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C OFEHMIBEENBEN, EREIEEN ORE, By GoEILUBICAIE T 5P ETEkihe
CERAE SN e Bt T 5,

1954 Ik I XF 5, ¥ T v kR THHRE (BIR4mEHI 30 4, ha Mich 35~40m®) &L
WL, B 1955 Fe s 7~ Ok fTisbivi, HEEHBINITARES S LERTER (LS,
WHER, ARBEMR=ZBENED) WETFNC I OTRESN, 1958 FE 1 OREK LOERAK
EBoEME: b lic,

ZORBHT, 1) —HOMNEXDE plot DM I —TlowZ &, 2) EERAKNE plot &Lk
LUIHERR OGN, LT ABER LI TH 355 <Y OEREARCHERTOH LS L{dkne
&, 3 —MOAEXDH T~V OREREOIHOPECFEE b b Olicbic, ERRE LTt
DIEREE 5 BT\ Tz binh Dz,

Lo Lisdth, 1958 4Efk (HEEREE4EH) 75 2 r B X 2EARE I i, FORERER L
ORECE LEFTRERNTOMEZC W THEEO L AFAN B LR0 T, YHDHMN LZARTH 5
ZTRCOVWTORELED D Z LIT L, ZORAEL & 0T 1961 £ GERETE) FTo50 b
Rice RERIKWIEDTS, BEbTHTRLINHEORENE SIS, EESD 1 AFEHOEEY
HBRHC L 70T, —RAFERE DO TEhELdBILE LT,

V—2. Irith, R4, TERME L UHEAE



HTF=YDFT EFIRIEONT (FHE - B - &) — 41 —
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Z ORBHIIES 1,170~1,200m, Hi
ok L OB UBX OMELRE 2 Ricpit
L Thb

136 L02XD% plot (XEFHEA BAL
B A2 TE BN A RO B
BT %5, 1A OB LT W % &
b, 2 COHREEDERUZEOMM
DR IN T DT, 1A BIU2 BoR Fuh T~y KOS LCERREOGE
CUITERIDBAITE L rhJuif D M Fig. 2 Topography and locations of plots in
PR B, 1B, 1C, 2A R I0 2B D& Todate Forest.
plot %, 2tk LUIBSIAAROMB AL LTV54, 1B B3I 2A ZBANPRE L, R
BhTrrMaHriaLTw3, &b, ZhbD 4 plots RTFHbREOT S L OCHE L EADOK
FCBcERRR o5, Dk 5 R, 1B k0 24184, 1C BV 2B TR, &
N o OBMITRRDOBEZ L EF LD THED T, BHECRBO-DHEE SNy vk LCERDEEI R
TOARIRIETHD L) CRD bR BPBEERTERVA, ZhbDRBRIIBIMMICVLH LS LuLEoKk
SREOHEXEL T3 L ICEbhd, o RERD0 X 51K, HEOTRRAAE¥INE X2 T8
RENTH230LBbN 52, FARFCHEEOHEENLIBEEE IR, ¥, 00X 5K REDHE
BEF 7 2y ROBECIRELBEEELYF T 0L ELDIS,

3K 1C B XU 2B DOFERIDEM OB HRICH T TELECAE L, 4 plot MBMCIIESE
—IRERMHEBINR T B, L Liskdib, IRENKE TERBEOSMERLEN L » &L, lmERoE
BN Todic, 3E D% plot OTFEFX-THh ABERXLE LR, L2, »7 <Dk
Hr LTIREE LOBE LIV WLATL,

4KiZ1 B L2 K 23K BRI IENE L& %, #& plot X A, B, C DIRRESIMEL 7
b, FRARRCBY OBSECE-SL b, HBEOKSBEI LFREOIRCSD X BV T35
SRR 3 2

1, 2 HXU 3K D% plot ixWFhd 20x50m (0.1ka), 4K D% plot ik 30x33.3m (0.1ha)
H %0

w-2-B. # &

Z ORBRM O K HEWEIC 351 BHEEITEROE 10 RiTRTZ L TH 5,

1R IC2RTIE, BiEO X 5 B oMEC L a2 T, MEEDHEY X5 i@EnRohi, it
bbb, 1A LU 2C OBWUREOMME R LU Z 0D plot DHEHILMM T, VY, av
Y= VA VAY, AXTrEOREROEENS S Ao, BEOHMATMB TR, Va7, s=
vad, Y=y EoERHOEENE S Rbh, Mo L 7 ) HEOKFREBOMHEL K
BT

w-2-C. 4 &

W-2-C-a. ¥, WERESICLER
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BEORMABRT, ZORBRMOLEI - THIBIEMMEORIFLIEL IV VA2, 2T~
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v-2-D. HEEHE

CORBMON 7 =YL, 195 F4 ACBEEMRBC I OTHEEIA, 1810 2 RKIZFAE 11 A
A, 3BIU4RIL6 f FRECHESFibhi,
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1% X0 2 KIZERIOR@ 1 5% 3RKIEA 2 B*% My, 1A%/ h Az 1018, Bik 20 EuHEE L,
CIEMIER & Uiz, ¥ 4RIIRFELA, AlX20g Bild0g 2L, CRREMEL L, —h
B OJERHI TR S EARDOREES B 30 em OFHFTIC, BIEEAA 4 H7T, BB 15om KHME LT,

W—3. H5VJDOKRLEEDRE

FERREICRT S 7 7 =Y ORBIIF 1L RIRTIL S TH S,

Ch B OWEMIIHEE, FEROIThEOHERS L UFLHEE B ORBRARERSA Lic, FeltEiih
OREEAE, ARTRbBOMRAL DTS LS RERRERR LS LIRERTREFETLHS
5o HEURIL 1959 FRICFHEE 3m KL, —HIFEMREROREHNEE L iHo7cfiedIi
BEREOFHEIREKTIT LY

Ak (W-1) ORRMBEXLINC KT 5L ORRE, Bk (W-7) DX 5 HEGNOBRFEEDRE
BOKEFENT 7 2 r EOKRYE: (BER) CX5dorndGry, SHOERKCOWTHECTS
LR ELDTHREETH DI DR, B 1RCKITBERITN 7 <Y ODRBEORELFRTICE Kbz,

ZORBRIO S T~ v OFHRERL, SBRACIBRFLV2L5, SKOREEMBORICHATE
TLTWZ &k, SEERREEOKIBEC KT &, S Pk Qv-2-4) 0 k5
CHREDBYOHECLBEDTHA S,

V—4., FSEFHFEICL BRI

HRBREC I BT 7 2 7 IRIC L BREEOEEER ORIUIE 2 RTFT L < Th 3,

Z DBEEREOFNEOEE 2 ZT e b Db TRTHEOHNR L Lic, FMFERCEF LR LT\
PHEEHCES T, BRCOIFEESY, TOoMHELLLBD bR 2 ORET EIFEORRL LT
D7,

ZORBHIC I\ TH 7 2y T A ERES bR DR, FHE XU ERRSBICEME L 1958
ERPETHD, LT, 1955~1956 4F (HEER 1~2 ) kT aH#EART TrRER LT
1o, 77 2R X AHEGEMIHE LB, L Lksb, thon 7= viickit s+ 5
ZrROBEER)HIL, ThODEERETEH 7 <Y OEHEIREELLF 7 2 HFUMNDFERI L %
LoThSS LiEBERS,

BRREH EMET S 1 IV 2RRE VT, MERE3EE (19576 757 7 & YR X B
MREL, 4RIV 5FEHE (1958~59 ) b2 L dHEMNIF L, 6FH (1960 F) ik 1A, 24
FIO 2C TRARHEEMNE bR, SRCHERIVHLUS LETL, Eiz0fho plot Tk
HEEEOREhDT, THEH (1961 ) ik 14, 1C 5 XU 2A ThThhEENE bhi T8k
B3 D7z,

I ESTECAIE TS 3 B LU 4 KT, —#® plot KEBWCHEEMNR ORI TERA, 1RO
2RICHADS LR HBI NI 0%, EREERNCRS L, BERE4~5FENb DL BEL, hoFE
REDDTHRGD, BETHD,

PUEDE S, 7727 MCk DRI, # T~ ORERRE 3 ~ 7 EiChleoTRE Liea, 4~54
Hog@einh, DBRLLVEERLA25 X I EbhT,

* 1 15¢, 151IN5%, P:0s3%, K:03%, 285I1IN6%, P:0s4%, K:03%,
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Table 1. Growth
i SN 4 ’ﬁfiﬁ . gﬁl R E XK # =Y OREKE Height growth
Plot lj,;):;ltegf Nos. of | Nos. of | & ¥ & Nov., 1956
larch | 930 830 | measured | Total height | FMMER | £ 8 &
(Apr., 1955) larch larch Nov., 1955 grrtl)l":;lgll hTe?;ﬁi
58 73 131
1A 153 45 108 30~88 16~113 76~187
(em) (em) (em)

2 A 145 3 112 35?590 2717112 83}389
1B 13 39 7“4 33?\(«)99 1521114 785185
2B 129 37 92 4757127 9~7?15 721:3202
1€ 129 32 97 Ts3 17312 785?79
2¢C 135 39 96 3331103 ijlé S

( Up]ferApart) 100 16 84 - - 7—213.%83
(Lovgef part) 100 8 92 - - _5—5_13—f76_
(Upgeerart) 60 S 55 - - 76%?65‘
(Lov?eerart) 58 10 .48 - - —6;**2—{70
(Upr?ercpart) & 2 77 - - Fl«c%ﬁ
(Lovg’erC part) 76 6 70 - - 57172?56‘
(Up;erApart) 110 37 73 — — %
(Lovtexf& part) 106 34 72 - - —62_'1\1(1)7—1
(Up;eerart) 110 33 77 — — 58+?48~
(Lovjeerart) 112 39 73 - - 33—}3?_667
(Up:ercparw 105 11 94 — — —7%
(Lovéerc part) 106 9 97 - - 6_11%
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o K K F D
of larch (Todate).
of larch _— aver.
min.~max.
Nov., 1957 Nov., 1958 Nov., 1959
SHMRER (2 B B | FHKEER |2 ® & | FHREE | 2 # &
Annual Total Annual Total Annual Total
growth height growth height growth height
54 185 62 247 68 315
13~106 124~257 11~103 141~350 9~127 164~433
(em) (em) (em) (em) (em) (em)
56 197 67 264 76 340
19~106 108~283 10~103 138~365 4~113 184~465
57 198 65 263 78 341
17~98 118~273 4~113 137~381 19~113 163~477
51 197 63 260 73 333
5~92 107~275 6~118 113~375 8~119 166~482
54 183 60 243 74 317
7~94 114~257 25~97 144~338 10~104 187~432
50 176 63 _ 239 76 315
3~90 79~260 4~103 97~337 8~115 143~440
43 163 56 219 81 300
11~78 98~244 18~84 142~320 24~110 179~411
43 165 54 - 219 77 296
4~72 85~227 5~91 106~300 25~119 131~386
42 _ 165 52 217 71 288
12~78 104~210 13~100 126~301 8~105 149~398
35 162 58 220 66 __286
7~72 106~210 4~88 142~272 3~101 168~373
36 145 48 _ 193 70 263
7~76 78~234 10~87 115~291 31~111 162~398
36 156 51 207 72 219
9~82 84~232 5~90 107~320 9~102 151~384
60 177 65 242 78 320
16~94 116~241 28~102 137~326 36~119 178~436
64 174 73 247 84 331
25~96 90~247 21~119 124~343 41~125 214~447
55 165 55 220 68 288
24~85 90~220 8~97 123~317 21~115 171~409
_ %9 _179 59 __238 69 _ 307
14~90 109~241 6~100 127~320 19~100 159~420
55 177 68 245 82 327
17~92 99~247 20~104 142~358 22~112 218~453
66 191 73 264 86 _ 352
19~107 108~261 17~111 133~367 22~122 160~464
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B2k FIRXFRCLBHN T <Y DEENRERE (T
Table 2. Annual death of larch by Armillaria root rot (Todate).

>3 2y IREMMT
fER AR X 5ME (B) 27
(A) | Nos. of larch FIERrRE L BHHA
killed by certain
Plot Nos. of | factors except A Nos. of larch killed by A. mellea
larch Armillaria root |
planted | rot (B) B
(A) | ’1957~ 1955~
1955 | 1956 | 1o To56| 1957 | 1958 | 1959 | 1960 | 1961 | Total
| 3 5 11 3 1 23
A 153 7 1 0| 145 0 1(2.1%)!(3.4%)! (7.69)/(2.1%)/(0.7%)1(15.9%)
1 {B 113 21 10 0| 101, 0O |5(.0) 6(6.0)] 5(5.0)| O 0 16(16.0)
C 129 3 o] 2| 124 0 |1(0.8)] 1(0.8)] 3(2.4)|0 1(0.8)| 6( 4.7
A 145 3 2 0| 1400 0 |100.7) 3(2.1) 5(3.6)| 4(2.9)| 1(0.7){14(10.0)
2 i{B 129 8 3 1| 117} 0 |3(2.6) 6(5.1)] 3(2.6)|0 0 12(10.3)
C| 135 2 0 0| 133 0 |4(3.0)] 7(5.3)| 10(7.6)| 5(3.7)| 0 26(19.6)
5 [A 100 ol o 2 9% 0 |o 0 2(2.0)| 0 0 2( 2.0)
Upperi B 59 0 0 0 59 0 |0 2(3.4)| 11.7D|2@B.4)|0 5( 8.5)
part | & 79 ol ol ol 79 o |o 0 0 0 0 0
3 (A 100 ol o 1 99 0 |0 2(2.0)| 2(2.0)| 0 0 4( 4.0)
Lower{ B 58 ol 2 1 55 0 |0 4(7.3)| 3(5.5)| 0 0 7(12.7)
part | ¢ 76 o] o 1| 750 o o 2.7 11.3)| 0 0 3( 4.0)
s [A 110 36 1 o| 63 0 |0 0 0 0 0 0
Upper{ B 110 26 2 1 81 0 |o 0 2(2.5)| 0 0 2( 2.5)
part | | 05 9! 0 ol 9 o |o 0 0 0 0 0
s [A 116 24 6 ) 8 0 |0 2(2.3)] 0 0 0 2( 2.3)
Lower{ B 112 23 1 2 86, 0 |0 7(8.1)| 4@&.7n| 1(1.2)|0 12(14.0)
part | o | o 8| o ol 1000 o |o 0 0 0 1(1.0)| 1€ 1.0)
Total | 1967 151 | 28 11| 1777] 0 17(1.0)!47(2.6) 52(2.9)[15(0.8)| 4(0.2)[135(7.6)

NV—5. F3&oEICRLERIET TORA

AT=IVNF T A IRICERR UCRHEZE D X RT3 LIIESTH S, REDOWHUS LS
BT LAFER IO TREOFE L Rind e, HEETORE (ER) BE3RCFTIL{ThS,
HHEOMEE TIRRFERELZTR L, TOBELRMIREET LR T L LIRMEL D, Tib
BELE1E (FAT1EHR) CTRELLLERIRE L0 (C) 2%, LEEEHEOW 60% 3Ba b
T, Bl LEFEERS LU EOMELRBOTRT, BRE2ETHEALLLARINE30 (B)
#1207 wmEdio, ZOMETH 80% ML T, BREIETHBALALLD(A), SIUHEAL
REECE T LB RIFEEELT L, BRSESHCHECE L fEEShib D (D) uwTh
35 TEbDTHinhok, ZOBEOHEDETF Lk, KEAHH%E plot OFDEEOFHRERED
#J1/3 (¥ 15~25cm), ¥ THhUTTHOT, BIFARE LX8&E R LERU LOBETH B,
BEBHRCES £ TOFRL, BTH XBRLEEH, BALLEOREEOKE L, ThicsT
557~y DEANOHEC X >TREINBMETSHS ), BRAKOKRF/MIEREE 2 EUPM FIEK
R1EHHNCHBCES SO L RE LTELIZRThHA 5, ZO&RIIEE (V-7 OF 7 2 rETK
BB LBAL, BERAUERTHS - L ERL2HETSHS ),

IRhBDF 7 2 YR L BHEERAR, RER IUEBRCHIENRSBRCSWI N T 5 D200,
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FI3E FIarEEARORERE (Fi)
Table 3. Classification of growing process of larch killed by Armillaria
root rot (Todate).

KR R & 8 Growing precess 5t
Plot I
A B c b E Total
A 2 7 12 1 1 23
1 B 1 4 6 2 3 16
A 0 2 1 1 0 14
2 B © 3 8 1 0 12
c ! 4 16 1 4 26
3 A 1 0 1 0 0
Upper B 0 2 3 0 0 5
part C 0 0 0 0 0
3 A 0 1 3 0 0
Lower B 0 3 4 0 0 7
part C 0 0 1 0 2 3
4 A 0 ° 0 0 0 0
Upper B 0 0 2 0 0 2
part C 0 0 0 0 o
4 A 1 Y 1 0 0 2
Lower B 0 4 7 0 1 12
part C 0 0 1 0 0 )
5t  Total 7 31 79 7 1 135
(Per cent) 6.2 (23.0) (58.5) .2 6.1 (100)
Remarks:

Type A : The larches grew very poorly for 3 years successively and they were killed in the final

year. FSEL7-ERED T 3 EERRETE,
Type B: The larches grew very poorly for 2 years successively and they were killed in the final

year. HHIE LIcERSHT 2EEHRERETR,
Type C: The larches grew well until the preceding years and they were killed in the following
year with the remarkable decrease of their growth. i5JERT4E % CHREREF, BJER
RIET & & M,
Type D: The growth of larches was good even in the year that they were killed. 58 L 7=
BT REFLEELRLICDD,
Type E : Unexamined. RFFE
Figures show the nos. of killed larch belonging to each type. ¥ FiZ& &A1 7 DA
7~ OREABE T
F7o 1959 SELMOBERTIE, BEEHERE TR 2EUEZE LI ARRInzd 0l WTIhbEREo
MBS ARCH NS & 5 F OBENKZ <, WEEL/NIT, ORI ARCRERSCSHALEL,
BSOS L 5L HR LT\ e —IRCREDMECTEF S EE LTV BE b LELEBEE S h
b
v—6. B #£ F
ZORBHIC KT S AT~V ORFORLEEL LTI, FiEMoRENOKBCEHE LT 7 2y E R
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ELONLBBEANDIL Iehote, RIBEDF 7 2 r ORI, BTEBOKIRETTIL5 ~ 6 FERFBL
TN ole DR BRI UL, ORI oW TREOBRERAEABATE VB4 LIEL
RDONI, LLdib, FELTY I AV, IXFS5KIV7Y), FOMPEKTEH DR Y+
7Hh=F, YUY FEOLEBTIIL S OBEF T 2 rHOBRERFIRBDbN, I8 Tho
T TRESBD DL, L Liehd, ZhbOEBITEHANLIRIIK Luiedic, MTHORRKCE
BT 2y EOLSTREE, bR S T & rEOBADED LRI T = Y DR L OEALRITIC S\ T
B RSB bRRs DT,

CORBRME BT BT T 2 rEICL D T <Y ORFRAR, BE,OLHE LIS OZELEROHD
1~ 20t 5 5 rEICIBE R, ZOMORBRBEABANSI DN, ChbOFT 4 r HOBADE
D ORIROERE X OCRBROME S b1, KECEME LT 5 27 8 L OBEMAREEY I LT\ ik
HE SNBHENSEH DI,

Lo Lenihb, ZhbOREEMOEBICER Licr 7 2 r EIME—DORPIETH B LT\ & 5
CRbiiz, ¥ bIE, 77 27 RICL BH 5~ ORERD FECAERREORS bk Bad
WL TH L ZEhDREn DB TH B,

N—7. F5RrEORELEE

RE LI 7 =7 HEHAROFEFIORRBEINLD & 5 K SBIICRRFTH O, AEEVTR
HEGHORERE LD TKRE, DL, HEOHH, LOMOBEH X 5 REENTD Lol d i
bbbt LHEERXDT, FREIREELFEOSVTWHLUS LVREDETFT®R L, £OMOEER
WTRDRFIEREYR LT 0R LIE LIRS bhi, 20k 5 REELRERELR LTV i)
DI, 2T R 1BIV 2R DE plot I D,

ThHORREZH LR T Bicdic, RERDHE Db DT 1960 F£KCH h IR h BELTicot.
F DR, REBRDES5CT 72 rHORBIC I DI D LEEINBGEND L d Dl T b
b, FIFTEOBRCLOTHIHE, FRBKFELFIEOTTHUD LIKEIMET Licss,
ZTOBERT A LR IDTESILCERELRRICEE Licb DL E 2 bl

ZABEDVTRENLHAZRTE, UTOZLLThs, ZhbOFAERDEEHORER, 4%
BRTZ L T b, '

BAK FIZrFRRBYRELLH 7~ Y ORREBE

Table 4. Examples of annual growth of larch affected with Armillaria root rot.

P AT 5 N E B J B & B & Annual height growth (cm)

Infected larch 1955 1956 1957 . 1958 © 1959 1960
1B — 58 46* 80 52 7 76 77
1 A — 66 64% 53 13 11 33 65
2 A —126 60* 27 64 13 52 106
2B — 39 60% 78 50 56 14 16
Remark:

*) Figures show the total height in 1955.
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Example 1, 1B—58 (£ 3R&HR)

TDHT =V 1998 FEDORRIECHUS LET L, 59 FHFRIBAEN B L <, FHEEROREIRE/)
BT, BBORLAXERL, EFOFENLSBDLRI,

BROSIE S XU BRI RFTH oI, KiELLAE LT 2805 (A XU B) 28, F7
ZrECERUTHIE LT e 2 2238 bk, FRASIUBRVGCTHIBREORACABD T 7
2 FHOBWARIHEC RS b, EBIC, AELOMIES (1 5X0°2) HEENRECERR L TRER
R I, 77 2 rEOBROMR G X Z THF ST, ZolmoRREV-ThiBRIED LR
Tehots,

LiehtnT, 58 EORBROREIET RS 7 4+ BOBIIC L 5 b DT, * DHEH Uil & e
TeRH L DER & HU S PIBIEEC Lo Tl L, Thic e die o> TEE LD LH X bID,

ZDH 7= VIR BH 50 em ZIsheFTR, 7 2 rEOBREREORBDLNRIY FH VD

//,

[
B3R FIAYREENINIHT=YORR (1) (1B-58)

Fig. 3 Roots of larch affected with Armillaria root rot (1) (1B-58).
Remarks :

A and B: Medium roots killed by the fungus.
1 and 2 : Resinous layers.

WRIBEE LT, 77 2 rBEICEEE LIhROERD D, Z0v 7 h v DERIR & OEMyz R REY
TR L TV LHEE S T,

Example 2, 1A-66 (&f 4 XI&fR)

CDHT =Yk 1957 BIO S8 ED 2HERBEDOTHWH LS LOUREDETERL, 59 Ficiisd
DEME# R LA, 60 FitsaenEE R Lic, '59 it Example 1 & FBRCEIENRZ <,
BHMEEA ORAIEL/ N THIBOR L A X RR LTV e, AEKUBL L SCERIBDL R D
I

BROSIEE LOREIBIFTH oM, 2RKOFENF 7 2 r EIEINTHE L T e Z e 258D
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HAR FIEIIRRENENICH TV ORF (D
(1A-66)
Fig. 4 Roots of larch affected with Armillaria
root rot (2) (1A-66).
Remark: 1 and 2 : resinous layers.

143 2

bhtc, THbHOFIFRITHEH B H DEIC
B S hicss, BROF5 24
B ORI B DI EC R b
A, %7 Example 1 & REICAR LB
LB RE-BE
FRL (18X 2), ThboO i
SER AR HEEWT K RAETE LT e
LARD BRI, T OHOFRITVTH
HEE RS biiadyot,

ZDH T =Y DRESH BT 40 em 1375
RICFTCF 7 £ r E ORRESRIR O
Lt/ )y FOERNEEL, » 7
=Y DF T &y ECRY LR OER:
b, DR OBMAEREIR L E X
bl

Example 3, 2A-126 (555 X&MR)

DN T <YL 1956 FORRIITR

Thoteh, STEIIZEEEZTR L, B8ERIZL TP H LS LWMETERL, £ ORIIIEREE S
RLUTW i, 59 E4RIciE Example 1 310 2 LABOEREZEL, BEOREAZER LTV,

REKLEIL & SREEITRD bhigh ol

FSH FIgrRREMINCS T <Y OFTR B)
(2A-126)
Fig. 5 Roots of larch affected with Armillaria
root rot (3) (2A-126).
Remark : Arrow points the resinous
’ layer.

BRI 2R L TPPHELEL,
R E X TR Th ok L Bbh.
T2 TOBOBRORFRFEEC LD, #A
EUREORROBEIRIF TH Ol +7
£ r IS R THEE L BRSRILEERS T -
T B aho7zhy, Example 1 38X 2
L AR A OBIEECEE L LT
B2 1 EFRD bR, F7 £ rEEX
PSR LB A LT ic b 0 LHEE X
s, LRI ZH LR D O
% Lich o & Bbhi,

ZOWOBEADERLBAT L, »
5 = v OEMBREIH 15em Fitk $i
ETRUTRAET LT eBail, Kifg
NF 72 rEOBESNER LT S hi
7%, #J25em BEOET OBR/CIIS 7 £
FEOBRI L B0 L, FROER (W
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T EIREBTR) X5 b DOTHTOBEHRD b,

DN T =Y OFRIE, I EXrEC L ABRENLERN LARD bhinholz &, 56 HXUT58 4
DEMRER, B LUCHEROBRL D, L5 56 FORRETIIREROEEMWEH) L L 5HDT, 58
FORBETEF 7 2 7 ORI X 5 3 0 LHEE Shis,

ZDHT =Y OB B T0em X IFTE, 77 2y HOBRERKORBD bl § X5 5Dk
BOFEEL, »5<Y0F T 2 r Bk, SNBONERS CHEE SNICERNALRT, Z oy
7 & r EOBRIR L HEE Shic,

Example 4, 2B-39 (3§ 6 Ki&fR)

ZDHF =YL 1959 FXOT60 FED 2 HERCHI DTV H LD LOREETEZR LT s, ‘60 &
. KO DB D DBRICIXETEFR TH DIz, 59 8 X UF '60 FOFICIL Example 1~3 L FAROERTE LT
BEORLAZERL, FLKCBBLERCENS LEHcEENR bR, RROSKE JIUREIR
FThotked’, BRESIOTHLELAK LI 1 RTOOHRYF 7 2 rEICBRL T 2HBDD
hic, WThIBKBORSCIBAGBDO > 7 2 7y HOBEREIECER LTy, REECHRRLTY
it .

DN T =Y OREROFBE LORBOREL LR T, 77 2 rEicksh» INBRIE, 2BERGE
HDTHTHEBSZED T T Elerokedl, RESVWHUS LWMETEZR LTz 21T, &b
DTHEEHDHEETHA 5, DKL Example 1~3 OBAIRAETH O, LERF 1~2 KBE
DFENRT T X rEEENPEINBI LR IDT, #F7 Y DRENDBUSL LWETER LA LI3EH
TREBELKTHA D,

DA Ty OFEND 1.2m BIV 2.2m Lih BT, &7 7 2 rHOBRRERROBD bh
12 T VADKBENEFE Lz, » T <Y DFJ 2 rEHREHINIEROERL, Thfh#bhics
NHOERBCHA DT, FEORBRIIE T L CEREEY R LT s fEE S hich, BEEXH T~
DIFRODFEET D B R TR SR BRRE R s LTV B AR HEE S h i,

DEDF 7 & r ECBERERE Lich 7 < ik, Bk (V-5) 077 & riRic X 2RA L Ak, &
g2 S BCAW SN T B BAS <, H EMONE LML LT,

LEOFHETIE, 1BIU2ROE
IR EAWY 20~30cm LA (% plot
DEFERRED 13 LT WETL
Teb DO—WERGR L Lic, Ekd Xk
5, FEULCHEHETIEF S 27EHD
BRERLE S OBAHI 15 em LT O
HLUB L ETFLEREEZR LT

BENSEION, Fi, 20~30cm B ¢

(2B-39)
7 2 rEOBRLEORD BRI D, b) Fig. 6 Roots of larch affected with Armillaria

BROISERA URTY R & He gi;i“)@BQQ'

TENIDD, ¢) RALDEYLTE 1 and 2 : Diseased medium roots,
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BCEichokebOEr@bbhiz, b) ©OVTE, MEREIICREBETLR L, ORI LI
DEBDBLRIBEDIL L, ) KOWTIE, 7 <Y DFABCHRCETIRERDREC L 51D
Ay EFCRESERRE LER, 2 DRMGIEROTS O 7 2 r i EYg: (Z0®ER) KXsb0on
i3, LRSBOFENRCEINMETSHLS I,

F 7 & rRICEY LIEE I DITHETR LA, REOVH U LLET LEER O TR
RUEELEET S L, BRTIETOERIIFEOIONGDE %L, 2FEEH LichDiddics
iz, TRBOKRIR, Fidk (IV-6) 07 7 & ¥ BICELEEFHRICES £ COFER LELU LcEREZR LT
Witinz k5,

V—8. FIRTHEORLELEBERTFELOBEE

Bk (V-4) D% 2 BOR LIRS bBRE— L (s LR § &5 HBEG—FER T -
SETRORBRECK JITTHELEET S L, 77 Xy RORERIELBOKRSFUEN S DL IRERE
BERIEL, KOCHIESEELRSIEFLTV DLV 2 X5,

BRI BB RIT A1 IV 2RO F T 2y HOBERPFEMHIC 3175 3 L4 K& EED
Tl &, BIUHEMHBRET S 3 8IT4RERT (CEHRL), SETHOHAHERL D
WHUB LS RBRERENKENDIC LLEOFERIL, T D 25 LBOBYDOKRD&£MIF 7 & 5RO
RECHFECMEYEL BB LERTIDEV XL Y,

hic, MBS plot WTFhbA—FHCH B LREDRS 3K, BIVRIETABEOLKHECSHS LE
2 bR 4KIRENT, BERAEHBIER & 0 b, MEKCE TIHIEERS G E T 5 2 rFORE
BRERENDIZENLLELNLTHS S,

WHIC b D LEOKGEHDF 5 2 rIFORERC I JETEEY S LIBT3 e, Hitits
st s 1 8IU2KDA plot iILoWT, MY L 77 % r EOEERTOBIRIC OV TRFT T
T DT dERHE 5 R L,

Bk (V-2) X5, 1A XU 2C 2B < 1 L 2K D% plot MEMARANE bhicss, =
NoDOBRIBIRCLEDOKRG FEOHEY IeOTI eNELOID, I HIMHBBIZ I THRIC
FEeAEF LT o2 r ORRYRLOBKEZEE LB 2 ik (V-2-C-b), KH&HOHEYIL
CHRTA3DEFELONS, ZOX 5 BMHOMEYER LT, MR OME, SiEk X oM
WX LT, 77 2y R BHEH L OBRERDI, ¥l 1A BIV 2C HEBRIK SV EG M
ARHEBREED T Iclodic, I, FIATERF 278 LT\ ohs, Fidko 4 plots & [k
CHTER 5 277827,

FE5RORLEL SIE, 1A SX0F 2C KE\WTiE, 77 # HROREARFROMMEI b0 b5
{, FRFR 65% FLU 80% R T iz, TOMD 4 plots I3\ T b FEIC M H60~70% %
i, IHR1IBIV 2R LT Ml JOFELRbE 5 L 2FHEARDK 0% ML, &
hooKiZ, s IOrhic s HEOBYOKRGFHEDF 5 2 rFOREC K LIFTHELIDH
CHRCYES D L2 L),

ZRHOMIRC VT B BOMTEHAIL S S/ Bl LS S48, BRUEOEHR, L OMBEORE
BB REIC 350 T B HEOH BN SBIIRD bhis ot Leh 2T, ERBRERECS S
LIXE X bhishoient, B YT X UHRISS pREIC—RCEE (ERKOZED TREcs
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Table 5.

HS=YDFTEIREOWNT (FHE - BR - )

18I 2RI KIS F 7 2 7 iKiC & A48 L oK (Fin)

— 53 —

Relation between death of larch by Armillaria root rot and micro-topography

in Block 1 and 2 (Tocdate).

Fin Hh bi Micro-topography 5
Plot ™ 0 Intermediate L] s
between convex
Convex part and concaved Concaved part Total
part
A 1 (4.3%) 7 (30.4%) 15 (65.2%) 23 (100%)
1 B 2 (12.5 ) 3 (18.8 ) 11 (68.8 ) 16 (100 )
C 1 (16.7 ) 1 (16.7 ) 4 (66.7 ) 6 (100 )
A 1 (7.1) 3 (21.4) 10 (71.4) 14 (100)
2 B 2 (16.7) 3 (25.0) 7 (58.3) 12 (100)
C o0(o0 ) 5 (19.2) 21 (80.8) 26 (100)
oy 7 (7.2 22 (22.7) 68 (70.1) 97 (100)
Remark:

Figures show the nos. of larch killed by Armillaria mellea.

pha LA, Mk LU LBEOBENEE D bHEE S,

EEDILT T 5 TRORECK NETRERTORE L LT, 20X ) kctBicd e 3 LE0BE—
&< Ir~’_~ﬁ?ﬂ4m{$ﬁ‘%7kmfx%i%%ﬁ—omﬁ%ﬁ& 0L bHENRbDEELIC, B, 3C WX
Y AC BHWVTETF T 2 /R L AHERSE TR ChTrRBD oI TER 2k, ZhbOD
plot IV BAME FIMIC R Tid, HEIRRCEYE GEHexT 5/RHEOEROEH) OKRFERHEC
BT, ZhbOLEFOKIIMHORELZT CTHECR>THRET 2K Th Y, MR
bhB XS ERKNRERY SR LIS BORLD D THS,

¥, WEBSIOCHIEDOT 5 2 ¥ RORECKEIIFTHEL, 1R8I0 2KDOAK plot KEIFTA77 %
FIROWHEROEEI L IEBFINI 5, Tibb, FREYEIRVGMHHELEZELRI ¥ LH05 1A K
IO 2C BT, ZhHLOMMML 1A ORENL: DRET S DI TRHIC/L DI L LIRS
HEML, LichtoT plot OLEBCK LTHMMEO LD 5HRIE 2C i1 1A LI brkE,, 2C
DUERERAIC b b S TEE OWREREYE Uiz i, BiEO X 5 CHHOBEIMHEIROFE L 01350
AW ERRTHED L5, iz, plot &2 LTELDTEGMMZRL L, X IR
D%\ 1B F LU 2A IR\ THARRNAE SO Li%, HFFOBENHIRC X >THRIhB
LR EDThEBINEEDTHA S, BMARROD I 1C LT 2BRF\WT, FEOHERIM]
BLU2EDE plot pdDr /&L, FRBEEIEMOBELYE LTV LRFKRCHE R IO
OB X >THBAIN L S,

HIRDF 7 2 7 IRICE JIETHECOW T, N, P0s, K0 Ok 3 BEROWThod@e s LiFd
L, ChEOLTARERYLHERTTC LiXEETSH B, 4KOREROBERNLRET, NOE
BOKENZ LHHEE SIS

V _EREHE EREReX 228 (3H/E (ROR)
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C OWEAT 1954 GCH v 5 RNE LI BERE, 1956 I H 7+ v AR S hiens, 1958 &k
ZTAHNDF T EIIRICL B H T <Y OREMNRE LIEDI=DT, 59 FFLF 7 £ YR OWTOREL
i85 BHR9% 32T, 20x25m (0.05 ha) DFEX % 4 HFNCHKE L, ‘61 £ E T E O TRERST
o7,

V—2. &k BHIUHEE

Z DREH OB 1,200 m, HIKILE 7 RicRT X ) RIRBV OBLEHER it Th %,

N B TERE 3 X O it ORI 35 L O
BWETH S,

REAXILA, B>C>DXDIFREHT
@B TRLANER L LTS HIC
HFREA LISWIAEL a2 Tl A, B
$IVCKIZGHLM (75115, DK
% Bp BI+-HECET 5,

HEOMTEHEIIEROE IR TIL
{Thb, ARIVUBRIIEEHI 30 cm (38
CHb Xk s 71 @BrRBHHI, CKLMA
RO FABRBDONIR, 774

HIR H/R» 7 <Otk X OERR BOERELARIUCBRIENS & 2L 5H
HORLE W DIEFVTIRERE 60em £ TiZ7 518
Fig. 7 Topography and locations of plots
in Nakanosawa Forest. R bihiehot,
ERcE B goNas: {1l -0l c={pes> M)
Ewexk A 5 < v
Table 6. Height growth
R A M | R MR R M | o Nov., 1957
Plot Nos. of Nos. of Nos. of b ] ERREE 2 B 5
larch . _dead and measured Total height Annual Total
planted | injured larch larch o eig: growth height
101 53 65 118__
(1956) 37 64 25~79 8~109 46~171
A (em) (em) (em)
19% 41
(1957) 7 12 26~62
108 ' 45 47 92
5 (1956) 22 86 22~80 2~93 28~156
22% 45
(1957) ? 13 30~75
121 50 76 126
C (1956) 26 95 33~72 20~159 84~212
140 52 76 128
b (1956) L 115 23~91 13~126 41~198
Remark:

*) Larches replanted in 1957. (19574ED#HHEAR)
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11~13 BE LU 18 B C8R) “RTZe{Thb, BEIAX VTR LERE @EL) T, B 30
om UTFRBECEFINEITARTH O, FEBLVWTIIBREETRTEH O, ({L¥EMEEIX
DX Bp Z+-EEixfh plot <% & pH KL, EHMEINEHOL, TLEHSME Ca FFEX
CRiflid plots ILERB L WHUSB LAAEL, IHECKI pH &<, BEME L/NXp07en,
IR BREI S L3 DI LA TR DT,

# 7=V OFERIOTRIESCHBECHOTHEEL, A, B FIVCKTRIALOENLAKLTT
BL7 54 BRERE L COARRL, WThER (B LTw3Z e 23@bbhis

FEEEROBIORRT LR, ~vI vy Y, /Yo vHE, 2545 TEoBUROEENRELR
bh, oMY £4 5 v AN bR, ’

HSIIJDEE

£ plot CRITB» 5 =Y DRRIIF 6RIRT L ThbB,

VORI O%HE L FARCERO TN, TOMmHA D X 5 MBS 20 1o b OB L,

»5 <V OREE EIROMY OB & b 7> CHEER L, i TKALOBERDIL {7851 ERIFS
RELT Lz, 2810, AR IUBRIKWUIBRESOMEN %, BEBENTTbh TV
P, ZORRBEELL 751 BRI ABREBISREE:HEE SN, BEAOKERR-Fh$ BIFL ik
Dchoteht, A RARKETARERIRETH O,

WHEARR 727 7~ ORERSRICIEF L W2 X 5, HEORRKESNEE, 754 B0
EDREDHBHRCOLTIE, L RKREDOEELIROTV 5 LITEL g0, SERE BN
THRRONTERONFHEIEAT L 2T, 751 BOFEERERZETIRT LRS5O TR
st Bbha,

ZOREEMIC I T D, WROFLOEE LAEC 1ELV L2ERCHEDT, WHLL LWREDE

vV—3.

o W ®w K ' F/R
of larch (Nakanosawa).
: Nov., 1958 Nov., 1959 Nov., 1960
| FERERE |2 B B | SHREE | & wm | FHREE
1 Annual Total Annual Total Annual Total
] growth height growth height growth height
67 185 76 261 86 347
11~114 85~266 3~137 157~377 41~112 212~453
(em) (em) (em) (em) (em) (em)
24 65 32 97 47 144
3~71 38~128 5~82 45~194 8~88 55~282
| 63 155 59 214 80 294
4~115 52~228 6~122 82~317 3~118 146~408
31 76 58 134 74 208
3~60 44~110 11~95 67~184 58~88 130~265
79 205 87 292 89 381
32~116 124~302 23~153 181~410 12~123 245~502
83 211 85 . 296 85 381
8~119 67~291 22~139 103~390 38~130 145~538
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TERL, OFEXOThLBRFLRELT LTWIEEA LIE LIRS bz, 2hbDrs=vic
DWTH VR DAELFTLOIER, IR —HOBRRMNs A BREZRELUBH LTI L85
e, 77 2 rWOBEL TOBRDBIRC L 2HEERD bhishDle, LIehtoT, 20X 5kt
HTREZOE A, B BIVPCE—L A 2E S DI & L EFHELT, —HMORRDEH[NFE
DEBERFERTHA ) L HEEI NI,

7, ZDX57 74 BCEGEE LICBRHRS, &7 2 rEORARK LTV IR bl
ol - —

V—4. FIEIEICKBHRIBRIR

ARCBTBF I AR LDH 7= ORBERITIIE 7T RCR T L Th 5,

BRZER DOFKIX TR IRERE 3 FH (19584 b0k dHEERMHE L, 44EH (19594) %
AR TIRAREVCHEEELR L, I uThETEZRL, 5~64FH (1960~614F) X2k
BRSO BE 2tz

AR IUBREBT AR, 34H (1959 4) KARKCI\THEVSERYR Licst, BR Ttk
HIXR bhigno7s,

FEERER 1 ~ 24 (1956~57 %) O F 7 2 rRIC L AHHEAR L EHEE Licz 213, RERREUFHOZ &
6&5m6mimﬁﬁbﬂtvﬂ,@@%ﬁ%mbﬁr%ﬁﬁ@ﬁ&o*a5¢ﬁmléﬁﬁxu%ﬁm
WL, BEIRCIELD YRV L, FRIOBEMMOFERUA L b O -RAEER TR, 75
Z R X HREEING & A LT RTHWERER 3 EHURICAE Uicd o & HIE S hie,

HIHR FIETYRRLD S T~V OEERERIL (/R

Table 7. Annual death of larch by Armillaria root rot (Nakanosawa).

F 5 &R
DAz X % FTIZIEAYRE X AR
FER AR B | fg = 3
Nos. of larch .
Plot N?:-r chOf killed by Nos. of larch killed by Armillaria root rot
certain
planted  factors except A-B -
(A) A. root rot 2 l19s6~57] 1958 | 1959 | 1960 | 1961 15* 1
(B) ota.
o1 12 9 ‘ 3 24
A (1056) 2 99 0 |(2.1%(9.1%)| 0 3.0%) | (24.2%)>
2 .
(19é3) 0 19 o |o 2(10.5)| 0 0 2(10.5)
(1égg) 2 106 0 |1€0.9]1€0.9]100.9 | 100.9) | 4(3.8)
B *
(19§§) 1 21 o |o 0 0 0 0
c (1é§é) 1 120 0 |9(7.5)]3C2.5|201.7) | 10.8) | 15(12.5)
D 140 0 140 0 |e6(4.3|3(2.010.7 |0 10( 7.1)
(1956) B . . . "
7 511 6 505 0 [28( 5.5)[18( 3.6)| 4(0.8) | 5(1.0) | 55(10.9)
Total .
Remark

*) Larches replanted in 1957. 1957 DfREA,



HIFI=VDFTRIFCONT (FH - BR - — 57 —

IHHDRIR, FEOFOBECHNRS L F T 2 rRBECRBEHMNEHCE L Th, »oEHC
BhoTuwicd 5 lbhis, '
V—5. BREMGIRE TORR
B O OB A & Rk, REEHERE CORE (BB 2 8RICTALK,
F8ER F 72 rFHEROREREE (F/R)

Table 8. Classification of growing process of larch killed by Armillaria
root rot (Nakanosawa),

- R B & Growing prccess =t
ot
A B c D E Total
o 1 9 12 2 24
A 4.2%) | (37.5%) | (50.0%) (4.3%) (100%)
0 0 0 2 0 2
: (100) 100
2 2 4
B 0 0 (50.0) (50.0) 0 (100)
o 1 3 11 o 15
(6.2 (20.0) (73.3) (100)
6 4 10
D 0 0 (60.0) (40.0) 0 (100)
- C2 20 31 2 55
st Total 0 (3.6) (36.4) (56.4) (3.6) (100)
Remarks :
The classifications of growing prccess were same as Table 3.
BEBEORMIFIRLAL,

Figures show the ncs. cf killed larch belonging to each type.
HRIIE 214 TDH T =Y ORHEEREYTT,
* Larches replanted in 1957. 1957 fE&HEAR,

CHHORBRIIAROFLOBE LIIVB LS LR ), HELLFECBVCTIRFER E R
L, L oTBiEese (1EHUHT) FELELEEEIN DD (D) 4 40~70% (F#H 56%)
R, BHHE 1 FETHELILEESRDL0 (C) 2t 20~60% CFH 36%) wdin, £#RKVThi
HEECR2EXELALLD (B) B&bd T, i@ ohy, 3ERELLD (A) ik
FE LD,

HTFAREZDOE L A, B H5IUCREH T, WTFhbHE LAFECS VT REFRRERR LD
o (D) OHEIE L, HBTFREOEVGDRICIVTIE, Tt LAREHE IETHELLDO (C) ol®
ARENZ 2L, MTFKASEL, LESBRALECEINTVREEF T ETRENTEH TV D
BV HEMCETEZR LT B30 VR X S,

ZORBMIC KT B 7 <Y OREL, WAOFILOBE &L A RIFIEEZR LT\ 1oat, BRYE
HHRCEARENFIOHBEL VDB USL LLEABZ L%, BEHLLRDOEHRS LI D TIXic A
LHEE I NI,

F 7 2 FRIC X BREEARORRATOETL, FRVTHLIRBTHIKR LTV A RE XU0HREOF L
AETRTH, 77 2rBERIDTENINTWIBENTLDTEIDI, ZORIL, KRB IUHiR
D—IWMRFH ENTORCBERIDOLFUOHE LIIBE Y X 5 MEEZR LTz, L2 T, 2o
FEHC IV TUL, 77 2 5EAH <Y ORREBHTHEENRELDTREVEVL L),

CORIBEELTRDOILEHELTEER, Tihbb, #5<YORCBALILF T 2y EOESR
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3R 2 RERC A D THO B 2%, RO 3 X OIREED b o
KifEs L OFRROARCH A>T THT S 2 LIXE- L S Bbh
Too ZO—FIEE 8 IR Lz, FIRARIUBOFROEA I
175 2 r EOBGOERENBCED bhiah, ZhhbHEL
T HR C 8 LU DICIIERFIZRD bhichote, Thi Rk
DEERAET Liz LIk bhi,

CHhBDEENSRT, ZORFEMRKET S 7 %y RIC L HH
HAIZ, 2L OBESHOBRIRARKT, F71ilig s A ERARCESR
FRFLOTREVHLHEE SR, b ORNELBRBEITH;
Ny HULEEZ L LTV 5 DT\ & HEE Shis,

BER 7727 RERPIE ks ORI RIS RO S N R RS
Fig. 8 Roots of larch affected {, PB4 LABEOEREE LTV
itk Armillaria V6. +35RIEOMIE
Remark : Hatched parts, A Z DREM O LARRT ORI, ARORTLS X OBEEET 5 kRO
e re BUACKEA DY 25 L O A Tl BRI ORI HRT, 150
~200 FEEDY T 5 ORBANLEDRRENT, T LTIXF
F, ZTOMl I X2 DK, FEADPBERIE LTI 0 LHEE Shis,

+ 7 TEIC I A2 OEIRIL T T 2 rEHOBRRERTIHR T E ool I X7 7 &R
Thi 77 2y HORRERR,SEZECRD b,

LALEAD, Zhbo I X+ SOERBREHE Licr 5 2 r BAZERBREFY L LTt ELbh
DHRIPIHOt, § X7 T ORBRARORTHEm (KBS o5 b5 T, ARRTE, BRIk
3K, CHIUDRIZE 2R TERIDL, HRVTRY $ X7 5 OB FHIEE 2 ~3m OEH
BT 277 27 RC L BREEKIF LD TORGS, @B bhd, BKE/IO» 7~ v Off
BARIAES, F2frB2Thol, T, 77 2RI SHERORBSL I XF 5 OEE
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previously felled one by thinning (A) and of healthy one (C) (1).
Remarks :

Black part shows the infected root.

(d) shows infection of A. mellea by contact with root that
A. mellea infected previously.

(e) shows infection of A. mellea without contact with root
previously infected by A. mellea.
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i3, FI R rEREIREERL LTEAT LW BBERL TV %,

RIS LT, BEDORMYTRTATEMIH LS LS\, Buckrano? (X douglas fir TIZK
BOBEZTOBRAIRE S 7 2 Y B X 5REMS L, EARA LTS REFEEELR LTV 5K TIR
BISHETE RS, MAIERE T L HEEL LUERATHAZ L 2L L, T 727 RORETSD
SBETLLT 1) EBhsIOEES, 2) ROBBLIEML, IRROEFTRTRELELT
WBEEE, SEMAOBBCIIEE LA, FIRVRORRLS Z L EEHL TV 5, Marsu!?
) vEATHOBES, BTT23 BOREENHEAL, #ENSLEZL2HbLII LTS,
SecrEsT, MacCALONEY ¥ K UF Lorenz'® (%, ¥ #ACREHIOTIEOBICE Ul OB, —RET
FEHRE LA L, Z0%F 7 2 r BN ZRIEER & o THRERIRES TV 2812 HiE LT\ %, Day™
ﬁ?doﬁ%ﬁﬁfﬁ57%ﬁl@1%éhk%%ﬁ%b,éBK%K@KE&iﬁ%W.itm:nm
Y F v afFE ¥ 1ol defoliating larvae DEEIUES LIBAIE, 75 £ YELASKOET & LTERT
5L EALMEL, TOMFIE %N —KRWEFEILL, 77 2 rEAZRPRTER LTV 55D
FIEFIR LTS, ER® X, »5~ySkiconT, +35 2 rBHRESARCEBA LIS, B
2T RTEBEE ISR ACHEENS & 5,

Buckrano? (% douglas fir D\ T, BEOERLHMARKTIIENRIEATS L, TOEBEIC callus &
BIEEEHK T 2 E2T, HORBEEMIET 20 %TH T 5,

B, Day® RSEMCIIBRBIC X 2oTr 7 2 BT 2EAACHENR OS2, Z0&RE
FORFLY DU LANMFORFOSANEVEETHD LT HRMET L, Ravner' 77 & 7 EOR
FE L LTomSE, WAORIE L EOBEAEOHEIC L2 5 E0 b, U LABBRTFCI>TRES
nBLNS,

BEDXIE, 772 yEEZKRNEETE LTERTH LW REOHAIENITLB LS T8 bh
B

EELOREERTIL, FUDH 7 =Y HCsN T, 77 2 rEICERSE, BRELPRIKRE
OEREHIERC Lo TEN T 5 2 LIc X OTHRIEL, ZTOBREEZEE LTWBED LIE LIRS S
hicZ XX, BiEkD BuckLano? D douglas fir KT AHBE LEL LEREATR LT 7oh, RS
FEYEEA TR LTAT LABAOLFEEL LTERAT 230 TR 2 2R T30
5o

Kk LOFHE 12, # 7 <Y ORISR RTH LT E LD TERIAE - L AL L
7o BROFILI X O/ ROYMSFR OIS 36 & O HIERIHL, FHHY (—BH) KERKNLER LS
DB DOKSRECBNS Z EAHEE SR, S0 X ) ABEER AN (—R) Th 7 <Y RE
BELY, 72 rWHERTAEANEHENMCET R LD T o TRV 2 Bbhs, Zhb0H
EHR BT D H 7 <Y PERPCRFRRRER L, 2 OREEAS RN RIFRRELT LT
Z XX, TDX57eh T~y RARISKUENZEN G 030 ThHY, FHEE L TORREIIX
EBEERF LD TORNZ 2R TIDE VL & 5,

L Liehih, /7 RD A 7= Y SR OEECK W CHBIFLREERL, 77 2 r Hic&KY:
BERCHRICESTV A 2 8%, 77 X r B BAREER L LR LT e L5 X0 b, Bk
DY CBREDEENE LR EBZDTRAEVHLEL RS,
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LIchinT, # 7= YHliCHd 57 5 2 rEOREE & LToWML, 1Fs IU0HEL4C L2
THibINBERKNSER Y SHIEE GBE) OKSKECKINLIRE LM, Thicr bk’ »
5=y OFEE (—HH) OBE, KITKELIEFDF 5 2 rEHOBER L OTHEII SO TR
O EEL DN DBEOHEC L2 TKEIhBDTIREVA L Bbh b,

ROV T, RHEBER TS 15~20 FLBIBMIEKRET LT L, BEOETHNF 527
BT s BRAZERNCET R L TH it Bbh b, FAR IUE 2 ARV d 1 S oBER
BEYR L, HEROERIFELSIBBOETIXRELAEL DI, b DM TiL, BikOShHH
DHBA LKL, s L BRI ST b IR EHNTBRLKIFECE 2 C, BH K
(—F) CEZMET L, 77 2 VRN THER N EHENNCETR LD Z e nELbhb, EF
HO—AFEY XX &, fil - REEEHCET 35 5 < HEROR BRI LEOBEMER X 2T
WH LS LWEERT, BEMEOTRIERLCE T 5 FHRAEHRER TR, Wbl LIRE
DRESEC & 218 Uiz, BAS LUB « A UESEHE O SR OBENMEOR B InEE LT
HBEIbLT, LWHUB L BFLRELR LTV &, B 5  QIUESE L OB ofE
¥, BRI b5 HEOKABEOHEC X 0T h b RS DTHS 5 Bl XOAEIZEhER
1R IO 2EHOBERELR L, FEROERBIVCTHIBHBOETIRXRELNLL DI, EHK, H
Bk L O HELAEIBHNCBIBRAMC RIS & L 2 HfEE Uik, 2T~y ORBRETELDS
ER® RS LIS H O,

DX, RSO LELHIENEL, T FrROBECEEY S IETHRTFROWT
i, Y X5 TedEiy RS Ladteroie,

h TV nF T 2y EICRRERET S oML, HEFRC I OTUREENETSE TH 5 5
2% ST OWLTIE, SBRXOVNE (BP I (24E) RWL2EE L, BESIUVNED X
2~3FEDOBRIINLD L L, P GOV IX 3~54L LTW5, EELOREERETR, Wh0Ls
K, FYRIOH/RTRCHUS LWHEESR b, FaL TRkt 1 ELRTHE Lich on
U ExED, 2EURTHRE L Db 5 LA Y HD, i/ RCEERE LEDARNLED
CEHIMC SRR Licd 00K 2 &, MidOBROBRICE~NS & & b Ek ot 25
3D LHE I N,

= 9

Z DEHEXENITIC BT B 5 7~ VDT 5 2 7 REE S 3 X O — 7 BFTC o,
FECHLEFTRER T2 LTHERG—OPBR JURERBEC OV THAELLIOTHS,
BONEEOKBIIRD & Th b, o

A% B K

1. P bhbfrss Rt

a):Oﬁﬁmmﬁ%mémﬁiﬁklvmﬁﬂﬁmmﬁu (BDow, Bo, (B, Blp BI-HE&ER
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b) fEEktE A~7 R DHDOT, HEORERIUCOWT 4 BEOMEERE Tlobhis,

c) FI YR L HMERILIERNBREL, 4~5 FHL DL HIFLL, 6EFERIIVBUBL
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Table 9. Description of profile.

; ] o, =H, 5k Gah, 4
T | g g | FoS HEERE & i Bk | | meE R OR (EARC
. o arent material, Heig]
Tgfp e T;';‘s’f' t];%n I:’_f Struc- |Compac- above sea level (m), Direc-
? Horizon u Color Stone (Size, quantity) |Texture| ture tness Root tion, Inclination, mode of
soil (em) | dary f i
ormation
I Fair : Todate
i) 1CK :Plot 1C
A, L:i1~2cem, F:2cm
A, 7 G dark brown none hC Cr 1 5 Volcanic ash, 1,200 m,
As 10~12 G (brownish) black none hC |(Cr)-M 2 4 N 40°W, 10°,
BDo _ — light blackish brown, . .
A-B 15~35 G (reddish) brown none 1C M 2 2 Residual soil
A’ 10 G black_ . none C* M 3 1
A’-B’' | 10~20 G 33%{;,5}1 brown,  light none C* M 3 1
B’ 20+ light yellowish orange none C* M 3 -
ii) 2C:Plot 2C
A, L:4~1cm, F:2cm Volcanic ash, 1,200 m,
A, 12 G (brownish) black none hC Cr 1—2 3 N 40° W, 10°,
A, 19 G (brownish) black none hC (Cr)-M 2 2 Residual soil
(BD» (B) ) G reddish brown none 1C M 2 2
A’ 10~12 G dark grayish black none 1IC M 3 2
- dark grayish black, light
A’-B’ | 10~12 G orange none 1C M 3 1
B’ 15+ light yellowish orange none 1C M 4 —
iii) 3CX_L# : Upper part of Plot 3C
A, L:+~1cem, Fi4~1cm Sandstone and clayslate
A, 10 (brownish) black none 1C Cr, Gr| 1—2 4 (palaeozoic), Volcanic
A, 6~10 (brownish) black none 1C Gr 3 4 ash, 1,200m, W, 23°,
(BDpw> c

SERMEEERY
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B, 13~18 dark yellowish brown medium, frequent CL M 3 2 | Residual soil
Bs 12 dark yellowish brown large and medium, abundant| SCL M 3 1
c 20+ light yellowish brown | .a18% medium and small, | ¢y M 4 —
iv). 3CX TS : Lower part of Plot 3C
A, L:4+, Fid~lcm
A, 9~11 blackish brown none n‘ 1C Cr 1 4 Sandstone and clayslate
Bo A, 8~11 blackish brown small, frequent 1C (Cr)-M 2 3 (palaeozoic), Volcanic
B, 12~15 yellowish brown ?:Zgﬁg:tand small, L M 4 2 éf)llil’ u\}i,;l?gogh W, 20°,
B: 20+ yellowish brown ;Tug:daagf medium, SL M 4 1
v) 4CK_E# : Upper part of Plot 4C
A, L:i~2cem, F:+~lcm
A 10~13 dark brown none 1C Cr 1—2 4 Volcanic ash,
Bo A-B 15 brown none IC M 3 2 |1,200m, N60°W, 15°,
B, 10~14 dark yellowish brown none 1C M 4 1 Residual soil
B: 25+ yellowish brown none 1C M 4 —
vi) 4CXTF#3 : Lower part of Plot 4C
A, L:1~2em, F:i:l~2cm
Ay 7~10 G black none hC Cr 1 4 |Volcanic ash, 1,170m,
A, 11~13 G black none 1C (Cr)-M 2 2 N50°W, 15°,
Bip A [13~15 | O black none 1c M 3 2 | Colluvial soil
A-B 18~20 ¢ dark blackish brown none 1C M 3 1
By 10 G dark yellowish brown none SCL M 3 —
B: 5+ yellowish brown none SCL M 3 —

i) AX :Plot A

I & /R : Nakanosawa

Qff - H#¥ - HE) 2 NCAML ¥ LLQLELK



Twmm | e x leemaess] S B, B8, Hhr, e, #
TRE | g gy | FF HEERE & i B | (Mo meE | R R | HEER o
T Thick- | tion of Parent material, Height
gfpe . . boun- . Struc- {Compac- above sea lev.el (m), Direc-
soil Horizon (em) dary Color Stone (Size, quantity) |Texture| ture tness | Root ;g);:;l a{;‘gﬁmatwm, mode of
.. . Granite, sandstone and
Ao Lit, F:d clayslate (mesozoic),
G A 15~18 ¢ brown small (round), occasional 1C Cr 2 3 1,200 m,
B 10~18 yellowish brown small (round), occasional 1C M 3 2 S20°E,2°,
S . .
dark grayish blue, ferru- | medium and large, abun- _ .
G 12 ginous mottling dant 1C M 4 o | deposit of ‘:IOCd
ii) BX : Plot B
Ao L:+, F:+4
A 2 s blackish brown none CL* Cr 2 3 ibid.
G B 20~30 yellowish brown small (round), occasional 1C M 3 2
c . !
G, 15 g?;}){ugr;)(r)ltstlllh})glue, ferru- small (round), cccasional 1C M 4 —
dark grayish blue, ferru- .
. G2 20 ginous mottling small, abundant 1C M 4
iii) CX :Plot C
-Ap L:+, F:+
A 3 s blackish brown small (round), occasional | CL* Cr 2 3 ibid.
G A-B | 10~15 C yellowish brown sthall (ronud), occasional 1C M 3 2
B;-(G)| 10~15 G grayish brown medium, frequent 1C M 3 —
B2)-G| 10+ grayish blue large, abundant 1C M 4 —
iv) DX : Plot D
Ay L:+, F:+ ibid.
_ small (round), occasional * _
A 1~2 c black small frequent CL Cr 1 4—3
A-B 10 G dark yellowish brown ibid. IC ((Cr)-M 2 2
Bo B, 10 c grayish brown ibid. 1C M 3 1
B: 18~20 S dark brown medium frequent CL M 3 —
C 10+ light yellowish brown large, abundant CL* M 3 —

SRS EERY

Lev1



M F AK: Aoki

Mudstone and greentuff

A, L:+, F:2~4cm (tertiary),
A, 5~10 c black small (round), rare IC  [Cr,(Gr) 1 3 Andesite, 1,400m,
Blp A, 10~14 dark blackish brown ibid. IC |(CrH-M 2 4 N20°E, 10°,
G .
As | 8~10| | dark brown Tredium and small(round), | ¢ M 3 2 | Residual soil
A’ 7~10 S dark blackish brown med@um (round) frequent 1C M 4 1
i _B.,__ B }ot_ L yellowish biown ?ﬁgqun?nd small(round), 1C M 4 —
v *Ek A & Nonoiri .
A, L:4+, F:5cm Andesite, 1,450 m,
A 12~18 c black small round, cccasional 1C Cr 1—2 4 N 40° E, 8—10°,
Bio-e | B | 20~22 o | dark yellowish brown ibld. IC M 3 1 | Residual soil
A’ 10 G dark brown ibid. 1C M 4 —
B’ 10+ light yellowish brown ibid. CL M 4 —
V g : Tobira
A, L:4~1, F:2cm Pyroxene Andesite and
A, 10~20 black ;?g;l;t;m and small, occa- 1C Cr 1 4 Grano Diorite, 1,350m,
Bip-: .
A, 5~10 blackish brown g}fgﬁ?m and small, fre-} -y M 2 3 S, 10°, Colluvial soil
B 25+ dark brown ibid. 1C M 2—3 2
VI 1 H : Wada
A, L:+, F:2~3cm Pyroxene Andesite and
Bp A 10~12 blackish brown g:g;?m and small, occa- 1C Cr 1 4 Volcanic ash, 1,300 m,
A-B 10 brown ibid. hC M 2 3 S20°E, 20°,
B 204 dark yellowish brown ibid. hC M 2—3 2 Colluvial soil

G- H¥-EHE) 2 WCAML v LLQLE LK



) T~ . oM, B, A @,
L |y | JFS EERIE & B B | b | M om | meE | R OR|BEA
T Thick- | ti £ Parent material, Height
OS;Pe . n elss 3 fgug- Struc- [{Compac- a'bove sea levo_el (m), Direc-
soil |Horizon (cm) | dary Color Stone (Size, quantity) |Texture| ture tness [ Root ?g)&alt?grllmatmn, mode of
VI AREKR : Kisojigahara
A, L:4, F:2~4cm Volcanic ash, 1,400 m,
A | 6~9| . |black | small (pumice), rare Ic Gr 2 4 [s2°w, 15°,
Blo) Ag 11~14 G black ibid. 1C Gr 3 2 Creep soil
A-B | 12~18 G blackish yellow brown ibid. 1C M 4 1
A’ 22~25 G black ibid. IC M 4 1
B’ 15 yellowish brown ibid. SCL M 4 —
Remarks :

Type of soil :
Blp : Moderately moist black soil, (BDp : degraded type of Blp, Blpw) : Blp soil that has well developed granular or nutty structure in A
horizon, (Bl)p(d) : Degraded type of Blp), BIp-E : Intermediate type between Blp and Bl (Slightly wetted black soil) soils, Bp : Moderately
moist brown forest soil, G : Gley soil.
Definition of boundary ; ‘
S : Sharply defined, C : Clearly defined, G : Gradually merging.
Texture :
hC : Heavy clay, 1IC: Light clay, CL : Clay loam, SCL : Sandy clay loam, L : Loam, SL : Sandy loam.
*) Texture determined in the field, not by mechanical analysis.
Structure :
Cr:+-Crumb structure, Gr:+-Granular structure, M..-Massive.
Compactness :
1: Soil aggregates bound loosely, 2 : Soil aggregates bound loosely and firmly, 3: Soil aggregates bound compactly, 4 : Soil aggregates bound
very compactly.
Root 3 5: Very abundant, 4 : Abundant, 3: Frequent, 2 : Occasional, 1 : Rare,

I
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Table 10. Vegetation

cER - — 75 —

I 5/ 3if: Todate
i) 1CX :Plot 1C

Ds: h5=> 3

Sh: /7 )Vyo¥F 2, Vavrs 2, ¥Y=oaArl, 7)1, Zzeya =1

G: I¥Ya¥4 5 yr<xt +, av¥Y I VIRVAF +

ii) 2CK : Plot 2C

Ds: h7=> 3

Sh: I X535 2, Y=oy 2 Vavrs 2 vyShHv. 1,

G: AAF 3, 75 1, vieza by 4, , voHFvs
(locally) 2

791, JVUYFL, TH=Y +
4+, =4 4+, AFITH

iii) 3CX_EX : Upper part of Plot 3C

Ds: h7=> 3

Sh:V=avr 2 vyIHpv.12 IXFrF1, 7Y 1, Z/ryaT]

G: I¥a¥y 5 ARF 1

iv) 3CEX T : Lower part of Plot 3C

Ds: h5=v 3
Sh:vS5Hpv,12 IXFF5 1, Vavrs 4, 7r=Y +

G: I¥va¥y 5 42FY) 2, VFE L, ¥4FT 1, /437 +, £5/% +, av7y

e +

v) 4C[X LB : Upper part of Plot 4C

Ds:h7F=Y 4

Sh: I X+35 2 Vawr 2 7V 1, =vavh=F 1, /eyasl /JVoryFE]

G: I¥a¥4 4, 752 AARAF 1, AF¥a4 1

vi) 4CXF#B : Lower part of Plot 4C

Ds: h5=V 4
Sh: 3IX+35 3, av775 1, 2V 1, Vavrl
G: I¥a¥y+ 3 AAF 3, 75 1, AF¥FIH¥r +

I # /iR : Nakanosawa
i) AKX :Plot A

Ds: H5<=> 4

G:idbazazxrXx 4, A2V5 1, Y=oz l, Br=s% 4+, AAF 4+, /)0 IF +,

v +

ii) BX :Plot B

Ds: h5=> 4

G:rvavyyl, JVUVF L, AF34FT +, VI +, vEA BV +

iii) CRX :Plot C

Ds: h7=7 4
G:F¥FA45F=73, /7VUIF¥F 1, ~vIvyvl, 75¢ 1,

TEALH V]

iv) DX : Plot D

Ds: »5=v 4
G: 354533, Frharv.i2 ARAF 1, JVuIF 4+,
~NvITVYY +

YEA AV F, kA F +,
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T F AK:Aoki

tke/F 5 HhIF=Y 3
tF 7L 2 s/mryvazgl, e/F 1, Y=oV 1, FRV2, Foa) I~+, TVEY +,

VIIAFIT 4+, Y=EID 4+, IXFT7 +, JIVUIVF +, TF/FYVVT +

v B & A : Nonoiri

D:hHF=<V 4

Sh:FAF=T2 ~VF) 4, vVY,FYVS 4, =V ba 4+, Y=oAv+, 25/%+, U
SvmrEl 4, PF 4, VI AEH=F 4, A XY HT +, JVUVF +

G:AFAA P VAF 5, a4 5 TF/F)VvVY 2, THELE+, IXF5+, ~vIvVI v+,
=) 4+, FRY +

V & : Tobira

D:#5<Y 4

Sh: i X% 1, == 3 1, ~UvFUH=F 1, ¥Y=¥235 1, vV ~&Hh=7F1, =7 r=2 +

G:FAM PRY 5, AbaaeF 2, FAFT 1, THIVFVVLVY |, ~VITVIT L, TV

£3Y 4, =vavFAs +

VI 1 H:Wada

D:H»7=Y 5
Ds:¥=%#2752 7V 1, ~VF) 1, vF 1
Sh: /VovF¥F 2 g=UVF 1, IXF 1, Z2¥F 1, >+Hh=<=F +, :XFr5 4+, v=7%
+, =7 F=2 + :
G:¥==2Y 2 Ftrtazx¥ 4+, 7F/FV VY +, 152F) +
VI AKRtBIEE : Kisojigahara
D:Hh5=> 4
Sh: v 73xyYF 1
G:AFA VAY 4, R=FAF Y IV Y 3 AX=F 2, TV A435 +,

Remarks : D---Dominant tree layer, Ds:--Subdominant tree layer, Sh:---Shrub layer, G---Ground

flora.
gENxXR + s
Table 11. Textures of soil,
LR g o R S B S W | #
from |H B M B B
Type of .
. surface Coarse Fine :
soil Horizon (em) sand sand Total Silt Clay Texture
I /= 3L: Todate
i) 1C:Plot 1C
A 1~5 2% k| 16%] aw%| s0%]| nc
(BD»o A, 7~17 3 13 16 32 52 hC
A-B 20~30 3 34 37 28 35 1C

ii) 2C :Plot 2C
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A, 2~10 4 12 16 34 50 hC
A 12~22 5 14 19 35 46 hC
BD»o (B) (30~35) 4 28 32 30 38 1C
A’ 30~40 5 23 28 29 43 1C
A’-B’ 40~50 4 27 31 30 39 1C
iii) 3C_#S : Upper part of 3C
A, 1~8 8 24 32 28 40 1C
A, 10~16 8 23 31 29 40 1C
(BDo) B; 20~33 27 31 58 23 19 CL
B2 38~48 42 26 68 17 15 SCL
C 50~60 21 39 60 25 15 CL
iv)  3CTFEB : Lower part of 3C
A, 1~9 8 29 37 27 36 1C
Bo As 11~19 11 28 39 28 33 1C
B, 21~33 22 41 63 24 13 L
B; 35~55 49 20 69 17 14 SL
v) 4C _EIf : Upper part of 4C
A 1~10 6 19 25 31 44 1C
Bo A-B 13~28 9 23 32 33 35 1C
B, - 28~38 13 17 30 36 34 ) (]
B, 42~67 6 23 29 40 31 1C
vi) 4CFHS : Lower part of 4C
A, 1~7 2 17 19 35 . 46 hC
A, 10~21 3 17 20 37 43 1C
Blb Ag 23~36 4 19 23 37 40 1C
A-B 38~56 21 16 37 32 31 1C
B; 58~68 42 15 57 18 25 SCL
B: 68~73 48 19 67 17 16 SCL
I /iR : Nakanosawa
i) AK :Plot A
A 1~10 1 22 23 38 39 1C
G B 15~25 4 23 27 39 34 1C
G 33~43 5 16 21 40 39 1C
i) BX :Plot B
B (upper) 2~12 2 25 27 33 40 1C
G B (lower) | 15~25 7 16 23 39 38 1C
G, 33~43 | 17 18 35 33 32 1C
Ge 45~55 I 27 24 51 20 29 1C
iii) CX :Plot C
A-B 5~15 5 17 22 42 36 ) (]
G B-(G) 18~28 6 19 25 44 31 1IC
(B2)-G | 30~40 18 15 33 31 36 IC
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LRE m oo RS _Sand BB M £ B
Type of SLf:;):;e 5{%oarsgg; ﬂFinew #t 3
soil Horizon (em) sand sand Total Silt Clay Texture
iv) DX :Plot D
A-B 3~12 12 19 36 45 1C
Bp B, 12~22 12 21 41 38 1C
B 23~33 17 21 38 36 26 CL
m #FH K Aoki
A, 1~5 9 22 31 32 37 1C
A, 10~20 10 24 34 29 37 IC
Bip Ag 22~30 8 22 30 35 35 1C
A’ 32~40 11 26 37 32 31 IC
B’ 40~50 26 23 49 25 26 1C
IV B} &% A : Nonoiri
A 1~10 5 17 22 37 41 1C
B 15~25 7 20 27 43 30 1C
Bip-E
A’ 40~50 17 19 36 39 25 1C
B’ 50~60 30 14 44 35 21 CL
V B : Tobira
A, 1~10 14 20 34 28 38 1C
Bip-E A, 12~20 14 20 34 27 39 1C
B 20~30 17 19 36 29 35 1C
VI A1 M :Wada
A 1~10 8 12 20 32 48 hC
Bp A-B 12~20 6 10 16 30 54 hC
B 20~30 14 10 24 25 50 hC
VI KRtE¥%EE : Kisojigahara
A, 4~10 4 21 25 32 43 1C
A, 13~23 7 21 28 31 41 1C
Bip) A-B 25~35 11 24 35 31 34 1C
A’ 42~52 6 24 30 37 33 1C
B’ 65~75 52 11 63 17 20 SCL
Remarks :
hC---Heavy clay, IC.--Light clay, CL---Clay loam, L---Loam, SCL::-Sandy clay loam,

SL:--Sandy loam,
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Tesetesets:
A-B R

' \\\\\\\\‘&\\\ ‘

_=
_ \\\31 }

Nakanosawo.
PlotA .

»'0'0’0'0'0
0.0,0.0.0
L0.0.8.0.9,

Aﬂm&\\\\ NN R

FBH BHRAREBOEBFHNHE
Fig. 18 Physical properties of soil in natural condition.
Remarks:
S..-Solid (Fine soil), R-:--Root, G---Gravel
Wt ---Moisture in fresh soil, W max. ---Water holding capacity
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8 12 &8 HAWEOEZMMWE R L UEKME

Table 12, Physical properties in natural condition and water permeabilities.

A0 | g o B 5| B K ] ey | BREAR [Ra R AR
Depth | Water permeability Water holding [ £ content of
Type from | after cc/min. Poro- capacity Air fresh soil
of ) surface sity | Volume — capa- -
soil Horizon (em)| 5 min . |10 min.| average % weight volum‘e’,o wexg%: city volurg: welgg:
I & 3I: Todate
i) 1CX :Plot 1C
A, 8~13 41 37 39 82 37 75 212 7 48 137
@D
A-B 20~25 26 24 25 81 46 76 165 ) 56 121
i) 2CK : Plot 2C
A, 1~6 24 18 21 79 43 66 162 13 48 116
BDo A, 13~18 9 7 8 78 52 75 148 3 62 122
) A’ 33~38 17 16 17 84 41 80 197 4 61| 150
iii) 3CX_%F : Upper part of Plot 3C
A, .3~8 63 56 60 82 33 63 201 19 42 133
(BD) ey
) A, 12~17 125 110 118 78 40 69 183 9 47 124
*iv) 3CEXFHS : Lower part of Plot 3C
A | 3~8 | 102] 89| 9 | 79| 39 66 | 175| 13| 44| 116
Bo A, 13~18 43 35 39 73 57 70 127 3 56 101
B 22~27 27 27 27 75 57 68 124 7 49 90
v) 4CKX_# : Upper part of Plot 4C
A 3~8 104 82 93 82 32 64 205 18 |+ 42 134
Bp A-B 15~20 14 13 14 81 45 75 168 6 61 136
B 22~27 24 22 23 79 51 76 149 3 65 126
vi) 4CKXFER : Lower part of Plot 4C
A, 3~8 36 31 34 82 33 67 209 15 46 142
Bin Az 12~17 41 37 39 79 42 69 174 10 52 128
A, 25~30 18 15 17 81 44 78 179 3 66 149
I /R : Nakanosawa
i) AKX :Plot A
A 3~8 11 12 12 75 56 66 121 9 52 95
G B 15~20 4 4 4 72 62 70 119 2 64 109
G 30~35 2 2 2 70 72 71 95 —1 66 88
ii) B[X : Plot B
B 4~9 4| 4 4| 76| 52 72 | 141 4| 64| 125
(upper)
G
(lower) 12~17 8 7 8 76 54 75 145 1 70 135
G, 20~25 1 1 1 69 82 69 85 0 65 78

iii) CK :Plot C
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A-B 5~10 24 23 24 77 59 69 115 8 58 87
G B;-(G) | 20~25 22 21 22 71 71 64 90 7 56 79
(B2)-G | 30~35 11 10 11 76 60 75 127 1 66 111
iv) DK :Plot D
A-B | 3~8 4 } 6 5 72 49 61 | 137| 11| 46| 101
Bpo B, 14~19 46 45 46 77 52 73 146 4 56 113
B; 25~30 21 l 21 21 73 64 71 114 2 59 94
M F K : Aoki
A, 3~8 15 14 15 82 38 65 176 17 44 119
Bio
A, 10~15 24 24 24 79 45 72 166 7 49 113
IV B 4 A : Nonoiri
A 3~8 32 31 32 79 42 77 184 ] 2 63 142
Bip-e B 18~23 33 34 34 82 42 75 180 7 62 150
A’ 40~45 14 14 14 80 50 80 158 0 72 144
V EE: Tobira
A, 3~8 58 58 58 82 41 79 199 3 53 134
Bilp-E A, 13~18 53 51 52 80 39 74 194 [ 48 126
B 28~33 69 66 68 79 47 76 165 3 62 136
VI 1 H :Wada
A 3~8 146 142 144 83 34 72 213 11 36 106
Bp A-B 13~18 82 84 83 80 45 79 181 1 49 122
B 22~27 58 57 58 75 61 72 118 3 59 96
VI AKREEE : Kisojigahara
A, 2~7 39 37 38 77 49 74 152 3 53 109
Blpd) A, 10~15 21 19 20 77 52 74 i 143 3 56 108
A-B | 23~28 7 7 7 81 44 .74 | 168 7 50 113
BI13XK L ¥ W B H
Table 13. Chemical properties.
LEH B L B 2| Carbon Nitrogen Exch. Exch. pH
; Depth e
i C-N acidity Ca (H:0)
Type of ;?m 2
soil Horizon | SY (":f;:) % % | ratio " m. e. /100g| (1:2.5)
I F 3f: Todate
i) 1CX :Plot 1C
! A, 1~5 17.3 0.83 20.s 25.0 0.73 4.90
Bhp | A 7~17 13.1 0.67 19.5 7.8 0.04 5.15
" A-B 20~30 8.13 0.44 18.5 4.1 0.02 5.50
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+EE|BE £z [ s Carbon | Nitrogen Exch. Exch. pH
Depth e
C-N acidity Ca
from (H:0)
Type of surface
snil Horizon = emd % % ratio Y1 m.e. [100g| (1:2.5)
ii) 2CK :Plot 2C
Ay 2~10 11.3 0.67 16.s 18.5 0.29 5.00
A, 12~22 9.33 0.56 16.7 13.8 0.04 5.15
BhHo (B) (30~35) 3.52 0.27 13.0 0.9 0.01 5.70
A’ 30~40 8.85 0.46 19.2 3.4 0.04 5.40
A-B 40~50 5.41 0.34 15.9 1.6 0.01 5.60
iil) 3CX_EH : Upper part of Plot 3C
A,y 1~8 22.8 1.20 19.0 37.9 1.07 4.50
A, 10~16 15.9 0.90 17 . 18.2 0.09 5.00
(B @) B; 20~33 5.73 0.37 15.5 2.3 0.02 5.30
B: 38~48 3.73 0.21 17.s 2.5 0.01 5.25
C 50~60 2.40 0.14 17.1 3.1 0.04 5.20
iv) 3CEX T : Lower part of Plot 3C
A, 1~9 13.6 0.79 17.2 15.83 2.56 5.15
Bo A, 11~19 10.7 0.60 17.8 11.7 0.92 5.15
. B: 21~33 4.46 0.36 12.4 1.8 0.10 5.25
B2 35~55 4.06 0.32 12.4 1.7 0.09 5.50
v) 4C[X ¥ : Upper part of Plot 4C
A 1~10 ‘ 13.7 0.75 18.3 14.2 0.06 5.15
Bo A-B 13~28 - 8.39 0.44 19.1 2.7 0.05 5.30
B, 28~38 4.81 0.29 16.6 2.2 0.03 5.30
B: 42~67 2.56 0.18 14.2 1.8 0.05 5.30
vi) 4CXF#f : Lower part of Plot 4C
A, 1~7 18.1 0.96 18.9 35.1 0.39 4.90
A, 10~21 12.9 0.66 19.5 22.0 0.11 5.10
Bib A; 23~36 12.1 0.57 21.g 15.0 0.07 5.00
A-B 38~56 10.2 0.52 19.s 6.2 0.04 5.05
B: 58~68 6.40 0.40 16.¢ 3.9 0.04 5.30
B 68~73 3.86 0.28 13.8 1.5 0.02 5.35

IT /R : Nakanosawa
i) AKX :Plot A

A 1~10 8.20 0.51 16.0 12.1 0.49 - 5.25
G B 15~25 5.87 0.37 15.8 10.0 0.17 5.40
G 33~43 4.78 0.25 18.s 6.4 0.10 5.50

ii) B[X : Plot B
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B (upper) 2~12 7.83 0.37 21 17.7 0.90 5.40
G B (lower) 15~25 5.33 0.32 16.6 8.2 0.15 5.35
G, 33~43 3.94 0.27 14.5 4.9 0.09 5.45
Ge 45~55 2.92 0.19 15.3 3.4 0.07 5.45

iii) CK :Plot C
A-B 5~15 9.91 0.63 15.7 4, 2.52 5.65
G B,-(G) 18~28 6.14 0.43 14.2 4.5 1.96 5.70
B)-G 30~40 5.55 0.34 16.3 3.1 1.63 5.95

iv) DX :Plot D
A-B 3~12 9.63 0.55 17 .5 29.7 0.68 5.05
Bp B 12~22 6.62 0.39 16.9 14.0 0.10 5.25
B: 23~33 6.10 0.37 16.4 4.7 0.03 5.40

m F AK: Aoki
A 1~5 17.3 1.15 15.0 43.4 2.28 4.40
A, 10~20 10.5 0.60 17.s 18.6 0.56 4.70
Bip Aj 22~30 7.55 0.42 17.9 11.7 0.37 4.90
A’ 32~40 6.47 0.42 15.4 7.6 0.38 5.20
B’ 40~50 2.53 0.12 21.9 3.1 0.18 5.10
IV B % A : Nonoiri
A 1~10 18.7 1.19 15.6 39.2 1.47 4.45
Blo-& B 15~25 10.2 0.63 16.1 10.0 0.23 5.00
A 40~50 8.24 0.51 16.1 5.7 0.13 5.05
B’ 50~60 6.89 0.35 19.6 1.6 0.08 4.90
V g : Tobira
A, 1~10 19.7 1.38 14.3 13.3 7.92 5.10
Bip-E A, 12~20 13.6 ° 1.04 13.1 11.5 0.49 5.15
B 20~30 10.2 0.86 11.9 6.0 0.46 5.15
VI 1 H :Wada
A 1~10 15.9 1.11 14.3 25.3 0.61 4.65
Bp A-B 12~20 10.3 0.71 14.5 14.1 0.17 4.90
B 20~30 6.54 0.49 13.3 8.4 0.09 4.80
VI ARtHEEE : Kisojigahara

A, 4~10 17.8 1.23 14.4 17.3 2.43 5.10
A, 13~23 13.8 0.89 15.5 9.2 0.76 5.20
Bln@) A-B 25~35 11.0 0.65 16.9 5.8 0.49 5.20
A’ 42~52 15.2 0.67 22. 10.0 0.70 4.95
B’ 65~75 4,17 0.33 12.¢ 0.9 0.39 5.05
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A Study on Armillaria Root Rot of Larch.

—Effects of Soil Conditions on its Occurrence and

Some Information of Field Observation—

Hiroshi Kawapa, Morie Takam:r and Taketo Hama
(Résumé)

1. Introduction

Larch forests form an important part of the afforested land in Shinshu Area and Hokkaido
in this country. Recently, with the increments of the afforested area of larch, Armillaria root
rot of larch came to the front. Armillaria mellea (Fr.) KarsT. is one of the most prevalent
forest fungi. It attacks many species of conifers. Among them, larch suffers most heavily.
Armillaria root rot is one of the soil-borne diseases, and therefore, it is presumed that its
occurrence would be closely related to the soil conditions.

In this report, the authors discuss the effects of soil conditions on the occurrence of
Armillaria root rot and some information from the observations on the seven larch forests
examined (Fig.1).

2. The larch forest in Todate.

In this forest, the larches were planted in 1955 and fertilizer treatments were done by
Mr. InaBa. In the middle of November, 1958, the death of larches by Armillaria root rot
had been noticed. Afterwards, field observations were continued seasonally up to the fall of
1961.

a) Topography, site conditions and fertilizer treatment.

The topography of this forest and the locations of the plots are shown in Fig. 2. Block
1 and 2, subdivided into Plot A, B and C, were located on the very gently sloping mountain
top plateau. The area of each plot was 0.1ha, 20X50m or 33.3X30m. The parent material
of soil was volcanic ash that covered thickly over the bed rock. In Plot 1A and 2C, the
central parts of them formed a shallow successive basin. In Plot 1B and 2A, the very micro
reliefs were abundant, and their central parts were slightly concaved as a whole. In Plot 1C
and 2B, these micro reliefs were less than in Plot 1B and 2A, and they were relatively flat.

These micro reliefs brought about the differences of the soil humidity conditions. Vegeta-
tions of the rather arid type were observed in the convex places, but the humid type in the
concaved one, These facts would reflect the differences of the soil humidity condition induced
by these micro topographical factors.

Block 3 was located on a short steep slope from the ridge of the mountain top plateau to
the valley floor. Its parent material of soil was volcanic ash, and clayslate and sandstone of
palaeozoic. Block 4 was located on a more gentle mountain slope than that of Block 3 from
the ridge of the mountain to the lower part of the mountain slope. In the following order as
Plot A->B—C, the location of each plot approaches the valley floor and its moisture condition
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of soil increases the humidity. Its parent material was the same as Block 1 and 2.

The descriptions of profile, textures, physical and chemical properties of soil and the types
of soil are shown in Table 9~13 and Fig.18.

The physical properties of soil in natural condition showed no inferior sign. The water
permeabilities of the surface horizons were inferior except the lower part of Plot 3C and the
upper part of Plot 4C. The inferior water permeabilities of the upper part of Plot 3C
would be occasioned by the development of the granular structure. But in other plots, the
very densely developed roots of mosses in the surface horizons would affect the decreases of the
water permeabilities, The soils were clayey. Its chemical properties were rather inferior.

The fertizer treatment was as follows:

The solid fertilizer Maruyama No.1 (N 5%, P.0s 3%, K:O 3 %, one particle is 15 g)
was used in Block 1 and 2, its No.2 (N 6 %, P:0s 4%, KO 3%, one particle is 15g) in
Block 3, and urea in Block 4. Ten particles of solid fertilizer or 20 g of urea were given per
one seedling in Plot A, 20 particles or 40 g in Plot B and none in Plot C, respectively,

b) The growth and damage of larch.

The annual growth of larch, shown in Table 1, was good as a whole, The annual
death of the larch by Armillaria root rot is shown in Table 2. The authors regarded the
death of them during the period from the fall to thz spring of the next year as being in the
previous year.

It was the middle of November, 1958 (4th year after planting), that the authors noticed
the death of larches by this disease. At that time, the residues of the dead larches in 1957
still remained, but those in 1955 and 56 were lost. Consequently, the authors could not
make clear the causes of the death of the latter. From the infomation on the other young
larch forests, the authors concluded that Armillaria root rot of young larches would not occur
markedly in 1-2 years old young larches.

In Block 1 and 2, the death of the trees by this disease had occurred from the 3rd year
(1957) after planting. It occurred most virulently in the 4th and 5th years (1958~59). In the
6th year (1960), it had occurred only in Plot 1A, 2A and 2C, and the virulence had been

remarkably reduced. In the 7th year (1961), its slight cccurrence was observed only in Plot
1A, 1C and 2A.

In Block 3 and 4, the death of the larches by this disease had occurred in a part of the
plots. They were decreased more than in Block 1 and 2. The disease was most virulent in
the 4th and 5th years (1958 and 59), and there was very little or none in other years.

Putting together the above results, the authors were of the opinion that the death of the
‘larches by this disease occurs in the 3rd~7th years after planting. Death reached its climax
in the 4th~5th years and decreased gradually afterwards.

The confirmation of the period in which the larch suffered from this disease was very
difficult to obtain. However, on the assumption that the remarkable decrease of the affected
larches would occur just after the infection of Armillaria mellea, the progress of this disease
until the death of the host from the infection was classified into the following 4 types, as
shown in Table 3.

The authors regarded the annual height growth of about 1/3 or less of the average one in

the same plot as the poor or remarkably decreased growth, and the one of about 80% or more
as the normal growth.
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Type C, in which the death of the larches was caused in one year or less after Armillaria
infection accounted for about 60 % of the total deaths. In Type B, 2 years passed bofore
the death of the larches was caused after Awrmillaria infection was remarkably decreased,
accounting for about 20 %. Type A, in which Armillaria mellea took 3 years before it killed
the host after its infecticn, and Type D in which the larches were killed very rapidly after
the invasicn of this pathogen, were very few. They amounted to only 5% in both types.

The excretions of resin on the barks of the stem, especially near the base of stem, was.
observed on mcst of the larches killed by this disease, The weakening of the diseased larches.
was characterized by later springing into leaf in May, smaller-sized needles, and earlier
appearance (at the end of September) of the autumn-colored needles than in the healthy
larches.

On the causes of the Armillaria root rot, the authors were of the following opinion.
Most of their occurrences would be induced by the contacts of the healthy larch roots with
the roots of the felled deciduous trees in which Armillarié mellea developed vigorously.
However, these contagions were not the only cause, since the absence of the stumps of these
deciduous trees near the larches killed by the causal fungus was frequently observed.

The annual growth of the trees was gocd as a whole, but very large deviations of annual
growth on the same individuals were frequently observed. Those that had remarkably decrea-
sed growth in only one year or two years successively without any clear causes manifested in
their apperances and was good in other years, were frequently observed. These abnormal
growing prccesses were more conspicucus in Blcck 1 and 2 than in other blccks.

Carrying investigation further into these problems, the authors examined the root systems.
of them in the fall of 1960. Frcm the results of this examination, the following facts were
suggested: The remarkably decreased growth of larches in a certain year or two years
successively was induced by the enfeebling effects of the Armillaria root rot, and after restora-
tion to a healthy state their normal growth was regained.

Descriptions of these samples are given below. Their annual growth is shown in Table 4..

Example 1 (see Fig.3).

The development of its root system was gocd. But two medium roots (A and B in Fig. 3)
that diverged from the main root were killed by the invasion of Armillaria mellea. Its dense
white mycellium developed on their cambium. The thick resinous layers (1 and 2) were
formed in the borders between the main root and the diseased medium one, respectively.
The developments of the mycellium of Armillaria mellea were perfectly inhibited by _these
resinous layers. All other roots were healthy and showed no sign of the abnormality. The
larch would regain its healthy growth with the inhibition of development of pathogen by the
formation of these resinous layers.

Example 2 (see Fig.4).

The development of its root system was similar to that of Example 1. The infections by
this pathogen in two medium roots were clearly recognized. @These roots were parted from.
the main root mechanically as they were dug out, The develcpment of the white mycellium
of Armillaria mellea on their cambium and the formations of the two round thick resinous.
layers on the main root (1 and 2in Fig.4) were clearly observed. The latter would be the
points at which the affected medium roots connected with the main root. The other rcot

system was in good order and showed no sign of the abnormality.
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The remarkably decreased growth in 1957 and the following year would be brought about
by the invasion of this pathogen. After that time, the larch recovered its normal growth
gradually with the inhibition of the development -of the parasite by the formation of the
resinous layers the same as Example 1.

Example 3 (see Fig.5).

The root system of this larch was malformed. This malformation would be the result of
unskilful planting, However, the subsequent development of its root system was excellent.
Unfortunately, the authors did not detect the root affected with Armillaria root rot. However,
a thick round resinous layer similar to the one of Examples 1 and 2 was clearly observed.
The authors presumed that it was the point at which the diseased root was attached to the:
healthy main root,

The growth of this larch decreased in 1956 and 58 remarkably, but it was gocd in other
years. As the resinous layer was detectable only in one, the authors presumed that the first
decrease of the growth would be induced by the malformation of the root system, and the:
second one by the invasion of Armillaria mellea.

Example 4 (see Fig. 6).

The growth of this larch decreased remarkably in 1959 and 60. It was still alive in the
fall of 1960, when the authors examined it. The invasion of Armillaria mellea into two medium
roots (1 and 2 in Fig.6) was clearly recognized. The white mycellium of Armillaria wmellea
densely developed on the cambium of these roots were observed, but they still did not reach.
to the base of the stem. It was very interesting to note that the invasion of Armillaria mellea
into only a small part of the roots remarkably decreased the growth of the host.

The appearances of the infected larches were similar to the one of the larch killed by this.
disease as mentioned above.

Putting together the results of these examinations, the authors concluded that the causes.
of the temporarily remarkable decrease of the annual growth of the larch were as follows:
The one that was about 15c¢m or less would be induced by this disease. However, the one:
that was about 20~30 ¢m was classified as follows:

(a) The case presumed to have been induced by Armillaria root rot.

(b) The one presumed to have been induced by the abnormality of the root system
(malformation or inferior development).

(c) The one in which no clear inhibiting factor was recognizable.

The authors were of the cpinion that the case (¢) would be caused by the deviations of
the annual growth of larch occurring naturally, or by the invasion of Armillaria mellea into.
the very fine roots that the authors were not able to observe.

In most of case (b) it was recognized that their remarkably decreased growth occurred
in the early years after planting.

It was very interesting to note that in most of the damaged larches, both killed or healed,
Armillaria mellea invaded only into a small part of the root system, not into the main part of
them. Furthermore, the infection by this parasite into a small part of the root system induced:
the remarkable decrease of the growth, notwithstanding the healthy development of the:
remaining bigger part of the root system.

c¢) The factors affecting the occurrence of this disease.

On the effects of the factors affecting the occurrence of this disease, the authors came to
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the conclusion that the moisture conditions of the soil were most affectable and the effects of
the fertilizer treatment ranked next.,

The following facts, shown in Table 2, would support this opinion. The death of larches
by this disease was more abundant in Blocks 1 and 2 than in Blocks 3 and 4. In Plots A and
B of Blocks 3 and 4, they were more abundant in the lower part of the slope than in the
upper part of it, These facts suggest that the humid moisture condition of soil would influence
the occurrence of Armillaria root rot. Furthermore, among the plots of Blocks 3 and 4, the
death of the larches by this disease increased with the increments of the amount of the
fertilizer.

To throw light upon the effects of the moisture conditions of the soil more exactly, the
authors investigated the relations between the death of the trees by this disease and the micro
topography on Blocks 1 and 2. These results are shown in Table 5.

In Plots 1A and 2C, 70~80 % of the deaths occurred in the central successive shallow
basin (concaved part). I[n other plots, the micro topography was divided into the following 3
types, namely a) the convex part, b) the concaved part, c¢) the intermediate of a) and b).
And 60~70 % of the deaths occurred in the concaved parts. The occurrences in the convex
part were very little,

It was natural that the moisture conditions of soil in the concaved parts would be very
humid. However, the gleysation, the tint of greyish color or the ferruginous mottling were
not observed in their profiles. Accordingly, the authors were of the opinion that these soils
would not be in the very humid moisture conditions with the character of stagnating water at
all times, but would be so in the snow-melting or rainy seasons temporarily or seasonally.

In Blocks 3 and 4, the moisture conditions of soil in the lower part of their plots would
be humid, too. But the death of the larches by this disease in them was less than the deaths
in Blocks 1 and 2, These differences would be induced by the quite dissimilar character of
the movement of water in the soil. In the former, the water in the soil has the qualities of
flowing water in a high degree, but in the latter it has the qualities of stagnating water in a
high degree.

Furthermore, as the shallow basin beginning from the southeastern corner of Plot 1A
broadened in Plot 2A, the ratio of the basin area to the total area increased in Plot 2C. The
occurrence of the maximum death of the trees by this disease in Plot 2C that was without
fertilizer treatment endorsed the authors’ above-mentioned opinion that the effects of the
topographical factors were more effective than those of the fertilizer treatment.

Furthermore, the occurrences of the abundant. death of the larches by this disease in Plots
1B and 2A would be induced by their above-mentioned topographical effects, and accelerated
Dby the fertilizer treatment. In Plots 1C and 2B, the least damage in the former and the
rather abundant damage in the latter would be attributable to similar causes.

It was rather difficult to draw any conclusion upon the effects of the fertilizer elements
on the occurrence of Armillaria root rot from these few data. However, the presumption that
mnitrogen was very effectable was inferred from the results of Block 4.

3. The larch forest in Nakanosawa

In this forest, the larches were planted in 1956 on the cut-over area of the over-matured

(about 200 years old) natural forest of Chamaecyparis pisifera. The death of larches by

Armillaria root rot began to occur in the fall of 1958, The authors settled the four research
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plots, 20X 25m, respectively, to get information on this disease. This research continued up’
to the fall of 1961.

This forest is 1,200 m above sea level and is lccated on the flat of the valley flocor, as
shown in Fig.7. The soil originated from the depcsit of flocds, a mixture of granite, shale
and sandstone of mesozoic. As the flat was very slightly inclined, so the water tables of soil
gradually elevated among the plots in the following order as Plot D->C—B and A. Plot A,
B and C belonged to the gley soil, and Plot D to Bp soil.

The descriptions of the profile are shown in Table 9. In the Plots A and B, the gley
horizons developed clearly in a depth 30 ¢m below surface. In Plot C, the gley horizon in
the same depth as Plots A and B was observed, but its gleysation was weaker than that of
the former two. In Plot D, the gleysation was not observed down to 60 ¢m from the surface.

The textures, physical and chemical properties are shown in Tables 10~13 and Fig. 18.

The soils were clayey. The horizons of each plot below 30cm from the surface were
compact, and their physical properties in natural conditions were very inferior. The water
permeabilities of the upper horizons of all plots were inferior, too. The developments of the
root system of the larches were limited only in the upper horizons. In Plots A, B and C,.
the roots that reached to the gley horizons were rotted.

The annual growth of the trees is shown in Table 6.

In Plots A and B, the seedlings that died just after the plantaticn were abundant and
replanting was carried out the next year. It was probable that the death of the seedling
would be induced by the rots of root that reached to the gley horizcns near the surface of the
soil.

The growth of the larches was gocd as a whole, except those replanted .in Plots A and
B. The inferior physical properties and the gley horizon near the surface would not inhibit
the growth of the young larch up to this time. The abnormal deviations of the annual
growth similar to the above-mentioned cases of Tcdate Forest, the remarkable decrease of it
only in a single year or in two successive years, were often observed. They were conspicuous:
in Plots A and B. From the results of the examination of the root systems, the authors
came to the conclusion that they were not caused by the Armillaria mellea, but by the rots of
root that reached to the gley horizen. Furthermore, the authors could not confirm that these
root rots formed the invading courses of Armillaria mellea into the larch rcots.

_The annual death of the larches by Armillaria root rot in each plct is shown in Table 7.

The deaths in Plct B were fewer than thcse in other plots. In the latter it cccurred
most abundantly in the 3rd year (1958) after planting. In the 4th year (1959), it was still
abundant in Plot A, but it decreased in Plot C and D. In the 5th and 6th years (1960~61),
it occurred only very slightly.

On the larches replanted in 1957 in Plcts A and B, the death of them by this disease:
occurred abundantly only in the 3rd year (1959) after planting in Plot A.

From these results, the authors presumed that the cccurrence cf the death of the trees.
by Armillaria root rot in this forest reached its climax in the earlier years after planting,
and ceased in a shorter duration of time than in the case of the Tcdate Forest.

The progress of Armillaria root rot until the death of the host from its contagion was:
classified the same as in the Tcdate Forest. The results are shown in Table 8, They were
remarkably dissimilar to thcse of the Tcdate Forest. Type D reached 40~70% (56 % in
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average) of the total killed larches. Type C reached 20~60 % (36 % in average). In Type
B deaths were few and in Type A none. In Plots A, B and C, belonging to the gley soil,
the percentages of Type A were high. But in Plot D, belonging to Bp soil, the percentage
of Type C was high. From these results, the authors were of the opinion that the relative
resisting power of larch to Armillaria root rot decreased in proportion to the increments of
the humid factor in the moisture condition of soil. The authors observed the invasions of
Armillaria mellea in the bigger part of the medium and main roots of the killed larches.
Very likely these Armillavia invasions occurred nearly at the same time. It was likely that
these more abundant invasions of Armillaria mellea into the roots of the individual larch in
this forest than in the Todate Forest would account for the difference of the progress of
this disease between the two forests.

On all the stumps of oak (Quercus crispula), the advance growth of this forest, the well
developed rhizomorphs of Armillaria mellea were observed. The cases of Armillaria root rot
of larch originated by the contacts of the healthy larch roots with those of the dead oak on
which the rhizomorphs developed abundantly were few. The larches killed by this fungus
were few or none in the circumferences of the stumps of oak, and most of them were away
from these stumps. The authors could not get any clear information on why the larches
were infected.

As stated above, the soils of Plots A, B and C belonged to the gley soil. Their high
water tables and the existence of the gley horizon near the surface showed very humid (water-
logged) condition of soil. The possibility existed that the soil in Plot D, belonging to Bp
soil, would have temporarily or seasonally very humid moisture conditions with the character
of stagnating water in the snow-melting or rainy seasons presumed by its topographical factors
-and inferior physical properties of soil, especially water permeability. These over- or very
‘humid moisture conditions of the soil, containing the effects of the stagnating water, would be
affectable on the occurrences of Armillaria root rot. These factors were similar to those in
Todate Forest. Furthermore, the fact that the increments of the occurrence of this disease
in proportion to the one of the humid factor of the moisture condition of soil, as noted above,
‘would support this opinion. For nearly all the same soil and environmental conditions, the
very much less occurrence of this disease in Plot B than appeared in Plot A made an exception.

TUnfortunately, the authors were obliged to leave the inquiry for future study.
4. The larch forest in Aoki.

This is a mixed forest of 47-year-old Chamaecyparis otbusa and 32-year-old larch. It is
1,200 m above sea level. Its topography was a flat, located on the middle a very long mountain
slope (see Fig.9). The parent material of soil was a mixture of mudstone and greentuff of
tertiary, and andesite.

The descriptions of profile, physical and chemical properties of soil are shown in Tables
'9~13 and Fig. 18,

The soil was clayey, and the horizons below 30 c¢m from the surface were very compact.
“The developments of the larch root system were limited only in the upper horizons. The
-physical properties in natural condition and the water permeabilities were not good.

The growth of the larch, 19m in height and 30 ¢m in diameter in average, was excellent,
‘much more so in comparison with C. obtusa. The former formed the upper tree layer and

-the latter the lower one.
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The death of about 20 larches by Armillaria root rot had occurred in 1958, followed by
about 20~30 larches annually in the following years (1959~60). The death of the trees
spread concentrically from the location wherein the first damages had occurred in 1958, The
developments of the rhizomorphs of Armillaria mellea were recognized on the cambium of the
stumps and the main roots of the larch killed in 1958 and in early 1959. But they were not
recognized in those killed more recently. Accordingly, it is probable that the invasion of
Armillaria mellea in the fine or medium roots near the tips caused the death of the hosts.

The growth of the killed larches suggested by the width between the annual rings of the
stumps after planting up to the year that they were killed was excellent and showed no sign
of abnormality in any of the trees.

The stumps of the deciduous trees or larches by clear cutting or thinning were absent
in this forest. Therefore, the authors could not explain the causes of the abrupt death of
larches by this disease in 1958,

The soil of this forest belonged to Bilp soil. It was presumed that the soil would be very
humid moisture condition with the character of stagnating water seasonally or temporarily in
the snow-melting or rainy seasons by its topographical factors and inferior water permeabilities
of soil. These soil conditions had something in common with the cases of the young larch
forests in Todate and Nakanosawa. C. obtusa, mixed with larch, was not entirely affected
by Avmillaria root rot. It would be more resistive than the larch to this disease.

5. The larch forest in Nonoiri.

This is a 42-year-old larch forest. Its height above sea level is 1,450m and is located
on a very gently sloping narrow mountain top plateau (see Fig.10). The soil belonged to
Blp-E soil. It originated from andesite. The descriptions of profile, physical and chemical
properties are shown in Tables 9~13 and Fig. 18.

The soil wés clayey. Its B horizon and the one below were very compact. The physical
properties in natural condition showed no inferior signs ; but the water permeabilities of the
tested horizons were inferior.

The growth of the larches, 22m in height and 29 cm in diameter in average, was excellent,

The death of about 15 larches by Armillaria root rot was detected concentrically in the
late spring of 1959. The fact that the death of the larch occurred in 1958 and at almost
the same time was presumed by the annual rings of the killed larch stumps. But the succes-
sive occurrences of death by this disease were not observed. The well developed rhizomorphs
of Armillaria mellea were observed on the cambium of the stumps and their main roots,

The width between the annual rings of the stumps suggested sustained excellent growth
of the killed larches after planting up to the year that they were killed.

There were only a few virulently rotted old stumps around the killed larches, and the
authors were unable to detect any rhizomorphs of Armillaria mellea on them. Accordingly,
the authors could not make clear the causes of the abrupt occurrences of this disease and the
courses of the invasion,

The rotted fine roots of larch were frequently observed in B horizon. Furthermore, the
development of the larch roots was limited to the upper horizons. These facts presumably
were induced by the very humid moisture conditions of the soil and the compactness of the
lower horizons. However, the characteristics of the profile, given in Table 9, showed no

sign of the soil being always under such moisture conditions. But the occurrences of the
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seasonally or temporarily very humid conditions of the soil with the character of stagnating
water were presumable from its topcgraphical factors, its inferior water permeabilities, and
the very compactness of the lower horizons. The moisture condition of soil was similar to
that of the above-menticned forests. The authors presumed that these soil conditions would
have some influence on the occurrences of the Armillaria root rot of larch.

6. The larch forest in Tobira.

This was a 40-year-old larch forest. Its height above sea level was 1,350 m and was
located or the rather gently sloping part on the middle of a long steep mountain slope (see
Fig.11). The .soil, belonging to Blp-E soil, originated from pyroxine andesite and grano diorite.
The descriptions of profile, physical and chemical properties are shown in Tables 9~13 and
Fig. 18.

The soil was clayey. As the soil aggregates bound rather loosely until the lower horizons,
the physical properties and water permeabilities of soil were excellent,

The death of about 20 larches by Armillaria root rot cccurred sporadically from the fall
of 1958, up to the fall of 1960. Weakened larches were frequently observed around the
killed one.

The rhizomorphs of Armillaria mellea could be seen on the cambium of the main roots,
bottom of the stem and, frequently, on the stem 1m up from the bottom of the killed
larches.

The growth of the dead larches, suggested by the width between the annual rings of the
stumps, was excellent and normal after planting up to the year that they were killed.

The authors had much difficulty in making clear the causes of the occurrence of this
'disease and the courses of the pathogen invasion on account of the absence of the stumps of
the deciduous trees or larches by clear-cutting or thinning, and the sporadical occurrences of
the damage.

The moisture condition of soil was rather humid. But the seasonally or temporarily very
humid moisture conditions with the character of stagnating water did not occur in this soil.
It would have the character of flowing water in the soil.

The nuance of the soil moisture conditions between this forest and the above-mentioned
one was very interesting in comparison with the differences of the mode of the occurrences of
the damage --- sporadically in the former and concentrically in the latter.

7. The larch forest in Wada.

This is a 35-year-old larch forest. Its height above sea level was 1,350 m and is located
in the middle of the mountain s]ope' (see Fig.12). The soil, belonging to Bp soil, originated
from volcanic ash.

The descripticns of profile, physical and chemical properties of soil are shown in Tables
9~13 and Fig.13. The soil was clayey. As the soil aggregates bound rather loosely down
to the lower horizons, the physical properties and water permeabilities were excellent. The
root system developed well until the lower horizons.

The growth of the larches, 18m in height 29¢m in diameter in average, was good.

The death of over 10 larches by Armillaria roct rot cccurred sporadically from 1957 up
to the fall of 1960. A few of the weakened larches were observed around the killed one.

The rhizomorphs of Armillaria mellea were observed on the cambium of the stumps and

the main roots of the aged killed larches.
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The growth of those that were killed, suggested by the width between the annual rings
of the stumps after planting up to the year that they died was successively well and showed
no sign of abnormality. The effects of the seasonally or temporarily very humid conditions
of the soil with the character of stagnating water were unrecognizable as in the case of the
Tobira Forest. The humid moisture conditions of this soil had the character of flowing water.

The soil moisture conditions and the sporadical occurrences of the damage were similar
to those of Tobira Forest. Unfortunatey, the authors could not make clear the causes of the
occurrence of this disease and the courses of the infections of the pathogen on account of the:
absence of the stumps of the deciduous trees or larches by clear-cutting or thinning, and the
sporadical occurrences of the damage.

8. The larch forest in Kisojigahara.

This is a 30-year-old larch forest. Its height above sea level is 1,400 m and is located.
on the middle of a gentle mountain slope (see Fig.13). The soil, belonging to Bipd) soil,
originated from volcanic ash. The descriptions of profile, physical and chemical properties of’
soil are shown in Tables 9~13 and Fig. 18.

The soil was clayey. The lower horizons below 20 ¢m from the surface were very com-
pact. The physical properties in natural condition and water permeabilities of the upper
horizons were not good.

The growth of the larches, 13.5m in height and 22c¢m in diameter in average, was
inferior. Furthermore, the width between the annual rings of the stumps of the killed larchs.
showed that their growth had been well for about 15~20 years after planting, but had
remarkably decreased after that time.

The death of 11 larchs by Armillaria root rot occurred abruptly in the spring of 1959.
The locations of the killed larches were divided into 4 groups in detail.

The stumps of larches by thinning done several years previously were around the killed
larches. The developments of the rhizomorphs of Armillaria mellea were clearly observed on
the cambium of these stumps and their main roots.

To make clear the causes of the occurrences of Armillaria root rot and the course of the
infection, ‘the root systems of the killed larches, the healthy ones around them, and the
remaining stumps by thinning, were examined. The information is shown schematically in
Figs.14~17. From these results, the authors concluded that for the most part the cccurrences
of the disease was induced by the contacts of the healthy larch roots with the previously
thinned one on which the rhizomorphs of Armillaria mellea vigorously developed. But invasions
of the fungus without these contacts were observed here and there (see e in Figs.14 and 15).
These cases were few in this forest, but they showed the possibility of vulnerability without
these contacts.

The white mycellium of this fungi were observed only on the cambium of the roots of
killed larches near the tip, apart from the bottom of the stem. Accordingly, the invasion of
this pathogen only in the fine or medium roots near the tips would cause the death of the
hosts.

The moisture condition of the soil was rather arid. The possibility of the seasonally or
temporarily. humid moisture conditions of the soil with the character of stagnating water was
not evident. The moisture condition of this soil was remarkably dissimilar to the that of the
above-mentioned forests.



— 9 — MERBREMAERE £ 1435

The occurrences of this disease were limited to a part of this forest. The rhizomorphs
of Awrmillaria mellea on the stumps of the larch by thinning were not recognized in the area
in which the larches were healthy. Unfortunately, inquiries into the development of this
-pathogen on the stumps and, accordingly, the occurrences of this disease, were limited to a
certain area in this forest.

9. Discussion

In the Shinshu area, the death of larches by this disease was observed not only in young
forests, but also in matured ones. It is worthy of note that the ages of the larches affected
by this disease were limited to the 3~6 year old and the 30~40 year old trees. Up to the
present, the damage of other aged forests has not yet been observed. The areas of the
damaged young larch forest were very little in comparison with the total one of young larch
forest. But the foresters attached significance to this disease in young larch forests for its
heavy and concentrical occurrences in certain locations. From the above-mentioned results, the
information that the site conditions had an influence upon its occurrence was not precisely borne
out by the young and matured larch forests.,

It is possible to say that the humid moisture conditions of soil did have an effect upon the
occurrence of this disease in the young larch forests. Furthermore, the humid moisture con-
dition of soil with the character of stagnating water caused more virulent damage than the
-one with the character of flowing water. These differences in the character of the soil water
‘movement were caused mainly by the effects of the topographical factors and partly by the
physical properties of the soil. The young larch forests on the mountain top plateaus, flats,
basins, and very gentle mountain slopes would be predisposed to Armillaria root rot. Further-
more, the concaved reliefs, the clayey textures and the inferior water permeabilities of the
soil would accelerate the occurrence of the damage.

In the authors’ opinion, the occurrences of serious damage by this disease were limited
to the young larch forests under the above-mentioned site conditions. However, they were
not the deciding factors for causing this disease. The authors frequently observed healthy
or only slightly affected young larch forests under similar site conditions in this area. The
occurrence of the damage by this disease would be decided by the relative virulence of the
activities of the pathogen and the host. The anaerobic conditions of the soil are very unfa-
vorable for the activities of the larch root system. Therefore, the decreases of the activities
of the roots of larch affected by the humid moisture conditions of soil with the character of
stagnating water at least seasonally or temporarily induced by the above-mentioned site condi-
tions would increase the relative virulence of the pathogen. )

The damage to the matured larch forests was less than that of the young larch forests,
as a whole.

The topographical factors and soil conditions of the matured larch forests were divided
into the following 3 types.

(a) The one common to the young larch forests (Aoki and Nonoiri).

(b) The middle of the mountain slope under the humid moisture conditions of soil with
the character of flowing water (Tobira and Wada).

(¢) The same topography as (b), but under the rather arid moisture conditions of soil
(Kisojigahara).

Previously, some forest pathologists in this country pointed out that the occurrence of this
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disease on many species of forest trees, especially conifers, is induced by the contact of their
healthy roots with the rhizomorphs of Armillaria mellea in the soil or the dead roots of the
advance growth that this pathogen develops. In Europe and the U.S.A., some authorsDiD?®
emphasized a similar opinion. One author! observed the invasion of Armillaria mellea into
the host roots through the wounds; but another author® stated that the wounds or dead roots
‘were not necessary to the invasion of the fungus into the host roots. ’

From the authors’ results, the cases in which the dccurrences of the disease ascribed to
the contacts of healthy larch roots with those of deciduous trees or larches of advance growth
infected by Armillaria mellea were observed mainly in young larch forests ; and in only a few
‘matured ones. The fact that the dead roots which this pathogen developed on were not
mecessary to the occurrence of this disease was frequently observed in both young and matured
forests. The elucidations of the causes and the courses of invasion in these cases were left
for future study.

On the parasitism of Armillaria mellea, the following two opinions have been advanced®.
Some authorsP»D1) were of the opinion that Armillaria mellea was only a weak parasite ;
but others®®!® suggested that this fungi was a virulent parasite. It had been known that
the resisting powers against Armillaria root rot varied with the species of conifers®. Further-
more, the opinions that the external (environmental) factors were more effective than .the
inherent resisting power of the host and the virulence of the fungus were proposed®!?, Putting
together these opinions, the one that regards Armillaria mellea as the weak parasite is more
weighty than the one that regards it as the virulent pathogen. i

As already stated, the authors frequently observed the inhibitions of the development :of
this pathogen and, accordingly, the recoveries of the growth of young larches by the formations
-of thick resinous layers in the borders between the infected roots and the healthy one in
“Todate Forest. These facts would support the opinion that the parasitism of this fungus would
be decided by the relative virulence between the host and the pathogen affected by their
inherent qualities and environmental factors in young larch forests.

It was known that the larch root systems were less resistable to the anaerobic conditions
-of soil. The seasonally or temporarily very humid conditions with the character of stagnating
water would induce the decrease of the vigor of the larch root system and, accordingly, the
increment of the relative vigor of the pathogen.

The authors were of the opinion that the good growth of the larch in Nakanosawa Forest
-even in the year that the diseased larches died would be induced by the high frequency of the
infection rather than the high virulence of the pathogen. It had been known that the suscep-
tibility to Armillaria root rot varied with the species of the conifers and, moreover, the
external (environmental) factors were more effective than the inherent resisting power of the
‘host and the virulence of the pathogen®!?,

Accordingly, the authors concluded that the occurrence of the Armillaria root rot would
‘be affected by the grades and the periods of the humid soil condition with the character of
'stagnating water, the grades of the temporary weakening of the larch root systems, and the
frequency of the infection affected by the densities of the population of this pathogen in the
:soil,

Among the matured larch forests investigated, the remarkably decreased growth of the

larches afterwards, 15~20 years in Kisojigahara Forest, suggested the decrease of the vigor of
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the trees and, accordingly, their resisting power to the pathogen. But in other forests, the:
decreases of the vigor of the killed larches were not presumed to be so affected. In the case-
of the Aoki and Nonoiri Forests, it could be presumed that the occurrences of this disease-
would be affected by factors similar to the above-mentioned young larch forests, But as
regards the growth of the healthy and the killed larches in Tobira and Wada Forests, neither-
their topographical factors, nor their soil conditions suggested the reduced vigor of the host.
Accordingly, the factors affecting upon the occurrence of Armillaria root rot in these forests.
were not elucidated; and in consequence the authors' found difficulties in getting definite-
conclusions on the causes of this disease on matured larch f;)rests.

According to previous information on the progress of Armz'llaria root rot by Japanese forest
pathologists, the  periods from infection up to the death in young larch forests naturally dis--
agreed by the differences of the method of judgement. Some of them inferred that it was.
one year, but the others 2~3 years, or 3~5 years. From the authors’ results, these pro--
gresses were dissimilar in Todate and Nakanosawa Forest, as mentioned above, The authors
were of the opinion that these disagreements were attributable to the differences of the:
frequency of the invasion of the pathogen to the host root. But these pericds in both forests
were shorter than the one that the Japanese forest pathologists previously inferred as a.
whole.
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