vV o KB BMRSE

BOK T < 225 = v FORHERECHET 5% < OW%K, BXnd5, LaL, biEICEsVT,
FTCRFHR® BEHL T3 X5, =~ vEOZOBORECHET MR E bdTHL KL, 19114,
BHD 537 v <y O DRI OV THRELZOBHE—D LD TH D, LTORITIRED 17 H<v DR
HEMRE 2, 3 ORMERREOHENTHRERS Lo TV HRTERV, EEOV L DMK,
BEMTBbNUNbNOMEEIC L EWIREEEEROHIC Cenangium BE X 57 h~v OFEL S
HREFEZADTLR, BEL%ED TV, EhF19594E 6 B, YPEEROHIELT H <Y D—FIiC
Cenangium |EHIT X 5 FROBHMREDORES Z L, FI60FEITIISLITIIRIILLIRET DD
ZEIERLICH, ZOWMTEWTIE, EELTIO2EMORERMEEZ D LI LAHLE, EROERLX
UHTRRRE OEA L D CIURBI OV TR LR 2 MET 5%, FMEOEM, v Erdiebi
> CCHRERZ VIRV YRR L, SIUCMESETEERLTL»LOBILEH LD
FHEEDI, REFREBOBEICER % b x SRS B REE S I HRER B 12V o
Rukd)ERRECHELRT 5,

FESLIUREH

MEERS SIEELEE TOR, BICFEETSH, 1~3ATH2B/, HDHEVIRBRDODHEHS5H5
EHOER, HEER~KBELLD, LEVKE~FBECEET S, ZOTHIE, $EOLE
LBRBRE B2 Th, BEBPRELORTERELALEELBLLNE, 3ARISAICED L, &1
B CTCHRBEELD, HER, RIKGERE - TOCHMEL THP LD, $HEEOREE (8 ok
AR HATL b, ThIEE, BV ThOBETH ETHROSKBICATS, & Bt ds
INETEV LB DO —ERAME SN EHEIR & 7 D, 80 B 5 S DAk B IN THREL%R 20
LEETHL, BRIILOHSD L EHSHNCTREREET S, BN ABERHCTHChbAMLUTT
#BT 5, 4 AZAHPLWE, BROHEREE (EH) OBLZEHNT, RETHLHEEOHKRERD
FEE (FO58) BHLNTL 5, ThHDOFEKIT—HFH2L 1 ~EZLEL, LREWIRKELKR
v, BHiRAY, 5 ATA~6 AMACHF TERMAT S, KAFO S BIAEIK, #BE, FRIIIKE
<BHE, BMOEMIREREL LD, B WML TS (Plate 1 : A, B), ATt Kkbsd
SATA~9RCKLBL, FOOIBIRBE~BELEL>TEHRL I17LT5,

¥1 ZODT H <V ILENRIROREBRAKTD - 7243, DREREDOIDRBEHIEL, 19604 9 A iRy
Ihiz,

*2 AHIRO—IRIIETIE B ARESARLC IV TRR LA,

@ @ REMBHFEEBIRIIEE A
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mIE B o R’

FOIWIIUDEETICEL, OLELEZE - TAHIBEHIT TS, FLOEB~FEE, ObLRE
B~BELLD, TR, BOER2~3mm, RHTHL5mme I x, FTEERMIRE~KED
BLLD, MEKIIKELOLE, HIISMUTZ D 22503, B LML THlic/s% (Platel : A, B),
FERMN (epithecium) 137 <, FEE (hymenium) VX 1%, FET/E (hypothecium) \1dEfix
W LB ETAEREE (textura angularis) # 3%, REE (medullary excipulum) {IEADKE
N4 ohd - k&% o (textura intricata), Fd 5oL (extal excipulum) (3G E~2
ETHilaikiEE% b (textura epidermoidea) B#ETH %,

Fo5RMAKE L IRFERCLBICALY, BHER FETRES 80~120X10~14p, 525 80~
100X 10~12¢, I 8ADF D 5 fIFE2FE 13, THCEE 2L T, FOSRMFIIME~IKE, B
fa, FEMLTAE X 8~12.5X 6 ~8u, 5D I10~12X 6 ~Tu, flRILMEE, ik, HELRELE, &
X 100~120p, BEHE FiC 4k, BRI, B, K& X 2.5~6.5X1.5~2.5p /B4 ERF (microconidia
% BH\i1 spermatia) #4¥5% (Platel : A, B, E~G; Fig. 1:1~7),

Fig. 1 Cenangium ferruginosum Fr. ex Fr. on Japanese red pine
1 : Apothecium 2 : Texture of medullary excipulum
3 : Asci and paraphyses 4 : Ascospores 5 :Germina-
ting ascospores 6 : A part of spermogonium 7 :
Spermatia ( 112100k, 2~7:10w).
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REBEDORES L UKA

EHOOBEE LY BUTHR « BHERAE S 2 T3, FORELLFO S BREND Cenangium [§iT
BI5b0&HEENS, H<HLREICVA5ET, FOIBERIIL QTERLHOULETIIZL
<, Cenangium [FiIC2\Th, Thr@AdvHHEEDLDSD, X5 Cenangium [E% D5
ieoTh, BORDOE CTHEMCAT S HORRCHBLEITOWT, 275 h DR, BI1EDH 5,
EHD1E Van Vioten 55, GremMmen 2002 Spaver’® 35 L 08 Dennis'® 50 Bfific Lo, ZO®H
Vv, X<ESNIE Cenangium % RV THRET R BT 72,

<V YHICHET S Cenangium EE & L TIX, #14 F7#HTH% C. ferruginosum Fr. ex Fr. (=C.
abietis (Pers.) Remm) 233 5 L bFEHRTHY, BRWGHind > T35, TOEPHED D DI GHEE
w3,

OOEIREVTIE, WEETIZ3HED Cenangium BEOFEESLHLN TS, O &2k < BHIE20
FRICAHDVES T re<y FITERELEFES, F4A4 YD Hennnes 3% Cenangium abietis OZEREE L
T C. abietis var. japonica Henn. E@AXTH LA BT, OLEAH® X2 OB X 5EEERED
FEEZHBRTTHEL, 7o~y ORMVREADTR. Mo 2 BITRE® 5 1950FICGH LT &
< v B#thinE Cenangium pini-densiflorae Tocasm &, 7 51 < §ikEfRiE C. pini Sawaoa TH 5,

EZLOBB LA E, Thdb<yBREHINk Cenangium BE O AR Table 1t 3,
D ED 5L Cenangium abietis (Pers.) Ream & C. ferruginosum Fr. ex Fr. & 12 AHELT H
T, LAATIE—fRIT C. abietis 23F\ HAVET TIX Seavers? 53 Z DA XA L T34, Van Vioren
5,56, Fercuau 517, Denns!®, 35X 8 Gremmen22-2) 5% C. ferruginosum %R L, C. abietis
REDRALL TV,

% 7= Cenangium atropurpureum Casu et Davibson X 1940451 Casu 59 RF-D 5BOENERSY
KOBZEBECLT C. abietis Li3FEE LTILBLACDDTHS, LirL, &L Fercmav 57135
D~ B EOERDHBIHROKE, C. ferruginosum OF D >8WOEEKRE SIILpie D OERH
HY, FOSBOBLARESWEVICEBERICERZTHOT, CO2BEE-EIRBITHILIETE
& OFEITEL, C. atropurpureum % C. ferruginosum DELZE LIz,

Table 1 %45k, ZZdHF? Cenangium BOEIX, HRVWKEETIEIANEL, FOR
[, RFIRLEERMHBORMSED L S5BDbhD, EESOHE L Cenangium WX, X DHE
#, WE, BB EEEY AFERCOAKKNT, RE Van Vieren 55, Fercuav 5 10,
GREMMEN 2029 72 iz X 5 ChH ED T XIhiz C. ferruginosum Fr. ex Fr. D& X < —FT 5,

bRETZ v=v FiZitE X7 Cenangium abietis var. japonica vX, Hennics HFD 5 BHPLR
NE, FOSHIIEFPEINCS L ENEET C. abietis 3T LK RRB®OML LT, TOLE
CLIdDTHD, LU C. ferruginosum (C. abietis) OF O 5 JAFIXFEH TIREE 23T > T
50, XOZDE K OMAZORBMTRLLAS251 150 0BFVL, EELOHTH 150b 0
LE2FDLONRHLNE, FLTFOIBOAE X IFH EEBA SNV L, Ferenav 5 10 7235H
Lk 3, EREE LTOEERII NIV, Led T, bOBEICET 2ZE Cenangium abietis var.
japonica Henn. V%, 130 C. ferruginosum Fr. ex Fr. L@ UTH-T, ZEELThIFSZ &I
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Table 1. <V IiEEH S h iz Cenangium [EH DAL
The morphological characteristics of Cenangium spp. described on pines.
Apothecium . .
Species Reporter |—; Size of | Size of | yy 14,4 | SPerma-
Diame- Col ascus |ascospore tium
ter olor
Cenangium in - yellowish bro-| 80~120X | 8~12.5X 2.5~5.5%
question authors I~5 | Wn to dusty 10~14 6-g bark 1.5~2
.. brown
C. abzﬁt;;gPERs.) Saccarpo®? (2, 5~3. 5| cervino-nigres- 60~8C1)8<~ 12 11~13><5~7 ”
% L cens 65-75X | 9~10X
” Scawarz 1. 5~2. 5| olivaceo-nigra ”
D 8~10) 4~5
” ScawarzMAN (1. 5—3 10<12 X5~7 ”
18)
P 60~85X [11~13.5X%
” FERREIRINHA 1~2. 5| verde-olivaceo 9-11 5. 5-7.5 ”
” SEAVER 5 1~1. 5 reddish brown 100~1?g~><18 10~14 X 5~7 ”
562
C. ferruginosum{Van VLoTEN . ~ 3.5~4. 5%
Fr. ex Fx. &F GREMM‘%N 1~2 dark brown | 80X14~15(12~13X5~6| ” L5
ERCHAU
” Jounson 17 |0, 5~5 variable 50~12§~X16 7~16X 4~10 ”
85~130X [13.5~19X 3.5~4.5X%X
22) —~ . .
” S brown 11.5-13.5|  5.5-7.5 7 1-1.5
” Dennis 16 3 dark brown 80X 15 |12~14X5~6 ”
C. abietis var, 8) - olivaceis vel | 70-85X . _
japonica Henn. SACCARDOED 1.5~2.5 atro-pruinosis 10-12{10712%7-8 ”
” ScuwARZMEN |1. 5~2. 5| 10~12X7~8 ”
C. japonicum 10 - 80~90 %X bark and
(Henn.) Mivra Miura 2~3 (?ark 12-1310-8X7.2 ) " o dle 5x1
an yellowish brown| 70~80X - ~
” Hara to dark brown 10~12 10~12x6-8  bark
C. abietis var. 51 12-13%
olivaceo-nigra |ScuwARzZMAN | 2~4 445 ”
ScHWARZMAN .
C. atropurpur- | Casn &
eum Casu et | Davipson®® | 2~5 |purplish brown 70~85c§<~ 12 9. 5~11 >§5~8 ”
Davipson F
ERCHAU&
” Jornson1? [0, 5~3 variable 65~110X |7~14X 4~10, ”
8~14
C. pini-densiflo- ©) 70~88x | 9~10%
rae Tocasur Sawapa l.1~2 dark gray 8~10 5~5. 5 7
C. kazachstanic- 50 6.5~12X
um SCHWARZMAN ScuwarzmaN | 1~3 4.8~8 7
C. farinaceum o brunneo-nigric-| ;5 g4
(Pers.) Renw Saccarpo 1~1.5 2;1:u§lrlseo—puv— 10-12/15~17%5-6 ”
C. pini Sawapa | Sawapa 9 black 100~106 X 13~162<~ 45 ”
C. acicolum o ceraceo- U132
(Fuck.) Renm VSACC‘;RDO 1~3 coriaceum 75~9?(;<~ 1o 3545 needle
an VioTen
70~96X [11.5~19X%
56 ~ .
” & GREMME})I 1~2 dark brown 7.5-11 445 ”
G 21) 23) dark b
C. acuum Ckk REMMEN 1~2 ar rown 70~96X [11.5~19% ”
. . 21) 23 - -
et Prcx GREMM];N D to ochreous 7.5~11 3.5~4

BWXS5Bbhd, BH® SHRELAZIOEIX 5RHEHL, WERSDABMTETS0REHMTH
5LLT, 7Y DIRERDITIo0, B Mownar 4D (34 + X C Cenangium ferruginosum |2
XB5KVFr—¥<v (Pinus ponderosa Dover.) OWEROFEEL FEEMEL TV 5, ZHbOR
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BOTBEIP BB L, HEHODLAMTEDOREZ0I, FEOREREIZISHDOLLL, JIBOREL
BEALRLLBIVESTHL, EHELOBETH, ML > T E-EVTETHLOIAEDLNI,

ZIEOEREMIZ BT Cenangium WIZX 5 <y ORZBIEFARZL, REFEZBH, Hennives
WX % C. abietis var. japonica LR—HEEFELK, LA L, ZHIXZOHEHOEELCS X In DAE
IOHERTFE X, TBCKICKITD C. abietis (Pers. ) Ream TR IhiX, C. abietis 3%
DR E UT Brunchorstia destruens Erixs. (23~38X 3i) 35 kU8 Dothichiza ferruginosa
Sace. (7x3p) D2RDOFERTESOHOT, BARICHMEOHIIh L R B 54RTFHE b
255, C. abletis L13E > Rixh, TOEBLTHXVIMIFL I RETHS] L LT C. ja-
ponicum (Henw.) Mivra &G4 Lz, LLEAD, SHDDNONWORE#»ST5E, ZHOEER
L 7cHX Cenangium ferruginosum xD3H OISRV EBbNLS, L\WH DI, ZHANTHEL
FeRfticix, C. ferruginosum (=C. abietis) DARFELWIX Brunchorstia destruens Erixks. (=B.
pinea (Karst.) HOun,) 35°380 50 5 5\~\3, Zh & Sclerophoma pithyophyla (Coa.) Houn. (=Do-
thichiza ferruginosa Sacc., D. pithyophyla (Coa.) Petr.) D 2EIM 23530 LEU SN TV
B5, D% Jorstapd®, Jorcensen?®, Bowen®, Bouoru®, FerrireiriNHA®, GremMEN2O-29), Van Vioten
55 7 Yk b Cenangium ferruginosum (=C. abietis) & & DTHRE DEEE I X OV4:iE5H OFRIC
X » T, Brunchorstia destruens (=B. pinea) (% Scleroderris lergerbergii Gremmen (=Crumenula
abietina Lese. ) OFRFELURTH Y, F7- Sclerophoma pithyophyla (=Dothichiza ferruginosa) i
F S EBERTHDLBDHELPIIL 7B THD, £ LT C. ferruginosum I RRTHEEE L
Ch ALt > 59, 3.5~4.5X 1 ~1.5¢ O/NEHAERF (microconidia %7:13 spermatia)
FETLREFTHEI L b ofc, =il BMEE LICX 75X p OHENRITFIX, Gremmen 5@ sper-
matia (LW U/MNESERT) EXDORESIH—HTD, FREELILNIC—HTHRESD sper-
matia ZHE Eicx Tw 5,

DEDZ &E55, pHER XM TiEiEi, 13U Cenangium abietis var. japonica Hewnn.,
bic C. japonicum (Henx.) Mivra & SN7zEY, MV EE LTORRERS D DEELLN, %
DL DILEERNFMAS C. ferruginosum ODFN LSRR D L ZAHANBRKRVWDT, Zhix C. ferruginosum
Fr. ex Fr. CGIHLTLVHOEEZ D,

BHOHREDDL, R 3XOFEWC IEChi> T/ r Y ORI FEBH LI, ZLHD2
EFE, BiE: DAHOREIFLOEHTHS 2, 3EEO THEAERE! 2 TRKEHOFTEEZ D
B, FREZHOLRERAL T Cenongium japonicum (Henn.) Mivra 2 HTTW5, ZOWERKOF
HH 58803, EESOBBLANL T -A<ALLEZ D, —FHILED O TBHRY R A FH
121X, Cenangium abietis DIENH Y, HADOTLESND - TW5H, THid Necer OEHD 55 0R
HTH), EHAGOBETRRVS LV,

19504F 17 JRH4® 23506k L 7= Cenangium pini-densiflorae Tocasur X, % DEMSES S OEILE LT
PDE—FHL, HEREESOHEMEL VLRI C. ferruginosum DHFRCH 5, HHE® TX
WX, COMITH LD EEROTHI LS L, RERELIERRC/ — P LEARRESEOEE
Aoiblwioz & Thb,

IRAMBFIRFCEREE LA Cenangium pini Sawaba 1%, FOFD S, FOIJFOAEINLTS X,
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C. ferruginosum OHFITHBDH, FOOIBNREATHHI L, IRADHEWIEFD S, FO5EFOR
L EPSHRT, Cenangium BOFEE L TRIETOEMMBEDHDT, LI TRELORFDMEEZRE T
%o

Cenangium acuum Cxe. et Prck & C. acicolum (Fuck.) Ream 1%, GrRemMMEN2D2) (T JhiEd HiT
<Y DEELTEETHET, C. acicolum 13X DEEELEH D C. ferruginosum &i3dH & L HTHIFE
THY, Tz C. acuum & C. acicolum X3 F L F—EHTHAS LV,

DEORAOLIRIC X 5 HLBRHORKR, EHLIL, bLbhOBELLT #~Y, 77 <Y Ok
MREVX, Cenangium ferruginosum Fr. ex Fr. THV, HERbHVEISBESNI~YITETS
Cenangium [BE®D 5%, C. abietis var. japonica Henn., C. japonicum (Henn.) Mivra 3 X% C.
pini-densiflorae Tocasur 12\ FNd C. ferruginosum DRZLLLTEDHOPoTINVEFZ S,

Cenangium ferruginosum Fr, ex Fr., Syst. Myc, 2 :187, 1822

B4 . C. abietis var. japomica Heny., in Encrar. Bot. Jahrb. 28 : 277,

1900 ; Saccaroo, Syll. Fung,16:763, 1902 ; B3, BAZEHERE, 7(5) : 24, 1911 .

C. japonicum (Hesn.) Mivra, WZEHEMREIL, (3AEMEY, WIH, p. 103, 1928; &, AKX
EF¥ p. 108, 1936

C. pini-densiflorae Tocasm, JRIH, FRFIFH 46 : 131, 1950

BT HVBIVS vy O, BROBRICET S,

&¥t: 7T h <y —RE < A, 1957; FHER - GART, VI—27, 1957, BUREE; HF - BE, VI—15,
1959, VI—9, 1960, VI—15, 1963 ; fUf « /Ni#, 1X—25, 1960, {7 <Y ——F#K « ikh, VI—28,
1948, FRE—iE ; THEW, VI—11, 1963,

BB, TOEMIT, VEEZTHOEETHLNTWBERREOLSAMIE, 7H <Y THEF, LF®, &
B, 7 r =y TEHGS, FR®, [ 855,

AR AREIC X DRAIRAFHD 07 r<y Bl FE, REA® 07~y EERERD 2 0535
HL LD, EMEPLVITAFORAPEET D LILEDDTHEN, FARDIONLLSK,
BRbAMTET SRBIILLADEBITH D EE20N5, T LTFOSBORAETHEF»—REHE
T/ THD b, ELLBERBEVIREDLORVITNED, RAOHAIT S K H R
PREBE XL BLDbLTErAIRTWERDLN S DT, 2Tk TEE#IR] 2RALTH <,

FRRE L EbDTARERY L VT, #FNEICKWTEADO~ Y EBEW ECEHFIN TV 5 0
T, RKEEDFELHMELDT,

Pinus aorreyana Carr.

7 AU #®; P, attenuata Lemmon—— [ A 59 P, austriaca Hoeses——

FAY, F_ . azxvy %79 #+5v4&56); P, banksiana Lams.

T4V 5V F; P, cembra L.
— T4 VIV F®; )y 2 —30; P, contorta DoveL.——/ L7 = —59 ; P, contorta var. latifolia
Exe. —T7 A Y #®, FV=—78 745V F®; P, densiflora S.etZ.——7 2 ) 73 9620 P,

echinata MiLL.

7 AU #H®; P, flexilis Jamps——7 2 Y #®; P. gerardiana—— ) N7 - —3 ;

P. jeffreyi Murr. ——7 2 Y #®; P. montana MiLL. TAYHD, Fvu=—r8 745y W,

¥ BMEEE==—~A 6:138, 1957 ; 11 : 149, 1962
*9 [ 11:221, 1962
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*Z v X5; P, montana var. uncinata

Wittkomm——, /L7 = —39; P, murrey-

ana Baur. J vy o —80): P nigra Arn.
—TAY B, FY=—®, 2-TRF
W4T, F L aRwy 3 T73D; P peuce

GriEs.

T4 VIV, 2254

759; P, pinaster Sor. Y 2L

P. pinea L. AR+ H AW, P, pondero-

\
. sa Laws.——7 A ) AR, 55 &), P,

resinosa Ait.

MiLt.

T AY AP, P, rigida

FK— 7 v K9, P, sabiniana Doucl.
—7 A Y A¥; P.strobus L—7 2 Y D
D, FAUW, K-SV FD, 745V F
B, R RY, /7 - —30; P, sylvestris

L—72Yy$p91® Fy< 20 7

LLLLLLLL L LLLLL L
% o ] (-]
4
; o
; o @ ®
4
4
/ O 52 [ ] ®
/
5 & (O]
4

LLLLLLLL L LT 7 P 7 77 7 P2 A 2 2

O Healthy tree @ Diseased tree (1959~1960)
@ Diseased tree (1960) O Larix leptolepis
7z Hedge of Pyracantha

Fig. 2 Test plot of 10 years old Japanese
red pines (X 1/2000).

AVIFYEW, Ry —FUW, 2 TRFY (T, [ w80, } 5y x50, P, taeda L.——7 A

Yy #8; P. virginiana MiLL.

7 A Y H®; Pinus sp.——A £ Y R1O4)

mEE O ERK

L. FRRDERDL L UCHEROFHK

FIZUBEMNT, §9 30m?2 OFHHMIC 2 FERTICBIE SN A 10E£ED T H ~ V10K TH 5 (Fig. 2),
1959 IR/ LABHEZ D 9 B 5 KT, BABKBEENRLLEDONIDIE3ETH -7, B19604EIT VLT
BE RIS Z, HEREDLDTOEL Ko7z, 2EM O EINGES Table 2 & 3 L» L7, Table

Table 2. [ BHISRIC X 5 — K OWEERE GAE/T)D
State of damage of 10 yesrs old Japanese red pines observed in 1959 and 1950 (1).

Tree no Number of twigs directly originated from the stem Percentage of
: Total Infected Infected Total of in- twig infection
in 1959 in 1960 fected twigs (%)
1 24% 9 4 13 54%
2 36 0 2 2 6
3 40 7 13 20 50
4 46 2 7 9 20
S 43 4 12 16 37
6 12% 1 11 12 100%
7 26 0] 2 2 7
8 32 0 . 0
9 34 0 7 7 21
10 34 0 0 0
Total 327 23 58 81 24.8
* Stem canker developed on these trees in 1960. Twigs originated from the upper

part of the cankered stem were not counted in this table.
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Table 3. /& H MW O F 4 & — K& DO F

State of damage of 10 years old Japanese red pines observed in

1959 and 1960 (2).

Total number of Number of infection Pel:c&;l;tzg;(i1 of
trees and twigs - tntectio
In 1959 | In 1960 | Total %)
NumBer | siem infection o 0 2 2 20
thrdees Twig infection 5 8 8 80
'8_:, 1 year old twigs 40 0 0 0 0
B 2 » 40 0 0 0 0
—
.85 3 ” 40 0 0 0 0
e
“ag% 4 ” 40 ; 0 2 2 5
i_g by |5 p : 44 0 12 12 27
g g < 16 ” 42 0 13 13 31
sHE |7 ” 40 7 13 20 50
Tat |8 ” 32 12 13 25 78
R :
0B 9 ” 9 : 4 5 9 100
B ‘
< Total 327 23 58 81 24.8
Number of infected twigs secondary
branched 7 i 76 83
Table 4. #EW EICKTETFO S BORA
Ability of apothecial development on the infected twigs.
Development of apothecia '
Thickness of infected twigs
Current year when Next year
symptom appeared
Stout twig (diameter 1~2cm) + —
Slender twig (  » 0.5cm) + -
X Table ' 5. _?(D > laF ol (1?°9$) i ] ——Mean air temperature
Observations on the time of ascospore discharge in 1959 Cmm -
+ Maximum and minimum
Date observed Observation 304 L Precipitation .
VI — 15 Apothecia contain fully ascospores
VI — 30 ”
VI — 14 Some apothecia discharged their ascospores
VI — 25 Almost all of ascospores were discharged
VI — 4 ”
Vi — 18 Ascospores were completely discharged s
101
2IHLND K5I, BHhLEEEL TV 5 —REORI25%5 2 @ 2 4 i
TCRFIEE L, &<z No. 1 & No. 6 DI R XNRHERKE S L 5'10 |
THRPPOINIL,  EFRBINTHOERE—KEICO>V T H 5 &, .,Il II
. 1959 g 10

Table3 DOX5IC4~9EFEEDKITRAEL, LrdbioEROEVIEE
FIREFET HHOEERE Y, THIER LT 1~ 3E4L0E W HICIIRR
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Table 6. F © 5 #& F 4 H £ (19604F)

Observations on the time of apothecial development and the formation
and discharge of ascospores in 1960.

Date observed Observation

M— 3, M—17 Many twigs appeared symptom, needles on them become brown to
’ reddish brown, apothecia not yet appeared
W—14 Immature apothecia appeared on the tWigs and stems

v—1i, V—16 Apothecia immature
v—21, V—28 Only a few apothecia matured
VI— 9 Nearly all of apothecia matured

Vi—15, VI—30, . .
VI—10, VI—20 Apothecia contain fully ascospores

Vi—25, VI—30 Some apothecia discharged their ascospores
VI—13 Almost all of ascospores were discharged

VI—25 Ascospores were completely discharged

RN 7. BICRE LR 2EOBORRBORMEITNEN4EE TETHoT, LL, Th
SO—RHEDHRALGHET 2 ZRBEICOWTHRS L, YELDEN (F) CRBFLEVIE 2RV T
VI, HEOFER L RBERL S RANS LI,

2. FOSBRES L CFD 5 BFRHEE

19594F 6 B OAYRFER UMY, T TIRIEEOTF O SBIIEHRL Twieds, ThilfE 19604 9 Aic
PAHBEMPRELS SN D ETOBWE, FFREEOTO 5 BIAL S T ERBRY, Fo 5Tk
HRE, BIOHER ECRT 2 FOIRURENREIMLRAE L7, #R13 Table 4~61ZL DL
7zo Table 4iZHLNBHTEL, HEHETRHEOKRAVIZCERE L, RBRYELTCTFO5ENH
FEt, 2HEARIITE > BRENer o7z, ¥/ Table 61tk 5 &, HEKELFOSBENLLD
LNBEDIL, HMERBEEL~2 Ao/ 4 ALPATHHLTHD, Thirbfils ARE~KS
HTRZAPORBM LIS, BREDOZE T RFOIBBEMTHOIE6 ATEV - T b TH S,

“. e
air temperature :
+30
-5
1%
. “ 15
m.
0
| | :
. I §
. I 107 .
vl 1 ]
0 o 0 7= 10 D

Date (1959)

Fig. 3 Climatic condition in 1959
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cfm  —— Mean air temperature
¢ Maximum and minimum air temperature

_ _1 Precipitation

L T O
Y ) 0

: - Date (1960)

Fig. 4 Climatic condition

—HBRILIFOSBPOFO S 3FIE, 195941 7 4251 (Table 5), 19604FiCix 8 AI13RIC
(Table 6), IZ&A ETRMHEEL TV 5 OMFFEI N, FO 5 RFIMLEL, FO 5B IIEHEID
LEWKEBELLY, BHESASELTShTFDSFe 2<% Lidlk\, Fig. 3k X041tz
FEDFD 5 BHEE» S FO S RFOMHEKRZ 8 ARKETOIWEDORIE, MEZ LD LY, F
D S WEBRAT OV TIE 196075 F O AR TH 545, Table6 5L X Fig. 3254T, HEHKIES
10°C 2223250 F 05BN ELNITTD, 15~20°C K- THRATH X 5B 25,

—HFO ST OB OV THB L, REDFE, FOIRBEBLTr O EKDLE ETO
B3 A L LD TEY, ZOMKHEHEL TV TRV 1k, KRS IHETIRELAL
F o0 5 AFORERES I 2 inbh e BHsa <, 5B\ 5 & 2R s chbhs X
SIHXILETHD, INHDEE, ZO2EMORRLER, L CFAEDOMOBME 2F X bt
5L, KEOFOSBIBRAREDLTF O RTFOREEZECHEDTRERL, —EOHME~TIZILD
THEREE kRS>0 Bbhs, Table 5L 6, 5LV Fig. 3240545L, WELD TDS
ﬁ%&%bk@%,i%mmm%%&a%%u7ﬂmaﬁﬁf%91,%@%@ﬁ@&@#ﬁﬁc@ﬁﬁ
DF D5 RFHEREOKT TR0 TNE DL LbDEELBND, 1959 1L, 35K TH

15H & X I7~198 OFEFMD B & WF 0 5 faT

Petri dish ~ OikHisEchbhicb oL Bbhs, —519
604EICiZ 7 ATMAILE 8 B 2 RETIZE AL
Apothecium ~ FID3780> 2 T2 feiT, F0 5 laF Ot s <
\\ : n, 8A2AKXVUI0ALUEDOTDDEICTD
Piece of the bark 5 IAF ORIRES T SN D D & Bbhu b,

} 3

Fig. 5 Petri dish method for isolation
and germination tests.

* B RREMAZETH R - T 2 Y BENE MR RC ST 2 8RETH S,
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.mm T

| 20
B
101
| L Il 1l
10

20 %711 10 2 K 0
in 1960
, 2% sucrose agor (aften8days)
FRE O LR o - - -Cryptomenia. needle decoctioragan
» 5o} (after 3days)
L FOSMFORFLBELOME &
=
BFECFO MO o5 Avoh 8 4F N
BHENEEAL TS Ao, BT = | '-,
WA B REREKCRRL TR s ¥ .
CERLOL, REOKEZFHETE LY, 5 2f ‘
FOIMEBES LD & ok, TRESE o ‘
YMOENE (NE) iCFEBPERE LA
{X5IELT7 =Y VTl 23 TRLE m -
(Fig. 5), $EatiEhiz 2 L x JEER E 2 ¥, 30 "
S A MRS 2R T, 2 %L 5 R © A
T8 A%, AXHEEAHERTS AEOL im* ;Y
MECKTLRFLRL FHERY Fig. 6 € © \
Ldbliz, d5PLDTHKE S TR j%mw
Do, 0~39°C ORERIBEORICIE, %
TRFRCRESZ LN -7z, BICHD T LR
B, FRHEDOFEFOHHEIL 15~28°C D Temperatuire
HUIICHD, 30°CLLEFS LU0 CIITR Fig. 6 Relation between temperature

and ascospore germination.

*LOGRTR - WA MREABAER 54 0 48, 1952; /KK : ARETRER 96 : 22, 1957 7x &,

*OAFHERAN L, 000cc (100g/!, 3053EB), L x i20g, FER30g, Z ORI, bhbh Ok
FLBTERATE, 2BRERC2HL s BERTRFOS LV, d5VIRREFERORV-EHOE DS
MAREFEME LTIV HREZXTVW530TH S,
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Piece of bark

Piece%
U= _F 17

Apothecia. Slide glass

Vaseline

Fig. 8 Slide method for germination test.

* R R : MREERFER 57 1 174, 1952
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Table 7. FO5AFFRFHBEAEMD pH L IRMEKXRE
pH value and amount of agar in the media used for germination test.
Initial pH value 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Agar (%) 8 5 3 3 3 3 3
pHa f‘t’:rlue 2% sucrose agar 2.6 4.0 5.0 5.4 5.6 6.0 6.2
steriliza- Cryptomeria needle
tion decoction agar 3.0 4.0 5.0 5.6 5.8 6.0 6.2
— % sucrose agar (pH26~5 after 4days; FET, BEREEEIT 25°Cedsb, £LT
p PHS4-62 after 0d0ys)  megemgoip 220 FEEHLE B 15°Col o
°| --~--Cryptomeric needle decoction agar- (pH3~5 . '
afterddayss pH56~62 atter Wdays) BTGV EDDE—~ 7 %D o TVDHXHRKHZ
8or \
" %,
£t N .
2_50 R 2. FOIRFORFEKFIAVEELD
s | BE
2 o} Peatisi e B ERTIC NaOH & HCl TR
£
E T @ pH REHEL, 25°CoOEE TR i -
oF @AV, EEBRFIRIRT & R TH B, RiE%k
[ o pH MEEL Nz 7= ERE% Table7 KL
M L, 2% L x¥EEXRT3E, R FSrEfuE
ol KT2REBTIR - EBRFEREY Fig. 7 wlL®
| Lic, RiC X5 &, AHEpH 4~5 kit
z
g ml L, ZREDBiERV LT A Y TR
ﬁ; I M By, CORRTIE, 44 BBERE
s i g REER & LS, pH 5.4 25714 YHIT
i BE S BELLALNLDP - 2DT, THhb
%3 p 5 Sagg5s g 62 DR TEHBIER AR EETORE Lz, Lol 2
pH value %\ x YEER 1T pH 5.4 & 5.6 iChF o5
Fig. 7 Relation between H-ion concent-

FHHLNADOHRT, A FHFERHER TidpH
5.6225, 2%L x FEERTIX pH 5.8 57
N VRITHE, DVWIRE ok BEERBAD -
oo —HEEMERITREFROE TP L
TARVAEEOEL kW, kT h=y, 7
7 7Y OEBE & XOHREEAH (100g/1, 30
SEB) OpHIE, »WiFhd 5.0 THo-7z,

3. FOSRFORFLEIEE L OEFE

At R AV T EBRABE Y BE+ 55
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Table 8. 05 aFOFEY L BLKIREDEIE

Relation between air humidity and ascospore germination (after 13 days).

Salt Distilled k.50, KNO, K,HPO, KCI
Relative humidity (%) 100 98 94 92 87
Degree of spore discharge +++ ++ ++ + +
Germination percentage (%) 20.3 ) 0 0 0
Maximum length of germ-tube (u) 60 - - - -

B ThIlole, 2HDATA V75 A0/ ARER2IZZATY Y v TiiD, FORZA P
FAOTEHICAFWKSIERFOIBEET LYV E o Ty v Y VDO (Fig. 8), Zhe#
BECHEI LT ¥y — 2 —NIicAh, 25°COERBICAN, 3HEZ—ESSVWARTA VI 7REE
DRL, TRDATA FIZACET LIFOS BFORFORESR LOHEFRE LT, EiRid 28
fTigv, 13 HIBE CHIZE L7, Table 8icAabh 5L kD, 100 % ORKBETRET LORELED -
7o

< V3D Cenangium ferruginosum O+ 5 N4 DF 4 EZHIC B 5 Zikix, EESOFI§HT
e, ZOHMIEECEHL TS, HTHIC Jorreensen 2 3 [FEECTE L olcl 20N, TOTiE
Bowen® & Van Vioren 550 oL CHEFEHOMELEBERE S I L >t EBH DT ERL,
LTedio THB T NEERBLVOTH D5, KEREFBRELDTEL VS XIBE, pHIRE, X
RELSIHETAREHESHEEI» LV EEL, PHS5.8 X7 AA VAITIRE > K FE LRV ELLY,
PORRGHELETOX5THS,

4. EZEEBREFICBIAETINORE

REERIZEVTOR X S, FEOTOIMFREES & bdTHEL, POLOHOEEHE
Ve HIVbIVRESD S FHECHVSEEREZVL 2% L  BEXR LTI, BFRBELTIH, Bixxth
DEREL, $ARBFATFEY + 71 TERIB LT, LOROMESLZLNTHL I RFRELANT
ERBSV, L LEFEME UTAFHECAHEREAV-2 L, BERREL, TORFRFEY + 44
ETRAHERCBTLHL S ORETHHESBE <KD, DTRORZEMORBEERITIL, OFET
21T v HABEREOWHL S ONFEEBRE LTI/, X UDREEE Lk 5RO/

Table 9  &EELHEK LITH T HH% > OFEH L spermatia DK
Mycelial growth and spermatia production on various kinds of agar
media (after 30 days).

Saito’s Potato- Pine bark Yeast Richards Czapeck

Kinds of agar media Malt soy sucrose decoction decoction solution solution

Diameter of colony (mm) 37 22 40 25 25 — —

Spermatia (microconidia)

production tHE o * o o -




— 136 — REA BB IR

o
T

Final pH value of solution
£ o

O
T

[

=y
=

Dry weight o mycelia

Yeast decoction

5
E
a
3
k)

Saite's soy

Potato siicrose
ne bark

Richaids'solution

Malt

Fig. 9 Mycelial growth on the various
kinds of solution medium.

o
v

(initial 4.6 )

IS
.

(%
y

Final pH value of solution

B 0s

Dry weight of mycelio.
g2

./ i 4 " N A N
0 10 5 18 2 22 25 928 30°C
Temperature

-

Fig.10 Relation between temperature and
mycelial growth (malt solution after 45 days).

#1615

F 5 OFEE LD ML, ¥ 7
1 BRAHH, EE, FHEEL & 5%
{i#{4 A7T*, Richards*!, Czapeck*l}s
LU= EEEAH O TET, Thth
25°C THfARER L MR B LR S Tk o 72,
BFREEOEH X, WThd 2 %0EXRE
MMETH TR 572,

BEARERE PV MEACTH TR
25, RUDIEREMARCHEE L, BHTIIE
ZOBEVEL & DL B, LirL, ObIC
ET S 0L REANC OS5 5E
[EIROE X > 24T S (Plate2,C), L
2o T, A EORH R ERICHD
bTERTERVD, —SEMARCRER
THEVEE S ORFOEETHE L,
E722, 3O ETE, EE L1y B
% 5 REIC 6 ~ BIBEORRNE £
U, £ kit E WL, &
NI AR @ spermogonium 35 X U8 sp-
ermatia (microconidia) TH -7, B
#30 HBICH T B > DEEE  sper-
matia K &% Table 9ic Lo L (%
BEdb 5 #tod 2 b U MO FH), AEEED
BE1E, 200cc FD3 AT 7 A2 LENT
oA 100cct D Ah, HHEICL DK
HEET O ERA, 25°C WHFEBEREL
7oo BEEH S AT oD T F A a BV,
A5 ABITElE LI kEREY Fig. 9
L L,

Table 9 35 X ¢% Fig. 9 0545 L k0,
AEIEFETEEL ETROBFVERETD
ot. FREL x5, v VM ERAN
B XU = g AR 2 e o <,

Czapek REHTIEER, MAEEOVTND F 52 < BE ML LN D » 72, Richards KELHLTIIHK
REEEC SV TO TP ICRE T 5 04T, [HKEETIIRT Lk -7 (Plate2 : B), AEBRTH 7

*1 ETTIES © AR BRI R, 1930
*2 = YRR AH 17 (100g/1 3055 ), L x ##20g
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Table 10. #% 5 OFEH /O OUC spermatia DAL L iBE & OEER

Influence of temperature upon the mycelial growth and spermatia
production (malt agar, after 30 days).

Temperature (°C) 0 8—10 18 20 25 28 30 35

Diameter of colony (mm) — 30 35 36 31 + - -

i
Spermatia production i — — +++ +++  + — — —

D 2 2D LBIFEHIIAE O FETT I FE Y D —— Experiment 1
X5THhH5b, [EEREEHL T 35175 spermatia - --—-- Expeniment 2
OV, EFHER ETRRET, Y+ VA E
KR L~ VB AHER LTSN
7ohS, OO FETREKR I 57,

7t¥, Z @ spermatia ORFER L LK - !
7273, AXFUHEFANERSLC 2% « X osk
K ETUERBIC S E oK RERBEDDR
Ish ot EREFHEREE, ¥22R%
ICRAFOIWE DL oens, DWITHERA LA
D oTe

5. HZINEELRELOMHE

anee
—
PRI

pH velue after incubation

Dry weight of mycelia
b

" " " i

MR VT, SRR & kR 202487 A0 4850 B, 60,6469

pH value
Il ot, EAREEEIC T Bl % 5 EEDHE . .
Fig. 11 Relation between H-ion concent-

SEVIRTERR O FERICHEL, 30 AR Ik - ration and mycelial growth

o VTGl 100cc D 3 7 5 A 2 ik (malt solution after 45 days).
i z40ce FoA, FHEEEL, SABKCEKERZHIE L, IhbHofiR% Tablel0ks X X Fig.
10T Ld LT,

[E s B Tix, 8~10°C 25 25°C DH WK THEL 5 OFER L LI, 28°C TRHEEEL 5 F oR
Pl bTHERBTLHLSNI, 0°C, 30°C 3XU'35°CTIRE -7 B LA\ (Plate2 : A), 10~
25°C DHVETREF RV LIchBWE/R <, spermatia @ K EIX 18°C & 20°C T £ &ico<
Shviess, 25°C TlrbThrie2<bh, 8~10°CTikE -7/ 2L bhigd o/ (Plate2 : C),
BT, REOALRIKED 572 0°, 28°, 30° HX 35°C O~ IIEELSEBRL > % LY,
EFEHERE GURE) RIZBL 20°C iThkd o7k, 0°C O EEHL I ABEETVWRDOART,
28~35°C DEMEH T 5 FIXFEM L Tz,

—HUAREEH TR, 10~25°C DBV ISTREMALN, 0°, 28° XU 30°C TRE 7S RAH LA
b0 iﬁﬁiﬁiﬂ;f‘o%\f 15~25° OHWVIATITEAEENDLDLNE N, BFREEEBO R E &
PET, KEORTHIZ 15~25°C bW iZ il b 5 LBbh b, RIEEERE TR
PH % L7225, Wihd 4iio pH 4.6 X 0 ESEEICH > TV, '

6. EE5NEBLKEAAVRELOBF
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WHRIERER OB E T o712, EHE NaOH & HCl € pH ##Hi Lz 02T, BIERIC
HU T, BREROHEIEIISEBZIE IRV, &5@D7 522D Y% Fig.11 @ Lo LA, Fig.11
wHbhB X5, 2EOERE SRKOEAZ LS L, KEx pH 4.0~5.0 2®# L T5, Th kY
RS VIXT AN VRIS, RERIIBET 5,

7. IUYRERETORE

7 H=YDES5~10mm O/ EFEZFIL0cm iKY D LD, = —FAZ24FHIRE L CRE & & bk
SR DE VI, DWTH LEEHBOhTHEIML, =—TAEERSEH, TOBOPRBOBIEICIKE 2
ZTYMHEAN, BT A RIXEHIE, HERBRERIC1IATOANT 20°C itk iz, ¥20B7%IC
HOBERRO L TFOERKDOEHS» 5 FERK CRATOSE) 2EbhTEk, 5T 12»RARITII2E
DEH LTS BERAE L (Platel : D), L LT TREEKSIEWTELOTHBRELLHLT
BES «—VICE L DTN, LOEMCKE AR TEY LTR\ e, £OM%E 2 5Bz ORETFO
SBEBELLY, DVI—HOTOSBCRATOINTELDORT, FHALLFOSBIX LT
FOIMMBEEIA FLLICDOTERE I B E S,

F 5 v &0 GremMen 2 |F, ZHDOFO S5 BEBOHERE LICKT BFO 5 BRERE I T8 - 7o,
DT Cenangium ferruginosum O %NIF-7sfkiy = A FFHL L <= v HOREEICEEE TS
L, SHALRKRRAFOIBERRKT 5L ORTN5S, bhvbhid, DWICEE LCEATO 585
LT ENTERD 1D, THE=YBEDO = — T NRMMDIzDD, D5 WIZEH D ORIV 72k Bl
FHMERTH -7 EREDBDTHS S,

FHEOKEMXE

AEOTREEEIER T B, TH=Y, /e yEI0Y 5, v59rE D 4HEORE IR
K L THERERY B 27 o7, T Crareer® OFEZGHAL, X5ELHE, hiRFZOME
OB L THLOMS ZHE 7o, BRI EFHERCHEE LAEL S A2V, EERIR LR
likie 07 7 4 VIRCEVW ETRMTO bR, EEIX8HIC2ME, 10K 1IBEDOAF 3EK IRV, »
FTRHERE 2 EMTER 1 ERIFMCEKRL, BIEHRE 37 71 VROBVIIBED 1 Aichvic, T
ho OEMEEES Table 11 2L L7z,

Table 11 A5 & 51T, EFKET LT3 & Bbh 5 ORI 5 EME, VTR oOkET

Table 11. 5 f 3 B # £ o E §

Results of inoculation experiments.

P Number of / Nomber of | Growth condition of
Tree species inoculated Age successful / inoculation the inoculated plants
Pinus densiflora Sies. 3 years old
et zucc. twigs 0/10 Normal
. ® veass old ol s :
Weakened stocks by
” ” 45 densely planting
. .. 3 years old
Pinus thurfbergzz PareL. twigs 0/10 Normal
. e 5 years old
Abies veitchii LinoLEY stems 0/10 ”
Abies homolepis
Sies. et Zucc. 7 0/10 ”
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LR LD o708, HMO—fBCR - EE X EEL L TRL 3EL > TV D 5 FLOTEER LT
B =Y OBRITHT HE, EEREC S KPLAEPHRARRCHONEDE E s KRUK#ELE -
THEFL, EEHRE2DOCTFOSBEEA LA (Plate 1 : C), FOSBIHARRKROBELFRC6 B
Wiz o TRIAL, FIREARIZFEIE L7z,

Bowen® (X7 A Y # T, Van Vioten 550 |34 5 v £ C, ThFiv~< v D Cenangium ferruginosum
DEFEE, H5VIEEOHPE L ORFZHESPITH L LD, TALN 3 HO~ v iTHT HHEEER
BRIV, oo REOFHREMEL, FHEFEMEMSLV EBU TS, 5T Van Vioren 55
i, TORRBMBERTSH > THERZOBHOREL SNADORMBOBUHIC L HETH B3 L\
5> TWwd, LLEKICEITS <Y Cenangium ferruginosum (Hic X 2 EHRES % 5L, Van
Vioten 55 OIEFHLICX ST, HELPICERLIHEC LS EBPNEDDLH B30 5, Lixh 2o
ik, WHE, RELREDBBT C. ferruginosum i X BNMHHREZELZTI VL BbhEb0L 550
IO, Bowen® DWIIIIRENS H LN TIERIC K » e DI R TH 525, Van Vioten 5 psigE
BCAVAZIEOYRZOEBRILLTREM T > EHESND, Baxrer® ZEASEBEOK
DOHT, =¥ T H <V Cenangium ferruginosum [ X HHENRTEL, L REBHEREOLSEL
WERE L7z. £7 Lone®®, Bovee® n Xt ki3, Cenangium ferruginosum o X 58K %E 7 A
Y 71 Cii%> 5 pruning disease & XY, Fb o THOMITHLIHEHEZT5LDT, H2913FEHF i
R, BRI LWERTREZ ST L ORTWD, RO DEIZEE DL OBHERER S AT T 5 EREER
RS, THESHEEIBVEVIBIMREL X —BT5. EEELOXERDOS S, BATO
T h =V, SARTTHOT h = Y REROBEEL TH-72dDT, WIFhb=vits - TRWEHF
HDHEEBOIT, METOT7T #= YR 2HEOTVREBERNDEICREEL TV 5, BRICKWTHIEL
FEI0EADT H < VI 2EMCBE LI DD TH - 7,

IO OBEERBRFERCHNBISEHER /2 b CRECKIC K 588, ERERLBELT, KEIIMIL
AETIRERL, ZORBHERENEEEC D OTIREVD, FREHER LISGEITITE LW ERERER
WLIEIIHERZ O E R 2T L RTELLDLEEX D,

= #

1. Ttvv,7uvvmmﬁmﬁ%ﬁc?Cm&ngEgmowr,%@%ﬁémmﬁmﬁﬁ%x
TR o EER, BORICEWTEHL 2SHIBNT WS Cenangium [0 % 1 71& C. ferruginosum Fr.
ex Fr. THHELFEEL, MEFICVEE ThOREES XTHHI»SMESNTWA 2 e < v b (C.
abietis var. japonica Henx., C. japonicum (Henn.) Mivra) HXOV7 < vk EBEHMRHE (C. pini-
densiflorae Tocasm) b ZNER—HTHBEEX, ThEh C. ferruginosum DEFKLE LTHIEL
7o FRAVIIRE DK BHAEROIZ S 2NEYITHD 2 E X, ~YORBEHEERE LTIheRA LA,

2. BREO2HETHLBENID, FROBRIBEL~3HCILEY, TEAERIES~4 A
5, FOSBORMTHDII5 ATH~6H LM THHT L, FOSRTFORMERENLT Ahh~8 AL
RCH b D L ENDBELPITKR >, BHRELECHT BT O S BHBAENIRRYELTTH S,

3. FOSMFR—MCRESREL, BEELES, 15~28°CObVETREL, HiRE25Ci
$%. ¥72 PH 2.6 ~5.6 DHWHETEFEL, FRIVT7TAH VHAITIRE < EKFE LRV, BEITIZ
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100% DOZEXEELZ LEEL T D,

4. BFOORFTIIEFEMSIFET, 10~25°COIWAETHEHE L, @EiRIX 15~20°Cicd 5, pH
2.6~6.8 DHVIETREET S, PHA~5%F#ET5, =—TATHIRZMBLAT » <Y REHE L
THILEH L, KALSDSROFD > WK L1,

5. Thwy, rE<v, ¥, ¥5TRE KT HEERROLE, EHIESLARET 5~y
D BIREE B Ui, BAVIERER & T, AEIIEEATE 2 ORE TR L &I hikh;
FEOERITLOLEbNhS,

X WR F
Plate 1
A : Cenangium ferruginosum DRITFOSWEETHT n< Y HERK, FOSBATVTHEEL
FKEECHD X1
Rk, FOIBIIKESSATHNCRIECSS X1.2
CEBICXORMBUISEET h=Y O, FOIBITKH X1
T A=Y REM ETORE, FoIMITARM X1
DA O S BOWTE  X30
Ak, FEBELDT X150
G:FD5EFDIAF %450
Plate 2
A:HEXHOOEE LIRE
a:0°C b:10°C ¢ :18°C d:20°C e :25°C f :30°C g :35°C
B : HMEEERFTOWHE > ORE
a : Czapek K¢ b : Richards ik ¢ : ¥RRAM d i FHERELx 50 e @ EH
fixyBREAN g v HMERAN
C : BRI E Z 5 Dk L U8 spermogonium DK
a:18°C b :20°C ¢ :25°C

M m g 0w
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A Cenangium causing Dieback of Japanese Pines.

Takao Kosavasui® and Yasuharu Mamiya(®

In June, 1959, an occurrence of dieback on Japanese red pine, Pinus densiflora Sies. et
Zucc., caused by a species of Cenangium was found in our Station. These pines were 10
years old and had been transplanted two years previously.  The dieback became serious
in the following spring. Some years ago, the senior author observed the same disease on
the materials sent to our laboratory for identification of the causal agent from two distinct
localities.

In our country, however, the dieback disease of pine caused by the species of Cenan-
gium has been little known. Three species of Cenangium, namely C. abietis var. japonica
Henn®®, C. pini-densiflorae Tocasm®® and C. pini Sawapa?®, have been described hitherto.
Concerning the first species, Smirai’® briefly recorded its epidemic occurrence on Japanese
black pine, Pinus thunbergii ParL., then the authors carried out some biological researches
on this little known disease of our country. The purpose of this paper is to report the
results of these researches chiefly based on the diseased materials in our Station, and of

identification of the causal fungus.
Symptoms and signs

First symptom appears from late January to early March. All needles of affected
twigs are gradually discolored to pale green or grayish green, and then turn to brown in
color. Fruiting bodies do not appear at this stage. From late March to April, these
needles become reddish brown and young immature apothecia appear on the dwarf shoots
of affected twigs or stems which are shrivelled and distinctly limited from the healthy
older ones by the sunken marginal borders. Sometimes, diseased twigs droop. Several
apothecia develop from a dwarf shoot. They are small at first and yellowish brown in
color, then enlarge, turn to brown or dusty brown, and mature from latée May to early
June. Mature apothecia are pale yellowish brown. They open wide in rainy weather
and shrivel up in dry weather (Plate 1: A, B). From late August to September, when
apothecia have completely discharged their ascospores, the apothecia become black and

mummify,

Morphology of the fungus

Apothecia on the bark, erumpent, yellowish brown to greenish brown or reddish bro-
wn, finally turning dark brown to black, sessile, 2~3 mm in diameter, sometimes over
5mm, Disc pale yellow to pale yellowish brown, swollen and opened under moist condi-
tion (Plate 1 : B). Epithecium none; hymenium colorless; hypothecium brown to dark
brown, textura angularis; medullary excipulum hyaline to pale brown, textura intricata;

extal excipulum tough, textura epidermoidea, brown to dark brown (Plate 1 : E, F; Fig.

M@ Laboratory of Forest Pathology, Division of Forest Protection,
Government Forest Experiment Station, Meguro, Tokyo, Japan.
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1 : 1, see page 124). Ascus 8-spored, hyaline, clavate, 80~120X10~14p, mostly 80~100
><10~i2y- (Plate 1 :G; Fig. 1 :3, see page 124). Ascospore uni-seriate or rarely bi-seri-
ate, hyaline, unicellular, ellipsoid, rounded at the ends, 8§ ~12.5X 6 ~8p. mostly 10~12X
6 ~T7p (Plate 1 : G; Fig. 1 :3~5, see page 124). Paraphyses hyaline, filiform, somewhat
swollen at the tip, 100~120p in length (Fig. 1:3, see page 124). On some agar media dark
to greenish spermogonium is produced (Plate 2 : C). Spermatium (microconidium) hyaline,
unicellular, baciliform, 2,5~5.5%1.5~2.5¢x (Fig. 1:b, 7, see page 124).

Identification of the fungus

In the available literature, concept on the genus Cenangium and its allied genera is
indistinct. = Moreover, among the species belonging to the genus Cenangium which are
described under conifers, many points of confusion are found. NannreLp#® who studied
Discomycetes in Sweden, rejects the genus Cenangium. However, the Cenangium is accep-
ted here in keeping with the view of Van Vioren and Gremmen®), Seaver’?), Gremmen 20-29),
and Dennisl®, .

Several species of Cenrangium on pines, have been described of which, Cenangium
ferruginosum Fr, ex Fr., the type species of this genus, has been well known and widely
distributed®®®, In Japan, three species of Cenrangium have been recorded as previously
noted. Comparison in morphological characteristics among these species of Cenangium is
summarized in Table 1 (see page 126).

Of the species presented in Table 1, Cenangium abietis (Pers.) Reum is the same species
as C. ferruginosum Fr, ex Fr. Among recent workers, Seavers® accepted Cenangium abietis,
while Van Vrioren and Gremmen®®), Frrcmau and Jomnsow!”, Dennis!®, and Gremmen20~28) adopted
C. ferruginosum.

Cenangium atropurpureum Casu et Davison was described by Casa and Davipson!® as a
new species, characteristic identification being chiefly based on the purplish color of apo-
thecia by which it differs from C. ferruginosum. Recently, Fercuau and Jomnson!” who stu-
died many American materials, concluded that Cenangium atropurpurewm was a synonym of
C. ferruginosum. According to them, color of apothecia varied from pale brown to purple
red and was not used as a critical point to differentiate between these two species.

Among the species of Cenangium presented in Table 1, the present Cenangium quite
agrees with C. ferruginosum Fr, ex Fr. details of which were given in its morphology,
cultural character, and formation of spermatia (microconidia) by Van Vioren and GREMMENS®)

Fercuau and Jounson?”, and GrEMMEN?0~23),

Among the Japanese species of Cenangium, C. abietis var. japonica Henn. was described
by Hewnines®® on the material of Japanese black pine collected by Smrai.  Two chief basic
features by which it differs from C. ferruginosum, were noted, namely, smaller apothecia
and uni-seriated ascospores. However, no difference is found between the size and color
of apothecia of this variety and those of Cenangium ferruginosum, Moreover, ascospores of
C. ferruginosum are usually uni-seriate and rarely bi-seriate. Smira’® reported an epidemic
occurrence of dieback caused by Cenangium abietis var. japomica and noted its characteristic
flagging symptom. Recently, Moinar®? reported similar flagging symptom of ponderosa
pine, Pinus ponderosa DoucL., caused by Cenangium ferruginosum. The authors observed fla-
gging twigs sometimes.
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In Manchuria, Miurat® recognized dieback of pines and considered its causal fungus to
be the same species as reported from Japan, namely Cenangium abietis var. japonica Henn..
However, he treated it as a distinct species and named it Cenangium japonicum (Henx.)
Miura. He stated as follows: “Culture of the fungus produced conidia which were 5 X 1
in size.  According to the foreign literature, Cenangium abietis has two types of the coni-
dia, namely Brunchorstia destruens Erixs. (23~38X 3p) and Dothichiza ferruginosa Sacc.
(8 x 3w), while conidia of the Cenangium found in Manghuria and Japan distinctly differ
from that of C. abietis. Hence, it would be treated as a distinct species rather than as a
variety of Cenangium abietis”. From his note, it seems certain that the fungus reported
by Miura is nothing but Cenangium ferruginosum Fr. ex Fr., because it was believed incor-
rectly at Miura’s time that Cenangium ferruginosum has two conidial stages as noted above
n8~3505D, Thereafter, no genetic relation was proved between Cenangium ferruginosum
and either Brunchorstia destruens or Dothichiza ferruginosa by many workers 891820)2030)56)
Miura’s conidia agree with spermatia (microconidia) noted by Gremmen2??, Van Vvioren
and GremMmen®®, and the authors.

Hara® noted Cenangium dieback in his “Manual of Japanese Fungi”’. He attributed
Cenangium japonicum (Hesn.) Miura to be the causal organism and inserted a photograph
of the diseased twig. So far as may be judged from this photograph, his fungus seems
to be similar to our fungus. Kitanmad® listed Cenangium abietis (Pers.) Reum in his “Forest

Pathology”, but his note was an introduction from NEecer’s book#®,

In 1950, Sawapa%® described two species of Cenangium causing dieback of Japanese red
pine. Though Cenangium pini-densiflorae Tocasu1 has somewhat smaller asci and ascospores
than the present fungus, its size is within the range of C. ferruginosum and description
is quite identical with our fungus. As pointed out previously by I1o?®, no description of
Cenangium pini-densiflorae based on the International rules is to be found.

Judging from Sawapa’s description and figures®, it is doubtful whether Cenangium pini
Sawapa belongs to the genus Cenangium or not.

Cenangium acuum Cxe. et Peck and C. acicolum (Fuck.) Ream which occur saprophytically
on the fallen needle of pines??®, apparently differ from C. ferruginosum in their morpho-
logy and culture characters?D?®, According to Gremmen2D23), Cenangium acuum and C. acicolum
are probably the same species.

From the fact mentioned above, the authors come to the conclusion that the present
fungus is identified as Cenangium ferruginosum Fr. ex Fr. and that C. abietis var. japonica
Henx., C. japonicum (Henn.) Miura, and C. pini-densiflorae Tocasui dare treated as its synonyms.,

Cenangium ferruginosum Fr ex Fr., Syst. Myc. 2 :187, 1822

Syn.: Cenangium abietis var. japonica Henn., in EncLer, Bot Jahrb, 28:277, 1900;
Saccarpo, Syll. Fung. 16:763, 1902; Smirai, Nihon-Nogyo-Zasshi (Jap. Agr.
Mag,) 1 (5):24, 1911
C. japonicum (Hewnn.) Miura, Flora of Manchuria and East Mongolia Pt. I,
Cryptog. & Fungi, p.103, 1928; Hara, Nihon-Gaikingaku (Manual of Japa-
nese Fungi), p.108, 1936
C. pini-densiflorae Tocasu, in Sawapa, Bull. Gov. For. Exp. Sta.(Tokyo), 46:
131, 1950
Habitat : on the bark of stems and twigs of Pinus densiflora Sies. et Zucc. and P.
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thunbergii ParL.

Materials: Pinus densiflora----+- Matsumoto, Nagano Pref., 1957; Hirosaki, Aomori Pref.,
VI—27, 1957, by Y. Yokosawa; Meguro, Tokyo, VI—15, 1959. VI—9, 1960, VI—15, 1963;
Komoro, Nagano Pref., IX—25, 1960. Pinus thunbergii------ Asamushi, Aomori Pref., VI—28,
1948, by K. Ito; Chiba, Chiba Pref., VI—11, 1963.

Besides the above listed distribution, the fungus is recorded hitherto from several loca-
lities in our country, that is Iwate, Yamagata?®, and Shiga*! prefectures (on Pinus den-
siflora), and, Tokyo#®, Niigata’®, and Okayama*? Prefectures (on P. thunbergii).

Biology of the fungus

1. Spread of the disease and the age of infected twigs

In a test plot consisting of 10 trees of 10-year-old Japanese red pine, severity of the
disease and the age of diseased twigs were recorded from 1959 to 1960. Results of these
observations are summarized in Tables 2 (see page 129), 3 (see page 130),and Figure 2 (see
page 129).

In 1959, 5 trees were infected and 3 of them were severely invaded. In 1960, numbers
of infected trees and twigs increased markedly., During these two years, about 25% of
twigs which originated directly from the stem, were killed by this disease. Diebacks
occurred on 4-to 9-year-old twigs, whereas no occurrence was observed on those 1-to 3-
year-old. It was noticed that the extreme variations in severity of infection occurred

among individual trees and the severity of dieback increased with the age of twigs.

2. Ability and duration of apothecial development and ascospore discharge

In June, 1959, when occurrence of the disease was found, mature apothecia of the
fungus were observed. Since that time, in order to ascertain the time of apothecial deve-
lop ment and their maturity, duration of ascospore discharge, and apothecial development
ability on the diseased twigs, observations were continued at intervals till. September 1960,
when diseased trees were removed. Results are summarized in Tables 4 to 6 (see pages 130
~131) -and Figures 3 and 4 (see pages 130~133).

As shown in Table 4, apothecia of the fungus developed only once in the current year,
when symptom appeared, but not in the following year. No relation between the thick-
ness of the twigs and their apothecial development ability was observed.

From the periodical observations and climatic data given in Tables 5, 6 and Figures 3,
4, it may be states that the apothecial development of this fungus begins at 10°C of mean
air temperature and ascospore is formed at from 15° to 20°C. Moreover, it was noticed
that apothecia maintained their ascospores about three months, from early June to mid-
August. Considered from these tables and figures, it is suggested that apothecia keep
their ascospores without discharging them for certain periods after the ascospore forma-
tion, and that discharge of ascospores may begin about July 10th. Rainfall after this time
may have a practical influence on the discharge of ascospore in the year. The date when

nearly all of the ascospores disappeared in the year 1959 was July 25th. Hence, it was in-

*1 Forest Protection News (in Japanese), 6:138, 1957; 11 : 149, (1962)
*2  Jpid, 11:221, (1962)
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dicated that ascospores discharged in the rains from July 15th to 19th. On the other hand,
ascospores of apothecia disappeared on August 13th, in the year 1960. In this year no rain
was recorded from July 9th to August Ist. Therefore, it was considered that discharge of
ascospores was delayed till the rains on the 2nd, and 10th to 15th of August.

3. Germination of ascospore

(a) Relation between temperature and germination of ascospore

Method usually utilized to isolate Ascomycetes and Basidiomycetes was applied in this
test. A piece of the bark with mature apothecia was fixed with vaseline on the inner
surface of the 1lid of petri dish after absorbing moisture (Figure 5, see page 132). 2% su-
crose agar and Cryptomeria needle decoction agar* were used. Measurements were taken
after 8 days on the former and 3 days on the latter, and results are shown in Figure 6
(see page 133). Ascospores of this fungus germinated at from 15° to 28°C, with an opti-
mum at 25°C, but could not at 0°C or above 30°C. It will be noted that the curve of the
length of germ-tube given in Figure 6 has two peaks, at 25°C and 15°C. '

(b) Relation between H-ion concentration and germination of ascospore

Method used is the same as in the previous test except that the agar media had their
pH value regulated wit‘h HCl and NaOH (Table 7,see page 134). Means of measurements,
thrice on 2% sucrose agar and twice on Cryptomeria needle decoction agar, are shown res-
pectively in Figure 7 (see page 134). After 14 days, ascospore germinates at pH value from
2.6 to 5.6 with an optimum at from 4 to 5. No germination was observed at alkaline pH
value more than 5.8.

(¢) Influence of relative air humidity upon the germination of ascospore

Glass slides set as shown in Figure 8 (see page 134) were kept in a desiccator in which
air humidity was controlled by a saturated salt solution. Results of measurements taken
after 13 days are given in Table 8 (see page 135). Ascospores germinated only in 100% air
humidity.

4. Mycelial growth of the fungus

(a) Relation between mycelial growth and kinds of medium

Seven media were used in this test, that is potato sucrose, Saito’s soy, pine bark decoc-
tion (100g/l+sucrose 20g), malt, yeast decoction, Ricuarps’ and Czarek’s medium. Plate
culture method (added 2% agar) and liquid flask culture method were employed at 25°C.

In the agar plate culture, the fungus first develops circular, thick, and greenish brown
mycelia. About 2 weeks after, some of these mycelial colonies develop quite irregular,
thin, and white mycelia from the edge of the thick and circular colonies. This irregular
mycelia gradually becomes overgrown on the agar surface. Diameter of colony except the
irregularly grown mycelia was measured after 30 days. At this time, greenish brown to
dark brown spermogonia were produced on some of the agar media and slimy drops of sper-
matia oozed out from them (Plate 2:C). In the liquid culture, inoculum of the fungus
was grown in 200 cc flask with 100 cc of solution medium. After 45 days, dry weight of
mycelia was measured. Results of these tests are shown in Table 9 (see page 135) and
Figure 9 (see page 136).

It is indicated from the table and figure that malt medium is proved to be favorable

* This agar medium is proved by experience to be favorable for the isolation of cer-
tain fungi which are difficult or slow to germinate.
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for the mycelial glowth and microconidia production of the fungus, while Czarex’s and
Ricuaros’ medium are unsuitable (Plate 2 : B). No germination of spermatia (microconi-
dia) was observed either on 2% sucrose agar or Cryptomeria needle decoction agar after 7
days. On malt agar, young immature apothecia were produced about 2 months after, but
they were not able to mature.

(b) Relation between temperature and mycelial growth

Agar culture and liquid culture were made utilizing malt medium. Results are given
in Table 10 (see page 137) and Figure 10 (see page 136). Mycelia of the fungus grew well
at from 10° to 25°C but could not at 0°C or above 28°C (Plate 2: A). Microconidia produc-
tion on agar plate was best at 18° and 20°C, but scanty at 25° C (Plate 2 : C). No production
was observed at 10°C.

(¢) Relation between H-ion concentration and mycelial growth

Liquid flask culture utilizing malt medium which had the pH value regulated with HCI
and NaOH, was made at 20°C. Dry weight of mycelia was measured after 45 days (Figure
11, see page 137). Optimum pH value for the mycelial growth of the fungus is between 4.0
to 5.0. Scanty growth was observed when acid or alkaline pH value was more than those.

5. Colonization of the fungus on sterilized pine twigs

Twigs of Japanese red pine, which were 5~10mm in diameter and were cut about 10cm
in length, were soaked in ether for 24 hours to remove resin, Then they were boiled in
hot water for about an hour to evaporate the ether. After sterilization, small area of the
bark was stripped with disinfected scalpel, and a piece of mycelia of the fungus was inser-
ted. These treated twigs were kept at 20° C in sterilized test tube.  About 20 days after,
young apothecia appeared on the dwarf shoots around the inoculated point. A month later,
apothecia developed on the whole part of the twig (Plate 1: D). At that time, twigs were
transferred to a glass container 10cm in height and 8cm in diameter, with moistened filter
paper. Observations were finished after 3 months when apothecia turn blackish and mum-
mified. No mature apothecia were observed.

Gremmen2® successfully obtained mature apothecia of Cenangium ferruginosum within 3
months in the medium consisting of wheat grains and pieces of pine twigs. He used multi-
ascospore isolate. Failure to obtain mature apothecia in this experiment is probably due to

either using mono-ascospore isolate or extracting component of the pine twig by ether.

6. Pathogenicity of the fungus

Some inoculation experiments on two species of each Pinus and Abies were conducted
to confirm pathogenicity of the fungus. Crarrer’s method!? was applied for these experi-
ments. Holes were made in twigs and stems by cork-borer (7 mm in diameter) and then
burned by a steel rod the diameter of which was the same size as the cork-borer. After
the treatments, a bit of mycelia of the fungus was inserted into the wounds and covered
with moist absorbent cotton and paraffin paper. As a control, a piece of sterile agar was
used instead of the fungous mycelia. The cotton was supplied with water day after day
for 2 weeks after inoculation. These covers were maintained till the following January.
Inoculations were made thrice in August and October. Results are summarized in Table
11 (see page 138).

As shown in Table 11, the fungus on the healthy plants seems to be not virulent.

Successful inoculations were obtained only on the weakened stocks of Japanese red pine
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which were densely planted, and the same symptom as found in natural infection appeared
in the following spring. Among 5 stocks inoculated artificially, 4 were killed and mature
apothecia were produced on the dwarf shoots around the inoculated wound (Plate 1:C).
Bowen® carried out an inoculation test on 3 species of pines with Cenangium ferrugino-
sum (C. abietis). He obtained negative results and concluded that the fungus was not para-
sitic on young pines in America. In Holland, Van Vioten and Gremmen conducted an
inoculation experiment on 3 species of pines with Cenangium ferruginosum. Their experiment
also gave negative resulst as regards its parasitism. They came to the conclusion from the
reexamination of literature in which dieback of pines was attributed to Cenangium ferrugi-
nosum, that many of the earlier workers incorrectly identified the causal fungus as C. fe-
rruginosum. From these facts, they considered Cenangium ferruginosum as a harmless sapro-
phyte. However, several workers®D184D considered it a parasite despite its pathogenicity
being weak. Baxter® reported dieback of Japanese red pine caused by Cenangium ferrugi-
nosum in the United States. According to him, the disease is more serious on the densely
planted stands than the thinly ones. Long3® and Bovcel® state that Cenangium ferruginosum
has a pruning effect on the lower weakened twigs. These records agree with the results
of our field observations and inoculation experiments. Thus, the authors considered that
Cenangium ferruginosum is not so virulent on the healthy normal plants but is able to cause

serious dieback on the host which is weakened for some reason.
Summary

1. Fungus causing diebacks of Japanese red pine and Japanese black pine was identified
as Cenangium ferruginosum Fr. ex Fr.. Cenangium abietis var. japonica Henx., C. japonicum
(Henn.) Miuvra, and C. pini-densiflorae Tocasui, which were described hitherto in our coun-
try, were treated as the synonyms of C. ferruginosum.

2. Field observations during two years led us to the conclusion that the symptom of the
disease appeared in late January to March, apothecia matured in late May to early June,
ascospores were discharged in the rains during mid-July to early August, and apothecia
developed only in the current year when symptom appeared on the twigs or stems.

3. Germination of ascospores is slow and germination percentage is low. On 2% suc-

rose agar and Cryptomeria needle decoction agar, ascospores germinate at from 15° to 28°C

with an optimum at 25°C. They germinate at pH value within 2.6 to 5.6 but can not
germinate when alkaline pH value is more than 5.8. They require 190% air humidity

for their germination,

4. Malt medium seems to be favorable for the mycelial growth of the fungus. Myce-
lial growth is observed at from 10° to 25°C with an optimum at from 15° to 20°C. The
fungus grows at pH value from 2.6 to 6.8 and ah optimum pH value for its mycelial grow-
th is within 4.0 to 5.0.

5. On sterile pine twigs from which resin was extracted by ether, many apothecia
occurred within a month but they could not mature.

6. In the inoculation test on Pinus densiflora, P.thunbergii, Abies veitchii,and A. homolepis,
symptoms appeared only on P. densiflora which were weakened due to dense planting and
mature apothecia were produced. In the field observations, it seems certain that some
factors by which pines were weakened, were predisposed to the occurrence of the Cenangi-

wm dieback, Hence, the authors came to the conclusion that Cenangium ferruginosum was
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usually not virulent on the healthy plants but it was able to causes dieback on the plants
weakened for some reason or other.

Explanation of plates

Plate 1
A : Infected stem. Apothecia shrunken under dry condition. X 1
B : Ditto. Apothecia opened under moist condition. X1.2
C : Artificially infected stem of 6-year-old Japanese red pine, developing apothecia. X1
D : Culture on the sterilized twigs of Japanese red pine, Apothecia immature, X1
E : Apothecium of Cenangium ferruginosum Fr. ex Fr. X30
F : A part of apothecium showing hymenial layer. X150

G : Ascus and ascospores, X450

Plate 2

A : Relation between temperature and mycelial growth.

a:0°C b:10°C c:18°C d:20°C e:25°C f:28°C g:30°C h:35°C
B : Mycelial growth on various kinds of solution media.

a : Czarex’s solution b : Ricuarps’ solution c: Yeast decoction

d : Saito’s soy e : Malt f : Pine bark decoction g : Potato-sucrose
C : Production of spermogonium on malt agar.

2:18°C  b:20°C  c:25°C
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