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HEEI BT B H T <V kORI E CIBOTD SITEONTE T EHS, B, IKAEKICE
D KER—FERBTE b D LI, KEBOLEPPERS b TS,

F 52K BED—DT, 19544EL Ah LWEROEEREND > TERAINTE A, 1996 FICiF
ZOHHEMEWICE IR0, BHIC B 2EBBX L2255 LRI

fﬁﬁ&[AmMMﬁamsz@k)KA%n]@%ﬂ%@ﬁ?W%ﬁﬁﬁ%(,ﬁﬁwﬁﬁéﬁﬁﬁ
BTR=kvh 720D, FY<h7=eY, S4=Y, FF=v, /uex/=Y, Thzy =Y, 3
—ByNbUE, RbR=T2Y, LY/ =WV, THTY, ¥YINEZY, EZHTIY, 2F, v
FHYN, UEALH VN, BRE A, Yoy ) FEELEZOPENRH N D

TNSDOHEERBIZEASHIERE 2 ~ 6 FEEDERMICH LN B, FNIL=F VATV, 781/
7Y, 30y, VL EOKT 304EEL SV THRIKHESRELIAIGH D, ThbDD
L, HEBRLE L HONI0EH T DYBKILBOTTH 3,

H5= YK BT ZHERDS S bNFRIHFIK L ->TRIED, EMNHATICHRENCHOHNS
BAE, RAMCERICEES D SbN 284085 5. FIREEZEDH S b FICH KA LT 2 >OBMBAH
5Nb0 ZD 1 O3B L DOME EBIcH S 3, hd 1 DEFHHE RS 2 W I RO MMIEIC I >
7R, BRI B 0PI o, WHWAE IV IHIBRET 2TNH 5. CDXDICHFEDODLT R
LhEVIcky, HERE DY, LBoTH 7 2 ROREBICE BEROMBTTL 2 X5 ICEDN
%o

BEDS 7 2 rRICHT 2REREHLDHTEOMN, KRICBT 24 7= VDT 7 2 rHOREREICD
WTOBER EDDHTHII. SEE, - BR - BN E>TEFRTOHFvYDF 7 2/ KIOL
T, ZORAEE KIFT RGO KBTS 2 BT AEREERBNE Sh i

FE S HWPARDFE 2 DEKRD HAEBIENS, LEEICET 205 < ViERBOF 7 2 5 FORE
BHICOVT, 1958 FERWEZ TR - TE/LDT, CHETKELMNREZEVEEH T TREET 3,

COWMEET BILHY, DRTNREFRL L CIHEL SCR CHEEBD - TO 2HERREASB< B
RIS R, AMERERE—ESL, AEEAENRRALEL, RILEESM B S BlERE
+, ARFEERRENR, MRAERTEREZER, BULREICEE LTE RO CHI2 00 bigE
ITHRBIREERRN Y, BEEHEN, 4% LR« hASHEBEMNEOEN . EEERRERE,
FHEAWIKE . WIERBREE—, ELEEHRE, LREKDTREKE, 44 « FEH - 25 -
JLR < B« HEMEERBREROEL, HEILEERE HHR RS AN, BISEETRE, [
R EEHAR—, BEEEAEESELOF LAY LELIDELSBALER LB 3,

I dtiEsERICET ZERROBWESHIRR

ERICET 2 RO RES R ILIZFHIEEEBILODOTRIFATH 505, 19554Ep 5 1962 £ FTORH
WALEE MR RERE, BME = = — OV HE SN CBHEBET 3 LB 1 RDEBDTH 3,
FlEPLHEE, ARRRBLALLBICHL>TREL TS T EMBHEEIN S,
BEOREREHRICL-TC L2508, VMR TEIEHEADKXBBRINTVS. Th5DiEH
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Table 1. Damage of Armillaria root rot of larch in Hokkaido.
mawE 2 % - B [ ek B FE e
wner | Regiona = R & Age of |Infected Number of] Pegfcetn}f:\ge Age o%
fo?ést fg;’?iscf.;y District forestry office stand |area(ha); ngztse\d diseased (ilcg;lrggg
§ . [ trees(%)

"1 B B Rikubetsu 6 2 |. 2,500 50.0 1956

2 rhiEi  Nakashibetsu 5 1300 | . 12.0 1957

= | 3 B % Ashiyoro 5~7 27 70 0.1, 1958

4 i@ Nakashibetsu 13 33 16,050 .| 19.5 1958

Obihiro | 5 o & Honbetsu 5~10 | 24 | 3,206 5.4 1959

6 2T B Teshikaga 5 114 552 0.2 1959

7 A& B Honbetsu 46 1 1,100 | 44.0 1961

8 f:Efg Saroma 5 11 2,072 7.5 1956

9 fEER§ Saroma 57 126 | +8,800 | 2.8 1957

& E | # Abashiri 5 15 91 [ 0.2 1957

! 11 #r RB] Monbetsu 6~7 15 10 — 1958

~ Kitami 12 {20 Saroma 6~7 50 546 0. 1958
ZEL 13 # %] Monbetsu 46 23 337 0. 1059
National 14 {22 Saroma 7~8 50 300 0. 1959
# gy |15 % ) Hukagawa 15 100 0.3 1958

16 ZR® Furano 3 5 25 0.2 1959

Asahigawal 17 gy Nakatonbetsu 15 25 | o7 | 1959

18 2 B Muroran 1 . 60~ 2.4 1958

19 B #& Hakodate 3 BV RS N 1959

. |20 .%k#%pP Kikonai 350 2,630 | 0.3 1959

B 21 g7 % Esashi 309 | 3,843 0.5 1959
Hakodate | 22 # $ Gamushi 199 11,786 2.2 1959

23 4 4 Imagane 53 951 0.7 1959

24 {E&% Kuchyan 18 596 1.3 1959

25 ZFE B Muroran 173 39,630 9.1 1959

26 /v Tomakonai 6 1 60 2.4 1957

I 27 7 7 Kasai 5 34 | 1,250 1.5 | 1959

: 28 % JK Obihiro 4~5 1 - 490 1. 15.6 1960

Private 29 % % Uty 8~9 25 -410 | 0.6 | 1960

30 F Ji| Kamikawa 6 2 600 12,0 1962

DT b RHENCIZH 40 ~50 BORFANS N BEFHbH %o
C D3> 1956 FEO BB IBHEDBASKEBENIC 1 2 HEEKIILE 50 ha, 22 110ha, 465,
192 ha, #3F 360 ha, FEAE 100 ha, AR 62ha, #ART54ha CHEAEMDEALFALISIBEASERNL

RicB &

AT B,

T, MMEEOREETER (1954~1963) DRPHP LA T =Y DF T ZHFR OO TKENS - 72
bOEBFBERDEBLTH B,
LR 7 ~8 44 16/VI° 54, i 4 4 15/V° 54, F3F 6 454 23/VI’ 55, ABI5~6 4 1/]X 55,
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b0 10cm

BIR F727KIR

Fig. 1 Root systems of larch trees
Remarks : & : Mycelium,

No. 1~6 : Infected

Left : Side view,



LEEIC BT 2 H 7 <V ERRODF 7 245%  CUNEP) — 5 —

INtch 7<=V DER
affected with Armillaria root rot.

~\ : Rhizomorpha.
trees, No.7, 8 : Healthy trees.
Right : Lower view. Refer to Table 2,
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1% 6 4E4= 20/1%° 55, AL 4 ~ 5 4E4:6/V *56, B 7 424 28/1V° 56, itk 6 454 14/V] 56, M 5
HELE30/V 55, BRI 3 ~ 44E4: 7/VIl 55, BRI 44ELE5/]K 56, #6454 5/[) 56, BRI 6 FEAE1/1)
*56, #ERl 3 44 10/V]1° 57, #8585 4E4E10/VI 57, £ B 7~ 84E415/VI 57, AP 10 44 28/V1 58,
A=A 544 26/15 58, B3 944 10/V] 59, S5 5 44 20/VIi 59, $RAIR 7 ~ 84E49/V]1 60, B
18 44E4: 18/V]1’ 60, #ufH 4 ~ 5484 21/V°60, —D#E 544 5/V1° 61, /NEK 444 11/V] 61, BE
2 EH18/V] ’ 61, #( Bl 6~T 4E4:16/V 61, @8 2~3 4£4:18/Vl* 62, k& ik 444 18/VI 63, HA{ 5 £
H 1/X]°636

PlEORERD SHMS 3 &, BROBHHIC SO TRIAREOBRTHIUTIECTORELTVSD
DLBEbLND.

ZNSD I BTHMERD IS < A ONBHFE, BHEROMME, ERRDKILRENS -t
R, $EBOEE, MATROKILKEE D 3to I HBICE O ERM D hhsbi 5.

I r>95micRenicns<y

A & #

F 7 2 HRCRSNADIBO 2~ 7 Y BFMOMOIE L (B, SHEIHREAICE D DB TBEAIE
B LUTHIET S (Plate 1, B),

RHEHAC LT L1353 BIFICH SDON 2HHILTE RER) BOIPRAL, TORBME
THCEUBKER, REL, PHTHET 2. BDoRIAICPI TS 0 — 2 2EROHIENRE, 5
WEHERICPDY, PETEE, T 2. RESRCEAK DR 7 0 — 3 2AROFHE DS HsE
TFTEL, SEEREET 5. T/, HUBRACIBRELELET 250055 (Plate 4, D)o thbD
BRASHEEBAEOBIEESERL . BEEZSU LT 20008515 (Plate 1, C),

], HEHTORME FICABOEAESER SN TEY, BICRBAO HROEARSBRE LTS

(Plate 2, B, C),
BAICBOTIE 9 AhBE~108 LA, FA2DMMECSROFEREET S (Plae 1, A),
B. ¥345RICREINICHSTYDRREM EHOER
BRI DO TH EER DT & T D BRRE & DBIRIC OV THREZ BT 1o 7o BAEARIZILENR
B2k FI2TRICBEINIHT Y ORERELRK
Table 2. Height growth and symptoms of Japanese larch affected with Armillaria root rot.

P B B|IE B EERE ‘
aﬂi‘eﬁeg‘( &S| Total |Diameter Heig?t g)rowth & &
height(m) at 10cm | (em) |
trees | No. height (cm)| 1957 | 1958 Symptoms
5’1‘:%%@1‘?@‘?’#%5‘3 (#5586
; :13 g 4212 ) 88 ig he needles except those at the top fall
) off (Dead).
i RN SrngtEO T ORFE AICE S (BE)
Infected 2 22 ig gg gg Colour of the needles at the top is
trees ! : changed to pale yellowish green (Dying).
5 2.5 3.2 85 95
. 4., 4
6 2.6 1 55 5 T L
'’ e K|, 2.6 4.1 60 g5 | Mo change
Healthy | g 2.5 3.7 70 80
trees

Remark : Larches planted in 1954.
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# ESOZRADERELTEAMEA, HEMEELLSD, FHEROHENOTHCELLLLD, B
JURDY LRSI DI EiCh) 8 KOFEKILOVTHE Lo ZORBEIE2ECFTLEEVTH
3,
BLRICEDEHAEARNo. 1 ~No.d D LkHI 7 o—FICEBNRD SbidbDi, BEFOFHHMHE
BRAFEDOZNIC NOFTHENTH B0 T, EFHDML No.5 ~ No.8Tid No. 6 ZBNTHMD
HORKTCH 70
DECEZRERDRETORVIKELT, BEZITCHE L VEABEIEREINTO 3R 2HE
Ulco ZORRIZBIRICRT EBVTH %o

BLZREFIREERALTH 2L, HERCEALBSONELDORIOTHOBROAEIBBINT
BY, BARSZRICHEE LTS, —F, #HEBKEASED S, —RE25L<A5h3 No.

5~DNo.8 DT No. 50-07Tsu IkeDA
5,6 D XS TICiRO— a0 BER | ek .
BEgEnTLb0bE | nfected, | Healihy o
%, TOREIL LD No.6 z v . L o e
orsesgommops  MICOT L Co.
BREOZRIC BRT/A 2 N . -
sepppnTLOL BRIl T T ;

55 %:5 ol : . |

C. F5sumicEE N3 -y
RS IOH O s e s e 54 755 56 51 1956
AR oy 2-0TsU IKEDA )

KRR EINIcH S =Y sk i
DEEHERERICOR | %{eff& - ﬁ%ﬁ@ -
WOBREIC XDEEIC, & larch . lanch,
BNIAMITUETT 3. é iy B .
RS ERETFO "'m;%“ ok co o f

BELHET 2roMBk g | . i :
BEAREXR 2, Sopkg g ) .

KT, 195445 HifdE 0 ﬁ§4°F . I
HFTVICDNTIB8E My N - . -

SACHEESCHo2e O gl o

ZORBERB2 MO L HD o o A

Th5o : S

B2HD 555 LD TR s % e e W 5 % 57 9%
RIC &> TIHICE 5% P2 RAAEF T 4 BEADRESE

Fig 2. Growing process of larches infected with Armillaria
MREVD, HROI-HIC root rot, and healthy ones.



— 8 — WERBRETA#RE #1795

& o I BARTEEIZINGHSREEZ LT3 L, Eiﬁ'?ﬂiﬂ;% U7 SEIRRICHREN B Lcd
D, FLHEAED OREBSEZ L HOMNEDONS.

HERRERDORE, F0OLRAORAIE RANEERICX->THRED, KE 50 DBAIR 24
BEE U TRROBRD BBD oNicbDOWBEp oo hs, KE—2 DFARBMIE LAECEHED Licboh
Z{BYoNic HERBECE U TRBOETIHENBIER XS CEbh 3,

NV ZERERE

 EADN T v Y ERICED 3F 7 2 SRORERTES B &, BRRAECRELTHEHLE, B
ICEHRICRAE LT R E DB 5N 503, RERBRED AH SHIED & 58S TIRMRRNE D
W0y, EELUTHED &S BREMOERMIC OV T BEFAEL BB otco FHEBMIRO 14
MPHRTH %,
A LEHBEEEREERISHKIEAND 2 hFF (A—1, A—2), i 3~5EDHF < vk (DT
R, KF—18LI),
B AMBERRFER ORFEND 1 2t (B—1o EH®KSFEDOH 7 < VM (LITILR, X%
—9&WVI)e
C:ZMENRBEWFEX 167, 162HIFNO 30F (C—1, C-2, C-3), kK3, 5£&0NT<
i (DITER, #rvx —167, 162 L),
D : 4¢EHB4ETERX 124 HHENOD 1 pFT (D— 1), H%ﬁ%ﬁz 82 HKHEA D 1 »ARF (D—2)0
%3, 4EOHT vk (UT4¢, A6 —124, 44, EFF 82 L1 5 ),
E : B E BRI EER 2719 MIEA O 2 Hii (E—1, E—2). fE&R S FEDOH 7 = v Sk (U
TEEM, KRE—279&0 )
F: ZH5EKBLEHER SHIND L 1f (F—1)o WK 3FEON 7 <V hlssk (LITEFE, A
#H—55 L3 ),
G : ZHEENEBELTFER 2HRIAD LA (G—1). HRE3FEDH T < v itk (UTE%F, &
Z2F—T2E05),
H: R EMEFER 207 HREND 405K (H—1, H—2, H—3, H—4), ER&SFOH
7 = v itk (DUFHE, FOR —207 210 35),
I WEHEEORAMK S, (I—1, 1—2, 1 —3) #7=Y, 2 bu—7 =7 FHREROHK
W R, ik 4 (RITHRE, XEEWV D).
T hEMEABEERER B HINIAD 15 (J—1). E#k%k64E CUITKaEM —78&
Ve ‘
K : BRIE®ERBEER BHIVNEND 1 hf (K—1), ##ktk 44 (DITHBI, #&E—78&
V3o
L : ZHEMBEBREEEX 43 HIVNEND 1 B L — 1), #E#% 7FE (UTEF, K —43&
V3o
M : A EBREFER 2, 49, S0 KIERD 17557 M—1, M—2, M—3), g 4~54F
£ (QIFHbE, KEEWND),



BB BT 2 H 7 = v ERBDF 7 275 UNE) -9 —

N : LRERER SRERX 89 HIEN/NEAD LB (N —1), 18 #k 314 (TR, #Rsn
3o
EHEMOMBEMIIE SKICRT EBDTH 5,

' 0. 20 40 60 8%.
Y
HIR HEHMNLER
Fig. 3 Map showing the surveyed locations of Armillaria root rot of larch.
(Hokkaids)

@ : Experimental plot. A : 18 Sakaemori, Kitami, B : 9 Sakaemori, Kitami,
C : Karurusu, Muroran, D : Imagane, E : Higashisetana,
F : Faren, Nayoro, G : Nakanayoro, Nayoro, H : Kagura,
I : Biman, Kato, J : Saroma, K : Monbetsu, L : Teshio,
Nayoro, M : Ikeda, N : Hiushinai, Kitami.
A kR, ¥F—-18(A—-1,A-2)
1. AEHOBHER
C OB RN BB RREREX 18 PR, 1956 5 AEHD 77 =V EMHTH 5. FHEII 1959
#£108, 1960£4 H, 1961 E7HAD3EEBCIE 570
COHRTIIZHH (A—1, A—2) KB\T, FFPEME, &, REOLEREE, H¥hicsY
ZABEDHERKRSARI, 78 5IERBHDESFE T L DORFRIE LK OV THEEBC o7,
A—1, A2 ATEMIE 4R RTLBOBELTED, EFI3H250m THRNME S, BHEEG
WCEWEERSTEICAE LT3,
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== T DEBER XD CRIFT, M&H2.0~
oz @EEN  nvestigated plots 2.5m, MEFHOMPFZ0.8~1.0m

HAR JLR  RHH T <V ERMOMTE L KORBER  Thoso (19594 10 BIE),

(A—1, A—-2) ODRE _ .
Fig. 4 Topography and locations of plots in 18 — 2. F7 2 TROBERR
Sakaemori, Kitami forest. CDRBEHIC BT B+ 7 2KICEK

BRI 1957 FiC BRI N A3, 1959 £EFKICIE 50 ~ 100 KD AFHROBWE S 125 F2o

N OMREEBIREG > 52 L3 Mo BHEMNEIC S S b,

CNHDOFENTTOBEFICOVT, FTHBABZ BB, &EHA%E LEATORELENOH,
RARNCH EICERE LT o 7o TORR, ZREHNNOMRIHTEARDMERG & I & DBIRIIE S
6MICRT EBDTH %,

5, 6RicHaonB X5, COBMRDOREOEIVHY ZEHRFATT, ME LBICRERAINIIZ
FRIC .- TRELTED, &, HEOEBSERNED 1 5TH5 (Plate3 —A, B), LT, C
DE, RIBOBEORITICEIENHE Uicdh O 7 BRAD AL LB b

A — 1 DRFMAHEOEFNT 10 ~ 13° CTRLBDO T3 256 ~28° TARMITH 7o T, A—2(
DT, FERES 20°, @A 25° DERTH - 7o
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5185 T3,
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AEEZA -1, A—2RDRAI, FFIEO A OO T BN E ., HHEO HRIREOEZHEEIC
DNTHE, BEZBLE oo TOBREBKRICLETEBDTHS.
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oo WEHAIES , 6RICRTLBVERERCTH B, &AL AITBHEREBNL SN0 £D
FEELTOL ARSI REHOABFTRICOLL LN (BRFE 12K, BLOET, 8F).

Fio, LEMEICH SHONIHHD 1 DLEBICELN I ABROENSS 5, THibb, BEWICIE
FHO/NABRMBE LN 2 DICH LRFBICERZEOBSELN S,

HEHA—1DOAEL B EOMOBMOHBREIRFEIUTH D, BLBIHTH2. 2LT,
RRMICIHREICERT 2 EBONZHE LT VEBMBA SN

b. FHIOEPMME

FHOEEMRFD 5 LRI KB BRFBICS DEANBS SNt & QICEBTICBNTZDEN
RTHolco TN LHHRIMDORHADS 4 AhITH o fofcd MR- LT &, TRBic:
BIIKRIBH oI EREX LI HDEEZ SN B



LEEIC BT 2 H 7wV EHROF 5 2K (N — 13 —
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Table 3. Water percolation rates of soil (Sakaemori, Kitami).

AEMES | M EH B B Ei, fir EL?EI? &kt Water percolation rate
. ayer, Thickness |Depth from (cc/min)
Plot No. Profile No. Horizon (cm) surface(cm)| 5 min 15 min 30 min
A 18 8~12 35 28 26
b S _dl n B 30 26~.30 19 16 12
amaged site C 30+ 48~52 5 4 4
S_2 A 25 8~12 98 74 67
A_1 . . B 30 33~37 19 17 15
Middle site c 30+ 63~67 200 179 150
A, 22 8~12 260 175 145
S—3 A, 10 26~30 20 18 14
Healthy site B 20 38~42 167 137 106
C 30+ 58~62 39 30 22
S _ 4 A 20 8~12 138 126 115
Healthy sit B 5 23~27 118 99 85
calthy site C 30+ 43~47 62 52 11
S_s A 20 8~12 114 108 96
D0, B 18 28~32 76 75 54
Middle site c 30+ 43~.47 236 230 208
A—2 _
S_6 A 25 8~12 54 50 43
Damaged sit B 15 33~37 74 71 50
amaged site C 30+ 48~52 4 4 4
S_7 A 25 8~12 200 175 170
Damaged sit B 12 28~32 133 108 75
amaged site C 30+ 43~47 36 33 30
S_9 A, 15 5~9 27 22 18
—7. A, 15 18~22 167 130 107
Healthy site B 20 38~42 142 108 87 -
S_ 10 A 20 8~12 100 80 45
D 4 sit B 20 28~.32 17 13 11
amaged site C 30+ 48~52 3 2 2
B—1
M'c?dl_ L %1 19 17 57 % %
lddle site B, 20+ 28~32 10 8 7
S 12 ™ i w2y | s | e | 1
Healthy site 2 ~ 8 11
B 204 38~42 360 335 320

DECHFEMAOR, WMOEED & LERIAMEIC X DRI Uic I DWW TEAEOREE BT
Botco ERFHEIETHRICERLTEC 1™, ZORKE, 50%, 155%, 305%0KFKEIR
K ORIBIC Lo T (o e piIZA CEmER L. E3E)o

HIRICKD LRFWE BT, KRTOBOC EERLTVS, HEMA —10 RFEH
BERE,PSTEITEAERRTHD, A —2 CREBOBKERIEONTEBBENERIS T,

ZDRPOEEMRFIC DN TIRAERZERBD ohiih o7 &K, $53K).

Fi, CORERNEINCHEEL A —1IZOVWTIZ 196049 ATA, BEMOSO b EOREHAHE
R, OF, B4E. OILRNERLBORZAB, O HHEAZRR L, LEASERE L. 2ORED
1342.3%, @1350.4%, ®i3 66.5 BAR LREBMBRSER LT\
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3

Percentoge of infected larch tree
™
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—
o

12 3 4 5 (Yea
ﬁiﬁiﬁ5£§1 .
Po.ssmg year after plantation
WI0K  AFEERIRER A TER
Fig. 10 Percentage of annual death
of larch by the disease.

®OR +3 2 RKEINIHT <V BIRADERE

RO AHY

Fig. 9 Annual spread of the larch trees affected

with Armillaria root rot in a typical sample
plot.

Legend : @ Trees dead from root rot one year after

plantation,

@ Trees dead from root rot two year after
plantation,

Trees dead from root rot three year after
plantation,

P Trees dead from root rot four year after
plantation,

@ Trees dead from root rot five year after
plantation,

O Healthy tree,

— Direction of slope,

Contour lines interval : 2 meters.

4. REOHEB

KB ORFHBIIHFIC LD, TLRBECLDER
HoN B, h7=VOEAERINIEILRBL
B, S~4ERBb-EHE L, 6 ~TETKKE
RZATD0 FNICIOELELSSWVITIE T HRICH
RT2846H5 (BB, JLREMGRDR).

C T TIIREE 18 MIEND 1956 EERDH 7 <V iE
HRHUC DO THEHK B O RIFIRTTERE U 7o 195941
AFEEHACERAELMARD , HBEEHO O ERE
U ik BIE UCRRMEEE R L Elicehz
MR ECEAL T oo TZh LIBRBEMAT
BR L DD DN THRBKICHEL » R EicEmE
ALTO oo ZDRERIBIRICRT EBDTH %,

FOREL D LBRAOREE LDV AHD HRREKDMA E UTHEBFINCBRANSS >bh i
BN UTHMNIC G D > TRIZRWARICD Ao T o e & KB LN B,

T OHRDEEFDORTEEH 5 LBIONICRT EBVTH 5, HHkE SER T TICRBHIEL A%
2100 &L, SEECEICRRIHELLARESB THOb L,

BIORD» 555 LABBRRIIEAMRR LB - TS, LA LEMTAHZE, kK1~ 24F
OVETREBEONIKBESIIEEL LT, SEECAMS LIPS WEL LTHR DX IBE
TdhHbo 4FH, SEEIIEZLBRERITBL L TL B2, ZOCARIEE LRED 3~4m { S0k
EL R o DDBREREL TN LDTABILDERT {, EBREVLILHZ B,

h 72V ERHDEA, BLDETD B BREERE 6 ~TETCHEIKD S
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5. HHIIC BT 3EAROEE L HRIRR

C DR DERMATERERED & 5 ICHALE, BEBICAHE LT ENEHBIDITRD X S18HK
BECHEZBCIE o7,

s A — 1 OBRBMFRFKEOHRT 2 58, ZOMNEOCRLBOHRT 2HHERE L. TN
NOBEFTH50x50cm, X 0~10cm, 10~20cm D7 0y 7 I FHHEA D & 0, HiH S5 THRNZEY
RFLEBLZOHILEFNTOIHEAREFE Lo TNOAERZCE LR, TokELTHEE
BEL, BARDAZER Lico 30 HRIZNICKE, RELTEREZRE L. ZOHRITER, H 13
EOLBEVTH B, '

Ft, CHODOBAEOEELXTRYT & Plate5, E~H, e~h 0: 50 TH% (LROFETERE
Licb D% 25x25cm OHRIANTIRE LIcBDTHB)o

#13%, Plate5 543 LVTHOERKICBOTHHEARARMED SN B0, BRBOFBRLBLOE

B

L RHEE R BEX
QA3 W)U

BIR AR « Xz 7 = v ERMOME L X URAEHODIE
Fig. 11 Topography and location of plots in Sakaemori, Kitami forest.
Remark : ¢ R— Collected Rhizomorphs.
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1. REHMOH K

(B—-1)

C OB RHBBERTER 9 IEAD 1954 FREKD /7 T < VT H 5o FAIR 1960 41

BTtioice

FEMOMBERE 11 MICRT B0 IWTEREMEEICh 5. EHIEH 220m THRIE L, B4
ECHEREBTTE D, RRBIFELTICAH SN D, FRBFBOKE SI1E 15 ~20m TEFAD

A3 60 ~ 110 KRBETH 5,

FRUEER E LTI S X 7 DARA, 44/ %, 42 H TP RETFEELTE ¥ 359 hi%
C, TOMIC T, FEXRBENDBND. REBOV Y, 7 +ELINS CEBRRTH 7o
HEUBARAXIAARE Loz L, X DIk 3 FEMER LTS 2.

nT =0 EERRYT U OSSR LENRIE H#K2.5~3.0m) ThaH, BETLBRR (8

E#1.5~2.5m) THhotko

T OFEMIC OV TR — 18 OWEM &AM, B L 2%, HHERERE, 1EhOBRKINH

B-1

™

S0 R-8

Ky
- 1

B2 BEHB-1AROHT=vF T 27
R RIRE

Fig.12 Damaged sites of Armillaria root
rot in plot B—1 (Sakaemori, Kitami).

~:Damaged site,

— Direction of slope,

x S— Investigated soil,

« R— Collected Rhizomorphs,

Contour lines interval : 2 meters.

RREICONTHEEBC oo TORERIBRIT
L23&EBDTHS,

2. FIETRICLIHERR
HEOHLLLF T HY ZFIRFAETICEL,
KEBRD O BRI I/NBBEICK, /N
RICFIREASA BN B o TR & M & OBIR AR
TEE12MDEEDTHS (Plate3 , C),
SR OEMNE 20~25°, LI TIL 26~35°
LEMHITIZ ST 3,

3. RRHO T HIBREE
WERSHIZFHED X%k — 18 LA L KHB=RK
BU, DHKLE LY (ERER) OHEREICE
TTEfKILUREFETH 2, 1HEIIE L~
THEIENR~RIRTH 5, HERT Bo g
ERCD

RER S AT ONTHEME, 42T
TP OBE AR RO HREZTHE Lo
a. + M MW OE

T OREHAOH, FHOLHMIEIC DN TIEE
RKEL2ER, BLXUBEBHICRT EBDTHB, Th
SILED LT OHIRTII AIFCHRE — 18Dk S75 2
Y7 ) — P ROLHHREEIE A SNE ot BAL
DHEBRBERER RO 08 (55 18K, S—
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b. HHEOEEMME ,
FRIRFIEINC & 0 14 SR LATE & AR L ORI & DIGB AR DO CREA BT Mo feo 20

RBRAMI R, BLUBRESBRICRT EEDTH 3,

(B—1).

13) TRUTHUIB TH o 7co TALTREICH SN IABOBEY, HAFTREEHTHIOIHL, R
RRIZABMBS Ob b, ChoDT ERFFEILR, FHE —18 b THIBLTS bt

505 bRFMOBKERRBIIEBENI OB TRBICH o TEOREER LT 2EFNS 2.
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o TEHOBARAMTRI .

COHRTHEE, KWMHNCHIEIC L OBEAREREL, REERICLORBRESC N o TORRI
BKEI3E, Plate5, A~D, a~dIGRTEBVTH Bo 1k OFEMICHET ZHH% 3SEHDOE
KOV T Db THEEBC Bk (BRE 8K, Plate5, I~K, i~k), DR, WFhd
RIFHWDO T IREAIIC { SNED o foo FHBRROED AT IBHEH L it SR EOMO K
POBAESE  HOERIZ EBEOKCEROBEARBED 5 o

BEASAHRIC OO TR LDERS 51, 13LALDMET 0~10cm DRJILE <HHL .
10~20 cm ORICIZ RIS <, TURUTIRIRC CENKFET BRETH o 7o IS L LTHEHKE 3
EHDOEHMORRBTREN DT T S TFIRASUBRAL LN B LS UHFTERBIILLL, 20
TOROMBRICEBOBRRSEEL TV BEFHNS -7 (Plate 4, C),

C. =8, HILILRXR—167 (C—1,C~—2), 162 (C—3)

1. BEEHOMRE LUF T 27K OBERR ‘

BEMIERERBEWTFER ) vov 2 B 167 HEEICNE (1956 SEHEHH) MiC 2087 (C—1,
C—2), {162 HEEIT/NE (1958 4EME Heith) PRIC 1B (C—3) &woic (8 14[X). SHEEIZ 1960 4E 9
BE196lE4 JitBTitvio

WAL E G 4B0m, + 87 VOB THREEEHIEEE LTV 5. EANIETEICHE B
W (4~T7) TH5o

THIIEBRALK A HE, BHERMLETIBERLTH
B FRFEHE BEENERCSH 2. A BOEXIE FiEH
10cm TFEBICEEOKLIZABOENE (1.0 ~1.5m)
DHERE LT 2o

KRBT 5h Vo3, + 502 RKCERIAIZ
BRA /%, 9FA B8, Frhvns, Ny av+F,
FALEOHMMBREL , WK 7 =4 ¥, Y=
a, A bazEeF, —\v—:j}-, TV VRS, RAF, 35
AF, R¥ Ty, 7HREME LN, ERRKORERRIZ
PREET, H&2.5~3.0m, EE3~4m THwfo

COHRD + 7 2 FICE D WERIL 1959 I RE
i, FE20 BHIEICh - TREIN: BREREE
K%y 40,000 KCH 720

167 I DFEEM (C—1, C-—2), L KU 162 I
X:smEHHM Investigated plots AOBEHR (C—3) KOVTHBE, BEREADD D

BT EW e BAmR s 5 e PhFEE 15, 16, THDEEDTH S,
ERHOHTEE FUSEE SR ORI B 36 HFTIC HRADHK 28 BHE
HOE SHTELTHD, AR 4~5%, SERICE1~2

Fig.14 Topography and locations
of plots in Karurusu, % EZICEL LTV B, BRARIIEFAEICRELTH

Muroran forest. Bhi, FDEPICNIRIZRE L TO A EFRMBA LN D,
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1960 4E 9 i 167 HIENDRFEH (C—1) OV TR HEREE B 5ot JHEH (C—1) fIE
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WL, BEHEOBEEZB L olco TORRIIES, 6 KDOEBDTH S,

B5, 6EDLOHZER, FHHED Ay, A BOEMRIBELTH - 1 BRIRIIIBKELE LIRE
Thoto i, LUIWOED/NTHY, RRBOBIMEIRRTH - o

3. RFHADERST & THEHS

CDFEIT 19614 4 B FHNICAIRE3HAEMC —1,C — 2, C— 3 LD\ THI ol HMBELH
30 cm THREL EMSE U THEESER UciBads 72 8T - Th s,

1960 4£ 9 HICAE L HER FIKESOREETAL, BEERREOBER ALK L THI, DR
315, 16, 1TRITRT LBV TH B,

NS0 D BHEOEROAE N C—3 DHEEM T —HRFLLES LO0 IR ML SN, —
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Table 4. Soil profile in a sample plot (C—1).
< BTy
Soil profile ! 2 3 4 5 6% 7 8

ABDEZ

Thickness, A 20 14 20 42 18 43 14 22

A Boti

Texture, A, SL | SL | sL | SL | SL | sL | SL | SL

M

é&u%tﬁ%ﬁl Cr Cr Cr Cr Cr Cr Cr Cr

A A, BOBEE

Ctl)mpzactness, AL A, A, S S S S S S S S

A, H sH S H sH vH sH sH

ABDKIEIREE

Moisture, w w w w w w w

A, Bo pH

pI:I, A, 5.7 5.6 5.6 5.4 5.4 5.1 5.4 5.4

A, Bo Eh (3 YKL b)

Eil'l (mV), A, 535 546 550 558 565 595 584 587

Remark : * : Damaged site, SL : Sandy loam,  Cr: Crumb structure,
S : Soft, sH : Slightly hard, H : Hard, vH : Very hard,
W : Wet.
WOR RRIW LB ITIENIE
Table 5. Soil profile in damaged site (4) and healthy site (8).
MEES | m i || B B+ 8| mor (2 m|x &8 [B5% |5 =
: - ] R | k@ : i
Pﬁ’ille Horizon Tl}lgrl;n)ess Stone iTexture Compactness |Porosity |Moisture Ilig;%; Root
A 10~11 sS SL soft P wet R A
%W B '
A,—A,| 20~30 vS G hard mP wet R A
Damaged
site A, 6~8 sS S cemented none wet none none
(Profile 4.) 11 40+ vS G hard mP wet none R
A, 8~10 none SL soft P wet none A
I .

Healthy A, 12~14 sS SL  |slightly hard sP wet none A
P ?"tle . 11, 20~25 vS G hard P wet | none | none
(Profile 8.) 11, 304 vS G hard sP wet none | none

Remark : sS : Slightly stone, vS : Very stony, [P : Large porosity,
mP : Middle porosity, sP : Small porosity R : Rare, A : Abundant.
HEOER RRPLELMOABOEEM
Table 6. Physical properties of A-layer in damaged site (4) and healthy site (8).

MBS | EX Y ume m +| mEg | BARE
Profile Horizon percolation Porosity | Gravel Soil Root moroha
No. (em) | Dite Cee/miny | (%) (%) (%) | (8/400cc) | Zhd0ee)

Damaged site A, 55 69 3 27 3.3 1.1

No. 4 A, 93 69 6 25 2.1 0.0

Healthy site A, 207 72 4 24 5.6 1.0

No.8 A, 265 69 3 29 3.4 0.0
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(C—3).
A% WY

Z OFEHDRFIEIL LV IS - LBHTENcE-TH Y, THEBHTE L O—BWHBHELT
Wico COXDRERRBHMICIMEESRE S, BEPMORVC ESTFHINI,

4. THIOBEMHE

C—1, C—302@EMADR, KL SHRRAREZRRL, B, FAECOVTHRL £

BTxR LHomPEW (BH, Hrvr)
Table 7. Physical properties of soil (Karurusu, Muroran).

AWEE , HRRAKE e IS KE |
HARMTIE B fr Volume P?ol-‘rls’%% 'Water holding ?’J\'ﬁ' icié Moisture oontentl\}iﬁ/“@ B
Soil profile |Horizon weight (;6) y capacity Ir CApaCIty [ o fresh soil cap-
(%) (%) %)
1602 %:?E A, 76.7 68.9 67.1 1.8 61.0 90.8
Da(mag_ed gite G* 38.9 70.7 47.7 23.0 42.3 88.6
lgz ﬁsﬁ A, 73.3 63.9 56.7 7.2 45.2 79.8
H(ealtgy S)ite I** 42.9 74.3 64.7 9.7 44.4 68.7
1g7 JHKPE A, 69.7 58.6 60.9 —2.3 48.0 78.8
Dafmaged )site A, 50.7 71.9 62.0 9.9 61.8 99.7
* Gravel, *% Volcanic ash.
®8X LTHOFEKE (M, Hrivzr)
Table 8. Water percolation rate of soil (Karurusu, Muroran).
i OE WEES |8 A Ei?y’%rg kM Water percolation rate
Plot PrNoille é‘gg‘;ﬁn Thickness " Depth from (cc/min)
i (cm) surface (cm) 5min | 15min | 30min
1%2 H?E . A, 15 10~14 325 243 207
Dagna;d )site G 40+ 28~32 420 285 178
162 B3 A, 10 5~9 77 37 30
(C—3) 2 A, 10~12 — _ _ _
Healthy site I 30+ 28~32 374 360 315
167 BkHE A, 10~11 5~9 62 52 39
(C—1) 3 A, 26~38 18~22 315 235 208
Damaged site I 104 N _ N _

Remark : G---Gravel, J-:-Volcanic ash.
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Fig. 22 Distribution of the larch trees affected

with Armillaria root rot in plot D —1

(Shiroishi, Imagane).

Legend : O Healthy tree,

Replanted tree,

Infected tree,

Dying tree,

Trees injured by field mouse,

“zZD> e

Investigated soil,
R- Collected Rhizomorphs,
Stump of the deciduous trees.

Contourlines interval : 2 meters.
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Table 9. Moisture of soils.

BERKAEKE B KK 2
T MW H | B AL | Water holding | Moisture content I\%‘%ﬁc E
Soil profile Horizon capacity of fresh soil P-
(%) (%) (%)
Damaged site Ay 66 62 94
A, 45 39 87
E—2 (S—22) I e > 91
Healthy site Ay 64 45 70
A, 49 3% 76
E—2 (S—21) I s - 80
Damaged site A 63 58 92
A, 48 39 81
E—1 (S—20) . s o o

5~7" O FHMA THHo +HHII Bo BTHiE
T BICEBOKLIKEDH 5 H3RI3HK 40 cm DEFEX
ITEDONA T = VDEES Lo

—%, REFEO S — 22 550 +EILBET,
FEMIGHTH 5, Wi TEDKILIKEHST C
BB, HETFTDm DL AMLGREIIEDZ
OHRICHSMNED 5N D, H T2 VDEBIZEL,
BRABEATEDONIBETH 57,
DERRHEMS ORI OO TEHEEDH
TEEBCIEolo TOMRIFIRIRTLEDT
b5
FhHEhOBAROBE AR BET
WORFE L 0 L ARHE EHOREIICE VER
DB bl CERE 13R).

F. &%, R&E -5 (F—-1)

1. FAEHOBRBITTF 7 2 5 HORERR
COFEEMIT LFEHREBLFEEKX 55 HIEAN T
R I3H0 250 ~ 300 m, AV LE T ILEER

WICAE LTV %, HEFNT10~20TH 5 GE29K).

]

Vi,

HOM 2F, BESN 7 <V EROMIE S

JUHHEMDNE

Fig.29 Topography and location of plot
in Faren, Nayoro forest (55).
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38 MHiEIRERM I — 1 WD+ 7 2 rRIERAR DS
Fig.38 Distribution of the larch trees affected with Armillaria root rot
in a experimental stands of forest fertilization.
Remark : Plot ], [V Fertilized 200g per 1 tree.
Plot T, V Fertilized 100g per 1 tree.
Plot 1, VI Unfertilized.
O : Healthy larch tree. @ : Infected larch tree.
[J : Healthy white pine. M : Infected white pine.
©, O : Replanted tree.
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HBEHMOME 2330, BABEOHROEREEIDc TOMEC DREMAI BT ZHEBERILEF
5 2 DBEAZRED I REBRAICET 37 7 2 rRICE3HBRFIIE B, B I0RICRTELY
TH5o

%10 %1 5> C ORRK AR DORFIMBRREHTH 5 &, MRRZEBCOTHBFASREL, 3,
AEFELEZOICEINL, 448 ETIRAREADRY 20% HRERHTE Lo

RENCHDEH 7 <V I IERBIERICI0%, 2EHI30.8%, 3FEHER7.6%, 4FHII8.9%
T AEEETIBRITE L b 17,355 50T B —F, 2 h0—7 < VIIOEE, 2EHEH0
%, BLEE5.1%, A4EH 157 HBCTAKELT20.8%BEB 0T E, HT=YER b a—T =Y DIEE
SIBRERELR L THBE, AT YDOFBA b o—T =Y XDPPR CRHEAMS >N LA, 4
FHITOLKDBEATIKRERLERS SNED oo

3. AEH (I—2, 1-3)

¢ DEEMIIHTHHIBIERBRIICBHEL TE D, 8 37 RICRT &5 0/NRRER SAT LHEH T &
BAVIICALE LTV o RHER, AKUT, AEERNVRE, MEEHIE, WORAFEE, BAFARHEMI -1 LRALT
&%,

W10k MUIEIRRBRIAD F 5 2RI LD AT <Y, 2 ba—T =Y DEES
MHRRE (THR, %£%8)
Table10. Annual death of the planted trees by Armillaria root rot in the

experimental stands of forest fertilization (Biman, Kat6).

4 ¥ 7 ZIRIC X B REAR
selom ¥ E ﬁ%é*?( i 2 7}‘ Nos. of trees killed by
X plaljl?esc.l ?rees }11(5} hoy Armillaria root rot.
Plot| Treatment Trees species (May, 1953) trees 1951)8;(; 1961 | 1962 | Total
’— 9
Larix leptolepis %
I Fertilized 200g GORD. 60 49 2 2 ,7 11(18.3)
per 1 tree Pinus strobus L. 60 48 0 3 9 |12(20.0)
I Fertilized 100g L. leptolepis GORD. 60 51 0 4 5 9(15.0)
per 1 tree P. strobus L. 60 51 0 0 9 9(15.0)
L. leptolepis GORD. 79 66 1 5 7 |{13(16.5)
i | Unfertilized
P. strobus L. 41 28 0 2 | 11 [13¢31.7)
Fertilized 200g L. leptolepis GORD. 60 42 0 9 9 [18(30.0)
N per 1 tree
P. strobus L. 60 42 0 3 | 15 |18(30.0)
y | Fertilized 1obg L. leptolepis Gorb. 60 49 0 8 3 |11(18.3)
per 1 tree P. strobus L. 60 51 0 1 8 9(15.5)
L. leptolepis GORD. 50 . 48 0 0 2 | 2( 4.0)
VI | Unfertilized
P. strobus L. 70 58 0 9 3 | 12(17.1)
. L. leptolepis GORD. 369 305 3 28 33 |64(17.3)
1 Tota
P. strobus L. 351 278 0 18 55 [73(20.8)
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Fig. 39 Distribution of the larch trees
affected with Armillaria root rot in

plot I—2 (Biman, Katd).
Legend : O Healthy larch tree.
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Fig.40 Distribution of the larch trees,

the white pine affected with Armillaria

root rot in plot I—3 (Biman, Katé).
: Refer to Fig. 39

Legend

[0 Healthy white pine tree.

M Infected white pine tree.

© Replanted larch tree.
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BILEZ MhH, KE—2,49, 50805 HT7=YDFF5 24
Table 11. Damage of Armillaria root rot of larch in Otsu,

A | K B WEKEK é7’£’f§(ﬁ 1%57%&%?@(5 ®W 8 K A
Sund | nowof | | Noyof fach | s ol larch kiled by
Plot age lnvetsreg Armillaryia Armillarig Sroot. roF Direction

1 5 285 13(10.89) 49(17.29%) S

2 5 269 63(23.4) 63(23.4) SSE
3 5 186 21(11.3) 23(12.4) SSE
4 5 254 34(13.4) 73(28.7) SW
5 5 288 28( 9.7) 60(20.8) SW
6 5 336 51(15.2) 83(24.7) SW
7 5 334 31( 9.3) 135(40.4) SW
8 5 332 51(15.4) 135(40.7) SW
9 5 432 74(17.1) 78(18.1) SW
10 5 594 51( 8.6) 71(12.0) SW
11 4 294 13( 4.4) 56(19.0) NE
12 4 284 30(10.6) 36(12.7) NNE
13 4 273 60(22.0) 49(17.9) SW
14 4 114 26(22.8) 10( 8.8) SE

15 4 213 31(14.6) 24(11.3) NNW
16 4 130 50(38.5) 13(10.0) NW
17 4 148 46(31.1) 23(15.5) NW
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Fig. 47 Distribution of the larch trees
affected with Armillaria root rot in
the second larch plantation.
Legend : {[) Stumps of the previous
stand of larch.
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Fig.48 The distribution map of newly erapted volcanic ejectas
in Hokkaido. (by S. SasakI)
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Fig.50 The distribution map
of year mean of the maximum
freezing-depth in Hokkaido.
(number, cm) (by A. Hica-
SHI)

FOR BRERTESMR (1931
~ 1960 ££ DL, BiAr cm)
CduE D RRE"1964, 1Lk B)

Fig.49 The distribution map
of ‘maximum snow-depth in

Hokkaido.
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Fig.51 Distribution map of the
section of Sasa in Hokkaido.
(by M. TATEWAKI)
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Fig.52 Distribution map of the type of the occurrences 5 2 rEICOWT, TR 7 44
of Armillaria root rot in larch plantation.
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Fig. 53 Physical properties of soil in natural condition.

Remarks : S-..... Solid (Fine soil),
R......Root,
Geeeens Gravel,

Wt ---Moisture in fresh soil,
Wmax---Water holding capacity.
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Table 12. Description of profile.
W | L) mi | ms [EERE T B, AR
&5 i Defini- @ pel @ i ¥ | ® @ B | kI8 [Height above sea
Profilel TyPe Hori- £ . Tex- level (m),
Tolll® “of |zon |PeSS b o d- Color Stone size, quantity | ture Structure Compactness | . Moisture direction,
No. | soil (cm) at?; n : inclination
I. dtR, #&3* 18 (A—1) : 18 Sakaemori, Kitami (A—1)
A 18 c " | brown none SL Cr-Gr soft extrégnely.wet 250, SW, 10°
S—1|Bp(d)| B 30 G yellowish brown none SL Gr slightly hard | wet , freezing : 12cm
C — : yellowish brown (pumice) abundant | SL weakiy(cjl‘(ivelope dl very hard wet damaged site
A 25 G brown none SL Cr-Gr soft wet 250, SW, 20°
S—2|Bo(d)| B 30 G yellowish brown none SL Gr slightly hard | moderate middle site
C - yellowish brown (shale) abundant SL Gr soft wet
A, 22 G brown none SiL Gr soft moderate
S—3s| Be A, 10 G light yellowish brown | none C Gr slightly hard moderate 250, SW, 25°
B 20 G grayish brown rare C Gr soft wet healthy site
C — grayish brown (shale) frequent - C weaklyg;velope d slightly hard | wet
I- dtR. 3% 18 (A—2) : 18 sakaemori, Kitami (A—2) (April 13, 1960)
A 20 G brown none SL -Gr soft moderate 230 SW 19°
S—4| Bc B 15 yellowish brown none SL Gr ‘soft ‘moderate ) ]
c | — | € | light yellowish brown | none SL - Gr ft~hard ¢ healthy site
gary : weakly developed| S®*'™" we ) .
A 20 G brown none SL | Gr soft moderate 230, SW. 28°
S—5| Bc B 18 G grayish brown none C N soft~hard wet 'd,dl I
(o} — | gray (shale) rare C N soft wet middle site
A 25 G brown none SL Gr soft wet ‘230’ SW, 19°
S—6 (Bn(d)] B 15 G yellowish brown none SL Gr soft wet damqged site
C — light yellowish brown | none SL weakly E];év eloped hard moderate freezing : 6cm

E 30

H6L1 % SHYNGY



A 25 G brown none SL Gr soft extremely wet 230, SW, 21°
S—7Bo(d)| B 12 yellowish brown none SL Gr soft moderate Damaged site
G . . . . Freezing : 15cm
C — light yellowish brown | (pumice) occasional | SL Gr hard moderate
A 20 G dark brown none SL Gr soft moderate 230, SW. 27°
S—8 (Bn(d)| B, 20 G brown (shale) frequent L Gr soft wet - ’1 N g
B, — brown (shale) abundant G N hard moderate ealthy site
H- dtR2, ##%9 (B—1) : 9 Sakaemori, Kitami (B—1) (April 14, 1960)
A, 15 G dark brown none L Gr soft moderate
S—9| Be A, 15 G dark brown none L Gr soft moderate 200, SSW, 26°
B 20 c dark grayish brown | (shale) occasional L N soft moderate Healthy site
C — grayish brown (shale) abundant G N soft~hard moderate
A 20 G brown none L 8r soft moderate SSW 25
220 °
S—10/B B 20 light yellowish brown | none L r soft~hard wet ’ ’
D(d) G y weakly d(:veloped Damaged site
C — yellowish brown (pumice) rare L weakly developed hard wet
A 10 dark brown none L G soft moderate ]
G 220, SW, 20°
S—11Bo(d)| B, 10 brown none L Gr soft wet . K
B G b hal L Gr hard ; Middle site
2 — rown (shale) rare weakly developed| 2af we
A, 20 dark brown none L Gr soft extremely wet
G 220, SSW, 30°
S—12|Bp(d)| A, 10 G brown (shale) rare L Gr soft wet Healthy sit
B — brown (shale) abundant G — soft wet calthy site
IA, dark brown none L Gr soft moderate
25 C 22 20°
S—13Bp(d)| 1A, } c brown none L Gr slightly hard | wet DO, SS:V’_t
I — brown (pumice) abundant | L — hard moderate amagec site
V =8, prxz 167 (C—1) : 167 Karurusu, Muroran (C—1) (August 31, 1960)
A, |10~11 c blackish brown none SL Cr soft wet
S—14 Bp A ;- A,[20~30 G dark-gray abundant G S hard wet 450, SW, 3°
A, | 6~8 S gray abundant S S cemented wet Damaged site
I |40+ black none G M hard wet
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® 12 % (= = %) (Continued)
W | HET| B | EX [HEERE L R N =T VRY vt
w5 - Thickd;, . @ 5 R W % | B m B | KERE Heighi above sca
Profil Type | Hori- Definit- Tex- level (m),
rolilel - of ness lion of b-| Color Stone size, quantity " Structure Compactness Moisture Direction,
No. | soil |%® oundary ure : Inclination
(cm)
V 44, BA 124 (D—1) : 124 Shiroishi, Imagane (D—1) (September 17, 1961)
H-A 3 G blackish brown none loose
A 8 G dark brown none L Cr soft wet
S—15 Bp I |6~7 G grayish brown none S S Sll_llgll}élls oft moderate 300, WSW, 16°
B, [18~20 G yellowish brown none CL Gr soft moderate Healthy site
B, [18~20] S yellowish brown none CL M soft moderate
C |20+ light yellowish brown | none SL M soft moderate
H-A 5 G blackish brown none loose
A | 6~8 G dark brown none L Cr soft wet 300, WSW,
S—16| Br I |10~12 G grayish brown none S S Sl}lg:hjlisoft moderate 3~5°
B, 20 G light brown medium, occasional | CL M soft wet Damaged site
B, | 20+ light brown large, frequent C M slightly hard | moderate
H-A | 3~4 blackish brown none loose
A | 7~8 G dark brown none SL Cr soft wet 300, WSW,
S—17 ]il?gg I |8~10 G grayish brown none S S loose~soft moderate 10~12°
B, 26 G light brown small, occasional CL M soft~hard wet Damaged site
C |20+ light brown large abundant C M soft moderate
VI 4%, EFE 82 (D—2) : 82 Pirika, Imagane (D—2) (September 18, 1961)
A, 2
S_18 Br A [13~15 G blackish brown none CL Cr soft extremely wet 400, SS%’A‘IO.
B |[15~18 G dark brown none CcL M soft extremely wet Damaged site
C |20+ light brown none C M hard wet
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A, | 1~2
A, 8 dark brown none L Cr soft extremely wet
G . . 400, SSE, 15°
S--19 Br | A, 6 G light blackish brown | none L Cr~Gr soft extremely wet Healthy si
B [20~25 G light brown none (E\I,-'C M soft extremely wet ealthy site
C |25+ yellowish brown none C M slightly hard | wet
VI EEuEHE, &RE 279 (E—1) : 279 Akahage, Higashisetana (E—1) (September 19, 1961)
H-A 2 blackish brown none L loose
A | 6~8 G dark brown none L Cr soft extremely wet 50. S 3t
S—200 G I | 7~10 s grayish brown none S S hard~soft moderate D’ ’ d~'
A’ | 3~4 G dark l;‘lackgsh brown | none CL Cr soft extremely wet ameged site
grayish white
G |50+ (ferruginous mottling)| "°€ C M hard extremely wet|
VI EE¥Es, 5% 279 (E—2) : 279 Akahage, Higashisetana (E—2)
A, | 4~5 G blackish brown none L Cr loose moderate
A, |5~6 G blackish brown none L Cr loose moderate
I [10~12 grayish brown none S S hard moderate 50, S, 5~7°
S—21] Bp G .
A’ | 5~6 S dark brown none CL Cr soft moderate Healthy site
B 20 yellowish brown none C M soft moderate
C |50+ grayish brown none C M hard moderate
A, | 4~5 s blackish brown none L Cr loose extremely wet
s—27 o A, | 6~7 G blackish brown none L Cr loose extremely wet| 50, S, 5~7
I [12~14 G light ll?lr%wn none S S very hard moderate Damaged site
grayish brown
G |50+ (ferruginous mottling) small, rare C M soft wet
X 4%, B 55 (F—1) : 55 Faren, Nayoro (F—1) (October 17, 1962)
A, | 4~7 G blackish brown rare CL Gr~Cr loose - wet
S—23 Bp A, | 5~8 G brown occasional CL N soft moderate 250, NNE, 20°
B, 20 G grayish yellow brown | frequent CL N hard moderate~wet | Healthy site
B, | 15+ grayish yellow brown | abundant CL — hard wet
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®12 % (— -3 %) (Continued) |
o
M | LR BAL | B HERIRE ik . . =AY =
B5E Tvoe | Hori. TR pefing g A 23 T ® H R EE | KERRE Hellghtlalzow)e sea I
. e | Hori- efinit- ex- evel (m),
Profile gfp ReSS lion of b- Color Stone size, quantity ture Structure Compactness Moisture Direction,
No. | soil | ™ | (cm) |oundary Inclination
A, | 6~7 G blackish brown rare CL Gr~Cr loose wet
S_24 B A, | 5~6 G bﬁf)lgih brown~dark occasional CL N soft moderate~wet| 250, NNE, 15°
o et B, 12 G grayish yellow brown | frequent CL N hard moderate Damaged site
B, | 10+ gf%fgjwzeuow brown abundant CL — hard moderate
grayish brown~ —_
A, | 6~7 G blackish brown rare CL Gr~Cr loose wet
S25 B A, 10 G grayish yellow brown | occasional CL N soft moderate 250, NNE, 13° 3F
~ P B, 11 G brown~dark brown | occasional CL N hard moderate Healthy site %‘%
B, | 10+ brown frequent CL — hard moderate i
X %%, t4% 72 (G—1) : 72 Nakanayoro, Nayoro (G—1) (October 18, 1962) %
A | 3~4 G dark reddish brown | frequent CL Gr~Cr loose wet 270~300, e
S—26| Bp B |15~16 G blackish red brown occasional~frequent| CL N soft wet W, 17 of
C |23+ reddish brown occasional ~frequent| CL — hard wet Healthy site B
—
A | 3~4 G dark brown frequent CL Cr~N loose wet 270~300, <
S—27 Bp | B [12~13 G brown frequent CL N soft wet NW, s° an
Cc |16+ brown abundant cL - hard remely wer] Damaged site
X #z, BFOR 207 (H—1~4) : 207 Inosawa, Kagura (H—1~4) (October 19, 1962)
A, 8 G dark brown rare C N soft wet
S_28 G A, 8 c brown occasional C N soft wet 320,NE~E,10°
- G, |16~17 G grayish yellow brown | frequent C — soft ::,g;nly wet | Damaged site
G, | 33+ light yellowish brown | frequent C — soft moderate~wet
blackish brown~
A |16~20 G vellowish gray brown| T2 CL N soft moderate 300, E. 5
S—29| G |B~G|16~20 G grayish yellow brown | frequent CL — hard wet b T T
C~G| 25+ grg;sy}ilsﬁe;lgl%vgrggﬁg: abundant CL - very hard wet~very wet] amaged site




I A 5 G blackish brown rare CL N loose~soft  |moderate ~wet 300. NE. 5°
S-—30 BCTm B 8 G grayish brown occasional SL N soft moderate Damaged site
C |13+ light brown’ frequent SL — hard moderate (slightly)
, A, | 2~3 G blackish brown none CL Cr loose moderate
5_31Bc~ i A, | 14 c grayish yellow brown | none CL N soft moderate %B:I;laEéds;ite
Im' B 10 G grayish yellow brown | none L — soft~hard moderate (slightly)
‘ C | 30+ yellowish brown none L — hard moderate
X A&, 2% (I—2~3) : Biman, Kato (I—2~3) (October 4, 1962)
A, | 5~7 G blackish brown none L Cr soft moderate
s—32 Bo A, | 6~9 G blackish brown none CL Gr soft moderate 190, NNW, 10°
B 20 G yellowish brown none CL Gr soft moderate Damaged site
C |30+ grayish brown ﬂ%‘ﬁgﬁﬁnd small SL M hard moderate
A, [11~12 G blackish brown none L Cr~Gr soft moderate
A, [15~18 blackish brown none CL Gr soft wet 190, NNW, 7°
S-—33 Bp G ellowish brown~ .
B 15 G yre ddish brown none CL Gr soft wet Healthy site
C |20+ grayish yellow orange n;%c‘llxzcxﬁnind small SL M hard wet
TA | 10 G blackish brown none L Cr~Gr soft moderate
IB | 20 G blackish brown none CL Gr soft moderate 190, . 16°
S—34 Bo | JA [17~20 G blackish brown none CL Gr soft moderate H ’1 h’ .
I[B |10~12 G blackish brown none CL Gr soft moderate calthy site
C |20+ light brownish gray | small abundant SL M hard moderate
Remarks :
Soil Types (Definition by OHMASA)
Definition of boundary :
S : Sharply defined, C : Clearly defined, G : Gradually merging.
Texture :
G : Gravel soil, L : Loam, S : Sand, CL : Clay loam.

SL : Sandy loam,

Structure :

Cr : Crumb structure,

SiL : Slity loam, C : Clay,

Gr : Granular structure,

N : Nutty structure,

M : Massive structure,

S : Single grain structure.
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_ £ Bx FTHPOEARERLZEER (2)
Table 13. Dry weight of rhizomorphs of the fungus in the soil block of larch plantations.

TR BB ERL | HETFTEX HAKRER
¥ & # Pfssing ifear after RE®A | Depth from Dry weighthof
planted larch tree | ~ . I surface rhizomorphs
Sample plot (year) Collected point. (cm) ()
R—1 l 0~10 2.4
- Damaged - 10~20 0.4
b R, % %9 5 site. o 0~10 1.2
9 Sakaemori, Kitami 10~20 3.2
Healthy | 5 0~10 1.8
site | 10~20 0.9
(Size of the soil block : 50x50x 10cm)
0~10 5.0
Damaged R—4 10~20 0.7
site 0~10 7.4
i R, ¥ # 18 R—5 10~20 1.9
e 5 0~10 3.2
18 Sakaemori, Kitami Healthy R—6 10~20 0.9
site 0~10 3.5
R—7 ’ 10~20 1.8
(Size of the soil block : 50x50x 10 cm)
0~10 22.7
Damaged | X8 l 10~20 | 2.0
site 0~10 3.7
B % #H9 , R—9 I 10~20 I 5.7
. . . 0~10 6.0
9 Sakaemori, Kitami Healthy R—10 10~20 1.2
site 0~10 4.4
R—11 10~20 0.2
(Size of the soil block : 50X 50x 10cm)
0~10 1.8
R—12 10~20 +
0~10 ! 1.7
Damaged | X 13 10~20 | 0.5
site 0~10 1.1
R—14 10~20 0.2
0~10 2.1
R—15 10~20 1.4
R—16 0~10 +
—17 0~10 | 0.0
=ZB, Hvvz 162 3 Healthy R
162 Karurusu, Muroran site R—18 0~10 ' 0.1
R—19 0~10 0.1
R —20 0~10
R—21 0~10
Healthy
site. | R_22 | 0~10 0.2
R—-23 l 0~10 0.1
(Size of the soil block : 50 x50 x 10 cm)
=i, vz 167 5 Damagedl R —24 0~10 ' 0.1
167 Karurusu, Muroran site | 10~20 ] +
(Size of the soil block : 50x50x 10 cm)
R-—25 l 0~10 ‘ 1.0
Healthy ‘
site l R—26 l 0~10 ' 0.2
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B 13 % (> 3 &) (Continued)
- PR RRBER HMETEX HAKRER
HOE R el B %R | B fon | Dy e o
Sample plot P ante(yezxr'c) €€ | Collected point (cm) ®)
— ~ 0.
Dan}aged R —27 0~10 3
site. | g_28 0~10 0.5
A
4 &,8 F 124 3 R—29 0~10 1.8
124 Shiroishi, Imagane Damaged | R a0 T 2.0
site
R—-31 0~10 +
—32 0~10 0.8
Healthy |
site. | R_33 0~10 l 1.1
(Size of the soil block : 30x30x 10 cm)
—34 0~10 0.1
Healthy | X —° |
A &, EFE 84 . site R—35 0~10 I 0.6
4 Piri R —36 0~10 0.1
84 Pirika, Imagane Damaged ,
site. | R_37 0~10 l 1.6
Dan}aged R—-38 0~10 0.6
stte 1 R_39 0~10 0.2
Healthy R —40 0~10 0.1
site
R —41 0~10 0.0
HEEW, R R 279
279 Akahage, 5 Damaged | g _4, 0~10 0.3
Higashisetana
—_ ~10 .
Heglthy R—43 0 0.5
site | R_44 0~10 1.6
_ 0~10
Damaged R—45 ! +
site. | R_46 0~10 0.0
(Size of the soil block : 30x30x10cm)
Heqlthy R —47 0~10 1.8
site | R_48 0~10 1.9
Dan}aged R—49 0~10 1.7
site | R_s0 0~10 1.0
moR R B - Healthy | R ! 0~10 | 1.0
Biman, Kato site R_s2 o 10 i N
R —53 0~10 0.8
—54 ~10 .
Damaged R—5 01 | 1.0
site. | R_s5 0~10 1.0
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13 % (o 3 %) (Continued)

5 TR EELR WMRTES HAKEER
w £ H Piassing eaui1 after ®E A Depthf from Dli-ly weighth of
Sample plot P ante(yegrr(): tree | Collected point. S?:;;;e T wo(nglc))rp s
|R—%| 0~10 l 2.6
(Size of the soil block : 30x30x 10 cm)
—57 0~10 1.3
Healthy R
site. | R_s8 0~10 0.5
— 0~10 0.6
% %, B = 55 . Damaged R-—59
55 Faren, Nayoro site R—60 0~10 0.3
— 0~10 1.4
Healthy R—61
site | R_¢2 0~10 0.5
(Size of the soil block : 30x30x10cm)
— 0~10 0.1
Healthy | &% _
% B, thiE 72 site | R_e4 0~10 1.0
3
72 Nakanayoro, Nayoro R—65 0~10 0.8
Damaged
site. | R_66 0~10 0.6

(Size of the soil block : 30x30x 10cm)
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Explanation of plates
Plate 1

A BRADE QICRELI S 7 2 DFFEK
Fruiting bodies of Armillaria mellea on the ground coming up from Japanese larch tree
affected with the fungus. Photo. Sept. 28, 1961.

B:BRA () L4k ()
Larch tree (left : xX) affected with Armillaria root rot and a healthy tree (right: Q). Age
of the plantation is 5 years.

C : #HBDLOHIEE S LR A
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Exudation of resin on the stem of damaged larch tree. Age of the stem is 7 years.
Plate 2
A: 7=V 2REERHOF 7 25 BICEBHER, S: ka5 <Y ORIB
Damaged site with Armillaria root rot in the second generation larch plantation. S: Stumps
of the previous stand of larch.
B : R AKOHIBICTER SN B R (1HD
Mycelium of the fungus between the bark and the wood of the root collar. Arrow : Mycelium.
C:h7=v2REEMKH (HE, KE-—2)
M:HifA 7 = ORICERZ LcEARE, D: 2REN 7~ VvORBKA, R:EAK
Second larch plantation (2 Otsu, Tkeda). M : White mycelium of the fungus developed on the
roots of the previous stand of larch. D : Second generation larch trees affected with Armillaria
root rot. R : Rhizomorphs.
Plate 3
A:RBBHIAICADNSF T 27 RICE BHER (LR, ¥H—18) (70 wER
Damaged site with Armillaria root rot occured in near the ridge (18 Sakaemori, Kitami).
{3 : Damaged site. Refer to Fig. 5.
B EEMmICA SN ST 7 FrRICk ZHER LR, KHF—18)
Severely damaged site with Armillaria root rot where occurred in the south-westward slope
(18 Sakaemori, Kitami). Refer to Fig. 6.
C:/NRBOWHMCADNEF T 2 rKICLBHER (LR, ¥HE—9)
Damaged site with Armillaria root rot where occured in the convex place (9 Sakaemori,
Kitami).
Plate 4
ABERCAONE T T 2RI BHEELR (BH, Hrvz—162)
Death of the larch trees by this disease occurred in a site of snow drifts (162 Karurusu,
Muroran). D : Diseased larch trees.
B: 37 2rmiciganics 7=y OR%
Roots system of larch affected with Armillaria root rot.
C : BEDREIBIC BRI LB R
Rhizomorphs (R) developed vigorously in a crevice of stone.
D : R ARIZZECKCERE (THD
Cone produced on the twig of the damaged larch tree. Age of the stem is 5 years. Arrow :
Cone.
E :30 FH:h 5= Vil RAE LT 7 2 BIC X 2HER (TH) (LR, #41)

Concentrical damage in 30-year-old larch forest (Hiushinai, Kitami). Arrow : Damaged site.

F : $EH kA
Dead standing trees in a 30-year-old larch in the damaged site.
Plate 5
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Rhizomorphs of the fungus in a soil block of larch plantations. Size of a soil block : 50 x50
% 10cm.

A~D, a~d : JtR, ##%# —9: 9 Sakaemori, Kitami E~H, e~h:JtH, #H —18:18
Sakaemori, Kitami. I ~K, i—k:dJtR, #HF—9 : 9 Sakaemori, Kitami A~K : #iETF
0~10cm Depth from surface 0~10 cm, a~k : #1% F 10~20 cm Depth from surface 10~20 cm.
A, a;B, b;E, e;F, £;I,1;7,j: REHiDamaged site.

C,c;D, d;G, g;H, h; K, k: 42 Healthy site.

Refer to Table 13. A, a:R—8, B, b:R—9, C, ¢:R—10, D, d:R—11, E, e: R—4, F,
f:R-5, G, g:R—6,H, h:R-7, 1, i:R—-1, J, j: R—2, K, k:R—-2,
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Armillaria Root Rot in Plantations of Hokkaido.
—Effects of topography and soil conditions on its occurrence,—
Kaoru Ono*

(Résumé)

In recent years, the area of the Japanese larch plantations in Hokkaido Island has increased
rapidly, and they have suffered from various biological damage. Armillaria root rot is one of
the most serious damages distributed widely throughout larch plantations in Hokkaido.

Since 1960, the writer has made some ecological studies on this disease, and the results
obtained are summarized as follows :

1. The occurrence of the disease was classified into two types, the one was of concentrical
occurrence, and the other of sporadical occurrence.

2. The former type is divided into the following two sub-types. The one occurred in the
convex part, or an upper part of the slope (Kitami, Ikeda, Hakodate etc), and the other, in the
concave part, or a part near the bottom site (Nayoro, Kagura, Imagane etc.).

3. Development of the disecase began in the first year after planting. Death of the affected
trees reached its maximum in the third or fourth year, then decreased gradually, and ceased in
the fifth to sixth year, an uncommon case in which the disease concentrically occurred 30 years
after planting was observed in Kitami.

4. Soil environmental factors of the damaged site are as follows :

1) Soil freezing was recognized at the depth of 10~15 cm in late spring (Kitami, Mu-
roran), 2) A-horizon in the soil profile was deeper (Muroran, Ikeda), 3) soil moisture condition
was wettish and in several districts glei horizons were developed (Higashisetana, Kagura), 4)
gravels in the soils were rich in volcanic pumices (Kitami, Muroran), 5) compact and hard soil
layer were recognized in the damaged site, 6) soil physical properties were disadvantageous for
the host trees growth on such as permeabilities of air and water (Kitami, Muroran, Imagane,
Nayoro).

5. Rhizomorphs of the fungus were commonly observed in both damaged and non-damaged
sites. The greater part of the rhizomorphs are distributed from the surface to a depth of 10 cm
in the soil. The rhizomorphs rarely spread at the depth of 60 cm under the soil surface.

6. On vegetations of damage site, most of the larch plantations in Hokkaido are reforested
in cutting areas of the broadleaved forest, where birches (Betula), maples (Acer) and oaks
(Quercus) were dominant species. In herbaceous vegetations Sasa occupy a large distribution and
its families are related to the damaged types.

* Laboratory of Forest Pathology, Hokkaido Branch of Government Forest Experiment Station,
Toyohira, Sapporo, Japan.
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