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K. Satd, Y. Yorozawa and T. Subsn: Studies on Rhizina

Root Rot Causing Group Dying of Pine Trees

E 5 HIMbOBEREKRETE LYo, BRIHEDEEALBARRIERT 3.
FD 5 T3 40~42°C QLI2BEEMEIC L D RF Lo 70 = —REOREHMIT 0~33°C, #HiE
25°C T, MMETRIF, Trh VHETRABRTH -0 .
BEEOLTEEBETT A<y, Zu=y, A<V, THF FHEIOSEEERAL, REIRER
BEEHICBE LBARLE ORI, FEE UTHIEN TR, REM2HEE . 18, BHoO
CARMBICERT 24 ALROBCARDE DI, BABICLBBMCATH B EEHML DT,
HARDFFIL, KREHOWLHAKKICHE o, REARICIEAT 3, HRKE TR, ETFEHR
DOEAMBANE U TERENE T »7co WEBEOHRERE EHRAOEHEREIL, /NGB, »T
UROICEL S~ T HARBOBAR, BERECL3EECHBREOMBICKERT 5. TELSD
FEREOKRBICE, THh-VERIKIE 7 9 TESHEATE 0o TEAORERR, MEKOHIKBL
UL~FRBOBRERL > TREI N, (WK & HAKER OBBIZRY 5 NS > 7o
FEOWKBERO <Y ORROHHHIAIICE, W3 0ABRLETFRENEAL, HEBKICE DR
WieDiz <, TR TRDISID »Tco MARDHHFREHEEAE UTERT 3EAMBELHTEL
BRI EHTELD. BROFKBERELET =Y OBOTANMK X > TRESINID, KKDOTA
ek DES N/ TAh VL ETREBERET, BRE~BBELETRRIFTHY, Th=y
MM ORIFIHIEDR BRI ONTHL, Toh Y ETRELFFELED >0

7u=YRT A=Y X0 SEEANE L, BEVETRRRNEE 2icoNhT, MELSIESRIEL
LTRELPT (U »Tce 7 8= Y HORKOSBEMFIR 15~31°C, HiRiZ20~25°CHEICH - 7o

19654, MERRBHIZBREAPIFEEZRANEREES, BEREAATREEERO 7 o<y ERK
OFRIHERDE D VL LOBEDKIC, ZDHFERORIIC, 1F&AEFNRLL—EL1 FOEHE
FRLK, 351, ARERETFRENEHTOTA~Y &2 neYBEKCENT, RBRIEOEHY
ICRIIEDSR M Uc7oddic, BUsEE LCHATREZ LTV DDE RN Lz, ©D%, RRQSHESK
HEERTORERTERD LN, IhE0=YRoWEKE, BAS»OHEREEIES LT 35
WHRE &R 572, .

fedfoE, 196648118, MMORILIIGREDR/NE BULAIANRZRE LHIROGEEBREKICEITL,
F oV LOFEADRITP £ DHEDMIKIC, BETI2FOIHO—REOFEEKERR L, L
1, AEBHMAOKIRE OBIEMSRETH 5 SHM L THAZEBRD, FEHOiICREsh, FES
BRoOEARCLD, BRAKCENTeyHERIUHE UTHERORRSRAL C IRIRETH 5 Rhizina

* MRRM3~AGMEEE, BRHOKEBURSERAZE [E2 v LItk 3 = VORI ILICET 2 BI%] BRO—
19744 4 18 AR
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wndulata Tr. ex Fr. (R. inflata (Scuirr.) Karst. ¥ F7 5%) FREL, FREMRMEBHRESE»S
ORBEREOSEERICRI Lizo D%, AROKRALRFHOICLD DL OFH LML SN

2T, R undulate OFEWICEDPROBEEMBE N T EDH 1M, 77V AL BT
PricLievxs® 2SAE%A Pinus maritima @ “la maladie du ronde”! OIFREEZ, DWVT Harte®® 3 F
Ay D=vk, BLUBLOHERKD “Ring-suche™ OFRE LTH oo T, ARRMAKT T
1L, HAEDETCEMEEINTO S (Euereno®, Wert®),

AEICE BHER, ¥4V, 77 VA, EEBEAL, TANVF YV, 2a—V—FYF, 74 V7V, X7
VE, AV —F v, KE, HFEFRECELIHHL, HiBICET 2HESE L. KB, Pinus,
Abies, Picea, Tsuga, Larix, Pseudotsuga DEBEMEREL L, HALHADRBLMEDIHERL,
BRAEEE T C EBHESN TS (Hartig?®1018, Tuppurs®, Wems®, Nrcer®), Masses®,
Rankie®®, Bovce®, Prace®, Brracm®, Lame?®, Gisson®, Gremmen'D, Tromeson « Tarraril),

AEOFEERIAHDI & KB, KAN, AERCELIRHEELPT L, IRoOHMERLAELT
M*®&%mmﬁéc&@,E<@Bﬁ§8nfﬁb,ﬁk%ﬁ%wéﬁbbéﬂfwé(ammﬁh
Hacener!®, Ginnis”, Gisson®),

HAECBOTRABOFERI, $TICILE (F44) KHARRITHRRASN, 2FRICYTFI 7
B OR&LEA L TEE SN TO 5 (ZEY), £0%, AEBABICHEDBFEINCHHL TS LIRE
BEICRMON TP, UL, BAOREREE LCRERBINB LML, REAMVRKBL,
19684EICH 3 THARDFESIHE Shic (B, KFH™),

S Z19664E 0 5 197TIEE T, HRIFE TE2 L LTk 3~V EOMIERHIc BT 2558 O—
BELUTCAROPELAEY L, EITOVOLOWELEIONTE L, MG OBEY RO v
Y ETH T Y HROBRIEBOREA LY, AKICRRT 2 EEHID DT EBTE, —HOFRICOW
TRTTIAE LRI, FHEELORBROTEPSEINTOLEY, AREBchITRONERE
ANETHHDTH 5,

COWRAEFIESCH Y, RIBCIEEEEHE N E, POEROKIE T b - o MERBRER
HLMEFR—HEEL, £ OXROBREE DT 5b LRERBEHFRESSHEELT & ARRTEE
EIMZERETICE LT, BELBLEB LT 5, g7, WEBOTFERERRIN, REEREZREMEL
T RO HRERRBAMN B HRETE T B+ FRICBRELR) &, HAOHEORRET
50, BEMEOBRELARECEADOTH HE V120, HATEEARERZRANERKEICHLT
MELEEAET S, BB, BERSOBECHK -TR, BHREKBEE, THH, ABRSEKREDCS
RIEBHENIZ IO, 2 SDEBEORBEAICT UTELSBRLER LSBT 5,

I AROHM B L CHERR

WSO X5 1e, AREICEREEE T 3EMICHT L, MEEHTEEATEHENS C, DBETS
T TR RHIC £ BRI DSER 51U o
FAHANC B B ARORER, BEHSOWAERIOME L VHECLIAL, PEOUNPEREL

*1, *2 MEOERHROR
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TS LA, KROBHAIC RMICEET 55D

O 787
< [J\U L @ﬂﬂ% & %,—E‘t%{jxé ﬂf Edidna ?XbGC, E@??&z)s;}s < r e Pinus densitlora
® so~vy

BHREREIL T B,
EEOORETITORKICL B, Fig 1 IcRT &
20T, FAMBOERTIIELS AH L, $ERBEVE
DIrm=wyETH=YHRICERLUT, EFNMEROEK
BREB ->TOE, UL, BEKTSEAROEEL
WKLY M3 Tid, BESINTH B, Lchi-T,
BEOBLESHBRY EONTHE—BL, KEEMTI
BREZRWO 7 v <y R HER), AR H
THEREEEOT hev &y a < v b, SRRLE
By, FOE T RIE~EERE O 7 0 < vk, IBEET 7 7 <
R, IAT~EENOMEEs 0 vk, BEBERE
HHREVOETER v YRIZETH 5, HARMEM
TR, EREHEIN(CRER, KEEABET—iERT
—//\EIT7 a= ik, KATHE, o<k, WERE .
. Fig. 1 BMHFICBY 2=V HODEL 5

R —ET—8 /57 0 < VB ERSBY bhb, U e .
L5 b, HicERNBIEE >ORKATHRERE, % Distribution of Rhizina root rot of
L EIIGE X Th 5. WEETETOL 13, & pirie trees in the Tohoku district.
K, F V78, €=y 20 EORE, KEBEERS 2O REHEACEDGKET) DR« A G
B RV ET S, HRIEEROCAME ORHBH (ERE) 75 & QBB & KEFDA T Db
T&éoC@ﬁ@%,E%mﬁ®ﬁﬁﬁuﬁﬁ%ﬁﬁ@&%ﬂ%ﬁm%kbf,%mmﬁ®%kﬁﬂtm
DREVREBIC > TETO 5, . .
WERLERKICE <, 1REBEKBOYBHRTRIZEAERSNIIOD, WEKOMKICERIITEE
ARTEEL, ~VYHROLKFEHOBKETRWESBLS, Bics o=y OEBEIELL,
MBETOHEL, IWKFHDH 50 R7cE KD ZOEBIKRET 55 OLARBBRINE S o718, 10
ML ORI D < BROBEBHICIE, 18 & A S PSS < TIEMk OB b3 5t

A LA TR, RFRERKUHPERMTOT =y &4 5 <Y ROHESBEINTED, BEaS
BEPs B s LHICRE L, TOEAECRTAOBREET 22030 ETHD (W),

P thunb ergi

I #Es L TER

MR OBEIIBHRICIAE L, BEREARICHRASEND, T OEFRE ZERER 3 ~5 micEL,
50D A~5 kG U CHET L TREBRELES 2, CORIZ2MLLEZTEEL, 0.1ha CHLDR I
RETRS 5T E055 5o B TREMIC KNS THREEFEEISE S, MRAK DB, FITRERE
527, BAOBRRE LTRbN S, ¥, FUOENH 55 LARERS TR, LHRICEAT
BTERBV. ANOKADIZEA L REHIBICERE  BESNTHIET 25, SEREOR b & O T
B, BATFIRERE L THSEEE L TAESBEL 60055, "
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BRARBSD 1/3 ¢ 5V ORHSTTATD, HERCRBROBDSNTOOBLEDITH LD
G LIZDIC SRR, D HIBZE L TARMIEIC 2 50 T DB S O TR 2/3 LLLD
ERHTTATO D, R UDIE, WEDEAEHAOHIE ICHHT 5 MRIE SN TRBBIEHL,
LEWDICH OB, FARPLKNTIRICEMS D EEL#Y, BEH O BMIERE L, BETWEREN
%o

EIMOMES LU ORIBICE, HAGRD LROBRAMKEL (Plate 3, D), EARUAKBLE
RBHAREL, Bk SROBEAETLRK L, LEVCER®E L, RS ORBRE SN b EMARDH
Wt 5o UARBEFMRERICE, BEAKMROBMC ABEIERERRICE DN, 74 LV HOR
CANCEEDIT %o BIRADRILEE X U2 DISEOHKICE, 5~118 IKEREZ RO TRRE O THRE
%72 (Plate 1, A~G, Plate 2, A~E),

IV FAEORRELHEE

FEEOHETSOIMABRE IR, ZORBGRRIEANT, K& SEHTICLISORR~4
SAWR, ROER E ML EBERE L, BRI THCEHT 5o FFdoREMMIREE~TEEH,

DBICREEBE~EBEICET 2, FEANERTETHKER, AOOIRROREEFLRL, FICH
| FICTHE U FEATIE, FEICARROFRE AR (Rhizoid) & HHAICHEL, ZORE7 747
el B FEKIZE 3~10cm, EE 2~3mm, HEAZEALT208 cm cbFET BB 2. TEE
DERHDROAIIBHELPTVN, BRI ELE
DRANI BEBULEAFEL, MALUTEE
FTRETHCEMH S (Plate 2, F, G, Plate
3,A, B, O,

FEBREEICHEL, PPRREBY, KH
L7z b O TREGEIROER DT D Dl i
T

KEOREMZ Table 1 IGRT XS, @b
O EHEESESOMICIIFELLENEL, 1
M RER M b — T B DT Rhizina undulata Fr.

A ; FD S HaTF Ascospores, B ; FFELITFD
3 aF Germinating ascospores

Fig. 2 Rhizina undulata OFD 5 fa+
Ascospores of Rhizina undulata.

Table 1. Rhizina undulata OEEH
Dimension of Rhizina undulata
n & & FOI0KES FOIRFORES o koA ES
Investigator Size of ascus (n) Size of ascospore(p) Size of paraphysis (u)

Puicuies  (1887)3® 30~35X9
Masses (1915)26 32~36X9~10
AN o (1939)V 360~450X 12~17 30~33X8~10 400~500X 3~3. 5
AFE - AER(1965)19 300~400 £ 30~40X 8~10 18 wide 6~7
{# B (1972)20 400~500X 14~17 30~40X8~10 ” 6~7
) 300~460X 10~18 27~~40X 7~11 v 67
3 1§ Average 369X 14 30X 9
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ex Fr. LHEE Lo FOHEHER, A& X 300~460X10~18p, S EOJaT# 15licats, DS
FRED TV, WSHONGRE A, A, P, B, K&& 27~40X7~11p, FEBICETO
D OEPICHR EBIROBEABH O, HRITHRIR, TREESLL SATER, BREIEE, Bf, 7%
6~7r (Plate 3, E, F, Fig. 2),

V REROEIRME

L WEE O

(1) FOI8F»5 050

FOIATFDHRFIL, FHETREBDIEBTERP 5Tz, £NT Jatawwooin® BF 0 S AT
35°C 1T 24~48 I5Rf, 45°C 14~ 8RO LTk - THEMEHEIN S C EAWE LT IDT,
FEOLRINEBZICLT, ROFETTOIT 50 ONMRELTIE -7,

TEEPEOHMT, LrLTFOI T ORA LA THEELRY, MNHOEMICIKANT, KEOE
OFTHKTH 2 RS U CHE LTO0 288, 18, SN E 2oy KiELx:TEko—iE
ZWMOE ST, KBTI E->T, HoPUDRELTCEMBLTENL, I9em EXFIMO2%7 F
U BERER A Lic B Lcs@fls (BE6cm, 1E 1.5cm, && 0.7cm) Ok, FREDEH
ETHEICORD, ik 20~25°C K24BERR > TTF OO RFEE T IR DL, FEERKEREEDRB
WT 40~42°C TL2BERIEEMBEATTIE S o ZDD DB 20~25°C THET 2 &, 13T 1EEDINICRIE L
RFOIRFICEKT Z a0 =—B3BbN 30T, H—aT0b0DEREAT, PSA OREEMICHEL
T 20~25°C THEET 2, 198, cOBRG, FHREH E~DTFOIRFOETEESSVEAIKIE, FFE
BB RREOTEREET 5,

(2) FEAEMED S DEE

W THER TRAROMMBTE 7 v Fhv 1 V20 f5IRIC2 ATREL, Mkt TABTAMBEL:
PSA SEARHHIC 75 5T, 15~20°C Thek LTI 23 58T & 7o,

(3) BRMED DO

FIRBH S DO 05, BREBIA LT v Fhrl v 208KIC3~5 HHREL 2 ©
B, FAKEDOE TR TAMOBRY: PSA i Ficis 5T 20°C k> &, BHPIHRED2 0
=—DHRLN S, MBD»LOHEL, CAHERLIOLLEBEDLDTESETHLH, PLTEELNKSEE
Trichoderma DIEYHE LW obIC & b THET, 10~15°C THEET 2 & BRI LHIT 5 ¢ &4
H5bo

DI EOFFHETHE LcEE PSA BITRET 2L, AOBREROGHEASREELLPIZDED
an=—%RRT 2, a8 =—BERT 2 ONTREBED SBE~RBBEEBTTET, BHloELD
FELWV, TLTHRBRED Y7 I AIDH 7 RBETCE - T, FEICHEE~EBAHRIK OB AH (Rhizoid) %
k3 5 (Plate 4; A~C),

2. EHOBELIOD=_—-0KE

HERER Y Re—6 CAFRATRET 4 <Y OFEEKFO S §275 519694E108 9 BOED ZHY, B
HWZES5ETOD 9em 2+ ) MOFHRMI, % 3mm OMEROa =~ %24 /F276E0
7z 25°C, 4 HROKREERE Table 2 KR T, COMEIDS PSA (V4 4 ERANER) THROH



BHREV,
3. JRoELaEORELIDZ—

DEE

U F e — REREREREEREME LT,
REFELTENENT FoEL Y o SO
EEBETAMUT, MIERICELTan=—
ORBEME LIc#ER%E Table 3 IKRY,
CORERD D, HERTFEEUSRBIRR
EI5BM, POEEERELOEFRIEIFLL
300,

4. WHEETVEZTET R

Eran-——oxE

) F e~ RREREWEREARERME LT,
FyREE UTHEREORRBT vE=T &
TANTFVETAMURTRE M %2 B »
T, MIERICELTER L ERERE
Table4 ITiRT, CORERDPDL, FoHEERX
REFEBBAREIED, WRT vE=7 Tl
BESETZLRELEETEH, TR
FUTRZOEEITD LNIE,

5. BELIO-—0OREH

EE—1

HRBEI T, Rs—6, Re—12 CEREEL
NEH 7 =Y OFEET O S faFH 519694
117 5 B57#E), Re—15 (AFRLEHNET
=y OFEETFO S RFH 5197048 A14
A OFBEHAER Oz, 9em <YM
D PSA FHFEHICH T AHERE T CORE
EREHRIE, Tables IR X SIC, REERE
#EIE 0~33°C, #RiZ 25°C HiEicdh 3
(Plate 4, E),
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Table 2. FEHHICBT 510 =~DRHE
Mycelial growth of the fungus on various
agar-media after 4 days at 25°C

Jar Hh an=—BE EROHE
Acar-media Diameter of| Development
gar-medl colony (mm)|of hypha
Vi EER
Potato agar 60 T+t
HEEEK Y a U HER
Sarro’s soy agar 34 T+
a vy RER*
Yeast agar 30 +
I F oy — XECFER
Ricuarps’ sol. agar 36 T+
YT Ry 7 IRER
Czapex’s sol. agar 45 ++
L A M IERR 5 N
Soil decoction agar

i BRIUELE R (KEXE KK) 10g, MgS04 0.25g
7K 1,000cc
w 3K 11 72D 1kg, KoPOs 0.5g

Note : * Dried extract of yeast (Daigoeiyo) 10g, MgSOy4
0.25g, Water 1, 000cc
#% Diseased soil by the causal fungus 1kg/1/,
K3POy4 0.5g.

Table 3. v a¥Eis 7 FOMEQOREL an=—DHE
Effect of concentrations of sacharose and
glucose in Ricuarps’ sol. agar on mycelial growth
of the fungus after 6 days at 25°C

= . ; S e i
Conce(I;ratlon Sacliaroase (ﬁm) Gh?co;e ﬁ(rﬁgm)
%)
0 32% 30%
0.5 35 46
2.0 37 47
3.5 36 51
5.5 45 53
7.5 38 52
10.0 43 50

IE  EAHE ) F ¥ — XEREEHL 789K 1, 000cc, KNOs 10g,
MgSOy 2.5, KHgPOy 5g, #EX 20g, *-ao=—
f=C5

Note : Modified RicaarDps’ sol. agar,

*---Colony developed very feebly.

PSA HEHIC 4517 BEAK (Rhizoid) OISERE, WE & ORFET Lw 1bic, WREE LT R

—ﬂ(EﬁﬁEﬁﬁ@ﬁnvv%ﬁﬁﬁm%w%$9ﬂmaﬁ%)<£Rrakﬁr¥%wm%ﬁéﬁ%)
ZRY, 2n=—DREIOVTE, 9cm < b ) MOFREBTER Uiz, 7, BH4H Rhizoid) ©
FBICOWTE, BEBRE O EEMIC 25°C TT7 AMKERE Li-0b, FrEBETI0ARER L T2 OREK
RBETRE Ulco #5RIT Table 6 10RT X DI, BEAORBEBERIE 25°C ek D, BERROTHRE
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Table 4.

tau=—DHE

Effect of concentrations of ammonium

MBR7 VE=TET AT F VEE

Table 5.

Tn=—ORELREEOBK

Effect of temperature on mycelial growth
of the fungus (after 5 days)

sulfate and asparagine in Ricuarps’ sol. ~_
agar on mycelial growth of the fungus f \:E\ Isolate | R3—6 | Rg—12 | Rs—15
after 7 days at 25°C Te?hperatum (mm) | (mm) | (mm)
2 : T ve=7 [T AFF Y 0 - + +
Concentration Ammonium Asparagine 3—5 + F +
(%) sulfate (mm) (mm) 10 13 18 25
0 18* 40* 15 18 31 36
0.3 50 44 20 33 71 69
0.6 54 45 25 44 74 77
1.0 45 43 28 32 74 80
2.5 31 41 33 4 + +
5.0 17 41

Bix ao=—XhHhHTERH.

Note : * Development of colony is very feeble.

Table 6.

Effect of temperature on mycelial growth and rhizoid

development of the fungus

au=—QREL LT Rhizoidd O EREE OBRK

oK Ry — 1 Ry — 2
Temperature |z o ;_E@*l‘ﬁﬁpﬁﬁﬁ MYy 4FORE | ;_E%*lﬁqyg;ﬁ ) A FOIE
Dia. of colony | HyPhal | 53 Dia. of colony | Hyphal *8

°C (mm) Y| develop- | Rhizoid (nm) Y| develop- | Rhizoid
ment| development ment| development

10 6 + — 4 + -

15 20 + - 12 i _

20 56 H+ + 49 H +

25 74 H H# 76 H i

30 53 + + 48 H# +

35 0 + — 0 + —

o+l TR, +2 108, *3 7 O 25°C THEEPTEIRE T10 H R,

Note : *1 After 72 hours,

temperature for 10 days.

Table 7.

*2 After 10 days,

au=—ORE EEMOKEA A VBE S OBEK

Effect of H-ion concentrations on mycelial growth of the

fungus at 23°C

*3 Inoculated for 7 days at 25°C, and then held at each

a2 o =~g#% Diameter of colony (mm)
pH
3 H#% After 3 days 4 A% After 4 days
3. 5% — 3, 7%%¥ 34 62
4,3 — 4.4 57 80
5.1 — 5.6 71 85
5.9 — 6.3 74 85
7.0 — 6.8 63 80
7.5 — 7.2 44 59
7.8 — 7.4 34 48

e BERBBA O pH
Note @ #:---+- Initial pH

Fokeeeee RERETRO pH
Sokesene Last pH



— 20 — MERBRLHARE 2685

PRIE 20~30°C, @iRid 25°C fHEiICH %,
6. KRAAVERELIOZ—DOEF

HeEREIT Re—6 &V, HCl & NaOH #Ei&E TAMULT pH %238 L, PSA FiFisuc s 3
REBAEF T 4ERE Table 7 1R, CORERP S, pHE.1, 5.9 BNEHETTH Y M X RN D
FEBEHBEL (Plate 4,D),

7. RAEEOTEFFERR

FRIRAR DRSS &8 LI Bikk D R undulata TH 50 & OFEHE, ANLESRIC K 5 FHEBK %
W oIcd B7cdic, ROBERETE -1z,

AR EBRAET O v <y BRERD» S, 19664111085 Licb 0% finTc, M LIKET
LT3 T7 A=Y OEOEREE L KELcDL, ToBKkEELbD%E 1,000cc D=H7 5221 10
BEFOANT, 120°C THMHERIHHEL, RBRE 3 ADORBHEAZEE LT 25°C TI5RMEEL,
BRRICBEAE TOMCEIE S S, 3D 1/5,000a R v MCIBE2DT, FIFOBEE10EI > 10cm
EZicED, 19674F 4B A D ORENICE S, TOKPAKLTER Lic, 20%E, 5068, 218
DRy MCTREES B (B3~7cm) BFE LY, TOBRDOIENII -1,

8. EELIUHR

Gremven® FEFER L TEBOF O S BFSRIF Ll EWME L, FEORIEETRRESEH
Dohd, BTFD o OSMEENAAETE -7co L L, JaraLuoon® KhcHeE U CERNET 52 &
&Y, BRIGMHT 2L EMTER, 135, GremmenDd, 38~40°C OEJLIECHRIRITHAEC 5 T
EEHE LTV B, ‘

an=—QORER, SREMICENT PSA B TRITTSY, VF v — XEREMA LA E Lk
Ba, BEaXRGEEFEULSRBEBMETL, 7 FoiLy a0 0.5~10% 2BHEFTIEE LOREEED
187 o fco Norkrans®® & O IAEM (Hacem M) TORBTIE, 7 FUESB 1 B0EHELTED,
ERHM L D DREOSROBEHSREL,

WiLF v RBE UTHBET YE=T7 L7 23 FVERVICERTE, 7o EERTEELLRBEAR
T, BT YE=T TR 0.3~0.6% OABTRIFT, HREICH BICONTREIHS »Tce T 2/¢5 %
YT 5 BECORPCRRE OB BT T o 20 |

3B = —HEORERIZ 0~33°C, WiRIE 25°C A3%, BiRH (Rhizoid) DOJEEHEIE 20~30°C
BRI 25°C ThH oo & DFERIT Javarvoom®® D3 0 = —HKEOEERE 10~32°C, @E 25°C L
HIRAEHEEDME S, Norkrans S5 DHHE 20°C L0 dERICH S,

aw :—%%ﬁ®l%i&®%ﬁ pH HIHIZ 5.1~5.9 iIch 0, Tk U EAITERBEEMcEF 2L R
RTH %o 10%, Norkrans 5% O ARHITOHRBR T, pH 3.0 IKEBESE SN T 2,

T Ay OEBRICHEEEZER LT, JIRTICED THO RS FIREDFRLENED SN, & D
KR OARBEIL, BHEATERD TTEENERIN S C ELHLD B1i, 155, Masse?® |34 HED
HOHER LICEBICRAET 2 EBRTNBDT, ATERICKDSBOFEERNSE LN B AR S 3,
Javarupome®® (I 2 N Lo A O TREOTAICIE, IS EMOTRSBOERERES$ 52
LERELTED, T, WABEN DR, <Y OKEDEL L OHFBMEEERE LTV 53 0EE
AoNBDT, FRAKDREELWAIEZITE, BEMHORNEET 2,
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VI FEORR M

1. EERER _

KEOHBEMAETEDD B1DIC, TH=wY E ey D1~ 3SEEFER, BBICEEONES 52
T, PSA HiMiBXIUAATBICHELULEREA /F 272 LTHEL, BEKEZRIS B84
B > TREL DML ICEAND 570, PSA B, A /7/B55 07 4 <y REICKEE LIRSS,
HH4BIORRYORBICHRET 5 B SIC XY FUE U TR L, REEORBIZHD Snish
otoCﬂ%@ﬁﬁwﬁhfﬁ,i$¢ﬁﬁﬁ5ﬁﬁﬁ®%ﬁiAﬁﬁK+ﬁfﬁok@,ﬂ%m@mm
R Penicillium [CELINTNIZDOT, IROFEIED,

HILTBWME LR, ScffE 9om % (9em HE) EEA LMY IMLIKOHT, BERSKREL, 9cm
~ R Yo PSA SENRBEMOFEEIL a0 =—0 1/2 SO E2ERE Lic, chicr~a v 1, 500f%#1C 3
FefRE Lco b, BEKTHIMCUE LIcBT2E M40 ¢, BER MY ILIKS7% LT 20~25°C
NRTREBICHEDE, I0HLAIKMEI THEABZIAEL, LEVICLESEKICEb 2, HECHERSM
THABTDICED > bDOTR, FEFEHICEHRE L SMBEOWEISRET 5, 18, WAICKHT 25
FEICid, BIRLO & D I8N O HIORFRE LS5 50 Lic b O 8ER L, BTk Lo BHARZEA
T, BERENIPRENTHRFFREZRE L

HEB—1 SEIHIckY 37 H <y EECET 2 BERR

HER BB Re—6 T, HRLBRITZOLOEZMY, TEIEAHETOOESY +— VI, HiBDE
IO 2 ERBIEICL D T AT Y ET R 200 T2 MU T, 25°C THRIRIREBEZHEL

Wit AREEFIEETEROT <Y, 7oy RRRARIE GEERE).

Biget B ERIEAEES Y 2 RE I RASKRE.

Bt FALIBEMR L (ERBED,

Bt @R EOBESEDT BRI R RSRE,

BT OFF I LBRRIC, 209 BRICHKERZEE L.

BREOREERICRT . MEHOZOMELWKERICBSSE, (TN THELTERYT 5. RO
HEHMEEINT, BERKL, FHBOERBP LT DD, M EMBREML T2 LE8RTHC &
212, BEOREETRT .. AEREED 550 AF ORI Fig. 3 IKRTLHic, BLTORRIHRD
BIOH, BEhick > THU SR U, 156, BRMOHE S RBITY &1, MBSO RRHLED 5O
DEHEIC X OIRFEEOEAMAELICT &/ (Plate 4,F),

PEA—2  AREEEERHEEICY T 5 R

FHEFICHT BE/RICED, Th=Y, 7a<wy, #5<YBR0TH b FERET4 20049 D 4
DOEEY +— LI XU T, 23°C ORERERBNORFREE W/

FEMUI0ERICHFEBEL, £NHS10BEE L THREBED SN, TOEB%E Fig. 4 1RT,
COWMEPD, /e yicB3T A7 i 5 L0 BREESHS, TH P FCELTRES Y, 15
#1152V OFRIFHHENSOERIL, BEREODICHEHADSKRE L Uiy E bbb,

2. FENEFE
EE I CNE TR LU R undulata DEEEIRICRT o
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200450
1801 M
160440
1404
CC——1 334 Number of
120+30 germinated seedlings
5 7 75 E  Percentage
2 100 of infected seedlings
2 80t+20
& 60 Fig. 3 SBLIRICED 37 H < Vil
% i1 IS % B OB R B
20 Results of inoculation experiment
of the fungus to Japanese red pine
®OEEY W g seedlings in several soils.
e TT
o R3S n Bto s
-t ztg”
© o c
o < ©
J »n ow»w %

1]
S

s vy Pinus thunbergi

*# 5wy Larix leptoleprs
Jo 7Hvy P densiflera

-7

g 70 /
Fig. 4 HREHEICHT s £ /
R. undulate OREFEYE (& «3:) 50
FIRRB) 5 4
Results of inoculation & 3 .
. . K | vy Abres sachabnensis
experiments with R. 2
undulata to several I

coniferous seedlings. = % |e— oo ey '
& 771 14,1 21,1 27,130/1  27105/11 9/ Date

7 a=y Pinus thunbergii, 7 %<y P. densiflora, =3 \77“/. P. parviflora, 715 =<'V Larix
leptolepis, /~A 3 X Juniperus conferta, ~</~4 ¥ v 2 ¥V J. chinensis var. pacifica, 7T H b ¥ Abies
sachalinensis, #* Z /5% ¥ v 7 Alnus sieboldiana, =7 h 7 Robinia pseudoacacia,

712U, REBOWERBRBTHILT 2 b 0RED SN,

DE, THTYROIKERHOMA DRMKIC FEEMBRE L BEE R,

AF Cryptomeria japonica, 2+ 5 Quercus servata, I X+ 5 Q. crispula, v <, % Lespedeza
bicolor var. japonica, Y <7 ¥ Rhododendron kaempferi, F 'y~ Vaccinium oldhami, 7% # %
Fraxinus lanuginosa, < 7;&7 Hamamelis japonica, ¥ <717 Moms bombycis f. spontanea, /) Y v
v ¥ Hydrangea paniculata, 15HRKICE T 55 F % Harticlos), WER, Rankin®, Lang?®,
Browne®, Moore?”, Tromeson « TatTtart® 7 & ) IRICRT o

Pinus strobus, P. monticola, P. contorta, P. contorta var. latifolia, P. nigra var. maritima, P. nigra
var. poireﬁana, P. sylvestris, P. pinaster, Picea sitkaensis, P. abies, P. sitchensis, P. rubens, Abies
pectinata, A. alba, Larix occidentalis, L. decidua, L. leptolepis, L. sibirica, Tsuga heterophylia, T.

mertensiana, Pseudotsuga douglasii, Castanea vesca, C. sativa,
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3. IYDBEMERICH T 2B ADER _

BRD & ST, AFICEIBFLcTh <y &7 o=y OBMOHBORE, 20 REBOMEHbDRETD
CARMERETRICE, b SROBBEMMOELIC, REBBHROF 74 60 DETARK, 50
FIROBAMZ ADER SN D, COBRMCAR, KAROBWICH I > THILTEBUTH-T, BR
B ORRITTRZ O KT EEMBRREINLOEED, £ OREIFACBY 22 OREHRFErH» DI
%o LirL, BOKOXMICE, COBMCABROEE,SEL, T, HRRFOMETE, Hahc AR
KHEAHOFHEERD L L ENTELP 7DT, ZOHKBREHEPD B I DICROER % 1772 -
1o

197148 1 A13H, 1MELETH =Y %D, & 6~8cm O, % 7Tcm EXIC- T, KEKTHH
BB L, BE U 9em ZFER N Y IAICT AT DI, 104 L. KOMic Re—6 BO PSA
SIMEHICE R U RBRE 1 ADOEAZERL, 25°C i ot 41/ F 27 2D OREABIDLAK
REMEL, ROMWLOMERECTALEL, i GHE) HEORBICZ - TRENSE L -7, 15H
BICHEEN > TRHELZEC A, SHOBBWIEEMC ABRD bz, £ DRKITHEEORBEICE
BDON, BARAIZOBAPLBALPLTVI EERT, HHREMC A DOEICERICIEREDOR
SREMBEEL, CARMBERML > DMELTED, W85 EHET HIRENIBE SN, £DFEK
¥iZ Table 8 ITRT LD IT, HRARBBOMEHCHATELLSV, 18, BRCAPBICALNIERK
(Rhizoid) &, BERTFD PSA MEHMICHET 5 b0 & REMLTHED, A—0biEp>hs (Plate
5,A)

4. EZEbLIUHR

POTABRBERE EZZ 5Nk LT, KBEMEICEAID DRSS 7N TS, Harne®3, £
RO EBOBRAE L THEARCTHADS B L EWH I L, L L, BEARIKCIZERY

Table 8. 7=y Ekick) 2B A DK
Development of rot traces caused by the fungus in

green twigs of Japanese red pine

i ' % Nﬂ% M B o B Ok
No. Diameter of green twi umber of rot traces formed _

g g e

(cm) L M S Total

1 7 7 12 24 43

2 6 4 21 32 57

3 8 7 18 46 71

4 8 12 21 36 69

5 7 11 34 42 87

6 7 10 21 36 67

7 8 7 18 32 57

8 8 6 26 41 73

9 7 3 24 21 48

10 6 9 36 18 63
¥oo8 7.6 23.1 32.7 63.4

Average

7 Note : iz ADE X, Length of rot trace.
L:EX 10mm PLE Above 10 mm
M:EX 5~10mm  5~10mm
S :EX 5mm ki Below 5mm
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WWRITTND, DINT, WeEr®ZTEREKDOT DS T OBEREK (HETAM) %, Pinus monticola
HICEE LU TRIB Lo L Lice 91DT, MMEEOREFERO, ATHEEICX DREEERBLLOE
Jarawwoon® TH 2, RiZ=vy# 70y 7BX V0 v e a3y 4 HEEROER, BLUTO BT
RFICRIEUCHAREA /+27 4L 0T, Ry M OBRMELBICER LT P. sylvestris 1HICHEIEZR
LT3,

EE D ORBIR T, MWAMKLT 2 LBICHRE LAEAY, +HITAELTLEICEL LcEs
2iZ, MoMITREMERE Uiz £ UL T, Trichoderma 15810 % - CTHERINTHEEBEOKE HILE
INFIFBEICE, FE LIS &3 Jararooin®® Qs & —H L1,

THh=YMEOMKR, BLTRBLIICEISLD £, BLTERELICK - THRESSZ 1, Ht
TORFEIWLEID L, ARRFOEA E—H LIV DE, ATERTRER S WOREELAD,
WEDDEENREINTOBLDTH S,

7 a< Y M, Th eV ICROREEATRC b C 213, HARKOBEEEE—KL, *
72, 7=V ET AL FEICHIREENSED SN,

BRFEFOEEE UTRKTRIIGED Juniperus [&E Alnus BHSFIIGEMI NI,

PUEICBY2WER/ ne v ET Y BERTHLH, EFETTRA I < YROWEHN®EHD,
KT Picea sitchensis IITHEBL N EWRE N5 AT, HHEDEHRE© miEkbE Ot 1E
BHTR, BREAET ZHELLbND,

Y OBFBOBRD CARE, H20CITERBICEHLNS B AOKRBRE, <Y icad 2%
FREOERBICK - THEDPY, CAEMBBEARRICE > TRMINKITH 3 C EBETF I,

Norkranos » Hammarstrom3® (¢ LS, AMldwro—RERY F VORBEAEETZCENELS
KENTED, TNPEMCAERIKESLTOEbDEEZ SN,

VI K E 0 EE

1. MHICBT2HENETERRED LR

EREREGESLEEKE LOBREZRNTO, TH<v E7 vy ORFHMCEBY 3 HAKDHR
DOHAEPIC, KEOTRIKOREERKIED SHA — bV OIMUIC, TEPRB-TOEECAE, BHRLTO
BECAHEOHY & STERELE DN T, 2 LT, -0 TREERBO M T A TR
L, FrARICHEZELTORRTREBOBEAMESHEA L TN C LIt S0, $72, BELEEKT
i, BHRRBO-Y2r0vaslkloob5C L bBEIN:, £OBROHETICLD, FHROBRIE
MR DR DJFFG D FRRFLER DHEFT AT U CHD N, REBOHE LR ERT T E0HLYD T,
Z LT, BERMSRMERTE O, MEROEBEZBROTABEBR I THET A Lick - T, ELHH
PHETELEICN kDT, CORMRETH L TROBMELITIE -0

197048113 9 ~10F, FEILEGHROHERE 110 447 H = Sk OERRIGRET 2 @R ohL > 5, 4
i DYEAETH I > TEAICIE 1 mES 2 moO%aH - T, HREROKA OEFRE, L, F,
HE~ARICBY 2 EAMEORERES X OB OBRBRERD S 20 THA Lk, Fig. 5,60
BRRICORT £ 51, MAIRRZ OB ERE LS S AGEICE D 5 I >N TEL B b, 2L T, HE
B OFEHRKIR O FSIHTICFEN 2 mOBERORBFTHENR SN, £0 3 mpTRARICFEARES RS D,
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I e “\\ @ 15 5 K Dead tree
S ~ ,
. ‘\‘ . @ VD AZEAR Dying tree
7 N N O RERBA  Tree not yet
S / \ N infected
O/ \, N\ * F F 4K Apothecia
/ 3 \ \
, / 1 :
/ ! l'\ O .
o ' FaXE Y RHREE
1 1 )
i ’ ‘: C Diseased area Nf)“qi.s_eased_frea
; i : lig+ © #f
. . : J Wet soil Dry soil
o I T om
Vo : j !
L ] !E/ F
Voo o
RN / !
\“ / "/
.\\ ~~~~~~~ 1/ S
7F Note :
A HIHOFFEEIEE X Area where apothecia developed in the preceeding season.
B FEARAERIER Area where apothecia develope.
C : BRBFHETRKER Area where root system is fairly rotten.
D : BEREBEREBHXER Area where root system in surface soil is rotten.
E : BRRENKE Area where root system is not rotten.
F RRBRE R Healthy area. :
Fig. 5 7h=yHRO2HL SFFHOETIENERRM (BHEREE
Sketch of spreading of Rhizina root rot in Japanese red pine stand
(Naruse, Miyagi).
KiFRE
RE T H LY Diseased zone Healthy zlone
&= - 3)->
D E
FiF 0 FE4R Apothecial developnént B c RERRT F
4 = zone in previous year jiw;ﬁf‘f%;’*pomeda' development zone Zone not yet affected
€~ = - k— [ O T -
[
@ @ @ O - Dry soil
Q 1 2 3 4 5 6 7 8
m ¥ T T T T T T T ;
B3 Wt so

o _J ATEA5IR Severely
: rotten root

O &EK Slightly
infected tree

@) oEA Modelately
infected tree

@ 5= 4 Severely infected tree

modelately rotfen root

4 82 ~pEE5HR Slightly or
{'}*J’gﬁifﬁ Root not yet rotted
7 Note : Fig. 5 Ic#9°%, Followed Fig. 5

Fig. 6 7h<=yHoob < SROETIHEREAR (EiRRER
Sketch of spreading of Rhizina root rot of Japanese red pine stand (Naruse, Miyagi).
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CETRMARRARD 1/3 LI EOBHNTTATY 3, KEEOHFLEKIBORAEH T, F~ARICHE
LTOZBAMEBHEEADOMNY & 5 THARSRED 5N b COBEHEIC LT, HRKETIEHEKEE:DS BRI
12 BRER, RERKICIATAKERIR 5em EST 1445 50cm T2 46, 100 cm T 1. 4 fE ek
L#: (Plate 5, C, D), v

5%, BRAROBREROSHENTE, WEHOTRBELEENET C & hFEP DR DFERE,
LEEE NI, BB, WROHMBLOBR SEEINY, KEREOBELHEREAATES - 7241 L
Ronhiah 57,

2. FEOFEBODRIC L 3EARABOER L TBSEKENEL

RREICE > THERSNAHRKOBABBON LT 2HE S, HRLEICE T 3 BKEOE (L4 EREY
ICHEDYD B 120IT, IROFEEREENE Lz, '

(1) WEHEICLZEEBOSE

19706611 100, ATEMBILEGROT 7 <Y OBREEHE L 3 L WD 5, LIEH oA
h7eh 4cm EID 20X20em KESIKYPOR T, 20X25X2.5cm D5y b Cld THAK S+,
Table 9 IR & 4 BT D>ORLBIC, Ry—6 BD 9em <YM 1ESD PSA BEfiko o
OE—FEEL, SNy bEEBITRY ZF L VBT 22°C OFERBENIC 2 »ARIED, EEOSHE
BREBIUSMOMRE UTHEON 2 BRILORE S, (IR HEFEEF Tl - 725l E% Table 9 i
ﬁ?ocmﬁ%#é,%KK%E%Z?@%%&%%E@%@ﬁ%L<,it%%%%@ﬁ%ﬁ%béﬂ
7z (Plate 5,E,F), A

154, AREBROEFPICHER LTz, 9em < b Y MUCH T 2REEOBEEER L FAETH - 2o

(2) AEICX3HEOBKEDEL
197045 A 140, BHREZRTHEDEOEARBREDOE LW, 7 o< vbk QML) OFRKEEFIO
PRI DR LR &, NI L7 KRR IR O BB O L - S O MBS 1c 51 255
KEEICDNT, =27 V—TRBEFHEFOTHE Lo #E (3 AOFEEE) 13 Fig. 7 KRidL3ic
BAWBOMEUIHREETIE, RERLEBIC AN TEASRREICEE /20 T/, ZOBEEFT
DL 3HAHORERR S Fig. 8 1RT X 51, HRIETREHORENEL RS N-TEHD,
RICEROBEREBKENBIFICES C EA2ESH TS,
Table 9. SHFEIC L 74~y FEBEOME (22°C, 20 AH%)

Decomposition of litter of Japanese red pine caused by the
fungus (after 2 months at 22°C)

i 7] D MR B W oN E &
Treatment Degree of decomposition Relative hardness

WAVE, R | _ 100
Untreated, uninoculated
WL, N o
Untreated, inoculated i
K I, T _ o5
Scorched, uninoculated
KRR,
Scorched, inoculated T+t 19

I 2 * ULIBE 10 cm OFEBICH R /S —F — TR LB

Note : # Scorched with burner in a circle (10cm diameter) at center of the forest floor plates.
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cc
2,500
2,000
ﬂ? # R FR Diseased forest floor-
1,500
1,000 . N [ N
skiB MR Forest floor not yet diseased Fig. 7 JRIREH DGR & RTGGMIR O3B
DB (FHREZIO
500 ‘ Comparison of permeability between diseased
forest floor and healthy one (Misawa, Aomori).
min
0 10 20 30 40 50 60

PLOT I

Fig. 8 RFREOEGL
BEREG D 318

\
! Va
1
|

S ERE=TO
Comparison of
distribution of three

ERZ  Diseased plots

PLOT 11

Vs [E#E Solid phase
VI #&#H Liquid phase
Va 4B Air phase

soil phases between _
diseased forest floor VS SOy

and healthy one

VAN
O ,'\\ﬁ‘_\.
stj'\i;\i Va

(Misawa, Aomori).

K5AE Plots not yet diseased

LIEOBRAE S LKD) 5 1o)ic, 19704117
9 ~10H, EHEEHO T 7 < Y #RAHEE 110 4£4E)
BT, BRKERGRKS XUCREEXOBEA
WREGRELBGOEKEEZ LKL, #HREFig.
9 ITRT . F1z, BRRERBREEBLTZOER
B ERRAD k0D, SHEAHEWE LR
% Fig. 101T/RT . CORKRIEBAHOZROBRE
X—HUL, %/, BAWBEREXTRIHORESE
KONTHEKEDSBE - T, DVIERXTORIE

{E%ﬂ Lize
3. FIYTEILKBFERLIEDSOXENE
H

19714£8 A 9 B, EMEWEETFSZ LT &= Yk
FREFR OFEAERRERBICBNT, &S 30cm,
& 3~5cm DT H <Y ERBXUZ OB % K%
THES LI D%, 30 cm HMRBICHEHSRZ 2TRE

cc

—e— BULBAER  Diseased forest floor

—o— RISHAHR Forest floor not yet
diseased
—— B4R % ME Rémoved mycelial
layer °
4,000
3,000
2,000]
1,000
0 10 20 30 40 50

60min.

Fig. 9 JREBEOTE LMK & RIEGM IR DFEK
PO (EIRERE
Comparison of permeability between
diseased forest floor and healthy one
(Naruse, Miyagi).
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Plot 1 Plot 2 Plot 3
§M_20 40 €0 80 100 %
en o v : T-T - \.\:\|
RN L1
e 'v's'\'\—'-‘:' Va T . Yy BRE
o N Vs - |V[i Va Vs | ,\{l: Va Diseased plots
so[° IR E R
Lo .'r{-’ ! B
40" i "'i':i }_! R I')
T w7 2w
'\i‘\' C \'_1,
. S S X
Vs l} Va S '”’ Va © Vs {}, Va | Middle plots
S :_] CH — l:! (diseased)
F i il
H i il
.0 A Y T
i | Lo -
.l o C RIFERX
ol . Vs VI va © Vs Plots not yet
Vs o] . -7 SHva
A va R ’ il diseased
S b oo S h
. ‘Vl.‘ . . ” ) - ; I_I

Fig. 10 REEOHERIE S RIGRIED 38HM (EHRERED
Comparison of distribution of three soil phases between diseased forest
floor and heathy one (Naruse, Miyagi).

Table 10. 7= viksic ks LEhH» S OREEOKRH
Detection of the fungus from diseased soil by trap method

with Japanese red pine twigs

s .
WEE O R E LM Treatment of twig
Infection by the fungus fE AL T () HMEECHT ()
Control (number) Scorched bark (number)
FS R & SHET R 6 ]
Rot trace and necrotic patch
W BRI Bk 3 5
Necrotic patch
S i
Indistinct 8 8
ke U ] 1
None

IR 30cm & 3~5cm, TIREEAMMI7I4E 8 H 9 H~29H,
Note : Length of twigs 30 cm, diameter 3~5 cm, period of insertion of the twigs in soil, 9~29, August in
1971.

OWSITIHICHEA UTzo 208% (8 A29R) iEULL, R UTHEAMT AL L UHEINEROESIC
X0, REAOREDHEEI DI, #HRIT Table 10 IKRT X Hic, BREDERICRH I N, 1B,
NS DELALRED & OFSIRE O A A 7288, Trichoderma 1 % BEYHZE L { THhBk L7 (Plate
5, B)o
4. MEOHELEAEFEGORE
FIRHOMKICE N TES 7, B9 4 OB OHE OBELE, 1IKFOWHKEEDIDOTEOREY
WO, BLIUBRARORBHED O OMVMO Y (Plate 2, D) R, FEAOFRESAL ST &
DBEEINIDT, ROBBETE 12,
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Table 11. MERMBOFEEFEICE LIz THE
Effect of soil raking of forest floor on development of
apothecia of the fungus

FHEEOOREER
R H . Number of apothecia developed
Treatment L M S 2 Total
Control ! 4 3 1

oA REREK 8 15 31 54
Turned up surface soil

L~F B B *
Removed fallen leaves 3 18 25 36
and F layer

## Note : FHEEDKE X, Size of apothecia.
L; Above 5c¢m, M; 3~5cm, S; Below 3cm

Table 12. {LZNERIOREM &K ERE O FEKk DT
Effect of chemical fertilizer application to forest floor
on development of apothecia of the fungus

' T k% E
X £ Number of apothecia developed (per m?)

Plot B 7 Df?J“/ [ =t

o ase of Japanese "
Forest floor black pine tree Total
4% ML 3 Control 3.3 ‘ 1.7 . 5.0
N 4.5 0 4.5
P 2.5 2.5 ‘ 5.0
K : 3.0 4.0 7.0
Ca 2.0 4.0 Co 6.0

# Note:N WiE7 vE=7 Ammonium sulfate, 200g per m?
P B VAKX Superphosphate 200g per m?2
K EiAsY Pottassium chloride 100g per m?2
Ca i ‘A IR CaCOj; 300g per m?

BEHRRZRTMAR S o= bk (304F4) OERRISHEMARD, 197147 A30H, %%%%E%&c}%bf:
SMRIERIC, 1plot 2mX2m DR E I3[ YK UELBIEEORE T Table 11 ORBRK A% Bizo #5
ARTIE, 2397 TH 30cm ESICHRERFICRVEC L, L~FERERTEL~FEEEDRY,
HE~ABEBH S €70, 91300 OFREORERE Table 11 ICRT LS 10, 5 AKTIRBLER
D545, L~FBREXTIINIEICLZ TS (Plate 6, A~C), .

5. ALIBHOMENR L ARTEEORE

RO TFEXFARED, HRICX - TEAMT L0852 EBHOENTNEDT, KEOHKET S
BRERICALEIEA A MR U 7o B DR BAREDD 5 7210, RORBRAEFTT - 720

1969F10H 14H, FIROBEHREZRT O v~y KOFRGEHAZ D, BEOFEEARETFHRKERIC
plot OfF2m, EX5m (EfT 75[1) DHERXE 3E L DELOEHMEORBETHEL, LNTNFE
DIER A H— A Uico B9 BITBOTFEEORAR Table 12 1IT/RT L 51, BIROZBIIEL

I8,
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6. WNEHHICETIFARNERBEEERE

AR OWELKEREOTEABRI, BhPZO/I» 0BbNS L LDV TREE L ORENSNT
BY, EELLZOEAREELTO S, EiE, 19694F 5 H FABFEIBO T & = v Ml ic T
ha (€3 & BALKEDTLE Uizo AMES AL, ZTOILMKEHHOV S & T HICRROTRETLHDS
INEEREICE - TEE N, 20%, FELIEFRIIEL, K¥H, ElH, HFHREHFEH, =
Rifi, KHBRRBITZEDT 7=y, BLOKET, EREMAET, EEFOs o<y kzdolik
HHICBWOT, BEAEFNGE L BHOTEEROREDHRARDFE LRI,

BERIC B 1) B FERAORAER, PEMICHE S TAET S ERICRD 5N, T OREICIIHE, L,
IS L UESSIRE S & LSRN BRSNS 5 L O ICBE SN, 21T, EFRAEZEMREENLE
HoOWkEYE LCEHRESFERSEAGEMICEOT, EEMEZRATHE L. 2K, £ORE
HIBlic DD TR 5%,

AE—1
AFEEHLK 134 b ORVOOKRE O EEATHICA BT 2, ABICEGHHIICERLT 5 160~200 4F4 D
T H ey RRENT, GHBOFRTEANSEL, EEEMBBERL TS, T OREMSFEXHS

Table 13.

Lk EBHIC BT 2y 57 75 OFk & B

Effect of environmental factors on development of apothecia

of the fungus at forest fire sites

W - B | 7 h< U BIAR " e TR R
Plot Topography and Number of Japane- Stand type Number or apothe-
soil type se red pine trees : cia developed
A R 10~15°, Bs, JEZERS R
T REHETE Broad leaved forest
1 Foot of slope, 10~15°, 0 0
Bg, humus are heaped
up.
#EprE, S 30° Th Y EAREE, TE
< SIIEHERR VCIRBERI AL
2 Mid-slope, S 30°, 12 (9) Old Japanese red pine 26
needles are heaped up. trees sparsely grow in
broad leaved forest.
i, 10°, A, $HFE T Hh =y AR, Wi
HERE e, TIBICRER A
3 Top, S 10°, Bs, stony 20 () Old Japanese red pine 149
place, needles are trees grow and broad
heaped up. leaved trees grow as
under growth.
rhigalim 40°, AR, T h ey BAK, FREIK
R, BRI BRI AL
4 Mid-slope, steep S 40°, 15 (1) Old Japanese red pine 2
Ba, dry, humus are trees grow and poor
poorly heaped up. vegetative cover
develop on forest floor.

TE 1 19694F 9 A 8 BT (LkFEHI24HE), £ Plot 3mX3m,

4XFE, () HIEAEE.

Note : Surveyed on 8, September in 1969 (after 124 days from forest fire), average of 4 plots (3mXx3m),

( )---number of died trees.
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T, WRKESFEEREHEAMNRL > T3, _

196949 J1 9 0, #fH, REZL, HE, LEEEOBEAHEORTZEICEC, X AC3mX 3m
41 < DELD Plot ZBATFEMKOFAIRMELHE Lkt Table 13 IR, COEENPD, FE
KFEERT <Y OFILT 3 Plot IKh&oN5b, T, BELDTVEBRDNIREBHIETS, ThH~
Y DIRILISE THIRDE - T B & A (Plot 3) TRAENZWVD, ZOFHIHABELTOTHERD
EZELWVETAH (Plot 4) TR, BEEEULIDEIB TS, B8, YFEMTRERLETH=Y D
BFA DS 12 b DICFREBFEENAR S, iz, WRIEEDDOIHOW LI PrDRAMNE Ui -
7z (Plate 6,D),

AE—2

AREHEKX 1540 2 ORBO OB D LIFRHEICAE L, LI 3 1720 EEDTH <Y KT, I
AL U, #9200 FFAEDEMADBEELIHEKREI G ETATH S,

A HICHE UCHE LR %A Table 14 1R & 21T, [REMM (Plot 4) & LEOBBROE L
eHIE (Plot 3) TRFEAKIEFELHALS, TOTHOLBOLERT 2% (Plot 2) CTRIEMDE
Mofio LipLZ®D plot Th, LHOE>THOEUWMED & C A ICIZERICREMSR SN,

FE-3

KIAEDGIT 5 Y HSD, HKICE 2HRADHE L FRADRE L OBBENSIC T 5 12
T, ROTEEITIZ -T2,

PBEIITEF RN OEE O LBEICRIL T 520~30FL0 T 1=y & 51 ¥ 7 DRAHT, 196945 B

Table 14. [WKZBHICBT Y F7 547 OFetk L%

Effect of environmental factors on development of apothecia

of the fungus at forest fire sites

oLt & T A=Y BRI AR

TRIEFEER

Plot Topography and Number of Japane- iétan dt *ea Number of apoth-
soil type se red pine trees yp ecia deveoped
#E TR, SW12°, Bs . IRIER & DRI
1 Foot of slope, 25(25) Mixed forest with 65
SW 12°, Bs broad leaved trees

HlE, SW20°, Ba, 4

B, Mid-slope, SW Gl
2 20°, Ba, shallow soil, 27(27) do. 13
dry
e, SW 25°, Ba, g T h =y flk
i, #ig. Top, SW Pure forest of Japanese
3 25°, Ba, abundant 20(18) red pine 0
gravel
RZOERM,  5°, Bs, ILEERSRR
o Broad leaved forest
4 0 0

Area occupied by stream
easy grade 5°, Bs, moist|

11969429 9 BIA (LAFHKIBHE), & Plot 3mx3m, 4 X, () HFEAEE.
Note : Serveyed on 9, Sep. in 1969 (after 125 days from forest fire), average of 4 plots (3mX3m),
( )---Number of died trees. av. of 4 plots (3 m X3 m).
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1 (4} (28)4(0) bl o) 0 0 S e e fa e o] 10
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o |6 o |o oolo |8 of e o] ¢l o
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12 (] . . o e
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23 oo 130190015 Tis 0@ ot e fsel oo, el e
(o) (0] (o) (o) toy ) [ Tmlacs) DINON IOY ok Rdol kol EoXd
2 2 22 | 17©2?® o 0 2 2 oo € |0 & i 0y 00| ¢ [o 20
@ F20)| 10|20} (0} 1o} Bicy 2 (o) ® 2% o’ o°
8117 10 . ; L e o o o4
0) <8)> 4(0)} (0)]3(0) Q 2@
© @ 10D g% o . ° o 4 o
Plo) 6(@0) ) s} To) 300 @°| 1 ® ®".<§' .
y . @ ool e,] ¢ o0y 2o o o
0P 3) 12 ol 1ol 0’0 ®
(s 7122 14 } 004 ° :. .
1(0Jo(5 ©)| (o) (o) 1(0 2
30 o P 30 30 N ECARCIT Py o K
o(?)ock)iacay1(2) (0)]| (0)4(o)3(0 1 1.1 111 [0)
1 8 H25HDFEEFELES Number of apothecia O HirAK Living tree Y
observed on 25, August. @® #ii3AK Died tree
(1) 10H5H8®D ” Do. on 25, October. 1 JBRhc AR L 7oA AR Number of living trees
© FEEEZERUIIIA () M Number of bearing rot traces
trees and stumps bearing apothecia @ [ EMFEAE Number of died trees bearing
Fig. 11 [WkEBEHTH=YRICBIEZYF27 545 rot traces
DFEHEIRE Fig. 12 [LKBHOT H <y 02bL b HRE
Apothecial development of the fungus at YR BE
fire site in Japanese red pine forest (Ono, Infection of Japanese red pine trees to
Iwate). Rhizina root rot at fire sites (Ono, Iwate).

7THIHMEKEIGETATHSD, 8 AR, HIEDOERILDDIEOERMOFKIRELIC, 1 plot 2m
xX2m @ 200 plot (20X 10fHfR) OIEHEMZEE L7z, MB L10825 R ICHE LER% Fig 11,12 i
RTe CORRDPS, FEEDRERITH =Y DORILT S plot »ZOBE plot icEBL, i, #K
L TRAEIDTELB-TEBY, KIMBBL L o ek DWRIKOMES T TP > T EERTHDT
HAHSH (Plate 6,E,F),

758, 8 ABADHEICKD L, FRIROFRE L LHAOBIBMMICIE, DB SREFFOREIAC A
DR 5N, FLTFEERAEIKHHET R OFABIKE SN T, BFEROBEOEBBITE, BIgOR
MR ONZDHEDITH Y, WITHEET TR TRBABEDSMATED 518 H » 72,

FBROFHERER S JOEKMOIKFYICBY 3 LHORAERRY S, ARORFROFRIKHRL, &
FUORKROBEICSOTENTELROEBDTH B,

(1) TEEORER, THATY, 7o ykBRUZN 0 OMETE - ORZHDEL, # 77 YHRICH
DIEPIED O, AF, v/ IMBICKHELERK TR D ONEP 5 ,

@) Ab~ZE~ Y RO BFICHAE U LKEBORIK S K OHARDIRITICE, 3hARIRE#ET S &1L
A EBISIE EHDOFREDBTIE Uico TDORERMIZ <Y DROAHRIFICH & Stc,

B) 1RED2~5FETH 2y KTRTEEARAEZILHED ONT, 10FLRIRICIES LT HED
H, 0FARBTRELLEED, HBSEE IO ONTHEX 3EALD - o
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@) BT QAL E ORBI TR TEKFEDNDILL, R - 7o HIKICTRENS D - 12,

(B) KRDOBFICE T 2 B OIS OMANOWEDME & FEEKDFAE, HEDETIIE L -
7ehs, BEHNLES s 0 Ry TREABME ETHRAMICED SNIICT S8 o7,

6) KETOIELS vy BEDEKICENT, 4 MBOFEEBICHEA LI EC AT, SHEH
UTOHETLRMH L 573 57,

(0 BEREEENOBEDEOILIKERIC, 5258 %BER LI o<y i 4ERIcR 1/3 58
U7zo

7. LRERMFEHROL LEZBENER

ETEHROBEWREICKRILT 5 7 0 < HKid 16~100 AR OS> 515555, 106D DETH B
HEBHROMESE L, ZORERRE VB LIKE 25D EEREINT, SEBEDEYE L L Bhas
BLEOLNTES, 1968E 3, FEHO—AERORHBEICI DBRMBOIZLEAED, KFICERTSC &
ﬁ%%mméﬂto%bf,%M®$ﬁ®wgﬁ,ﬁmmﬁﬁéﬁﬁﬁ®mﬂm,%%ﬁ?@k%k%%
KOBENHH DR & KB EENLICRE e bDTH D, BICHAKD BB & 0 RS A s
ELW,

19718 A8~9 B, thbOBRIEOAMBANENT, # 0.5ha ichi 2 EFEREREC LT
520~50FD 7 v =Y KEEAT, fe& KB EWEORTIHARBEOBIBELAITIL 1. CDBL,
KB OHERMATRD DR K ERROFEADERIC K 5720 L L, & KE2, 34D LHHO
MR R E 12208, ATEHO 72 & KBICIZIZ EAEFAIEL v 3w 2 v S (Funaria hygrometrica)
DEEDPBFERBOLN T DT, ChEEEC U TESICHEST 5 2 E05T & 1o,

APEHTE, WROHBOETHER, F£M3~5mofificd D, HAORE LEEHOSFRE
i3 Fig. 13 TR LI, e KfaRAE UTHBEBEALTOWAC EBHELATH 5,

8. ITERGLAHEONERE
D +TEBRHEBERORE
HEAIER, EREZRNNEEDE o~y RORKERICET 2 RREHOARDO b O &, FlFE

S0 Sy e e
'/. No. 12 o T ° )
L] ’
: oe® ., ® 1 PN
‘S /."‘ e e % ,’/ No. 11 e .\| J:é
hi ‘e - / .
i’ e K Qoei O 2T S e e
A O S
Healthy trees ;e ‘o 7. e e
y 4 . e . e iz

Fig. 13 7 v= v HEKEHE
BERPFDOOLEL TR DTA
AR B
Spread of Rhizina root rot

Road

of Japanese black pine
trees started from bonfire
sites where the damaged

.
i e e’ Soe s e s ® #53FA Dead tree
trees were burned (Akita). I *No. 1 o TR Servived ree

No. 2 ® 7- 3 XJHF Bonfire site
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Table 15. BARORE L THEORHE
Effect of sterilization of soil on mycelial growth of the
fungus after 4 days at 25°C

T B M SCBT A -t N Ty
s m Tl p Soil of Jap. red pine forest Soil of Jap. black pine forest
Treatment | (TOohoku branch) (mm) (Misawa) (mm)
e ®
Unsterilized 26 25
100°C 29 34
120°C 28 54
# Note : * 4 Loam *x b+ Sand

Table 16. -+ &7 H= VRO TAMMBERORBICBLIZTHE
Effect of burning of soil and addition of Japanese red pine roots
to soil on mycelial growth of the fungus

T B BHoR o MmE R N
Soil tested Growth of mycelia(mm)Development of mycelia

wMom R L
Untreated nursery soil 38 ++
R
Burned nursery soil 45 ++
HiHE L RSELE (1) 39 +
Untreated nursery soil+burned one (1 : 1)
HAEL T H VR '
Untreated nursery soil+ pine roots 67 +HE+t
w
Untreated sandy soil 42 4+
Bt s+
Burned sandy soil 33 tH+++
Wt +FRgEL ;
Untreated sandy soil+burned one (1 :1) 36 +++
Wt+T7h=viR
Untreated sandy soil4 pine roots 52 tH++++

I BRI 200°C ABER, T A VROTAMBAFATARORD 3mm EHF .

Note : Burned at 200°C for 4 hours, amount of red pine roots added was 1.5g per one test tube.
WBADTh =y EREMORZMROARBLIIETH 5, CNERBZ LI0KT 20+ v v B Y (B
2cm, EX6cm) KOHDTEERLEHRE L7260, BLUEREOSOOOMIC, Re——6 Ho PSA
BEREOZ lcm OfR20=—F %24/ + 25 UTHEELT, 25°C THERE L CHEROBEL DM
EBERE Ui, #5813 Table 15 1CRTE 51, ZRIFBOFELTCORBENEL, EREXTREL
BEEOEARADMENBNIEY TS, BZ ) ORENEFTH -7,

(2) BEEBIET AV IROBEAORBICBIIZTESE

SR+ v v 7H ERRELI0AT 01, Table 16 OFAMB LA >» TEKERLE—IC LT, DA
ICHIRBICHE DTS / F 2 7 2083 L, 22°C, BKSEORERKREE Table 16 TR ¥, COREDD,
THA=ZYOROTAMBBEADHELE L {E#EL, IAWHELOBE LR TELRDREENELLD,
WEORELTEPPOET U, TORRBEMIREE LD THAI,

) RERETAMUIEPICED 2EHADHRE

7o & KPUKEBICHEE U 7oK KD, FWRERAORBICE JZTHELHI D D D ICROERETT
LAGPS N



< VHOBRIER LT TobB L ] Wicld 2ut90 (k- R - [E5) — 35 —

mm
140 1
miil
#X® Sterilized SHKXH  Unsterilized M
120+ 140}
100 120 é
a AXE A BHREL
80 100 Sterilzed soil Unsterilized soil
60 % 80
© -
60
20 I
40
iy . -
WOls1.02.55.07.09% MEoial0 25 50 7.0k
=78 £78 % @ 20
1 =
LS 3 Lg 3 T3
B oLl S Aeyg a a
. @ 3 Bt oL p_ nll I

7 ko pH-fEME pH 5.9, 4 pH 6.3,  Fig. 16 EAORBL Lo pH & 0EF
ARKTAIX pH 8.0~9.7 . . .
Note : pH of tested soil---Control, pH 5.9; Burned Effect of H-ion concentrations of soil on

soil, pH 6.3; Soils added ash, pH 8.0~9.7
Fig. 14 BRORB L, KIKOTAMNE OBk
Effect of soil burning and addition of ash
to soil on mycelial growth of the fungus
(at 25°C, after 4 days). -

mycelial growth of the fungus.

FIZEHMAELICAEROARKEE—ICTAMLEdD &, BESESZBREICELLALDDEEKX
S5ARTOOEBF v v PR ERBREICODT, MEATREL b0 LWBED b 0T THER Ui,
BIEBRICHE UC 25°C, 4 A IHICE Y 2BADMRREEZMHE LRI Fig. 14 KRy &1,
BEERABROTCEREX TREREX IO SRENRL, KKOTAMENE LT pH BEE 512N TH
BBEFLTO S,

(4 +¥Eo pH LEAORE

HALTIEE ML A ER ST bIcon T, AIEEROHCL EHEAKEMA T8 AMRZENICENT pH
ERHBELTBO ., COLEE2EB+F + » 7R EHBREIOD T, FIERICE U THREKX & MEREKITH
¥, 25°C 7 BEOBEAOHKBIREEE /I RE Fig. 16 IKWRT . TORRD S, MBEMLE T VALY
BRITERESETL, Bl~BRECRESRIFTS 5, '

9. EEBIUHER

AT L BHRADWELEREBICOVTIHE, HL 5% OEEAND D, Haoner!®, Gremmend, R
O RMADHIEE FREAFEIRELHRIC, WENEEBEERE L, EHLO0RERTOBETE
ERIOMEITHRE IR 3 ~5mT, SAEMBIRIKhIVERL, KEVWRTIE 0.1haPlhicET BT &
BB, HROBHEL—BT S, THESWONED Be, Bb LEOT #< v KOWEFETEED,
ROKE EH HHEE L TRIF T IITIEND,
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AT RT3 BB DFE L IMIRIC B0 T2, Rhizing OEADRE AL LA BERNTIE, B
SKBEHHE Ulco T ORR, BAMIEED, HMAKEOEMET S wic, RELEEOMIZHD
& O IBRBASTD bNIco CNERREEOT REHOMEZICHA LT, ROBESE LN, $TH5bb
WERIC X 5 KADBOBEIHREENOHIKIC» ¥ SR, HRRIKOAEHICIE 2 mATROBICED
REFRBH 0, £ONE 3 muihod & AICFEERREESBRbLN S, ROBHEERSGICHDL D1
CH <, RLIEICHP S BEE 55, KRB EREREHEEL D bBEBICH Y, BRFETLTH
BLDEEZOND, Eh, BEOBRRIMH LTS ECAHTE, HEERIEREED > CBHEES %
U, Chicd bt - CTRIFROBEREESBAMICEES b0 LR SN2, M EORERRE, FRE
OEFRBEED O, HAPHADRKL, £ 0 KT 2 ML EICHEESE SICRE T AL L
BEHE TR DERDONG,

PRERICS6E L - AR IO BB E S T 101, % OBREICE - TEAEDSEE S < L% 5 NT L
B0, EHLOBABBOMNE LRERERBE, BEANBERELTOERBREZCLE X —FK LT,

REDOEL Lo MERIC B BB IR 5 HEATED 0 /R, ABIC SRR 55105
RIS bNTce LichioT, MENOEEE S DR, BABENNAT S b0 LHESNG,
E1KBOC O, HIRICATET 5%  ORIEAE LT, BEmEE2EHNTEREL T b0
LELZOND. .

MRS EED TnEE s &, KEBESETSERE LTI, Jaaruoow?®?® 3F0 5 RAFIIHE
(%~%T)m;otﬁﬁﬁﬁgnac&%gmaﬁﬂ%ﬁmxbﬁ@w{ik,Mﬁ@i¢m%ﬁmk
Y ORBEIET 5 & CA TR, FOIMTFR2EMEETS, SoICld R~y ORIREE(RET S C
LI ED D, BEHNCE ET 5 RERIZMAICHKIEL TV T0 5 BTACRET 3 ¢ & AR Uiz, 20T
GremmeN'D & C DBAFTEHL TN S,

ULip L7555, HERORREOEE AERKIEL TOEFO S MFICRET 5 &3 2101}, ROXH K
BEDND B, THOE, HBOL S ICHEL LD~ Y KOBEIRCI2IE & A SN TREMEET 3 ¢
EWOAET, KBV HICC S RBHRICHHE LT B D EHETEINS, UL L, BEHDRIFLIAC
BFEROREREEALRD SNENC LD EAT, WROWVS & T ADHKICKIRT D 5 8T 55
LTI ERBLSNBY, Fic Browne?id, ABRTHOWALEYBEICEERS UTEFEL, L
B USRI OBE L 105 LB~ TH D, Haonem® 554~ 5 58 LIcHIC b REEETATR L s &
THE LT B, FEELWE, BV OBRBICARO FERERES I CENTELCENILAT, X
HRERRETROHEBALEEST EBHTEERLTVE, YEDC L}, AL~y RAICEE
HHCHMUT0 AT EERELTED, CNBABROERIBHZEST ZMEE LTEBINTV S,

BADRE, LB EEEIC L > CRESN, EFRST 4wy ORALAS C LIk ->TEL
CRIFICE 5100 S o0HRE, BEHcCAESE ST AR OERICESSDEEZ 5N, Haonerl®,
JaLALuDDIN® DHE L —F U 1z,

HERICKRETAMT 2 LRAORESETL, BELETRRIFT, P~T1n ) ETRRIEC &
i Javatvooin® E—H U, EHOKKOUERERZ, DUAKEOFAEICIE <4 F AIEET 5 L %R
o
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Table 17. 25 < S ERARICE T 2 M & BERT
Stand age and environmental factors in diseased forests

of Rhizina root rot

% & @ A M A B & &
Factor Number of diseased |Percentage of diseased
places places (%)
COR & (7 hH<Y Pinus densiflora 7 9.9
Species |7 o<y P. thunbergii 64 90.1
1084 K # Below 10-year-old 0 0
® " 10~154E/F 10~15-year-old 1 1.4
Stand a eﬂ 15~204E 4 15~20-year-old 3 4.2
g€ | 20~304EH 20~30-year-old 26 36.7
304E4: L) |- Above 30-year-old 41 57.7
w + Sand 65 91.5
ArshiE 1 Gravelly loam 2 2.9
- Soil structure %oja:r—r_l—- ig%%jioam 4 5.6
K FE IR » b Exist 41 57.8
1o & KR R
Fire sites or 1% L None 2 2.8
bonfire sites (R HB§ Indistinct 19 26. 8
WADHEDICHEE . 5 6
Heaping of sandy soil at roots of trees ) :
T & DHER 5 7.0
Heaping of refuse at roots of trees :

VI B/ & BB

1 WEMS OEERE ,

e THE Lo BeEks OMHE, b, Lis LORS S OFRERTE LT Table 171087, &

nickhid, 7n=vyR7THTY X0 SWEBZ, RIC, MBISE T2 B EWERLENS (L5, 5
A O T BICHALT A MDD HENA T 5 1o THICOVTHL E, BEIKKIEELLZW,

BRI T 2 WERERNICS {, BOENTHERELTHIT oNEH, 2{HEFSLNECAITS
b BT DEIC, HARDHED~DEEDCHOHRN, FRELLLNBHNED NG,

TR DOTIERIEL A2 &, AXbiT OWIBIKICIZA S RAERT, HIBLLEICE > THD THRAEHSR
B ob. COREE LT, BEROKBHEEE I N TREROSAEESSE S E0iEhic, 1%
D pH OEEHEL bNEDT, 7 0<yKENRICHED pH &% & OBEATES b J8it% Table
18ICRT o & ORED S, MBEREOAXHICH LIHRODBK T T v h ) th~55HIET, TR &
NBKBOEOHITIRBIENL LT C EDb b, £, A—HATE, YO EDHRKICE 2
HaBOBOEBIGINZE, BIEHLL TS EERT, 0F, SMOEBRERR» R, BERO
BROEOHHTR, TEOBH Uicd C AR THERSE VERASED b,

2. t#o pH LR&

oL 8 ANNC, 21 cm BHEE X T B ICHILBIIEL L2 O T, HC EHAKRETAMLT
pH 2308 L THV 2 HH% 0 o, 196945 A 28 B, REEEEK (V. 1 ICELTER) & EEEX
e, BRABFOO 9om BEEHA N Y IICT # <Y EFA 100 T>F M0 T, 25°C oftRE
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Table 18. DB S HFEEMOLED pH (B

H-ion concentration of soil in pine forests where Rhizina

root rot occurred

i THEO pH %m0 B E
u%ta%d s%rv@ed, ag%1A1 pH of soil Development of the disease

T O W 7.1
Sand at beach
7 o=y 1044 (R LIzl N
Japanese black pine 1V0-yr.-old (foremost line) 6.9 FEE LI one
7 a2y 184ELE 5 d
Jap. black pine 18-yr. -old 57 & 4 Occurre
7 a2y 256 a
Jap. black pine 25-yr.-old 53 " Occurre
7 m <1084 (Fif : sif LS
Jap. black pine 10-yr.-old (fore line) 6.5 F&H: L1z None
7 m= 144 (FED N
Jap. black pine ll-grr. -old (fore line) 6.7 7 one
7 w2y 206E 4 p
Jap. black pine 20-yr.-old 6.3 ’ None
7 1=y 5084 ~ H d
Jap. black pine 50-yr. -old 5.3~5.9 % ‘F Occurre
7 a2 (RRTH ~ 85 75 e
Jap. black pine 2-yr.-ld (foremost line) 7174 LI Non
7=y 284 (ERE p
Jap. black pine 2-yr.-old (foremost line) 7.4 ’ None
7 m = 605RA: 7% -
Jap. black pine 60-yr. -old 6.2 % & Occurred
7 v <904
Jap. black pine 90-yr. -old 52 7 churred
7 a =60
Jap. black pine 60-yr. -old 5.2 » Occurred
T A=Y 106 p
Jap. red pine 110-yr. -od 59 ’ Occurred
7 <Y 30FALEHE (5cm) 5.5~5.9
Jap. black pine 30-yr. -old . :

HE H layer ¢4 Occurred

10cm @ Lower layer 10cm 6.5

100cm /& Lower layer 100cm 6.9

Table 19. 75 =Y OAEBMICE T 2 KEH
DOHE LGN (1485

Effect of temperature on mycelial dévelop-
ment of the fungus on twigs of Japanese

red pine after 14 days

i 3 YRR
Temperature(°C) Hyphal development
0 +
5 ++

10 + -+

15 ++++

20 +++++
25 R
28 ' R
33 +

E e HROEEZEIRUDBIBROLEET 2,

Note : *---Mycelial development occurred vigorously
at initial stage, but feebly at the later
period.

REBAICE T 2 FFWIRBETEE Ui, 156, BE
BEtko 1 pH ORIERERIZZhEh pH 3.6,
4.1, 4.8, 5.7, 6.9, 7.7, 8.1 TH -1z,

F &MY BRI SRR Ucds, Rl
KTIEN T, FEFBED S 2 B%» SRR
HHoh, TORBE Fig. 16 1TRT, T DR
Bo, BN LBICONTRENSZ, thik
ELCRHICBEMT, Tk ) TR TR
D SN,

3. RRERK

D) 7TH=IYHICET 2RERORE KB

FEMBICE D 2 RRRORERELREE D
BAPRZTED D 5 12 DIT, RO THEREITE - 720

TH=YIAROBEEPSE S cm B, EX
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gcm OFREERIR LT, 9om BEE- b Y M % pH 30
K1EF RS CTHEETZE L, MoK
i Re—6 B PSA oo =—0 1
cm ZFM®E 3METOEEL, RECLSHE
PTODRBREAFAE Ui, ME#RIdTable19
IR K DI, BEHMEG 0~33°C, HRI
25~28°C Al 5, LirL, 25, 28°CT

80

70

60

50

Percentags of infected seedlings

40

BHIHDORENEDATH o723, WEHD 30
LZEMBEL, 20°C DT TREOCEELNS g 20
- bEs
- 7120 ; 10 T
(2) Th=YHORK o L= et DHﬁ-,g.,
. 19/vL  24/Vi  29/V1 3/ 10/VI 13/VK
12 cm ZEE < b ) IIC BSOS RE - ) \ B
o Fig. 16 7h<=YEHDO 25 S RFEL L LB
AOHTEERIBE L, REEOEEKX & pH & OB
IEERERKICA Y, ERERKICIZ19724E 2 A 22R Effect of H-ion co.n.centratlons of soil on
. occurrence of Rhizina root rot of Japanese
Rs—15 B CAEFBRLENET <Y DFHE red pine seedlings.

%%@5@%%6N%@85MB%%)%%ELTZFCK&B,iﬁﬁu%%%+ﬁihﬁé%to3
A8H, BECEAMT>OESSVILC, HER 15cm 07 o<y ELHOREETOEE LT
10K T T, FrEkEORERERBICID TRFREL /R Z Table 20 IK/Rg. D
CREH DL, FHid 28°C THROFRME P - 7chs, LEWVIC 20°C & 25°C IKEH 1o TE T,

4. BEBIUHESR

Mok, B E bl neyRT AT IC AN THERE , MM~ OREROEERBMERE—F L1,
1k, COXSHBEROEE, ARORERPIHIKE L, TCGHEDOEY vy BPRESNLT
W EICHIERT S,

B B TR S D500 € & 13 Prnuirs®, Masssst® b5t U, GrowwsntDiZih-L O L &
T+, EHEHRAOBROBEROREREE LT, FERORENE I2ELBTNE, BRICHERLPT
WERELTEZ bhEC EIE, HEMEESEMI DI, HEROBSICELTNET L L, B
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Explanation of plates

Plate 1
A. OB BURICE D 7 v =y OFHRIEE.
Group dying of Japanese black pine caused by Rhizina root rot.
B. 7a<YRRAOER BELALE2HOBRMBEHL TS,
Diseased roots of Japanese black pine.
C~D. 7 a=yBREADEBICER Lichi koo iz LEssiEk.
Diseased roots of Japanese black pine bearing masses of soil induced by outflow of
resin.
E. 74 <Y ORBEARICER S NI BERCIREH
Necrotic patches. formed on the inner bark of diseased root of Japanese red pine.
F. 7 v=y ORBRABICHERENIEM Ao
Ro: traces resembling macroscopically to bark-beetle galleries in the inner bark of
diseased root of Japaness black pine.
G. 7 u=YVERRONEEERBICER S NIEIT Ao
Rot traces formed on the inner bark and cambial zones.
H. ~ A 3 ZCHR SN KE DT EK,

Fruit-bodies of the fungus on Juniperus conferta.

Plate 2
A. 7 vy BRADRITICR S N o KB O R TE R,
Mature fruit-bodies of the fungus formed on the base of diseased Japanese black
pine tree.
B. 7 =Y BRAOBITICER SN icthET-FEik.
Young fruit-bodies of the fungus formed on the base of Japanese red pine tree.
C. ¥#EFHRE ABROABRO~N)ITER,
Young fruit-bodies of the fungus.
D. BEREDIHIBY & - et FcHid Ui TEik.
Many fruit-bodies of the fungus grown on sandy soil which was turned up for
surveying root system of diseased tree.
E. TH=YORKICHAE LIcF 2 2 VORTADD 5Tk,
Fruit-boodies of the fungus on forest floor of Japanese red pine.
F. THEEDORME,
Upper surface of a fruit-body of the fungus.
G. ZBOBAESDE LicFFEK,

Confluent fruit-bodies of the fungus.

Plate 3
A. FRIKOEM,
Under surface of a fruit-body of the fungus.
B. TRADWIH,

A section of a fruit-body, showing rhizoids.



Plate 4

Plate 5

A.
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. %D Rhizoid D L7z TRAEME,

Under surface of a fruit-body bearing numerous mycelial strands (rhizoids).
T 9y OBERIRICSEE Ui BA .

Rhizomorphs of the fungus developed in the crack of Jépanese red pine tree.

. KEDOFD D L%k,

Asci and paraphyses of the fungus. X100

. BEOFODD, FOIMFEIONA.

Asci, ascospores, and paraphyses of the fungus. X500

PSA B (¥ 4 474 ®FREH) WER SN2 ARB @ Rhizoid,
Rhizoids of the fungus developed on PSA medium.

- AR GERO .

Ditto (magnified) x4

- Rbizoid OWIIALITIIKROER O 5720, BOESBEOMOBRICEEDN S,

A section of the rhizoid showing mass of thick hyphae coverd with mycelial tuft. x25
ao=—DFRE LRE,
Effect of temperature on mycelial growth of the fungus, after 5 days.
a, 0°C; b, 3-5°C; ¢, 10°C; d, 15°C; e, 20°C; f, 25°C; g, 28°C; h, 33°C
a0 =—QFEEEMOKEA T VEE,
Effect of H-ion concentrations on mycelial growth of the fungus.
a, pH 3.5-3.7; b, pH 4.3-4.4; ¢, pH 5.1-5.6; d, pH 5.9-6.3; e, pH 7.0-6.8;
f, pH 7.5-7.2; g, pH 7.8-7. 4.

. AHOALHRBICL > TR LT & <V M. HHImAEEk,

Diseased Japanese red pine seedlings by artificial inoculation with the fungus.

FEOATHERICE > TR SN T A< Y B EOEC A,
Rot traces formed on Japanese red pine twig by artificial inoculation with the

fungus (after 15 days).

ABEERLBICEALET AV LIOERINALECA (M5 PHEIES),

Rot traces formed on Japanese red pine twig cutting immersed in the diseased

forest floor (after 20 days).

- AREOGRICE BMIREEROS M LA MEOME, m; RELEXE R, d; HRK

WERRD o
Decomposition of litter on diseased forest floor and disappearance of mycelial layer
of Basidiomycete.

m; no diseased area (dry), d; diseased area (wet).

C REEOB R L RG RO, m; KGRt G, 4 BRt (B,

Border line appeared between diseased soil and no diseased soil. m; no diseased

area (dry), d; diseased area (wet).

E~F. AROHMICE 5 MIREER O E L EAMBBOHE,

Decomposition of litter on diseased forest floor and disappearance of Basidiomycete
caused by artificial inoculation with the fungus.
E, fLpX Control F, KEREIEMX
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Inoculated with the fungus on scorched floor plate.

Plate 6
A. B. C. WEAEDFEEFEICE JITTEE,
Effect of soil raking of forest floor on fruit-body development of the fungus.
A, #EFEX Control
B, #5 AXEX Turned up
C, L~F E%3+ KX Removed L~F layers
D. [LKFEHOT H <V EBHRICHRE Lic FERK,
Fruit-bodies of the fungus developed on rot Japanese red pine wood at fire site.
E. XEBOT H=yHo>6 < bFRICK 2.
Dying of Japanese red pine stand caused by Rhzina root rot-at fire site.
F. U KESOT 5 = R OMITICIHE Ul FHK,

Fruit-bodies on base of blighted and decayed Japanese red pine at fire- site.

Studies on Rhizina Root Rot Causing Group Dying

of Pine Trees

Kunihiko Saté6®, Yoshinori Yoxozawa® and Tsugio Subén¢®

Summary

Rhizina undulata Fr. ex Fr. (syn. R. inflata (Scuirr.) Karst.) was found by A. Yasupa (1913)
at Nikko in Tochigi prefecture over 60 years ago and was named ‘“Tsuchikurage” i.n Japanese;
however, the damage of coniferous trees caused by the fungus was not noticed in Japan until
1966. K. Ito (1968) describad first Rhizina root rot (Tsuchikurageby6) of pine trees with
materials collected at Ishinomaki city in Miyagi prefecture.

In the present paper the authors deal with the results of studies on etiological and ecolo-

gical characters of this disease.
Distribution and damage

Rhizina root rot of Japanese black pine (Pinus thunbergii) and Japanese red pine (P. densi-
flora) trees is widespread at forests on sand dunes in seaside districts, and the damage in
land areas was generally observed at burned sites in the T6hoku district, the north-eastern
part of Japan (Fig.1). The damage of Japanese red pine and Japanese larch (Larix leptolepis)
trees in the central districts was reported by T. Hama (1971, 1973)‘.

Symptoms and signs

This disease causes group dying of pine trees through the attack on their roots and

Received April 18, 1974
(1) {2) (3) Tohoku Branch of Government Forest Experiment Station, Shimo-Kuriyagawa, Morioka, Japan.
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bases. The dying spreads in an irregular ring and the damage proceeds at the rate of 3~5m
radius per annum for 4~5 years; therefore, the group may be as much as 0.1 ha in extent.
Larger groups which were often observed are due to the coalescence of two or more smaller
groups. Crowns of diseased trees have an off-green to yellowish brown appearancé. Infected
roots or bases of diseased trees are characterized by necrosis lesions and rot traces bearing
exact resemblance to bark-beetle galleries on the inner bark and cambial zones. The size
and number of necrosis lesions gradually increase until the whole root is dead, and a dense
weft of mycelium is found at the root, which firmly binds together a mass of sand or earth.
This is due to outflow of resin (Plate 1, A~H).

Morphology of the causal fungus

The apothecia are formed from May to November on forest floors and on bases of diseased
trees. They are variable in size 3~10cm across, irregular in shape, with an undulating,
chestnut to dark brown upper surface, bordered at the margin by a narrow white zone in
the incipient stage. Rhizoids or tufts of hyphae are formed on the under surface, therefore
appearances of apothecia resemble closely medusae (Japanese name: “kurage”). The agglu-
tination of two or more apothecia is frequently observed and the agglutinated bodies are over
20 cm in diameter.

Asci cylindrical 300~460 X 10~18p, spores fusiform, hyaline 27~40 X 7~11g, paraphysis
numerous, tip brown (Fig. 2, Table 1, Plate 2, A~G, Plate 3, A~F).

Physiology of the fungus

Isolates for cultural studies were obtained from germinated ascospores and their dormancy
was broken by means of temperature-shock (at 40~42°C for 12 hours) on glucose agar.

The mycelia of the fungus grew well on potato agar and Saito’s soy agar, and feebly on
yeast and soil decoction agars (Table 2). The originally white mycelium later turns pale
brown to dark brown on potato agar, and in old cultures brown-dark brown hyphal strands
(rhizoid) closely resembling plant rootlets were formed in the inner part of media (Plate 4,
A~C). The mycelial growth of the fungus on Ricmarps’ sol. agar without glucose, sacharose,
sulphuric ammonium and asparagin, respectively occurred feebly (Tables 3,4).

The mycelia of the fungus grew at temperatures ranging from 0° to 33°C, and favorably
at 25°C, and the development of rhizoids took place at temperatures ranging from 20° to
30°C and favorably at 25°C (Tables 5, 6, Plate 4, D).

The mycelial growth occurred well on the acid side and poorly on the alkaline one (Table
7, Plate 4, E).

The artificial development of apothecia of the fungus was investigated and the following
results were obtained. The mycelia were cultured on sterilized old pine-cones at 25°C for 15
days, and then the 10 cones were shallowly buried under sand per one pot, and 5 apothecia

(3~7 cm across) developed on 3 pots after about one month.
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Pathogenicity of the fungus

In order to make clear the positive technique of inoculation of the fungus, several methods
of experiments with the fungus to pine seedlings were performed, and the following satis-
factory methods were obtained.

Mycelia of the fungus cultured on potato agar was inoculated as inocula to sterilized
soil in deep Petridishes, and pine seeds disinfected with organic mercuric fungicide were
sown, and the Petridishes were kept at 20~25°C. After about 10 days, the fungus was
dominantly colonized 6ver the soil, and then lids of the Petridishes were removed. After a
while, damping-off caused by the fungus occurred, and then root rot followed. Clean seedlings
washéd with sterilized water were planted on the deep Petridishes which the fungus had
colonized over soil, and then kept at 20~25°C. After 2 weeks from that the root rot occurred.

The present authors experienced miscarriages of inoculation tests and the largest cause
for the failure was contamination of Trichoderma spp. and Penicillium spp.

The inoculation tests of the fungus to Japanese red pine seedlings on sandy soil, loam
and those scorched, respectively were carried out, and the results showed that the infection
on loam was more serious than on sandy soil, and the damage increased by scorching of soils,
especially on sandy soil (Fig. 3, Plate 4, F). The re-isolation of the causal fungus from
infected seedlings was easily performed.

Pathogenicity of the fungus to Japanese red pine (Pinus densiflora), Japanese black pine
(P. thunbergii), Japanese larch (Larix leptolepis) and Abies sachalinensis seedlings was proved,
and the results indicated that Japanese black pine was more susceptible than Japanese red
pine, and the others were also susceptible (Fig. 4).

From the above inoculation tests and the survey of hosts in natural condition, the following
tree species were listed as the hosts.

Pinus thunbergii, P. densiflora, Larix leptolepis, Juniperus conferta, J. chinensis var. pacifica,
Abies sachalinensis, Alnus sieboldiana, Robinia pseudoacacia. Moreover, the development of apo-
thecia on bases of scorched trees in fire sites of pine forests was observed on the following
tree species.

Cryptomeria japonica, Quercus serrata, Q. cvispula, Lespedeza bicolor var. japom'cav, Rhododendron
kaempferi, Vaccinium oldhami, Fraxinus lanuginosa, Hamamelis japonica, Morus bombycis f.
spontanea, Hydrangea paniculata.

The developmental process of rot traces caused by rhizoids of the fungus was observed
by means of inoculation of the fungus to pine twigs (vid. Symptoms and Signs). The mycelia
of the fungus were inoculated to cuttings of green twigs of Japanese red pine bearing barks
in deep Petridish and were kept at 25°C. Mycelial growth occurred vigorously all over the
twigs within 10 days. After 15 days from the inoculation, many rot traces were observed on
the inner bark and cambial zones of the twigs and the rhizoids rotting the tissues were found
in the parts, closely resembling bark-beetle galleries (Table 8, Plate 5, A).

Ecology of the fungus

The infection of trees was observed only in the forest floors where the fungus were

dormantly colonized. The mycelial layer of Basidiomycete developed in F~A layers disappeared
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on the areas colonized by the fungus, consequently the permeability of the forest floor was
conspicuously promoted and water content of soil increased, therefore a distinct border line
appeared between the colonized area and the non-colonized one (Fig. 5, Plate 5, C~D).

The depth of the mycelial development of the fungus and infection of pine roots in soil
gradually decreased toward the proceeding direction of the disease (Fig. 6).

The causes of disappearance of mycelial layer were investigated and the results indicated
that the fungus was able to decompose remarkably litter and humus layer, consequently the
mycelial layer disappeared (Table 9, Plate 5, E~F). To make clear the effect of disappearance
of myecelial layer on percolation capacity of forest floors, surveys were carried out at Japanese
black pine forest in Misawa, Aomori prefecture and at Japanese red pine forest in Naruse,
Miyagi prefecture. From the results, it was clear that the percolation capacity at areas where
mycelial layer disappeared increased conspicuously in comparison with that at areas where
mycelial layer developed, and it was also observed that the capacity was promoted by removal
of mycelial layer. Moreover, the surveys of distribution of soil three phases at each area
were performed and the results supported the above-mentioned results (Fig. 7~10).

For the detection of the causal fungus in soil, twig cuttings of Japanese red pine were
inserted in the diseased forest floor. After 20 days, the formation of necrotic patches and rot
traces on the twigs was observed and considerable high rate of detection of the fungus was
obtained by this twig trap method, but the attempts to isolate the fungus from the twigs
were unsuccessful owing to contaminat\ion 6f Trichoderma sp. (Table 10, Plate 5, B). The
apothecial development increased remarkably on the forest floor turned up and on that
removed L~H layers. However, the effects of chemical fertilizer and lime applications to
forest floor on apothécial development were not remarkable (Tables 11, 12, Plate 6, A~C).

Early in May 1969, large forest fires covering several thousand ha broke out in the north
part of Iwate prefecture. From the surveys in the fire sites, the following results were
obtained.

The apothecial development of the fungus and infection of pine trees occurred remarkably
throughout the fire sites of pine forests after about 3 months from the fires; however, it took
place only in the areas where fresh pine roots were present in soil, and it occurred also in-
Japanese larch forests. No apothecia appeared in “Sugi” (Cryptomeria japonica), Japanese
cypress (Chamaecyparis obtusa) and broad leaved pure forests.

The apothecial formation was not found in 2~5-year-old pine forests planted as the first
stands, but a small number of apothecia appeared in 10-year-old ones, and the development .
increased conspicuously in above 20-year-old stands. The apothecial formations were arrested
under extremely dry forest floors (Tables 13, 14, Fig. 11, 12, Plate 6, D~F).

From the surveys on sand dune forests in Akita city, it was observed that the spreading
of the damage by the disease on a 15-year-old Japanese black pine stand was prevented by
the path (4m in wide) along border line of fire site. This indicates that the spread of the
disease was arrested at the area where roots of pine trees were not present.

The spreading of dying of pine trees caused by the disease, started from fire sites was
observed on sandy and gravelly soils with few exceptions, however, the damage beyond fire
sites on brown forest soil and black soil was rarely observed in the Tohoku district.

‘The group dying of pine trees caused by the disease had been regarded as damage by

bark-beetles, therefore the dying trees were burned on forest floor to prevent the spreading
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of the damage. Owing to burning of diseased trees, the damage in Japanese black pine forest
occurred with increasing severity at sand dunes in Akita city. Many groups of dying started
from fire sites were confused in the forest and the area extended over 0.5 ha (Fig. 13).

Effects of soil factors on mycelial growth of the fungus were examined. The results
indicated that mycelial growth was promoted by burning, sterilization, acidification of soils
and addition of fresh pine roots to soils, respectively. On the contrary, it was arrested by
addition of ash owing to alkalinization (Tables 15,16, Fig. 14, 15).

Effect of environmental factors on development
of the disease

The results of surveys on environmental factors in diseased forests in the Tdéhoku district
are summarized as follows: The damage of Japanese black pine forests occurred more fre-
quently than that of Japanese red pine, and this result was due to wide distribution of Japanese
black pine at sand dune forests in seaside districts and susceptibility of the pine. As stand age
increased, the development of the disease became more frequent, but young growths on diseased
forest floors were severely affected. Most important occasional cause for occurrence of the
disease was burning of forest floors by forest fire, slash burning, bonfire, camp-fire and field
cooking; however, the occurrence at stands where fire sites were not found was observed in
sand dune forests. Heaping up of soil and rubbish at bases of trees was also thought to be
an occasional cause (Table 17). k

From the surveys on littoral pine forests the following results were obtained: The disease
development did not occur at young stands by the sea where soil was neutral or alkaline.
With the increase of stand age, forest floor soils became acidic in consequence of heaping of
humus, therefore the disease development increased (Table 18). Moreover, the effect of H-
jon concentration on the occurrence of the disease on Japanese red pine seedlings was tested
by inoculation with the fungus, and the results showed that the damage increased with lower
pH and did not occur at all on alkali soil (Fig. 16).

The mycelial development of the fungus on sterilized Japanese red pine twigs took place
at temperatures ranging from 0° to 33°C and favorable at 25~28°C (Table 19). In order to
make clear the influence of temperature to occurrence of the disease, inoculation tests with
the fungus were performed by the method is which 1-year-old Japanese black pine seedlings
were planted on soil colonized by the fungus. Disease development occurred at temperatures
ranging from 15° to 31°C and severely at 28°C at initial stage, and gradually increased at
20°, 25°C (Table 20).
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