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B1E #

il

15 5 2 BB RCKIC 84 T shoestring fungus rot, Armillaria toot rot, mushroom root rot,
crowh rot, rhizomorphic root rot, H %L i3 toadstool disease s & EFEh, I Mo ki@onT
BY, FCSEEHoRAIZ VTR, BIEMNHRLT /2% resin flow, resin glut X &5 EfH
RO o T & N0

AEDWHIAY Armillaria mellea (Fr.) Querer [Armillariella mellea (Fries) Karsten] @<=V 24
B (Agaricales), ¥ # V% 4% (Tricholomataceae), 7+ 7 % 7@ (Armillariella) 12 L3, FOFHE
RidoaiEEe £ L THA L, MU RAREEAEFT S L7 ES S honey mushroom,
honey agaric, shoestring fungus, oak fungus 73 & LI TLY 32920100 F fo K&z BT+
TRy, NVHRRy, TR, ~FIVEY, pE/FIy, B)KY, KU A FEL0BEOTU
EDHY, KOAFE/ 3L LTHLS D S—RCTHE L IN T 2003586080 2 U TR L BHLI
RATF, MRHS, Lo sERIhTEL,

7 2 AOHBESAIE EDWTIES, ek, 2+, hgf, vex bdh, Wi, 7794, 4
YE, w0y, FET V7, A—A P77, 22—9—F YV FEIUUELAUMRIZRA TN B9,
RFRMHEEEO—FTH 2 KR, £ OMPrete L, ANTIZHT0M, 19008, 4708, BEATIIH

408, 70/, SOEAMARMODAHFEL L THMSNTHD®, BMIHEHN TRMKRDHE, JXKITHO TR
DHEELSDVTORRLBEH N D,

ARIZ BT BHABAD ST HIC L5 HEIC OV TR, T TIRKEFMICILE Q) c L5 7
ﬁvv@ﬁﬁmowr@%ﬁ%ﬁﬁao,mmzuwafwéuﬁﬁ(wmﬁﬁ|'M(wﬁﬁﬂm;éz
¥, b/ F, THRVEOOTOMENNES, Lh LY %dﬂdciéfﬁiébfhm)Lanm
ot

SEFICEY, EARERHEMS T ONKRERKIC DA T, W—MICERDSITEbNE X5, %<
DOHABIEICWELH SN LY, SRS TEEIE - TE.

HARED 3 5TREFEMORMNIC L 2HEFHN S (, BORICBW T, §TIC Hartic(1874)™, Hiey
(1919)2%, Day(1927)1%, Tuomas(1929)%2, Revner (1930)7, Reitsma (1932)™ 532 X Ok < b SWFE
BITEDNT, RS OREVAKINT B, TOHAE 23 & Eurien (19391, Skcrest, Mac
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Avoney & LoLenz(1941)89, BuckLano(1953)19, Horn(1956)2), Gisson(1958)22, Dr Azevepo(1958)1%,
Patton & Riker(1959)%, Cook(1961)1®, Huntiy, Carry & Jorcensox(1961)30 5% & DIfEHFir &
DR EHOIKICHET BUIRERBRBEINTVS ., CNOOWELL - T, BT TIHREREOLE
T, A% FEOBEERNOEA, REORAR, SHEOWEERE, RDOMY, HEIKHHE, &
B H L EOREMMS T S P SN T E .

AT BT T, 19558 10664 T, M, 4B « IMRED, IRED®, &, /N
BF < BRIR o NESY, JERTOTTOM SNER(SF), PEF . ISR, PNIHY, RIS, TH - R - D, b
BP6D, TZE . NI, EFS, £ FRSICED AT Ty, R bn—-T R E0Ekilic s K
ROWEOEE, BERE, HENOIIIY, HAFLBFELLC OO TORERROBESLOOVT
HaEhic,

5 7=y RHEHOREHT L ORI { SRBEMFN T ETERSN, IEEKERIC D > T

DTN, SRBISIBAINEIELTND, LpLESS, #7 <V ZHloLdgEz >0
T, UohIHbZO—2T, dilEic b\ TRBICZOHENE LY,

BB 55 7 =Y ORFC DN TORBRZ BN L, H <R Huey(1919)%92 £ 5 3178 ik
MH B, ZOHRBHOTHLOREFIVNL SNHICTER, THIKLT, HOAEIcsT 5f o
DAERD 7<= VCETEDOTH B, ENRBARCLIEENELULEHL S, ZOHAEIEDOLEI
HEONABPLTHD _ N

métﬂﬁﬁiﬁﬁ%ﬁﬁ%w—of,%m%%m%ﬁ0@#%@%ﬁ&é&mﬁﬂmﬁé,K%QE
BEEC BT A AR E W o i T B NREN D B LEZANKICET L,

AFFITEOTE, £FH 7 = 7 ERHAOIRE L &£ TP & I DO THRBEMERTEL, 2&icE
DREP SHONLRRICRET 2 EFA SN ZHEREARMITERL, ARSI L T, 55
Lz oEBREOMBC DO THITINER AT - /0. TROBHANED SITHIE, L8, #Hictg
ORPIRIESARFREC K E (BT 5 C EAHREE Ny, WFKEL —IEiili ROREE A i
HEL, TNENOEBEEANRIEN, 177V BIEZTORNICEDI I TR YT 2hEHBZIWDICHE
BaiTis o722

ZoR>EBOME, MAH LN, EHEOERNELRLSICO20THER S7c®DT, 2T
BHFELHTHET S,

Cwﬁ%%ﬁﬁﬁmékJmMgdﬁ G EAEARLED 51, RBBET 5 TR MBI RO
2, HWERREEMIERHE GO RBEREACHE, TEELTEHD, I SICHREMOY;
e ofwttmuwat,KMX®M9§Lw7%”vT@,RMK?ﬁﬁﬁﬁ&Hm B DR
{5 RS MR & ek;tczuLQﬁ&Kﬁbﬁbm6ﬁ<£%*Wbi@6L

FAMEHEREL, ARSI ST RUER  BOSL, B ERR R BRI, K
KRB TRMEMNERE AL, ELEE 2 IERERAERRD S EHML W E LEBIE VI
7o

SCHRDBBIC B 12 » Tld, EFAEREREIT R AL, N I Py N S
F117 5 I RERBRIS B BRI R ZRIERBE L S RO THIHE N0,

BEE, BEER SolcmbloBsmichi - TR, LIEEFRERER 18, N e
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2%, bR, MHSEHEEEHRROS, ERERSEN L BEHRIATWEE, BIERBREE—,
HILERERE, CRERRFR WEE, 44 BEN 2% 26, UK, SR B0 EREEE
B IRORN, R ILIHE SR B R TF R SAR R, SRR, IR EIREE
BREBR—18d, WOFESR R, T —RECE, TRIDRRE R OB R, SRR
R R TR BT 6 B OD LB ZERD CHAEO KO CTICTN D Dh bt
X LIRS DOUEHRT S,

H2E brECHIIHRROBRES &L KENOHHIKR

JESHO I I9164FICRIPEL T DI2FAE T h = v ik, 192742 FHRIEN T D 5 44 v / F4k, 1920F12F
FETO204EL 7 H =V K, 1930FCIBBETDE I AR RE LA EAKHL, HHEFETE
FILEDOT A=Y ROYEN BRI L 70T LE2 LB LTS, FHVISI939F IR T T 4~20
FHEOE / FHICHEND -1 L ERLERL, FTABEPPFIMEILLLIT T 7442+, v/ +,
ThHTYDEEEHLETO S, . :

Z D%, AWIC K BHAKROHEDRRIIA ST - 7chl, HEE, KO THEMNRAEL, 207
BOE - TEl, 1955 F~19624F I FRARBAZE = = — A1U, LB RS AT TS S hick
HOWEREUR LRI T L P I REBLIKCTT EEDTH S,

Number : Refer to Table 1.
BIR T ot wWaHE

Fig.1 Distribution of the disease in Japan.
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TLL DRI ET BRSO dE
Table 1. Damage of Armillaria root rot of conifer in Japan (by Forest Prot. News
1955~62, and Ann. Report of Forest Damage in Hokkaido 1955~-'61)
e - T P . it | OESEAH | s -
gz | wom i | W w0 # | weat | SRR e
Owner Regional w of Age of
ol forestry District forestry Host Age of | Infected infected occurred
forest | office office stand | area(ha) trees damage
Hokkaid6
' 1 Ashyoro L.l 2 10 | 24,C00 1955
2 Rikulketsu L.l 5 — —_ 1956
' 3 Nakashitetsu L.l 5 1 300 1957
P 4 Ashyoro L.l S5~7 27 70 1958
Obihiro | 5 Nokzshibetsu | Lol 13 33 16,055 1958'
" 6 FEontetsu L.l 5~10 24 3, 206 1559
" 7 Teshikaga L.l S 114 552 1959
1 8 Honketsu L.l 4~6 1 1,100 196
9 Saroma L.l 4 8 1,113 1955
10 Saroma L.l 4 3 784 1955
11 Saroma L.l 5 11 2,072 1956
12 Saroma L.l 5~7 126 '8, 800 . 1957
Kitami | 13 Atashiri L.l 5 15 91 1957
" 14 Monketsu L. 6~7 15 10 1958
National © 13 Saroma L.l 6~7 50 546 1958
16 Monketsu L1 4~6 23 337 1959
1 17 Saroma | L.1 7~8 50 300 1959
! 18 Hukagawa | L.l — 15 100 | 1958
+ Asahigawa | 19 Furano L.1. 3 5 25 1959
20 Nakatonbetsu L.l 15 250 1959
21 Muroran L.l ‘ — 1. 60 1958
22 Hakodate L.1L — 3 142 1959
23 Kikonai Ll ' - 350 2, 620 1959
Hakodat 24 Esashi L.l — 309 3, 843 1959
asodate | 25 Gamushi L.l - 199 11,786 1959
26 Imagane L.l — 53 951 1959
27 Kucchyan L., — 18 596 1959
' 28 Muroran L.1 — 173 39, 630 1959
29 Tomakomai L.l 1 [ 1 60 1957
3¢ Kasai L.! 5 34 1, 250 1959
Private 31 Obihiro L.} 4~5 1 490 1960
32 Uryu L.! 8~9 25 410 1960
33 Kamikawa L.l 6 2 600 19€2
Aomori
1 34 Shinmachi ' L.L 3 2 — 1958
National Aomori 35 Tanate Cr.j 3 3 1,800 1960
36 Ohata | Lii |3 = 18 | 1960
. 37 Gonohe P.d. 1~3 1 70 1960
Private 38 Shingo ’ P.d. 1~5 — 20 1960
Iwate
. ‘ . 39 Kuji L. ' 4~6 16 5,000 1960
National ‘\ Aomori | 45 Kawai L 3~4 8 700 | 1960
Private , 41 Karumai 1 L. ‘ 5 — 20 1961
Fukushima
i ‘
National ! Maebashi 42 Inawashiro i — — — 1955
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$1% (o3%) Table 1. (Continued)

mEEE | BRE | w % B o |6 | weww | FEER wenes

wner Regional Age of

of - foregtry District forestry Host Age of | Infected i 11f2<f:ted occurred
forest office office stand | areat(ha) trees damai
Nagano )

National [ Nagano y43 Agematsu L.l s | s 27 | ass

Private ]44 i'amanouchi L.l 4 l 5_ | 3, 00(;'[ _1961
Mie

Private ‘45 litaka ' C.o. | 5~7 I Lo 80 1959
Okayama o

Private | 46 Kamo | L | s | 1 | sl e
Yamaguchi

A AR B
Oita

Private 49 Kusu ll C.o. l 4 i — ;" 60 _‘_1958
Kumamoto

Private 50 Minakami { C.o. \ 42 ' — | 3 1961

Remarks : L.1; Larix leptolepis Gorvox, Cr. j; Cryptomeria japonica D. Don
Pd.; Pinus densiflora Sies. et Zucc.
C.o.; Chamaecyparis obtusa Sies. et Zucc.

HLIDIhRLEERO IS —BT FLnEBbhsd, W1 RBLITF 1D o425 EAKITZ
BARELICOL > TRELTH D T EMHEEIN S, HENiTH 2 ERUL, b 3 O TREHEED:
%<, FHCUBEENICB O THESIRENL LU 2 LTILIEENICE Y 2 WEOREE, 75 =74k
BHINCHC 5TV B, TNHDEHIITE T 2 HEOREREHMKIC L - THIE A, FOMKTIIME
BAOK0HHBEZIN, BERHINCIZ0~0ZOBRAMLSNLBHOIEE.

PB1LERORLI-EERE DR D, MiEHubisEic 50 TI95445 4 519634 £ T D104 iz B A ST
BELALL ST RICIIMAOWERKDLEDTH S,

=kvAhT=y LR T~ 844 16/VI'54, HE 4 454 15/VI'54, Tk 6 4F4k 23/VI'55, ABI5~6
4 1/IK'S5, §IRE 6 424 20/1X'65, AL 4 ~ 5 4F4: 6/V'56, 4EmR 7 44 28/IV'56, ffk th 6 4F4: 14/
VI'56, M 5 4 30/VI'56, {EBI8] 3 ~ 4 4R T/VIS6, #E)I 4 Al 5/1X'56, JEH 6 454 5/1X567, PRI
6 4ELE 1/IX756, #EBI 3 4F4 10/ VI'57, #3544 10/ VI'57, {714 7~ 8 &4 15/VI'57, ALIN104E4: 28/
VI'58, HE=T5 R4 26/IX'58, #(5U9 442 10/VI'59, il 5 4E4E 20/ VI'59, $B8IR 7~ 8 442 9/VI'60,
TP 4 £F4 18/VI'60, tiF 4 ~ 5 4RAE 21/VI'60, JuR304EA 1/VI'60, —@# 5 &4k 5/ VI'61, /MK 4 &
A 11/VI'6L, JE%F 24FLE 18/VI'61, #LAU6 ~ 7 44k 16/VI'61, M 2 ~ 3 5E4E 18/VII'62, AFik4 ik
18/ VI'63, WA 54FA4 1/X063, /MK, 2R 344 25/ X765,

I =y KR 3 4ELET5/1X'60,
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Freh Ty KN 34 15/IX60,

by s MUNISHE 17/ X056, £ 7 ~ 9 #4426/ VI'ST, ZEM 5 4E4: 16/VI59, #R 6 24k 12/ VI'60,
R0 5 R 21/ V061,

7wy s AUITYERA0HRE 3/ VII'SS.,

TR ey LR 3 AL 13 X058, LSS0 14/1V'60,

B—0 oyt by b ENEGBOAAE 19/XT55, EIHEE 5 AR 9/ IX60, [T JTTB2E4TE 16/X1762,

AFE LU ENA0F 5/VI'65.

Z bo =72y s VNGB AR TO/IV60, (R 6 4R/ 187 X'60, BEf 2 AR 26/ VI'61, §FK 4 414 2 X762,
TR 6 A4 6/ V'6d.

LI =y L NS 23] X762,

sy A=y M4 230 X062,

Ty s R 2 R4 26/ VI'61.

2—0 ST h Ty R 2 R 26/ V61,

VI gey s KN A 281 IVIST,

EZ 39 BN S 4 4/ V760,

Fa w3 ENCOEL 5/°65,

ZF 1 P 3454 18/ V58,

5 h VN WINE 6 AR 10/1X°62.

TEA Sy o3 B2 AR 21/ V061, WM 2 ~ 5 ARAE T/IX62, K 6 44 2/ VP64,

237 %2V F BN SRS 6/VI'6L, B3R T/ V63, AL, AKHY,  MEH 3 4 1/XI64,
SEIR 2 4E2E 2/N164

L3 1956FD Lt AR TR K5 EAERBEBENICE T 2WERBNL, 4% 50ha,
7% 110ha, Jb& 192ha, jlt 360ha, fHE% 100ha, iR 62ha, KA Sdha T3 & A EERNEMICKA T
bHe

oD S5, BEEH SIS <A SN, i HMOMENE, KRROKUKED 2
PHIRTH D, FOUHBOTEE RFIROKLEAEL st 12 S B OHIA S Db,

EIE FIATERLEShIcHITY

B1EN A #®

7 2 SN MR OKRIMILZ XD, FhaElick s TENTNNE S, Silgh 7=V 08
A, TEFERONSHI AL SO 5E LY (Plate 2, A), DOTEHISIIBHRSCEL,
BTHBELUTHTES 5

FIT SO SN (AR b Hh R, TORMET S T LW CHEM REL, PMTH

HFo. B OKBIKATT] 2 e— 22 RKOHESTEE, HI0RBLCHDLY, PITEBENE
5, WESNOEANL DR, 7 o—22EKOFHDEESTEE, TELUTHMEREE Y, T8
AR, RELRMICHET 200844003 (Plate 2, O), ZhLOERAKICE, HiE¥DL
BRO»roBEEZZMICHMLTO DL 0055 (Plate 2, B).
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BB XU EHBOME T, AMORAKIEERENTED, RZRE0 SIROBIRE RN D
52 T3 (Plate 1, C),

Bfh FIATEILBEIALATITV/OIEREHEROER

BRAOABI ORI B VD, W HMORFRL & LHNOEM L DMz >0 T, Bz bo
& bW THE, WSO RIEETIC BT 57 5 = VN ADIKE & F B #RE & 2 WL,
=%, AERZEEINL LD, TOBRINMBLIFIC OO THRAMEIREEITE-TH 5,

FHEIRZOBMME LN L BOEN L OMEZY ST 52 &3, AHORBAMICRIIDEEZ,
KO WEETTIE -2

COHAIZI0584R 10113 1, dLin il S bR B RIR K 9 HBEW D 6 4R 7 = /1220 TR,
B LBOEHOBBIC LD EAREAR, 70— 2 0RMHENOTLBERECAELL-EDBITNS:
F B b DIThIT T, 8 AR E L,

T OFHL U LIBOREARER o FITRIIZ 20T, W2 RICTT LBV THS.

BRORIEL AT H7001C, FMEARORAE TORULCIY Y, KL, Wikis Flisstneh
BROREZRE Lic, >E¥ZRROMBEEITHMELYD, HABIERSN TS BHEHEL, S
ECHE LABRROEN LICEBALTIE L b0zl 2 Miciid .

W2REB2REEMALTAD L, HLBICEHPRONL DL, WTFhHROREHMERIN
THARDMZRBIZALED DTS, —J), BESBzEIMED Sl —RE2 s LA 515 No.
5~No.8 DA ThH, No.b HXT No.b6 DLz, §TRMUO—HEBBINTVEbDbH5, TOR
EEC kD No.6 DX HEDHMHOMUA, WEDZAUCK GXTHSLBDONTLS55D6H 5,

Ul o, BHEAOZ S HOHEIZHEOLE NI X > TEBMT 3 T I AT ER0 Bidich
SHOEFHTDLN/MEATIE, TTICRRO—FICARDRANED SN D . MRIAEMBEALID
B, BONCEEICE LN ERE UTR, MEFHONUMINED TN Z o RTHRLT 2L TH S,

W2k BWolwicIni s 7= v ohERE LMK
Table 2. Growth in height and symptoms of Japanese larch

affected with Armillarie root rot

- W g | JGE t0om [ Brmoukidl
B E K | B/ 1o # #% | Height growth . "
, Total | Diameter ' (cm) M
Tested : at 10cm )
trees No. h(eclngl})’t height | 1957 | 1958 Symptoms
(cm)
1.8 2.8 (=) 55 | The needles except those at the
2 3.0 4.2 l 90 45 top fall off (Dead).
AR 3.2 ‘ 85 ] 35 Colour of the needles at_iile-top is
Infected , chax}ged to pale yellowish green
trees ¢ -6 l ° S0 (Dying). - 3
5 2.5 3.2 ' 82 95 |
2,6 4.1 . 55 45
; i No change
ﬁ&%ﬁ b7 2.6 4.1 l 60 95
ealthy
trees 8 2.5 3.7 70 80

Note: Larches planted in 1954,
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SHEOLL, @ FWOBOR A EY bNLBTE, FTICHROABAHANI X - TREATY

B

Remarks : s : Mycelium, - : Rhizomorpha.

No. 1~6 : Infected trees, No.7, 8: Healthy trees.
Left : Side view, Right : Lower view. Refer to Table 2.
P2 WokFimREnin s <Y DRR
Fig. 2 Root systems of larch trees affected with Armillaria root rot.
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BIE FIATECRINEASTYORESLUCEERR
RFeEENIcn 720, F2RPORONE K CH LIBOIRLEDHBL & 127, TOBRDER
B AgAE, BE BBk - TREBLS5THS.,

772V ARARE UicBid, ED XD WBERBERTHAERD iz, ROMEETLE %
IAL19587F 8 )], LML MUAE B R — 2, S0MBEANTION 5 ik s e s =i
DINTI I » fon AR DEE RPN TISFTHEL b D 8 A, BEEA GO THEBLLHD
50-0TSU, IKEAD 2-0TSU, IKEDA

Dead-tree Dead-tree
200 F - 100

150 i ! ~
100 | / X / - 50

(cm)

Total height growth (cm)
Current annual height growth

1 1 i 1 1 J i 1 [ 1 i 1
1953 'Sk 55 '56 '57 'S8 1953 'Sk 'S5 '56 '57 'S8

(cm)

50-0TSU, IKEDA 2-01SU, IKEDA

200 | Dying-tree | Dying-tree ///, 100

150 | // L /
100 |- / - /,,,-\ - 50

Ly \\ 77 ~,
N, /
50 = \\‘ o /

...... ,X_'

Total height growth (cm)
Current annual height growth

] i A 1 1 1
1953 '54 '55 '56 '57 '58 1953 'S5k 'S5 56 '57 158
50-0TSU, IKEDA 2-0TSsU, IKEDA * 1 150
Healthy-tree Healthy-tree

200 | : / L
150 | // |
100 [ / PUCLI S /7

250 L

100

Total "height growth (cm)
]
u
Q

Current annual heght growth (cm)

] 1 1 1 1 (] 1 1 'l i i 'y
1953 '5h 'S5 '56 '57 '58 1953 'Sk '55 '56 '57 158
HIE BEFELDSNIERAOKESE BHY)

Fig. 3 Height growth of larches infected with
Armillaria root rot, and healthy ones.
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34, BIUHEOIHDOREKIAELRAI . CNLDH T = VT DN THBRIFHREITHVEERE,
BRRIEDEA{ L ME L ERIE 3,
3, ARS SRS SRAKBHEERE, BEKEL SICHEERINFHTH L0 L, BRARETE

ARICTTLERNITH S,

Uz U RRANED LoD D, AN SREBHEA L b OMNED 55,
AR R D OB, 33 BRSO LTINS X - T Y

2 A L TRROBLYV D oM ic bDOME o 7oht, Kili—2 OBAE, HELECARD L
LOMEZLBED SN, 2O ERNIHIZEFR IR L THBOMTIE, BEMBETE 2T LIEs
Eaivs
- 12 F 50-018U, IKEDA r 2-0TSU,IKEDA
£ 10 | Dead-tree . L Dead-tree &
- y e
+- . 1+ g
z 8 L / - ]
£ -
) . °
b 6 L / - . L3 E
-~
© S g~
Euf SNt sk
v % AN P L ~
o ., - ,,/ ~ 1 JE =
22T i v m s s
» )'ﬂ ol
o - o 5 M
= 1 - ] 1 1 [| n [} [ 1 1 (SIS
1953 'Sk '55 '56 '57 'S8 1953 'Sk ‘'S '56 '57 'S8
12 .
E ( 50-0TSU , IKEDA / f 2-0TSU, IKEDA
~ . . 1Y
< 10 | Dying-tree / - Dying-tree s
; 8 4 2
o - - . N a
& /// S [ =
4 61 ; 5 / SX
- -, 3
@ Ry \\ o o~
S sl 7 N L AN > 5 §
et - N P < -
o ~——— // S +
i : I
E ‘ ’/'/ : g
(=] » —— = 15
B N 1 N " 1 b L 1 N 1 PR O W
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Fam &

AT RS Lo BDHERT 3 £ TORBARIT 20T, R BOLTHL SHhO#Ed A 5 W 5,
Vay Viotex®{3 4 Y THERBETRL, REH oMFEF TICI5~184 1255 LiB~TW 5, Marse®™® (%
)Y IOWDF 7 F I K BERBHOMIIC RO EEIFENZIE L E D, ISHEELTORTIINAT
H5HDRMINTHAH, S0FALLLICIRS EWAARBHER L E B LBRTHS, Patror 55901
= E b Y e EOWAKICHERRERE Ta0, IWEA LICs S b BOIMEERRI2A A, fikd)
THHE L b DB % TH & LTS,

EEPRRFETCEONTAMIC X AEHAII2EP R LA 6~ T DT h=vngea, A
DEEUNES B ETICRDE L ER 209, ZRBENUEIDBEASELLLTHE. 4HLW
Wh5=vdildRIcENT, KHCRELTHETSITIC R M1 ~24, M(ES® T2~ 34, /i
P33 ~54E04 5 LML, FAMM SRR | H#LR, H20E2EHURICTORESNTET
BLERARTVG,

EHEOMBMITE, 64 :h 7 =Y OO, BIMEE EREDHDHHED STLTH G 1~ 245
CREELTHED, ARG, WHS>OMELIE MKE UBIRE LTS, 2K EOHRAL oS &
IS KR T, TTIERRO T ARDRANE L E > THHOT, MfHIL L & bTOLU
TEI-TVALDEEZoNDS . Lich-T, HREMBI~2H 0SS 2 L0455, 223044
PLED DIz LBRAMIHRDELS BRI L ENs.,

FAF FFROREMS

deHSENIC BT 5 H 5 < v EEEROERBEMCHEOT, W URREOHYE. & s0iRSEhIED

THIEIZ 1T » T A BN A SERERIC G LTO 2 f2EB o, 2O THMGERIRE
EHERY, MEERHEANEOLIROAHYHE LT, TLEEMOMERIE 05 %8
EEahERLLDLIE, LRWFCENTHEERTTS -7,

E18 BREAOREEMD

a. #W &

WAL B BN R RISHILND19564F 5 iz UR L 1o h 5 = v BikiT, BIEE 250m,
RRHGIVEEMmICMEL TV (I5H). fil0LBEEI I 2+ 7, s+ %, ¥IHvs5 4
RYALF, Y=+ 7 YUET, P, BRI vaFy, 328, 7%, £27/%F, vHEHLELE
HREBEDTH 70, REEBEH 10~30cm O LOHL {, HEMATITHA LT, T TIZEHBRD
feh, ANHKANINTLSA LT, ZO®KICH 7= M IN TS . FXD MR # 3 ERMEYE
HLTHB, 77~y DEBFREMNE L, MEKE 4410 THE2. 0~2.5m, MEFHOMIL0.8~1.0
mTH oo HIRBEERERIEND 50 L S M- UL Tz, SO KD kAT
BRI 5 K 5 1CHI22X 3m D WAERE B £

b. W & F ik

ZOMAMIKIZ DN TIN6A Ay 51960 & TD 5 4N, AFHIEAAFRELTOL EBENHL TR
CEHBLTO o, =), EONCEERDTRE LB, 8P LTS OHBD 3 HHz 20T HE



o
N
4
N
A

SOIUEHCIBT AR — L I B AF LI~ ChED — 135 —

Of — O goooo Legend :
00 O.© —\0 O ® Dead txiees by the root rot one year after
0 (OloNe) plantation,
.)/© @ O ® Dead trees by the root rot two years after
O @ ® / plantation,
(@) S0

® Dead trees by the root rot three years after
plantation,
® Dead trees by the root rot four years after
plantation,
Decad trees by the root rot five years after
plantation,
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: Healthy trees,

Direction of slope,
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Contour line interval : 2 meters.
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Hiifie & - T LH@EERTE0, MR T oWATE DG b KLz, WAED RO I THESX
50cm, PFEZ 0~10cm, 10~20cmD KE XCYOIMD, TORTEINHERFERYE L, ER3CH
B2 D THRWVIZARELZZO B, 120 WG LT T il U
c. 1 O osF
WERHBRRIDSMZ AT LB TH S ke 1EI A SHEWRTEA (@) bi5e/EL, RDs5ic8
ADEFIRNCEIE Uiz, 24EH (@) i3 ENEh T K 3Im1340 L, 3ER (@F) 1212164
EHBUBAR LT~ 4HE (OAD IENAERPIWL L, 5ER (DA iz dindians 3X
AR LI
ZOMXDEEOEEIIEFIIT 6 Mic Ry &8
T, HFREC & ORMHTERRNURS 5 151 2 Ticky 50 | "
REBE L2 8RR EE 100 & L, &HFET &ITRTE L7a K /
2o | // \
10 )/ \\
Tz 5 % 5 yeur
Passing year after plartation

EHTHob LI,
oA 5H5E DMK TRARE 1AL STREP
HiBEADSS Hhil, 3 FHARAL 0, 5HETIRT
Do
e . , A F6H RTINS R
COMRDEMBKIMLY IR OHMZE 55 6 Percentage of annual death
S TEE KB EIRT, R~ T T of larch by the disease.

Py

Percentage of infectied

larch tre=s

{DOTFHhTHofo. KBERIS YT BB LD, BT
O HERK 6 ~THATHE b cbD £ i
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Table 3. Soil profile in larch plantation affected with Armillaria root rot
E4- R R | SRS D!!kf‘ﬂi " OB Rt W & | BEE KERE % {?ﬁ#
efi- £, ‘ | . Height
.| Type . {Thic- |nition Stone ~ _ | Com- ... above sea
g{g of Hori kness | of Color size, Tex-| Struc pact- Mois level(m),
No soil |zon |(cm) goun- 1 quantity | ture ture ness ture ! direction,
3 ary inclination
18 Sakaemori, Kitami (A—1) (April 13, 1960)
A 18 brown none SL | CrGr |soft mee’f}t,rf;et fg?, SW,
C . . .
_ yellowish slightly | __ freezing:
S—1|Bo(d)| B 30 G hrown none SL Gr 1.3 wet  |joi
. . Gr ‘ damaged
. yellowish |(pumice) | o , very . .
c brown abundant | SL de\z‘vi?(l(;}eyd hard | Wet site
| ‘ A 25 brown none SL | CrGr | soft wet S
. . . . 250, SW
- G |yellowish slightly |modera- o ’
S—2|Bn(d) B 30 ! brown none SL Gr hard te ﬁ?l ddle
G . .
_ yellowish |(shale) site
| % lbrown labundant | SL Gr soft wet) wet
. | _
I A, 22 brown none I SiL Gr soft Eodera
light . , )
A, 10 G yvellowish none C Gr ,iléggﬂv’ godera ggg' SW,
s—3| Be G brown
1 grayish ) healthy
: B 20 G | brown rare C Gr soft wet ! site
1 |
| _ grayish | (shale) Gr . slightly | ‘
‘ ¢ i brown I frequent | c “1‘521]’2363 4 jard wet
Remarks :

Soil types (Definition by Onmasa)
Definition of boundary :
S : Sharply defined, C: Clearly defined, G : Gradually merging.

Texture :

SL : Sandy loam, SiL : Silty loam, C: Clay, G : Gravel soil, L : Loam, S: Sand,

CL : Clay loam.
Structure :

Cr : Crumb structure, Gr : Granular structure, N : Nutty structure,

M : Massive structure, S : Single grain structure.

WP HROFERHE (LR, KH—18)

Table 4. Water percolation rates of soil (18 Sakaemori, Kitami)
HEHES Wi i & 5 g IEL(Z}I'% ré &K Water percolation rate
Layer, Thi g T
. . i ickness [Depth from (cc/min)
Plot No. Profile No. Horizon (cm) surface(cm)! Smin_| I5min_ 30min
g 1 A 18 8~12 35 28 26
— . B 30 26~30 19 16 12
Damaged site
C 30+ 48~.52 5 4 4
S_32 A 25 8~~12 98 74 67
A1 . . B 30 33~37 19 17 15
Middle site C 30+ 63~67 200 179 150
Al 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 i 30+ 58~~62 39 30 22
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FEITHBR~BR AR L, LSBT Bo(d) BUziRd 525 ERMSPPRICTE - 7 BEWTE Be
RICH - 1o, HEHOEFNT 10° T, ASFDOTNIL 256° TAERMTH 72,

LEHEOHEER 4 ARaCT -0, TOMRE, 3 RURT LB RMNETIARTHIC 12cm
O vy Y — RO SHEEERE Y S, IIFEREOHRO—2 & L THERICE O N B GO
AL E T EEE DN BN L DR L, BB BITAORIA SN, AMLEBHLEOMOMH
HOMEBREIFEHINTH D, BABIWTH .

iﬂ5%>lWwééﬂbiﬁﬁﬂﬂﬁci”|&$&ML,ﬁT&m“#LbT HEOWMEETA
St TOREBIEARIITTLEUT, 55% 155% 300 BROEFKHIEIRINOAEBIZ LA T
BIE s~ 1o, BIER CERE T L, BROEKIEETRTH » 2.

FHEOFPHRG 7 ICRT E B0, HADMICRIREREZS oNilhoTo,

Example

Solid(Fine soil),

Da::eged A Nl o Root, G weereee Gravel,
oy B S :l Wt .----Moisture in fresh soil,
¢ Weeeeeonen Water holding capacity.
Middle A WIS RS Jtﬂ)_l;iﬁ@zlﬁ—;"ﬂJlliﬁ
site B bR, %7%—18), A
s-2) c Fig. 7 Physical properties of soil in
natural condition
Healthy Ay (18 Sakaemori, Kitami).
site Aa
($-3) B

¢ B

—J5, b, WHOLENIC KT BEANO ROMBHIH 5 RIIRT LD, BEIOHSREHL
DKRTH -7
F1, ZOFAEMLLALC 9 AT, FURELAOOEREMNEOFRETE L QMAET, BIUEHENR
RO BLBOLAR S 5, LHARL LSO EE LiofR, (1i342.3%, (2)1350.4%, (3)1366.5
%xETL, ERERRLEBL TV,
FoFk LBEhoW AN EEES

Table 5. Dry weight of rhizomorphs of the fungus in the soil
block of larch plantatlon (18 Sakaemori, Kitami)

woE plABERTR, mEm s 6%§|1I‘_i?r:é)m | D%ﬁfi?h%of
Sample plot plant%c}l,;:;';h tree I Collected point s;?‘rrir;{)cc | rhxzogg())rphs
; Dan}aged R—4 ! lg:ég | 32
LR %® 18 ) IR |00 19
18 Sakaemori, Kitami Healthy | B —° l 18:;8 ! gg
S

(Size of the soil block : 50X 50X 10 cm)
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FEMEMDES,  CoEMIC BT S RFEREHE T, Rk 3ER E TITREARD28% HERITE
Ly, d~5GdafEiciZicilb L, TDOANY HFANRNTH -7c. MK 6~TERBLL B.d
B, E.EEER, H.MeE, JT.o4EBM, L. AFE0ER BT, $TIOBRIEE L boRislic:

SRFLHDE, 12LAES GNP -7 (B.C.E. L.IESHAEER).
B2ET = %z

ARFNT X D BITHFEA QR HERRIL I BIFE, ik, W5, tigdd REBEOEE, K&X, REOS
TR K- TRELZCEMBEL D,

Hentoy, Cariey B L7 Jorcensend® (3, Ontario {C £ T red pine & white pine & OZHFRE
KERNTEREOD 200 HAEMAL, BREREHOREE DI UTEIRC O A>T 5 T L%
WoAIm LTS, E7c Marsu®? {3, HE[cE 35 ) v WE S or 7 ) HHIT B 2 AKOD A5
DIZOOWTHITREL, filoo A0 BROEMIC X2 2 2R L, 15FERMTORTIIARI X
DA G, 30 FOBTHEE DT LN C E 2R T0 B,

FEEOMMTHEO TS, HERBERICHBAD T Lc8a a2 b iz LT, A » TR0
RICWEFOAHD, Hovrey SHT8 - 7 ABBRE —HECBTOZ . LA L OBWETHE, Mko
FEMOERISEMT I LTEYD, Ladi-sTENSH ok LA AREORARIWES, B4, h
MO hoMEnc b EH o,

COEDZRMTERIDHFIEL TS E b oF, HEOERCTIREESREST 5 2 &3,
Daviel, A, /NRGED, W H S0, EE O MPTTIBRTH A EHIC, ZOBSRERIFRRL
BREICEBDDEFEAOND, TH0D, COMMMAOLMEEFPOHTH, ERCEENR e L
HEZ, BARICC 5 Jivi) s TS 5h, ABOEXIZ53 ¢, LEOBKERTR
TEREFGARIRTH -7z TULTEDXIBIEHRE, G SHIrad ThERNDE LY, FEO
EROENKTH -1,

COXIELHEHEN 7 =1L > TRRBBEEMTHY, TOEBFCRESEETE, LT
BT TBOSIHRAOEFNC A S T = v 48, TORBMERLTL ST TEMMTBERALBD bbb
5. LT, BREEOEZEHENMGALZAMNZAP-T, 0BT -hbDEELOND,

DFEC, MHBORBUREEREEELOBRIE, HIkR3ERNEENEL TS LipL, it

AL EMKBLI~2THETIE, BN EL 3R EWIILT, SFRTADLL IR HEL
LTRICDENTRETH D 447 H, SEEILLLEMRREBLLTL 5, 20CAT5 L¥H
3~4mDDPRFERKELTOLDOT, AHIZ2EDP T, WELRIOXIILAHAD. Lichi TH
LRITR LA & 31z, Mk 4~ 5 FEEFORERMENS MG SN T A0, COLI BRI
KZ2bDEEZONGB.

WEIZHOT Hieey™®d 7 7 = AT A TRAKRICE SN S 2 L3a0d, hplheis
E L LITHET 5 2 & 2B~ T 5. Gisson® {3 Kenya |2 517 5= v HIOEHMTIZ, fEEH54E

CEEMBRECE B EMEL TS, HOVREFOTON 7 vV EKT, k3 FE» SWH
KEBoHLNEB LY, 4~6HFAMEL 2T UL, 6HFEEICREENB LB LAETL, 7HEBRES
s a2 L5 LTS,
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IDESIT, BB XFHAECE D ISOHEBITR 50 DA 51, $HT 2 OBHEIT & » TAGEY
TS MG D & T ARMA SN BOciE, BB OISR A DS oD LS5 TH B,
EBS5E KNRORBLEIEE

AN OFEA BN 2T, 1958 LI BRIz D » TUILiEND R F =y, | F=w, ==,
AbB—=TTY, AN/ X2V FBXEV SN VORI SRITONT, BHEERITE T
FDTHEH, TR S VEKRMDHZONTDRD,

AR 8 NS R X T, AR >0 TR0 LD Fr DM IX RS, chZiuc>0 T

ERADsf, THRE, LHOPORRBESIHADG SO TIHEERITE - 120 S BEY B X UM
ERML 2 RBESHKHEICET 2RGSO THH LY THEETE - 1.

{®) : 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,
| : Biman, Kato, J : Saroma, K : Mon-
betsu, L : ‘T'eshio, Nayoro, M : lkeda,
N : Hiushinai, Kitami.

5. 20 40 69 i?u

MWK AT =il ol AR Y
Fig. 8 Map showing the surveyed locations of
Armillaria root rot of larch (Hokkaidd).

B e RA

bFEDSHIEDE LA L SROGMALH D, chdis 7=y DLFIIHUTERL, DT
AFOFARBICOELOEVEBR DT ZEMH S,

B EFKEOMFEEL 210HIT, HFHANC SO THIERRETRO, €chEFhemOoa vy —
74 v CHEE) ZANI, DE 4 DMK DNEERNEIC X > THlEAD AR S 1AT 2L A L,
& WABRLEELTH -2,

TORRERATIL, AWOREMTIARANU THRAYEPEHIRFEEM E 2B, soichEdeo
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\
[~ *R-63

A
R-1L °R-1
Remark : 1
{3 Damaged site, —
—> Direction of slope, o
xS Investigated soil, S K 5\‘\
+ R Collected rhizomorphs, ‘\‘R’ “X S-27 '.
Contour line interval : 2 meters. 1 ':2 ,’,
WOR AL B—1NDH 52V 5TED |
FWIB LR, HHE—9) S--70 B 10
[

Fig. 9 Damaged site of Armillariu root rot in
plot B-1 (Sakaemroi, kitami).

Legend : Refer to Fig. 9
w0 WA G-1HOA T =Y
SN ORNS (£F,
)
Fig. 10 Damaged site of Armi-
llaria root rot in plot G-1
(Nakanayoro, Nayoro).

OE LT ok, Db, EEHIE
H:D 1 DDRIH 9 X B LT Plate d, A
R & D, ITEERIT S B3R
HUE K DR, 3Ll T b M
21 5 7o te &z Blbhh (Zhami
TEaE I EFS 2), LD 123 10K
& Plate 4, C el d &) icilcak
WS, 3 B ULMIRINABEICT » o8

Remark :

& : Type of the occurrence in convex part, cileing (ThElIERRF R L iy
M : Type of the occurrence in concaved part. 2)a

WIR A 7= VR o3 HBREMOSHR .- . .
PHR A5 IR S50 o C SRR DA B 35
Fig. 11 Distribution map of the occurrences of

Arwmillaria root rot in larch plantation. HZENRIZRT EEDTE S, THb
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1, HIERE R HENE { B SN AR, ALIEEHER & AR O— I T, THEERED
K& AHBTHY (Fl, ALB. 1. T.K.M.N.), ZUBWEERMSIENS < & o 5 W ER,
BiLOBE TR O/N XM (M : C.D.E.F.G.L.) Th-i.

LT, ZHOHERSEN oMM, BT 28eHD T 5T, BRINICY 29 uRE
BEpot.

B8 REMOTHRE

KANEHID I LRARICOVT, TNFNLEYE KO EEORSEOWELFE - /. UTE
PEMZDNTLDT

a. Jeh, F#HE—18 (A—2)

COWBMRNTIR < ARNOREHER T HE LS (A—1) OFMIE LTEY, EfE 44
[T £ 100 ARD B FEA NERIRICRAE L@ Th 5 (Plate 4, B),

WU oA 7, i EERNTHEY (A—1) LBEFRLTHS . HNEOERMAE 19~
20°, HEEHBDOEAUZ 19~28° TRLPLPATH K.

i B NUEMER S B CAbikihd (ERTZER) OHERIC X » TT ekl T, IRt
~J AT R O 6 RITRT E BV THS

COBEFTHLRIN (A—1) LD KD CFREO A I EBMASR o h, LROMFORD
NHFERUC LS EEsSA oN . LHOBEKMERE T RTRTEBOT, FBHEOPLAIR ERIRL
fobtl (S—6) WBKERBTH 72,

12 35 L OB SO TS EI2AHC R LA & 5 10, ORI KRS LEIRBEY oNBh T,

b. i, ¥H—9 (B—1)

C OFMAEHITI54EIC I SN BHILT, MEIRI960ICITE » oo YEEOBLL I/ I DItE

FoE worEic XD RShe s 7 = vl o LT
Table 6. Soil profile in larch plantation affected with
Armillaria root rot (18 Sakaemori, Kitami, A-2)

wiE || B [ Fe esike St | I | e, sty WF
B | et TRER & W W BB KM ARREdehlabon
o ¥ ori- efinit. ex- evel  (ne),
Profile o b | mess fion of b Color Store size, quantily ) Structure Compactness | Moistere Direction,
No. | soil (em) loundury ture Inclin: tion
! Al 20 G | brow e St Gr soft moderate o W, 1o°
scaime | B[ s | 0 slwish bown | mone St G- soft T
| = | & | biuhe yellowihbrown | e oy G ftied | et ealthy site
s yellows e SLvenkly developed Sfi~hicd | we ‘
A 20 G hrown nene SL Gr soft moslerate 20, SW .
S—s| Be B 18 G grayish brown nune C N sooft~hard wat ",0' th =
e | = l gray Cshale) Tar ¢ N soft wel widdl site
A | 25 G brown nung St tir soft wat 230, SW, 19°
S—-6!Bp(d)] B 15 G yellowish brown none SL Gr soft wt I damaged siv:
c |- | light yellowish brown | none SL |eakly dmvclaped] D57 moderate | Teezing 5““‘
¢ | f ]
A 25 s biown ! note SL Gr * soft watremely wel) 230, SW, 21°
S—7Bpld)} B 12 . vellawish hrown nore SL Gr soft 2 Damaged :;xstc
C — ' light yellowizh brown | (pumice) aceasional | SL Gr | hard Freczing : 15em
o e s G wit | modersee
A 20 G dzrk brown e I SL (iu soft maderute 210, SW, 27
S—8{Bp(d)] B, | 20 G brown (shale) frequent i 1. Gr seft wet Healthy site
. Oy 1y sile
B, —- brown Ghale) abundant | G N Lard maderat ¥ s

Remarks : Refer to Table 3. (April 14, 1960)
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Wk EodkdE deH, KE—18, A-—2)
Table 7. Water percolation rates of soil
(18 Sakaemori, Kitami, A-2)
BAHRE T 7 A @Z;E_é TJKH- Water percolation rate
Layer, T hickne’s> De| ¢/mi
~ o i pth from| (ce/min)
Plot No. , ! r“m'“‘_N‘r)r' WHO“ZOH (em) rsurface(em)] 5min ' 15min . 30min
[ < 4 A 20 s~12 | 138 126 | 115
: . B 5 23~27 | 118 T99 | 85
Healthy site c i 30 347 | 62 52 oo
o i ) | !
s A 20 8~12 114 108 | 96
Middle B ‘ 18 28~32 76 75 | 54
iddle site c . 30+ 43~47 236 230 208
A2 g ‘ |
S 6 A 25 8~12 54 50 43
Damaged sit B 15 33~37 74 7L ¢ 50
: amaged site | c 30— 48~.52 4 4! 4
. ‘ oy A 25 s~i2 | 200 17 170
Damased site B 12 28~32 | 133 108 75
} amagen site C 30+ 43~ 47 | 36 | 33 30
Example T L, KB SRR i o)
0 wor JEHLEIZ A, N2 DD IENHRENI DA S
Healthy A [ % (914, Plate 4, A).
site B
s C (31 15~20mT, i34 DA 60~1104
THo NIEDOIKBERIZ I X 7 OKiEA,
Middle A . e 1
site FAE)F, AFIYHIFRLET, FER I+
B .
(5-5) c aynEL, cOINI7F, awFigLs
H OIS WD, 7FIILBNE
Damaged
site g _ ; R LARRTEST. 47Ok B
(5-6) ] <= s DU S RS B AE (Rl 9 B
c m s \\\kw:q | UOZMEHRR I BAF (B 2.5~3.0
Damaged m) THHH, JEHT U R (3 1.5~
site A 2.5m) THoize
%) B
Y SENEDERHE 20~25°, HATTI 25~
Healthy . s s 357 T, SCTHREAMD AT H -
e’ A NN\
B S NN
Remarks : Refer to Fig. 7 LSRRI (EBIER) DR
W21 I ARARIED 2 o AP LT > TT & pokILRYE 38T b B~

MHMA-L, 2 THONIX

ClLi, H—18), A-2
Fig. 12 Physical properties of soil in natural
condition (18 Sakaemori, Kitami A-2),

GEOl, W8%kDS-13) Tl
-1, 2 ZELE S ICRATNTIIHERY S o,

{EIHTH -7

=N

T, RHOWS Bo WITIRT 5. LIEHED
IEEAUIM 8 LTNT EEDT, TR

o) fii-ﬁélg’:ﬁ:%(id SIS =t ik 11 2R L‘Z\ik'lﬁbﬁ?ﬁcu:ODLIJ:D;“HE

FAORMIZAH SN D (DRI, FIRHAMA

SR T RO HDI
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Table 8. Soil profile in larch plantation affected with
Armillaria root rot (9, Sakaemori, Kitami, B-1)

% Lie| W | we [unas! | B a 1w o | mea | suas [EETGSR
oo Type Hors. [T Deiyy. & " A Tex i N
o sz;“ 8 | e \‘;;r:\gi‘rl;v Color Stone size, quantity ture Structure | Compactness Muisture }Z’ét‘:gﬁ:;x

A, 15 G dark brown nene L' Gr ! soft moderate
s—o| Be A | 15 P durk browa none I Gr soft moderite 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 one L Gr soft moderzte R
S—1dBo(d)] B 20 o light yellowish brown | none L ‘wcnklyfi;:vcluped soft~hard | wet :)z:;lai?r;;tES
c - wellowish brown (pumice) rare L weakl 'd;\'anPcd hard wet
Al dark brown | none L G coft moderite -
S—ulspfay; L | 10 G | brown nene L Gr saft wet 22,0' S“.' %
B, - G brown (shale) rare L Gr hard wet Middle site
’ > e | kly developed 70 W
Ay | 20 G dark brown none L Gr sl ' exlremely wcl' .
S~12iBp(d)| A, | 10 G brown (shale) rare L G- sofs | et ' i:o' SS\?', w
B - brown (shale) abundant G - | soft | wet ealthy site
1A, & I dark brown none L Gr 7*:01'1" L mederate ! o
s—ialBoca)] 1, .} = g . brown none L G- slightly hard | wet ;"" SSW, 20
I I I - ’ brown {pumice) abundam [ L — | hard muderate ‘ amaged site
Remarks: Refer to Table 3. (April 15, 1960)
HOR LHOEAK: (L KH—9)
Table 9. Water percolation rates of soil (9 Sakaemori, Kitami, B-1)
BEWES [ W iE F B SL?Y]?} EAKE  Water percolation rate
Layer Th'( ) H
. g ickness | Depth from (ce/min)
Plot No. Profile No. : Horizon (em)  |surface(em)| 5min | 15min_| 30min
5_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
A 20 8~ 12 100 80 435
S— 10_. B 20 28~.32 17 13 ) 11
Damaged site c 30+ 48~52 3 2 2
B—1 ; ]
11 A 10 5~9 48 40 33
S 11 B, 10 13~17 57 38 32
Middle site B, 20+ 28~.32 10 [ 8 7
A, 20 8~12 49 39 32
S—12 A, 10 23~27 183 148 11
Healthy site l B 20+ 38~42 360 335 320

FHOBKBC OO TOWFERETZ, PBORCRT 51T, BHBORMTRILRIREOA, TRICE
VWERS SN BERMS -7,
B ARIRTBIZ 513 2 1O BSEPRC DO TIRIISINC R T XL S 1C, Frcht, $oMiciIERIEsohg

e
maize

HEHDOHAROBIZ DO TOMER, COWAN L TNICHHET 2 Hlkk 3 FROEHILLIZONT

PhE® TN -1, TOERIFIORICTETLI T,

VTR ORRBOF MR LTIz { SXTEP T,

7 UCHl#kis 3 EAOMKATR, BOOTOhLHARME L, fi#kk 7 HROEHITRRATKS
BNVERRES P -1,
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Example
Healthy
site
(S-9
Damaged Remarks : Refer to Fig. 7
site IS 1 RAREED 1 DT N
(8-10) efl %%—9), B-1
Fig. 13 Physical properties of soil in
Middle ces
. natural condition
(:-t;) (9 Sakaemori, Kitami B-1).
Healthy
site
(S-12)
Damaged IAL Wl “I ]
site Az ¢ R NN l
(S-13) I1I m &\\‘ % IR ‘\l —I
WIOR LB O A4 B % §m
Table 10. Dry weight of rhizomorphs of the fungus in the soil
block of larch plantation (9 Sakaemori, Kitami)
5 R IE B E R . HMETERS FEXE LS
HoE M Pisssmg ear after R R Depthf from D{y v.elghilof
planted larch tree . surface rhizomorphs
Sample plot (year) Collected point (cm) (&)
‘ R— i 0~10 l 2.4
N Damaged 10~20 0.4
R &9 site ! 0=10 7.2
3 R—2 | !
. . . - 10~20 3.2
9 Sakaemori, Kitami ! S ity AN -
vHamw|R 3| 0~10 l 1.8
site | - 10~-20 0.9
0~10 22.7
Damagedl R—8 I 10~20 ‘ 2.0
o site 0~10 3.7
R, k&9 , l R—9 10~20 | 5.7
e e s 0~10 6.0
9 Sakaemori, Kitami Healthy ’ R—IO l  10~20 1 12
site - 0~10 4.4
RS~ A N T
(Size of the soil block : 50XJOX10 cm}
ExREoLEPIZ ST 3 BEMISHIRRE, BRIZLDLRSDH, B EASHUHET 0~10cm D

m§<ﬁﬁb,m~manoﬁmmmﬁm9@<,%anfur<i
EUTHER IEHOENMORIGHTERN I TLMRTOBN L AHIZ

31 07
ERTEN

fFEd 5IRETH -7, HI4

AN TP Y (- AN

PITRERBMIZEBDLEL, ZOTORDMBIIZBOBERENEEL TO3EHMBE 1.
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C. &£, #rvz—167 (C-1, 2)

ZOAFMRA o7 VIO AIE L, EEETHUEERZ L, BiEi 450m TEEICE B
~7°) T 5.,

ZOFERY T AV, $XF IO 2RKT, EHRBPICE A, &, UL BV, Fhaves o
v AV FF, FHLGOHBMRTEAEL, MBI 7 =4 Yy RETEOMic Y~/ vna, £ P23 %
¥, Y27k, TUFVRY, RARF, asF, A¥TY, 7FEHAOLNE. BHAORERIZ PR
KT, Bk 5 FEHTHE2.5~3.0mTh o7, COMKDE O IHIK X 2 WHIT1B9EIZRA SN,
DM EOEHRM0WHILIC DI » TWF SN, BHRTNTEAIIF40, 000K TH » 7o RIIDIHEFIL
M 3SFHETIZABEAKOKB0BBRKMIEL, 1IN, 4~5%, 5EBTR1I~2% 4K
L LTINS,

WA O LT EALK A, BRESM LT AEEALTSHY, ABOESIITY I0emT FEz
BHOKEAROEOE (1.0~1.5m) HBHERL TV A, FllgicnT LI, i, Wi Ewmno
AT, KBIREEIARCET, RGBOAROES AT TN BATHEL, BHERKRTH-
7.

11k RFBoBEBOLEENE (BW, Hrrvzx—167, C-1, 2)
Table 11. Soil profile in larch plantation affected with Armillaria
root rot (167 Karurusu, Muroran, C-1, 2)

MIES | g B [ Em e | mawr | L kEwe| B mox
P{\?éile HonzonI’I‘h(lérl;]n)%s Stone iTcxture Compactness |Porosity Mmst-urel morphd Root
o A, 10~11 $S SL soft | (P wet R A
Dzumilged | A—A,| 20~30 vS ! G hard mP wet R A
site A, 6~8 ' S S cemented none wet none none
(Profile 4.) x 11 404+ l vS G hard mP wet none R
& 4 % A, 8~10 none SL soft ' IP . wet . none A
Healthv A, 12~14 sS SL [slightly hard sP wet none A
(Prnsfiitlee ;.) 11, 20~25 vS G hard P wet none | none
11, 30+ vS G l hard ! sP “ wet , mone none

Remark : sb Slxghtly stone, vS : Very stony, IP : Large porosity,
: Middle porosity, sP ¢ Small porosity R : Rare, A : Abundant,
SL : Sandy loam, G : Gravel soil, S : Sand

12 HRRECE S 5 I MOBENME (ZW, hrrr—167, C-1, 2)
Table 12. Physical properties of soil in natural condition
(167 Karurusu, Muroran, C-1, 2).

wEEs | ot | WEXE | omm | e la x| omue  RERE
Profile ! Horizon pe;c olation Porosity | Gravel ' Soil Root I morpha
- < . / .
No. (em) rate (ce/min) (%) %) i (%) (8/400cc) (g/400cc)
Damaged site | A, 55 69 | 3 | 27 | 1.1
No. \ A, 93 69 6 25 2.1 0.0
Healthy site l‘ A 207 72 ' 4 24 ! 5.6 i 1.0
No.8 A 69 3 29 3.4 0.0
No | A 265 | .




— 146 —

0Bk, FURERS LOREBLER T2 TIL, 2Rz

ARERRETIRAE W2295

/r9 Jij ey

BeRIz]

A BOEXERF LSRR TH - BEBAROAWREHMBALTICS bk,
ZORERN LN 4 AF, #

BT 7

EEREIMEATN T 0~10cmE - fe DT L,

AT

d. 4&, AFA—124 (D-1), A, EFE, 84 (D-2)

4%, BA—124 (D-D) OWHRIETTHZ00mT, @HFRZECHLTHS, !
WKERRE LT, LR+ %, +7, 3V, F04, 720475, 25/
P4, 2 TFEENH SN D WIEREIZ19584E 5 1 THAIZL9614E 9 o Tl » 7.

BOHw 5 MHEFEAERUTIE L, 4 3 HIB O SHT/NENIR

10%?% - f;g

B3 (S-15) FHLOBIRZ 10~20° OEFM
HbO 7. B HERE S ATEY, L &> T,
WK 3 XKL AR LA i@ 572 0,
- 2487

BRASNEERICRE LT %
Y, LBEIFE-TOR,

BORDEBAIZ

i

T HEhOBE A RO NHIRTITH 14 FIZR

<m$$n7‘\:o

4&, EFF—84 (D-2) DOMALIZEELT 400m, HFHIEIZ
F/ &, €V F, FFATF,

BRIV ESITho 4

I3,
RHEWTEHI5~30cmp D HEOHFHBENVEM S L,

TEED LT, T

l; '\’gﬁﬁ%a) Aly

WL BICLRAA D oo, W

AT 3 5137
LI+, H 5=y OFMHE
IO BRI EBARETH 5

B> (S-16) HIFIW B LM D3~5T, HFhic

Z LT HEO L& KK BODT, AR A ERUBE

s b

T B,

IZRTEBDT, H-ARM
CHERF LT, Tk
AL FORMHVOTH

—HiIz

Z D HE—AE319524E1Z

*, 7=A4

RO bNT
ERAELTEYD, BNERERNEABDOMN

ulr el

[i S A ES

HWLT 7T, +3, 414¥HhxF, ¥
Fo LEORMBIA LT, §8IRI31957F 5 H T##EIT19614: 9 A

TS » 7ce RORAKDOBE LN FRMMIERELICE L, (ILBOBEFI WD 20078 - BN Hh T M

13K MO ENA A 7 =y EHAN O LR NNE
Table 13. Soil profile in larch plantation affected with Armillaria

root rot (124 Shiroishi, Imagane, D-1)

B LR Wi ‘ ma ke i&‘ | e
&5 Thickdyyoq: s H ] & 2EY AR Heigh above sex
Profxle lx Hon Definit- ; Tex level (m),
zon | Pess jionof be Color " Stone size, quantity Structure Compactness | Moisture Direction,
No. sml ‘ (em) otmdar)'l I ure | Inclination
H-Al 3 , blackish brown l none ! ! l loose
AL B s dark brown " none Lo Cr | soft wet
sous up | T &~ [ arayish braws sone | s s Poligtily | moderate 300, WEW, 16°
' B, 18~20 vellowish brown none “CL Gr | seft moderate Healthy site
B; '18~20 yellowish brown ! none (ol M Isoft maderate
, C |20 ! light yellowish brown | none | Sk | M | solt ] muderaze
H-A| 5 bl wkish brown ! none U loose
|
A | 6~8 durk brown " none L Cr - soft wel - 300, WSW,
S—16! B I o~12 grayish hrowr none s S mhg:‘j]imh " muderate ! 3’.‘
B, | 20 ight brown medium, oocasiondd | CL M " soft wet Damaged site
B, |26~ i tight ‘brown laru( lrquEn( : C | M slightly hard | mderate
H-A | 3~4 | blackish brown ! none | " loose
1A |1~8 dark brown none SL Cr « soft wet 300, WSW,
§—17] EI}BVL I |8~10 ’ grayish brown none S S toose~soft muderate 10~12%
B, 26 light brown small, occasional CL M | soft~hard wt Damaged site
C !204+ | light brown large abuadant C M soft I maderate
Remarks: Refer to Table 3. (September 17, 1961)
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PR P OWAKMEES (44, AF—124, D-1)
Table 14, Dry weight of rhizomorphs of the fungus in the soil block
of larch plantation (124 Shiroishi, Imagane, D-1)
HE 1% B 3 : WETEHE ERREE
HoE B Passing year after R Depthf from Dx;‘y: welghthof
. planted larch tree int surface rhizomorphs
Sample plot (year) Collected poin (cm) (®
_ L i R :
—25 0~10 1.0
Healthy
site | R_26 0~10 0.2
—2 0~10 0.3
Damaged R—27
site. | p_2g 0~10 0.5
S &,88H 124
T 3 R —29 0~10 i 1.8
124 Shiroishi, Imagane
, Damaged | g _30 0~10 2.0
site
R-31 0~10 +
R —32 0~10 0.8
Healthy
site. | R_33 0~10 1.1
(Size of the soil block : 30x30x 10 cm)
WIBER R oITRIRENI S 5 = Y EHWILN D 1M i
Table 15. Soil profile in larch plantation affected with
Armillaria root rot (84 Pirika, Imagane, D-2)
6 |oan] i | ¥z ene T fie| o | R i, e
#“?‘ Type' Hori- Thidke Bafioic. & ) L3 Tex. | wx RE K KiBRE Heilghtlabovesea
Profile ur z‘;n eSS on of be Color Stane size, quantity re Structure Compuctness Maisture S;eren(lx:n),’
No. | soil (an) 'oundary § 1 Inclination
T A, ] 2 N T I
s le; B ‘ A 13~1s bluckish bruwn none L ! Cr soft extiemely wel] 400, SS%LIO.
S—1g Be f B |15~18 dark brown none CEL M soft extiemely weté Damaged site
B IR I light brown nore < | M hard wet e
EENREEY ! ‘ )
: A, I cark brown none L Cr " soft extremely wet | .
S--19, Br A, 6| © " light blackisk browr | none L Cr~Gr soft extremely wet 40, SSE_’ 15
' | B 120~25 g . light brown none (}C | M soft extremely wet ! Healthy site
| e }zsa» 1 " Uycllowish brown nore c i M " slightly hard | wet i

Remarks : Refer to

Table 3.

(September 18, 1961)

ek TEPOWAHEELEE (44, EFIF—84, D-2)
Table 16. Dry weight of rhizomorphs of the fungus in the soil block
of larch plantation (84 Pirika, Imagane, D-2)

L P;lsﬁs#i%fgiﬁig‘iger 2 iU Y Die@i)ﬁ—ﬁ‘%fm D?if%\fl?ﬁi? of
Sample plot planted larch tree | Collected point surface rhizomorphs
Healthy R—34 0~10 [ 0.1
4%, £ 84 \ site. | R_3s5 0~10 | 0.6
84 Pirika, Imagane Damaged | R =3 0~10 | 0.1
site. | g3y 0~10 [ 1.6
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HELTED, 2RNNZIE3SKEDE» -1,

B Br MU TAERMNTE > TE YD, BHPATOMHF L 8~10°T, WL LEMEHFAETSH 5. L
BWEIRBRICRTEED AL (A 7=y, ¥4 REDKIE) OHTBRIZBOTRISNENSS
(B ohte, TLBELBIZRNAMMCKLRESS SN, ZORERCHEET ZBERTIE, @G
FPPRAEH K15 OEWAE LA L, LEPICERFET AU BEIZENWRLED Shr.

HHRROAHERMITLL6ERDO L BD R, FHREHITHEEL T D, REMICDEb 1.

BEEFTH 0cm ZTEBRETH -8, 32 5 OBAHHENARICEZ > THT T B0 %8
ZL%.
. HE, RFT—279 (E-1, 2)

Z OFEBEES S0cm, BRFMIFEMET, LU Koy SERSITO 8, ZORHH20F 4
MatekE, ILKEMTREL, ZORIBEEICH T Y IEKRINALETTS 3. BARS <4 ¥+
(FHL1.0~1.5m), F1F, ¥=79, YIHVS, kA /R, 2T/ F, YT KY, RFE, /
3 VEYERBONG, TELI6LE S AITTR » 1. B KDEDLNEE, EHKINATIC KRR
LTnieds, —sw S HUBIZI - BT/ MERHRICRAE LTS Y, RETRIWBERERCRET 5.
AEME- 1 3 - EBFRTH Y, E-2 3T IUchHEd 22 ERHLNT

THEETIWITRIIRT LS, FECS 74 B84 5N A ~RIBIEIZE > TED, BEPEIBCEE
AT B,

AEME - 1 ORINIBAIE (S-20) QBT 3~4° TEHEMNIGETH 5. LIELTD H-A Fii3fg
HE, mh, MBS S, TEOFICEES 3~4dom OF 2 22ROV ALKESS D, ZOTEHIT
(i@b;%fikl,uw@ﬁfié%fi LT3, ABIARYBETENEM?DY, TREO A BicdEnid,
F 5 Ay DRARIAEN Oitc. CRITHIET 20~25cm iCBibil, ZONPIZHESSL i, 20K

H17HE B o RN h 5 = v KA O RN T
Table 17. Soil profile in larch plantation affected with Armillaria
root rot (279, Akahage, Higashisetana, E-1, 2)

WEE | gy ! W ' wa l%ﬁiﬂ'& | 44 e, B e
Defini . i - % - otob: nbova
% Tyoe! Horte llmki don & Hoo® |Tﬂ LI EE R KEHE He;g&klu‘l:)g\\). sea
Profile] ° 2 zon OSS b ‘ Coler Stone size, quantity  tore Structure Compaciness Moisture direction,
No. | sail i \ (em) o | i ! inclination
279 Akuhage, Higushisetans ([ —1)
A2 blackish hrown none L loose ‘
A 6~8 a dark hrown none L Cr soft cxtremely wet .
S—20] G [ |7~w0 7 prayisti brown none S 8 hard~soft moderaze | 5. S, 3~~.1
A7 | G~d G dark blackisl: brown | none CL Cr soft extremely wet Dameged site
b i
LG D | T R iy e ¢l oM fhe extremely ey
279 Akahage, Higashisetana (E -2)
- JR—
A, [4~5 G bluckish brown none L Cr looze | maderate
A, | 5~8 G blackish brown rune I Cr loose moderate
s—z1| no I [|to~12 G perayish brown sone s S hard moderate 50, S, 5~7'
- A’ | 5~B s dark brown none CL Cr soft moderate Heulthy site
B | 20 ; yellowish brown none C M soft moderate
C |50k grayish brown none C M hard moderate
A [ 4~5 s blackish browa | wone L C- loose extremely wet
szl o | Mo~ Blackish hrwen ‘n(me L cr loose extremely wet| 50, S, 5~.7
I |re~14 G ::l;lnll]\n{wr , i none S S very hard moderete Damaged site
~ \row .
G |%0- l (ferruginous lllul[ln‘u,) small, sare c | M soft wet

Remarks : Refer to Table 3. (September 19, 1961)
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W, B 77V DORIFEEFRIIETE IOV IS b,
—F, MEME-2135~7° OFHFMT, FiE LHORILE (S-21) OFHERRETHD, KFHIZX
ZEBAARBILALES o 5 7o LHERIT Bo BTHim & I RRCEOD K IIKIE DS 2 53, B34 40cm
OESETHRETED, H72vOUBEb LD 7. FTETH (S-22) OLERBETHIEIIGHT
B3, KR IO KLKMAT C 5358, JET 20em DL AHBGIITIRD, ZOEMTREEAS
EhHonto, 72V OAFRE CRASEABRIZ#EL T,
ORI AQTIEDOTIMEEIINBRITT T L 512, AHMNCKTH » /s, BITTHEOHF S e <
NREVEMAT L,

T18%E 78 ST A RO EE CIoHA, #Rk—279, E-1, 2)

Table 18. Moisture of soil in larch plantation affected with Armillaria
root rot (279 Akahage, Higashisetana, E-1, 2)

i RAAAR | RIKEKS S
S MR B fr Water holding | Moisture content \X’%\ﬁc%

Soil profile Horizon "“g;;;‘)’ of fr(e;bb) soil o
Damaged site | Ay 66 62 94
A, 45 39 87

-0 .
B (s - ]I 58 53 91
Healthy site A 64 45 70
AZ 49 37 76

-2 (S_2
2 (52D | 59 47 80
Damaged site A 63 | 58 I 92
A2 48 39 81
B O I 58 50 L 86

F19%  ALHhoOMRRRG TR (HEN, KRE—279, E-1, 2)
Table 19. Dry weight of rhizomorphs of the fungus in the soil block
of larch plantation (279 Akahage, Higashisetana, E-1, 2)

4 HRESEBER - WETRE - ERREE
#HoE P?ssing {ear after LR RS Depthf from ng weight h(s)f
planted larch tree | ~ . surface rhizomorp
Sample plot (year) Collected point., (cm) (&)
1
Dau}aged R-—-38 0~10 0.6
site | R_39 1 0~10 0.2
Healthy | R—40 | 0~10 0.1
site
. —41 0~10 0.0
AR, KL 279 R
279 Akahage, 5 Da’;?ge‘i R—42 0~10 0.3
Higashisetana
—4 ~10 0.5
Healthy R—43 0~
site. | R_44 0~10 1.6
Damaged R—45 , ! +
site . R_46 | 0~10 0.0

(Size (;f the soil block @ 30x30x 10¢cm)
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L OEARARIIN 19 IR L & 8D &R, FHTBORNE (R-45, 46) X D4t
LBORAE (R-43, 44) OFBEIr -1,

f. #%, BR#—55 (F-1)

Z DAL FIEA9250~300m, ST IALT T RS (10~20°) T LTV S G0,
WARAFEI219604E 5 )1 T, MAITL962E L0 IZITIE » 125 NLEBIBEE LT A 2 ¥ HxF, ~v=V, ¥
¥ FF, Fo/d, FAFREDERENT, BEOH/ERITELLTRI A ¥4 EFEEL, Z0O
ZavsS Ny, YFFEIFY, TE/IFVYVY, TSAFITNERSY, EALLTIFAF, F7, ¥
FhVeS, Fa/s4, =7 ta, ¥Y+¥, 25/ FRENASND

FEFA S EF AN D078 - 22BN/ NERBRICTE: LTE D, FERNBIERAEICET 5,

TEEIZWCERCET, WIEELTH 5, LM IR EBD As By IBICERRMILESS S
1, 2BNcE->TW3,

LHEOMAHRPIRITRT L 5D, RCH, FHPOMICKSLERED SN, o7,
W20 M ofoitifickiEd N A I = v iR o I INE

Table 20. Soil profile in larch plantation affected with
Armillaria root rot (55 Fiiren, Nayoro, F-1)

f | LR i | 72 soRE T - xt ‘ _ Fas, H, M
:;g w1 Wi 11;7 " a | . & '] AIBRE  [Height above sea
] Type i Hori- 21K Dofinit Tex- | ! level (m),

Profig °) HESS oo of he Color Stene size, quantity | Structur= - Compactness  Moisture Direction,
No. | soil | 27 [ (em) oundiry J nre | Inclination
Ay | 4~T G | bluckish Im.-\\; rare CL Gi~Cr ’ loose . wet
cad pp | =[50 (f weensioral CL N soft moderste 250, NNE, 20°
STELED R ) 20 (: ellow brown - Frequent C1 N | hard mderate~wet | Healthy site
B, |15+ " am vellow B abundat ClL -  hard wet
A fe~r| o Blackish brown e CL |  Gr~Cc | loose | wet
o mo | A2 {8] o | ek brownditk | oeuonal cL X soft jmoderati~ et 250, NNE, 15°
B, | 12 G prayish yellow beown | frequent ClL N hard moderate Damsged site
B, | 104 ! ":;)":t:‘;m w hrawn abundant CL — hzxd midcmle
proyish brown~ ) o Cr . .
A, | 6~7 G Dlackish brown rare ClL Gr~C: loose wet
se2sl B A, | 10 a grayish yellow brown | oceasional CL N soft moderate 250, NNE, 13°
° B, 1 (: hrowe~dark brown | aoeasional Cl. N kard moderate Healthy site
B, (164 ! browna frequent CL — kard " moderate
Remarks : Refer to Table 3. (October 17, 1962)
FLERARORI BRI, TOigh
Example THREPRIDE -7 (5213,

E. &%, $HHFT72 (G-1)

Z OFERIT EE270~300m, EHGIIZ

P THEORBLICAR LTS, Gikk
b P AI20%, F7, Fravesnd

Healthy
site (5-23) A

Damaged A
site (S-24) B

Healthy A DI HHIB0B DHKBRKKTH » 7o Bl
site (S-25) B b . ’ .
HOWEZ s <4 ¥y E2EEL, TV/1FT,
Remarks : Refer to Fig. 7 YFESY, kA, TEI/FVUVY, 2

F14R B RRAED L OTLY (T . . )
(%4, BaE—55), F-1 TSN F, vy, Y5 h O &

Fig. 14 Physical properties of soil in natural DB oD, WERIZI960E 5 BT, WA,
condition (55 Féren, Nayoro, F-1).
1962iF10 A iTiTE » 72,
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21 LMbOEARAELER (4%, Ba—55 F-1)
Table 21. Dry weight of rhizomorphs of the fungus in the soil
block of larch plantation (55 Firen, Nayoro, F-1)

oA g HER TR B . WMETHESE | BrREa
LI P?ssmgi lyeai after LR Depth {from Dlr1y weight of
planted larch tree . . surface rhizomorphs
Sample plot (year) Collected point (em) ()
—s57 0~10 .
Healthy | e
site. | R_sg 0~10 0.5
; . _ 0~10 .
&%, BE 55 s Damaged R—59 | 0.6
55 Faren, Nayoro site. | p_ g0 0~10 | 0.3
Healdsy | X! o~10 | 1.4
sie | R_62 o~10 | 0.5

(Size of the soil block : 30x30x10cm)

BRADBRDLNIREMINTHIT0D, 20 S IS - BT AMEFHRIC R LTH Y, MR
HRTH D, COMBMNTEIERNE L, TRERMICKDBEEEIYS . 20X ULTCRF 5 4
TFIRESWORBNSE SN, F7 45 TEIEHARBEORITCELRELT O, BEIOERIE

WHTH B0, BT - THBAED L SB L S, ZihL, 0AELULERANE, -

P
S

HERITEHAL (F-1) ERUGERETHETS O, 1M Bo 1THE S, ARiLEO i 4 8
(S-26) HEoBAHZ 17° T, MR TFBORKEE (S-27) A EOERIE 5° TRAMIZE - THY, WK
A ET 5 LB MRRICTRT EBDTH D, WAL SRENCE->THYD, CRII>FHHT
BT 2535 <, IEHIORERE CHERNY & 5 THL,

WARDORRBIBRICTT LEOH, BEE S chBRIDEL, L ks oniis i,

h. %, FOR—207 (H-1, 2, 3, 4)

T OFEHRIELGE 300m, BHFWRLE~FETH 5. EARITHIZYS 2y, saz/=y, b
K=y, YF7%, A3, FrAvs, +5, A 2FAZFRLOERIKT, ThSORBHEH
HALMICRIEL T, BIEEORIAR 7 =449 (443K : 1m) 2FLL, TVAFT, Loz,
ARRF, 7€, 3y FYsd, V3eFRERLHN5B,

W22k MOIHIRICBENIA 7 = Y BN O LN

Table 22, Soil profile in larch plantation affected with Armillaria
root rot (72 Nakanayoro, Nayoro, G-1)

5 o] il | 7% (RS £ 1, T,
L ‘ Tiicd Beivi- 3 R T W B | AR Hcight ahove e
Profil TyFL Hori- n of . . Tex- - . level (m),
izon lm nd. Colar Stune size, quantity | ture Structure Compactness Muisture «Jirection,
No. | sail (cm) - l inclination
‘ A la~4 dark reddish brown | frequent feL ' Ge~Cr | hose wit 270~300,
S—26 Bp | B '15~16 blackish red brown | occasional~frequemty CL N soft wet NW, 17
. C jz+| 7 reddish brown oceasional ~frequent| CL | - hard wet Healthy site
i A l3~4 durk brown frequent CL Cr~N loose wet 270~300,
S—27 Bo | B 12~13 brown frequent CL N soft wet NW, s
C [164 brown abundant T CL v hard Wt~ | Damaged site
o i extremely wet

Remarks: Refer to Table 3. (October 18, 1962)
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Table 23. Dry weight of rhizomorphs of the fungus in the soil block
of larch plantation (72 Nakanayoro, Nayoro, G-1)
T Tw x| ARERAER , WET RS B R
WoE R Pflssing1 i'earhafter L SRR Depth from | Dry weight} of
’ planted larch tree| ~ . surface rhizomorphs
Sample plot (year) Collected point (em) ()
'R—e63 | 0~10 0.1
| Heaty R |
%%, hEF 72 site l R—64| 0~10 l 1.0
3 —
72 Nakanayoro, Nayoro l R—65 I 0~10 ' 0.8
Damaged - i B
site ‘ R-se‘ 0~10 ! 0.6

OB K CELBRBLTHY, MFEHL IR LALDRIZEAER L, WADHESRT
S HBITR 5 T, F 7 2 /I & D TRHEFEARG LERNI_LB OB A (6~10°) £
ML 2T - 7B FTHIC 5~15 AVNMEFRRICH /) LT, BFTZ & » TEHFTHY 60cm

PN

DUITHHE

(Size of the soil block : 30x30x 10cm)

3=
hcd o, £

LT ATKMNTTL DHHH Y, ZOXIWERTILGERPE LT LT, T DRIIIERAMERIRIC

Bihh T, BRlEmnoEmce & o, T

-

FEhicLaidoniibosic,

TSR OWMA, FISAEFINCIEL TH 3% 2 501 (S-28, 29), BAHSEMITREL TH

AWEE 250 (S$-30, 31) DV TTTie » 7. FHRY
i<, A AgFiid 16cm TZALRITIZ G, G RITE - TH O, KEIRE
TTie RIZ G TR 5 TWL B I A - T,
T, ZD9 AE~FWIZW T B0, ROME
VTR 2 iz

—%, S$-30, 3LiZHl
FTMTTL,

.

13

I
PN

e

<

W24R ol INicr s~ rvE
Table 24. Soil profile in larch plantation affected with Armiliaria
root rot (207 Inosawa, Kagura, H-1, 2, 3, 4)

NS B o,
AR & 72 < HREkEE L

T4y 24 3

et

%

fo

b

LY S-28TBVTIE, Ay

THNED G B AD

S-29 12 H TR C~ G B YRE

{ sl RERERNTL S,

b O LT

mi | el we | we | nne At [ L R
&4 o [Thickd pyosi s & L ) mom RE i Hoight abive sea
Profile Type | Horie " 00 & Definit. Tex- level (m),
of 200 o of b Colaor Stone size, quantity ¢ Structure Compactness Meaisture Directios,
No. | soil % | (em) loundary ) ure Inclination
. A a G dark brown rare Cc N soft l wet )
S—28‘ G A 8 c brown occasional C N soft T wet 320, NE~E, 10
G, [16~17 G grayish yellow brown | frequent (o} — soft :x:;;nl wel Damuged site
G, | 33+ light yellowish brown | frequent C — soft moderzte~wet
Dlackish brown~ - i o
A 16~~20 G yellowish gray brown] 7€ ‘ CL N soft moderate 200, £, 5°
S—-29 G iIB~G l6~27 G greyish yellow brown | frequent CL — . hard wet D ! .d .
! ‘C...G 254 Kr;{:;_?gi“’g:ml’fg:‘:; abundan: | CL - | very hazd wet~very wet, amaged site
A s blackish brown e i cL N lnose~soft  Imoderate ~wet
5—30,50“' i B | el € gayih brown ou-;—; onal l s1 N m;m = cratewet g0, KE, 5°
" Imt B G rayis sio SL 2 soft moderzte Damaged site
I C |13+ light brown frequen: SL — hard . moderate (slightly)
A, | 2~3 G blackish brown none CL Cr " loose moderate |
S—ai[Be~ A; | 14 ¢ grayish yellow brown | none CL N soft ; moderate: 280, E, 5*
Im B | 10 o | sroyish yellow browen | none L — soft~hard | moderate Dﬂ(ryl:;zmys)im
C 30+ ; vellowish brown none L — hard I moderate i

Remarks : Refer to Table 3.

(October 19, 1962)
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RREBBON
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HEORA L
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AHkmORER!
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Cid e
MARRED Lo FEE

P2BH oSN

B E UT AR &

LZEnR.IT LD, TN
BT AVREE S, T g I A
sz Ltk i, |

TR E N

& Qe LAt &t —

7%,

CINEF)

d‘féfﬁl’&(iéﬂ"«f:ltﬁﬂiﬁ (I-2) &, s (1-3) il
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L LT 2

FIL19621F10H.

o N EREEZ v 7,
T, ATZTYIU, N

TR B EHATICRAELTO DA, Z0EHTHR
SD AL A FiREefozhic

Table 25. Soil profile in larch plantation affected with

Armillaria root rot (Biman, Katé, I-2, 3)

B 7 = v3.5~4.2m, A PR —7 =2 V1.5~2.6mTH -7z,
NTWHEZATHD

YaFEREE 5k, 2ol

IxXF 7,

LY OBES

oXTHITL, &

TRIBE & Kk (196273103 3 ARl b~

w LRy | e | ma | Ress |+ o | K,
t 532 - Thickd .. . 1) el ] [ ®E KR Height ubove sea
Profile Tyru Huori- Definit- Tex- level (m),
ot |40 | Dess lion of b Color Stone size, guantity wre Stincture i Compactness Moisture Direction,
No. | soil (cm) loundary " Inclination
CAy | 5T G blackish browsn none L Cli solt mode rate T
sl B | A |50 c blackish brown ne cL G soft moderate 190, NNW, 10
- o B 20 G rellowish brown Hore I CcL Gr , soft maderate Damaged site
c |0+ gragish brown aedium and small g, MO han | moderate
A~z blackish brown ! e ‘ L CinGr | soft moderate
S—23 B A, [15~18 G blackish brown rone CL Gr roft wet 190, NNW, 2*
e el IR T o ﬂ“j;g‘h Deown~ nome . CL Gr soft wet Healthy site
< fa2r pragish yellow crange § D ond emal I St M hard wa
1A 10 G blackish brown none ‘ L Cr~Gr soft moderate
{B 20 o blackish brown " none cL Gr soft moderite 150,
35-34 Bp | §A -17~20 G blackish brown none CL Gr saft muderite ~l s, l.s
1B {10~12] G blackish brown none CL Gr suft moderate . Healihy site
C |20+ light brownish gray | small abundant SL. | M hard moderate ‘
Remarks : Refer to Table 3. (October 4, 1962)
SOOI LIS ot T IIRDOESR
Example
HOEIIMWBRTRS LBIT, & WL
Damaged _
site bARENLC1~28RETH-7,
(5-32)
Healthy Hith BE LE R
site
(8-33) COWHEMEZ L2 BM, AR 167
e -5 A 7 o Vi L
site
(5-34) (C-3) ZHEWTEREMHZ 4 AT T i

ol HTHLOERIE C-1, 2L13EALH

THBHH, TOWMAION MM DL
KTH -1, WIEBLTES S RNADH
PRI IeIRICRT £ BV TH 5.

Remarks : Refer to Fig. 7
BI5K ARBED O NER
GRIsE, EHI-2, 3)
Fig. 15 Physical properties of soil in natural
condition (Biman, Katd, [-2, 3).
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26k IWMPOBARBEEER (FHE, W, 1-2, 3)
Table 26. Dry weight of rhizomorphs of the fungus in the soil
block of larch plantation (Biman, Katd, 1-2, 3)
w o w | REREE , - WETEE | BARAR
LI Pf\ssinﬁ earhafter A Depthf from DI}']}: weighthof
. planted larch tree - . surface rhizomorphs
Sample plot (year) Collected point (cm) (&)
Healthy R—47 i 0~10 ’ -8
Sit€ | R_48 0~10 [ 1.9
Damaged R_49| 0~10 1.7
site R_50[ 0~10 | 1.0
LR 5 R—51 | o~10 | 1.0
Bi Katd Healthy |
man, Ka :
fan, 240 site jR—52| 0~10 t +
!Rﬁml 0~10 l 0.8
--54 0~10 1.0
Damayzed R ' ’
site R—éSI 0~10 | 1.0
R—66‘ 0~10 ‘ 2.6
o D (Size of the soil block : 30x30x 10cm)
Cc-3 e
000U TY 00 0 oy o
00 ocad® ~._€3,p-'dooeu_\\\ L d:
[Sle) o:,»‘o 5] o @ o'f.['b‘\ o! egend :
9.6.000 o0, b oo O Healthy tree,
00 .@ o__.‘OOOON
\'To 0O €00 ,Cf'o—o—RQO’,z’l-OJ/ © Replanted tree,
[ o0 0
o ®0 el ot o o @ Infected tree,
l &N o0 0 :_.‘3"0 05 &% o A Dying tree,
~o 0 0® 9299 545505 00 N Trees injured by field mouse,
0 Co0-Q © °°@°ocoo° A
°© ©°©33e0 20 5 o0 E—Collected rhizomorphs,
\o o 90e o'?D\OT'To/o o0 ‘20, Snow depth 20cm,
~0.0__ 0 2.,9° 0 3 e . .
oo vol%leoo0e 2_3_3///”/ — Direction of slope,
ggooge oo 2‘0’ o o Contour line interval : 2 meters,
Q [
\0 ° 04 ﬁ 00 o0 Q—O’y ) . i
b oooeo o  oa, HI6R HAHC-3 (M, HrrR) AOH T
0O NCO @ o0090o0 i) .y .
: <Y HE 5 D7)
S SO Y R & TR DA
R I LD 0@, @9 Fig.16 Distribution of the larch trees af-
~—2°9 '-R-EZ,IS\ °6 %,4",;\°k—/ fected with Armillaria root rot and
:',‘; ;&‘ o‘;0 ole o 523___.' ) remaining snow in Plot C-3 (Karuru-
g‘g.g__»_;_g_ i, 9 O, ‘8_,‘3 ° o su, Muroran),
@ 0 oo 9 "o o © 0
900 0@ o oo o
0 ‘E 10m
Contaur 2m

WIH,» & 5N 5 EBVBEME, 55 ORBUEHIIICE 5 72 EMNCET A 10~20cm ZH oh, £
DR TRIRADYEE » THRE L THBERHA SNz (Plate 3, A),
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2Tk oMY (SH, s x—162, C-3)
Table 27. Physical properties of soil (162 Karurusu, Muroran, C-3)

e . BME BAR | pojviiht | PO E KR e—
+ K & Volume lP;};!‘i% lVVater holdmg _/J gﬁ{“ Moisture content]\li\,‘;gg
Soil profite |5 . . weight S | capacity Air capacity} of fresh soil / 5 ap-

orizon) "f" | B | 08 &2 (%) 8
%é%a%ﬁ LA, L o7er | esl9 67.1 1.8 61.0 90.8
Da(m;ad )Sne‘ G* 38.9 70.7 47.7 23.0 42.3 88.6
ﬁé £ 8 A, 73.3 | 63.9 56.7 7.2 45.2 " o798
Healgy S)ite 1> 42.9 74.3 64.7 9.7 44.4 | 68.7
2 R - N Q11174
P8k LIEAKEE (2H@, Arvrz—162, C-3)
Table 28. Water percolation rates of soil (162 Karurusu, Muroran, C-3)
b ) Wi 5 ’ a cr ‘ &AM Water percolation rate
Plot Prb})‘f)lle ! I,‘I“‘g’fzfm Th1L‘{(nes= " Depth from (cc/min)
0 VO (Lm) i surface (cm) 5min | 15min | 30min
WoE A, 10~14 325 243 | 207

Damaged site i 28~-32 420 l 178
I A | 10 59 | 77 ! 37 30
(C—3) 2 A, . 10~12 — | — - —
Healthy site I 30+ 28~32 | o l 360 315

W29k LEboERFREEE (B, Arvz, C-3)
Table 29. Dry weight of rhizomorphs of the fungus in the soil block
of larch plantation (162 Karurusu, Muroran, C-3)
) - T AR - Hi&TEE WAREAE
| # i | Pﬁﬁng ;ear after B t I‘)cpthf from Dxi’ly wexghtl of
lanted larch tree | ~ . i surface rhizomorphs
Sample plot pla (yez:rs r Collected point | (em) (g)
0~10 1.8
! R—12, oo .
0~10 1.7
—1
Damaged R i‘_ . 1o~20 | 0.5
site 0~10 1.1
R—14 | 10~20 | 0.2
0~10 2.1
l R—1s | 10720 1 1.4
' R—16 0~10 l +
e — ~ 0.0
EM, par 162 3 Healthy | t R 0~10 l
162 Karurusu, Muroran site < R- 0~10 ‘ 0.1
‘ R—19 l 0~10 ‘ 0.1
| R—20 | 0~10
21 0~10
Healthy l
site. | R_22 | 0~10 0.2
i R 23 ] 0~10 0.1

(Slze of 5011 block : 50X 50X 14 cm)
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ZORPTHRAERSF[IMCOWTLMORYE, & GTRMEZ SO THAL 8T, Brigont
EBDRBITOF ML S~NEBMERTH -7,

DERINSDALMIZ DN TEAED I Z TS 5 708 R8RSR LA, BRBOFAT, 4R
FIRTITIL » 2T S R DRRD S S . RRINCHTRCTEBAE D - 72720, FRONH
BREKTH -1

RAHOHMRIIDBIRITT L fD SR L, BH L. oI eHTY ok S i,
RGO H HRAWICL ST B DS o1,

TOEITH N IHIBITH 5 LIRS b Y, LG INIOE  D—MMHEREL TV 5 T L O RN
BT LEEE SR E <Y, TRBSHMNG RN S s,

B4R ML L BR

T QMR At B N O BA A TITAL - oo PRI TR, FTIE, 28 (1-2, 3) T8 i
THEH (1-1) T, BESRHRIBEALEIUTH 3. COEFITI958E 5 B, *ERMBIEEILL
BUIREIZL - T, HUAERBRE SN fiiT, #57°vEAta—T7=voflRiliE I TH
Do RS SR EMRR L, MRS EATHEE N I < v3.5~4.2m, 2 bo—72v1.5~2.6
mTHo7,

HPZHEEF v »Y v 35 (N:8%, P.0;: %, KiO:5%) % 1A&4b 2008 (1, IVK), 1008
(I, V), MWK (I, VIK) ®3K&ELT2EEAKE Lz, 19624F10/112 B4 2 RR N OB TR
ADGHEREBIITRICTRT LB T, FARAMRNZEYT 2 BHEEBIRIEBI0R I »H T S

3T oW o X5, k& 2TBIKETHOMMWMEANZEL, 3, 44EBE LREWTHN
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Remark : Plot I, IV Fertilized 200g per 1 tree,
Plot 1I, V Fertilized 100g per 1 tree,
Plot III, VI Uufertilized,
Soil fertilizer Katakura No.3 (N 8%, P,Os; 9%, K:0 5%
QO : Healthy larch tree, @ : Infected larch tree,
[J: Healthy white pine, W : Infected white pine,
©, M : Replanted tree.

17T BRI ND 73 St ISR A DM
Fig. 17 Distribution of the larch affected with Armillaria
root rot in experimental stands for fertilization.
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IR HHHERBRMROLSLTHICLEATI=Y, At -T=V0D
SERESIRE ARG (PT3R, 2E#)
Table 30. Annual death of the planted trees by Armillaria root rot in the
experimental stands of forest fertilization (Biman, Kat6)

N o e . A e F 7 2 RIC KBRS
SUER m kil it i 1‘%\%@’{\? % & /i.‘ Nos. of trees kihed by
X plan?:(-] (t)rees he(')ﬁ'l noy Armillaria root rot.
Plot] Treatment I'rees species (May, 1958) trees 19?82(;' 1961 | 1962 | Total
. . %
| | Fertilized 200g Lariz lep zo"?é”osRD. 60 49 2 2 | 7 [nas3)
" perl tree Pinus strobus L. 60 48 0 3 9 |12(20.0)
1 * Fertilized 100g L. leptolepis GORD. 60 51 0 4 5 | 9(15.0)
per 1 tree P. strobus L. 60 51 o | o 9 | 9s.0
i L. leptolepis GORD. 79 66 1 5 7 | 13(16.5)
§ Unfertilized
P. strobus L. 41 28 0 2 11 | 13(31.7)
1
_“ Fertilized 200g. I.. Ieptolepx's GORD. 60 42 0 9 9 18(30.0)
per 1 tree P. strobus L. 60 42 0 3 | 15 18(30.0)
Fertilized 100g L. leptolepis GORD. 60 49 0 8 3 11(18.3)
v , !
per 1 tree " P. strobus 1. 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)
1 L. leptolepis GORD. 369 305 3 28 33 64(17.3)
it | Tota
P. strobus 1., 351 278 0 18 55 |73(20.8)

Remarks : Soil fertilizer Katakura No. 3 (N 8%, P.Os 9%, K:O 5%)

LT 4ERZTILAKOR0BMNIEIE L. ThAEMBINICSZLH 7 < 3hikE, MFEE0%, 28
H0.8%. 34LH7.6%, 4FBES.IZTAFEEITIRANTELALZOORIT.3B THoTo —H, A2
—T=YI3PEE, 2HEHEL 0%, 3EHS5.1%, 4FERIL.THTALEKD 20.8%1C#HL, A F7=vizd
SR ERENBE N TRIZT 2 008870,

FoAE B & DBAfRIT 200 8 RIZHEMS K ERABRBEL TV S8, TROMEILKDOR ba~T=wiC

BEAMBLIBSRELTH Y, DIPTSR EHR L Bbnlciy, GHNICIAH TEMND SN -

o

E5 2 KBEMHCH T BRROREEIRR
WEREIRINTER 2RI ANDO 5iELH 7 =¥ 2 UEEKM B0 T, THEEHRADRBE DR &
REEHARDOEHADAIN & DBRICONTHELTE WAEMOF T 130m, FAHETHISHZ 2
~25°, B KUEKIE (B &) THITRLMAERDKURS 512 - TV 5, BNAOSMHIBRN18
RizrssBDTH S,
P8R 54 3 EHEEORIBAD IO ETIC 2 REERAOEFAANS S RELTHE, £ LTHIL
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Legend :

: Healty tree,

: Dead tree by the root rot,
: Dying tree by the root rot,

: Trees injured by field mouse,
: Direction of slope,

Contour line interval : 2 meters.
BSR4 7 <v 2RHEMicE T 255

F I HRHERTR D41

Fig. 18 Distribution of the larch trees
affected with Armillaria root rot
in secoud larch plantation.

~20cm Ok 6vCJ] #”C’“x“b‘ffﬂmfﬁi)>51b1’by

12800

: Stumps of the previous larch stand,

H 7RI T 2 OEREMERINTEY,
ABIZRF 72 rOEARBEHICTHEL TH S0 H
o/ (Plate 5, C), UHiiED 7= v KB
&, A A V44 (Phaeolus scluveinitzii (Fr.) Pat.)
T B IRMIEH g,

ZNHDT EM S TOMEILRBITTOEH M A
BLTO3icdhbbod, WEALOT»>AHTL
AP VBB S 2 LBk in,

¥, CONED P Y EDRE (B 20cm) H 5
HULEARKEH /LA, F3miSTVE 5D
MdH ol

FOE DITVHBRCE T IRROBE

T OGRFINT AL R M B S X8osEE (N, 4k
R, #:4A) Wit LT Y, 1930 E1 A Hiloh
7o VIEHILTH Do MR EIL BB b2 RSB
HEH BT Talh, 195TET/NGETTIRS 2 255
TR D LD SEM MBI L, KLk Lys, B
1958 I ERAEIHRICHER K SEAR DsBlb e (Plate 5,
A B)o TOXIIC, WREHBVIES ot T vy
A THRENRIC B b TR L T &1, BN T
EHRBHITH - 72DTI9604 8 jIIzM B A 1775 -
o

ZOMAMD (LTI oX S bE kDT 5
THEY, N 200m, FELBEEMEION
RFchrE L, HEHZ 3° THIICEHN TV,

TR TP TER22X 26m, HEFTAIZ K504,
INoDEEDITIIF 72y DHABER A D S N
7o FRABEARD D BRIGBDOILITHIT L TH 3%
AKDA T =i, REBPEILIR S AT Z DM
bt

Z OPAAO LB X B &, WET15
SRZEKERRTROMESIIEINTO 3. F5F

T iiﬁe‘*ﬁ.ﬁCJui'Cg( BELUTRANS 2O Uit ic B a ~REE2 2L, 2o

ek s & Sk Ky E DERIEFE DL,

BRINEIZBOTIREAERKREREEZLICR o

oo fRAMTIRRIRI KRS & KK & DERFIFIC Sk E L, HARBIK L TLAAkShTY

BV REWZ &S hatbii,
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B EBRBICHER
Bovcr®B 2 OH LT, F 7 # yidME AR & LTIWIL CERINIC I LTO 20T, 643
EZOWIREAMARIBEN A B TH LA, AFIREE S OF LTIV EDT, WEHFEES
TAHZFEEONRMBHRINNETH B LIBT3, F i Dav® T AN O 58/l 3 — T KT iTE L

CRAMIZEB T OREMERNADIL L, ANLERK, Xz oiCREY a5, ARELHEGO

TAIHEZ SN DIZABRCH D ORI E LD LTEYD, Revner™ [RRARBIGMN: @B L
TE0b, BUAMAIZHUTRMEEEEE UTIENUIET 5 LiB<Tu 5,
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REFLICEOTEELDZLTOS, WY E /4, AF, =Y OYBHROMER SO THEL, %W
M EEE Lo AR & ottifilo (UG # l[uk.{f L BN (WD BRIz LA ESNE AL
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REHEHNRELLEOTHY, FRMEHBTIEID OFEIEENSOH (TIPS, M) 25
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KEL B LTOD T &ZENTOSD, L LB OEANE MINICHA L HIRBA B0,
FEDTIE > MATHE, HAESE RS oNRERMEEMRTS - 720 TNODEMBDOLEHT
R, S OBAHOE L L TAS L, BRSO BRABIDZVEN, $50VRZOMN
RO FH AL E O DR AENA i1l TOLREANOEMEMN & BRAFEBLTL
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Tit, HAREORL MBSV ERRS 7. Thid, HOEMSFVLELI LR, TNLTEEDTF +
VABEWZEERRTHOT, TOSVLEBENRA I =Y OAEFICL - TREAMNLTEIO KR, #BExd
TSR ENEN S TEINTHED

—F, BAREOMEEAIIICDOT Dav?® (2 khid, Hith 18em £ TRGNIZH SNDH, TNLUTT
BEhicledohd, TAENID WS TE-TLERZHE ATHILEMNB LD Sueed? 2
Nyasaland @ F 4 O WAL, AHOBERREIHT 27+ — FOESETHL T LML, Buss?
BIAVOBIZYT7 4 —rDORESET, 2 LeacORB 77V ADF + MTHE T4 74— FETAED
BREDD DN/ EBNTNE, BBV VY 29 LA VOARFRIZ DO TOMAETH, WAKIIRERIC S
WA, FRES 40~T0cmDBAIZ A SNE T EBROLNTH S, FFOWHEKL BN THHETI0cmS
TORBHENHMCELAHLTED, HET 10~20cm TRAELLY, SSLZNUTFTTRINT
Hotos

3, WS, LEaiK oL K

JHEEENICET TR ED & LIBAEIE I & 04 IRER, thytiRELRO PN % ST LB,
EEMNEL, BRELCEHO—RESTIEAREER KRS, —), #REICKEEHOY D
AHRRAES D &, FETERMURREOR S OHFITE I ¥ a ¥y b8, FUTLREREDONFIT
B2 =A¥FY, FYFIBINEIAMELUTOZERNS NG . ELFBROSHIRAEZHLIRD 5
A5, HERLBRE S H oMM RBESTIEAREEOKREVTH Y, I v a ¥ HdoMi
LT3, ZHICH LTUMIERAERSS K o0 B, £EThMuEEEINE LT, 7=
LAY, FYTFERMELTOS,

CO&DICRIBHE, LHAUEEIREE, 305, FEREOME L DI —MORENH B LS IR
bh s,

4. FRAFEAE & S
HELAERLOBEHFICONT, WHSVRBEHFE TN THAZTEL, KROFEITIINE LBoKs
REBRECEEL, POTHESEEREZBXIT LI LLEMRTH S EMBTE - 1Bz BT
ARERBRICBOTH—IFOK, HFIMEEXIZEOTEL OBRABRELTED, HiBoR%LD b
W, DEBUSOEBEOLNREVNIICRSI T 0.

Plloz i, RRORLCRFETHLH 7Y BLUABEOELDORDIC, FEL S ITHESR
CEEEH A B, 4%, &N, $chEoRGHE GEBE, —RHASHPK, SO, wi
F) BREMEMT D EEL LN S,

BEE HITUvHEICHT SEERE

MIREORERBMAR D S, ARORERCIEST £ TLBULIDA S, WICIRLEESRL
L2 FOMETEICH LA LA L3, $ 20 RIRIGEO MATE O B FRIcE bR 2 Bifd s 5h, —
. BEHCER S BRI BRARKENDL L, BLATORIIIELIU BNV SHTH -7, 12
B BRAKIZRREOBEBICRREEST ZH0DE (HE I,

CNHOTMBHL RN, SICIBP BT 2HAROME LKL DYWL S RIZT 22001,
Av7Y— bRy PEAOTROATEBRBRETL 510,
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AREREFUDITRLE, HEFELTHF = YOROHMA TSR UL DL HRISRLLA 7w Vi
SR & DB AT » 7o, T O&H, HRBP X ZBHBIRO/NTOHM, ZOROEARKED
ERA L, TARBOIVMELDT, ARRTRI—EEREI-BohZAN 4k, ik
Leacn®™ BHICFT 2 50TH 52, HAREH UBEHBICRKRESCE 62ENE0DT, 1 20HH#
HINT, YMEREELICA TN 7=y DINETE LI EREL, TR ORIDETERLY
—12HDERY, BIE—EICLTHNW.,

B8 HTKREERARE OBER

19584E2 5 1962471 i1 TS - o LM A O &SI, e JIHEM, #E—279 (E—2), E.&%, h
£%—72 (G—1), h.f#, FoR—207 (H—1, 2) SOWEMTRONAL LS 1K, BEOEBEMT
RAFR IS DT ULh@Eb o, L ULAZOMLLIZHNANS Y ol ARRBCOKITER
HOBHEZMETIB LT, WTKELE 7 & OMFREN ST H7cbITiTE- 12,

1. FEE—1

a. ERLik

H19MB LT Plate 6, ACRTESWIXIX 1mDAFIEI V7 ) — By bEERL, 20HEhIC
NS 0cmDFES TTERAE, €02 20em)IlBEAN, YO 50cmDPHCEGOLE (EEL) %
ALtz KREEOHBIZZa vy 2 ) — bRy FOTELOH T RAEEMTBUTIET, 270 —F#y b
O_LHE» G 10cm, 30cmks XU 50cm D[ THNIL, RADKBIDH 7 2B L LE->THRINTHLSIC
Lz, $HKNBSHEOBIUTIRES L&, Aty 7 ) — by b LTEMP S TRICET 3 X 31T,
H5h UHEWAALI = — 4 T EB UTHKL, THE—EOKMERLTBRIICLE.

W

UK ARNNNNNS

SESlE Gress

CLERUS] a
S BI85 AT

%

~30cm -50cm
Remark : [;Inoculun segment, S; Soil, Sa:Sand, Gr;Gravel,
G.T.; Glass tube, V.P.;Vinyl pipe, C. P.; Concrete pot,
= Water level.
UTIOR  HSERIARER HH OO MR K S SR AR
Fig. 19 Controlled cquipment of underground water level for

the inoculation test,
2V Y= by PREMAMTEITIME 2N M, B R =k v h =y 2EEMEER L,
BEEREES AER0H 5 v VR O MR L BIRAKOBHEREL, BX6~Tcm, #3
~4cmiZtifr Licb o= v,
WAIZ19624E11 7 6 RIC, ThENDa Y7 ) — Ffy MCOATOHAMNG, ThoDd B 6ARITE
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HEMS 5~10cmODEXZ, WROEFMEF ZHICS 2 THIA AT 7. (o 3 AT KD 7b iRl &
L, #5=YDREBONTEZZTHZMNT 12, b, EMALEEHALOBIZIE 30cm OFELET
WA HDAAT, ThTNEREEL .

b. HEEAIL

WO HHETKIEHEG LTS, BMEETOMDOEHFZLD THEIOKFILTFLE—LELT R LD
T, 59HAS510H19A F T LBRIE XIC, LEPDKIPREZRDTILII>THELYK, TUEbhB
i atdom! OB BT, FRIMK T LK T 5 ~10cm OO 1 A H25 3R L, 1 MiH105°C THRA
HBRREL, ZONEEE S - TI3EhOKMEE LTE TGS T 20 EAR N Lic, B8, 85F
TIZHI P 10cm DR 2 BRI LA,

19634E10H 28 L IZ A D 5 B H IR D A7, T RMAKIC T 2 IMER A 7 = v D%
sz LT, SAPLT & ORBICEITTREA M, 2 WKL S/ ULER O BIKERE, BLU
KR RS OB 75 12, EHEEICOLTREE TR0 KL, REEMNOMEE T M

XLy, HAMIEREINTOSBAERE L. WORTET 4 ZFEOWEEIERIC K -T, cORES
Jid g UF
(0] 1 3 5
4 Slightl Moderately Severely
Healthy disgaseg diseased diseased

Remark: "™ Mpycelial mat.

W20 75 S TR DR ERE
Fig. 20 Degree of damage of larch tree affected with
Armillaria root rot.

BEEERE 0 @ B4, 1 ETRIZC HTPHLREDEHONI D, 3 L THRICEYEAR
BEaEHONL D, 5 WETHELO—BBICROANBHCELBMERINT S 40T, L
WICHBEMD SHONTHE, HEoRECHzb0E Lk,

c. EBER
if,—mmn-ﬂmm,—wmlgzwmﬁmﬁéiLc@tﬁmﬁogwuomca #ARiT
AT EBDTHS

AP OADLLEZRESELOERHIH A, —10cm RTIIAK 70~80%, —30cm [KXTI2 60~65
%, —50cm [X Tt 55~60% DRIHICH » 7o, MR EE GEET 10ecm) 20T, £ROREIZIZ
LALERBONE ol TOREDKSVIEDO LN, A7 YDRBICEDL S ICHET 2%
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(%)
% |
8o
70 b
AN T
6C 4 ;
50 TN
) e L i 1 i 1 1 1 1 L 1 1 1 i '] 1 A ' A L 1 I A '}
May I June July l Aug. | Sept. Oct.
Remark:—————; Underground water level ; 10cm from soil surface,
————— % ” o 30cm from soil surface,
------------- ; " " % 50cm from soil surface.
WA avs ) — bRy buck 2T KA E Dk OEL
Fig. 21 Change of soil moisture content at underground water level
in concrete pots.
HEK HTKEEASvVvORE (FH—1)
Table 31. Effect of underground water level on the growth
of Japanese larch (Experiment-1)
S HE = ' iﬁl ~F /k \
,:J‘:{ {’7“3‘? Underground water level
'1‘~ z b ?ﬁ% —i0cm —30cm | —50cm
Meas- B ol B
' A B S e B2 EL EL
Conc-!ured Total helght ﬂ;{lﬁjﬁﬁi Total hexgth ‘E‘:‘Ar‘ﬁbj“ﬁml Total helght V#‘ﬁnuﬁm
rets ! "Nov. ! Oct | ot orvl:'lth Nov. | Oct. r%‘;‘;'& Nov. ‘ Oct. growth
pot | 1962 1963 & 1963 1962 & 1962 1963,
1 42 5 3 a2z | s 24 0 | 68 38
1 2 30 5¢ | 4 42 | 8a 42 44 89 45
3 44 46 2 23 63 40 19 35 16
1 15 18 3 3t 74 43 36 8 49
i 2 20 27 7 31 71 40 46 88 ( 42
3 27 34 7 22 &0 38 41 97 | 56
1 50 54 Y 51 36 @ 85 | 49
m 2 35 39 4 | 35 | ’ 57 19 77 58
3 30 39 | 9 ) 41 52 26 I 61 ‘ 35
]
Ave. 3| 0| s | w | s | e | ® | o I a3

Note: Period of test; Nov. 6, 1962~OQOct. 28, 1963

Mmalnic, EXOBEEROREREEREEIRPINEDLBVTHS

WANKTHSHEEDIC, —10cm RTREBHICH 7= Y OHEENSEL, HERL L HTHT, 15
SUTHEETHLREET, TAHRTRIRSBELTH2H00EL BN,

O EFICEBROEMIRAE L EMEN ORIERER2RITTT LB TH S,

BREHOHDLLE, BHAR —10cm XiZ 2 &, —30cm RT3 ARLEU A, MHBROBPEOHERTI
—10cm RO 2AKEBF 7 45 TRESMORRICK > THIELALLDTH - 72

EHRLTH 330 —30cm KB LU —50cm [KiZ£ <, —10cm KTEi2ED 50% LT TH -7
Fh, WEEERS - 10emKHSHEO 2 KK 5_TMNC, —30emRKICEEERKS O b D0 hENS
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32 HITKE & e (BE#R—1)
Table 32. Effect of underground water level on the occurrence of

Armillaria root rot of Japanese larch (Experiment-1)

X 7Y R AT FayuE WA 5 I EORE
f"T7k& MA BORARK A *}}" E}‘“ﬁ?}l] Ift?bi;,( | Final condition ?)f inoculum
v b - —
; ! Trees (Tt Medn of
Under. !35’ " S{Trees | [ires (xees ?egree Of degree | 4 | %E lﬂ FAET | AN bk
%‘r:;.gll‘ Conc-igggél" by the ted damage of *Ln De- DA Bl ! (KRS
level ' rete fungus damage ‘ing | ad Segment Max1mum
pot o B i producing | length of
[ ] ; rhizomorphs rhizomorphs
(cm) |(no.) (ng.) (no.)1 041 l 315 (no.) (no.)! (no.) (cm.)
1 6 9] 1 5 G| O 1 0.83 4 2 1 2
—10 I 6 0(2) 2 4 6| 2! © 1.00 4 2 0 o]
I 6 0 3 3 1 1 1 1.50 3| 3 1 7
Sum /| 18 0(2) 6 (121 1| 3} 2| 1.11 |11} 7 2
1 6 | 1 4| 2|l ol 1] 3] 3sco " sl 4 21
_ao | I 6 | 1 5 | 1| 1| 17 3] 317 0 5] 1 i 4
m 6 1 6 (o] 2 1 3| 3.33 S5 1 2 4
Sum | 18 3 15 3 3 31 9| 3.17 15 3 7
I 6 | o s | 1l o] 3| 2laiz]elo 4 13
e | I 6 | 0 6 10 ofl s| 1] ass | ¢ 2 1 9
i 6 0 3 3 0 1 2 2.17 5 1 2 i 3
Sum 18 0 14 4 o 9 5 2.89 15 3 7 |

Note: ( ): Trees killed by certain factors except Armillaria root rot.
Period of test: Nov. 6, 1962~QOct. 28, 1963.
*: Mean of degree of damage=(0OXa+1Xb+3Xc+5Xxd)/N,
where, N=a+b+c+d=Total number of examined stocks.

Motis

MAERHCBY HHFETORER, —10cm RTHELTH IO TIZHL, Lo 2RTRENEN
3 WINPT ot FHERIHRMAKRER S —10cm Khb1s <, HRIURAR b g H - 7.

oD LB 2BRENANOKEL—HLTHY, BELVRETI <Y, +725Hi&
HIABILAHETHY, L INBRICHT 2L L LTHRRTH S,

2. FEhk—2

a. FEBI

KR—1EILALRCHET a3V 2 ) — bRy PEENLTITE 570, FEBR—1 TR, —30cm K&
—50cmX & DI I D EMH SHLEh - 7D T, AFEMTIR—50emXAE —100cmK & Uiz,

HEBHERRAIULC A 7 =V 2HUESMEMNIL, BAEMIB1963F11] 7 HICiT18 - 7o 3R 3
EER LRk A FAh 7 = b SRR L, T HPehI L LTH I ~4em, & 5em
o) TAUN SR XL HIAPAM

b, BEHH:

REFERER— 1 LA, £33 V20— rdy PO 138ks HERAOR, FiEOKER, B
Wi, HERRD O & UAHAEOERREES XTCZORKIE LA RWE L, MK Y MY I219645F
118 5 BT - %o

c. EEREHR
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133k WTFKRLE A 5 =y O (FER—2)
Table 33. Effect underground water level on the growth

of Japanese larch (Experiment-2)

e T 7k {ir
2y ek 5| L K ew
1 _1, >z /E_’iq Underground water level
+ —10cm —30cm ‘ - 100cm
Conc-  Meas- g W e W IEEEC A 2 R
rete ured  Total height J& 4 _ Total height ' f& & _ Total height q:m]ﬁ&‘%i"
pot larch Nov | Nov. Annual Nov. l Nov.  Annual Nov. | Nov. ‘ r%‘:“;‘tah
1963 1964 growth 1963 1964 growth 1963 196 &
1 48 | 52 4 3% . 52 14 43 7 a1
I 2 38 44 6 36 49 13 35 58 23
3 29 32 J 39 ' 67 28 32 58 26
1 35 a6 41 53 12 45 70 25
I 2 37 . 4 6 w0 | 59 19 29 56 2
3 | 41 S5, 14 42 58 16 35 68 23
1 39 . 46 |7 31 61 20 39 80 41
m 2 . 44 48 4 33 56 23 45 89 44
| 3 ! 43 [ 45 2 38 ‘ 58 20 41 77 36
Ave. 39 i 45 6 38 l 57 18 28 70 22
Note: Period of test; Nov. 7, 1963~Nov. 5, 1964,
KRRBEXD 2 7 ) — By FPNDLEUKIZEE, §iRHZ K S —10em KTIRET DRI DN X

Hoodoht, FAERFH LT 70~90% OHIPHPIICH » 7o, Tadk —30cm KT 60~T70%5, £7:—100cm KT
i 10~55 BT H 7. HUHRFE GEETF 10em) SR L MHEROBIZIZ B LAL Z3Hohiih-
7a

ARRXICBIT D H 7 7Y ORERREMIBRITE Lic,

WI3RH O S XS IZ, —10cm K TINE & FEHCHHi QM IR BT TH 6em, DT -
30cm [T 18cm, < LT —100cm XA 2 T32emTH » 72,

DEFZEMAICONT, BRIRES o SRR ORER YIB4RICT L,

W3HEL OB ONB LT, EB— 1 OBALRAKS 7 2 4 A OKREIC X 2 BIBHHTERD, —10cm

RT3 ARBE L. —F, +7 2 e X BNINTEAR, #NEN —10ecmET 24K, —30cmXT 34,
~100cmX T 2ARS b htc, BOMEHHEOHRL, MR LTV LD —10emX 44, —30ecmX 8 4,
—100cmfX 9 A THIFEER &R UHMER LI,

Wk, BERFIZO2OLTAHATES L, —10cmRTEEBRLEbOAMBO 2 KIZ 6 _TEL, WHHARE
AR, ERRAMNERDNTH -7, 3RDH B L IC—100em KT IHR MO HMEEE
MNEL, FRZOMENBAT, HA220mITIET 2500 H >k,

3. FEER—3

a. ERAH:

FEE—1, 2L BEALHRUFETITU oo, BRULZERAERTRENEE LT, ALERULER
FERBOIZE, BIUCEBRANMSTINICL 5X_RTEP - ETH S,

EREARROMFCEOBERUALSOELEMLL, §40bs, £ Fevilii4,0008, boEn
¥ 5008, KEE1,0008, ZFAK6.000m ZESBALTES, NnEE 1~2cm, EX8cm®d
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Table 34. Effect of underground water on the occurrence of

Armillaria root rot of Japanese larch (Experiment-2)

‘ - B
ATAG 2 Y7 BAIAWE R oo | ey DHSWE  EERICE Y EREORE
) — }~ A %‘K?ﬁ{%iﬁﬁ*y ;’% ’“"Eﬁ%ygjg REE R Final condition of inoculum
Ty 2 | N
Under- & ‘r' Trees Trees!| Degree of Mean of] . e HREER ' B
ground ‘Cone- 'Trees killed iinfec- damage degree | & 5 mUz-EER KAERE
water ‘rete ‘mocu- by theted ' \ of  Lijv- jDead Segment  Maximum
level pot lated 'fun- Idamage ing producing | length of
gus - - rhizomor- rhizomor-
‘ cl 1 3ls phs phs
(cm) (no.) | (no.) ! (no.) : ‘ (no.) | (no.) (no.) (cm)
1 | 6 |o@| o] 6" o] o] 0, 0.00 4 2 0 0
— 10 ‘ i & 1 2 & 0 1 1 ‘ 1.33 5 1 1 7
juil 6 | 1(1) 2 ¢ 0| 1| 1 138 5 1 3 3
1 Sum | 18 2(3) 4 14 0 2| 2, 0.89 14 4 4
' 6 0 4 | 21| o] 3] 267 6 0 5 9
g | I 6 |2 2 | ¢ of| of 2 167 5 1 0 0
v ik 6 |1 2 41 0| of 2| 1.67 6 o 3 2
' Sum 18 3 8 16 11 0| 7 2.00 17 1 8
i
\ 1 6 |0 3 3" 0| 0] 3| 2.5 6 o] 4 n
o I 6 |0 2 £, 0| 1] 2| 167 5 1 4 -
Y m 6 |2 4 | 200, 1| 3] 300 5 1 1 4 w
|Surn 18 |2 9 |9l o, 1] 8| 2.3 16 2 12
Note: ( ): Trees that killed by certain factors except Armillaria root rot.
Period of test; Nov. 7, 1963~Nov.5, 1964.
KESULZAZIH T=YORERNHERY v — (1% 15em, EEX 15) IZRAR NS 2%, BBHE
ZE LEAOBERRET/OICHEL 5em OFT 5 ST REHIT /o Tho%d 101b T 304922 [
ft.

RERAHOREE S (RLE®RFERH 7 vV ENAKOERIED 508 LA 2EEL, 22°C T
B3 RaEE L.

1965 4 A30H ICBIRAFEAICUWEE LA KB Y » — S oBHFRFE2EOML, 24440 7 < Y HioRK
TATHEIVI N — bRy MOER L.

b, I

1965108 8 NITHMi AR A MO MY, ER—1 LEUHFETHELL.

c. FEEBREL

Faviy—trBy PNOLEOKMREERA S L, —10cm RT3 70~90%, —30cm XTIZ 60~
0%, %t —100cm X TiZ 30~50% TH » s

DELTH T = v ORRLIRREHEIBRITT LA

EEA— 1, 2 2B —10emE TREBKICRRES, —100cm X TREBNRIFEREER L
BEEAROEFNE, BIUCERAOEME OCKHARKOMBIRERIEORICTTEEDTHS
¥36EEH B L, —10em RIZF 7 2 5y PAOLOHEIC X 2 RENRETEARD 3 ARRRE L. —7F, B
WA EZNZN 10em KiT 24, —30cm [KIC 44, —100cm KiCid 0 K TAREKMIZATERLEZ LD
Mlidpato,

FIEER I, SER LI bO —10em KI5 K, D 2KIKENZEN2ATOTH » 7. BHRELE
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W3BH TKRLE N 5 7 O (JE—3)
Table 35. Effect of underground water level on the growth of

Japanese larch (Experiment-3)

. TR F K I

vy Y HRA T . b lave
- I"l' o 7_y%:3;j.l ~ Underground water ICVLj]
FEES | —10cm \ —30cm — 100cm
1 . N N R _ P " - e .
Conc- Meas- . ‘ ] = ‘rlr\ DA =] ﬁﬁﬂfﬁ B W AR i
retep ured| Total 1 height | ’ 4t _ Total height  {& 4i | Total height \n ' l,L.
pot larch ’ Apr Oct. ~ 'Annual Apr. | Oct. = Annual| Apr. | Oct. | ! r%?‘flt‘}l]
\ ‘ 1065l 1965 growth 1965 1965 growth | 1965 1565 £
1 so | a3 3 16 |65 19 a7 20
I 2 . 47 49 2 41 59 18 46 73, 27
3 46 49 3, 42 68 26 29 75 l 36
1 39 42 3 31 48 17 44 75 2l
i 2 42 5 3 42 63 21 40 3 ‘ 33
3 42 45 3 43 68 25 | 44 80 | 36
1 40 41 | 36 48 12 39 74 35
i 2 41 435 3 36 52 16 44 80 36
3 41 43 2 39 | 89 20 28 69 31
I ‘ l 1
Ave. | R | 3| w0 w1l oa2| 5|

Note: Period of test; Apr. 30, 1965~Oct. 8, 1965.

H36%k HTFRMETEN (E%—3)
Table 36. Effect of underground water on the occurrence of

Armillaria root rot of Japanese larch (Experiment-3)

:/a¢gﬂﬁﬁ&ﬁﬁk‘wﬁﬁ%ym L B oI
gx' S 23

WFARALY — b e RT3 Final condition of inoculum
Ry b |
Under- gc \T Degree of Mean of | ‘ R TE  THRENK
rees Trees Trees : s \ TR
ground o inocu- killed infec-  damage  degree S {0 (s
Water ote lated by theted O iv- 'Deag Segment  Maximum
level | (g damage ', producing length of
pot fun ing P .
I gus e r%lzomor- rhizomor-
' s ! phs
(cm) ‘(no) (no) (no.). L8]t [ (no.) (no)) (no.) (cm)
1
1 6 '0(2) 0 ' 6! ol ol o 0.00 3 3 0 0
_ | I 6 1) 1 1 5/ ol 1 ol oso 5 1 0 0
il 6 0 1 5 ol 0 1 0.83 5 1 R 2
Sum)| 18 1(3) 2 16| 0y 1, 1| 0.44 13 5 i
1 hs| of 2] 4ol 2]l o] sl of 2 1
_x | D sl ol 2]4lo 1f1 3l 5 1 1 3
m o6 0 o} 6! 0 ol 0, 0.00 5, 1 2 4
Sum, 8 | 0| 4 |14, 0f 3|1 078 | 16 2 5
"1 6 of 0o e|o|olojooo| 6| 0 0 0
100 ’ I/ 6 of o!'slo|lo|oloo| 6| ¢ | 1
m . s 0 O ' & 0| 0| 0| 0.C0 4 2 0 (¢}
| Sum 18 , 0 0 18| 0] O] O| 0.00 | 16 2 1 |

Note: ( ); Trees killed by certain factors except Armillaria root rot.
Period of test; Apr. 30, 1965~0Oct. 8, 1965.

KENI DO BLIRTHIL . —30emXT 5 kAL, Tho® 3 B 4mMS L HOMRRTEH -

3
7la

VIE 3 MIOEREEE o, WTARNEN 7=y DIRE, Y805 EOBFE B ITERLITOZE {2 T
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BIET2LRDLEBDTH S,

(1) AFKEAH —10cm O LS IGBFEBIT TR, +5 2 7EMEE L THREANECHL
A 5=, EOKESOTMAMIS HEM LD, ZOLDITH 7 =Y OEERTE L THELT,
RARERT IWANS o b, ELT, #5 <Y OREZMTKMIHENZIERIFTES - 1.

2) —10cm KTREMRFEHF EWINOBALTEHR LT 2002, FHBAROHRIEELRR
T, BAMEREDNTH o7, £1UTL 5T —30cm, —50cm BT —100cm D745 X TIZHRBEIER
BESRIFT, $ABRIMRRBORTH 70 HPEALER LG E R4, —100cm X
THAROERBRES DI OHNS EH bivi.

(3) HFARMEFBFBEDOBRICDNTEERIERMLTHONZ T &L, —10cm KD XD 3 LIEHHE

WRAGTTRF 7 2 ric k2500, BAoRINCE S REBNMFEABSh L ETHE. EL
T—30cm, —50cm & kT —100cmd & 5 ZBT -~ K ITHERA R NS < Fd: L.

B2E TRO—FNBER L RRL ORIF

TR E P EOMBFBE T, FTRMENEES Z—TEOFZIOEA I DNTHRIFLALLDTHHA
BT DO~ IHIBRN AR Z OMIT R IZ T BRI O ICT 2D, RERETRS T EIZULE,

1. JER—1

a. RERAGIL

19637FF11 150, 2440 7 = Y IHOMICHTRITE 24, 20ESMMETHSem ZRH K5 1CL

Negegk (1% 24om) WA 2o, SRR M40 5 < vlkHkih o BE LR BRBE O LT,

3~4cm, EX5emKICLicdDEM 0. B8, ChoORAKIRDB 12 Lz b A A
SISO LA LIS K 51 LT 3¢, BHFE10LF MO IO #ikiliic 4 F15R~5356 11,
5A58~5A20, 6 A1H~6A20H, 7THLA~T7A20:ERLN20BMTOKITL, TOH%
h LWL E Ui,

Bk ET 240 20em MY FY T, TohicE=—fidgi TKRERD, BEZ0—RRichsi
WEW- THRICEDRDOKMBMHT BT L1, HRh, BR, BEWNSFKX > TKUEMET L
AT, K UKD EICERD LM S 10em i85 £ 2L, CORMBIRBMMAPIERFTE -7,
1964E10/] 2 MUCTHARZ 2T O IO W L,

b, FEREER

WERLMIMX OB T = v DREIRE, ERREF O LPRFREFIIOVTITNY, ZofRE
537, 38RITTT .

\‘,mwiﬁaﬁavvwmﬁﬁkﬁ?5&,sﬂi,mmmmmbkxmﬁmfmﬁéﬁbfﬂm
MNEL, 230 TT AL, PMNICGRRIC L b OB BT EL Lo, 2O EDHHIKOERIZ6 AL
ATHPLRHBNI LY, 7TAL hHTRkEMERT I EMNBELLNI,

—7, WsEMORRIRIEANE, 6 AL, hflcikLizbowr 2R, 7TAL, PR LED
DI IABELIEDHEED SN,

ZNSDT eh o—MHHKNH I =Y ORE, BIURKICEIIZTHEEIC, TAKLALLZ S
D, HLOVREZNLFROSDICHEHPLNL LI THS.
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Table 37. Effect of the temporarily humid moisture condition in the soil
on the growth of Japanese larch (Experiment-1)
R AL A l Apr. 15, May 5, Jun. 1, | Jul 1, oK
Period of treatment N !
of flood | May 5 May 25 Jun. 25 Jul. 21 Check
i % | Dec. 15, |  23.2 22.1 25.5 23.2 23.8
Total 1963 (18~27) (13~26) (16~32) (15~32) (17~31)
height ‘ |
X 47.3 I 49.5 48.1 38.4 ! 49.9
(em) | 1963 @~55) | T@~12) | (30~63) (27~29) | (B1~69)
FOMON OB OB 241 2.4 _ | _ 226 15.2 26.1
Annual growth (cm) | (16~32) (10~50) | (14~37) ( 7~27) (15~38)

Note: Period of test; Nov. 15, 1963~QOct. 2, 1964,

Ao G & (EEB—1)

Table 38. Effect of the temporarily humid moisture condition in the soil

on the occurrence of Armillaria root rot of Japanese larch (Experiment-1)

B &“m[mx ik i) Sp EIC Y B R ORI
1ot . B k Final condition of inoculum

Period o '

Trees Trees Trees Degree of Mean of™ - O e 1 o

tg(;agggcrlxt inocu- killed infec- damage degree | 4 48 &{%H{’J{fﬂ; BIAH AL

lated by theted of  Liv- |Dead | L7cfilik] Kijifeh

fun- damage | ing Segment | Maximum

gus producing | length of

— 7 rhizo- rhizo-

! P | 3l s morphs | morphs
| (no) | (no.) (n0) | | l (no.) | (mo)|  (no) (cm)
Apr. 15~May5 10 ] 0 1 ' ol o1 1 Lol 0.3 6 4 ‘ 2 4
May 5~May2s 10 i o| o w|o]o 0ol 7| 3| s | 8
Jun. 1~Jun. 21, 10 , 0 2 o] 2 0.6 8 , 2 4 12
Jul. 1~Jul. 21p 10 | 0 | 3 1 2 0.7 ' 8 2 ‘ 5 5

Note: Period of test; Nov. 15, 1963~Oct. 2, 1964.

ORI, B LICET 3 LHBO— I KOEELMS T ENENTH » /it TORBRERD
5, YIBOHKTLIEENRENEITH SICRBRINRIA ER L T1965F £ 1966512 DA L
TOEDEREZTIE 1

2. FEh—2

a. BRI
196449 A9 A, #—1 ERUHETA 7 v 2N OFICIEEEN & & A TR A D,
ZDZEHITHRAZIE DB, F19658 5 J13A 2 H20F & LI 10853 248 O I » THIKLIBEFTE »
fo. 9 AS0R FTHEIL TTHRW, 10H 18H IC&WMAZEER, DMl UTHRA TKBEL, BE
B ERRESERE L,
b, FEEREER
39, 0RITEDEEET LI, #3980 5 WM, #7 <Y ORERAKRINCED - 1088, sl
TRER—1OEA LRI 6 Ok, hauc#kum L0 ENS b LY, 7HH, T

A RY AUAT
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WAL bOFTTEEDGA SN, —F, BOKD STEHOIRNE S 5 &, BEABRBERMCDEP -
7916, THICHEKMAATIS 57 b DICEENBHLNTNAEXEITHAS
30k LD B E A 5~y O (F5E—2)
Table 39. Effect of the temporarily humid =~ moisture condition in the soil
on the growth of Japanese larch (Experiment-2)
DI I R 1 1| !May 13| Jun. 2 | Jun.22 Jul 12 |Aug. 1}Aug.2] Sep.l:) WX
Period of treatment ! ! { ! ! Check
of flood Jun. 2 | Jun.22 Jul 12 Aug 1 ' Aug.21 | Sep.10 Sep 30 N
1 “ | Nov.o | 40.2 | 40.2 | 39.6 ' 3.3 4.1 42.6 | 39.9  39.4
]thall 1964 (37~47)/(37~48) (38~48) (32~45) (36~47) (38~48) (37~45) (36~47)
|
Egﬁ;t Oct. 18 51.4 ‘ 47.2 45.3  41.4 52.4 3.5 | 5i.1 52.7
1965 [(45~62) (42~67) (36~76) (33~50) (47~59) (47~59) (44~6%) (46~62)
) ] |
i
£ O K & & 10.2 | 7.0 5.7 | 5.1 11.3 _ 186.9 11.2 13.3
Annual growth (cm) (7~16) (5~9) (3~7) (3~7) (8~14) (7~13) (7~14) (i0~17)
’ ' | |

Note: Period of test; Nov. 9, 1964~0Oct. 18, 1965.

W04 HIEO—WFIGEE & S (KEBR—2)
Table 40. Effect of the temporarily humid moisture condition in the soil

on the occurrence of Armillaria root rot of Japanese larch (Experiment-2)

s A B MR, wp e THIRSE  HERIC 5 2 BRI
ﬂﬁ"‘@ﬂ%'”j AN “llf‘: 4 ;’&C’ﬁz *’J}‘é‘%[g ‘ﬁﬁf'ﬁﬁ | Final conditon of inoculum
ieel;gge?ft Trees Trees Trees Degree of Mean He | B [ gy
£ flood inocu- killed ‘mfec- q g of 2 5[ 3{“}'\”’% iﬁ_*}i{ﬁ‘
° lated 'by the'ted amage degree 'Liv- | Dead AR PN
fun- ' of ing Segment | Maximum
‘ gus damage' producing| length of
- - thizo- rhizo-
. morphs | morphs
(no.) ' (no.) | (no.) et ‘ a1 (no.)| (no.)| (mo.) (cm)
Mayla~Jun. 2| 16 | o 19 I 1 oolo o1l o9 1, 2 2
Jun. 2~Jun.22 10 0 119 ‘ 1 ‘ (o] 0 0.1 | 8 2 3 2
Jun.22~Jul. 12 | 10 0 3 73 0o o8 0 0 : 5 2
Jul.iz~Aug. 1{ .0 0 2 8! 2,0/ ¢ 02 9 1 2 3
Aug.l~Aug.21 10 [o] o 10 i ol 0] ¢C | 0.0 | 6 4 | 2 8
Aug2i~Sep.10 10 0 2 8 ' 1 110 ' C.4 9 1 | 3 | 3
Sep.10~Sep.30 10 o] 0 10 ) c' 0o o 0.0 10 0 o} ‘ 0
a.  JHRIE

19664F 4 A28 C9Er—1 M UHETH I = v aliiz LTIEMATE 70, S HILAR 5200 &

CHif B E BRI TR0, 9 H2TH ETHMBEL 720 W0H21DIZ A S EMEN L2 oD
HEL.
b, JEREEAL
A1, L2RICENED T= v 0N EIZA RS 6 [ L, PENZATL 2 b O S BAEHIUZ LY,
TAR, THAEOLOFTEH LI, TWHAOALES 6 1L Az LLbDA 551D,
THh, THIZAZTEZOEIRNSE OGN,



ATV OICYT LR —& IR E R — O — 173 —

BAR  LEO—REEKLE CBR—3)
Table 41. Effect of the temporarily humid moisture condition in the soil
on the growth of Japanese larch (Experiment-3)

. ‘ -
B M A % M| May13| May30 | Jun.20 | Jul. 8, Jul.29 | Aug.18| Sep. 7 | WX
Period of treatment of ! ¢ ! ¢ Check-
flood May30 | Jun.20 | Jul. 8| Jul.29 | Aug.18 | Sep. 7 | Sep.27 )
it Wl Apr. 28, 59.6 | 54.3 | s58.1 51.6 \ 59.0 | 58.0 | 56.9 55.7
}’{‘cgta}l1 1966 (54~66)1(52~61) (48~67) (45~64)(53~68)[(52~67) (45~74) (47~70)
elght . Oct. 21, ’ 77.4 70.2 \ 75.6 ' 65.2 ‘ 79.4 81.9 | s0.5 78.3
| 1966 (69~88) (63~88) (60~80) (58~76){(71~95)*(72~91)i(7o~9z) (69~89)
i | —
O K kOB 17.8 15.9 \ 17.5 13.6 20.4 239 | 26 22.6

Annual growth (cm) (13~25)‘|(11~26)(12~26j(12~18)(14~28)(18~28)1(15~26) (14~23)

Note: Period of test; Apr. 28, 1966~Oct. 21, 1966.
2R [ HEO—IFIIBE & TR (KR—3)
Table 42, Effect of the temporarily humid moisture condition in the soil
on the occurrence of Armullaria root rot of Japanese larch (Experiment-3)

o T AE e 31 7 FE T R AR
s EEEERRIA gy TS SERCEY S EARORE
KOEER R B X

5 ¥ Final condition of inoculum
Period of ITrees Trees "1 rees. = Mean
treatment . i< Degree of 1 W ﬁ%j{w}f [EE 3 Wind
of flood inocu-lkilled iinfec-: 1. 2.0 of EmED
lated |by thejted g ' degree Liv- | Dead ‘U‘*l’“‘@’* M*_‘?kL‘
fun- of ing Segment 'Maximum
gus damage' producing | length of
| ‘ rhizo- rhizo-
morphs morphs
(no.) | (no.) | (no.) ' 0! 5 1 (no.){ (no)| (no.) (cm)
1 ! ]
Mayli~May30, 10 : 2 8 0,0 | 2 ‘ 1.0 | .0 0 3 ‘ 16
May30~Jun.20 10 .‘ of1) \ 4 ’ [ 1 1 | 2 | 1.4 \ 8 2 3 6
Jun.20~Jul. 8| 10 - 0 . 3,7 0,3 0 09 10, 0 9 5
Jul. 8~Jul. 29 { 10 0 4 ‘ 6" 0] 2 2' Le 9 ' U 5 7
Jul.29~Aug.18 10 1 2 | 8 ‘ 101 ‘ 0 ' 0.4 | 9 1 10 2
Aug.18~Sep. 7 10 0 o] 1 10 0 0] I 0 0.0 l 8 ' 2 I 0 0
Sep. 7~Sep.27 | 10 | 0 s |7 0z ‘ Lo 02 4

Note: ( ); Trees killed by certain factors except Armillaria root rot.
Period of test; Apr. 28, 1966~Oct. 21, 1966.

PILE3EDL VA LEROMEZRATEL, (UN 7 vDIRKERZ 6, 7ITHKMEEITE D
OHARBRT: CHEFRADKIKS, 7T LU SDIiz% { Bbiirc, GUEREF ORI, ok
12EAEXRRLE 2200 BREZIERUCMEAEARIZE6, 7, iUl L b0z E (A ohic,

BIE HITVERBREOFEHNEL

WO LA U SN BRI LA RIS L T, # 7= v OMMBE D X S IREFERE e E L h%
B I0IT, BHEE RO TR O RN E RS Ui,

#7 =Y OREREOEHHELICONTIRERL®, HHHODORENH 50, WIhd TN
LN TWVBDT, TR 2ELEWERIN,

a. JBHikE
BRI Deant? 2I8 R L3 iC"“«' L, K& i215X30X100cm & L, WALP TSI, Filio# 7

KBTI H 5h Ld som & EITEBITIA ANT B0 2o, BRI 22 TR L5 123 L (Plate
8 » A)o



MR BRI E

196541 5 J11211C
322 TrdrhigE ),
ENENIHET 20HTH I =y 24 ENEEA .

AT E G IES R L b DamU,
em W ->TEAZL,
B, BETMON S AMTHF LI RE L2 LS
Tfudort UTHERL, L0H20B1CH 7 2MEKE LD

Seedling ——>

\
\ [E|
\

i 229 5

N, MBO#REE (ghicdC
TEL GERLCZ b)) &

MoK &1425
5 H22@ 1 510420H £ T10

N EUMOBIEER, R LR OAS, 1AS50 0K
\ § Bt li L, oo Rbgs L
Plate glass \ 7o (Plate 8, B.C.).
(30X100¢m) \ b, FERE
| \ SO 23, 24, 25 BRT % XICTFEBDTH

22 HRARE

22 Root-hox equipment.

AW . \\ \\\

Fig.

5. 423, 24,

TL RIS H,
OABICIZ6~T ACAICY=HdHY,
BRIRHORS SHHIE 8 ~9 AT,

&, LHoEkEz X -
BB RURE UM
NS 30)
CNEB6ED: S

25p4% Wik T 3
SRR RO

D% L FIOWRED Y = S NK—HT 5,

cm No.
200 ’_ 500
150 | 150
mm
30
o 20
to b
S100 | ] 100¢
o — ]
2 v a
0 20 |
- o ]
= L [
° 4 %
&= < =
50 | 50
~—" T
10
1 L L IS 1 S
June July Aug. Sept. Oct.
J yyls e -
Remark: - —gta] length of the growing

roots, every ten days.
———Total number of the growing
roots, every ten days.
——-——Average length of the grow-
ing roots, every ten days.
W23 A 7=y FORRREOFHNE L
(ElEALfiesd3)
Fig. 23 Growing process of root tips of
Japanese larch stocks, 2-year-old,
every ten days (in surface soil).

Fig. 24

cm No.
200 200
150 | [ 150
mi
I 30
° E]
- %
f:o 100 | g | 100
g —
Al r o~ VT © 20 |
©
E: 5
- >
& < o
oL 0}
L/ \
i L oo
June” July  Aug. Sept., Oct.
Remark: Refer to IFig. 23.

2aF A 7 = v EHORmKEDFHNZEL

igbric k1 %)
Growing process of root tips of
Japanese larch stocks, 2-year-
old, every ten days(in river-hed
sand).

Total number



cm
150

100

50

B FTYRSITHICET MR- QI L BEH L RF— (DE) —175—
No.
150
cm
om 3 -
mJ
L /\ 100
: /N 2|
\ \ 20 o
= ’Q\ \lo L 50 1L
\
i 1 L L \?‘-~-¥
June July Aug. Sept. Oct. June July Aug. Sept. Oct.
Remark: Refer to Fig. 24, Remark: River bed sand,

H25 A7~ EOMMRED FHINEL
(FRLhickid 3)
Fig. 25 Growing process of root tips of
Japanese larch stocks, 2-year-old,
every-ten days (in subsoil).

— -—Surface soil,

Fig. 26 Shoot growth of Japanese larch
stocks, every ten days.

BB R~ L o— BB A EERERT 6, 7T HCAIZMAMLIEAIL, B 7=y OREMNHEEZL
BENLA NI, KERERP S CORMEL ) EA 7=y OMEMBBA R EINABHTLH
BOT, HKDEEN L DHBFICHLONIEDOLEZ SIS,

BAE BEHREONEILREREOMFE

B R BEHEORSE, IS (F: LR, HH), HAVEMMIEE (B &%, BH) KH
WHEMBLONABHAS S LICDOTRITICE~ T (B53, 1. TLTHBETEIELELS
ETHIBERDS SN, HHoHKIZA T TRERL, T L, BETR—HNEED 2V IIEHREE
LS BEBLE LN

AEBRIIEOTIHAFTIKOGSELALS $ o TAMEIZ LRt nC 38, Fiiieis
HAHRE, KM LELRHHCIL, HIRR—MEEICT 5 REDL oo ZNODOKICHALEA
0, TOXSNIHAHIKITED XS BUREE B L ITOELHLDICHBRET -7, BHBLD
KRS, ZLRBGEEPA
FEEa—1

EERFT i
BoTB L Plate 7, A, IGRTEBD 1 X 1X0.5mDFh AL D, £0UPIEREL (RRIZ
FOEEL) 21200 T, KOS S IR 5+560cm, 0cm, e20cmbcf;5i5.lc?£f§ibf:o %
MBROAD 2 4 HEOHELE. o

W6LELLN 7 B, &840 < MIC 3 1L 7 = v 1% O AT ORA MY, HHRE LT 4FEn 7=y
R D MERKHA L AR 3 ~4om, B 6em iz L dDE A, BRIERRORICE
BREREA2ZZ2HECE o7, LBROLWEHERORZZNTh&T 7.

b. WEHHk

T
O

T2l LI,
1.

a.
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Ocm

+50cm : Ocm -20¢cm

Remarks: —— —:Snow-boad & Alminium-foil
(Adiabatic materials),
— -.—:Vinyl film, - :Inoculum.

T HEAA IS S B0
Flg 27 Equipment for the inoculation test at planted beds
" in various height.

FROX ST U TRAMAG AR 1E 5 »ANKE L2205, 19635 4 A22MICABEHRD, &
WA DOTHBEEREL, WETHRWICKEE MELTHAROBRERE, BEEEIEATL..
ERFERCOVTIRZ DA, HXHOBMRE L LCRAMERS SEBE L, SHRRERENE
KoABic oV T, EB0ks, HEoHRE (FLEE®ICE ), WEEREEbHbETRIE

foe 7

c. EREA

%ﬁ%@¢®iﬁ&@mﬁ@%%mzxitxbf,%Eﬁﬁﬁw%‘c,ﬁﬁﬁﬁﬁ—15?0f
19628 DMK EI1293. dmmT & - /2 (HLRKREOBMNERNC KL B).

Ffo, 19614512 ~19626 4 A, 19624118 ~1963¢F 4 A ZNZN OO BRRICE T 2HEYE, L
B ERIEIIH29, 0RICRT LBHTH 5.

30 : s <76 ' 160
4140

J120

Temperature {°C)
Precipitation (mm}

N N,
-10 V II III ll| lll I ' lll

Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.Jan. Feb. Mar. Apr.
1961 1962 1963
28 RERIE h o ABITEESER & EkE
Fig. 28 Mean temperature and sum precipitation of every ten days
(by the observation at Sapporo Meteorological Station).
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Remark:

Fig. 29 Snow-depth and freezing-depth during the period of

inoculation test in the various heights of planted bed.
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90 Snow-depth
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1962 1963
Remark: High bed (+50cm),

———-Level bed ( Ocm),
.....Low bed (—20cm).

B30 REAAN S KO 0 LIREAER & HEE

Apr.

Fig. 30 Snow-depth and freezing-depth during the period
of inoculation test in the various heights of planted

bed.
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BMERQFECI - TERNLZY, RELZAGALOEGHIELY, LATA~2ATENELESEV4LA
HECREET 5. o : P

LIRPSEREE —20cm KT t%t 2L AL Bony, 0cm KChFmsonsBETSHS. +50emX0
LHARIEIC LD EOENB DA, 1L FA~12AMMICHESE LI LY, 1A LA 30em B
WEDD . mJ‘ffmi 2 A TH~3 A EP’IW» SRLED, 4L, Cbﬁﬁi(iyuélfﬁdlﬁ}’i’?'

—b,g%mbﬂwmmwt@immﬁ&%%&hbféa& %mméoﬁﬁk;o¢ YoiEFs
éi})&bﬂf.r THbhE, +50cm: X T 35~55%, 0cm [KTH40~55%, —20cm KTk 45~55% &

orko,—mmﬂfum@MLﬂ@&%moﬁmn@ u-mmhz?@ﬁ&@gﬁ@muﬁb
- : !

SRS 5 fiiﬁlﬁiﬁﬁﬁwb)ﬁ*@iﬁl’ :5;'29‘?3 W id E.Jr L. '

Bisk WKOTWSEN T <Y OME (KBR=1)
Table 43. Effect of height of planted bed on the growth
of Japanese larch (Experiment-1)

' K o @ s -
-Height from surface (cm) . +50 ° ) 20
o - , 61.9 65. 2 65.2
B = Nov. 7, 1961 GI~eD), [ Go~1® | (@~D
Total height (cm) | ‘ , L !
v | Agr.22 1963 93.7 104.8 | 91.1
i Pr. 22 1 - (82~102) (B6~128) | (83~97)
o OR B R ) 31.8 896 A
Annual growth (cm) (19~49) (21~71) (19~35)

Note: Period of test; Nov. 7, 1961~Apr. 22, 1963.

PR 5L D & 5 ICERDETHER 0 cm KALRIIRS . DT +50em, —20cm KOME &
2y —>’C@ 0, Oem Ric {o_THD 2 sziiﬁﬁiﬁ@%%m £ ﬁ%‘!’iﬁa‘“htt VB, WHTHHED
ﬁﬁ@,{kﬁﬁ#’)’jb“t— 20cm Kz B0 u;toc@?@f»ifasatc

@Eczﬁ%%$®%ﬁvﬁtﬁmﬁwmbt ; \

ERHTEA R 2K D7 <, +50cm KT3AK, 0emKT14, —20cm KTRIKXTH-%, Lk
LIEOEREOKR, ABICHKY: LABADKEE —20cm K45 55ATHSE <, +50cm K, 0cmiE
THENTNIK, WATRLALER ST N

~7, ﬂzm&ﬁrﬁf"ﬁx%uﬁﬁ“é , —20cmXA3 1.92 f%k@!ﬁ%i Ly _‘O(.'VC* +50cr‘1;12'0)j1‘72,
Ocm!Z@l 53 DIE 75 > T Bo ' e

i‘ﬁﬁi"@l 3 +50cm KIZHEH LA t.d)ip%’zil - Te s, ﬁiﬁxﬂ’lcc& &%%’*ﬁi@ﬂbfﬁk&l IR<, &XERL

LR MD b DIRBemTH - 12, ‘/ ,

‘xli@?ésﬁﬁ%é%‘&’a?é L, Wh 5=y BORRI—20cm [GC 0 TREOREA S > DR TRR
TH 7o, @+50emXIC DT L, HROFBE S 7~ HOEBIH L TROFDTH- 1o
(3}+50cmX i 51 5 ST fx"?ﬁ*ii, LD RiIc < 5<% {Bibhi, WARITRE LI H 7~ ‘Z't":.{“—‘mcm

RICEY, FUEIE bR TH -7, SEEROEEA Sem KicH < & bk . OEREOTIR
BEIBIL CTRIFT, 2K0K50%iIcHy oh, BAMERIIScmicE L.
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W4k WIROHS L RBH/ (EHR—1)
Table 144, Effect of height of planted bed on the occurrence of
Armillaria root rot of Japanese larch (Experiment-1)

%H:®*b<ﬁﬁ*&ﬁt$§fm 3 SEAgEE IR B Y SRR O Rk
=N THE OBA Bk BEFR R & 5 % Final condltlou of inoculum
Height |Wood:T 1 \T x *  Mean ]
elg QO rees rees rees ean ¥ - 40 -
from en 1mocu- killed |infec- " I?egree of of ’ % 5 H{I/irtﬁk%ifﬁ i_ilé’*ﬁ}’ﬁ
surface| pot llated by the |ted damage degree | Liv- | Dead i U 7o) oK i
g
S nfungus : : of in Segment [Maximum
1 B Ch damage & producing ilength of
A ’ i e ,7_‘ ‘ rhizo-1 rhizo-
i | morphs morphs
(cm) ! (naf\(noo (moy| 0 ! 3{ 5 (no) | (no)| (no) | (em)
1 ol vl slol 22l 4 s 3 16
I 9 1l 54 1.2 2| L8 6 3 5 10
+50 I 9 1.l 618 103 2 22 ¢ 5 2 6 | 23
v 9 036 i1 17 1oo 70 4 2 14
| Sum 36 3,18 18 3 8 7| 172 2 14 16
1.9 ol a4 s 2 1 1 Lu 9 o0 5 9
Cmot 9 0 316 -1 1 1! 1.00 7 2 4 18
o] m i 9. o 6|3 1.3 2. 222 8 1 5 10
I\ 9 i 6 | 3 2 3 1] 1.78 9 0 5
Sum 36 | 119 |17 6,8 5| 1.53 | 33 . 3 19
L1 91 o 7 ‘z 2 3 2 23 99" ol & 1 17
1 [ 9, 0 5 | 4l 1 4] 0 1.44 9 0 5 12
-20 I 9 0 6 | 3| 2 2| 21 200 7, 2 3 13
v 9 ! o, 7,23 3] 1 1.89 7 2 1. 5
Sum| 36 0| 25 1| 8 12,5 L9z sz 4 15
| i ! ! —

Note: Period of test; Nov. 7, 1961~Apr. 22, 1963.

2. FEBR—2 oo \ . g

a. FEEHE SR .
FH— L THA LIAb BT, DA UEBETN -7, 1963601117 B, £ 2 2EH
DI (K& SE3~4cm, BS5em) %22 THAMT 1. ‘
%%—1&§ﬁ6ﬁd{+mmngmimﬁ%%ﬁéﬁéétatwm,wm@sﬁaaz&%mg&
BN SR ETHE, MAAEAE TRICTT X512, +50cm KOUh < OIS £ SHEREE S
SanOZ/—ﬂ—F(£UIxf77ﬁ%)fﬁﬁw;é&m%@h%7wizﬁA%t947Wi7
WTEE 7 (PlateT, C.)s F,. —20cm KTHHIEED > LBEOmIY T, £2— 11 (&
cm@/\$5 75>E?¢Ci>")‘ ) %l,—é, Z 0 Fic %% 20cm DiAs, i‘ifﬂiﬁ Hugeh & 0emiE< 8B X5
Lt ¢ R

b~mﬁﬁ&
wm@wﬁma SEAZMDIY KHR— 1&be%ﬁ%§btc
c. FERFER

K%ﬁﬁ@¢®im,%mﬁd%m&MT?tkok,w&ﬂmﬁmﬁﬂufﬁﬁc,ﬁ&ﬁﬂﬁ—
1zyc,%%mﬁumm1mmféat(ﬁ&ﬁ§ @ﬁﬂu;
%mgxrzwaﬁm*;oimm#umu,xwﬁﬁoiﬁanbmm%ubnn Al +50cm
R M AL R T 15 » 7o 7cdD, imo&#ﬂ@wm@ <b«%wa IERS €T EMTEL, THD
Bm@msﬁm,Tﬁmbiﬁiﬁgh'?<ﬁ0mtm4ﬁtﬂréﬂﬂﬂbtm A E32R T
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Fig. 31 Mean temperature and sum precipitation of every ten days.

(by the observation at Sapporo Meteorological Station).
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Remark:

High bed (+50cm),
————Tlevel bed ( 0Ocm),
----------------------- Low bed (—20cm).
W2l EAMATROBEXHO HRBIEEE L HTE
Fig. 32 Snow-depth and freezing-depth during the period of
inoculation test in the various heights of planted bed.
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FTEOTA A LAHPSBTRLYD, 4/JTHRE - TEHP &WMEMmL..

275, ARSI THETORKIZE T 3 LBKAEE, WFRbhEDFE LIk, THD
H, —20cmXTHE=— % LEAATLEEND ShhT50~T0% &20BEICIE - TEBH, +50cm
X Tid 35~55% THEMERL, $/ 0cm XTid 45~60% TKRIEKZDHREIZH - 7o,

# 7=y ORERREE, +50cm XTI 4 )] ) OBHZEDOIHAA DR B N THRHICTERK T » - &
B BRKATDOION THORERE, WHRCNTLEEYD, 0cmROENEKERL, EH—-20cmKT
BEOEEIREbNAEESHEES W,

F5E WIROBREN TV OIRE (EB—2)
Table 45. Effect of height of planted bed on the growth
of Japanese larch (Experiment-2)

WOKR O o ¥ :
Height from surface (cm) +50 0 —20
i i 3 __4l.4 37.9 41.0
Total height (cm) Nov. 7, 1963 (34~50) F~a3) €]
72.0 64.8 58.3
Oct. 22, 1964 =) Tl s
&Rk & _30.6__ 26.9 7.3
Annual growth (cm) ‘ Gl~id5) (18~38) (3~20)

Note: Period of test; Nov. 7, 1963~QOct. 22, 1964.

6% HWROM S LR (Eg—2)
Table 46. Effect of height of planted bed on the occurrence of
Armillaria root rot of Japanese larch (Experiment-2)

BKDE EEASTEANBRIA  paepy SELg TERFIZ B BRI RE
X O N flﬁ%mﬁﬁg I f% %| Final condition of inoculum
. . . i Mean
Height Numbef :I‘rees. Trees|Trees Degree of Cof i % ] EXI 3 l B
from of pot-|inocu-lkilled [infec- dams d U "
surface Jated by thejted amage egfree Liv- | Dead ¥X R Es
fun- ing Segment  Maximum
gus _ damage producing |length of
‘ rhizo- rhizo- N
of(1]3]5 morphs | morphs
(cm) (no.) | (no.) | (no.) (no.) | (no.) (no.) (cm)
I ol 4| 4l 5|0 o] 4l 222" 7| 2 2 1 5
I 9 0 4 50 11 3] 0 121 5 4 3 11,
+s0% |10 9 2 4 5|0 22 178!l 5 - 4 35
IV 9 2 45/ 0 2|2 118 9 1 0 0 27
| Sum | 36 8 | 16 120 17,8 L72 26 10 17
1 ol 2| s a2l 12l 1e7 6, 8 3 15 -
I 9 2 4 s/ 1lol3 e 91 8 2 18 -
0 m 9 1 4 501 1] 2 1Ls6 6 3 1 33
v 9 0 3 6,0 2| 1 122 6 7 1 r 38
Sum | 36 5 ;16 |20 4] 4! 8 1.6 27 i 26 7 |
1 o| o of 9l o] ojo] oo | 8 1 3
i 9 o 2 | 7] 1] 1| of 0.44 8 1 2 2
—20% 1 9 0 1 | 8l of 1] of 033 8 6 w1 2
v 9 2 2 7] 0] ol ol 111 7 2 1 1
Sum | 36 21 5 (31| 1§ 2[ 2| 047 | 26 | 10 7

Note: Period of test; Nov. 7, 1963~Oct. 22, 1964. :
*; The wooden boxes were covered with Snow-board (adlabatlc
material), alminum-foil, and duralumin plate on March 3, 1964
**; Holey vinyl films were laid under the surface of soil.
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£ R ORFIRIEI HFEA6RICTR L.

+50cm KICERHEFE L e b OMFED B { TEAMKA S, 2T 0em RIT5AK, —20cm KIT 2K
Ao, £ LT —20cm RiICRAELAOFRRIC X 5 BBHMTEAM 1 KEbhi.

HRATOHOHRFEDOLKLEIS, +50cm X, 0cm K& b16ARMNRGE L TEYD, —20cm KiZ 5 KTH
W otc, TRTEHERFKS H50emEH 1L.2THOKEL, 20T 0em Kid 1.56, —20cmEX T3
0.470fEAR L.

BEBERICOVTHE, MELLLORERLE S 0EFHHRTRELNR L, HAEOHBMEARIE +50cmK
L 0emETRAERUT, £ —-20cmRXTRHO 2 XIZ 5xDEL, HRAEOHRRO EHHTNT
Hotia

DroORESKRAENT AL, (INMBORIZE > THROHSMEZMN208ER I EA T LMNTE.
@E=— M LERSICEDEEL D bt 0 AREBUICE € 5 T LHT & e, (31T DRRMHMHIEA
12 +50cm KITHMBHIE Rt Lico ) —20cm KTBHROEEBIHRBEONTHIROEBTIRREL
Y, EAROERRNES, REARDALEL, ARCLSBWORBAETERY S Sobhi. GIKKE
BLTORARORKHRERIZ 38cm TH 7.

BiEn RKBIBLUCTRLEBRREOME

TROFMEERFLOBEREERNTA7HI, BEIBELRBLEBHIZZLOTHEEEZRANTAT
ERIZXY, ZOMOREEITE 7,

a. FEERFHE ‘

BERICI X I X 1mOEE2 ¥ 7 ) — by F2HAS, Ry POTHITERE, TLTZOLIC
20cm B/, oz bickEt, 520EATRLERN IZa Y7 ) — bRy P ERET
Vol obhl, ZOEI Ry PEENENSET UM L, SR MO FATRITRE L,

Wark S + ®

Table 47. Soil used for the experiment

T o T
BoOM|E om o+ #|®m % glkEkEl @\ pH
Color Humus | Stone iTexture Compactness Moisture Root
' R
£z &+ i
Surface | blackish [abundant — SL-SiL loose moderate | frequent 5.0
soil brown
IRt yellowish| scantly | 9¢& | S |slightly hard| slightly — 5.4
brown y sionary dry

Remark: Texture; SL;Sandy loam,
' SiL;Silt loam.

A7=Y 2HEFERY, BT HE EEFEIWERLECHETTE 7, HMBAERIZ2E <
DA LT,

b, EERHER

ZORERIZF8, 49, 50, SIRICR L, ,
%miﬁ&U%mﬁmomfb§7WEOﬁE%EﬁT6&,iEibﬁ#TEiiDE“%%&ﬁb
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48 EMAL TR ET 207 7Y OREBRR (KE—1)
Table 48, Effect ol surface soil and subsoil on the growth of
Japanese larch (Experiment-1) B Lo e

: % 2] F B = i EH
. Surface soil -~ | i Subsoil
E VAT TR B b CrOERE | BT
: CAERDRRE | , ue fulf}dsz
Concrete pot Total height™ -+ Annual “Total height Annual
Nov.7, 1961 ‘[Apr. 22,1963 growth  Nov. 7, 1961 \1Apr. 22,1963 growth
1 37 84 47 38 74 36
I 42 97 55 44 78 T 34
e 37 76 ‘ 39 37 71 w34
I\ 41 92 51 42 88 | - 46
\' 39 97 ) 58 34 62 : 28
Ave. ] 39 89 ) 50 39 75 { 36

Note: Period of test; Nov. 6, 1962~Oct. 29, 1963,

TR KM IBLITEIDICET RN (EBR—1)
Table 49. Effect of surface soil and subsoil on the occurrence of
Armillaria root rot of Japanese larch (Experment-1)

: ' |
v s ol o e EERE AR ST 3 TDYRAE
13 ; L # % i Aﬂz% % @ﬁ # ;@; %&ia;g;gmg% gh E4 Flnaliondltlonfiﬁfﬁcuﬁm

5
: es T ‘ Mean of| 4 | 3 [ EE HAREK
.1 |Conc-  (Trees Irees - Trees It B RN
Soil rete | inocu- Kkilled mfechﬂ:d| Degree of defgree \L1 -De- B3 Lf;ﬂm*ﬂ*ﬁﬁi .
pot lated. by the - damage 'damage mg ' adiSegment {Maximum
) . fungus- - ‘ producing ! Iength of
‘ o © "« rhizo- ! rhizo-
. ‘ ; | (na.) (no.) morphs morphs
(no.) : (no.) (no.) ! ol 135 | ‘ o " (no.) (cm)
— 7 = SR —
1 6 0 [ 4 | 2 2 1 1 1.67 6 ¢} 4 19
=@t 1 6 0 | 3 03[ o) 1| 2| 217|551 2 .
Sur- I 6 0 ! 3, 3 1) 1t 1.s0| 5] 1 ! 5
face | IV 6 o ! 4 1 2110l 3] 267| 6] 0 5 20 -
soil v 6 2 3 3 0,0 3 2.50| 6| 01 3 4
sum. 30 2 | 17 {13] 4 | 3[10, 21028 2] 15 ‘
1 6 1 3|3l 11| 1! isel| 4 2 41 0
I 6 [¢] 4 2 0| 3 1 2.33 5 1 4 11
gﬁ%i m 6 0 4 2 2| 0 2 2.00, 6 0 4 A
al I 6 0 2| 4 0|0} 2 167, 5| 1 4 11
ot vy 6 ! 3|13 of1] 2] 2176l 0 2 1
Sum. 30 2 16 14 l 3 5 8 1.93 | 26 ‘I 4 18
|

Note: Period of test; Nov.-6, 1962~Oct. 29.—»717963.' —— — e

TWB. DEFCRAARELET 5 &, HR—1 (BOR) THIEEALEDED 7, RR—2 (B
5150 TREMLCHIAMNE <, - FREEIRRORTE o0, — ), EHERRLOT
FRBARICEOTRS VRANS SN,

B8 E =
+5 2 rOATHERRRIIT TICHL S OTbN, TORKH, BRIMAMME (HESnTEY 99
1950 69 90 9 REOFFKBA, HAMBEH - 'ﬁﬂlﬂ@'?ﬁ'ﬂ%ﬁ%%%%"ic INTHBM, Uhpl,
KEOREFHE UTOLREE, &< IC:I:&?ké}& OEEICENTED ST o, EERARARLD
7o 51,
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H50%E ZEEEETELckIdH5 < vORERR (EH—2)
Table 50. Effect of surface soil and subsoil on the growth of
Japanese larch (Experiment-2)

Surface soil Subsoil
avy)—rtray b o =i I B = [
. iy higkER - 3 | EEIRER
Concrete pot . Total height Annual Total 'helght Anntal
Nov. 7, 1963|Nov. 11, 1964 growth i Nov. 7, 1963iNov. 11,1964 growth
I 33 s6 23 35 s 10
i 35 47 | 12 38 46 8
il a2 49 17 33 41 8
v 36 53 17 34 48 15
v 37 48 ! 11 31 49 17
Ave. | 35 st 16 34 46 12

Note: Period of test; Nov. 7, 1963~Nov. 11, 1964,

H51FE ZEELBIUCTRLDICET 255 (ER—2)
Table 51. Effect of surface soil and subsoil on the occurrence of

Armillaria root rot of Japanese larch (Experiment-2)

R A | P . g WA B0 B EERORE
o Py % @ *% ﬁﬁ.gﬁﬁ i g %&;T;E*E%%u FE#e%; | Final condition of inoculum
- I EE : [ ’ M " g
L ean of A | 3 BWARE EA N
Soil ‘Conc- |[Trees |[Trees [Trees | Degree of . degree | ‘ DAL ﬁggﬁi
rete [inocu- [killed infected damage of Liv-De- Se .
pot lated | by the damage | ing‘ ad,_Segment Maximum
[ fungus ‘producing | length of
‘ o rhizoil irhizo-
| - morphs 'morphs
\ (no.) | (no.) ‘ (no.) ‘ 0 ‘ 1|3 “ 5 (no.) (no.) (ro.) (cm)

. 1 : 6 0 4 21 0 2 2 2.67 4 2 ‘ 2 1
#@Lt o 6 0 1| 5/0o 1lo os0 3 3 2 16
Stk m 6 1 2§ 4] 01 ‘ 1 1.33 5 1, 4 10

face v [} 1 3 3 1 1 1 1.50 4 2 3 | 4
Soil v 6 i Yl 2|0l 2 212é ¢ o 6 | 8

) Sum. 30 ! 3 14 16 1 7 ; 6 \ 1.73 [ 22| 8 17 l

4 111 6 1 ’ v | s| o] o] 1] o851 4 7
6 1 1 5 0| O t 0.83 5 1 2 4
TEL g 6 0 1 15|01 o‘o.soT4|2 0 0
Sub- | IV 6 11 330 12 217 4 2 3 4
soil v 6 0 1 ' 570 Of 1l 0.8 . 5 1 3 4

| “sum. 30 3 7 |m|o 2|5 108 B 7 12

Note: Period of test; Nov, 7, 1963~Nov. 11, 1964,

ARECBOTR, RABERELGOBONIEBEERT LR L OBEE, X5 KERNCHD 2
T, ABMICHEN L BB T T4 >  ATBERBRERL RN TE20TH 24, DTAKD
RECHEETSLITHERFIOVTEREE2HEAL 3,

1. HEORE &K

TR EMARBORRE & OBIFRI DO TEES™ ORI LNE, ¥ 7 4 Y OMEHRER 10cmX
THRLEC, 0cmXELFNcmETRAELERLONT, £ Ve v F FRMTREMES £212 L
BEREORKBIEAERT LN, TRMESPOBRKEESHAOREIC S L IZTEBIC>WTHES
WA, ATTIRTATY, AFFCL SHRMRHICHE <, THERhD O, BEM 4 BLUTFIKE S

-
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L, REBEUSRRIZAD, T 250MENELBLTOELSICH S =Y ORIEW S IZHEA
HTHEENZLD.

TEPITET B F 7 2 FERAMORRIODNTRIABCOBREICI AL, »PREHEEORETSLERT
5LERLTVEY, LEERENIBLUTICRZ LEAROEBTBRALHELLLABL TV 5, £ L
T, WEKMEOBIK b 2 v OIKIETAREOWERIM 30ft AT TV &0 S Finonav™® o #4514 3
L, ZOZERAFEFRBRIEDKPTAERRNSBEBLS 2bDTH B EMMLTH S,

Rerrsma™ REAEROEBRERETEY, BESBOEAEETITENTEROLEH ML, 2
72 Buiss® HARMOHRRBRIZE N THEE RNID G EWOLEFREIL, SO S 5 &~
T3, INODZELSKEDMARD FLATRETH B LEI OGNS, UL, ERICOUTAEE%E
—EIT R EICHbREND D, XSICEBEAMOBERSA, ThK, R, S OER HARDKIK
L EDIHIZ, TDOEBOLIKFSETHKRE L, HLFLLELIVD, KERICEBNTRa Y
70— bRy b2V, ABRFHTHTFRME —10cm 83 XD 12H 5 AEICK » TR LK T2
FBRIREICL - TEY, 7V OMEMNBEL, REEBFLIRRITLD, BHRKRBMET S 0D
B LD SN, ERFDSOEAROMUIL TP TRETH -7, COLT LITHEEHROHE L BEEME
<, FRBEMCSY 2BRERETH O NARFIRRB cUBEAROAHE, RLHMAERL TV 5, —
J—30cm, —50cm, —100cm EHTFKAZE WA LK T, B3RS 30 REMEORETS
Stleh, BITYBIUCABHBAKROKREILEGICRITT, ILRBEELAHLDONE,

ZEWENT IR E B U TITE » 7RO, 6 ~7 BOMC20R HARMAMD bDBH T <Y
DRRICEEL, FLBRFARIUBENE(Ebhi, B OFLTU - RFARRICLEH 5=V DM
OFMATE L KEBEFENH L5 TH 5. HARRBO I TTHUL, BHRTLERHENNCET 21
DEBTHAEDPD, ThED->TEHICBY 2MOBELFALTH B LB SNTO, HOBHIIER
WV H Db RIBEL AR TS S, £ ORMYNE, RMBERRO AR S X UHE L HOAMI 6 ~7
ADKT, BIBROBMNNEIH50, XYW, MEOLA—-DEmMIS o, Chid, T ORITER
RO MEATERT, LichS-Th 72 Y AIRORENBLBABCEERLTOEbDEEL NG,
CDEDERIC, HROBRMBICHKT 2L, WHBELLKSLELTLIH Ty TR, RWEIEKE
RT 5003 bN, DOTRH IV ORRKLULOTEETIODLEHEL NS,

IhoDT &, BHRECSOTRATHBESERTR, ARCK2RAMEARDL, 1
FOMEREN O L OTRBNICLZMIAN S H LD O, FLLOMNLBOEERS, Hos0i>—
BRICGBRBICE AN, KEBHRAGEAoN kL EEELMENDLLITHS.

2. TEoHEELRE

AL D F oY ORECDOVTRENS P, EKil® OBFRTICBY 2HERENS D, ThOHIZ
I3 LEHDODBPDBI L ST HEOTH, HEVREROOTFIAPICEVTHRESEVERAESS B L
ZRSHIZLTVS. 2 LTHAHOLEOHEOTH, &2V RBEHHETE, BESTELIZETS
FTHERKEL -TECITEE T B0, RENBIIICEY 2REUKO—INILERS, 7Y OREK
KR LTHEOELVERBELEEX 3THAHD LT 5, 4HS® I LIEHEEDN F F= Y OBREICE
LAEBT B EARL, CEEEBEZELTOTENAREZZT LRKOTHORFP, EHAOHILY
HNCEFEHLTO S, € LTZOREBHED S OKFOMMBHBE L Bith, H50RIFZLALERT
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BELEZONIDI, M EMTRIBHADIDI, LOKPEEOPTOREILRESTVBLHTHS
FLTVD. T, BB MERES S Y ORRICOVTHRE L, MBIKEYT 2/ A0 L E8E
B X CERE G I RIS RT £ 18 205, BAHWRTLRE SO &N, FLEhRkiioFE
R AR L, £ OMAO—RIERBERK L2 DEEL oNE L LTV S, N EHKORER
DO, L IHHINCE T B RS L ORI O—IFIBELE, HARDEFICKE CEBT S

ZEMEREEND.

RERIZBOTIE, AL Iy REREIRGET 3252 FTOLBEER, # 7 <Y QLB
EBESXIL, FHFORMMSEBINI, ULhLZOHREEAMILIZOBIE, SHchPilihtibdy
L. BRNERCKREL. COZLERERSOMBERLTVWEZEE—FKT 5. £ LT, BFARLIER
HUMEFERE I LRICECEHbh, 2ROV TILEBEROERDO L S ICHHHE Fhico5-4
B, —I5BESEAERY, ARNREOFER U bDLEIOND.

BTE L@ ST SABBAROTY

I E EOBELEAROBE T ¢ ,

KHOBBERACE O TLROMBIC L > THARDO BN, ENETNRLB L LIELES ot
LN DNTIFD OSMERER I TN, ILRELCHOTROREMN L, 20TRELRE, N8
DRUTIE 5T B Garrerr™) FAFRAE - o L3Ric iy 2 &, BolBILINICRRESE 59 2
HRISWT Habt, HEREE GRS ICED AR, HARDOLEBRA ORI 58BT3,

T TRHBARORERIE MG OLEE R, FAAC B0 TRA L. v B

“a. . HEBRHIE ) : . R . e P
C HRIBREMOWER L, QTRL, QFRBLIZHERABA L SIU@NBO4EE Lz,
AR KRET, BRI Bh, RBLREMICT 32 BOHELTRES, TRLIREKCE
LUWEEETHEAERELTO S, pHIZREL 5.0, TEL 5.4 T, BEOHFBPLEL -T2,
m@ﬁﬂﬁmbR$L12mm®$5M%ﬁbts I OO IEARE 18cm OXLE 4 $8KICOH, FhEh
S48k Ui, ‘ : s - o

ﬁ%mm%wiﬁb%%1mm®%§zﬁﬁﬁéﬁwﬂé,ﬁ@ﬁﬁﬂﬂiﬁtﬁ&ﬁbﬁﬁé;iw
WGITER U, LR, SRS S DB UTAKEL, HAROERKRERE L. COERIE 3@

CHPZLTITE ot HRERIZ, #1ARRTRE 3~4cm, B 6~T7cmDbD%, F2AIERT
RE3~4cm, BE5cmORKEIDHDER I, T, FI3MERTIERE [ ~2cm, EX8cmdDF
7 =y QRIS AR Lo R A/,

do HEERER . :

#%H%n%h?m'%uMﬁK%?&%OT&%@Cﬂéﬁﬁ%mUfﬁ6n7Ctﬁ #FtEX
VHEBL EHEERADO LM E BV THARBRAS L, TABAMERLTHLTATSHSH, B
ZLOTRES SCMBTREAROERS, MELBIIRRTH 1. COTLRTHBOOERERE—
HUTV 2, FRCNSERREBLT, BHEOKS: SHHEAEOWM, MEICKS (EBLTLEX
71%5'Alwﬁmi6§ﬁr@%A%¥§@%ﬁh,m@%@”(w«ﬂ(f#otm,uh@*@
RESHWRSVC LB EEDAS, )
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Table 52.

F52# LEMOBMIEARMR (KBR—1)
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Effect of various soils on the dévelopment of

rhizomorphs of Armillaria mellea (Experiment-1)

®

HAROEREBE

SO T 0K K B

=)

B A R A

+ ‘ X i
Soil Pot Degree of the develop--[ Nos. of rhizomorphs | Maximum length of
e ’ ment of rhizomorphs | produced rhizomorphs
R {(no: ) (cm)
1 ++++ 25 31 .
x B £ 1 q 4+t 23 35
f m +++ 28 17
Surface soil v R 2 ] 25
. — "
T o&E =+ ﬁ T '3 I i )
. it +++ 21 16
Subsoil v 3 2
. 1 +4+++ 36 22
%%icmm@ I HEHH 22 27
Minxtured soil m Tt 21 4
I\ +++ i7 i8
noow| k1t :
N il ++ 2 8
River-bed sand v + 7 4

Note: Period of incubation;Nov. 14,
*; Compost and surface soil.

1962~Oct. 24, 1963.

W53%  LEROMMIL AR (FHR—2)

i

Table 53. Effect of various soils on the development 01 rhuomorphs of
' Armillaria mellea* (Experiment-2)
4 s g HAKORMEE MAREREAR WA KEASEE
Degree of the develop- Nos. of rhizomorphs Maximum length of
Soil Pot ment of rhizomorphs produced rhizomorphs
o 0 (no.) (cm)
3 1° +++ ' 5 20
i B + i ++ + ‘ 6 20
Surface soil - RI ‘_::i g ig |
3 1 ++ 6 5
ToB x| g | M : 3 “ls
. g ++ 5 10
Subsoil v I L 7 15
14 3 " 10°
%@itﬁm® ﬁ +++ 5 20
1x ured soi | v \ H 8 o 15
. . . . 16
e rtl,| 1 |. e 10 1o,
River-bed sand IH‘I, i ’ _T__T_ | g 12

Note Perlod of incubation; Nov. 1, 1963~Nov. 5, 1964
: ;s Compost and surface soil.
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Fo4E HHEOHEBEIEARME (EBR—3)
Table 54. Effect of various soils on the development of
rhizomorphs of Armillaria mellea (Experiment-3)

N g x EAKO BREBE BAIEKE RN WA KRANES
Nos. of rhizomorphs | Maximum length of
Degree of the develop- P
Soil Pot ' ment of rhizomorphs produc(e;lo.) rhlzom%igjl;)s
_ i 1| + 3 3
® B L g - 0 0
Surface soail I]]\I/' ii i’ ié
1 + 4 3
LA S + 1 1
. i — 0 0
Subsoil v + 3 5
R 1 ++ 5 8
- &
%E i L HERE D I + 4 4 12
Mixtured soil*| I i T 2 4
N 1 ‘ + 2 5
i H @' I + 2 9
s il + 1 10
River-bed sand v i 3 7

Note: Period of incubation; Dec. 1, 1964~QOct. 4, 1965.

*! Compost and surface soil.

B2E0 HRED O DRS EEREORE L OREMG

FAHEOHRE, EANOLEPIIE T 2EESEID, WET 10cm FTORBEMENEMIEL, &
NICHET 60cm DL AL ME SN, ATRE UAEER 20T, ZOHEEIDBIDITR
DORBREFTIL 510,

a. RBAE

H T =M (EELSem, X Tem) CATERLCHME2EEEE UTHO,

FEHMET70cmD LEEWIGE K D, HEKH»S 10cm HXiC60cmz T/NERLERED D, FOh~k
L s T D KEICH, LEES LD L BT (1965 45 A19R) ., MEIKIZEET 10, 30,
60cm DEROTHEFEZBEAUTE 2 LD CREHEZREL, WhRERZEBBRTABZICI0AhEET
R CORBMD) Ui,

d.  HEREH

B 3K 5 0 ARBH D10 A28 HIC &MV D, EHR IO VO THAROHIRERE, BAED
AE, BRROBAENSEICDOTHA LA ERIT, W55RIZT L.

FE5HED 05 5 LEAMEIER LI BEREIZ, WET 40cm ZHBRLAZbDETLEM, 6D B
HWRT 10cm O b ODBEABIERIRAS L, THEOBRBEENKTS -1,

C ORI PO 3 SOBBELECIZIFIBRRT EHH T —10cmTi3 8 B LAHZ, —30cm& —60
cm T 8 R PHNCERE &L, £hENn 25.0°C, 21.5°C, 18.4°C %357L, —10cm & —30cm B &
U —60cm & TRESICEZBGIK 1 »AThds -7z,
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P55k HIFMH ODEX L AHERBOMIE
Table 55. Effect of depth from soil surface on the development

of rhizomorphs of Armillaria mellea

M 5> OES | BEME TR A S | EATURRIEAE B & Ak M % R B oA B

!

Depth Tested Segments Nos. of Maximum length
from inoculum ‘ producing rhizomorphs of rhizomorphs
surface segment rhizomorphs produced
(cm) | (no) | (no.) (no.) (cm)

10 ‘ 5 5 ‘ 10 . n

20 5 1 2 4

30 .5 2 3 5

40 S 1 2 1

50 5 o] : 0 0

60 S [0} (o] 0

Note: Period of incubation; May 19, 1965~Oct. 28, 1965.

CORBTIHEATHRE LM EML, \
72 L PEERIRIAH 5 2 KBl S U
#h, LeiCE BEANOETHED, B
WA £ RO B S S

HIEH TEPOFHOHIRRER
T oFEFERRORSICIE, FREOH
FIZX > TOANALERBEITRENT
V5, S - BAWIZIINOREEHNT
T3 D EHCRRH O HEIRRE it
L, =®€THYT, FY507%FFEH

May] Jun. I Jul,. l Aug. ] Sep. lOct.

BUBRERLIELTOS. 354 78 I MR LI O
Fig. 33 Underground soil temperature during
REELEDORARERBE LTS Z the experiment at Toyohira, Sapporo

CHTEZH, e BB BEA, (1965).

FOLOBEENMTETH D2 NE I HDIKROBRETE - 12,
a. HBEHE

PE6RICTR T GHANT 6 B, [RIEK 6 HiF 12MoBE ML, BOKRE S 1~1.6cm, E&10cm &L,
100°C T15MISEMBE L1,

196545 5 A25 [, 2044 b M= Y DM KN, Wi #ADIHIHCENRENLIX 2mDHLADC Y,
Z DT LRRMIORIT 5 KT OH604AE T v & LITHB ALK . #5652 HED108288 2R EHD
H L, AEOFAZLARAENEL .

[

$ERIIH563, Plate9,DITRT & DT, 2RBCARELSHT C Snrch, S3ERI D SINERICK
SR CEATERR LI bOnHY SN, £ hOEABIERERE Plate9,DILTd 250,
BEZL - TREBHBHAESEVHOPH VDN ENS Y, UHIIIFREER LI DORoNT
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.
6% KFIMFIC & 3 Lo > 5 2 BT RE
Table 56. Trap test for rhizomorphs of Armillaria mellea in the soil
ot i | B ABBTRAID + 7 4 7 BE MR
L : Nos. of segnments producing rhizomorphs
- Species’of segment — - :
IR LM s B W Nt

| Cut-over area | Forest edge Within forest Sum
gk I 4 Ezo spruce 1 1 1 3
Coniferous Spruce 3 | 2 2 7
tree Todo fir ‘ 1 i 3 1 5
Sugi 1 | o] - 0 i
White pine 2 ‘ 2 1 5
Japanese larch 2 3 2 7
Sum 10 ‘ il 7 28
# # | Black locust 2 \ 5 4 1
Latifoliate | Alder 4 l 2 2 8
tree Japanese ash 3 ‘ 2 1 6
Katura 1 0 3 . 4
l Poplar 0 ! 3 0 | 3
i White birch 2 2 | 5 9
i Sum 12 4 ‘ 15 3}

Note: Period of test; May. 25,- 1965~Qct. 28, .1965.

Size of twig segment; D=1.5cm, L=10cm.

HRET TR NSO IMEINTIC BT B BANDUEMA LY LB, Gl 1 me, B Lem
IthicA N AR A RO ER (METR) (3T NE1UkN 5.4g, et 2.78, W 5.1 TH 72,
PLEDZ EbD, THMOARENZ T HITREDLS HMFAITS LV, SHTHZLTALT,
yaﬁym,ny/#,¥7t,ﬁ577%$i9&%bn;5?&59

P e

HEE RIBRCHI BAEOTH

REUC AR YRI LT, 2 SMORRAIIT LY, 5L E RIS el o
& > THHADHEE S T ET D0 Tl Hitey™, Bovee?, Huntiy o3 8% { DHMEY B 2. &K
HIZBOTHAE S, W1 SIANDEGHIT, ABICE » TR X NIARBRICH B T L&EHL T
be
TE KO T TOHER T A, CCTREMIICHT BEABDD H21DIZ20T, AL
BRI & FAAEHE & DBIAIC S TREE L1,
18 ATHEECL 5 HRNOBREOME

MASRE R TEIM N GRURTSE) sl s ne 74 7= (19634 7 HARMD &, 1844

¥3 A vy (19634 6 ARE) OF 2 ADRBUC OV THAIRBREI T ~720 Do LHBHE L & T

5, o OB SHTOAEFICIIAMOBMR IS oNEH -7, 1963811150, KRE®D -
WEDE HERE»S 5cmT) 42 2cmORE B, T ORHTIEMREE 22 T E D Sdt, 20X
I LT IHFROI964F11H 6 B ICHIRIRERIDIRD, BHRERE L 2 TEAMOERRR 2 WA L
Frn ' : i
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WETHR  F 7 2 X WATHERIC X 32BN OB ABIERRI
Table 57. Result of inoculation experiments with Armillaria mellea to

stumps of Japanese larch and white birch

&t oo S A - R ﬁiﬂﬁ?E*D %@ﬁﬁ}?%%@@?é??
. . . . Development of mycelial mat from
Tree species | Age of tree Eértltn;;fer at gg&iolilg()f | inoculating point (em)
! I £ ) A& W] F W
(vears) (cm) Upper Left |. Right | Lower
f;;;;;ﬁ;ﬁ;:éﬁ 7 10 July, 1963 0 3 5 15
Fhine {;’irc’; 13 22 June, 1963 7 5 22 25

Note: Period of inoculating; Nov. 15, 1963,
Period of observating; Nov., 6, 1964.

Z DR, BEAD O OMRPULKRITME 4 5 L 557, Plate9, AIZRT L1550 T, RhOE KBS
BR2KOFHEL 0T, MHELE SREOBR EICEELTHA,
$B2E BABECLZHIENNOEREORK

THRORRIT 1 ASh SBRIBICAESBALLBAR SOWTH~L DTHS. Lol, B L BT
2, BARD 1 A»CAMBBATEEVI CLRINT, QAP ORBATICENEZ OGNS, £h
T, AEOHARARMBIBPCE Ao AEIMCHE I TV S, et Feviai=ve 2 RHEL
T, ZOHRBBA~OKEBBATAZLATHRIAEEE LA,

196545 F14 A, 208FE4E b Ve 10KE M EH T =y IREHB L, % 200K ROBEFLIA298 12H
DIROBFEETIS -7 TOFR, VINSERLMICKHOBRBNZAZA LTV 208D oK
(Plate9,B+ C),
COBEHOFBOOELEIRI I m2 B b (FE 10em) RERTI~5¢ T, MO@BATKRDBOHEE
CHBHEHATENSP S Z DDV TV R3O R SN,

S ED AT HETRR S JCRAARDRIEA~D HAEGHNRT, RRANORABOEEMEE MR
zripmonice TN THARERE L THAICERT 25E, Th o ORI TELPICAREIZL T
SEAICESN, BboTRZo My cHARMHET 2 &3 TaTHlENS.

HE3mm £ 0B

BHACET 3AEHOEARBOU AN 3 2 WHE, b ) TL A, Prace™ {3 Kaarix,
RenxerreLt (1957) OBHFE LT, ZEHMHEL = v BRU byt ORBIARN RN L%
B, EREBEIEMHRTE, RENAHIERORBRT P 5 TAPPICRINILITHLIL ST
3. Leacws® {39 &DMICHTLIEDY, ok UnELEAGH L 2fTIARRO S 550 BMH S
NBL5THBD, BrilHALRTRENBWEINS LB<TVS, F/ Secrer 1583" IEy #HH LR
DEFEOEFICAROBARESE BIC OV TV 30X ME LT 308, HF b—RALRORDORMEH
2, SROBARMPEELTO2OEME L.

AE L IUEDF 7 £ 4% ¥+ (Clitocybe tabescens) WDV T T D B4, Praxioas ® (il RRE
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HREBVT, FVENAKDRIZALEHATLY, 2HLRICET 2FRALOEMNIHNHSInT, RO
1AZERREEDFNTOAERETNS,

DLHFREOWE B IUOKERO#RD 65T, HRREBIZBOTIIRASRBEIhE L, BROE
s, ZTELPOHBDIOTOREARMO o FDIZAILZEAL, EHDLTERFNORIS, TMEHR
Bzl -TEBbNEL5REBDIbDEEZLLNS. £ LT Coox!® OMANDO LS IC, KEMEELL A
B SEANEEL, CNMBFINERECREA LG T2 THINELLATHD

FIE BHAOEAMIHLARORE

BHETRBROIEAFLEO S DI AROFERE D &% BuckLano!® HHEFLTH Y Prace®®,
A BB CTRBSRAURITBICNES LRFHBRELPTVEBNTI S, Baxter? & ARDRIERE
HoU&E2E LT, MZAHCXAEENHDE0, UBHEDIIE / 2HOMNADL O i RIZEHEZDO R
BRIZHOMBENCEEHEL, MAFORBMNARDIEUICHEMS 5 LA SR LTO D LR
mwnArﬁﬂAMM®mAbEm&émmﬁw:tz%ﬂé,cnzum%mﬁ%k;of%ﬁ$tﬁ
B, EAHORCMAWODREEIZKE BEESERIT I EENSMIZ U A, (LY, LRADRET LR
M I SEHIIC ST, AINOWLELMOIBIRE 2O THEZIT IR, M {00 RE SR B
CEEBHELT S,

FHSBUWEZ BT, HRADHICRAETIBIRE LT 2 bDOME N EEHNY, ATHEMNRIC
& o THEA T &7 ST DT IR E T8 5 2.

B EREABIUCEBHEALFRORE

a. HERFH:
196BE1LALIH, 2840 7 < YliZHY, BARERS (> TTWRVIZHEZO AT THA 28k
&, BEREIZIZIDTHA I HELICHT THBE Ui, £XKI2 15 (26K) FoL0z AT, 410

RBi&E Ul HERMBHILANIIHIZ IS > TOXRERT, + 7 2y OfAHIZED o iEh o2,

FERUII96EITHL L h 7 =Y ORBKEBREREL, %3~4dom, BI6~TemiTHB L b0
ZRAV, ENTNORICHEMNEE T A THAREMANG 22, WEHEARES S5 K D& Lico 1965410J]
IBILEARZTORAWVKHIYIRYD, HOFABESRE, WAORRERN FIZ o0 THEETTE -1,

b, RERRER

KRS, SIRICRTLBOTH S, TTHLBBONADRERRNES D E, NXOIliCIZLEA
EERBSNE, ST,

—7, BRXOWINHAR TEWMAIK] 5 A LT TREMAK] 18KER-THD, KE0EA
HHNDb. IR HAOKETEMRRIE TERIZIK] 25K, TREHIALK] 43KE BEOHH
ZLB->THY, PHEEEERLEZNEN0.86, 1.77L A& NWENL LN D, L L, {EHEROLT
FAEREHREMUTS -1,
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58k HIVOEFHABICREHA EOREILE

Table 58, Effect of skilful and unskilful plantings on the
growth of Japanese larch (cm)
bl B ‘ Nov. 11, 1963 Nov. 5, 1964 Oct. 11, 1965
Way of Plot ] h= N = o -
¥ anting Fotat neight | 1 5 & [ mOAMNERH @
Annual Annual
growth Total height growth Total height
1 21.6 23.3 44.9 58.7 103.6
£ OH A I 24,0 18.2 42.2 53.3 95.5
Skilful 1T 19.6 18.7 38.3 56.8 95,1
planting IV 23.2 18.7 41.9 41,8 83.7
" Ave. | 22.1 19.7 41.8 52.7 94.5
1 18.0 16.8 34.8 46. 2 81.0
2 W M Z i 27.8 19.7 47.5 55.1 102.6
Unskilful i 25.0 16.9 4.9 | 51.6 93.5
planting IV 23.9 16.9 40.2 45.2 86.0
Ave. | 23.7 17.6 41.3 49.5 90.8
Note:Period of test; Nov. 11, 1963~Oct. 11, 1965.

#59%
Table 59.

#7 7Y DLEWERMA B LUTREMA L DN ST REFA R
Effect of skilful and unskilful plantings on the occurrence

of Armillaria root rot of Japanese larch

N @m*ﬁ%*%ﬁﬂﬁwm%m
A O O3 R xR

gﬁﬁi‘ﬂﬁﬂkkﬁéﬁi@®K%
|

$5 %t Final condition of inoculum

Way of No. of Trees Trees ' Trees Degree of Mean of
planting'plot | inocu-  killed mfected‘ damage ‘ degree £ % %*3’\%& RSN
lated ?Xnﬂfé‘ dal(i)lfage iL”' De- Segment Mammum
£ ng producing length of
rhizo- ' rhizo-
- morphs  morphs
(no.) | (no) | (no.) ' 0 l 1|3 ‘ 35 | (no.) (no.)‘ (no.) (cm.)
I 26 2 6 2o 2] 2 2 o6 1412 5 | 27
EHZ I 26 3 13 |11 3| 8 7 1.8 |23| 3 2 9
Skilful 1 26 0 & 22 0 3 1 ‘ 0.54 13113 6 ! 15
plant- v 26 0 2 |24 0, 0 2 0.38 15 11 2 3
ng Sum 104 5 ' 25 |79 5,8, 121 0.86 | 65 | 39 15 |
RishiA 1 26 s 4| n ‘ 2 4, ol 2,27 9| 7 0 ’ 0
Unskil-] I 26 4 13 13 3 1 9 ‘ 1.96 17 | 9 0 0
ful m 26 4 7 181 1 1 6 1.31 [ 719 2 4
plant- v 26 6 9 ' 16 2,1 7 | .54 20| 6 2 | z
ng | Sum| 104 18 <3 | 58 8‘ 7 81 177 6341 4

Note: Period of test; Nov. 11, 1963~QOct. 11, 1965,

F8 BAOHEAMIERS ERFELEORME
BB S HTHIA SN2 MM T TICRBERN L, 0. Lo ZREMEIRSN T 2HINBH=55
- (Plate3, B). ZHIZEHMHA S COMMT 55, MAOHMTES L HFRNSH S LEDNS
OT, MFTEIELPITIhERBLOBHRERBR L.
HERTTHE

a.
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1963FE11LA1IE, #F7 =y 2ELENEAY, HEBOMEIHREAS S, 10, 15em OEFERICLL K
SKENZENHAMAT, HERBRY 1 HORBERALT, BHEBOT, H 5cm D& AicMiczzTHl
BRAAL,

19654E10A111, &MARETHRN T DIRD, BEKEL, T 1HORBRLE U HETRELTE -
72,

b, HEREL

FERIIME0, 6IRICTS LB TH S, WOEDLSH DL, WADEZ EDMERIL 3 XOIITAER
HHoShidhotc,

—7, BRHEEARRIOcm KH54 4, 5emE3IA, 15cm X2 ATH-12d, BEHL L THAROR
BRTL, BEBEERSEBHELERE $6RITRT X510, 10emKIIATHE S, 5emK, 15cm
REZENENISK, 16KEDPEN TS, HEEIENS 10cm KA51.26& 1D 2 KT HRT/NE
WHEZR LTS, B 5cmEXTRIEAROED, BOLDIIDBANSDONED SH, 15em KRTIZTH
WA 2B, 3BUTAEULLbOMHMEEINI.

UEDRBBERD SHIADHA I FESBBET XL LEDOREHTICL > THADMD DHH I NEL0 2
B, FRBETELEACHMBNEB LY, 20APRTEHRLPIL LI ENELLNG,

M0k BADHAMNIESERE
Table 60. Effect of depth of planting on
the growth of Japanese larch  (cm)

1
MAYES| K | Nov.11,1963 Oct. 1, 1964 Oct. 11, 1965
Depth of ~ Plot i s F= T . . —
lanti : i FHRER | & BOAEINR S b B &
P ng Total height Annual Total ' Annual Total
growth height | growth height
1 53.3 15.9 69.2 | 61.5 130.7
o ! 49.0 18.8 | 67.8 | 72.7 140.5
5cm mo | 44.7 30.7 75.4 70.5 145.9
. Ave. 49.0 21.8 70.8 68.2 | 139.0
I 44,5 17.3 61.8 70.7 132.5
o 47.7 27.1 74.8 | 73.7 148.5
10cm i 24.7 27.0 | 7.7 | 68.5 | 140. 2
Ave. 45.6 3.8 69.4 7.0 140, 4
|1 40,0 ‘ 20.2 60.2 62.7 122.9
| o 43.5 21.0 64.5 77.1 141.6
15cm m o 4.3 | 25.8 67.1 68.0 135. 1
. Ave. 41,6 3 63.9 69.3 133, 2

‘ 22,

Note: Period of test ; Nov. 11, 1963~Oct. 11, 1965,
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#FolFk MAROHANTES ERK
Table 61. Effect of depth of planting on the occurrence of
Armillaria root rot of Japanese larch

’li‘-a*‘iz‘.ﬁb‘l Kk M A E AW W A AwIEIE ) $"’%‘<’5E AERIC LI 2 ERRORE
& KRR OBA B A H

B 15 ' TFinal condition inoculum
No. | Me'm l
Depth of | Trees Trees | Trees Degree of f‘L ot %Sf‘m%%l Iﬁ/.ﬁ:%j(
of plot \ inocu- | killed | infec- damage degree ,le De- U7k &
_plant- ; lated | by the | ted [0} ling ad\ Segment | Maximum
ing | ! fungus | ) damage producing | length of
‘ \ ‘ rhizo- rhizo-
‘ — | morphs | morphs
(no.) (no) (mo) |01 | 3 l 5 l (no.)(no)| (no.) (cm)
1 13 L 4,9 0 1'3\Lw ni o2 2| 4
ccm I 13 2 s 8 0| 1l 4 1.77 | 61 7° 2 7
' m 13 0 6l 7 1 23 1.6 9 4 2, 5
| i
, Sum 89 3 15 26 1, 4/10 1.62 26 13 6
1 13 2 3 10 o o 3 i 115 | 11 | 2‘ 2 11
Loem I 13 1 5 81 1 1 3 146 | 9| 4 2 4
jut 13 1 3 10 0 0 3 115 3 10 2| 1
'Sum 39 4 no2s 1 9| 1.2 23 16 | 6 .
t
| ml 1] S{Sil o| 4| 1.62 | 11| 2 1 7
e 13 o | 67| 1]3]z2| 15 |6|7 2 4
1sem 13 | ! s 8 0| o|ls| 1oz 6|7 4 8
Sum 39 | 21 e lzs 2| 3|11 1.69 23] 16 7

Note: Period of test; Nov. 11, 1963~Oct. 11, 1965,

F10E ZEHEHOKRICHT ZENE

Hiex® ZEREIEBIZ DO THEEZTEY, KANEHEHNOF ~TOMIZE L, 4T Scots pine,
Sitka spruce, Weymouth pine, Corsican pine # LEELIEEINLEE LD LTS, £FLTHT<
VRIGFLEFTTREBRIND ZEBAOS, TOBULE LIEABIZ L > TH3ET 5T &, Z7c Deodar,
Douglas fir, Monkey puzzle, Common spruce VTN AR IC X » THIHT L EEFBELTNS,
Day¥® i235[EH® Bagley wood £ #) 2 EEHHHS D ARICHY 2 BEHOIFMZTE L, QBRIEETRS
28, BIECESKNGEDLE LT (1) Pinus spp., (2) Sitka spruce (3) Thuja plicata, (4) Tsuga
heterophylla, (5) Norway spruce, (6) Furopean and Japanese larch, (7) Douglas fir, (b) RS
THFCEZHDELT (1) Pinus spp., (2) Sitka spruce, (3) Norway spruce, (4) European and
Japanese larch, (5) Tsuga heterophylla, (6) Thuja plicala, (7) Douglas fir QIETH -7& LTV
5,

Trovas?® |3 T4 % T Persian walnut & Peach #J8caA D23 <, Myrobalan {3\ < 544K
Yk THh b, French pear, Black walnut BIFIITIGIETH 2 &0, Boves® & Quercus spp.,
Castanea spp., Picea spp., Pinus spp., 3 EHTAKICH D DT E L, Wiepeman (1929) % Ronmener
(1931) @ ¥4 vicEF 26%5 AL, Eastern white pine »#BEWURT H 2 C LEZLBHLTVS
Westcorti0® {3 @D 5 5 7TId French pear, Northern Calfornia black walnut, fig, persimmon
AR T 52 & L, Horo®™ |3 Red pine, White pine, White spruce ® > % Red pine DBELERL
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DFNEHLE, Gsox® (3 Kenya O = &NHMIZBOT Plnus canariensis 3L RZFHT, P hale-
pensis, P. patula 13/015<, P. radicta 13hITH 72 L, F7- P. dliottii var. elliotti |3 P. radiata
® P opatula FORIVTH B LEBELTOS, 12, Cook!® B=kvHF=YyRI—0 48035
=Y, BHEORREN TV XOARCRINPTVEL, Hoxtey 5 %0 {3 White pine i Red pine
EDBHLPTOERLETVS,

BB TBOTETEE S, ENRFETTIOEHOMNERERKL, RIHRAZHELWLIIBLT
Whe TR EBEHTFTY, FAV ok, PFeY, Abu—F=Y, FYL, J7V0%3, 4
32 YDIRTHERMBLIEL, /=Y, ¥Y5X, THZV =y TERBESG, 2LV EEVRE
FIUBICBOT S HECOOTIERT Y, Yy srtoe, BERTAVAHTI <Y, =FhvHF~
Y, THAZY 7 EREENEZCIRLTED, v5Ye2 3, P47 Y e NP - EHEL
Tido TR TLAERBY LA O RAKTIHAEL, v 7 2=y BJiics CEHL, >0
TUVFF=YT, TH=Y, F£7572 77— CBERLLLDZIDh 0L LTS,

TH LMW BT, SHHOERNIZE T 5 AHC L 2 REREDORELTH > TEA, il
ATR=FH777DHEHRMNE - EbEEMIRINLL, R be—T=yfick-TE, =&
YHI=v LRBREOHE LS TR, THXY =Y, soxy/ =7 3ERKEMSLEALENIEEHD
M, BEZTREDEERRE LT 2HEs o2 L3700, b0 EHAT, L baKRERR
REDF F=Yo0TE, S —BOBEMEREIANNCIIWHEIINTH 5. AFRMEETCIRS
hah, TOHMICOWTHHEREEZLRN, ARBED > L ILwVE, Y eBIZ3REDH
EBFNEITH S,

PlLogd, BEARVTNGERREIZK STRHELALSDIZOOTORBENERRATH S, TT
TRALEIC ST 2 X EEKRET O B2 B TEERMICK D, RFCHT 2RO REETE >,

a. fERHER

BEARAR B H ARG LB GLRTHRY) THERLc=hva o<y (284), Fv=H
7=y (24F4:), I—v o, F=y (2M4E), Favevhi=wy (284%), 7hHxv'wy (54
&), /=y (63F4), b Fwy (5404), 2% (344), Ate—7 =y (244) OKHEMO
e

BN QTEEREEN 1HERD h 7 = ST 1962F AN IZ & » THIE L AD BHEE
AV, ToXkx83E3~4com, BX6~Temd Lic,

b. HEAN

HRAZ I TN ZTHRUZE > TORENT, 77 2 FORARERSID SNILOBRTH 5., 196211
A1oR, hEHAMEOMICTNTNERTR 22 L TES IRAME, SshEoion, KEc->0T
L0RF DIRERAL @A T, CORBTHIEMKBL, £OM, HEKENCHERRATEAOASE R
BELTHELL.

c. BEER

ZOHBRENO2TITRT EBDTH 5B

FA19654F117 4 BIZAWMALZ TORWVICIHORD, Kk L TRHRK, EAROEREE, B
DIRESZ HE U AR E B3R ITI M B,



H Iy St HHICET AWRE—& IT S LR —  ONF) —197 —

62k 7 2 rEic X TN O R FERT
Table 62. Annual death in various conifers caused

by inoculation with Armillaria mellea

& ﬁ!&ﬁﬁxi J7 i & s 05 A T K
. Trees os. of trees killed by Armillaria mellea
Tree species tested | inoculated
; 10/X1'62~7/X1'63~5/XI'64~4/XI’65 Total (%)
Japanese larch 40 | 7 9 5 21(53)
Chishima larch 20 [ 3 4 8(40)
European larcn 20 0 5 0 5(25)
Korean larch 20 0 1 5 6(30)
Akayezo spruce 40 2 4 2 8(20)
Yezo spruce 60 4 13 10 | 27(45)
Todo fir 40 0 o] 0 o( 0)
Sugi 40 1 £(10)
White pine 40 1 0 1(3)

Note: Period of test; Nov. 10, 1962~Nov. 4, 1965,

HE2RL LS D E, KECRELM ERBERELICOODEENMERIL, =k vh 7=y TidHER%L
F£H, 2FEFLMAL, 3FRIZEDRONLL-THO, Wik 3 EMNICHS0B ORI LI, —
H, FE3EDSEPROHOFEEEAADL L, HEES DbDONERMPNCE C, BELEL 7DD
THIATH -7z, TOTELOAHRT ~2HEORICHRBRIIAD S 7= Y MHFET 2 &M BB X h

s
720

BRAOKESBIL, VI LEEBETEESALLSIC, BAKIZ SNTHFBOMTSHIEL 15 -
T, HBRRREAD, 1963FEE 1964 LICHELIb0DME D) 5, 19657105208 ICENEN
1T >OFREDERLH oLt .

FavevyAI=Y, FUTATTYRENENID, WEDHFHATLL, FEHEEFEEEDL 00,
3.95 - itz BRKE L, BBk A Te Y LEbITERIENATHL T EETR LTS,

CHUCE BRTE— B 5/ 7= ORFEARRD P, FHUHEERDPRMNEL > TV 3
B, koA o L b5,

THIVey LTy PTREMRBELZ OO, hEh20%, 6% L6 ->TH2BHHIRORE
DEE, BPEAORITNEN0YE, 80%, Fio LW bimbined2.90, %#&d3.53T, WEER
HEDHORTV/ 2 YOHIIEL, SHREEIOICHIT 2 LEbRERIESATN TS,

bR ICIREEAIREL L, AF, A ru—~TeYRENEFNAK, BLUPLEAKTH-7/. LhL
Z bR —T Y ICRBRANE ¢, FEHEISRLPPATES -7,

PEmc e oRBcMET 2R, F Fey, AFRIEEHEH LIS, Thitd LTy
B, 'YeBBICRA -T2V RBRLPTOMEE NS ZEMTE D,
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B3k SEWHUBEH DA T B IhH
Table 63. Results of inoculation experiments with Armillaria mellea

to various coniferous trees

e BVEIC 51 BEARDRE
L

Final condition of inoculum

[ .
W Om B W T x‘%m! B
B S T S 3%

Tree Age Trees| Trees Trees  Degree of Mean D He %,\'{.j Vi 135 4&11{,‘
species ; of linocu-| killed |infec- damage L - D Ak L7-f@ix X
tested | tree lated | by the ited degree v de M
fungus ! of ing a Segment aximum
damage producing length of
rhizo- rhizo-
- - | morphs ‘ morphs
(years) (no)| () H)|] o1 |38]s ‘(%);(%) %) (cm)
i |
{:ﬁg?ese 2 | <0 53 | 93 | 3| 2| 4|30]| 410 [78]22 15 40
ﬁﬁ;ﬁ?‘“la 2 | 20 40 | 90 | 3| 1| 1|15] 3.95 [60] 40 35 12
%;zgfea”' 2 | 20 25 | os | 1| 7| 1|11] 3.25 [60] 40 30 10
Rorean | 2 | 20 30 | 90 | 2| 1| 3|14 200 |45]ss 15 9
é}ﬁi{gz° 5 | 40 20 | 90 | 4| 9|14]|13| 2.90 |88]12 58 42
ggiﬁie 5 | 60 45 | 80 |12| 2| 8|37 3.53 |85]|15 67 48
Todo fir S 40 ] 48 21 41 8 7 1.58 90§ 10 70 59
Sugi 3 40 10 38 25 5 1 9 1.33 80 | 20 70 48
"y
Eﬁégte 2 | 40 3|8 | 8| 3fisl11| 280 {95! 5 10 24

Note: Period of test; Nov. 10, 1962~Nov. 4, 1965.

ENE K 1A

AFZHDLXLAONTOZIIRT, CAKBETIIHABREIAAL BIKEDLDHTEL, FHH

REBONEDNHD. L LESS, KROREIRIZTHEEBECOVTHUARIRBAREDS
754, ZEIALERRBRICK -T, ChoDBE#EBN LAREIHMCELL,
ARRIRENED SBONLABORERERFOV 2HIZo0T, BBICHO T LEEREE N
L, EERRICK > THRIVICRBAGERITT 2L £ biT, HEMICEY 2BREAROT B £ B 5
U, BIROHAL EFFEDBMBPERT Uiz, X oicAiiicdd 2RI EHEE N S hic L, K0
PIERIEZRENL T A e ORWBRLE 5 ZEINTH T bR bDT, CORBOWERLIT.

1. FBRBIIRSEIIRONH

19554F IFF D M RERRPE BT 5 &, AR LiEED SN E T, BEACLARAEIC
SHLTO S BIZHAM T S i & T B0 T2 O, BEEE ka0, ThidkR
P 7 2y BB ICKHEBEK SN TOE etk b8 DERDbNS.

2. HITVEGEITROFER

KRR ENIH T =Y OFBEIHNIC L > TRUL D, —ZHFMOMTFAELRRT, S8R5
RELPSERICEEL, PHTHET 5, WBEHACEAL SOTREFLEKICH?: - THBO LEESHE
i, TEL, MEEREESTS. BUBERACRENCREEEET 200052, £{0BA, BRA
BHEDBAIEL OWIESW L, BETICRAGEANELRT 2. BICREGAIROBIRE RIHIE
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B, FEEKIIARE, 108 LMcii¥bEiidzofmichds

HERADHES LCERRER, WU TICACBLT 0L, MENELSHLTEL D M5
v, HARMICS 502 MINICRAOTIERSS LS,

3. BoRIREENHS

FEPE ORI R 3~ T EXTOHEMBITIEA LT, FIUTI0FELEC SIS - TEFRICE
T 2 2 &Hb 5.

RRRMERE L TELSELNII LY, 3~4HEETHRISL, 5~6ERICRIEMcAELD, 7
~BELLABUIERCIZIZ LA ERIE S0, EAREEBEOES, R BEA%E D
LT LTI ARIZD A > T BRBA ST B,

4. BORIRORERE

a) B &R

ALiBEARIPFID S 7 = Y FEHMIC DO TIT S - ARSIz Jud, R AU TR -
HERRAER NP, EFRBEELRB ISR 22008, Fahb LTEEHEMHED 2 LT, $14
(LB O MIERBICD SN 2 MR T &, RICIEOIESSH 3 DIRMBIESEC S &b 2 WHITE TR
LKA boN b . ThoDHTOMEMIEATBDENIZ S EHNNTD BODIEHENE P -T2,

fe PR RS HEIN £ < & SN B HUTIAER, BEO—FOHESBIMHETSH D, Chuc LT
FEERBHENEZ A ON A HF G, BLoETHETh -7,
b) FEEHLo LB

BEKRBADRE, FRBIZ OO TR E S X P LBOBEEC DO THRETE - 7. zoﬁm
RIBO HIBEE OIS & UTBERESILIKNBORBSS S5 5EaHhE s - foh, %(D{WCOL\T&MEZ
KEDENENEEY, HBUERS oNIED -2 KBIRETEEBNIZATREROISBE - T«
2, BEFNICL > TRRHOEASS -1 TR KO HEHIEMICTTL 2 HROBHICENS
51, RABTRZNNEARTHIOICH L, BERTIEERDYIMD - /oo LDBKELTONT
HBLAHRETE, RETOBKIERREERLSNBGEELESTROEEED -7, TEORRHES
KETIE, FATMEDEBLTRELOF SR EOEAMNS -/ TREHEE (4 AhE) oREICL L
T, SEREHHEETH B ICbph 5T, 2WMBEMTARBTRICES 10~15cm OFIRO LB EE RS
Shic.

c) T LHEM

HEDERODIEVERETI ,k;téﬁ&ﬂ%%d%é@?@ﬂﬁatw,Eﬁ@k%@%ﬁ?ﬁ

BED S 3B MEARSEREIIICE
) i@¢m£ﬁ%%%ﬁ@ﬁm

F 7 R rEAENELED SN o /MBI LA LS, BN LT BAROKELIE
BT, BRCE->TEGHVRBRBMESVEA, REUEZVES, ILRHMBCEVEE, BLEBLE
WA E—EOMMIZA ONE A oT, UL, MEEHNTRERAROESLENEP o7 1A
DEBHLHImbMPULELARE RN L L.

EENSHLEINCE > TR 5D, —MBCHET 10cm TTO L LALEDRBABAHLTHY,
1w&mm?m@40wﬁ<mb,mxmuT?mC<inmbmﬁ%nawob#b,&Camiofﬁ
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FHITHIET 60cm ZTEELTHEESG H -7
) FFMOMLE

WA EER OB TR L A DERERT, ShTh oy sh v/, A2 ¥ A2y, F70L0kE
MLTWOR, FHETREQICHHERE S, ZOMMI RN L OMCRBEEND 2 L5 KBbhic. T
hB, YIRS LTOANFCBMRERLRY, T A FHE0RTF ¥y RSN
LT3 & 2 AITMIBFRABEBIE 2o i,

) MHIENE & e

AR, BEOMEM (#5 =y A bn—T 2y LOFHRERK) THE-LEAELRE 457,
2t a—7 =y E SFRETRETREN Lot BRI REINRIC R LRSS - 1210, MIEWCE
EEREY oo,

g) 2 fREEKCE T 3 AR OFLE:

MM BE AT » 2RI 20, MARORRICERMSBEL, 2 5CHAESKIEE
ECED SNce L UVERLTHRE: LT % 2 REEHWAICETE L TRl 7 < ORBERD IR,
LUADEYENIIBIC MBI, CHUFNED A F = A, BRI 2 {(REEHARERRITES
NTWAERTS, LOTRBIHIEL, BERLLCLIEMEZ LD, LKL,

5. ATEERRIC & 5 LEREBAT EBALOBR

TR RN OMRED o TEOME, s, WESHSRBICKSLEENS L LI UOT, ABIT
AL A A2 TATEMICX s TR Z 173 -7,

a) HTFKRL L 34T
HTFARBAED (—10cm) BAREZA 77 ORREBERICRRT, LA LOEAORRHREL
TRENEBC L, HPICEEOLDIHRST 200 o011, T IOLIUHAIZE, WAND
JEXBESEL, BERMRERLNEL, REARDEKREZSEL o 77 7Y DEREHMTXAEAEL
BHEERVEAITERL, RFCRIET 5020 HANA SN,
b) AEO—FEIEN L T
# 5=y QREYMD O— AN, BFICEOLS CEETIEER LR CEE, 6, 7
A2 32208 BOMKMBETTIE - TREWC L kBT, 7=V OREMSEL, IRRARLEL
bobhsEEERLA.
¢ 7=y HOMRNKIEORMINE L
ABOHELETH 24 7 v OROFEMNREZEB L H 57010, BEEMOTITE - AEBHRE, B
R DA BLURE UAROARER, 5K 6~TACABRKENTEZRLI. 2O EHRD
717 = Y OF RSB AR ING 6 ~7 ICLEHABEAERICIE S L, TOEENRKREL SO DNT
BELFUIARRELBZCEHBELONS.
d) BEIROES LT EOBE
TWROEERMLADL LR L - T, MNEHRERS LOMEREL AL THRIZF /DT E-
BRI, +50cm KTPSTHIEARD B H o0, BICEMICEY 2 THERINEZER S 22K
TRMIERNE D oo, —J5, —20cm KTRIBEMICA DT b o 2008, BPREEL, BRELLA
RIC LXK T, EEB a) LR AR SHOERIBNIC X aFADSS S,
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e) FBLELTTHLE 7

WRICEURE L (B0 LEEICZ LOTRLE Gisf) dxav s ) — bRy MCOY, A5<
YA THEAGRRET S - iR, » 7<=V ORERFB L B OTROVERETL, BRARES
REIXCEIBobN, FLREROWATNEBEE SRR LONH XL, WhHOBRARNRRED A

AZE@ENEH oI

6. TEPICBTIREANDEARNITE

a) THEOBEHLIELAEME

OfEL, @TFHL @RELICHPERALLZL, @NBO 4TERAOC TN - L ERDHRIZ, @
E@UBVTHREDTRIZEITT, FHHANERIATH >%?, QLOLTRHAKOLE, ME
EBICFRRATH 7.

b) @D DS EWARAUIE

MEmA S 10cm £ 12 60cm FTOELACAT HEREDMRIRIIL, HWET 40cm F TEAROE
RASA SN, BHATHHET 10cm O bOHLEEMBVEIIET Ui,

o) AIEhoWMHrROMEE il
SRS 6 Fib KOVRIEHE 6 iR &, WM LU D AAT, B OMAIIE K BEAR L4
E, #HLEEOVITNIILRHOEAMNEY ONH, BHPTE=THIT, YAV, ~V/

*, MUk, A7 VICHEBNE CAESEE S,

7. EMAICB T SEREOITE

ANIBERBCLZH I EYIA VA LORKRMETICEY 2 AERARKD, #fl1F21LE9505
AVIE, ATV TIIER 15cm, Y FH Vv DA 2Bem TH -7,
AROBEAEMNEELTOBHABCL->TOBH 7wy L P Fey EE2RAL, HRBRITE > TRIE
HOEARBIERIRIE & 7c . T O, REEN 200 0 TRESKICKHOBE RBENER S .

8. BAMEAFIHERER

a) ENHEASITEFRA EFER

WEABMITADTEFIZMA LKL, TEXARG TORVICEFIKFEAXET2<Y, ZhEhA
THEZTE > TRES OBEFEE B L 7. ¥ 2 FHkcHi v IO MEE T8 - R, BEAARKIZED
TRFAR, BREARLDKELbohN, MEMITEWSHLEENS SN,

b) IR ES L5

WADHEAMNTHES ERBEOMBELAH 570, NMADRBELAHHAETLD» S 5em, 10cm, 15cm iZ
RWHESICLTRANY, TNENATHERETEOEMNNEMNE L. ZORE 5 cmX & 15cmX T
FRASERRINE L b o

9. HBIBHEHOKFRICHT HIEMM

ZARVATeY, FUTHITY, 3= o852y, FaveVHITY, THATS =Y, TV
v, b F=y, A&, RAbn—72v@ 9EOLITHNCH LT ATERATRY, HH%N3EBOBE

HRTE, HSOVEAE, THAIV <Y, TV Ty, R bu—TF e VICRAMEZ S, ey, RF
IR L b ORI o o RMMRERE P Fe v itRed 8L, ATy, AF
AR, =k vh Iy, /T VRESRELL,
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Explanation of plates

1 .

=R VATV HARDOR K ELIcF 5 2 5 OFFIR, 19614 9 F128H .
Fruiting-bodies of Armillaria mellea produced on the ground coming up from the Japanese
larch tree affected with the fungus. Photo. Sept. 28, 1961.

PR VAT TYRBARORIBTE T 7 2 r ORBIETER,

Immature fruiting-bodies of Armillaria mellea growing from the base of Japanese larch

tree.

=k VA 7w VAR DHE LM ORI S RN DA RBIKEAL, KA BEREARIL,

White mycelial fans of the fungus between the bark and wood of Japanese larch stem.

Arrow; Mpycelial fan.

2

RO s TRENALN T = VR (K X)) Lidek (I : OdD,

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

B SMIBES S UARRKR (7TH4E).

Exudation of resin on the stem of damaged larch tree. Age of the stem is 7 years.

T AT e AR DB A U BRSL

Numerous cones produced on the twig of the damaged larch tree.

3

PRERCS SN B o IR L WA (B, A 2—162),

D: =k v# 7=V REAK.
Death of the larch trees by this discase occurred in a site of snow drifts (162,
Karurusu, Muroran).

D : Diseased larch trees.

INSEBRRE-TEEINALHI T =y (TELE) OUE,

Root system of the larch affected with Armillaria root rot. Age of the stem is 7 years.

A7 =y 240K Qlm, KHi—2)

M : TiA:h 7 = kAR O HIR Lo B EEIR I f s,

D: oKz ants 5=y 2 LEk#HA,

R :ERI

Second larch plantation (2, Otsu, lkeda).

M : White mycelial fans on lateral root of the previous larch stand.
D : Second generation larch trees affected with Armillaria root rot.

R : Rhizomorphs.
4

POBEICAE LS S/ FIC K B WS, LR, KH—9), A6 54, MBTHZAKES

HER,
Damaged site with Armillaria root rot where occurred in the convex place (9, Sakaemori,
Kitami).

Age of the plantation is 6 years. Area surrounded by dotted line: Damaged site.
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Growth of larch in each pots.

Plate
A
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PRSI BT RAE L7 R S/ IC K S (LR, K%—18), W5 &4, SBTHIAN

oy L WEL.
Severely damaged site with Armillaria root rot where occurred in the south-west ward
slope (18, Sakaemori, Kitami).

Age of the plantation is 5 years. Area surrounded by dotted line : Damaged site.

D EMHIEBIC R A U A AU IC & 2 HEHR B, ST H CATIES, &%, RE—43, Hig 6 5

. Dz FiseA, Di: #3EAR,

Group damaged site with Armillaria root rot where occurred in the slightly concaved -
place as a whole(43, Teshio, Nayoro). Age of the plantation is 6 years. Area'surrounded
by dotted line: Damaged site. D: Dead tree. Di: Dying tree.

5

DB0MA A T v Y LT R A ARRIC X 2 WENS, RO W, b, PhEN—8,

Damage in concentric shap in 30-year-old larch forest (89. Hiushinai, Kitami). Arrow:
Damaged site.

CIRER A RO

Dead trees in a 30-year-old larch stand in the damaged site.

*Hh 7=y SREERHICE T 28N, thiE, KEE—2. S it 5 =Y ERARDRIR.

Damaged site in second larch plantation (2, Otsu. Ikeda).
S: Stumps of the previous larch stand.
6

CIEEMEBRA QM P KL, 3/ ) — bRy PDRKEX D IX1X1m,

Controlled equipments of underground water level for the inoculation test. Size of concret
pot: IX1IX1m.

cHUTF KA 10 em

Water level, 10 cm from surface.

THITFAKAL 30 cm

Water level, 30 cm from surface,

MTFAKE S50cm

Water level, 50 cm from surface.

, HI VI — bRy PIBT AT =Y OIRRIRE.

7

P EROSE S MBS, ks S +50em, 0cm, —20 cm,

Equipment for the inoculation test by heights of plated bed. +50 cm, 0 cm, —20 cm from
surface.

DAL, ZHRIORE.

Ditto, condition in the winter season.

DEEK Gh#ER +50cm) ONiEAMEE (R —K—F, TaI=vLafl, VaFiVREA

W1,

Equipment for adiabatic treatment by snow-boad, alminium-foil, and duralumin plate,
only high bed (450 cm from surface).

8

TR

Equipment of root-observation boxes.
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B NWhic kT 3 244N 7 =V EOHOBE,

Growth of the roots of the potted 2-year-old larch seedling in the river-bed sand.

C: &Ltk 3 2E4H 7 =Y HOB DR,

Growth of the roots of the potted 2-year-old larch seedling in the surface soil.
Plate 9

A:vsh v (205E4E) ORIBITHT 3+ 7 2 I OBEERRR, HEREES 1 TORE, (R : KR
),

Result of artificial inoculations with Armillaria mellea to birch stump, about 1 year after
inoculation. ‘
Age of birch is 20-year-old. Arrow: Inoculated point.

B: FFev (20FE) ORBHETIRELLEAK (M), REIH1EDRE, HREZ.
Mycelial mat produced beneath the bark of todo-fir (20-year-old) root crown, about 1
year after cut down. Result of natural infection. M: Mycerial mat.

C:h5=y (2044E) ORBEETIzE U-BAR (M), {REHKI1EORE,

Ditto, root crown of larch, 20-year-old. M: Mycerial mat.

D : TEidicsT 2 RE 02 { KRB
i ==, 20 bYk, 31 FFwY, 48 RF, 5 Atu—T=wv,

6: =hYAFTY, T2 =THAYT, 8 ~NV/ ¥, 9 ¥F5E, 100 HV 7,
11: B7 7, 120 5H V5

Result of trap test of the fungus in the soil.

1: Ezo-spruce, 2: Spruce, 3: Todo-fir, 4: Sugi, 5: White pine,

6: Japanese larch, 7: Black locust, 8: Alder, 9: Japanese ash,

10: Katura, 11: Poplar, 12: White birch.

Effect of Soil Conditions on the Occurrence of Armillaria
Root Rot of Japanese Larch

Kaoru Ono®

(Résumé)

In recent years, the area of the Japanese larch plantation in the central and northern
parts of this country has increased rapidly, and it has suffered from various biological damage.
Armillaria root rot is one of the most serious causes of damage and is distributed widely
throughout larch plantations in Japan. Since 1955, the plantations damaged by the disease
have increased year after year.

This root disease had been known in Europe, United States of America'and many other
countries from the distant past. And so, a great number of the works on this disease have
been published from all parts of the world up to now. Also in this country the studies on
this disease have been carried out by many workers and numerous reports have been publi-

shed. But, the writer can find very few references on the effect of soil conditions on its

Received September 1, 1969.
(1) Head of Forest Protection Section, Téhoku Branch, Government Forest Experiment
Station, Morioka, Japan.
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occurrence in plantations, and on the artificial inoculation with the fungus to larch' trees
under various soil conditions. ‘

Since 1960, the writer has made some ecological studies on this disease in fourteen larch
plantations in Hokkaidd. From the results of the field observations on this disease, it seems
that some factors of soil conditions were concerned with its occurrence. On the basis of
these data, artificial inoculation experiments to larch trees were performed under various
soil ‘conditions.

In the present paper, the writer defined the environmental factors, especially soil condi-
tions which were closely related to the occurrence of the disease, and wanted to determine
the considerations which would give the basis of the methods for escape from this disease.

The writer wishes to express his hearty thanks to Mr. Rokuya Imazexi, formerly Director
of Forest Protection Division of the Government Forest Experiment Station, and Dr. Kazuo
Ito, Director of Forest Protection Division of the Government Experiment Station, for their
helpful suggestions and guidance during the course of this study. He also greatly appreciates
and hereby acknowledges the helpful suggestions and revision of the manuscript by Dr. Zyun
Hioaka, Professor of Kylshil University. Thanks are due also to the late Dr. Senji Kawmsi, Dr.
Makoto Hiura, ex-research advisers of forest pathology, Mr. Shésuke Yoco, Chief of Forest
Protection Section, Mr. Masayoshi Kuramoro, Ex-chief of the Lahoratory of Soil Science,
Hokkaidd Branch of the Government Forest Experiment Station, Dr. Tadashi Ktrotori, Chief
of Soil Section of the Government Station, Dr. Kunihiko Sats, Chief of the Laboratory of
Forest Pathology, T6hoku Branch of the Government Forest Experiment Station, for helpful
advice during this investigation. He is indebted to many other people concerned who readily
facilitated the survey and experiment in the field. - Sincere appreciation is expressed -also to
members and former members of Hakodate, Sapporo, Asahikawa, Obihiro, and Kitami Regional
Forest offices; Forest Division of Hokkaidd prefectual Office; Hokkaidd, Toéhoku Branch of

the Government Forest Experiment Station who assisted the writer in many ways.

1. Distribution of the disease

It was known for long years that the Armillaria root rot was widely distributed all over
the world and the disease attacks many species of forest trees. -

Damage of the disease in this country has been recordéd‘successive]y in Forest Protection
News (1955~762) and Annual Report of the Forest Damages by Fungus Diseases and Insect
pests in Hokkaiddé (1955~761). These records on this disease are summarized as shown in
Table 1, and their geographic distribution is shown in F ig. 1. Tt should be noted that the
damage recorded is only a small part of the total damage. From these data it was concluded
that the damage was more prevalent in the northern parts of Japan, especially in the Tdhoku
district and Hokkaidé island. In general, young larch plantations were affected most heavily;

the damage in matured plantations was rarely observed.

2. Larch trees affected with Armillaria root rot

Symptoms of this disease appear in various types on several tree species. In the case
of young larch trees, the first symptoms to appear are discoloration of the leaves from green
to pale yellowish green. A slow decline in diseased trees is indicated by reduced current

season’s shoot length (Plate 2, A), and needles of these trees have a tendency for the end of
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shoots to curl abnormally. In these diseased trees, there is commonly an abnormal resin flow
from the root collar (Plate 2, B), and sometimes so great that the litter and soil are compacted
into a hard crust. White, fan-shaped mycelial mats appear between the bark and the wood
(Plate 1, C). Black rhizomorphs 'are often present between the bark and the wood, and
sometimes on the root surface. Seldom are numerous cones produced on the twig of the
damaged tree (Plate 2, C). In Hokkaidd, the fructification of the fungus develops on base and
butt of dead and dying trees or on stumps, and on the ground coming up from infected roots,
the- fruit-bodies are observed from middle September to early October (Plate 1, A, B).

The correlation of the degree of damage between the crown and the roots was investigated
and the results are shown in Table 2 and Fig. 2. From these data, it was found that diseaséd
larch trees showing some crown symptoms invariably contained advanced root rot which
ustally extended to a part of the root system. Consequently, the confirmation of the period
in which the tree suffered from this disease was very difficult to obtain.

3. Spread of the disease in larch plantations
R ‘1

In Hokkaidd island, the damage in larch plantations by the disease was observed mostly
in young forests at the 3rd to Tth years after planting; the damage to the matured larch
forest, 30 years after planting, was seldom observed. ’

In order to ascertain the progression of the spread of diseased trees in larch plantations,
sample plots were established in the area of 18 Sakaemori Kitami Forest (A-1) where typicadl
group dying of larch trees occurred. In this forest, the larches were planted in the spring
of 1956 on the clear-cut area of the broad-leaved secondary forest. The death of larches by
this disease in this plantation began to occur in the fall of 1956. This research was continued
up to the fall of 1960. '

The topography of this plantation and the position of the spread of the diseased trees in
this sample plot are illustrated in Fig. 5. In the figure, it is indicated that the annual spread
of the diseased trees occurred nearly toward concentric circles from the site wherein the
first damage had broken out in 1956.

Contacts of the healthy larch roots with the affected roots were not observed in this
plantation. Stumps of the former hard trees were widely distributed in this plantation. Con-
sequently, the rhizomorphs of the causal fungus vigorously developed from those stumps were
observed in soil of both the healthy and the damaged sites (Table 3).

The difference in the soil factors between the damaged site and the healthy site in this
sample plot was investigated and the results are summarized in Table 3 and 4. As shown
in these tables, soil freezing was recognized at the depth of 6~12cm in late spring and
volcanic pumice was observed in the profiles of the damaged site. Furthermore, compact
and hard soil layers were recognized in their profiles. Therefore, water permiabilities in
these soils were not good. ‘

Concerning the soil moisture in these damaged sites, it was presumed that the soil would
be very moist in the snow-melting season, and on the contrary, it would be dry in the dry
season, from late spring to summer. From the ahbove-mentioned observations, the writer
presumed that these soil conditions would have some influence on the occurrence of this
disease.
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4. Survey of the environmental conditions in the diseased larch plantations

Since 1956 the writer has carried out surw'/eys of the environmental conditions at the
diseased plantations in Hokkaiddé during the past several years.

The causal fungus attacks many species of forest trees. Up to the present time, the fol-
lowing tree species have been listed by the writer as the host of the fungus in Hokkaidd;
Larix leptolepis Goroon, L. gmelini Gorvox var. japonica Max., Abies sachalinensis Mast., Picea
Jjezoensis Carr., P. glehnii Mast., P. abies Karst., P. glanca (Moencn) \‘;oss., Pinus strobus L., P.
sylvestris L., P. resinosa Ait., P. banksiana Law., P. densiflora S. et 7., P. pentaphylle Mavr., P.
Koraiensis S. et Z., Cryptomeria japonica D. Don, Betula platyphylla var. japonica Hara, B. maxi-
mowicziana Recer, and Alnus tinctoria Sarc. var. microphylla Nakai. Among them, Japanese
larch (Larix lepiolepis) was affected most severely. The survey of the diseased larch planta-
tions was conducted in fourteen areas as shown in Fig. 8. One or two test plots were
established in each area. Distribution of diseased trees, soil conditions and distribution of the
rhizomorphs of the causal fungus in both damaged and healthy sites were investigated in
each test plot.

A. Topography and occurrence of the disease

The topographical factors would be closely related to the occurrence of this disease;
therefore, a survey was conducted to ascertain the relation between the occurrence, of the
disease and the effect of topographical factors in each test plot.

Putting together the results of the survey, the occurrence of the disease was classified into
two types: the one was of concentrical occurrence, and the other of sporadical occurrence. The
former type is divided into the following two sub-types. As shown "in Fig. 9, and Plate 4, A,
B, the one occurred in a convex part or an upper part of the slope (Kitami, Ikeda, Hakodate, etc.),
and the other (Fig. 10, Plate 4, C) was observed in a concaved part or a part near the bottom
site (Nayoro, Kagura, Imagane, etc.). As shown in Fig. 11. the typical type of the occurrence
in the convex part {indicated by & mark) was found comparatively frequently in the eastern
and southern parts of Hokkaidd, where the ground was covered with snow, though not deep,
and consequently the soil was deeply frozen in the winter. On the other hand, the type of
the occurrence in the concaved part (indicated by M mark) was frequently found in the central
and northern parts of Hokkaidd, where the ground was covered with deep snow and the soil
freezing did not occur in the winter. From results of the survey on the two damage types, it
may be said that the inclination degree of the damaged site was generally smaller than that
of the healthy site.

B. Soil conditions in the damaged plantation

Profiles, textures, physical properties and types of soil were comparatively investigated in
the damaged and healthy sites. Among these factors investigated, several kinds of soil pro-
perties seemed to be closely correlated to the occurrence of the disease. In the damaged
sites, the compact and hard soil layers were generally found near the surface, and as the
water permiability of such soil was not good, this resulted probably in the soils being tem-
porarily or seasenally in very humid conditions; on the other hand, the soil in the convex
part was seasonally very dry, from late spring to summer.

From the above-mentioned observations, the writer presumed that the soil condition was

the most important factor among those affecting the occurrence of this disease.
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C. Effect of remaining snow on the occurrence of the disease

The surveys on the relation between remaining snow and occurrence of the disease were
conducted -in the young (3~5 year) larch stand in Karurusu, Muroran (C) at the end of April.
The investigated place at an elevation of 450 meters above sea level faced south-west, and
the soil of this area was thickly covered with the “Usu” volcanic ash. The results of this
survey are shown in Fig. 16, and Plate 3, A. From these data, it seems that the disease has
a tendency to occur more frequently in the remaining snow site.

D. Distribution of the rhizomorphs of the causal fungus in the soil

The surveys were conducted to compare the dry weight of the rhizomorphs in the healthy
site with that in the damaged site. The soil in each test plot were cut into soil blocks
measuring 50X 50X 10 cm or 30x30x10 cm. The rhizomorphs in these soil blocks were care-
fully collected, washed out with water, and then dried in air for a month. The dry weight
of the rhizomorphs measured are shown in Tables 5, 10, 14, 16, 19, 21, 23, 26, 29. From these
data, it is clearly evidenced that rhizomorphs of the fungus were existing in almost all plan-
tations investigated, and they distributed crowdedly in the upper 10 cm layer of the soil.
Furthermore, no remarkable difference of the weight of rhizomorphs was observed between
those in the healthy site and those in the damaged site.

E. Vegetation in the diseased larch plantation

Most of the larch plantations investigated were formerly occupied by northern hardwoods
(birch, acer, oak, etc.) after destruction by forest fire. The larch seedlings were planted after
felling of the deciduous trees, and accordingly, the stumps of the hardwoods were abundant
in the plantations. The soil surface of these plantations was densely covered with bamboo
grasses. The distribution of bamboo grasses and the maximum freezing-depth of the soil
seemed to be closely correlated to the type of the occurrence of this disease.

Miyako-zasa, Sasa nipponica {Sect. Crassinoidi), was mostly found in the scanty snow region
where the soil-freezing was deep, and on the contrary, Chishima-zasa, Sasa kurilensis var.
genuina (Sect. Macrochlamys), and Kumai-zasa, Sasa paniculata var. paniculata (Sect. Eusasa),
were mostly found in the heavy snow region where no soil freezing occurred. In the former
region “the type of occurrence in the convex part” was observed, while in the latter region,
“the type of occurrence in the concaved part”.

F. Effect of fertilizer on the occurrence of the disease

Research was done in a private forest at Kiyomi Katd, Hokkaidd, where the planting was
made up of alternate rows of larch and white pine (Pinus strobus). The slope of the forest
descended toward the north-west, and at an elevation of 190 meters in altitude. The test
plots were established in 1958, and a solid fertilizer, Katakura No. 3 (N 8%, P,O; 9%, K,0 5%)
was given in each plot in 1958. The experiments were carried out by the block of 2 times’
repeat.

The arrangement of plots and the distribution of diseased trees in the 4th year after
planting are shown in Fig. 17. Per one tree, Plots I, IV were fertilized with 200 g, Plots II,
V 100 g, and Plots III, VI were unfertilized. The annual death rate of both tree species
caused by this disease is shown in Table 30, About twenty percent of the total planted trees
were killed by the disease in the 4th year after planting.

No significant difference was observed between the fertilizer treatment and the occurrence
of the disease, and it seemed that the effect of physical properties of the soil to the occur-
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rence of the disease was more conspicuous than that of the fertilizer.

G. Occurrence of the disease in the second reforestation of larch

The survey was conducted to make clear the relation between the position of the stumps
of the first-planted larch and that of the diseased larch which had been secondarily planted
(Plate 5, C). This investigated area was situated in the prefectual forest, Otsu, lkeda, Tokachi,
Hokkaidd (Fig. 8, M). Its height above sea level was 130 m and the slope faced south-south-
east. The soil of this area was thickly covered with the Tarumae, Meakan black volcanic
ash. Results of this survey are illustrated in Fig. 18. As shown in this figure, the diseased
larch trees which had been secondarily planted occurred concentrically on the site where no
stumps of the former larch trees were observed. White mycelial mats of the causal fungus
developed between the bark and the wood of the stums of the former larch tree, and the
rhizomorphs were abundantly found in A-horizon (Plate 3, C). From these results, it seemed
that, in spite of the part near the ridge, the soil in this investigated plot would be tempo-
rarily very humid, in the occurrence aspect of the disease.

H. Occurrence of this disease in the matured larch forest

The larch stand planted in 1930 was situated in a national forest, Hiusinai, Kitami,
Hokkaid6 (Fig. 8, N), and was at an elevation of 200 m above sea level. Its topography was
a very gently sloping hill, and located on the middle mountain slope (Plate 5, A). The early
symptom of the disease, discoloration of the crown top in pale yellowish green, appeared in
1957, and the death of about 50~60 larches occurred concentrically in the next year (1958).
The area of this damaged site was 22 by 26 m. The writer observed the invasion of the
causal fungus in roots of the damaged larch. The dead trees were found in the central part
of the subject site, and were surrounded by a zone of dying trees (Plate 5, B). Some of the
dying trees produced numerous cones on the twigs. From results of the soil survey in this
area, it was found that the horizon below 15~20 cm from the surface in the damaged site
was compact, and its physical properties in natural conditions were unfavorable for larch-
growing. It was concluded that inhibition of the development of the roots would probably
be induced by the bad soil conditions, and this would have some influence on the occurrence
of the disease.

5. Artificial inoculations with the causal fungus to larch stocks under various soil conditions

From the observations described in the previous chapters, some soil conditions seemed to
be closely corrgiated to the occurrence of this disease. Therefore, the writer wanted to make
clear the effects of the artificially controlled soil conditions upon the occurrence of the disease
by inoculation experiments with the causal fungus. Using 2-year-old larch stocks, the work
was begun in 1962 and continued to 1965.

A. Effect of height of underground water level on the occurrence of the disease

The experiment was performed to determine the relations between the height of under-
ground water and the occurrence of the disease. The equipment shown in Fig. 19, and Plate
6, A was used for the experiment. Ballast, river-bed sand and surface soil (clay loam) were
put into a concrete pot, 1X1X1 m. The heights of underground water, 10, 30, 50 cm from
surface respectively, were adjusted by a vinyl pipe (water supply) and glass tube (free drainage).
Nine 2-year-old larch stocks were planted in each pot. Among them, six larch stocks were

inoculated with the causal fungus and the others were not inoculated. Three uninoculated
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stocks were separated from the inoculated ones by a board at a depth of 30 cm in the pots.
As inocula, naturally infected larch roots, 3~4 cm in diameter and 6~7 cm in length (Experi-
ments-1, 2), or artificially inoculated ones, 1~2cm in diameter and about 8 cm in length
(Experiment-3) were used. As control, three stocks were treated by the pieces obtained from
healthy uninfected roots. Inoculum segments were placed on roots of the larch stocks at
about 10 cm under soil surface. The tests were triplicately made during November, 1962 and
October, 1965.

For-the convenience of comparing the development of the disease, the degree of damage
was divided into four stages, namely, healthy (0), slightly (1), moderately (3), and severely (5),
as shown in Fig. 20. Results obtained are summarized in Tables 31~36. As shown in Table
31, 33, 35, and Plate 6, B-E, annual growth of larch stocks was very poor in the case of 10
cm-height of underground water. Fine roots of almost all larch stocks were severely rotted
under the extreme humid condition of the soil. Development of rhizomorphs of the causal
fungus, in this case, was also poor as shown in Tables 32, 34, and 36. Number of infected
trees in the case of 10 cm-height of underground water was smaller than that of diseased
ongs in other cases.

These results coincide well with those obtained from the field observations. That is, in
the concaved part where soil was always under extreme humid condition, the death of larch
trees induced by the infection of the causal fungus did not occur, and larch trees that were

killed by this fungus were always observed on the part surrounded by the humid site.

B. Effect of temporarily humid moisture conditions on the occurrence of the disease

Under natural cenditions, it was presumed that the soil was continuously alternated
between humid and drv conditions, and would temporarily be in very humid condition.
Therefore, this experiment was conducted to ascertain the effects of the-temporarily humid
conditions of soil upon the occurrence of this discase.

Larch stocks, 2 years old, were planted in clay pots, 24 cm in diameter, and were simulta-
neously inoculated with naturally infected roots, 3~4 cm in diameter, 5c¢m in length, at a
depth of about 5 c¢cm from the soil surface. Potted larch stocks were placed outdoors, buried
in soil and fully exposed to sun and rain. To keep the soil in very humid condition for a
definite period, ten pots were dipped in water for twenty days, and then were replaced. This
treatment was conducted several times during the experiment period, from early spring to
late autumn. The experiment was repeated three times during November, 1963 and October,
1966. The results are shown in Tables 37~42. As can be seen in these tables, the annual
growth of larch stocks treated during June and July was smaller than that of the othérs
treated. And, it seemed that the stocks treated had a tendency to be affected severely with
this fungus. Consequently, the temporarily humid condition in the soil from June to July
seems to be an important factor for the disease occurrence.

C. Seasonal growing ol root tip of larch stocks

According to results of the above-mentioned experiments, it is considered that the very
humid soil condition from June to July is unfavorable for the growth of larch stocks, and
therefore, it is necessary to make clear the seasonal growing process in the root tip relating
to this phenomenon. The equipment shown in Fig. 22, and Plate 8, A was used for this
investigation. In the rogt observation boxes containing surface soil (clay loam very rich in

humus), subsoil (clay loam poor in humus) and river-bed sand (screened by 2 mm sieve), 2-year-
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old larch stocks were planted, and the root tips appearing on the glass surface were observed
every ten days, from May to October. The results obtained are shown in Figs. 23~25, and
Plate 8, B,C. Growth in shoots of these larch stocks is shown in Fig. 26.

From these data, it was found that the peaks in the total length of growing root tips and
the total number of growing roots every ten days appear during June and July. Consequently,
it seemed that the most vigorous growing period of the root tip observed from June to July
was also the most harmful season for the root tips by the humid soil condition. This may
be closely correlated to the occurrence of the disease.

D. Effect of height of planting bed on the occurrence of the disease

From the results of the field observation, freezing in late spring, also temporarily dry
and humid conditions in the soil were usually found in the damaged sites. To make clear
the effect of these soil conditions on the occurrence of the disease, artificial inoculations were
carried out by using the equipment shown in Fig. 27, and Plate 7. Wooden boxes, 1X1X0.5
m, filled with surface soil (clay loam) were buried in the soil. Planting beds in the boxes
were regulated at the height of 50 cm above the ground level (+50 cm), at the surface of the
land (0 cm), and in the depth of 20 cm under the soil surface (—20 cm), respectively. The
experiments were repeated two times during November, 1961 and October, 1964,

In the Experiment-1, planting and inoculation were simultaneously conducted on November
7, 1961. Nine larch stocks were planted in each wooden box and inoculated with inoculum
segments, 3~4 cm in diameter and 6~7 cm in length, obtained from naturally infected roots
of larch trees. After about one vear and a half, on April 22, 1963, the stocks were carefully
dug out and were investigated. The investigations were carried out on the growth of stocks,
the number of diseased trees, the degree of the damage, and the final condition of inoculum
segments. These results are shown in Tables 43 and 44. Moreover, temperature, precipita-
tion, snow-fall, and the depth of soil freezing during this experimental period are illustrated
in Fig. 28, 29, and 30. Soil moisture and soil temperature in each wooden box during this
experiment were also examined. The variations in the soil moisture content in each wooden
box were as follows: 35~55 per cent in the case of +50 cm, 40~55 per cent in the case of
0 cm, and 45~55 per cent in the case of —20 cm. From the results, it seemed that the soil
moisture in the case of +50 cm was more variable than those in other cases. No remarkable
difference was observed in the soil temperature (10 cm under the surface) in each test box.
Results obtained are summarized as follows: (1) The height growth of larch stocks in the case
of —20 cm was not good owing to the influence of the humid soil condition, (2) The height
growth of larch stocks in the case of 450 cm was affected just a little owing to the influence
of the soil freezing and the temporal dry condition of soil, (3) Dead trees caused by the fungus
were more abundantly found in the case of +50 cm than in the other cases, (4) Number
of the infected trees by this fungus in the case of —20 cm was greater than that in the other
cases, {5) Many dead inocula were observed in the case +50 cm, (6) About 50 per cent of
inoculum segments produced rhizomorphs and maximum length of the rhizomorphs was 23 cm.

In the Experiment-2, planting of stocks and inoculation to the stocks were conducted on
November 7, 1263. Inoculation techniques used in this experiment are similar (o the previous

one, but shorter inoculum segments, 3~4 cm in diameter and 5 cm in length, were used in

this experiment. To prolong the period of freezing in the soil, the surface of the wooden

boxes of +50cm bed was covered with snowboard (adiabatic material), 5cm in thickness,
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aluminum-foil and duralumin -plates (IFig. 27, Plate 7, C). To maintain the humid condition
of soil for a long time, vinyl films with some holes were laid in the depth of 20 cm under
the surface of the soil in the wooden boxes of —20 ¢cm bed. As can be seen from Fig. 32,
the term of freezing in the soil in the case of +50 cm wooden boxes was prolonged about
20 days as compared with that of .the Expcriment-1. In the case of —20 cm wooden boxes, a
relatively longer period of humid soil condition was observed during the experiment period.
On October 22. 1964, all stocks were collected after being carefully excavated and were ex-
amined. The effects of the above-mentioned soil conditions upon the occurrence of the disease
and the growth of larch stoks are shown in Table 45, and 46. Results obtained are summarized
as follows: (1) Owing to the prolonged term of the soil freezing, trees in the case of +50cm
wooden boxes were more abundantly Kkilled by this fungus than those in the other cases, (2)
In the case of —20cm wooden Loxes, the growth of the stocks was not good, and most of
fine roots had rotted. Number of the rhizomorphs of the fungus produced from segments was
few, and only a few stocks were affected with the fungus.

E. Effect of surface soil and subsoil on the occurrence of the disease

In the experiments ten bottomless concrete pots(1X1X1 m)filled with soil shown in Table
47 were used, and the other experimental procedures were the same as those in the previous
experiment. The experiments were repeated two times during November 6, 1962 and November
11, 1964. Results obtained are shown in Table 48~51,and they are summarized as follows:
(1) As a whole, height growth of larch stocks potted in the-surface soil that was rich in
humus was good, (2) In the number of the stocks infected by this Vfungus, no remarkable
difference was shown between two soil layers in the Experiment-1, but the number of those
in the surface soil was larger than that in the subsoil in the Expetl‘iment-Z, (3) The maximum
length of the rhizomorphs produced from inoculum segments in the case of surface soil was

larger than those in the other case.
6. Behaviour of rhizomorphs of the causal fungus in soil

A. Effect of some soil kin.ds on the growth of rhizomorphs

The clay pots, 18cm in diarheter, were filled with surface soil, subsoil, soil mixed with
vegetable manure heap into surface soil, and river-hed sénd, respectively. Inoculum segments
obtained from naturally or artificially infected larch roots were buried in the depth of 10cm
under the soil surface in the pots. After atout one vear the segn{ents were carefully dug out
and investigated. The experiments were “repeated thrée times during November 14, 1962 and
October 4, 1965. The results obtained are presented in Table 52, 53 and 54. These three tables
reveal that the rhizomorphs were abundantly produced in'the case of the surface soil and the
surface soil mixed with compost, respectively, but the growth of rhizomorphs in the subsoil
and river-bed sand was not good. -

B. Effect of depth from 'soil surface on the developments of rhizomorphs of the causal

fungus

In the field observation, it was seen that rhizomorphs of the fungus developed well near
the surface of the soil.” The experiments were conducted to detect the effect of depth from surface
of soil upon the development of rhizomorphs of the Tungus. On May 19, 1965, five pure cultured
segments 1.5cm in diameter and 7cm length, were-placed in the depth of every 10cm from
surface to 60cm. ‘After about five months, on October 28, 1965, these segments were dug

out and carefully observed, and results obtained are summarized in Table 55. As shown in
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“Table 55, the segments producing rhizomorphs were found in the depth of 10, 20, 30 and
40cm from the soil surface, respectively, but could not be found in the depth of 50 and
60cm from the surface. The most vigorous production of rhizomorphs was observed in the
depth of 10cm from the surface. The results of the test on the relation between depth from
‘the surface and the production of rhizomorphs agree well with those in the field observation.

C. Trap test for rhizomorphs of thg causal fungus in soil

On May 25, 1965, the twigs of coniferous and latifoliate tree species (Table 56), 1~1.5¢m
in diamenter and 10cm in 1ength, “which had been steriiized at 100°C. for 15 minutes were
buried in the surface soil in thrée places (cut-over area, forest edge and inner part of
forest in a 20-vear-old Todo-fir plantation). After about five months, on October 28, 1965,
all twig segments used were carefully observed. The results obtained are shown in Tahle 56,
and Plate 9, D. From the results, it was found that mycelial mat and rhizomorphs of this
fungus wére produced on the twig segments of almost all (ree species, and the twig
segments of latiforiate trees trappéd this fungus more frequently than those of coniferous
trees. Among these tree species, the twig segments of black locust, white birch, alder, spruce,
and larch seemed to be suitabie as test materials for trapping this fungus in the soil. At the
end of the experiment, dry weight of rhizomophs in the soil block {1X1X0.1m) in each test
plot was measured. The results were as follows: 54¢ in forest, 2.7g in forest edge, 5.1g
in cut-over area of Todo-fir plantation, respectively. From these results, no difference could
be detected on the relation between the number of the twig segments producing rhizomorphs
and the position of three test plots.

7. Growth of the fungus in-a stump

In the field observation, the stumps of former trees that produced white mycerial mat of
this fungus were frequently observed; therefore, experiments were conducted to observe the
developent of mycerial mat between the bark and wood of the stumps.

A. Artificial inoculation with this fungus to stumps of larch and birch

Stumps of two larch trees, 7 vears old (cut down in July, 1963),and two birch trees, 13
years old (cut down in June, 1963), were inoculated with this fungus. Rhizomorphs of the
fungus could not be found in the soil near the stumps before the experiment. On November
11, 1963, the stumps, 5cm under the surface, were inoculated with the inoculum segments.
After about one year, on November 6, 1964, the stumps were.dug out, the barks carefully
striped off, and the extent of the mycerial mat was:investigated. The results obtained and
shown in Table 57, and Plate 9, A., reveal that the stumps of both tree species were occupied
by the mycerial mat for more than one-third of the whole.

B. Extent of mycerial mat of the causal fungus in root crown of larch and todo-fir in
natural infection

Under the natural conditions, it was presumed that the root crown would be invaded
with this fungus in many points of root. Therefore, this experiment was- conducted to trace
the extent of this fungus in the root crown under the natural.conditions. On May 14, 1965,
ten 20-year-old Todo-fir trees and three 20-year-old larch trees were cut down. Many rhizo-
morpps of this fungus existed in the plantation. After about six months, in November 29,
1965, these stumps were excavated and carefully observed. As shown in Plate 9, B. and

.C., the mycerial mat developed all over the surface of the root crown, From these results,
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it is reasonable to suppose that if the standing trees were felled to establish a new plantation,
the mycerial mat of this fungus might develop rapidly on the whole surface of these stumps

in less than a year.

8. Effect of planting methods on the occurrence of the disease

In the field, the malformed root system of larch trees killed by the fungus were often
observed. This fact leads to the belief that planting methods were related to the occurrence
of this disease. Accordingly, the writer carried out the following experiments to make clear
the relation between inadequate planting and the occurrence of the disease.

A. Effect of skilful and unskilful plantings on the occurrence of the diseasze

A deliberate bed planting in which the root system was made a ball and a skilful planting
in which the root system was fully spread, were examined in this test. On November 11,
1963, larch stocks 2 years old were planted by each treatment in the nursery, where the rhi-
zomorphs of this fungus did not exist. The inoculation to the stocks was carried out simul-
taneously with the planting. Thirty-one test stocks were employed in each plot, and among them
twenty-six stocks were inoculated. The other five stocks as checks were not inoculated. The
inoculum segments, 3~4 cm in diameter and 6~7cm in length, were obtained from naturally
infected roots of larch trees. After about two years, on October 11, 1965, the growth of sam-
ple trees, and the degree of damage were recorded and summarized in Tables 58 and 59. From
Table 58, it was found that no remarkable difference in the growth of sample trees was ob-
served between the skilful planting and unskilful planting. But, from Table 359, it was.
clearly shown that the degree of the damage was conspicuously different between the two
methods of planting; that is, the number of larch stocks killed by this fungus and the mean

of degree of damage in the case of unskilful planting were 2 times greater than those in skilful
planting. From these results, it seems that bad planting may be one of the predisposing factors.
of the disease.

B. Effect of depth of planting on the occurrence of the disease

The experiment was conducted to determine the effects of shallow planting and deep
planting upon the occurrence of the disease. On November 11, 1963, larch stocks 2 years old,
were planted in such a way that root collars were situated in the depth of 5, 10, 15 cm from
the soil surface, respectively, and they were simultaneously inoculated. Position of the inoculum
segment was placed at about 5 cm below the root collar of larch stocks. After about two years.
on Octber 11, 1965, all stocks were observed after being carefully excavated. The results are
shown in Tables 60 and 61. From these tables it was found that the growth of larch stocks
in the case of 10 cm deep planting was better than those in the other cases. Not only that,
the number of larch stocks infected with this fungus and the degree of damage in the case
of 10 cm deep planting were smaller than those in the other cases. Moreover, the roots of
some stocks were often loosened by the wind in the case of 5 cm deep planting, and many
secondary roots were produced in the case of 15 cm deep planting. Such phenomena had been

frequently observed in the field.

9. Resistance of various coniferous trees to the disease

Stocks of the following nine tree species were tested in this inoculation experimet: (1)
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Japanese larch (Larix leptolepis Gorpon), 2-vear-old, (2) Kurile larch (L. gmelinii Goroon), 2-vear-
old, (3) European larch ( L. decidua MiLLEr), 2-year-aold, (4) Korean larch { L. olgensis var. koreana
Nakai), 2-year-old, (3) “Akaezo-matsu” (Picea glehnii Masrt.), 5-year-old, (6) Yezo-spruce (P. jezo-
ensis Carr.), b-year-old, (7) Todo-fir (Abies sachalinensis Mast ), 5-year-old, (8) “Sugi” (Cryplo-
meria japonica D. Don), 3-vear-old, and (9) white pine (Pinus strobus L), 2-year-old. On November
10, 1962, stocks of the above-mention2d spzcies were planted in the nursery and were inocu-
lated in the same manner as in the experimet 8, A. After about three years, on November
4, 1965, all trees tested were dug out and carefully ohserved. The annual death of trees
caused by the fungus during the period of the experiment is shown in Table 62, and the
results of the final investigation arc given in Table 63.

The death of Japanese larch caused by th= fungus was found as early as in the first year
after planting, increased in the following year, and was counted as about 50 per cent of the
whole planted trees in the 3rd year. From the results of the examination on the root system,
it was clear that all larch tested, except only three, were infected by this fungus. The growing
process® of the larch trees killed by this fungus agreed well with that of the diseased trees
in the field.

The dead trees in Korean larch and those in Kurile larch accounted for about 30, and 40
per cent of the inoculated trees respectively, whereas the damaged trees in European larch
was just a little fewer than that in the other larches.

The number of the dead trees in “Akaezo-matsu” and that in Yezo-spruce were counted
as 20, and 45 per cent, and the percentage of the infected trees in these tree species of spruce
was 90, and 80, respectively. The trees of Todo-fir were not completely dead, and those of
“Sugi” were counted as only 4. White pine stocks were infected in higher percentage, and
although its mean degree of damage was comparatively great, very few of them were dead.

Putting together the above results, it may be said that Todo-fir and “Sugi” are resistant,
while Larix spp., Picea spp. and white pine are susceptible to this disease so far as this

experiment is concerned.
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