50,0 H H 4 -
Soybean pod, stem and leaf 14.0 | 20.3 2.0  H + W -
Persimmon leaf 13.0 . 17.0 @ 20.3 | H H H#Ho -
Apple leaf + + 150 + + E T —
Platan leaf + 16.3 18.5 H + eIt ! —
Bomboo leaf 13.0 37.5 1 60,0 +H +H 1H4 —
Pine leaf — — | - — — — -
Ozk leaf + 88 104 i it H -
Zelkova leaf 2.0 + 428  5LO H TR -
Mugwort stem and leaf 11.0 21.3 - 26.8 +H +H Ht -
Setaria viridis Beauv, 11.5 25.0 26.9 + -+ +H —
Potato stem and leaf + 16.0 22,3 + + + o
Clover stem and leaf 11.8 34.0 G0, 8 He H H —
ditto - oat meal extract 44. 3 80.2 >85.0 JI Iy W —
ditte + ditte + rice stem 9.5 35.3 7L 2 6 HE ## -
Qat meal extract - 44,0 77.5 8.0 e i3 B —

it H#H 1 -

ditto + rice stem 17.5 52.0 .>85.0

|
|

1) Average of 5 replicates.
2) Days after incubation.

Table 16, Growth of P. infestans on compost extract agars.

. .“‘Dvié}n;eteri of ! vSu.i;mierge.d 4Aerial .
Medium lcolony (mm}; mycelium . mycelium Sp°rﬂﬂglumloospore
Compost ex\tf’act a With 29 sucrose 6.0 + ! + + ;=
(cold water) | No sucrose 280 . +H * ; i+ y -
Compost extract ! With 29 sucrose 22.5 : H ‘ +H +H+ : -
(hot water) I No sucrose 22.5 . +- + -+ -

1) 50g compost was extracted by 200mi water in 1 hour.
2) Awverage of 10 replicates.

D, HENHCERTHD, PONHEWLERL TWi, DWTREEEAL UL (75,
FRWEMHELTVD) WHRLIL IS, KL CEFHL, »oBIET & X Ol
HER L,

Zi e DR L 7o IEF-3 OO T-EREVE (resting spore L {RFR) k& &, HBOFHE

- FRAEEEH: 6, Table 20, 21 {8, ThFh 2@ s+ L5 TE S,

JaTEREEL, WBEBE~ZT LA EFLLRD, AR, SBLAIETO

HEREZEL, FORFSIERBEShTWSIFoRES L) LRSNETHE, i

FHEE, W E LICHEEL Tviyy, BRGZAR S BRI L 2o0RlaTIkch B4, KREE



az

Table 17. Growth of the fungus on decoction or extract agars.

Diameter of colony

Aerial

Medium® Isolate o Sporangium ~ Qospore
T8 ’ 14 mycelium

Clover decoction - P e 17.3 +H H -
+ sucrose?® P-2 e 16.2 ¢ H . H o
. P14 335 1 662 S -
Corn agar® P-2 9.3 . 365 i -
Soil decoction® };12:%3, i ‘ 13_—_3 :_ k + _
Corn extract P-1 © 27.5 64.5 A +H -
+ peptone + thiamine® P-2 - 15. 8 + o} —
Corn extract g:‘].;; I ggg -I_-‘|_+ .*_?_- -
Py — - - -
Sake-lees® ¢ pp _ _ — — R
Oat meal extract™ g:é . ' %gg 5 Zég f_‘_'[' i .

1) 5 replicates in each medium,

2) Cloveridecoction+sucrose: 500g of fresh clover leaf was boiled with 1 liter of distil-
led water, and its filtrate was added with 2.0g sucrose, 0.5 g KNG, 25 g agar,
and a few drop of diluted lactic acid to make 1 liter,

3) Corn agar: 300 g of corn powder, 15 g of agar were solved in distilled water to
make 1 liter,

4} Soil decoction: 100 g of field soil and 1 liter of water was boiled 30 min, added
a small amount of CaCQ,, and 100 ml} of its filtrate was added with 1.0 g glucose,
0.5 g K,;HPO,, 12.5 g agar and distilled water to make 1 liter,

5) Corn extract: 15g corn and 100 ml distilled water shaked in 1 hr and its supernatant
was added with 1.59% agar, (.49 pepton and 0.1 ppm thiamin,

6) Sake-lees: sake-lees from commercial source sterilized for 10 min (120°C},

7} Qat meal extract: see text.

8) Days alter incubation.

WABRE D SRE W, SBHIEL, NEME LIRBEBEANEERIEEL TV,
BET-o D, IR NE SN CED, BFEIE - BE - XESVTINRLIEREE S
NTWEIMEFE—ET5 (Table 20, 21), U UREESESL TWikvizd, REH
DI EELENS, CEEE, DWEIEL ALFLTH 5, P EEEENEWHOT,
DEZ - SREMO L DL EX B Z LR TES, MEIEFCE, BSOS RIS
BEDLNILWD T, BIEOS E FIRICEE T —IERELRIMETF & BIFL, BsSosE
L HIME DI F 2 RAME L CER L, &F0kiz, (Plate I-B,C; 11I-A,B)
WRLT,

Tndk, WRIRIET 2 FELIETEE® 2a— b 3 —AB Xt — v ~ 38R L
CHELLLDOLEUIOCH S,

(3) ISR

T BIEF DR - C O REgH, £ FRAROT, ZOoREBELICTBDI
LT OHEBETL -7,

LB BRI Fo—E R LR E, £ <o BEIER LGS, REso
fTa S8R5 &2 THEE kb, T O L BEoE b5, EFo
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Table 18. Formatmn of oospore hke organ on autoclaved so1l and plant tlssues

F Mycellal growth . Formation Formatmn of
Medium T e — o of ; oospore-like
140 21 J 28 . sporangium | organ
Seil o £ |+ + +
Barley stem and leaf [ N T R T8 14 W
Rice stem and leaf + o~ 4 H gt 4
Clover H s 1 #
Commelina communis 1., + -~ H + -
Rumexr Acetosa L. o+ o+ B - .
Agropyron Kamoji Ohwi. + J &% ¢ owm M +
Erigeron annuus L., + + = — ! -
Seil + clover P e W e W
Crimson clover # 4 e i Sy
Plantago asiatica L. ' + + et - -
Artemisia milgaris L. + g H H~t + -
Polygonum Blumnel Meisn, + + + — ; —
Dandelion L -+ 4 - : -
Polygonum aviculare L. + ~H H H + —_
Seirpus juncoides Roxb. .+ Ao H +# +
Stellaria media Cry. o+ + H + -
Alopecurus asqualis Sobol, .+ H e i +
Rorippa indica Hiern. B 1 4 TR 4 -
Tomato leaf L+ H H + +
Eggplant jeaf ' H H e 313 +H
Potato middle leaf + H H# - H
Potato bottom leaf + H e +# -

1) Days “after incubation.

T ab]e 19, Slze of oospore hke organ (restmg spore) formeci on autoclaveé soil and plant tissues,

Slze ( ,u} " Cell-wall thickness ()
Medium e e

) Range l Average Range E Average
Soil 20, 8~19. 8 20, 8~18 8 20.0x18.8 0.5 0.5
Barley stem and leaf 25.0~14.6x22.9~12.5 16.3x15.0 0.4~0.8 0.5
Rice stem and leaf , 2.0~12.5x25.0~12.5 19.2x18.8 0.4~0.8 0.6
Clover 25.0~12.5%25 0~12.5 16.7x16.7 0.4~0.9 0.6
Agropyron Kamoji Ohwi (92.9~14.6x20.0~14.6 18.3x17.5 0.4~0.8 - 0.5
Seil + clover 20, 8~16.7%18.8~14.6 17,9 17.9 0.4~0.8 0.6
Crimson clover 20.1~14.6x20,1~12.5 15.8x15.0 0.4~0.8 0.6
Scirpus juncoides Roxb, 17.0x17.0 17.0x%17.0 0.5 0.5
Alopecurus aequalis Sobol. 18.8~14.6x18.5~14.6 17.3x16.7 0.5 | 0.5
Eggplant leaf 16.7~14.6x16. 7~14.6 15.0x15.0 0.4 0.5
Tomato leaf 16, 7x16.7 16.7x16. 7 0.5 0.5
Potato middle leaf 22.8~16.7x22,8~16.7 19.8x19.2 0.4~0.8 0.5

Potato bottom leaf 16.7x18, 7 16.7x16.7 0.5 . 05
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Table 20. Sizes of resting spore and imperfect oospore formed on the autoclaved
compost (rice and barley stems}.

Size (p) Cell-wall tln'xit-:-kn-e_ss—(,tz)
Kind of spore? # . - - I B
Range . Average Range Average
Resting spore 2> 16:4~43.1x16.4~42.2  27.1x25.8 L2~4,1 2.0
B 24, 6~34.9%22.6~34.0 20.0x28.7 3.3~5.3 4.1
Tmperfect cospore  C  24-6~32.8x22.6~30.8  28.3x26.7  0.8~20 -+ 13
D 246~30.8x22.6~30.8 29.5x27.9 - 0.8~1.2 1.2
1y  A: Quter wall of the spore is thin and not colored. Protoplasmic content is light yel-
lowish brown, Without cogonium and antheridium formation,
B: Quter wall of the spore is light brown. Protoplasmic content is brown. Without
oogonium and antheridium formation.
C: Outer wall of vogonium is colorless ot light brown. Inner content of ocospore is
light to dark yellowish brown and granular, Without antheridium formation.
D: Oogonium is reddish brown or brown. The content of ocospore is light to dark
vellowish brown and granular. Without antheridium formation,
TERR L | g BT B s 5 - . )
TR i SRR B o FEARSERR L A2, Table 21. Size of oogonium of imperfect
(a) TijEsH ORI oospore,
B —EOoMAD L oL L, FHED Size (1)
EYS £ 28] s 2de i®
ARG D AR P U 7, RSB A~ b Type '
Range Average

3 — APHEEER BT h B, R, .
Table 22 Ioqr+ Xk 510 21 MBYICHD, c 29,9~36.0x28.7~36.9 . 33.2x32.4

AL DRI W DN D Fits o F, 35 D 30.8~49. 2% 30, 8~47,2 41.8x39.4
DIFHTE, A3 S0g i 14 v kE
iz, 1 eEElEMEHE L, FORSBFEmICE S $ vk E 2 TeE%® 10ml L35, ER L0
BEROBEIIR RN O 15g & FIVATit & [[RRCfTR o Ao Ehoihlig 0541001,
G 15g Wl A A w ok W00ml 2 bz, HIET LiHHREEEOSE (3500074 - 10 456D
L CB kiR RV, WPhodeb %X R 1.5% OREmmL 7. 3k, 18°C
<20 AMCH S, W B L DWBE R L O RINESECH S,

FERgnfie, Table 22 WWR$8 Y Th 5, BRFRMEE 10 BE,E, FELBINNEF
(BE) OWEIER Shihns, HbomBEEb L CinE, TEHOMITH 5 Widil
WX D B, SEONTS 5 VIO B AR S & 5 ThD. BT b
o R BV Ui G SEE S h B HRS LS R, 2 OB 0%
FriRkEhit, FELWET-OEEIAGRRE, Plate IFA KF T L3 THH, HHEREIE
DWMETHD, T, E: LUTRREOFELBWTHcUFEoMEILEREh, &
PERITHERSRA LD D, SPERICE DBRENSE Z LB E, Lid o TR L
HE 10mm M E SN SV, ERNCEEAS L ABE L HEL THRE N EHE
5B D, RIS O R L,

(b) - #LEHL DRI

BiEEh & L CiE, IR0 S B Wi s S T R R £ (T 5 T LG
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Table 22, Comparison of various substances as pre-culture medium in changing culture
for oospore fomation. (Post-culiure medium: oat extract agar).

QOogonium )
Pre-culture medium? — - Antheridium | Note
10 15 252

— ¢ Imperfect type

Rice stem and leaf decoction -
Bean stem and leaf d. I - o
Corn stem and leaf d. - - ' /x
Soybean leaf d. C— - #
Bean extract + [ - o
Soybean e. - — »
Broad bean e. — - ”
Bean decoction — #
Soybean d. —
Broad bean d.

Pea d.

Soyhean (black) d.
Millet extraet

Barnyard grass grain e.

”

- "

— ’ ”

- ”

- ”

H H

— ”
Rice e, , - #”

Miliet decoction

—_ 4
Barnyard grass grain d.
Rice d.

Corn d. —
Waksman 1

- L4

i

— #
bt #

— "

;
e N L T L O VRS S A
e T i S T o S L O e

H 1+

Krainsky - "

1) 3 replicates.
2} Post-culture period (days),

RAzDT, AEOELR L 4 < EORA L ORI T4 o 72, Tb bl e L T,
by e o RHETER LR v, S AR OBHE R L -,

EREETIL, Table 23 RTBH TH 5,

COOEBTH, 22OHith O Mo, kb a5 XU 'ifiiii‘tL & TRIE (38)
BUHEBS LT D LR £B PR SR/, COWNA— b T — R EEI b 4 %508
BER, DWCRENMEHI s S { OERAR Hhiz,

(e} WiEg - s oA O

W2IEE TOERSE»D, MRTF2RASRL-0RLEL Ty 5 L b bz,

Py Ew a VRSN XA — P 2 — A ARHER L Th oo, T 2 EIE0 LT,
WS D W B & LSRRI ORES S r R BEL I,

EIREER:, Table 24 MBL ©h 5,

BEBOMSRENMZHOBR L FBHLTERTS L, Ve 2 i m%m
i, A b3 — R R AR iR L 7o S R A R IR T R R X 1

FHEMmERE, LAadis TREBOERICE, Jofadsfuni,

(d) ikEsh & BRI & O
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Table 23, Comparison of various substances as post-culiure medium in changing
culture for cospore formation. (Pre-culture: corn extract agar).

Cogonium
Post-culture medium? — —_——
i 10 158 20%

Antheridium Note

Rice stem and leaf decoction — — _ -

Bean leaf d. i — - — -

Corn leaf d. - — - : —

Soybean leaf d. . - — — —

Clover stem and leaf d. - - — —

Bean extract — — — -

Soybean e. - - e | - .

Broad bean e. - - - _

Bean decoction . - - + - i Imperfect type
Soybean d.
Broad bean d. -
Pea d. -
Soybean (black) d. -
Millet extract . -
Barnyard grass grain e, : —

f
!
|
{

— Imperfect type
- "

Rice e. s s "
Qat meal e, ] -
Millet decoction ; +
Barnyard grass grain d. E -
Rice d. [ -
‘Waksman —

1
- I

— ' M

R T
S A T
|

- "

|
|
|

Krainsky -

|
i
I

1) 3 replicates.
2) Post-culture period {days).

Table 24, Formation of oogonium on different combinations of pre- and
post-culture media,

Pre-culture medium Oocgonium

Post-culture medium (18°C) —-——— —-
(18°C, 20 days) 10 20 3pv
Corn extract agar Corn extract agar - - -
ditte Qat meal extract a. - L4 +
Qat meal extract a, Corn extract a. - — -
ditto Qat meal extract a. - - -

1) Post-culture period (days),

WAL E AR L T X b, SRR ORISR SR ERL 72, BSHE L
TH b 7w o P, HEbE LT, A —F 3 — A HhEEE 7o, BB
K L5% Eilx¥s s 10% EifinLi,

SEERES TvE, Table 25 LRTBOTH S,
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Table 25, Comparison between liquid and solid culture media for cogonium
formation. {18°C}
Pre-culture medium [ Post-culture medium Degree of
oogonium formation?!
(18°C, 20 days) | (18°C) 159 20
Corn extract Qat meal extract - —
ditto ditte + agar - +
Corn extract + agar Qat meal extract — —
ditto ditto + agar + -+
ditto ditto + gelatin + +
Corn extract + gelatin QOat meal extract - —
ditto ditte + agar “+ +
ditto ditto + gelatin + +
1} 3 replicates.
2) Post-culture period (days).
B - fbEihat & b RS b O B ik, IRRT OB AR R hiny, SIS E AR

O OHIIITF-ORMRAED bz, BitsERCdH s 2 & LIFE RS E 570D

CD—VD@AA%{#:& %‘X‘, %h%n
(e) WIEEERIROME

WSRO RS, FEaRiilaToRRic s NETEERERL 72,
EREFE, Table 26 WRTH 0 THE,

L -

" Post-culture (days)

, .10
Pre-culture (days) .
10 ' — \

20 —

30 +

+

40 %

15

+ o+

Table 26, Influence of pre-culture period on oospore formation in post-culture, (18°C)

20 25 1 30 [ 40
- - =y
+ + + 0+
+ + + +
+ + + +

FEEAE L 10 A OFEII, B 40 AMZELEL LTv5, Zhizxdl, #ibf
FEERLS 20 BRI ZehiE, 10~158 Mo v R R BlaFoEla sty

%, Tiobh bR SR WG YT
TRz 3 5 B R A AL 3 5 (@
Hoihis,

B BERREEOEE

JREAFFERRIC B £ FTIRHE O BB,
Table 27, 28 1B TH S, RO
£EMPEE D 25°C I3 T 4 AR
Mo, Ltk TERNEORETC
i3, RELBIETFOREII A8
Wk HiEbihg, TihbbEL CERA

Table 27, Effect of temperature of pre-
culture on oospore formation
in post-culture.

Temperature

Days of post-culture
°C) 15 20
18 + +
25 + +
Room temperature " 1‘ +

(4. 5~18.5)
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Table 28. Effect of temperature of post- B HWIETHEOES DA, eIk

..c.:?iture on Oflfre‘ formatif)::.m T oW bR A O LE L BN,
Temperature "Days of post-culture D. BEAEEHCLITESR
N L SIET ORI
18 o+ B S, TR b
25 + . ¥ w oo HRESHE, SRR A~ -
Room iemperature i A i e TR, 2RoRsel
(5. 5~23. 5) ‘ l

e , —— FF-okEng - & B HLsmEh
foo TOHEEMVG, HSEEKRC XV AELVINEFORMRIERES 5 h T HEE
Bl /o,

PR L 7Bidkix, Table 10 J25R U7 SRR EA D IBEE % B4 BRE += 1R T8 &
i 6l BTk s, IEREL-ZESRERE»S, £oMAkcLosERoFRENELL. £
ik iEix Table 29 O H CH B,

BEENET 54 b 81 BRIz, E20 b = PSR TR L ERICARTE AR OWRSRD S

4 5 6 7

Fig. 4. Process of imperfect oospore formation,
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Table 29. Imperfect oospore formation Table 30. Comparison of imperlect cospore
of isolates collected from various formation among the isolates.
localities of Japan.?? (18°C)

Formed ; Not formed Isolate Degree of formation
P-1 P- 8-1 P-1 HU
P-2 P-9-3 P-2 =+
P-3 P13 P-3 *
P-4 P-14 P-4 +
P-5 P-15-1 P-5 +
P-6 P-15-2 P-5 H
P-7 P-15-3 P.7 +
P-8-2 P-15-4 P- 82 +
P- 9-1 P-16 P-9-1 it
P- 9-2 ‘ P-17 P 9.3 +
P-9-4 : P9 P- 5-4 #
P-10-1 P-21 P-10-1 +
P-10-2 j P-22 P-10-2 +
P-10-3 P-23 P-10-3 +
P-1i 1 P-24 P-1 E
P-12 P-25 P-12 n
P-13-2 P-28 P-13-2 i
P-27 P.29 P27 +
P-30 P-31 P-30 #
P-32 P-38 P-32 H+
P-33 P-39 P-33 +
P-34 P-41 P-34 +H
P-35 P-42 P-35 -+
P-36 T-1 P-36 =+
P-37 T- 2 P37 +
P-40 T- 4 P-40 +
P-43 T- 5-1 P-43 +
P-44 T~ 5-2 P-44 +
P-45 T~ 6 P-45 +
P-46 P-46 +
P-48 P-48 +
T-3 T-3 £

1) 20 days pre-culture and 40 days post- 1) 44>+t

culture.

7z. RO, 3EOEREBL CTHRBEMED LR, -7z, Table 30 1%, FFE
LSBT FOWRREBR R LI 0THS, HRCLVERRCIEZEROD B ZEBHLAT
Hh. Lok D AEEBINETREET DR EIERL vk & O, Ak
FRCTAWRTRHOGEEZTETHL0DL 5 TH 5,
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E. FrE=SRTORMER

F5e I T-O ARSIz oW TlE, 1913 480 Pethybridge 459 Db 5, it
BRI O 2 S 22T 570103, TOBRASREMNE Z LB LETHD
EEZIDOT, DEOX I ERPFIL >,

P7e w3 U HLESIBICHTRSTE (18°C - 20 BRY) Li-didw, 4 — b — il
Wiz #5535 (18°C) L7z, FARGEFIZEI(ERL /0, ST A Z 1 V&% A LEEE 2mm
L LD,

FeaMIleTomfiz, Flg. 4 SRLAROFRZFEETL VS, RCERO
mapslgdc L, BERMBORIFLAEEL T 5, DWW EEsE, MBaEsEvTtl b, &
BRZIEAL THkE e LT 5%, o idimapis, E5REL, ZoEA bR
L,w%am@&&k}méﬁéeL®%MEifﬁ RO R ARRC A VAT

o ERIRE AU IEIISEIMEIC 2T 2T 00T 55, JORMIC B LTEREEELE
"”‘“S{n_m/\‘i'éo FADGETTIUE, BIMO T i< lCATEL, BB RsEic R
LB L CRIEPE LR B,

EIRE DML, T EEET 5 BN ROESE, VWESICIERL Ty H8, WkEs
AUTBEORZIERT %2, BIBHBMNCE L Eoimksfish, 2w TilEgTREaic
BT B,

F. TRsRRTOREH

Ko g BIREo L IR DV TR AL EmH T winy, MEHERHL M TH S
L, FEOAERhORELEIFOMELFET 2B LR D, Lo - ThRAERS
Lok s e BHEXNS 2, 3 o4& >t ERETR - 72,

(1} BFEHOFE

FEEIPETPREEFTL L OTHEPErEEET DT OTH S5, ORI
bR E AV, BREEREETRIC X 0 R S e R e e RIIE T2 dhal U /o, BERETE,
18°C - 20 Al TH S,

SNBSS AELBRETOHEET HEbOR S %259 0. 5mm O S OESERLYN
ETS, INHDYIFERT 1V /5 A RICES, B A4 v KEARRAL IR ik
2L, 18°C FlimsuwiilaFoRFEOAELIEL /. iR BiReEmL /2
DEE, BAMRTERY S5, REVREILEILEHDPLTHS.

FEREEULE, Table 3L iomTin THh 5,

T%ﬁ&%ﬁ%ﬁ%* LD Moz LS, RERTREF NI EVEHRE

FWBHGR O, T A v R - Ro RS AET A 2 2438000V,
ﬁ%mﬁaﬂmgbEﬁ%%%&ktiéﬁmﬁﬁéxﬁuﬁ&ﬁ%héo

FELECIE, et oniohis, ZEEICAT N TEL, Tihbd
Bk & FfEORETE T H (FAYRY) LEOREVWEFEERHIL, £ogmiclsET
DI EWGETHE (BEETOSBET) Thh, FEOREERIERITY, BEFD
3 OSSN RIGENHEN, ThRBEHORMIEEEIN5L0EELS, IOHED
FEHEE, Plate I-D, E, F 2R+,



T oW & £ o 41

Table 31, Percentage of germination of imperfect oospore.

\"\“ﬁ:: .. Temperature
. L (°C) 18 25
~, Germination = - . o - L o
Exp. | Perigi e oM™ HO | 01w 0.5% | KO | 0.1% | 0.5%
3
L 3 days 05 20 L7 44 8.2 0
6 1.7 4.6 6.1 2.2 a9 0
9 , 3.2 2.6 44 3.9 . 26 2.1
o __ Temperature T o
°C) 18 ‘ 25
Germination . I - L
Exp. vedm g0 | 0axe, 05y | HO | o1n . osy
1 3 days 3.0% 5.1 6.4 4.4 4.2 L2
6 41 B.7 . 47 5.6 57 ., 2.6
9 7.8 9.4 >+ 109 8.6 1.0 5.6

1)} Isolate P-1
20 days post-culture.
2) Isolate P-1
26 days post-culture.
3) Concentration of goat dung extract.

FRORHER, L ORMELT 575 B00 Table 32 Thb, &BEHIETDS
WEHOFH, FAERH LD 25 <EDLHL L FRADLNE,

Table 32. Germinaticn type of imperfect oospore.

Smm e T " Incubation period ;
- wﬂf 3 6 : 9

Type . o i .
Sporangium type | 0.7v 0.7 0.2
Thick tube type ! 3.4 2.3 3.8
Mycellum type ‘ 1.3 1.6 1.8

1) Germmatxon percentage in desalted water,

(2) WA

LIS FRRREN TS, FHROBEIZE LT, S 2 S 06 LS xdh
W, Bl YSEABE L R B WAEESME Y, ZOAERHOMT TSI, TNERRE - fifsid -
T W TERE T 07,

(@) mivehiE

FTEREMLAFEC L D BRI INET R, AFERE T —EMET Lo, &
e ANEOEELFERY 210y, BFENOEbeNE L, B, 1S
BT X o tme T BLEERE 2% U vETUKkESI VY A, F 79%: EitT v E
=w o, [ 52% : FBEKEF vV v A, @ 32% kALY L THS,

EEY, SEIRELAS, BERECA—ERETRLA0TC, F01F% Table 33 7%
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Table 33. Effect of drying on germination of imperfect oospore, (P-12,18°C)

T;:;gg?ﬁzurs) e i 48 2
Humidity (%) ! Germinated/Total %Y Germmated/’rotal % Germlnated/TotaE
100 47,287 16.4 16/80 20.0 51/383 13. 3
92 139/964 14.5 39/296 13.2 45/355 12.7
79 21/181 11.6 33,314 10.5 25227 11.0
52 197362 5.0 - 19/205 9.3 43/449 9.6
32 57/741 77 15/244 6.1 i 29/557 5.2
Control® 22/357 6.2 24/451 5.3 , 24/45]. 5.3

1 Germmat:on perceniage 10 days after immersion in desalted water,
2) Germination is counted at the beginning of the treatment.

Lize IREEDEWIREBICE NS L BFIMET T3 HEEALN S,

DEFCHRR S A U SRR O RE Table 34 RS, T 5 & EnE
PR L R b 2 &b, S8 (E7 8 KU CHYSERARS S,
ST B LAY B L USRS LRSS, ThbH O, B < EHRIi
FThbs s EEbRS,

Table 34, Effect of drymg and freezmg on germination of imperfect oospore, (P-1)

" Treatment ' |
period (hours) 3 6 24 48 : 72
Condition __ A
Saturated 8. 2oyn 7.1 9.2 6,7 4.5
Dried? 0 VR o 0 0

Frozen? 10.6 4.4 7.1 2.8 5.8

1) Dned in desiccator with Adosol
2) Frozen: in —-10°C,
3) 9: germination percentage,

(m i &t
EREBETOMBEI OV CEBRR L o /e BREER TR /2L 512, IlETFO
ﬁ@féﬁﬁ@%mmﬁzﬁb,_nbmﬁ%ﬁ%®rWL%WL&Mmﬁks%ﬁﬁﬁL
ﬁo%eﬁwﬁ%mﬁﬂh DRl F- O R Ri-b O Cch 5, FH, ME0EBICE
. WREIUCNEETD IR 46°C -3 SHOAEIC I BT 2 H 0T, &
%%T@SOCML@mE% FR U 7o, #5Ro L% Table 35 Wl LA, ZOFT L
THAEE, RELMWIMITFIE 65°C - 5 SO nIRI 2B ENRPELIATH B,
(c) W&t
TELRIEFA5, NS 5V EFEOBEIMNIC VT, AMMEE LRSI LIE,
BEORERE R DELAHEDRREBS, TORD, B ORIz DT ilaik s 5
Lz,
BIEFOWEL TWHEERRE L, TROKFRZEEL, B8 1E S A0RNREs
EHHL, REORRFT2WCRIFEREE TRy, AP AT L.
RERPRIOEDWMOTH S, Tibdh 25°C L 17°C oFEBN, 5°C kL 0°C
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Table 35, Efiect of hot-water treatment (5 minutes) on germination of
imperfect oospore. (P-1}

Days after treatment 3 &
Temperature(® C) Germinated/Total 9% Germinated/Total 9%
50 10/ 86 - 1186 12/ 71 16.9
55 jiz2 190 16/100 16.0
60 7/150 4.7 12/176 6.7
Controi? 4/ 91 C 4.4 8/126 6.3

1} Germination is counted at the beginning of the treatment.

DHEEMN, BR (BT - RIEHIE=12H :9.5~8.0°C, 1 § :9.0~4.0°C,2 A : 10.0~7.0
°C, 3H :13.0~11.0°C, 4 A :18.0~15.0°C), fi-I-#8fy (F 2em) ([F=12F :2L.0
~0°C, 18 :6.0~-3.0°C. 28 :8.0~—4.0°C, 3 :17.0~—4°C, 4 A : 24.0~0°C)
TdHh,
EEEETrr, Table 36 W RHBI TH B,
Table 36. Germination of imperfect oospore formed on culture media after

overwintering, (P-12}¥

Place

“"Date of germination fest . 1 B o )
Jan. 19, 61 1 Teb. 15, 61 Mar. 15, 61 | Apr. 13, 61
i

i i

material preserved = o S
Incubator 0°C | o22.0m 9 20.0 17.8 115
5 ' 31.6 18. 4 5.8 , 17.6
17 24,3 22.1 18.7 18.0
25 6.1 . 217 18.9 19.0
Laboratory : 29.4 ! 16.2 : 18.2 24,5
Under ground i 25.3 | 19.0 : 18.4 23.5

1) The experiment started on December 15, 1960.
2) Germination was counted 7 days after above-mentioned date.

OTRT & O, BRPFRCEESRINETE, WIhLEENREA L Cv 5, Rl
AUZdnT, AEMOHRICR A8 2 213, £ < L SREER I A ELBIFRT-1L,
BEECEHEPCHCTETFLSES LEPRLS,

(3) BEHOHE

TG AR E RSO L1, T ER-BY ThaH, RYFERI T
o THAENTRbLREERE RETS 2 &, ToiEEESN L& TH 5, TOEEEIT
HHEMT, FRIHTHRENOTEY ERL 7,

HREOGHR TR K & S AR AR+ & HEis Al v iz, 55 08T 2 BB D 1B
T oL EIED I, BRpEA B CIRAT- LIRET ST O S B XU L% 85°C -5 &
MRS A X DB E 8, BomAFRRT-2HWC rv b (Hrye—FE) 04
ECHBEEE TR -7,

EERFEAE, Table 37, 38 WRTIH O THB, WTHOERZH VT, FMEREL
BChof, TR FoRELREnL &b L FHENE L& THo7,
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PERDIZEARE, BEEREL, RETHEET O RBR L. JEFEEETs T Ltk
HEZBRSELBEER, PREBIEFAREELZF T2 L2FTL0THS,

Table 37. Infectivity of imperfeet oospore to young stem of tomato. (1}

Inoculum  Treatment | 19 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Mycelium  Hot water ' ~¥% — — — — — — ~ — — — - — — -

None :——~-————————-~»———
Imperfect Hot water e M o - - — - - -

cospore

1) Testing material were treated with hot water (50°C, 5 min) to perish mycelia and
sporangia.

2) Replication.

3) ~: not infected.

4) +: degree of infection.

Table 38. Infectivity of imperfect oospore to young stem of tomato. (2)

Incculum Treatment 1® 2 3 4 5 6 7 & 9 10
Myecelium Hot waterld ) e e e — M —m — =
None e e 4D — o+ e o 4+ = =
Imperfect o SRR e
oospore : Hot water S E

1), 2), 3, 4) See Table 37.

6. RERNRTOMREL RS

RIDEUNCRA7 B L D, FESBIETFHE, B L VBRENABE L ShEvE
EFEBRDDH L LERLI. ThbbERT MG, FeBlT s, BRALRVWEHKIS
WEEAES LRIy, TORRE, (¢ - ) 2RI CHONROFEREAS®
foo FD®, 2HOWTRPHELREX G2 2 L VELBINEGT GRIBReEEsET
VWELD) RIBEIEB LR, WRETHLEPEIEERL,

FHFRITE ST D LN s ME, TR ANIIFECAERL, SR o L oihigX
B, EBEERE, Table 39 R TEH TH 5,

TELBIPMAT2HERTHER (—F) AESLUERELEE (+F) REOx %
Tre, EeBIATFORASED LN, & LARTRELEIF2EAT 5ETR TR
LR WIR & 20l S § 0 1S CRELRINIET- PR L 7z, MR L s Binier,
Plate II-C, D, E iz 3 X 5 Th 5. FEHEE, #5TH 0, ToWiE & I FLHRE 4.24.59
E—BLTWw5, BRLEMBEFORBNTHHELAB TR L, FTRABMREL -,

FEBIARTE, Table 40 RRT X5k, HEFENEBL TLH, LrbFELIMaT
KoWCBERLA X 531, B 2BORERT b bERERFLEETFOIREF LS
7785 T Edbdr b, ERMEETO S WEFLTLHEHAOE VW L HFELWINET £ [FH
HTHi,
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Table 39. Formation of oospore in paired cultures.
Pre-culture: Corn extract agar (18°C, 20 days)
Post-culture: QOat meal extract agar (18°C, 30 days)

Combination of isolates

Imperfect oospore

Perfect cospore

20 0 30 40 50

100

(- ()

P.2 x P - + + - - -
P2 x P-5 - + + - - -
Ps2 x P-6 — + + - - -
(+)® (=)

T1 x P - + + =+ + +
T-1 x P-2 - - * - + -+
T-1 x P-5 - + + — + +
T-1 x P-§ - + + - + +
(+) (=)

T2 x P-1 - o+ + - + +
T2 x P-=2 - - - —
T2 x P-5 - + + - - —
T2 x P-6 - + =+ - - +
T-2 x P-10-1 - +* + - * &+
T-2 x P-12 - -+ + - = =~
T2 w P-13.2 - = = - - -
(+ (=)

P-g1x P-12 - + + - - +
P-8-3x P-12 — + + — + b
P-15-2x P-i2 - + + - + =
P-16 x P-12 — -+ + - — *
(+) (+)

T-1 x T-2 — - — - — -

1} (=): isolate forming imperfect vospore.

2} (4): isolate forming no imperfect oospore.
3) Post-culture period (days).

H.

BB EEREB,

v w o RN REER D, BEEHLE LT
F— b 3~ AEERIER SRR TH -
7. fESRVIEEEEMAY BN ER D
CEATBRENCTET, SEERS

zo
i

&

L, FPRRERTER T T DR IR
B X D SROTESBIMT RS 7,

Lo gtz LTy

Tahble 40. Germination percentage of
perfect oospore.l’

" “Incubation period’ o e
Gave) 3 6 ®

Sporangium type 8. 3%? 0 0
Thick tube type 0 , 22.2 27.2
0| w1 a0

Mycelium type
1} Perfect oospore formed by paired culture
of isolates P-1 and T-1,
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H{87- & § 5 de Bruyn & 1 FEHEMOESENN BB W TOATH D, FEREEH FTIAE
L Twin,

L OFELBIAETFE, SR ESL TWiEVWEIIRNCER IR b D THEMD,
BH L7 DEEEZ LRIV, ELBIIBHHOEEPBDLNREDRTIELL, WE
TR S L, RERTHDZ EPERTE D,

FERETIE, COL0EVHE BT LRSS BEAEEMNEETTL S, Ll
il SV O AP H A LON D L EANEWE, TORREILRHELETS,

RERBIMEF3 505 ORI U TER 22 2 &, TiAMERTF & L Totkik
EHLTVHY, BEARThLLEIGNIEERT S 21, BEREFoESEs &%
$E1 &+ %, Clinton, Pethybridge 7¢ 235X t* de Bruyn WERIETFICEE LS, HE
BRI L Ty AIEER Y,

HEB RS &R T T o B AR RN - o S8 4R LA TR L, EIROEEE S
ANBAILELOITEDTENLEAR, A0SR, T80T IE
o X stz EofekEiniig, EEIMET (FERIBET) LEREORIC RV TRERL
BEfSE . L7inht o THAF O Be Lobha <50 rFinhs,

& LT 1 FREDO ERE L L ORI ARSI B L o iR TE, BES X
FCTE2) (B) T~ k53, HEMCEBRBRL-FRToNEEZEL T35, HEDEX
HEVI D LWL 0L MH S, BEEELE«THS, Pethybridge 50~ 5% “ thick
walled spore,” B»31i% de Bruyn @ “resting form” SERE - KEIMLLHC, T o
VAKIRIET (BR) AT o0 TREVWrLEHFELLRS,

RIRIR T3, BEEMNICER SN, RIS rORET L bl hi iR, &3
AL 724 o s 2y, ReaBiinr i, RERMmcola+FTchs Z L13BaTh S,
Loal, $REAOTEFSEAMENML, UL BTFORFTEHEEILET
Wigty, JFoOMEEER S s LG0T 21, TR S RIRAHR L b, PFRET
LOHa«DHHMDOFTEhB5OL LR ERILTHS, DlEnSERE, chE2IETE
R —SRR TR e 25,

o WIplaT-1E, St 61 Sk 32 PRIz X » TN LICBR S h, fhoak
BERLLr -7, ZOREE, SCHEYT2ETORER L2000, EENETE
BT HHENEE R OFEEL L3 L 0-RETH Y, hERHATETLHETHH, L
P LIRT 2 BT R E W LR L OGRS W IO LAMIMET (R
BOBERL) OBEOS 720 L1, HMCRET 3 HROFELMNZ €5, botd
WO EeEIL L VSRR TOREAECEZEND ), T EaRIT-OMELHE
BRI X AT 5 C 1k, D B VIEERBEINC A NOEDH B T E A5,

Phytophthora [ B+ 512 4, heterothallism OB Hr 28Rl ST 59, +
bR ()R E () B EBEEL, WERAS Th AN NEICEERES 5 WCIERBES
PAREEEID, L THIEOESIT X EEThh b, ¥ hybridism OBERLAS
v, BRI TR IR SRS 2 E G ST 5B (Tucker) ¥, HEHME
(22w T Clinton“2™ |1 P. phaseoli FBEHICHFHTH L x2S TwWE, LichsaT
AFHHEAC L heterothallism MROFEZ THTELII &G, HEEBEEL I & TiEhy,

&A%, Galindo & Gallegly®™ X, RERESEIETH Y, LRI P#fE2TY
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DVEASELT B 2 WEROM CHE S, MEOHKIE mating type Tiif< compatibility
type ¢ FEZBANERLLBLTWE,

Phlytophthora [ IBIELT 5 Peronospora B3k X 8 Pythium JBiZ3 heterothallism 33
FET BN CNSEORTIRAEMEESITE L oS, F—EhofsEof
DHID LS BBREHFET 51 0rErRBEERSTRERTH D, Galindo EOFIziLiz
IR E LYWL 0BRSS,

X gE7r Gallegly & Eichenmiiller'™ b3, [ESERY & Bz MEREAY, o EkE &
AET B T i LT B Lihet, Hiddema : Kole®™ [3#sET0 25% DL L8 TH
oot WHEERRE L TWS,

FIEFEE DS, heterocaryotic iHREFHOOT, HHEBEICET RSB HOBRE £
LI AELE—EREEETORETHS I,

AR, BelE XCRELRBO 2HOMAFERET S, JhFoiifadid, Wi
NLBENEED, »poFERRFLESZ L1, MHAIMETFSELCELRERMEE LS
LERFTLDTHS, SLIUAELEINETFPMAKE TS, FEERAEINC L RRS
BTk, ERFEMOAETL D HEFCSRRINCT I LT, TERMIETO
B1REYERE LToBEBER T REVW I 28T 52 30TH 5,

C 3t (2) (b) IR L7z HEIERE L E DR L de Bruyn OF L7 hiidicdsiy ML %
SbBELLHE, BRATERTHREALEEOFES LICHREL, Fe4amiilbT 2 2n%
T HTREED B VIR & & L iR U, BEoRAR L 2 A4S
HLOEER LIS,



TIL j:@@feﬁ uzﬂ:z:;,g:ax AR D iEEE

BRI LIKIEYSRIC R L O, AL T 20 R #8585, -

1. WS AT eI 2 VR BRI RN IC AR R LT, WU - L%L %%ti
RYELCEELZRTT S,

2, tﬁmﬁﬁm——t@mt,ﬁﬁm@W@f@ELr,@E=M%u,%ﬁﬁiow
BRI-HRD B VIREYL R EEE ST 5, _ -

mﬁwﬂmkowrm:1&6H@Bammy@ﬁ&g}@ﬂ@mnﬁﬁwmwwﬂ%wﬂ
81,80,85,900 pidp B, CHEAREES T Ao B WL VT AT U A 2%, B L IR(EMER & B o
Eri, EmE Sl Rl v Bbhs, TSRS R S, ERITERON1
WREEFFHL T 5720, BRERORNS I CENOMEN R TV ARk TE S,
JEEHORARCT-oWTH, 1922 - 1926 £0 de Bruyn9® oo im s, &
DRTEHESH SN T3, L LEOBIIEMI LA S Tbh T iy 7oniz, LN
BIEMH O L YR & L T OIS, B/NMCRES LTV 3505 5, I

I EWTEET, £HOR LGN VELZRS MTT B HEERLAT, DTS
EERAP T o, . .

A FEORE - @2 ' s

1) BEEOHEE

AUD, AR b AROEEREOZ I U TIEAL 85 0 Erdmb o, £
TS IR L ARl Al TERE TR - 7,

(a) HiBK1

ISRV S X OUERL (FREE) 2 55 & U AR B L, ot m L, W (B

ﬁL) OHF Sem OEFTIZE RS S, 1956 £ 7 H 11 BiTE@ L, LUERH 1R
BRAER L, MEBOERE A — b 3 — AIEERRENZ B L C, KROETEEHRL
7o

$51%, Table 4L ZRTE I CH 5B,

ERWMR ORI, 17~37°C Dy b BHHTH -7z, 37°C OBRIELAH L5

Table 41. Survival ratic of P. mfestcms on culture media after oversummering®,

Treatment |

In mcubator (18°C) i In soil
Otsrvaion due O " YR Compon B Compen
Aug, 11 2/2% 2/2 2/2 2/2
Sep, 11 2/2 2/2 1/2 1/2
Oct. 11 2/2 2/2 1/2 0/2
Nov, 11 2/2 2/2 2/2 1/2

1) The culture in test tubes were buried in the soil on July 11, 1956.
2) Number of test tubes in which the fungus was alive/total test tubes.
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ST, O X SR oREicia, LIAMAECHEENERELEL I L5br s,
(b) EER2
FHRICEET SAWOERAZMS 720, KO X SelEa A L CEERL -, B
ISR EEALMTIL, ThERltg e Rl b ok BT iES, WERE L Ao E iR

BLTEBL:,
EEHOHUKIE, KOBD TH 5.
JREZA - R 160g
R mpHEE 15
2 JoltE ik 100ml

A& BHEL, ToEFIE%, 48 EE, Ml () OHTF bem OFEFTITEEL
fo. 1956 4£7 H5 A4 10 B 30 5T 118 BRI L, 10 B 30 BiREHL, &
WAL FIFR L7z, AEOPBNL, EEREE PO LB e L, ARSI & 0

EFD S DBROFMIZ L DTH 72,

W, Table 42 I RTED TH B, Table 42. Survival of P. infestwrce on
SEER R R OZE T O e HBYE O a1, culture medium? after oversummering,®
12.0~25.6°C T Y, EB LTI~ Total ‘ Ntémber ofhte;t i Number of test

" - 3 t i i . .
HIE T R Ry, L7 o THHR O test tibes t;eeiugé&: ::as : tubes in whufh
DLW R T, EFEE TSGR, alive o the fung‘gs died
Table 42 Z X % &, &HVE, IR -LEho 30 3 : 97

FEIMoHEL T, FEGFTRREFLES _ _
CENTERTWS, WA0AEEYHL 1) Culture medium: field soil 160g, dried

ok BICREE A EOMBE R Lk ?fmﬁpmam“ﬁmi?ﬁmnf%t
AL, U - RN L T LT ) e cultyre in test tubes had been buyrie
> 2 7 s 2] ~EH 15cm below the surface of ground from
WEHEOBED LR, SRAEOWERIE, July 5 to October 30, 1956.

RIIRANTIZE0D B Z LM TERVWIRETH - 72,

(2) BRENOERE a 4 “
BIROESIC L b, HHrLREESNRBEAL W TOEFN R R0T, 2F¥oR
TREOMMAIT B TEFELEI »EERL ., o

M BHEMEY, FHLERL CREERBR X, BREES ¥ — v (NS, 7Tem
X {EE 15, 0cm) RGO MNICIER Ui, & v 103, WTEET S LU TS sE

Table 43, Survival of the fungus ifi infected PRIC, 1956 47 30 A5 10 7 18

potato tubers after oversummering.® HETO 81 HiffFEL, W0 18 0
. . o 1 : ik, SNRRILE LRI el
prereaton - Towl [ Alive | Dead  orow, HoRELIEHIOLLE
- P AL, BORBOERC L DA
(13.0~16.5°C) ' 23 9 14 B A L e
{(17.5~20.0°C) 13 . 3 10 #4713 Table 43 iZ3RI5ED THD,

- T WP s Th, RO

1} Infected potato tubers were kept in glass

vessels filled with soil and preserved in L EL EAED S, TR
basement from July 30 to October 18, 1956. [ERe L, HEd Sl EmEnTd,
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FEP PP THEFLA L LRERTREZ LB S, RHERMMPOTEDT
FICHTHENDOLRIE, FhFh 17.5~20.0°C 8 Lof 13.0~16.5°C OFIFETH o7,
(3) HHCHIT DL

{ay #H1 .
(1) - (@I & 4 < [BERZCESHY - iR TIT o 7o, 7oA WIS E 1T - 7o B O L0 HEE

ThH, 1956 £ LHBG6HMNSTAS BRETITR T,
#3013, Table 4 im0 H TH 5,

Table 44, Survival ratio of P. fnfestans on culture media after overwinteringl),

Treatment In incubator (18°C) In soil
Obscirvation date 1 "N dcad leal  COMPOSL  gpdfeat | Compost
Feb, 3 ' g/2m | 2/2 2/2 2/2
Mar. 3 2/2 2/2 2/2 2/2
Apr. 3 2/2 22| 1/2 1/2
May 4 2/2 2/2 1/2 2/2
Jun. 4 2/2 _ 2/2 I 2/2 1/2
Jul. 5 2/2 2/2 f 1/2 1/2

1) The culture in test tubes were buried 5em below the surface of ground at Junuary 6.
2) Number of test tubes in which the fungus was alive/total test tubes.

i, SHIMOEEICHL THaETELES T &by, Z ORI AR
WORD TChot, 1H:115.0~—8.5°C, 2H :14.0~—50°C, 3H :24.0~—4.0°C,
48 :98.0°~~2.0°C, 55 :30.0~3.5°C, 613 :31,0~13.0°C, 78 :25.0~16.5°C,

(b) FEE2

LIEA ORI HAET AW, VALK 0EP LMD DICERERITE -2, R
FiEkn, O - (IECHETS, HRME LT, B/ EREERE . Y/ e —aie R
FiE . BEEHERMRAL, 200ml =M 7 5 A a2 AL TR L, AN TSEFLE
#, 1956 48 11 B 26 B2 1957 455 8 16 AT 172 HISSENIIET L.

5003, Table 45 IHI# b CTH 5,

Table 45. Survival of P, fnfestans on soil ENRETH L0, LHREZEAL
culture medium after overwintering.V FoEtiv i, FEEAEFCAETIEET
- B I T o P S e il . N 38 =3
Medium | Total - Alive | Dead ~ (DELIHUTIL I e HHHIE, K
L 2.0°C B CTh o T, LR
o : 5 H0.35 X BT IR B 2 (R <, &
Soil + clover T 1y 6 - e per g cs
+ compost i 7 7 ! 0 B TAREOLEF LA L LAREDL
4+ potato 4 3 1 iz,

+ eggplant 7 0o, 7 () #£E3

+4 ryestem R L 10 0 FEEIr BV, el B

1) The cuoltures had been preserved in labora- HEEEDL S VWIIMER ThTRRSL
“tory from November 26 to May 16, 1957, FobEtl A GER L Ao, BEbEAL - B EER
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AT - (b)IHE FEETH 5, £A1Epest  Table 46, Survival of P. infestans on scil culture

By, MO 10cm o EFfic i@ L o me.:dit.1m after Ovemimffiiinfofl-u___ |
Fo. SERRINE 1956 45 11 F 26 H 2D, Medium | rotal | Alive | Dead
BESA 2L BICED 1T BTHD. 501 4 sovaw P |1 ¢ 20
#3x, Table 46 O Y TH 5B, :
, . . . . + potato top 30 ] 30
MERMWERL T, KBFALBERERN o g
+ potato tuber | 30 | 4 26

OEgHeYE, MEEMEkoTwb, SR T T L AR
B T A% BB WIRIETH - 7o, 1} The cultures in test tubes had been buried
Lﬁ>L;;T:;a’5:7j' ;i";@i;f;&"—” in soil from November 26 to May 21, 1956+
>, i 70> Fes
BB, Soil temperatures 10 cm below the surface
of ground in experimental period.

B. BLEOEEN SR R

) Average

MATEOEBIZ X b, AEMNEBHRT Month ‘ Max. . Min. itimmpg;at?re
ME - MEALELZ EBRER, £ ) Noy., | 14_4°CE 5.0 9.3
T DR OEFFOR M, & LCbl Dec. | 52 - 0.7 2.5
ERPEETL L THESRL T, Jan. 25 . 0.8 15
6(} Lﬁﬂgofi:@"—h{:iﬁbf‘/\tj: Feb. . 2.0 0.9 1.4
U e 3 - Sz 2E Mar, ] 4.9 1.0 3.1

WA, FREINHEEELELSST ;

. o . i . Apr. i 12.5 4.5 9.3
HAEILERETFHEINRBELETHB, May 165 10.8 14.3

COERERTARDID, oLy hE - - S s
Bafile -7,

(1) LEmEsE

AT (o) TH & [, R REAERL, 1957 4 12 F 20 B»53%

Table 47. Infectivity of the fungus on soil culture medium after overwintering
in soil. (December 20,1957 ~April 1,1958).

- Replication) 3~ 5 3 4 5 6§ 7 8 9 10 Infection %

Condition of overwintering

Surface of ground B T I 1
10cm below the surface of :
gound "7 0 T 50
20cm below the surface o

ground + - = - - - + 4+ - + 40

1) +4: infection.

Soil temperature 10cm below the surface Soil temperature 20cm below the surface
of ground. of ground.

Month ¢ Max, Min. | Average Month ° Max. Min, Average
Dec. 6.8°C| 25 ' 43 Dec. 7.4°C 3.5 5.4
Jan. 3.5 0.8 ° 1.7 Jan, 3.9 1.5 2.4
Feb. 47 0.9 | 2.1 Feb. 4.8 1.5 2.8
Mar, 8.0 0.9 | 4.0 Mar. 8.0 - 17 4.7

Apr. 13.6 4.3 8.8 Apr, 13.2 6.0 9.1
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481 FEC, MOMT 10em KX 20em OEFTICEEMBELEE L, 48 1 HiZ,
oL EEsh e, BRI R iR L, T ORI IS £
17, REIL 7oA A IR A Tio Lok, Mok L7, A2 10 BEIZE
WA L, BIMEETIZE T, fFOFExfEL~.

$eiitd Table 47 WWiRTHD THB,

LR, DRCIES o 7ond, A Lo ORI, Ma o b h B R
HELEBHT LWL ATH S,
(@) IERBREFEAOESHE

I P AT A AT ARG & LT, TREANME D R AN MERFAONE, JOK
5 7cipt, WERMAOW DI ME e RET 5 THEES 15 700 R E TR - 7,
1/20007 — 1L - 7 Fia Ky i, B Wb - Hd - REME R, F o 2o
o, FTRAEEETL, 2B TV B BNEY, o  OFEE Wen
DRE AT T - CHR L7, HERE 1957 48 11 B 11 ATh 5, BMEE4LH 26 Big, &
Fo OB +HERE, BREOHEZ ST LNAMEL RSERLEYILT, 18, 1493
ETthE, HOHE L7, F0H5H T BIEL DT HEE R L TRISOHEL AL
7o, TR oiE (W0cm ¥E) OEE, 128 :6.0~2.5°C, 14 :3.5~0.8°C, 2
H:49~0.9°C, 38 :80~0.9°C, 4H :113.6~5.4°C T&H %,

iy Table 48 O D TH B,
feEHEEL DT B0, ek
FL i & 05, B4R X DU 7o R,

Table 48. Infectivity of the fungus remained
in soils after overwintering. !

- ) 7172éplicatiozi- H 4
,Sgil, i 1 2 3 4 5

VTR L CEREE T, b

Sand  —he — — —  RERO—HLHERO-HSRLND
Sandy loam + - - = = CHETH -, Ll TraflTiEd
Loam - - s S 7oA, FERTEATRD SN0, R

o Clavleam == s oA LTS, RO

1) A,rtiﬁcially infected potato tubers had been Arisic v T4 it b B W ERAFHLAR
buried in soils from November LI, 1957 to PHCAEEL, CRESIDEETARMEE

April 26, 1958, FLBPLLETTIOTHD, YD
2) ~: not infected, BT L AT OBA T & ofEERL, 2758
Rz E i v,

C® W

WD, SROEECRIIL, LTI 5 EER P UL FMARLETES 2 2980
L BN, REBREMHE, RBENCENTELCSA L BRNEENICAREEL
BELOZEECENSING, LoD THENFT TR, REREOREk LU LERCE
ETHMhOBABOFEIRIL TH Y, RECHEQLNEEEITIL - T b, ZOME
S BAE, BAKSY 5 LEEE0 s bd s wREHBLL A TRHETEREL,
EHHEE U CIEIIL B WAEHEII- 05 5 3 2 b b, 72 RIE & 0 B O, L BASEERL
ot LOEREMEDOET O S 256 TH 5, de Bruyn™® oL ¢, —20~—25°C
D EIRC 5 B LTI 2 87 L3R 0 B, R SIRET L D 3, L AREikiED
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FHEIRIZH R v & kT B, Zan®Pd, HALHEPCEET- 0 5 ZRMLEE,
B 9~10 » BEAFLE, £FENHOEEE, LR E LRI EREsh s 2k
TV 5, FEOHEMEBACHFET 5WEHRE LRBo&E0ERITS T, REREE
BYIREED T E, F7abh b « BEIT X ) iR iEs b b L raIn ez 0 ARHIE3E
BEULEMEETFLE TS, oo OLEF AR, BlS#HL TLRMITAETFLRE
o 2 & B R UEERAT LT MR L G, (BTG B0 KT IZ B AL,
HROEEHE LTV B WA O - GRIRENEIEL 722, BRAMEAETL O B, BA
+HEI VT Zan®®, Bochow ST DEET & RIEE, —BEEzidfboid: o R 5
ZOSTTFRELE SO TRV LB S, AT 5 R, BiEmsh
THRWEW, EEEZEETLI LR TERYV, Liod - CHENMR e+ 5 Ffc i
W h, RFHEHEARTAEFLE TS hoMEcd s,

AMEDS, WSENIEIER AL BA 2 LiX, de Bruyn E[EERTEH (- TEH LEs»TL
7oA, RENLEh oS LT, ETFLEL I LRI RESERE LCEBETCHS, BB
FED~OHFECEL BRI, KOL T2 NE, FEOM L (CEWE) OHENIZR
L7fifs o 5 35X T B4 Ul T8 S TF LU TR L, Lyl isiEl ¢
FEMZEET S, e LT o b, RHMNICERSANEL 2T (o
FETHADR <L LY dem) WIELIBS Z 2 EFPIHL TV 555 de Bruyn™ 0fffRd, <o
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VI. SUMMARY

Many studies have been made on the potato late blight, caused by Phyfephthora
infestans (Mont.) de Bary, since the important report had been published by
Anton de Bary in 1861. But its disease cyele is not vyet completely
ascertained. Therefore, further work is indispensable in this field.

The present paper concerns the investigations, which started in 1931, to
clarify the disease cycle of the potato late blight. First, the host range of
the fungus in connection with its parasitic characters was studied®®. Next,
the nature of oospores was investigated, as the author found their existence
in some culture media in 19382 and succeeded in producing them artificially
in abundance on culture media between 1955 and 1957¢%, Furthermore, the
significance of the fungus remained in the soil as a source of inoculum for
the primary infection of the disease was confirmed as well as that of the
“perennial mycelium” in the tuberts,

Host Range and Parasitic Characters

Two isolates from potato and one isolate from tomato attacked by
Phytophthora infestans were inoculated on the leaves of various planis of 79
species in 30 families, and it was showed that these three isolates were able to
enter into the epidermal cells of plants of 42 species in 15 families (Table
1). But degrees of liability to penetration varied with plant species. The
most liable plants in the Selanaceae were Solanum tubervoswn 1., Lycopersicon
esculentum Mill., Solamwm nigrum L., and Salpichroa rhomboidea Miers. The
other species of the Solanaceae, Vicia wunijuga Al. Br., Fagopyrim esculentum
Moench and Polvgonum senticosum Franch. et Sav. were liable to penetration
only on young leaves. In the other 23 plant species, degrees of liability to
penetration were much lower than the above-mentioned plants even on
young leaves.

The fungus could develop completely only on potato and tomato plants
afiter the penetration, extending the lesions from the point of inoculation and
forming sporangia there. On the plants such as Selawuwen suigrem L., Solanwum
Ivratusn Thunb., Capsicum amnuum L., Nicotiana tabacim L., and Salpichroa
rhomboidea Miers., necrosis was observed near the point of inoculation. On
the other plants, which are less liable to penetration, small spots or nectotic
flecks were found only at the point of inoculation. Sporangium formation
was rarely found on the dead tissues of Solaunwn wigrum L., and Solanum
Iyratum Thund., and also on the cut surfaces of apple and eggplant fruits
or wounded young calyx of the latter plant. But such growth of the fungus
is rather saprophytic and it is not considered as a normal host-parasite
relationship. Though some workers stated that the fungus can be parasitic
on several plants other than potato or tomato, it does not seem so imporiant
in view of the actual outbreak of late blight. So the important hosts of
Phytophthora infestans are limited to potato and tomato plants.

From the above results, it was recognized that the fungus penetrated
various kinds of plants in various degrees. Therefore, the causes of the
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difference in the liahility of wvarious plants to penetration of the fungus
were pursued.

At first, chemotaxis of zoospores was examined, in order to know the
effect of chemical components of plants, which were excreted to their
surfaces, upon the penetration by the fungus. The zoospores of the fungus
were always attracted rather weakly by the parenchymatous tissues of
various plants tested, although degrees of the attracting effect differed with
plant species (Table 3). This fact suggests that the attractive substance
excreted from all the plants tested are of the same component. To identify
the attractive substance, inorganic and organic salts (Table 4), acids and
acidic salts (Table 5), alkalis and basic salts (Table 6), neutral salts, sugars,
and other various substances were tested for the chemotaxis of the zoospores.
The results showed that all acidic substances attracted the zoospores and
all alkaline agents repelled them, while all neutral substances were inactive
for chemotaxis. Then, the hydrogen ion is obviously an attractive element.
On the other hand, most plants are supposed to excrete acidic substances to
their surfaces nonspecifically. Therefore, it is not considered that the
chemotaxis is one of the effective factors for the choise of host, even if the
zoospores are attracted by acidic substances excreted fo its surface.

When the zoospores stopped swimming, encysted, and germinated on the
leaves, the tip of the germ tube swelled to the same shape as cyst. But
the behavior of germination differs with plants tested. Germination types
can be classified into three as shown in Fig. 1. Type A is common on the
plants, into which the fungus can enter easily. Types B and C are more
frequently found on the plants, which the fungus can penetrate with much
difficulty. On the plants, which the fungus cannot penetrate at ali, the
zoospore germination is exclusively of the Type C (Table 2). For example,
all germ tubes grow to Type C on the slide glass, while most of them grow
to Type A on the parenchymatous tissues of any of the plants tested. The
swelling at the tip of germ tube seems to be different from appressoria of
other fungi, and it is considered that this swelling occurred in the process
of perforation through the cuticle (Fig. 2).

From the results described previously, it is supposed that the difficalty of
penetration depends on the mechanical toughness of the cuticle and epidermal
cell wall. To confirm this supposition, two experiments were conducted.
First, the inoculation was made on hypocotyls or young stems of plants of
17 species, which had been germinated in darkness to have delicate epidermis.
The fungus penetrated successfully hypocotyls or young stems of all plants
including those, the leaves of which the fungus cannoi penetirate. Near the
peint of penetration, the epidermal cells showed reactions such as callosity,
wrinkles and strong aflinity to staining with gentian violet as Figs. 2-~3.
These reactions occurred more distinctly on the plants which are more
liable to penetration. Next, the parenchymatous tissues or the under
surfaces of the stripped epidermis of the plants, given in Table -8 were
inoculated. They were penetrated without exception, although the leaves
of most of those plants were not penetrated at all.

These results indicate that the fungus can penetrate epidermal cells of
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any plant, unless it is inhibited by the mechanical resistance of the plant
surface. But the degree of the toughness of the cuticle and epidermal celi
wall is not a sole factor to define the host range of the fungus.

As previously described, the fungus can enter into epidermal cells of 42
plant species, but cannot grow normally after peneiration except on potato
and tomato plants. 8o the protoplasmic reaction in various plants was
observed. The results of inoculation on potato and tomato plants of different
resistance, 6 varieties respectively, showed that there is a close relation
between the growth of infection hyphae and the degree of the reaction
occurred in the invaded cells, and the hypersensitive reaction of host cells
disturbs the mycelial growth of the pathogen. This reaction occurred most
remarkably in the invaded cells of Solenum nigrum, Salpichroa rhomboidea,
and some of solanaceous plants, which the fungus penetrated easily. And
the growth of the fungus was apparently inhibited by this reaction. On the
other plants, however, the infection hyphae failed to grow further or
shrinked to die after poor growing, whether the hypersensitive reaction
occurred or not in the invaded cells. So, this phenomenon could have been
due to other protoplasmic nature of the invaded cells different from the
hypersensitivity to be unfavorable for the growth of the fungus.

Qospores and Their Characters

Since the first report of Smith, many investigators have reported the
existence of ocospore on the diseased tissues of host plants or on culture
media. But little information had been given on its characters, This is
because most of their investigations were based on the observation of rather
small number of oospore or on the cospore formed by chance.

Two kinds of cospore-like organs are formed in the diseased tissues of
potato and tomato. The one has the shape of naked oospore without
oogonium. The other is found in oogonium without antheridium, so it is
considered to be an oospore formed parthemogenetically. Both organs are
colorless or light to dark yellowish brown, and are rather small (Table 12).
The former is named “resting spore’” and the latter “‘imperfect oospore” in
this paper. Resting spores failed to germinate and ifts characters are
not yet studied.

Attempts to produce cospores in culture failed on about 30 kinds of media,
containing synthetic agar media, plant tissue decoction, cat meal extract,
corn extract, compost extract or other kinds of decoction or extract (Tables
13, 15, 16 and 17). However, resting spores were found on 13 out of 23
kinds of culiure media such as autoclaved plant tissues or soil (Table 18),
and both resting spores and imperfect oospores were found on the autoclaved
half-decayed compost. The sizes of both organs are given in Tables 20 and 21,

Thus, the ocospore-like organs were found in the diseased tissues of hosi
plants and on many kinds of culture media, but the number was not enough
to make further investigation. Then, a special method of culturing has
been devised to obtain ocospores in abundance. That is, the fungus is at
first cultured on one kind of medium for a certain period and then iransferred
to another. Tests were carried out with various combinations of pre- and
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post-culture media (Tables 22~25) and it was recognized that the oospores
are found most abundantly when the fungus is cultured on corn extract
agar for 20 to 30 days at 18°C and then transferred to oat meal extract
agar (Plate I—A). Qospores produced in this method are’also what is called
“imperfect- oospore”. The longer the pre-culturing period, the shorter
tended to be the post-culturing period (Table 26).

The diseased tissues of potato and tomato planis were collected from

various localities in Japan and isoclates, 61 in number, were gained from
them. They were cultured by the above-mentioned changing culture
method, and the imperfect ovospores were found in cultures of 31 out of 54
isolates from potato and 1 out of 7 from tomato, but not in the other isolates
though the tests were repeated 3 times.
" The process of imperfect oospore formation is illustrated in Fig. 4. The
tip of a hypha is swollen and its cell membrane thickens in the first stage,
the swollen part gradually turns brown in color and spherical in shape,
and when it grows into oogonium-shape, protoplasm withdraws from hypha
and begins to flow into it. After flowing is over, the swollen part is
delimited at its base from the mother hypha to be an independent cogonium.
Every cogonium contains one spore in it. .

As is shown in Table 31, the germination percentage of imperfect oospores
is rather low. In regard to the imperfect oospore germination, two types of
germ tubes were observed. That is, some of imperfect cospores produce
slender germ tubes, which are similar to those of normal mycelium in
diameter, whereas rest of them produce thick and short tubes, forming
sporangium at their tips (seeTable 32 and Plate I—D, E, F). Germinability
of the imperfect oospores declines by drying, but not by low temperature
or freezing. The imperfect cospore is more resistant to high temperature
than normal mycelium and sporangium, and hardly affected by the 5
minutes treatment with hot water at 55°C, by which both mycelium and
sporangium are killed. The imperfect oospores kept germinability under
the various conditions of temperature for 4 months in winter (Table 36).
In addition, a wound inoculation with the imperfect ocospore causes the
infection on the young stem of tomato (Table 37).

In the above stated experiments, some of the tested isolates formed the
imperfect oospores by the changing culture method, while other did not.
So, it was presumed that the imperfect ocospore forming isolates might be
female, and non-forming isolates might react as male. Then isolates
separately pre-cultured from both groups were paired in various combinations
on the same post-culture medium. The results are given in Table 39.
Paired cultures of isolates from the different groups produced the oospores
in contact with amphigynous antheridia, which are perfect oospores, while
those from the same group did not (Plate [I--C, D, E). The morphological
characters of this organ agree with the description by other authors. Even
in the paired cultures, imperfect oospores were found intermingled.

The number of perfect oospores produced in paired culture varied with
jsolates. Furthermore, the imperfect oospore formation also differed with
isolates. So the isolates are considered to diverse in the expression of
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male- or femaleness. Perfect oospores on germination gave rise to two
tvpes of germ tubes, as in the case of imperfect oospores.

From the results of experiments, it may be concluded that both perfect
and imperfect oospores are able to germinate and to infect their host
plants. Therefore, there is a possibility for both of them to serve as the
source of primary infection.

Oversummering, Overwintering and Primary Infection

As a source of the primary inoculum of late blight, the fungus in infected
seed potatoes is regarded to play a major part without doubt. But the
persistence of the fungus remained in the soil has not yet been fully
investigated, though its possibility had been discussed for a long time.
Therefore, in the present work, experiments were carried out to confirm
the possibility of oversummering and overwintering of the fungus in the
soil and its role as a source for primary infection.

First, the cultures of the fungus on the autoclaved potato dead leaves or
on rice straw compost in test fubes were left in the field soil 5 cm below
the surface of ground for 4 or 6 months (July ll~November 11, 1956;
Januvary 6~July 5, 1956 respectively). Next, the fungus was cultured on the
autoclaved soil containing compost, potato-tops or wheat stems and kept in
the laboratory for 172 days (November 26, 1956~May 16, 1957). In all the
cultures tested, the fungus was found alive after such long periods of
exposure to fluctuating temperature in summer or winter (Tables 41, 44 and
45). In addition, the cultures of the fungus on the autoclaved soil
containing the dried potato-tops or other organic substances in test tubes
were buried 10~15 cm below the surface of ground for 117 or 170 days
(July 5~October 30, 1956; November 26, 1956~May 21, 1957 respectively).
The results showed that a part of the cultures in which the fungus was
proved to be alive as represented in Tables 42 and 46. In those cases most
of the cultures were contaminated with soil water, other fungi and bacteria,
50 that the mycelial mats of the late blight fungus could not be recognized
with the naked eyes. This indicates that the fungus may survive on the
organic substances in the soil for a long time, tiding over adverse
circumustances.

In addition, the infected potato tubers by artificial inoculation had been
buried in the soil for 80 days (July 30~October 18, 1956), so that the tubers
decayed to have no trace of original form. The fungus was found alive in
the soil where the tubers had been (Table 43).

In most of these experiments, the survival of the fungus was determined
on the basis of infection of potato tubers by inoculating with debris of
cultures or infected tubers in test. Therefore, it is supposed that the
fungus alive in the soil would infect the planted seed potatoes. Then, the
following experiments were carried out to give a proof for the supposition.
The cultures of the funpgus on the autoclaved soil containing barley stems
in test tubes were buried 10~20 cm below the surface of ground for 102
days (December 20, 1957~April 1, 1958). After thati, the cultures were
transferred into the soil of field from the test tubes, and sound potato
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tubers cut in half were planted in contact with the cultures. As a result,
some of seed potatoes were found to be infected (Table 47). Furthermore,
the infected tubers by artificial inoculation had been buried in seil 10 em
below the surface of ground for 166 days (November 11, 1957~ April 26, 1958)
and they decayed perfectly. When the sound potato tubers cut in half
were buried where the diseased tubers had been, they were found infected
though very small in number.

Thus, it may be concluded that the fungus can remain in soil and can
play the role as a source of primary infection.

& #

In conclusion, it was confirmed that omly potato and tomato planis are
important as host plants in the disease cycle of late blight. And it was
proved that the fungus could survive in the soil during non-growing season
of these two plants and was capable of infecting seed potatoes planted.
Therefore, in all probabilities the fungus surviving in the soil takes a
great part as a source of imoculum for primary infection as well as the
“ perennial mycelium ” in the seed potato. The late blight fungus in the
soil is considered to be derived from the sporangia which fallen from diseased
leaves and stems into the soil and grew on the organic substances, from the
diseased stems or leaves mixed in the soil, and from the diseased tubers left
in the field. Though it has been considered that the fungus can survive as
imperfect oospore, perfect oospore, and mycelium, imperfect oospore seems
to take the most important role among them as a source of primary infection
because it is found most universally and endurable to the long period of hard
condition. The so-called resting spore could be found easily, too, and pre-
sumably becomes the source of primary infection. But its significance
remaing for further study.
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Plate 1

Imperfect cospore. A : Formation of imperfect oospores
by changing culture method, about %60, B : Imperfect
oosppore, about k540, C: Imperfect oospore (phase contrast)
about x 540, D : germination of imperfect cospore, about
x 540, E : germinaticn of imperfect oospore, about x 540,
F : germination of imperfect oospre, about %200,

E



Plate 1I

Resting spore and perfect oospre. A : Resting spore,
about x1,400, B : Resting spore, about x1,000, C: perfect
oospre, about X750, D : perfect oospore (phase contrast)
about %530, E : perfect oospore showing amphigynous
antheridium in detail, about x790.
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