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Makoto Ocawa : Microbial Ecology of Mycorrhizal Fungus—
Tricholoma matsutake (Ito et Imar) Sine. in Pine Forest IIT

Fungal florae in Shiro soil and on the mycorrhiza
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KH,PO, lg
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Fig. 1 v o filiic 50 5 UMY MR R O PRI
1965 45 11 H 30 [, EHUEUA, élhi‘f‘—iﬂﬁ b
Sampling points on the profile of Shiro for the isolation of soil micro-
organisms. Nov, 30, 1965. Research area b, Kyoto Pref,
¥ u OEPEIE, LS t(DYJ}b BEWIHS, 11 Hof%:
B, LS oRBE RS LI TR SN Yo b
Bz 15 32 0F gxm?,w«/"l;oc
BEICONTR ATH T ENI 1~10 DT
B, v iBEICILRT B,
Details of morphological features of the Shiro were reported in the previous
paper® . (O~VI : zones classified according to the morphological features on
mycelium, mycorrhiza, soil and so on. The samples for the investigation of
soil microflora were collected from 32 points with small circles, and those for
the isolation of microorganisms on organic matters and roots were collected
from 10 points with large circles. FB: fruit body occurring position in 1965.
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BLITRTAH=YOmRMB IR, (LoD L BYEKRD/NT D Shicds, BINCEDE» -
oo B1 DM D 83% i» 6 Trichoderma & Mortierella sp. B30 8 X1, Trichoderma 13 60% FifE <
B o tohs, LEDGRNICOIC 7 — P RS AT A BB E D o 1o Trichederma |37 5~ 7 O
CHOPHES Iz LD 2, 3, 4SBT

DAL LI Lo 7o DAL OMPBE RO K S Wil 5 2
BEHEL D - 1,

F2EBEI»OELICHr->TED, HCESNBOHOREHEOIRNSLIPICHEN T, T2
BRI 6.7% TH o 1o TH =Y ODMUAORIZIT L, H0H

7o O R Bk 2 BiAs ik x4, iR
RBENC Eh D, MOBENT H <Y ORICELET:
BRI AR A &, ZOWCH B WD EI &1L Trichoderma > Penicillium 15 & 0353t

BEICIEDIRD TVl nZE 4, Dy aidd

INfZEBHY, =V 2 X LA ST FRETONTHIIN E b,
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Table 1. Yo LEPOER, #HYEL IO Z0MOFTEY ELOEE 70 7
JAH b, 19654F 11 A 30 H

Frequency of soil fungi on the mycorrhiza, plant roots and other

organic matters in the Shiro. Nov. 30, 1965. Research area h.

T ORI E }
w Sa?gl,lilg points 2 3 4 5 6 7 8 9 | 10
Fungal species i |
Trichoderma spp. 63 28,527 ; 5.7
Mortierella sp. | 10 ‘ , 2.8 | ‘
R-1 | 7.1 2.8 14 2.8| 5.7 1.4]155
R-1I 1 43|10 | 28] 2.8 27 57114 | 5.7
R-III 21,4 [ 4.3
No. 7 1.41 9 5.7 4.3 31 4.3 57| 71155
8 2.8 1.4 2.8 Lo14
9 | 5 5.7 j \ 2.8
11 | | 4.3 7.1 | ‘
Others |10 | 5.7 | ‘
o MSEES@S Egm%k;r 6| 2 3 2 4 5 7 9 4 ‘* 7
(:)IOISnyFnJm%gr 58 | 4 18 6 9 |56 |53 |40 |31 36
%i;equency [y 83| 5.7 |25.7 | 8.5|12.8|80 |75.757.1 ‘ 44,3 | 51,4

o S L 7 RN BT 10 EHH U, NTICUNT Lok, Wy B EICERI SN, 17 L — b 47D
DIADFHIZT0 LU, HESHERAHHINCHOSEHABICHT S % Thob L. Bld 25°C, 10~25H
ﬂﬁﬁ =720

70 fragments of root and others which had been washed ten times by sterilized water and cut to small
pieces were inoculated on the plates with Wy medium, and they were incubated for 10~25 days under
25°C. Most of fungi isolated were sterile or unidentified. Frequency : percentage of the number of
fungi isolated per total inocula.

H3THERSRERBED 2 £ 31KEL, BELRETSEXICBROKOERAPED SN/, ZIh
SEVWFNG TAHYOREICELT S 3OS s N, MBUHE 25.7% LA 21T LTHP
B o teo CNODOEIRERY b HYEEN» b boMs o &h D, H192 THIPEKRLICERL
T te Trichoderma 13 E N L DBEIC & - TEDOI, BRICKEIN/ 70 7 8L ER @I 5
TWLENA5

BRSO BB I A 2 O L RIS ICE O BB S N2 DT, BEROSMERNE 3 LIt TREN
FAICECTELTCOIREE Y Z2 X EMET S LIEFTEM,

BN 4 TIRA 3 JORIBROSMAET LTS, BOBBMIZ2METD, MEMES A3 oBAK
HUTET U, 220, hoWEMNTE R-IPEHEICOM SN LIS DT, —RIYER &
FNZ I,

HERTEERREMBO TS, MHOKBIRBEBOMMRLUIED D TH -k VTN BRI

EMOABOBEB SNz, HBBERROMEICHLUTEL -7, M2 5H6 TTIKERERD D
2H008%L, COMMOHMOBERICESIL) 70 7OEBLZT 5,

INMEOTRIEFEMBET, BIROSBBEATED, Wikt B oBICng T s B0 H»
SEEE NI,
BT TRAEIN IEOMEM S, Trichoderma BB L, WEEBYEOBEIEDS Lic, K8 T
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HIZIZFBEOMERIAGED OIS, FYEED & 1d Mortierella sp. 393X iz,

1.9 T Trichoderma 532, Rl E D B D3
7o

A E IS, 10 THIRIZREBEOE A I B

kA U T Trichoderma BiEHEESE DS 2RO T Yo NS ML, Th< v OREREY
BEAOWTNAEGREE Lic, Loy aTid Trichoderma OFiHsy v OB EIETERLYD, Hgl
v u NEIZ BT Trichoderma [Zinio - T Pachybasium sp. 7381172,
Mortierella sp. 13 v o+ S - LB E LGN LR TH 55, MYBRECRED» SH SR E
s, COBIRS CERIRTRABMICELEY, TE LT RLTO S DS,
P mE A BB T LR S <, ST ‘Y‘)”L'-P HREIZH LT Vo B S0 s 2 Mibifn Az B
PERIGE S D7 A =Y O & bl s, B O EEE D HENTIC & & 78 o TSR
DIEEREEL L DR DA S NIEOHERIC K - T, B EENENDROEDTH 7
NOOROEMIHITICHE T 2 K8 5 b CR#ER) LiloTami s i, co OERICEE SN D
7o S IHEANEO T 2 TICb KE (M L.

B. o OEOEER
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AT & B S A Table 20, SERGRIGEIC X 2 0 HiA5 4% Table 3 1CoRd o &RHTME
DA, WINBRE—EL OB U, TRIUCIE A 7 22, H@E Table iIcfiid/c & 04 H
L7

a, BEEMIRIC K AR

REE1I LS9 FTE282532FTIRARE, 1005 18FTHEBELY, 190523 T TRBETH
THo720 3, 12, 21, 226XV 231y o DEARE & ARGl iR s 23, 13BN, 4, 5
B MM BEI »LEIVAPT T, 151EV, ENAORBAR A YHIESTH - 2.

SRR R © BB, A1 & 2 TR Trichoderma 73 06 Ut LHU/NILD 50% LILLE 205 40 &,
Mortierella sp. %> R-I1 DI OB EA BEEIE 7 v — b LT Trichoderma iz 5 b 2 &3 & - T
BHARE AME D - T o BIROSEWTTIRG:TlE Trichoderma 3558 X g, Mortierella sp. O WBUHE D5
IS BB BH - 723, VL Lo Td 2 & R EETC B 1 5 i 8 Q4 TEIRAE D& 2 Sk
Ukl ch s s Bbns, T48bh, Trichoderma |3 8EEICE N CHBE A BERETRHA LT
WAhTewic, EEUTHTICHRT 2 @i s o0 PmsiREca st s i < v, —%, Mor-
tievella sp. IEMIFIR T B T EBEWNIDICERAIILETE , 2EEALE OB - lc &b b,

510 & 11 T Trichoderma D344, Mortierella sp. J3/015 7> - 120 & TITIZRDIEFT W0 ff
MEFENTIO R,

PR 20~30 cm OFIRL T F A 519 & 20 Tl Trichoderma & Mortievella D33li/b L, H:E ¥t
WA BRI, BRAES LB UTE o7 19 £ 200 KD It L i TH BT 5
LN IPRE A DR SN

19 & 1 CRMHIE B EO R-IL & R-IV o320k X 1v7c s, 4L o OB 2 D oiAam L, L
BICHEET S, C 53y a kLD o v adblicd D, ya kit k- THEMHEH SIS,

Ky a WEICB N THEIMBBATE » e &b b, &I R BRI IC2 009 <, BREEH
NTHLEFLD B0
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Table 2. va-lEICEy 28877, TEEHE
Fungal flora in the Shiro soil, Soil smear

OB oW om @

FE  Fungal species

|
} i ‘ | ; | [ g
LliZ EEEREEEE 7‘81 o |3
Trichoderma sp. ‘ 56 ! 55 l | 23 J 7 10 J
Mortierella sp. | 12| o 12] e 33 | 4| 3| 3| s
Oidiodendron sp. | 3 [ 1 ‘ 3 % 3 7
No. 7 L 13 5| 23 1 | s 22
8 [ ,‘ | 1 ,
9 ‘ 4 1 |
10 | E 3 g 2
1 [ 3 i | 3
12 [ 1 71 : 7
14 [ | 3 | !
15 ‘ i
17 | ] r‘ }
18 A ‘
0 . |
20 o |
21 L |
22 ; |
23 | 1 [ %
2 . |
25 | | |
26 |
30 !
31 } 13
) | |
R-I sl 3! ! 4] 14
R-1I 3 L3 3] 4! 3
R-11I ; i ;
R-TV | ; ; 7
O Species number 7 5 } 513 ; 7 4 5 8, 7 9
#{ B  Frequency % 73| 68 } 32 1 69| 69| 9| 29| 26/ 24100

T RRORIER S S RO 7 8 =, BRI WO T 0 = — A B AT B 1 (%)
B Wy + RNHER, 17 L— 4720, 10~12 Ao 50 ME BEIICIRIRG, HE L7,

RIERLE TR LEO XS IC BRI L RS ICHIE Lic 7 v 7 08b b 2070 7DEMEBELLTH

B DA RAE & WIS OB MITSHIB LT b Ellbn s &L >XOEIE wE<, TOkX
IETEFERYO SIS —RBITE N Mortierella sp. (3 DR XTI LT MBEEE N Lo,

R EE LThEhiek T 3 luFostiticksbnsEi ond
BILELOERDAS » ST Trichoderma 35 X33, Mortievella &% 1590 - 120 —F, HED
12U Qidiodendron sp. <> No. 7 128 Bl B4 AEMLBL Uz, BERORNWEI T I Ticy e
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Ik %, #4H b, 19654F 11 J] 30 1
method, Nov. 30, 1965, Resecarch area h.

Sam pling pomt

,,,,,,,, ~ o | R R T I
7 20 1 62 % 23] 1 i 10 o] s 3
22| 18 | 3| 3 | 10 18 4 |4 9
2] 9 L L 14 14|
4| 44| 18 L \ |
2 | 3 | ‘ 1] 21
~, 1 ; |
! | : ‘
: | | ‘
! ‘ |
3 | .‘
4 i % “
L %
L 1] s 10 7
| 1
‘ s
o |
' | Pl
] | w‘ 4
| " L3
L3
1 | !
| A
- -
i | i | |
| |
) | | i | ‘
7 | | 1 ' \
| | ’ \
| I |
] | | w _ B N
| ‘ |
\ ‘ ’ ] |
32 26 | 3 41 1 16 |
18 ; L 10 |
7| 1 ; | 19 | 34| 3
i 1 ‘ i 7 1 - [ Ty
8| 8 4| 4y 4| 4| 5 ol 4| s5| 3 4| 8 sl 2] 2
99 | 100 62| 38| 66| 26 8| O 16| 69| 29 14| 68| 34 14| 17| 24| 22

Small soil crusts were inoculated 10 to 12 pieces on the plate with Wy + soil extract medium. Numbers
in the table are the colony number of fungi isolated. Frequency means the percentage of isolated fungi
per total inocula. It was probable that the inocula free from fungi might be occupied by the fungus or
the other microorganisms.

DB TTEY, Ry

13 & v m 4 - ORI Trichoderma OATIOCHHBICH DN 720 A3 D
B ok R-1L o4, 2FROZ D0, ol Ligind

YNINE TS0, IRBIEBMET

Uico Adddfe-l gl oo 133l OMBIZSERARIEICE A EXSicWEE 28y, A3 51l3 Mortierella
sp. WM XN L7 ETR 5 0,

H3OTF, AI123RELT BB OERTE S, <2 TIid Trichoderma 3 /5 15 £, Mortierella
SP. NS NI o Teo WOBWIZY 0 HBICEET 250 TH 203, MBIERIIED > oo 11 & BT
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%5 &, Trichoderma PEFICHD L TED, v OZBRIRBETBIIEPBDRBIAK, 1121,
T OB TII MBS B v n AR L A D ISR EIC AT S e

RIEGe L T DR, S 21 T Trichoderma 13154, Mortierella sp. D3 EES Lz, M
20 TZ Trichoderma 3%\ T & i)jro COERBTY I OEBRMIC Trichoderma I3EEE SN TV S &
FBAoNDL, L, HARAOAHDE I BEVEADIESR, 522 Tk Trichoderma DT L DT,
Trichoderma DRI FIEH P HERE OB E LB, BROSEE L TO 2 N ED, H210 22T

BB S D Uiz,

B O VT A 13 TR S BB LEh - 7o SERBREI & - TH 080 513080 Mor-
tierella sp. IMESNIZICHB XTIV, CCTRIBREZBAICEEA BUESHREIN TR E0A XD,

JBIVD LB D& 4 Tl Mortierella sp. 934 ¢, No. 7 & R-1 &/D¥MBLL 2. Mortierella sp. 13345
FREIC L > TEEAEDBESNIS P o 0o =, TORTEY 27 OEABRE DR, BEOH
WEAMEZHIBA Lice TORDIEAREICE & Mortierella sp. BEWFE Lice oD &»
o Mortierella sp. [3=Y 2 /r DBEADILET 5 O LRFICERIRICIE - THEBH L, <V 27 QRO
RICEE T 5 b0 &b, O EARNER CGRIER 7o billsni,

FERIAFEABEDT, K553 Mortierella sp., Oidiodendron sp. No. 7, R-1 38 XU R-11 2478
Efvteo IMBIREM A EH—TH - fohs, ML BfoMRicES5 3 % R-1 & R-1T ok
AAICH UTHERODMANET LIt C AR LTV 5,

55 DT, 14 Tl Mortierella sp. p3/075 L, WA EM:O R-1T & R-IL BB L, 2 Tik=

2 DR LB O RHHETT Uiz SERAMIREE TR Mortierella sp. 3/DEAYEES it s E180

JBV O BDAE 6 Tld Mortierella sp. 2372720, WBEFRIZID ITIET L, MOBEIIRAES ERBET
Botoe SEHMBTIEIC K B &6 0 5I13IT Mortierella sp. WEBSEEINIz, T8 65 v o NI
Wintt THBEAEIC X 5 Mortierella sp. DINEIFRIMET Uico 2N DD &6 Mortierella sp. 1Z~+

2 DEAROME, THR0HL, CORWICE - TORBEDHEDHICERRD» SR D - Tcb D
EEbN S,

56 DT DA 1513 A 14 B @R 23w bt & 16 T R-IV BBEucm Lz, CoB
By NEICEDNT - AiEd, BEDHNORE— IR U TR Uico Db IRERAR
BICE - TRPDEE SIS 5 7o BS L, BHOBMREDREICERIRETEP LTS 5D EMb
nitco

BIVO LBOS T 5548, 9T TIRa 4 5Dk LRnss b, Zntwic Trichoderma H38n
Uizo Trichoderma O NBUC & - THROBE X IMIL LIEH - 72,

B85 1d Trichoderma sp., Mortierella sp., Oidiodendron sp., No.7, R-1 3 XU R-1I 2343 %
M, 8HAMBILIY, a2o=—ORBKRIE, -7z A9 TLEMIZTIE LY, Trichoderma 5B
bize VPHAFILIC L B & 58 & 90613 Mortierella sp. DA INIH, THEALETRLE
o TNDDATO Mortierella sp. DIEMWIIEN &b,

5,16 7 513 Oidiodendron sp. & R-IIL s&higic 4t s, & 17 Tl Trichoderma sp. 75, /518
T3 Mortierella & R-11 5 10 R-III BEFHE SNz, ZOEIH IV o DORBICABILH-T 70 S
EARH—E0, MBEAENL, H-—RNICE T 5850 b O HER S HE L7z,
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TH ey HicB Y 2ERE —~ Y 2 5 —OMEYES

%28 I 5 1 Mortierella sp. & No. 7 23y a4, MEFEL100% L7150, FHEGENL, JLomR9

ERELCHELL, 2OED S Y aDRMMSIENT O ETHT R EN S HEECHE N ELN, va

Ty a1 EO OIGE S0 AN A YHIOMTIR ¥ v O, S 70 cm BREDHT» S
WD, JEDLE, THEIBT B Trichoderma O MBI A v RN OFIB R L2 2 i,

1529 T1& Trichoderma, Mortierella sp., Penicillium, R-11 & LU R-1V & HBIL, HIIEHIZL 99%
TdH 720 8830 Tl Mortierella sp. & No. 7/8% <, R-III & R-IV p4pik s T, (hWEH 100% TH
5720 28, 29, 30D KA B AR 20cm it - Tvicds, BEOINBENIE—E LTk D, Mortierella
sp.,, No. 7 B XUHREA A
T, WHOSHEEL, 70 21 300%E LicRiBicd 5 & lbitic,

31 T i3 Mortierella sp. 787 7, No. 7 & R-I1 & 72 b, HBIR (T 62% KK T L, £A32 Tl
LtEO 70 7 LB EAERBLEL -, TREFIET S

Penicillivm %> Mucor 235y, S 3100 A321KHTTD 7 a F @ RRY-EO b DICE S,

g osIbil LTI, O <, TROHOETI ¥4 v HUFENAsER

Trichoderma & Penicillium 3% <, I

YOEHOR 2 P ORRBEALFMBSM AN T, COLETEER 20cm PITO B~C BICH
BOBREIC/DIE (12D, JBIIRIS E DML D AT HIREBR S,

H~A Bich 54124, 25, 26, 27 188 DAD @KL &L THUNLD & 13 Trichoderma, Penicil-
lium, Mucor, Rhizopus, Aspergillus, Mortierella sp. 13 & D358, ME L 2HSH e, v m
DD H~A @ 513 Trichoderma DA T 222038 - 727, Yo 1THIchk LT o b3z Ic
Bbiish-toe

b, SERAFNEIC X SR

BB 1 g & 200 {51 L, 28 U7ckiEa Table 310559, i OB IZ B O 4015 B % 401 5
B o 17 b — b Y7chOan =—BoVENE Lz,

FS

UL

RO FEOSA T E 2 TR EEBEREE ICE U - T Mortierella sp. 95Blbiic, Trichoder-

BrEsiihotos H10E 11 TREOHEDEINL, A 1070 513 Trichoderma & Mortierella
sp. 08, A 11D Penicillium, Aspergillus % X Ok BVEO B S tc o SERTREOBES
ICHRBALEIGEHE L T HICd b 57, RHOMBL BRSNS CRBIED S0 IFENE S,

EEHOPES 28em DA 19 & 20 THAL0 & 1L L THEO BN U, —J7, HIEE-O IR
WiU7ce Mortierella sp. 13551, 10, 1978 IR oN2 L 51T, WABBIEH-THD LI, COED
FIEOHSITE U AR IR QBT T 380D S e, TORIE Y n DIRIBOMA 22 23 00 6
SHESNID, TSR =Y 27 OWADILKICE R S THIITASKBDTHA S
Sp. WEENA DL, ARHOTMHES LS, ARIEFERET . T O& D BB OWMIT—
WRBLHICE L, BRTRTHA~QKOB) &IT X - THIT 2 TENEDS 5o Mortierella sp. & ¥ o d
AWTHREE LTRTARETHG L TN ETES I,

BORE & R S OBER, A3 b 51k Mortierella sp. 720 353 &A1, 05 12 TIRIHIET & IR s 0
MHL, f21& 226812 LEREROBEMAR L. S 31y adEi»DE 2~3cm 05T H 2 75,

Mortierella

’(L@ lL-LT i'fJ]’rA/T/I FHDSED SN T,
M4, 5, 18, 14708, BAREWIROIRIESEOED 613 Mortierella sp. 120 34y s sz ¥ N

T TSI Y v O BA T, O OO ME R S e RO S DB v a8 & EhE
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Table 3. Yo LBICEd 2MEM7 a7, ERHERIEICKS
P& b, 1965411 H 30 H

Microbial flora in the Shiro soil. Dilution plate method.
Nov. 30, 1965, Research area b.

Fe SORHRIALE  Sampling point
= . - l e R A \‘ ; T \ T T ‘—‘" T T
Fungal species | | | ;| 5| 4 i 5 k 6|78 |9 | 28 ‘29 |30 | a1 32| 24| 251 26 | 27
| | SR PSR SV NS AN RN R R
Bacteria 28 8 ‘ 1 : HoH+ +! HOH A
Actinomycetes 14 4 ‘ } + 4+ + ﬂ + o H H )+
Mortierella sp. 69 123 51 31 29, 68 oi 22 31| 53 65 78 150 72 20| 47| 51 12
Trichoderma sp. ‘ \ ; Lo [ 3 5 Si 20 29
Penicillium sp. | i 1l |
Aspergillus sp. | 1 1 |
‘ :
Mucor sp. i | 16 7l 3
Absidia sp. | [ 23] I 5
i |
Others i | ‘ 6| 4 15
| B I N | b .
R-TI ' 2 | L2 4
R-II ‘
i # L T e -
Species number | Y 4 4 Z4 4 Y 9 Y Ll 1 2 9 3 85 ¢ 8 5
P HBHEZIL®  Sampling point
Fungal species | 111 le 113 14| 15 ]16 17| 18|19 | 20 i21 22 izs
Bacteria 21% 8s| 25 | o 62i 121 26 # 4
Actinomycetes 12‘i 2 16 ! | ‘ | 60 125 38 4+ +
Mortierella sp. 23 83 22 12 11 8 8 22 17 5 3 @& 25
‘ ‘ ‘
Trichoderma sp. 1203 [ | [ 2
Penicillium sp. 2) 1
Aspergillus sp. ’ 5 | g ‘ ‘ 2
S — ‘m\“__lvff SN SO ,“ SRS S SO R “ —
R-1I |25 L2 4 | 2 ,
R-II/ |2 { |
i |
No. 12 1 | |
] | | i
43 | { 4 f 4
L | !
s £ ] RN | !
Species number | 4 7| 2 IIREREEEREEEERE

FZHOBMIZ L v — YD DOFEan=—%, 20058, R Wy B, v rvo—Bicont, M
BB oo =—BoEL%E+TRUK,

1 g soil samples were diluted 200 times with sterilized water, and soil microbes were isolated on the plate
with Wy medium, Numbers in the table mean the colony number isolated on one plate, average value,

TBNTS ¥ o & ERIC Mortierella sp. 12-TIEOEICIHUTHEHR Lz, A3, 4, 5 6, 13, 14,
151 EDED, VRHRBIC X 2R E TBEERRIC X 2 BRBEICIE > oo FIBETEZVHARBAET
D12, BBETEOEERNEICDUE» >l CNIZERD X S ICHBPICE Y 2 A TRTERESSAEICE
WTERE - ThckhEEL oMb,

AT LRAGHHEINT, A8 &9 Th Mortierella sp. DA LTS 720 A3MBHIFTTEEIIHD
18 FTAAUBII Y n AT LEEEL LSBT -TEY, TOHIIATIE Mortierella sp. 3B 5 Lizo
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Jtge W CNID =119

F2870 5 v o OPTIIAIEN & BERE B, RO, DBENE S Iclnl, KRR
HL Lo ROIIEBHILEOBA LR, COFETHAI LG28 EOMICHERE 70 70#ENNHD,
A Y HL D AT S REH S TP
H-A AT, s KOBRER I NS BIL2hs, v QBRI TS - /o
SERATH: & AL & T RO &S IR RS & (IS S Ty, e EEduc B I BB O
BT L AR RARGT 2 Lo h st -,

paes

7 A OHARPLBEMR OIS S v o i Cliaama o 1 g BT H 5 Trichoderma, Penicil-

lum, Aspergillus, Mucor 137304 L, vm® WIFIZHENTE © OIRFEDEF s N 7o HERIERIZ 4N
PR OBEAT 3 LM TR, BROADEDLESESICHR NS, voRHich 2HKEE

BNT I ¢ Trichoderma 15 5 D3/ 7% -

v u NI BN Tl Mortierella sp. DMEBA L1 7275, ORIy asliBics/ LR LTEY, H“IL

by 2T S LRSI CRIEFD . =Y 27 ORRDILAIC L » TH g, v e NI
EEE-T, =7 2 OBROEWR E BRFCREZZ U, ZOMOREE &M T 201HTH->T5S
Sl WEABMOWICE Y e ABIcH AW T H =Y ORI DTN AE0MNEL, =Y 2

DHRICDAETRITH 5 LWV I HIZIE - T,

vaREIc BT ATy 2 OBRPLBEIOSMIE v a s D XL L - T 3EE LTIThI
Too IS S, ¥ a D SIZHIER R DB ER SN O TH b0 TNOODIREIZ T2 2R, 3K
ORHEEBNSLTHAD,

Fpld LA v IO, 780 bEK OIS RO N AR OO RO AL E & B

PR OZETIC IR BT S, COZEE Y v OEmD LA L0 SHEN TS - 7o
c. T EEIC & A HER

O/ BHERE LS5, MAE S DM U THRE Lz, COFERELN SHFTHT TT -
7228, DD BEOWV L DD @A Table 4 12774,
1B IICHSALEAE Wys & M EHICS 220, LR Th 5. EMOMBIRIT 16%,
Mortierella sp., R-I1 5575 No. 7 B3Ol I N7 TH/NEE BN 72 AR 51T Ff &40
ENT, 2V 27 OWALILOLNLRARMELEVTRIEEA L, HEOREEDIIRTSH - 720 —H,

Mortierella sp. ORR B HENENTH 205, BILEKE, SRICES, XL VIMICX->TEADONE

i

YIS s N5 ST ET Yy 27 DREAERDT SNt - v a OIEIHICH B RTEIEAUR D2 R
HRODIECIEROB 5 OB ARIE Y 25 Db DTH 5 &Nt =Y 27 OEARZ 1B S
ST A S ENEETH D, Fa ORISA MO TR LIS - oo SREHELc=Y 2 7r ORAAE £
BIH A5 L, OB 2HADIRIBIGI S 8 - 7o, CPEHUEERICRTLEF LIV oN
MPITH B .

Mortierella sp. [ 3> ot s Ehowy 2 rEERIEE L TONL EZEZONDL L EHH D,

= 2 DRABIETICET LT3 v a OERTRATHE SN A HESEL, =Y 275 OFAMESTH
DRI B O THENE 2R A2 S 5 T B L EEZ SNt - £ DOMORAR BRI

RELTED, =va 0N sAamERICHEL TS &3P T,
DEIOHBAGERE -TEIORRES TRV EENMIL O LcERTH 50 T TR Mortierel-
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Table 4. v v LHH XUEREOOGREAD O HESHEINE
1966 FE41 5 7

Fungi isolated directly from the mycelium, mycorrhiza and

soil crusts. Winter to spring in 1966.

I Bl Materials
T ] okl
= | Rt =t Y’j/’,iij i > ERFY
7 gro | Eio ML SEED BE Eme | Emon |t iER?
~ LN o a1 T f S
B ] | ite | ite . | ite ite
Fungal species ; White | mycelium 1mycelium White ‘mycelium mycelium
‘m celium Soil crusts, in Ay in B mycelium, on the in the
my lin zone I horizon | horizon in zone IH‘surface of| center of
in zone I‘ of zone Ilof zone IIj active Shiro
o o | ‘mycorrhiza o
| ] ! |
Mortierella sp. 1 7 12 24 24 22 27
Oidiodendron sp. ; 2
Trichoderma spp. ‘ 3 1 2
Pachybasium sp. 3
No. 5 2
6 ' 1 2
7 ’ 6
R-1 2
R-1II 1
R-III 2 {
) S —
Total colony number 11 14 15 26 24 | 28 32
am o= —
" Inoculated ‘
fragments number N 70 70 20 30 26 30 33
B E A K
Frequency of |
isolated fungi 16 20 75 85 ; 92,3 93 95
_BEoBMEEE } L . e |
Frequency of | |
sterile fragment 84 80 25 i 15 7.7 7 5
B DSBS NI BHEE

HEBEEAOHF I Yo 0FEOLE, BRORFRLEPOEMET TLOHIN, B LIk Z 20 o, BB
Wy, Wys, Ws XU M 2 L7c. 25°C, 2~3 BiIEE#R, MONMEINTOABEAOKT R~y 2 FEARAER

bbb,

Samples were collected from the Shiro in research area b. The four kinds of media, Wy, Wys, Ws and
M, were used for isolation. Fragments of white mycelium were inoculated on the plate being extracted
from samples by hand under microscope and incubated for 2 to 3 weeks at 25°C.

la sp. 38N L, Trichoderma, R-II1 k5 X 0¥ Oidiodendron sp. B3BibNic. =V 247 OBRHE
RICSHEET 55, THEIRCHE Lo -7, LHRO/NIOTTE KBS LEORE S
LU, BESHOBOBMRER LN D o/ce L, =V 27 DBAD UL BEIRIC L 2HRER IR 2
CHHbNBEEND LD, D UAHRINICHRAICHTT 5 L8542 5. IS5, TN oD/ S
& Penicillium, Mucor, Aspergillus 158 3o HEX NS, Trichoderma © HEHEES BT LTz 5
Thbo =V 47 OHMRIEMICHT 2 HEERMEORZENC LR L Eb DL D NEE, DA
ize

BT otEEREICRD, 25°CICT7 BEUET 5 LMV RREDSBLO N, 2 DRI Mortierella
Sp. TH 720 XHILT BIRET B & Trichoderma ML, 10% 72— 2Wici L O A RS 4
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% & Trichoderma P {ENEW Uz BILBINICHEBEONMZTT - Th Trichoderma O HBIT15 <,
Mortierella sp. DA L1 ~tce TOTEMLS DIEPTRINGOHOEESYINEREEDE D, &
WEZOFEBEIC - TR s, =Y 27y 0ERSMUORICHES DT, RSN TS EBbh
=70

MR O 5 AEICROERE S0 B LT DLk cd 5, Mortierella sp. O¥3A LEML,
Trichoderma <> IEA BVERDEE SN, MBHIEEIL 76% &15 - 700 T OB OERIAIE L H~A Jgo
ETThy, SLBMARATO, &%, HLROBBH TS &, RELHIGTOHTRILOEN< Y £
FOBRICELD, REIT 2 EHBNICRTAELAR2, 3D LN,

WIETOBENTICH 5 AEdRORARE SO MUT 8 LR TH D, C TiCid Mortierella sp.
ML, MBI 85% L1573, S W OEA & 515 - T Trichoderma 350 E S NVIS D - Fo o KT

OETRERDHMI <, HNEONRBIITNTED, v 27 QBRI Mortierella sp. ({2
NT0 5, b L Mortierella sp. 3= 2 r ORHFEDEFIALT0 26D &EBbivic, =V 4
FORRIEPG EEE 212240T, Mortierella sp. BRRIN TSN L LS ICBEDBHTH - o
VIZEIO LN S LIk R TH B, C T TId Mortierella sp. DA DHBIL, MBI 92.3
BEisotco MIICH LT Y 27 OWADRHEIFD, HEARCEHBOBEADBRIMN L. 7, C
OB REICE &, 2RORMOESR (Mortierella sp) H3J8ELc T &6, OO

I TIC Mortierella sp. I & » CTHIMMXNTWAE E ANz, BT oBiko B 5 b Mortierella
sp. MEHITHES NI

EBRTE B RT 2 O WHRINICE A5 2 HEA» S AHELIcRTH 2. MBI 93%, Mortierella
sp. b - LB E L, RBEREORLEZ DN I NI, CHRATOERERMORETHY, HFBEOHE
MR ASTEVE 2 F DI NI PR R 2> & Mortierella sp. 2F EAE BEESNIEL B o7t TR LHA
BRZMRRKIC L » Tk L, Hid 6 & Mortierella sp. D IMBEUTE T Lcds, @< l{iascdid
o toe VU OSESELIAL OB ICH B FILERICIHE Mortierella sp. 25H 75 0 EHIEICHIET 2 &0 2

%

VI & v QUL 1T dH D FIEBHRICTS - 7oA D B0 LIS T b 5 o (NIRRT 95%, Mortierella
sp., Trichoderma, Pachybasium sp. 12 EWSHHES NIz 2T TR=Y 2 OEANE L, BUAAES
THo-ThvedobD e UERIC LTI,

MOFWHIC BT 2 RBEEEL S L AOHIROEARAZ Y2 5D EDTH Y, =V 2 r OB E LT
T, Mortierella sp. N¥GHT 5 & BZ Otz FERDRETLE 20 AMOD BERDOWH» 5

Mortierella sp. Y HES L, CORNTY 27 DHRICH Tir > TS T EBIERW S TH -7,
2. EIR, BB & CHEMEFOELER

T TE S HE O MAEHNIC BT AWML 2 <, A DERREIL Parkmson™ (2 & » TIRBLEN T S, B
PUC DO TREREE ST 2 FILBER SN TN LD, BIREZEE Y v 70— LTE S AR
BHIADI B & B 43 R RRICPEEE SO BB o oI K A PRI IC &
LZEMBEBIA SN0, BEIIOMGIEROERIRIE 7 v 7405 BIYicidi
CR AW OB & RBICIEIF O IR PR S LU

é;

SRR Sg ges

oy =S Aq 5]
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WH D, TDHOEBEICONTIE FEED BB hick b & &5, BEHEZKBEIEERELTTD
DS, BMET7R F352MALDICIEHYNTERTH S

Mo e S E

A 5 BEE B K

a. &k O ]

ALY v QWA IC v r QTR L BB ST TERIL U 7o BB IC Az Bmic B LD
W, BEESDIEDBDIT 7 MR LICRBRE BICHEERICH Ly, REERET 258 3nERE
L, AARICEH &N E I FEH Lico CCTREREBEERILEOEEY oW 7 v 78y v T
EOXSKENT 202 CEEHBORE, HREEBICESRIBEH 7 v 7 0EMERD L EDH
HTHBdic, BEK4cm OV »—VvEFER LK. #-7T, BIREZOMOFEHRYE ZR—Rr 5]
Il

b & OB o o B

FER» & A S LS5, KD U IRARERE ST /K TR L, BERZOMOFRY
ZEDHU, Bo Uk,

BILERAATIE - e S ERHE AT S Dk s hress, MBI 2 OS2 o M B BRI IR
WX -TREL T ET STz. BIAIE, BROESEOE NIRRT TS 2 & Mortierella sp.  Tri-
choderma ISEZ R L7cds, o OEBREMEERTCHE - TP L, 102 EoBFTRELN
12T o 7o MYSRIKPRBEBRBEOMAKXEBICII B ATE LTED, IECL > ThLBERED

RBHZBNBEE B -0 COXIEBACREBERUBORE 7 0 7 1KMb > TN EERXEL%E
RGN
CCTRMBRAKIC X 2 U EEH 7 B E O, 3% 2~3mm ORFICYIliL, S 561T 3 RIEEZET

Stre WIFFORESRNSVIBEEZ LV, 1mm YT TREOMER LD JE AL /7w 2~3
mm QR EIICEEDI,
Wl LB NE 2B P UBE-TEBWE T V— b RICIB 252207, SEA 20 MAME £
IETRIFTEMBICIIEE LD, 50~60 A TIEIZEMNEE LK, EEPS 5220 OMOBREERE
LRMEEAT T, BECSRICESTVISEE L
c. 4y BE W B o

SrEERRERLSEIC v e LIBICB T B BIEO TR TR b ORER LR, -8 20D
W BEHNC 0 —~ XY HV RN UIERTS - oo BRI E UTRIBO 7 v a — i aisin L

72bDBHEM Lico ZOBOEAREMIT~ Y 2 7 BT H - 7,
d. ¥ # %&£
BERAUDEROEAE SIZEIERTH 205, BEAREORERE i AEINEL, HEHMIEE
10~30 A& T8~ fzo BERRE S FBOBEIC L TEOVAENHE LS, 20~25°C It/ - 1o,
e. HEEENIEHICONT

— bt LEOao=—HERRL, BERBIcKT 5 1 EOREOLRERD THEHE & Lic. Rl
AEOBICRIBT ROV DBZ 0 ewICES LM UTHEEL, BERELT -,
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B. B # 8 £ &

ZERNI A EERINCRE L, EOEIELE Lic, SFoRIUL a SRR TH - 7ods, P8
D5 IS BRI fo o BERISTER, b8, MM COBEMEIEEA L, WITEER LTITY, e
BBATT - 720

C. 20t E

Ll © DOEEERICEA T b O LR, BB - TEIR T &4 2 - OIRIE D o B L THEE
VB UDMT 2 HEEE -T2,

fEREEE

A, ¥YRICBYLHEIE Lo 70 7 EREKCHYORO Lo 7 e 7 E0BEE 3 HOPlic & - TR
~, B, W LOREY 74y ¥ o vVERBOREEES S » L BKGTE 25 AOHIC & - TEHITR
D

AL 2 OICH ) 3 BB EOBER L@ 7 h < VOB O ELEE

Rk 7 7=y DA oo A2 L CTHAAEBE E 0 S,

1966 4 3 JIIC s R BRI Lo (it % Fig. 2 WiRd e v n OWEBRAFELE LT, HREHLTHICAR
ARG L7230 TH - oo HIRRRBEERBAREHET, Y aORBAICHHLETHRIIL 2,

PR & BB B BERESE U e e Table 5 1Ch 3 TRT e R BHEHEETH =Y O, R i3k
OO - EEATH 2, v rAEDE 1 & 2@ T H =Y DIEBIEL, TRT R ICED SN,

T a DDA 3T %J{%%‘I’I WA EDEBIZE L 72D T Ry & Lo

H1 & 2B LoEm AR L, Trichoderma, Mortierella sp., Penicillium, No. 9 3 L0 R-1I23

il UTH b NI Wl EROEEINC & » T Mortierella sp. 24 L1z, 26 0MAHERSIC
BV L0 oD BV RS H Y s e,

1965 B

Direction of growth

Fig. 2 W, Wb L &R D O M5 MR BRI &
FEM b, 196643 J] 18 H

Sampling points on the profile of Shiro for the isolation of
microorganisms inhabiting on the mycorrhiza, plant roots
and plant debris. Mar, 18, 1966, Resarch area b,

v a OEEOFHMITZEERD? o T~V Y adEhr, 1~12: WRRAE, SRR

WY v —VICk > THIL, BEfptd, BIRE MY Ek S aEl o

Details of morphological description were reported in the previous paper®’.

I~V :zones classified. The samples for isolation were extracted by wash-
ing from the soil crusts which were collected from the points 1~12.
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Table 5. vwicH 2HIE, WPEL XCHEKR LOBEH 70 7
JAAEH b, 196643 4181

Fungal flora on the mycorrhiza, other plant roots and plant

debris in the Shiro. March, 18, 1966, Research area b.

Fﬁﬁi%/ﬁ?ﬁ7 /@U% Pine roots incl hdmg the mycorrh17a R)

H ‘ i oo
Fungal species | R 4 RS ‘ R 6 ‘ R 7 i I\ 8 RO R 10 i R11
A | : —- ‘ 8, _
Mortierella sp. | 27 29 13 8 | 4 6 22 12
| ! !
Thichoderma sp. i 1 ! i ]
Pachybasium sp. | RS 18 10 5| 6
No 8 5 | 1 i
7 LS 1 2
R-1 17 6.5 ‘ 13 5 10
R-II 5 16 | 8 9 15 4
R-111 4 5 26,5 l 7 2 5 20
R-1V ‘ 1 1 8 | 2 2 3
i 0 L - ‘. . T
Species number ° N / i 7 6 | 7 4 4
B i3 5 5 ‘ -
Frequency % 50 40 50 [ 50 40 { 50 51 B 18

WA & Efk Other plant roots and plant debris Ry

Fungaf%peqies | Ro! | Ro2 ] Ro3 ] Ro4 | Ro5 | Ros R0 | Ro8 | Ry9 | Ry10 | Ryll Ro12
Mortierella sp. 12 6| 28 \ 6 6 PR Y 8 8| 32| 14
Trichoderma sp. 70| 62| 44| 66| 20 ; | 8| 32
Pachybasium sp. 2 B 16 14| 20 4
Penicillium sp. 36 22 18 4 ‘ 4 | 10 2
Mucor sp. 6 [ [

No. 9 4] 16l 8 | sl 8 2 10
Others 1o B | i

R-T 12 8 8 E 44 8 6 ) 14| 26| 48| 30| 16
R-1I 6 10 | 8| 20| 26| 44 10
R-ITI ‘ 4 } 82| 52 [ 20| 10 8 4 16
Spﬁﬁc es num%;r L 8 8 6 ! 8 3 6 6 8 6 5 7
Fr%}luency 5 f 120 120] 125| 90 { 100 100| 84| 84| 76| 90| 105| 86

R: =V OB XUHEE, Ro: 77 <y LS OEYIRE Y8R, RO A% S3CT 5 B o mBHE,
SYBERTRRPEIFIRIC K » 700 B30+ GPY, pH 5.0, B3I 30 B, EEE 25°C

The samples were washed with tap water and sterilized water and cut to small pieces. Small pieces
were inoculated on the medium, GPY pH 5.0, and incubated for 30 days at 25°C. The numbers in the
table are the frequency of fungi isolated.

HRBOSMOE 3 TIRALT P2 EEP L B W onieds, Trichoderma % Penicillium (375
AU, Yoltk->TINODEMNMEELIZDORbIrS
BIVOHIHD A 4 DM KERY) 513 Trichoderma, Mortierella sp., Pachybasium sp., Penicillium,
R-II 5 & 08 R-1IL 853 & idz, Trichoderma OWMBERNTE L, COMBTHHAERY, 25708
FARICESE UCAET 2 B4R COWEBHIR SN0 T E 2R LT, £ 4 DBIRD 513 Mortierel-
{a sp., R-1, R-1III, R-IV & X O Trichoderma 35 Sivtc. Trichoderma O RIE PIAAIT H - 72



T H = UICE T ARRE—< Y & r— O LRI i -— 125 —
B, MKHEBC S LR LT cfilinhe, ok L Che b &b,
T-HR DT D 5 5 OBAAT Zig AT s o LR U E <, R, R-AL XU R-

10T A48k x4, B 53 Mortierella sp. Dbz R-11, R-TIT &5 208 R-IV A4k x 37z o Trichoder-
ma HSHRATRE D O E S N eI E 4 1 lb UTER C,  Pachybasium sp. DZ 11350 < 18 - 2o

56 ORLREBYID O R, R-IL L0 R-IT oAbl xi, Trichoderma 13 E X NEL LIsh -

DT EE S e CDEICE » TRHEAFBY LicsnT
7=y ORI B Y, 7a 7O -

RO DRI & F I B EDNE < 1S

Too B 513 Mortierella sp. & HHH
HAE OO R HE BRSO s, e T

720 THUE =Y &4 OHBRIER A5 < 18 5 o & [ b

512D TH B,

5T ORI 513 Penicillium & Mucor 3453 L BTN Pachybasiwm sp. 1353
Elze TORFTORKEHE D O OBOMBIEEIL 1009 §1th, BEHD SO MBI 50% §ikTH -

AL Tneds, Botl

f2o M7, 8, 9BIT 10 OHAFEY & R & b S S e O Rl
I AT B O TEDET Uice 20 DAORIAAE

EW-TED, RICES789 70 IRHRERIICS Dol & EMRB S &1 5 7.

i W b n v adirod o bl

AILICRERIZEL, ThH7Y O 0RO E 28N U703, oD i 613 Mortierella sp, &
Pachybasium sp. SEEX N Tz MAEE D 51 Trichoderma 134538 X, Mortierella sp. & 38N

Lizo S 1207 517 O & 3R L Hi9°, N S 134 11 0B & FERUR AL

LR R 357
Rk OFFICOVTHE S &, Mortierella sp. (313139 ~TOAICHELE Lice UL 01
AT H o o DINE RIS OBIDINTH - Fo D, Moriierella sp, [ X S & B MBI L,
Trichoderma {2 S0 S 09, HUOOHEMD O M4 & 5 THMst, Sens 10 T4, &

N PLETHOSE SN e 35 2 LB A8, 4, 5B 4 20T

BN LY T ANBETOM SN TH - To 2D EMS Y Trichoderma 133

WABAICE =Y 2 5 L > THBBr s NS E WA 5 Penidcillium 75 Eh55 4 PINOE T & 4 L

FeobEROMMIC XS b, Trichoderma SR L7z Pachybasium sp. X ¥ a s iBic /75 <,

Yo ONICEINL, BERAMESN L1 - T, HUCEBDD S BHLIC S Do Tz,
WAl R-I G yesiicbd v, oM 2o THinl, BB s Uiz, R-T
LIRS R-IT 0 R-IIT & I D & o n PBICA - TN L, MR BEIIC & 4043 A IR s b 7o
NS OBITHG Y L & Trichoderma %> Penicillium HEERIE SN2 DI EH10 - T AR LT

bOEEDLND,

RO BT R TR <, BICILE S, & DR OR
& i OPEDSIEAT U T Ak s T A T B 1 - T 7 B 7 DB LT 2 DU RTH
Bo Pt-T, BEICIEBEBIC OO THREBIC OO T 2 OB LEW T & 51X UTHMELT 04
BEhb D,

FHRICE Y BRI Y v 7 cBlbi e HEERENIC & 5 R 28 ISR I DTl D B
T, ZOEMTERENTHRETSH 5. BOFRICHD SNLE(LEHO P ICEEREZTH L L0 A
b, Ft, TOXDUEHARARIASKICEY 2HEOBHOREICZMES U BHHEEREH I 2 WH O

E1 B & O DR
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PZOTIRL, TNOOEBEELZRETADEL LV AOEEREDFLL S,

B. ERRLOBEEY ItV a Y

1966 4 5 J IR AR L, KERXSD2IT - TR O L ofRe Table 6 10Rd

va B0 T h vy OB SIS S DRSS SN, 2 REEE LGOI T Trichodermasp.,
Mucor sp., Absidia sp. 3% <, 7Vv—t ETEL UL, —RICIEFED HOBRIZERENTH - 725,
ERLUCREMEELKY S &, R-I RIL RANDGEOEBSHEING L EMNEL CHLOWIETA
<V OHEPIERICHEE LIBEORICSBIE L.

EROREER 1 0B EORD &S EBENIEANEE LTV AGET IR 5 LHE s
Pole COBRBORICIERABENDONETH 5,

BIRORERME 2 OREBSRE U ROHEOBER D 513 R-IL R-1IL B XU R-IV 2353 s 7o s,
IR 15% LB -T2 BOMBLIEOEIFIZ 8% T, HBEEAEEBN-TED, TOMRIETY
2rDEDEFEZ LN,

HEBRE 200 3 BTT5BRBECREROBEMNKR, R-IL & R-TOHMBER 13.2% TH > 7o

HEBREE 3O BB, S R, R-ILEXU R-IV 08I, o MIRRIL28.6% & »IEDELR
272 CORBTHEAGOEAMNED SENIZ LY, #HancsResgig Lo

DIEBHE 1 OBIRD 513 Trichoderma 75 EMICHHES N7, B MBI 63%ICHML, R-1 & R-I1
DB Utco & DICHIEDHEATINRD 61T Pachybasium sp. & REEBIEQ TN TORMSSHE SN o

Table 6. BIR LB 7 n 7, WEM D, 196645 F 20 A
Fungal flora according to the stages of mycorrhiza development.
May 20, 1966, Research area b,

® M}i%‘ 5« IR St’tge% of mycorrhlzd developmcnt
Fungal species Normal Dev 1| ‘ | Dev2| Dev3| Dev3: | Dec1 Dec 2 Dec 2 | Dec3 Dec 3
Trichoderma spp. 33 ’ 8.8
Mucor sp. 6.6
Mortierella sp. 4,4 17.6 11,0 ; 83. 6
Pachybasium sp. 6.6 2.2 6.6 !
R-1 6.6 8.8 4,4 13.2 17,6 11,0
R-II 6,6 6.6 6.6 11.0
R-TIT 2.2 4,4 4.4 2.2 2.2 8.8
R-1V 13.2 6.6 4.4
No. 7 i 11.0 4.4 2.2
i B o > | | ! )
Species number 8 1 0 s 2 | 4 } S 6 i 3 4 2 -
il 3 44 § 0 15,4 13.2 ‘ 28.6 46, 2 44,0 ‘ 19.8 39,2 85.8
Frequency % | | | |

BRREBIUONEBRBIC OO TIIESS 218, Dev 1~3: BRRERE 1~3 O#IR, Dec 1~3: KIRNREE 1
~3 ®O=7 VDO, Normal : & nA#H o T30 Ca’é %=y O, SEARRNIEELECLER» OB LTEDHL,
WEKT 7 E¥EE, DNTICU LT Wy S TAEE U BRI 45, BHRI3 25°C, 25 A, RO
INTHOLERARICHT 59—k by

Details of morphological features on each stage were reported in the previous paper’. Dev 1~3 : mycor-
rhizae in mycorrhiza developing stage 1~3, Dec 1~3 : pine roots in mycorrhiza decomposing stage 1~3.
Normal : pine roots outside the Shiro. The samples for isolation were collected from the soil crusts
digged out of the Shiro. Mpycorrhiza was washed 7 times with sterilized water and cut to small pieces.
45 pieces were inoculated on the plates with Wy medium and incubated for 25 days at 25°C. The numbers
in the table are the frequency of fungi isolated.



T Ay ISR AR Y &y — ORI I ORID — 127 —

SYFRERHE 2 DAL O HIEE L Fo D & 13 Mortierella sp. & Pachybasium sp. % 508 R-111 2840 X 41
tc/U®$LM<”%oT%EiﬁMéﬂﬁm%&OtTWVVQﬁM¢B@RJ,Rﬂ,R%ng
RS BRI NI, $72, ¥ a WIS TR IICEBOSMS BN I H 56 FEE R A B

Vs et A A

Mortierella sp. 127 71~V OREEEIIT S 9, B ERICd Bd
Ebiice RAIET A=Y ORUCHEE L, BEEW 1 OoBBUADT ~Ticdlbnticc &b, ORI
=V 2 LCREROEBERGFET, T~y ollonich T - T s &b, R-1T & R-IIT

BEHOSMEMRICE <, v/ blvonzc thoBe Th< Y DROSFICEE %
Ditze R-IV B & DA X SHRRIEDHEITICE b8 - T Uz, No. 7 34305 64>
A, BEIRPT H ey OME QTN EBERIII D » 720 Pachybasium sp. &BEIE O HIBTE TE b1

WA52 5 LidBind

7Is, T Hh Y ORUCHIES A C LRS- e,

R-I, R-I0I, R-IID B8 R-IV =y 27 53 7 = 1O Ui BIIRIC Dda ichibkd 2 s -
Too T, CNOOBIE~Y 2087 =y UAOFEFMIMIER L ERIC BT D C 0% - 1o
Ch#F) . o<, CNOORET A<y OROSRICE T 2120 T, < v 27 OBRE & Bl
DENED &L, DI LS TS DEIET Y 27 OIS - T B PR E I3 2T
O HTHBLU T,

L OICHEED LA SN AHBMOMEREGRE S Aoflick - TRAE, Fig. 3 OXIICH b, ZOH

TXOEFRHEEYHE b OB a 2 SR AR Uz, out 3y o, dev BIEBE RS, dec i3
DRBEIE AR T o Trichoderma & Mortierella sp. BBEIRFEB R 1 KBTI Lice R-1, R-L R-

HI & v aflificdh - 729y, BHROREEE L 2 TELAEMNA 7o, BEERE R 3108 - ¢ R-1IL 251

L, Pachybasium 50 OELIGB TN Uz, Trichoderma (353 EE I - TN L, R-113KE
LT 52, OB THA, R-IV, R-IT & IERBEOMEIMAER Ui, BOMB LSO liidy v 458

OEERALTERT 5L LT, WHOREERBICE {, DMERTheicmd Ui,

Fibb, <2y BROARBREOVINCEL U TEMAIZER L, Bl 7 e 72058 Lice Wohi

NIE, = 2 BHE L1 21 - & BRI TH DB LS 2 EVA Bo T, Bilim il
100 ;.7/‘4)
Fig. 3 B LOBMY /2y v e v
L J75H a, 1966 45

Fungal succession on the mycorrhiza,
May, 1966, Research area a.

SYEE DL EIT Table 6 ICD_72bDEF Lo Out: vm
HNEIT B B < OHIE, Dev 1~3 : BRSEE BepS 1~3, Dec 1
~2 1 BRAORERE 1~2, B ARRRERIC & b 78 - CREA
SR OB STENEA T 5o 5 ENROEROMEHZ OO
By 2 rECE > THEFINTH R EEbh b,

Isolation method and medium were the same as described
in Table 6. Out: normal fine roots of pine, outside the
Shiro. Dev 1~3 : the mycorrhizae in mycorrhiza develop-
ing stage 1~3. Dec 1~2: pine roots in mycorrhiza de-
composing stage 1~2. Sterile inocula might be occupied
by T. matsutake.
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SN ZYEBMbOMAEERT 280035 2 - Thid, TOWER~Y 275 ETHTYOHE BRI K-
THEONTNE® EEZ oz,

SRBERIC B TIRIAEBEE DB OSHICE U TR Lic, R-UL A3 5 & R-I, R-IL, R-1V,
Pachybasium sp. 13 E BN, RNT R-1, R-1I, R-IV 25543 3 & Pachybasium sp. & Trichoderma
5, Pachybasium sp. 8D 3 % & Trichoderma BMESHETL 512, TS DORRBERIEDLEIMIME
DERLBOBMEMIC L > THIBERIEN S CRIER) .

TYRyET Y DRRT ARMESEEL ORI T v 700 b—EORANED S 2 IR S IHRIC
W B ERBEO—MIETH 5 C LR LROEELSHLPTH 5, HWIRICEY 52 D& D RHRFLER
BEIROBERD 573 5 TR EIR—HHC HFEU T 5

HEEERIICERT A L, WIREIBOEELZNICESBIREMEYR 7070V /€y Vs YORE
BRI 2B OMBEIERTH 2 L0 b0 i, WIEHE S IIMMOMEMBOREETH - T, RO
ARZELS LRI CENTOBDEIT, BHEROTEEMTR LN EV S JIKBOTHER
BEABRZOREONTH D, BARRICET 2ABREI B EROMBHEL L bIoRETD2HL L
CEENL LOEYOMTE INAEFRRTHE L0 5

3. YORBITSEEHECEHNEL

TR OFRHNEOREICIIE L LOMERN &4, H—EIKB0 3 BHNEETRICE

ABCEINETH B0 LERNICEY 2BEHOHTHIZLENOYENBE O R E— S PEH O D
THE—&, SOCEBEVHEOEPC X > TRKE LTEDOD TRE—IDRELLD, T SHICGE
LB OENT B —F, EMMENDHITET, [URMEDEEEESMREZ SN b,
FEBEYIC B 2 (BT 5 BRICIH ISR O RIRALE & 2 DAL O BB, O Rl o
IBREFIT ORI 5180, 38, Y 25Oy adgo vy otk 2HER CRER) »5
WA L BAEE L, THYhO Y e TRIBET AHEMIC S LBRAEZ D &0 S BEBS
ADT, YRICBD 3FHNAENEBYT 5 LEMERTRIZNTEA D,

vupiphE, LIy rERicE Y 2HEOEBNELIBETED, ZNICE SR> BEDHOE
LLRFHUENIco T, Yo ORMNRE(BEIOWEVHOBIIC K - THH LIEBEZT 5L
CEZ SNt

CC TR Y uOFRENE(LE BE S 2 v nics ) 2 EHHOBHNEEER 20, ZohIEE
BIT X » THHRERBBIT T - 723569 ¥ o Wik 5 WA S 72oicisd USRI 70 8E &7
Zohizh - BeisEbaEns,

M e S E

B ORI, W, SRR, BEELSEITNT, 1BV 2 TRNEAAREE—TH D120 HIKL
AR E LYo @AER DD 1 BN TBNyaThy, HBOERIUT Y nJEEOFLHNE LA
FETBBERICT - 72DT, YoOREIRERMEORNRIE I HY v o oZEHNE 0T LB D
T,
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BREEEER

A& O IR B
1966 4F 2 A #475H b 0 & wicds 1) 2 VR E% Fig. 4 1CORT o R & BRI QAT &
SyEEREEE Uit or Table 712, :Rih & L BETRILIC X o COEERAE U 7oA Table 8 1097,
a. B EBRLISL DRI E B OB

SOOADEL E 2T ATYORMNDIEL, LT SRHE, Trichoderma, Mucor, Mortierel-

la sp., Pachybasium sp. 15 & D30 BEI L7223, FKICH LT Trichoderma (30730 - 7z,

BI1OmOE3IEH HEEEKIE LD 513 Mortierella sp. & No. 44 3B, MUEA EPER
W Ui A3 OHKERYDSE Trichederma, Mortierella sp. 3 L OHIBEBSAHEN 2, TNH6D
MBIC & - TARICE Y n s D TOREMOEEBE N2 LA 5

TERIKFEE RO 5 4 OB S & Mortierella sp. No. 44, R-1, R-II, No. 7 & X No. 10 23434 &
Nizo TOMWMMZTIL ADLEAICHBY L TH2DT, WHOMMOEIN Mortierella sp. DRIND 5w AP
DRI D &I P THAT L2 EBZ SN S 4 DHUIKE R S & Trichoderma, Mucor
B LU Mortierella sp. 03453 107288, MIBIZHAR Lice R0 3 HOWRBL KK 5 &, <O
H DA ICHY LT 708, FREREOELED i 2 S OHAE#Y Lo 7 v 2 02t

HolcdbZ B

BT B A TE L, WD 613 Trichoderma, Mortierella sp. & 5O kiR BED W2 85y
s, 11 0OM 7 ORBICED » foo WROMRR DTN LD T Lice 72720, 3)]DR
6 DB 513 Trichoderma HSIHBL LIS 572D T, 7w 5 OEAPNT LERRMICET LT &
W Z R,

1965 FB

Fig. 4 Z@ v vk 5 M EERTRER BT 5
1966 472 F 11 |, &M b

Sampling points on the profile of Shiro for the isolation of soil

microorganisms in winter. Feb. 11, 1966. Research area b.
v QLI & OXILIZE TP B 0~VI : ¥ aofE, FB: 1965 £0F Kk
BN, BHASUHEBYRE T ENS I~10 OMT, HERREF 2~ T
1~34 D TR 720
Details of morphological features of the Shiro were reported in the previous
paper®’ . (O~VI : zones classified following the morphological features on
mycelium, mycorrhiza, soil and so on. The samples of organic matters in-
cluding mycorrhiza were collected from the points with large circle, 1 to 10,

and those of soils were collected from the points, 1 to 34 by sterilized glass
tubes. FB: fruit body occurring position in 1965.
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in winter.

Table 7,

T EUERIB T

kil

oz T A
Lv(r

o4 293 %

B & WIRLA OHAARY o7 e 7, &

196642 A 11 B, #MEHL Db
Fungal flora on the mycorrhiza, other plant roots and plant debris
Feb. 11, 1966, Research area b,

}"I&N S

mﬁi%/\@ =Y @ﬂi Pme roots mciudln g the mycorrhl za

Samplmg pomts

Fungal species 3 ‘ 4 5 l p 1 ; 8 l o
S - i S U E—, -
Tmchoderma sp. 2 1 } E
Mucor sp. |
Mortierella sp. 87 32 20 33 12 13 f 5
No. 44 3 2 2|
R-I 12 13 18 19 4
R-II 15 11
R-111 20 5 1
R-TV 1
No. 7 3 2
Oidiodendron sp. 4 1
No. 10 2
— W | ‘ w e R
_ Species number ) 2 i 6 ! 5 5 ‘ 57 o 3 | 77j!
Frequency 5/; 1 90 | 58 ‘ 55 83 41 \ 197 7 )
Other plant roots and p]ant debris
T 1& %,KITS({“I i Samplmg pomte
Fungal species ]‘ 2 3 ‘l 4 5 ‘ 6 [ AR ‘l | 10
Trichoderma spp. [ 7 8 35 29 \‘ ; | |
Mucor sp. :‘ 3 3 2 ‘ | ‘
Pachybasium sp. 1 1 | |29 2
Mortierella sp. 8 8 5 4 l 16 | 11 3 | 8
Bacteria + + + ! ‘ !
— — ,‘,,4 — . S S— ,4“”7;1 L
R-1 3 15 ’ 18 | 8 30 20
R-II ‘ | 7 2
R-1I1 J 5 18| 14
No. 10 f 15 4 2 2
7 | 1 2
T B . = ' | \ ! A
_ Species number > ° 2 T AJ 4 ) 4 ° 6
i A | I T
Erequemy % 9 40 | | | st 46 43 | 3l *41
BICRERs LT~y @}E Htxll BRI OB AATH D 5 éﬂt?ﬁi@xhﬁé}ﬁﬁé%m?’o TKEKE

@c BK TR L,
Bid 100 & L,

NI Uit

The samples were washed with tap water and sterilized water and cut to small pieces.
were inoculated on the Wys medium and incubated for 25 days at 25°C. The number in the table are
the frequency of fungi isolated. Total number of inocula was 100 pieces.

Wys BiC 5 221 S, BRI 25°C T25 AiTHh »7co AfEfl A

Small pieces



Table 8. ZoOvuflBicE 28 707, LEBRALRICL S, 196642 H 11 H, A D
Fungal flora in the Shiro soil in winter, Soil smear method.
Feb. 11, 1966, Research area b.

of fungi isolated. Frequency means the percentage of isolated fungi per total inocula, 70 points.

Fsa OB B Az & Sampling point
Fungal species | |, | 5}, | 181 9 Jloiutizlm 14115?16 17 18}19 20 ‘ ' 24 25§26%27‘28 29130131 32 |33 34 | 35 ;:'
! i i ! | | i
. i 7 i [ ] ] i
Trichoderma spp.| 17 16| +| + 100 5 2 2 3 8 11 | 2 1 | 3 3 7 i
Mucor sp. 6 5 ‘ 1 ‘ =
Absidia sp. 2 4 ‘ i &
Penicillum spp. 5 5 2 1 2 P I
. | ; SN
Mortierella sp. | 10 10 5| 2 6 7l 60 68 71 3 5 2 10 7 29 71 6 fi\:
R-I | . 3 2 4 , 1 W
R-11 ‘ 2 , L2 T
R-III : I 1 2 4
R-IV L 16 4 15| 2 2 4 11 4 2 2 N
No. 7 | 15 40| 26 3 | 5 10 1 1 2 13 2 \!T
17 3 2 ‘ L 3 | 3 9
14 ; P 1 1 =
§ | i b
1o ] b | R g =
16 | | 1 5 7
26 f | L 1 i
34 i | } 1 =
i | =
40 | ‘ ] 2 w
i H : ! { =i
44 | 12 2 1 ‘ 2l 2
L. | | =
Oidiodendron sp. 1 | i | - '
I i ] i ! S
TTE o T T ; [ | T | ‘: i 2
" Bl e d 4 42 ¢ 54 45 3 1 3§ 3209 4133 41000832 5 2 =
Species number ; [ 7Y DY | [ | | i : | Lol =
= T 1 ] i ] T 0 ; T [ | ] | )
2 E | 57 57 -—‘ — — 9719 J 100 5 |35 27020 91 97 22 2210 0 27 1 11l 4 24 ¢ 0 o o, 18 20 14 51 18 87 13
Frequency % | /| /| | 1 i = | 2210 9 27 Yy o4 24 ¢ 9 |18 %7
FER U7 EFEO/NA 1 7L — b 10~19 ,ﬁj” Wys Hihic 5 22, 25°C T 25 AR L, ROPER S EENLEO I e =—%, ﬂiﬁﬁ(*ﬁ"/{ﬁdﬁkﬁ 70 JITX
T3 EE SN E D 3 m = DR, !
Small soil crusts were inoculated on the plates with Wys medium and incubated for 25 days at 25°C. The numbers in the table are the colony number @
i
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HALB5OTICHBA8 &9 OERTEIRMERERESED L, ARy LTRCh SO E B3N
L, Pachybasium sp. I L 7o

5.6 DHLUREEIICIT Mortierella sp. 75 % {, B TIZ Trichoderma, Mortierella sp., R-1, R-II
BLU R BBibNte, A7070 50356 0DICHL LT, BT Mortierella sp. 8%
BRL Uico

B0 TRT H =Y DB 5 Trichoderma 15 E WsopfE & 23, HRGEHS D & 3R EL BEOE 8
oY g

Mortierella sp. 3AZFICIEB EMAEEYDO R0 OSSN RO ZOBB Y270
BARD Y 0 DY & THM L - L AFRICERNRETH RO BET 250 & b,

b, vatEicEd 3HE

voSOM 115 8 TTOMBMERICE 2 &, BICHON OB E B HSBEMOBEESTHO
HEAMEDS S 971, 20~30 cm DEIICBWT S Trichoderma 3L T Liz. 25D BEICEK T 5 Mor-
tierella sp. O HBRIIPDED - 72,

KGR H 9 5 Trichoderma SRREA BRI SOBES NS, KGRI T oD BI
BEEBEP o, CRERBORCT H =Y ORBE P I THEA D,

1o EoERA10, BINOA N BIUBIOTHOBASTRE BN L7 s boNn
tro TN BOATHRBELEEICH LT Trichoderma 73/015 4, BEREOEZESHD LN, MOEHIC
Yo QMR T O OCRIEAE BRI L0 RFORMTH - 7o T L DB OTEE IR 1-
HABMBEOL O &P D R - TN,

v a SR OBOALEC S 5818 & 17 T T EBERHRNE {, Mortierella sp. 30750 - 72 B
DEMA S DA 15 & 16 2> 51X Mortierella sp. 3% - L E ks, FIRPicd KA L TN S
Lo LtEbNI, HBETFOMA 14 Tlk Mucor & Penicillium 5HFL, Vo OBEOHEBRIERIZIE -
77 o KB IE I OTMOBH A 16 T Trichoderma & Mortierella sp. sBlbh, FEREEO &N
WA B,

518 & 191213 Mortierella sp. 3757 >0 A 185 R-IV & No. 7 3HBIL g &9, =V
27 OBEARF AP EERAR, KFOMICBESMEINTLEI LI TH -T2, T, TOEHOEKED
5 5cm O HITEEE 2 5~8°C Th 5 1201 Mortierella sp. @ FEUNETFT LT &b ToEZL o0
5o

B I S{Ek UIB o725 23 0 35 12 & T3 No. 7 %0 Trichoderma D5ih8i L7z,

FFRRFAE DS 20 & 21 51 MEEEHREOA S SHEshic, H213E 1 KdD, bl
Mortierella sp. & Penicillium 15 X D38, & 23 Tlid Trichoderma, R-111 &5 X O No. 7 28 8ibi
fzo VEX 27 cm DREYE 1M 24 TR Trichoderma = R-IV L7580, H25 TR R-IVDAH LIS T,
B U OO LDRIC b T L,

@V OFIBOM 26, 27 BXP B O RESSHEESNT, 11 HOBRILKTLENODATESA
DR ONEHNTIERT T A DICHOEDEILEL TS0 EEbitlc, YyadfnaiE{25ic>
NTC, BOROEEEIIEIL, A20 THMEEO I BEENENESICE b T A30232&
Tl& Mortierella sp. s8N L7z. Yo dDF, £ 315613 Trichoderma & Mortierella sp. B L,
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FHIDWEIL v o D 5 BT Ucs R 32 & 33 TRARBGAIRICH UT Trichoderma 75/015 <, A
YHIDHFIIARFELTD - 70,

KB — T O, Trichoderma SARE/EMEE N ZHE LU BIMUI, PRARET
& Mortierella sp. PR, i o BBERIZEL LD, Mortierella sp. (3~ 27 ORARDENEZ /2
v jeitic g L,

B. & 0 Ik

FEOWREDS B 3 HORMBEHAHEY Lo E 5 HOBER ORI DO TREBRDMY TH 5,
3 A2 A EARERL, BIROLEMNLE - TS 2 oI B I B4 IR 28I L e 4 FICidl
MOEESHEL, 2NIcEdi-Tra 7820, LR ERDKSIREOEIC & - T At
D7aTEFELI.

1966 4F- 4 H 12 MICHEHL b Ic B30T BB R L 720 A Fig. 5 1CRT COHIC & - T FHOER
PRI Lo T ZERERN L, 5 AWK » THEOLIERO 71 5 A25HT %,

. B EER P O EBY oM

4 HICEIREHARHEBY &0 5 Uk A Table 9 IWRT . 755 4 Ho+H) SO SiE R
IBHEET 5,

vabEOA 1 & 21T Ay OB o8, O SIE Trichoderma 3y s ntc. &
Mo/ 3ICEHOIEOMR & BESEE URIERDEDS - 708, oo fih 5k R-1 DA DR 4
ML - T,

HADEBIIREERE2E3THD, sl R R-IT BRIV A8 pEisni. 2HE3
AR DB ORI & Mortierella sp. D3y Scns, MERROEROEMIC L7 - T DR
Bt

BSOS THEESSRLUZ LD TEY, 3 HIKid s & Mortierella sp. <0 A BB 5 $4>

1965 B
4 - B o T L, E—
— — /7
(8 (8) (9% \19
N NS -
v o
,///
T
—
Direction of growth

397
Fig. 5 HOv¥ ol T 28000 8RR (D

1966 45 4 J] 12 H, A b
Sampling points on the profile of Shiro for the isolation of soil
microorganisms in spring (1) Apr. 12, 1966. Research area b,
v aOEENEME OB ITHY B 0~V : Yo dfE, FB: 196540
BREZSUEBRYRATHLCEINT I~I2 08T, 133 1~34 DA TER

Details of morphological features of the Shiro were reported in the previous
paper®). 0~V : zones classified according to the morphological features on
mycelium, mycorrhiza, soil and so on. The samples of organic matters in-
cluding mycorrhiza were collected from the points with large circle, 1 to 12,
and those of soils were collected from the points 1 to 15. FB: fruit body
occurring position in 1965.
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X e hs,

KRIELTO 3 EEDbNT,

FEEKISERD 7 T Mortierella sp. 5318 %,

WEHABIEUI R E

ISR S NI - T

HE6TH R-IMHELIICT ET,

% 293 &

T DDA TR ED—IRE

R-I, R-II & & U R-IV Blbhiic, ZDREDS 3

BEPIBOERIL S, BIROSESHET LSS, 9, 10 ETHRTIHOMBIIIREEAL BTSN
-2 %8, Pachybasium sp. ZBNIL - 7o HHRBERTHE 3 Bt L TRHOEENEL L, ¥ a O

RIRDABREIIA LA ST, RIGBICRE Ui,

Table 9. BB ELERLAOHIERY LOEK 72 7, & 1)
1966474 F 12 H, #AEM b
Fungal flora on the mycorrhiza, other plant roots and plant
Apr. 12, 1966, Research area b,

debris in spring (1).

BIRE L < O Mycorrhiza and pine root

76 HRHRIAI#  Sampling point
Fungal species 3 4 } 5 1 6 t 7 s | o 10 11 12
Trichoderma spp. l i 1
R-I 2 | 2 1 4 1 7 7 2
R-II 2 i 9 11 8
R-IIT I 2 2 4 | 10
R-IV L2 ol 1 1 2
No. 7 ‘ | | 1 2
" B | | 4 T
Species number L 3 ! 1 3 5 4 6 Pl
g =
Fr”e%uemy % 44] 15,5 44| 22| 155 31 51 66. — 4.4
IR & 7 oo AEEY Other plant roots and plant debris
7 HEHEIAIE  Sampling points
Fungal species 1 2 3 4 s | 6 ‘ 7 | 8 9 % 10
Trichoderma sp. + + 12 Pl 2 2
Pachybasium sp. 1 3
Absidia sp. 2 5 2
R-1 2 22 22 3 5 3 16 1
R-II 2 9 8 2 5 12
R-IIT 1 1 3
R-IV 1 2 4
No, 7 2 2
11 5 2
& % _ —
_ Species number ° ’ S I ° ° ’
5 i3 — — 68, 8 55,5 22 37.7 51 31 67.3 33.3
Frequency % : . . ' <t "

LBICRBEES XY O, TERICBEREIAOHKERYL SAMINED 2 0= —HERT . BRHI/KEKX
EWBEKTHREL, MRl Uick, Sy BHuc 5 22 bhic, BELMIIZ 25°C T20 HETH -7, &HEMA
B 45 B E Lice HE (%) BARMNERICTT 3 0B ENEO 7 0= —HO R,

The samples were washed with tap water and sterilized water and cut to small pieces.

Small pieces

were inoculated on the Sy medium and incubated for 20 days at 25°C. The numbers in the table are

the colony number isolated.

of isolated fungi per total inocula.

Total number of inocula was 45 pieces.

Frequency means the percentage
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IR OMAERDIC DN TR A X, A1 & 27Tl Trichoderma HHEML, 90% Pl b4 S5vic. 5
3Tl 3 HicLmICH s iz Trichoderma 3000/ U, Penicillium 1212, A BVER 2380 L
oo B4, BBIUGRIICHREROEmNS Aoz, e b » ST 3 A Mortievella sp., Tricho-
devma, Pachybasivm sp. 13 E R HINMBI L Tz &b, BREAROINENC L - TkEIicHigzh R
BEobDEMbilg,

RTE3HDA6ITHY Uicdy, <
9T HMEE LT OEMNHIEL LI 5, 4 Bicid Trichoderma HS v v NIBICBNTINL, BHEY

DRSBTS B E D b,

4 BiRAic 3 Hickh UCRAT D 2> 5 OB O MBI ME T Urchs, FNRZEMITRE <, DI
SHIC LT UAELRETHA D T, LOMIIEN - e ZFEORMBHICA - T=y 27 LR &
OEECE - THHENED TN D ENA D,

b, vu BT 4]

1966 455 F, FdH b ik 2 EORERIRALE 2 Fig. 6 137, Table 10 1 id-1
ki, Table 11 ICESEBARIEIC X 20 RA RS, MR ck ) 2 7 0 7 - o ideRoEH %
BROC &L,

1D hlEdfkic & R

YO OEENS K 10cm ORIICH 54 14, 16, 17 B LT 18 705 1T Trichoderma, R-1, R-III

T8 BT h » 1o Trichoderma 134 J1215 - THiAL, S8 &

N
N

kD

T

¢

B X0 No. 11 A3 U T4 x4, Mortierella sp. 13 IREL LTS - fo o Mortierella sp. [ 3 5EMERIEIT

Yo T A6 E 18 BRIz, 2 F TG DMT Mortierella sp. I35 B0l x Nt &1L

LT Trichoderma OINWHRGET L, @A BEEORSEM U, BE 20em 0,512 & 156 THH
OFENIT LIRSS S FIFELI LS, X 30cm Tt Trichoderma 7353 HIc

1965 Fs

L 9

Direction of grouch

MURHRIL (2)

Fig. 6 [0 v w81t 23050 %

1966 455 A 20 |, F&EH b

Sampling points on the profile of Shiro for the isolation of soil

microorganisms in spring (2). May 20, 1966. Research area b.

v r DA K]%H‘:"i(&@%‘lttiﬁfHﬂ-’”éﬁﬂﬁo 0~VI: ¥ u@E, FB: 1965 FE0DT

SN, WRZSUHEMEMN T TR 1~13 04T, 18I 1~20 O A TH

BT

Details of morphological features of the Shiro were reported in the previous

paper®, (~VI : zones classified following the morphological features on the

mycelium, mycorrhiza, soil and so on. The samples of organic matters in-

cluding mycorrhiza were collected from the points with large circle, 1 to 13,

and those of soils were collected from the points, 1 to 15. FB: fruit body
occurring position in 1965.
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Table 10. FOvricBI 2WH 707 (2, LMEBALICLS
196645 H 20 B, &M b
Fungal flora in the Shiro soil in spring (2). Soil smear method.
May 20, 1966. Research area b,

ERHERBULE  Sampling point

. T | ] ] i
Fungal species | | | , 3}4‘;5‘6 7|8 9\10311112‘13114!15 16]17]18
— | S i
Trichoderma spp. ’ I 9| 7 {70 8 3 9 s 5 13 9
Mortierelia sp. | 3 ‘ 8 7 200 10 6 1
R-T L2 9 4 7; 2 2 7
R-1I | 260 30 4 18 7| 220 9 4 14
R-11I f 2 3 16 3 6 28 7 17 12
R-IV 2 7 4 2
No. 7 i 3 J
‘ ]
11 ‘ 1 5 I 3 6 7 6
12 i r 3 2 ; 4 22 1 18
Mortierella sp. ‘ ‘ | 8 2
Penicillium Spp | “ 2 | 5
T YR R
3 4 4 4 3 o 5 sl 4 4 3 2 & 6 7 8§ 6
Species numbqrﬁ | | |
N R ! 1
%a ‘ 72 851 30 81} 50, 35 Q] 115 65 65 25 42 7| 40, 35 57| 77} 57
Frequency / L | ‘

B U 28/ MIE 1 7 v — b 10~12 589> W BHIc 5 21, 25°C T 25 AR Uice RebDR#EILS mﬁ*ﬂ
TEO 3= —Ho BEIRAD AU SICHT 2 HBE SN ED 3 v = ~HD I,

Small soil crusts were inoculated on the plates with W medium and incubated for 20 days at 25°C. The
numbers in the table are the colony number of fungi isclated. Frequency means the percentage of iso-
lated fungi per total inocula, 54 points.

Table 11. FHoOvricBW W7 n 7 (2), FRHREK
196645 A 20 B, FEH b
Fungal flora in the Shiro in spring (2). Dilution plate method.
May 20, 1966, Research area b,

% HEHFEArE  Sampling point

Fungal species | | | 5 | 5| 4 | 5 1 6 1 71890 i 1 12‘ 13 14‘ 15|16 | 17 | 18
Trichoderma sp. | ‘ b 3
Mortierella sp. 6 269) 402 45 110 84 53 91| 35 419 75 12 2 | 21 3 90
Mucor sp. \' 4 J 1 | 8 5
Penicillium spp. l 2 1 5 6 10 12
Rhizopus sp. l | 3 12
Absidia sp. | 1 1 3 2
No. 7 [ | | 5

Bacteria l ‘ E + + 4 +

- NS S S S— | —
& % Lo
Species number 1 2 1 3 41 li 1 2 2 1i 2 2 1 0 4 4 0 7

ﬁﬂ%ﬂt 1g O-FBIWEKT 100 fF5CHmRL, Wy BHTomsni, ¥igiE 25°C, 20 i, BoMER 17
P D DTG 0 =Ko

1g soil samples were diluted 100 times by sterilized water, and soil fungi were isolated on the plates

with Wy medium. Numbers in the table means the colony number isolated on one plate, average value.
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TEHBEBZICH LTI L 2B I OA 10 5 513 4 HOWRAE MR S8 SN ic, SERBRE KX
5 & CDORTO Mortierella sp. DINBRITE L, ERCL2EEEREMRII DI o7z CORE2A
DETLICHEY Uice 2 DA 11 2250 Trichoderma HSIWB U705, £ DMOEZ 3 H oA 10 2131TH
BWTH 7o 55T, Trichoderma FEMOEHIC L - THREN 2 E WA 5,

R BUOTHEE OBER A 11 Tt Trichoderma % Mortierella sp. H47EEXN, 2 H O A 12
DIRABLBEALEST, Yofli~DOEENFTHEEZ LN,

B O&T»LEREBSEEINT, SEREREIC K - Th Mortierella sp. 23D S N2 icBETS
b o tco Mortierella sp. DVEHIL 2 AICZOETED -2 &M D, WIROEEIC X - T AEEMHEZZ
TicbDEMDND. 815 I1d Mortierella sp., R-15XU R-IL B353EE s 7o A9 IA 15 & B
DA R Lo

THEEFAMO A3 TRBEAEAMEOA B DN, £DFO A5 TRIBMENSETT LT Trichoderma
BEINUIze H4ATS BARE O QES> 9, LEAREESMEN Uz SFRFERECESE 43T
Mortierella sp. 8% <, <=V 24 OERESBLUIZBTRTEREERL, BTRTOHOMTLEDEEZEL
Nico YORPOLAL L2 TR R-IUIBEL, NG E3OLALAMOBEICEETES D,

COBTIRARICHE T 2BEMND <, 6 A U THAEIOFEE N FLEERL L TR EEbi
7o

2) SERERIRIC X SRR

HIB S HEIZA L 2, 3, 4, 5, 7, 8 10, L1 BEOEABONEI LRAMINE P72, YD
SR BICIIHIE DBRE D {, R 17T TRES ME U - 7o Mucor % Penicillium, Aspergillus
75 & AR SRR S Rk v m cEE b SHERR S E b B

Mortierella sp. 13 /5.2, 3, 5B 10LED voRNETHELIEML, Yyusi<Tid 11 Foss
D& D ICHNMILEE RS 61T, Mortierella sp. DIFMLISHER L2,

Ci.. E0IREE (8 A)

S5AMST A TCyoDEitcREAEFBOEISEIN U, —RictiEb oNE s 28EMS
WL, CEICRIROIERIL 6 HICiis E8E 7. & TIRMBEIEIHIZER U PRTBIRIEIC X 54
AT

1966 42 6 J, A b iCH 1T 2B EE Fig. 7 1ORY VRBREIC K 500G % Table 12
R o

Voo REG T EORE, SER 10cm D5 21, 22, 23 T3 Mortierella sp. 135 £, A 221Cik
Trichoderma HSHE LIz 5 Bickh UTHE ORENE <, Mortierella sp. & Penicillium H3 & < i1 80
Utzo T¥RATETIZ Trichoderma &EDESE Lo

#5118 T Trichoderma 158, Mortierella sp. 12/521 ERIKERD, BRLEL -7, A19THE
Mortierella sp. B35/ L, HiDBEDS i L. BEX 30cm @ 520 T Mortierella sp. % Penicillium
BB U, v adbEick Y 2WOEREE L, DRDOEIETEISR Ui,

v oSO INICH 5 4 16 Tk Mortierella sp. & R-T1 DS\ L3k BB & 208 S, RBITED
ICRenoOBOEENE LI - Ty RICSBEAT S EBDNI, HIBEHRIEICLSECDHT
& Mortierella sp. BIREARBMEESEN G20 &0, Yo LlBlBICREE s, TOAICEA
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Ut bt BHEBERS KB EIC X - TEEN, BPRETAS b0 & Ebhi,

BII & H~A BE OBAED K 15 Tk Trichoderma 13305 SIS - 1208, Mortierella sp. & No. 7
Wiz T Penicillium 13 EDBA Uteo L3RRI X 3 & Trichoderma & 10% WMHL L, HWE» O DHE
FADBASHEM Lo

FEEFAEBRD S 11 & 12 T3 Mortierella sp. #3013, R-II, No. 15 # LU No. 18 B b1,
L ORBTRELARELAOE B SN 2O BREICIE b hiz. LERARICE S & Mortierella
sp. EARTHAE BMBE NS L, BIROSBITEHEICETT 5 &b,

VR ED A 17 TIE Penicillium DS MU, BARE & RBQLE &0 515 © 1 Mortierella sp. b
Penicillium & & HICHD Utco BIARBAR LI A 10 TIEA 13 ER LS TH - 728, Penicillium 73
WinL, LESEfAHIC X AL Trichoderma XELEE Lico A8 TREEMMES NI o700 20D

5 BOPIEMIRT 5 L DX D BEOME SNSRI UIE LEEN, RSO mERREL
PARICHET LT A DICEZ 50 A9 T R-1I, No. 15 5 XU Mortierella sp. %8 thBL U1cs, g8
FHRIC K A A8 LABRE IS - T,

FEUFRAMEOTF, 5550 SRS NI - fohs, LHBHRICE 5 & R BRI S
N EMLSZDNBTHRAPEBOSMINERICHET LTIt b b,

16 75 1E Mortievella sp. & R-1I, 57 513 Penicillium pV3HE& T, S4THHA6 SO LME
BRSO, YeRBICET 54 YHONESET L,

AL 1280 1B 07 SEARLEOLOLELTWVIREBELD, HOBEERGIMLI, o
DETIRTEREFLETERD Trichoderma 135V EES 1278, MBERDRE D o720 $E-T, Yool
{THA FHOZEILHEEZE - TOIRW,

D I
B 1 2 3
e L 2 N 2
18 —~
(14)
s N
20 _—

Direction of growth

Fig. 7 BOYRICHY 5 BEYSHHEMARAE (1)
1966426 A 27 8, #EHM b

Sampling points on the profile of Shiro for the isolation of soil

microorganisms in summer (1). June 27, 1966. Research area b.
v o OB E O HRB IHY 2R, 0~VI: YudfE, FB: 1965 &EDFHEME
RAAE, BRESUHERPIBTOrIENS I~B3OAT, 182 1~23 ORATHR
W7o
Details of morphological features of the Shiro were reported in the previocus
paper®. 0~VI : zones classified according to the morphological features on
the mycelium, mycorrhiza, soil and so on. The samples of organic matters
including mycorrhiza were collected from the points with large circle, 1 to 13,
and those of soils were collected from the points, 1 to 23. FB: fruit body
occuring position in 1965.
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WP HAEBRY LIcB 0T 6 HICREDIEREIDBA 2D, v uMEBTIid Trichoderma I3 L {
W7z v e ITR S SoREMER SN TE D, HAEERYD 3L BEREDR S Trichoderma
ﬁiEHif—F—\ém’Cb\6%é}ﬁ)§%7‘)m7‘:o TN o DO RITANET 5o

. BEoiRgE (1R

/ﬁ\/)\lofk&/z e BRI BN L, TAROEENELT 2 ERFICHOEERS 2D, WiE
LN Lo HIBREFR I SIC AL, HMAOES 10cm OMAFERIT 256~28°C il 1R L, Fick-T
EROESIT LML B OWAEDEDIT 6 ] LRBE—EICE N SEEREERIC X - TR
L5720, MRNBE T ABAEBE - 1.

FHEHER a i B T Fig. 8 ICRTATEN L, #AEMa @b Kk L CHOMEM S IRES &
BIED s §8- T, ZORBREBWHNENE LT EBOHM EHIKT 2 2 ER3TEE0, WMEHRBUIE S
0em HBTHBON TN D 72bICihd L v a OBEME(LE—F LI,

Table 12. HovnicBd 288707 (1), EHRATEICK S
1966 426 A 27 H, FAH b

Fungal flora in the Shiro soil in summer (1). Dilution plate method.

June 27, 1966. Research area b.

T - B u&M%@UWjLﬁ Sampling point

Fungal species | | | , 3[4[5 6 7[8 9;10 11 12\13 14] 15|16 17318[19’20 21122 23
Trichoderma spp. 4 3
Mortierelia sp. 12 32 60| 21 32 12 40| 22 18‘ 12 24| 21,176 32 15/187| 111 7|187{183[|167
Aspergillus sp. 23 ‘ | : 2 1
Discomycetes 11 1 3 2 3 3 2
i{’g‘wcillmm sp. 8 3 1 3 3 3 5

2 6 2 3 3 5 5 5

3 5 6 2 21 4; 5] 70 2| 4

4 3 3

7 2l 1

8 1 2 12 3| 16] 12 1 5 1

9 1 1 35 4 8 7

10 12 3 2 16 3] 8

14 5 1 4 12

15 7 32 12 4 5 4 52| 21} 74

16 2 1 2
No. 7 ]\ 12

18 i 1 3 8 7 7 2 3 3

19 7

20 73 4 3
R-1I 6 8| 10| 12, 3 8/ 12| 13| 7 43 5 3 2 2
R-I1I 3 5
Sp%:ies numié&er 8 100 9 3 0O 2 5 0 4 12f 3 3 3 9 4 10 8 100 6 6 11 7

B S hie 1g OEREMEKT 100 FEICARL, B —X~v7 Vgt Wy BHTABE S hic, BE]IT 25°C, 20
B, ZORER 1 v— 4 choFEaxo=—%,

1 g soil samples were diluted 100 times by sterilized water, and soil fungi were isolated on the plates
with Wy + Rose bengal medium. Numbers in the table means the colony number isolated on one plate,
average value.
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Fig. 8 Hovoltsd »MESBENEBRIRME (2

19654E7 3 15 H, #EH a, JUT, &A

Sampling plots on the profile of Shiro for the isolation of soil
microorganisms in summer (2). Jul. 15, 1965. Research area a.

Iwakura, Kyoto.

v a QBN E O LR IHY B/ 0~VI: Yo, FB:1965F0FEHK

FEEAE, HERRELELSOMMME L TH—mp SR L 2o 1~25

Details of morphological features of the Shiro were reported in the previous
paper®). 0~VI : zones classified according to the morphological features on
the mycelium, mycorrhiza, soil and so on. The samples were collected from
the points with large circle, 1 to 25. FB: fruit body occurring position in

1965.

Table 13. HoOBE LOBEE 705 (2), 196547 A 1565, #H/AEMa
Fungal flora on the mycorrhiza in summer (2).

Jul. 15, 1965. Research area a.

T Sampling point
Fungal species 3 | s 7 10 14 17 20 24
Trichoderma sp. 1 7 16
” 2 14 10 | 14
” 3 10 3 50
Mortierella sp. 20 10
R-I 7 3 26 7
R-II 7 7 16 7
R-IIT 7 3 46
R-IV | 7
Pachybasium sp. ‘ 7 16 53 23
Others 3 7
Species number 6 6 L ! 2 4 4 3
#H | -
Frequency / 65 50 10 20 53 70 73 86

SUEHE KK & B T L, /N ICUINE Licte Wy 3010 5 2 Dhic, J5RIARNIZ 25~27°C < 20 HEATH -

fzo FRPOBIER D A2 HE 30 MICHT 2 HOSEE SNHER % TR,

The samples were washed with tap water and sterilized water and cut to small pieces.

frequency (%) of fungi isolated. Total inocula number was 30 pieces.

They were in-
oculated on Wy medium and incubated for 20 days at 25~27°C. The numbers in the table mean the
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T h ey MRICE T A ERE < Y 2 7 — O BEEE T

a. BE & B LIS ORI BY L o Bk
Table 13 ICpEERE R AR T DS, < CiCiZLBPOMAERY /DI, BRET =Y DRICONT
Ui B ER T,
M3 L5 v oI AT HYORTH Y, Trichoderma, Mortierella sp., R-11 3 X ¥ R-
I 3oy X v7co MO FERGICH U T Trichoderma 1335072,
BT OREMER D 512 R-1 OB SNBSS, BORE LEOIOWITIE 90% &1 -7, 5
BB 3 OB 6 b RIS 7crd i TRIDOFA LISV 80% Th - tco HIE O TS

Hephod /14 2 5 1% R-TI1 & Pachybasium sp. D353 HE X4, &ICH UTAMEIZMET LTt Trichoder-
ma E7:13 Pachybasium sp. W 5 WHIE M HERIED 2 ThH - 1co TH 5 DHEOIMBIRED & FLCHEH
DIREIRIZ LD b FOMICEAkIC UTHY 10 cm #7942
Ty OWNIBTITBEIRS ML, A17 A 20 CTHOBMMBS A &R o, BB TIlcEELE

DI A 24 Tld Trichoderma & Pachybasium sp. O & H3HEL L7,

Mortierella sp. (3 > n WO 75~ Y O o3 sk -/ce COBIAES ANL0 &
DONTWN e COFEMICEER o7 e I0b - b BMMEAL0, Bl Loy e 72T 2 KO
BB Utce IRUBERE <Y 2 7 ORAREFINTE YD, COFWIKvY 27 OBARIETS - & biGk

Table 14, o v otk 257 a7 (2), LERMGEICLS
1965 F7H 15 H, HAEM a

Fungal flora in the Shiro soil in spring (2). Soil smear method.
Jul, 15, 1965, Research area a.

F SEHRIUALEE  Sampling point ”
Fungal species 112%354‘5‘[617\5859 roiufu‘[ 1%16’17!18;1%70'21127 23
Trichoderma spp. 4 ; /‘ : 6 — 2 9' i 4] 88} ——} Qi 7| 551 2
Mortierella sp. | g 4 7 e r 71[ . | 95 47) 6o 71
Pachybasium sp. | ‘ i } | , 41 7 9 4
R-1 7 4 \ | o ‘ ‘

R-II | L2 E ‘ 4 7| | ‘ |
R-111 2 { 2 1 !
Oidiodendron sp. ‘\ 4 ‘ ‘ 2
Mucor sp. | f | ‘ ‘\ \
No. 1 | 2 3 22 2 92 ‘ ;

2 | 4 -

3 L 7 ’ ] ‘ ‘\ ‘ ‘

4 13 | a7 |

5 Lo \ 4 22 |

6 | | ! 62 ; .

7 | | ] i 2 ||
Sp“(iles num%(er 3 1[ 4 3 o 5 1 2] — 1 4 4 1i 3 1| o s K 4? 41 4

I B 2 14 42 oi 28 4‘ 9[ e 17] 18 71 17 67| o 36! o —l108 61' 124[ 79

Frequency % | | T 7| 7 ; \

BRI 7 B NE 1 7L — b %72 10~12 w‘?@“v W iL,chafloU, 25~27°C T, 20 ARG LIz, o
BAER D Z 20 58, 46 Alc T 2 WOS S W e EEERT .

Small soil crusts were moculated on the plate with W medium and incubated for 20 days at 25~27°C.
The numbers in the table are the frequency (%) of isolated fungi per total inocula, 45 points.
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Table 16. FovuntHickd 2@ 7= 7 (2),
Fungal flora in the Shiro soil in summer (2).

, EEO > S G (VA ¥
Fungal species 1 9 3 4 5 6 , B 8 ' 9 ‘ 10

Trichoderma sp. |
Pachybasium sp.
Mucor sp. 1 1 1
Penicillium spp. 3 2 1 ‘
Mortierella sp. 86 104 480 156 291 46 407 47 21 152 |
Others 5 3 6 2 2 2 3 5 2 {

o i - \‘
Species number 3 ‘ 8 ’ 4 5 4 4 5 4 ? 7‘1[

A R B _
FPORMEIZ 1V~ B D DL a0 =—F, 100 EHR, B W + Rose bengal ¥, 25~27°C T 20

A R,

@D Too o T, ROFREFAICE - TEORESM, & IOKOWBR~Y 2y ODEAOHTT
DEBBELET 5LV ATEETSH 5,
b, vm i 2EE
1 BRI X 5 A0RRER
Table 14 1T - HEBARIC X 2 BB OHHRETR T,
va o E 125D O Trichoderma & R-138, 5.2 513 No. 125, 530513 R-1 & Penicil-
lium O 3OS NI A4 b5l Trichoderma & Penicillium @ 2 5553, 555 5 REBEICGIVIC
b 6T, MEEDLNT, 56 H» 51T Trichoderma, Mortierella sp., R-I1 5 XU R-TII 30k &
Nico THOOEOMBHEHEMD IC UTHEr e COBREREa O 12 ADHA & iRy
% &, B—ET Trichoderma 30~50%, Mortierella sp. 73 20~22%, Mucor 5 42~45% I LTk
Tlinh, TRICRINGOHOMBERSQWICET Lzl A 2, UG ( LBERBOWRICTE S
b EBbng,
vu Dk, ST TRERSE L, Mortierella sp. BOEEI NI A 8 Tld Mortierella sp. & No. 1
DA E NI, B ICH 5510 2 51 Mortierella sp. OAHEN, 13 bEBROMERZR Ui, iR
FRBEIC K B LA 718 O Mortierella sp. 8HEI LcZ &p 5, BTFIRT, A0 TREETEZNCE
Do, BFPRESIEE - ORET, S 1B TRIBBMETCEV I L oRBAIRTERT 2 LEbh .
Elci3 Mortievella sp. D ¥ uPIC BT AIHENE TR LI TH b0
v EROER TR Trichoderma % Penicillivm 158 P U CTHBRIEMIBIAEL TS - 1o
HIEED FEERETD & 14 o 5 13 Oidiodendron sp. & R-I1 23 Bt 7003, FRAERBIC X5 &
Mortierella sp. DHEMEL L, TCTRT TRV 2T DERKDHBEIKT LTS bz, TDT
D 151C1E No. 6 8bi, HOdDOESEEINEP -l TOYRICRE T Bniedic Ya kY
O THORBETE S OMEBIVIMT H-7co REPS 20cm QRS OLEED S BIEBSEEINT,
WEHD DBAICH LT B~C BTaBIcEBEIMED L,
AT ER18 oI Trichoderma SHEL, REREMIBLIZEALE ST T 5120, 21, 22
BLOE 23 TR BIZEAROKERY L 5NTc. CNODATRRRYIIZLD & Mortierella sp. 28 % <,
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SEMFEHUEIC X B, 1965487 5 15 [, i a
Dilution plate method. Jul. 15, 1965. Research area a.

Sampling point

11 12 | 13 % 14 l 15 i 16 | 17 | 18 | 19 | 20 [ 21 22 | 23 24 | 25
3 6 1 | 12 3
2 6
2 1 2 1
2 2 1
68 34| 21| 203 139] 25| 80| 143 34 450 172, 37| 80| 142] 31
2 2 ! 5 2 6 | 2 2 3 1
5 31 1 2| 3 ! 4 2 5|30 4] 1] 3 4 3 4
| | - | i -

1 g soil samples were diluted 100 times by sterilized water, and soil fungrr,; werrre isolated on the plates
with W + Rose bengal medium. Numbers in the table mean the colony number isolated on one plate,
average value. 20 days at 25~27°C.

Pachybasium sp. Trichoderma DAL Ulce Vu NERIC B2 HA2 BEBODIIT BT ERHEE -
720

2) PRI IC X B o Es R

Table 15 ICSERFREIC L 2 QSR AE R, Y uNEOL 1 5 6 T TCICiE Mortierella sp. 3%
{ —RICEREEESHIRE U, HIEPHERE LD - 7o

o O, H 71T Mortierella sp. D35> - 7o b3, Penicillium P OBEHIEA Lz, CHIZEORH
R ORIH ORI L7z Th b0 8 THM 1L LR, ¥ n OFEDHE, -2 K10 TR
Mortierella sp. OB & 750, 513 Tt Mortierella sp. 250084 Uice A14 E015 1 BIEEMOM
xR Lo

F17 & A18 1Tkt Pachybasium sp. D3BBL L, Mortierella sp. &% - 72, 520, 22, 24 Tt Mor-
tierella sp. 732 {, TN LM TRIERTHAE L,

YO RED L9, 12, 16, 19 78 & Tl Mortierella sp. DEBW/D Lize 25D A0 5 Mortierella
sp. LI NI BRI DITNDT, TOWHICE Yy o DEEBELATHE EEDI, YaldTifrs
MR U7opr, A821, 23 % K00 26 1T E AL & MR D IR 2 R Lice BIEICE IR WORARE
WoLE» o E 5,

COEIRHOHRIT L - T HOBH RSN L G =y 2 r L THGTHELES FA N
Lo YuNBIZE DM AHEOEM S ZHE DI, Y a/BoMOBEBOELNIEE LB TH, v
A OEARZ YR TAERELD DT 5 ENTE Do X b Yo AMBOROEIIET L, =V 27l
WROHOMEEIRT 5o~ 4 7 ORGHROIEDRE OABERREOZNEESDRE S TOBE X

ICEbh b

Cs. NIV BT REROIREE

1966 4F 6 AR, WMAMD QUL T ~ov=y 2 r BRELBICY n OREAHE L, L oilkbe
Fig. 9 OB TEIRL, 7FEEE L, ZOH4A Table 16 IK/R9 . 43HE Soil plate HEiC X 04T -
7o

Yo A 1 TR Mortierella sp. 3% - EE {HEST, TOMOES L, 6 A ORI L
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Y aDEEEDOXIZE IR B2, 0~V
VOB, BEMSEARREI 1540
BMTHEMOF TP 72,

Details of morphological features of the
Shiro were reported in the previous
paper®. 0~V : zones classified. Sam-
ples for isolation of soil microorganisms
were collected from 4 points. FB: fruit
body occurring position.

Fig. 9 vy 2 3k v vl B 58950 8 R 50k O £

PLE, 196646 B 24 H, #A&EHM b

Sampling points on the profile of Shiro for the isolation of
soil microorganisms at the fructification time in rainy
season. June 24, 1966. Research area b.

Table 16. »w~y 2 r#EKROY o BB 38705

soil plate HEic k%, 196646 H 24 B, FWEH b

Fungal flora in the Shiro soil at the fructification time
in rainy season, Soil plate method. June 24, 1966.

Research area b.

Fungal species

SOPHREUIE  Sampling point

s | s

1 2
Trichoderma spp. 3 4
Mortierella sp. 212 25 12
R-I 6 15
R-1I 5
R-III 5
No. 7 4
10 9
17 2
18 11
b 2 S P T
Species number 8 2 ! 4
o = — ¥ -
Colony number 253 N 25 35

3g OLE 300cc © Wy BHlZINZ, LAED Lk, Fb— b IKOELR. ¥HE

4 25°C T 20 H o

3 g soil samples were added into 300 m/ Wy medium and poured into plates.

Incubation, 20 days at 25°C.

DEEEBILLEH 5T, B 51T Mortierella sp. & R-1 B3NS N 3 DA T, PRIEMIZER
T co TREFAERMBE DR 3 2 513 Mortierella sp. DA B b BE 2 LJ0BINMLE, vn
RIBD A 4 T3 R-1, Mortierella sp., No. 7 8 XU Trichoderma D3I Uiz, Trichoderma O HIRIT
o T CTRITIREBROAMMBET Lice COXD SEEMOBEIK=Y 24 r OFRERLFKTS
D, "=V R ETFTY E ORI BNTHRERSDOTRE, -,
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fo gt
B N
L
N
10
N
©
Direction of growth
204

Fig. 10 TRERER: O v aics 1 2 fk s im s R
1966 4F 10 H 16 B, [LEACKEBAKEGHT
Sampling points on the profile of Shiro for the isolation of soil
microorganisms at the fructification time in fall, Oct. 16, 1966.
Kumenan, Okayama Pref,
Yo OEEE OIS RICHEET S BVHD, 0~V : vyoofE, FB: F9kFAN
T, WE RN 1~10 O THRIE T,
Details of morphological features of the Shiro will be reported later in this

series. 0~V : zones classified. Samples for isolation of soil microorganisms
were collected from 10 points. FB : fruit body occurring position.

D. #, FEFREROIREE

HOvoOBERRAIT ERETEEALZOTEIORETETL, SEOETICE b8 - T-FHEER
FET Do FIAEFUERORBEIEDRIELIZEALRE LT, —RICHOWEBRLDETT 5. I
FeHREOH & LT QIR0 & DA7R T,

19664E10 8 16 H I [ LB AKEIACKE T O < v 2 7 @ ¥ 0 SEEVE BRI U 7o friE % Fig. 10 1TR%,

W E T 7 = Ot Byt S s

Table 17 ICER &7 7~ 7 O B HE L 7o B AR T

YudEOR 1T <Y ORBH D, Trichoderma H3% ¢, Mortierella sp., R-1 & LU R-1I 23
Stz i, COREBRMBOFHOBE ERE S -7,

BIDSELESE TI2 b A KD 513 Mortierella sp. D3h 3 I HES N FEERO FA LicfIBic
H BEHMA 513 Mortierella sp., R-1I, R-TI B XU R-1IV i3S, 7272 L, MBIREEL, BR
DEROD S T LT OIS o foe TIURTEEAE O N A4 2 O IBIA B MBI AT No, 12 &
No. 13 28BN 7c s, o QBB TREOHAIC X - T—IHINCRBA LD TH 5

FREADHIETE Lo, &5 TRER SO MERS 21038 L, Trichoderma & Pachybasium sp. &
BHHR U, s lislic R-L R-IL R-IV B XU No. 7 2308 Stz © OZFEMIC & B D25 e
AT Lo

b, v wLHICET bR

D REEAEIC X 2 0HER

Table 18 I+ BEBEEIC & 2 0B RA R T WOMBURRBEZE S UL Uy, HREIC oL
B O HBIRIIET Ui,

v aOEBICGEO A L 5613 Trichoderma, Penicillium 35 X 18 Mortierella sp. 23 538 S L7z o
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Table 17. FHEFERKOBERE FORH 79 7
1966 410 /1 16 A, RLIBAKETHY
Fungal flora on the mycorrhiza and other plant roots
at the fructification time in fall. Oct. 16, 1966.
Kumenan, Okayama Pref.

o ‘ AEHRIALE  Sampling point
Fungal species 1 1 2 ‘ 3 4 ‘ 5
- ] | |
Trichoderma spp. 22 4
Mortierella sp. 5 I 4
R-1 1 ‘ 10 2
R-II 1 ‘ 7 2
R-III 6
R-1V o 1
No. 7 1 1
12 , 3
13 ‘
it B | c
Species number ] 6 ! \[ 4 v 6
T E 3 . T -
Frequency % 62 3 37 | 40 25

Voo 8D S XN BRI KEK TEEE R, BEAKT 10 EkEL,
INFICOIME L7cth, Wy BEHIC S 200 bivtce B3 22°C, 25 HIH. 5 A DU AM
45, EhOBERDEINCEOED A >0 mBicd 3/9—-+& v b, BHE.

The samples were washed with sterilized water 10 times after washing by
tap water. Roots were cut to small pieces and inoculated on the Wy medium.
Incubation, 25 days at 22°C. The numbers in the table mean the frequency
(%) of fungi isolated per total inocuta number, 45 points.

Table 18, FHAFARO Y o LEBICEY 2EH 7 v 7, TEBEME
Ik %, 19664 10 A 16 H, MR AKEHT

Fungal flora in the Shiro soil at the fructification time in fall,

Soil smear method. Oct, 16, 1966, Kumenan, Okayama Pref.

i - FFHRIALE  Sampling point
Fungal species 1 ‘ 2 l 3 ‘ 4 i 5 j 6 ] 7 1 8 9 10
Trichoderma spp. 5 10 ‘ 8 8 1
Penicillium spp. 5 2 ! 1 [ 2 6
Mortierella sp. 15 18 14 12 22 7 17 4 15
Mucor sp. 2 2
Mortierella sp. 1 1 1 1
R-1 21 5 4 1 2 9
R-II 3 2 |
R-III 1 ! 1
R-IV 1 2 ‘ 3
No. 7 6 12 6 | 5
8 ’ 11 4 | 12
9 ; 8 1 3 2
Oidiodendron sp. 1
- - B .
Sp%eicies num%(er ‘ 4 l K ‘ 4 ' 6 ‘ 6 g 4 5 6 } 6 1M*i

TERO/NA 10~12 S Wy B3 A1 22°C T 25 0 R, BPOBERAMSNIEO 2 5=~
Small soil crusts were inoculated on the Wy medium and incubated for 25 days at 22°C. The numbers
in the table are the colony number of fungi isolated.
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EX 12cm D6 T & IZIZRABOEANRRA SN, Mortierella sp. 3D Lico v, H20
RN E T AREN G TN T O, Trichoderma, Penicillium, Micor ¥ XU Mortierella sp. 7381
T, DIEDELUIRIEE IS - /oo COMBHIIL U TEABDEL 12,

PR U JBO M. 3 & 4T h Mortierella sp. HEIML, FREA BYEE LISV I Penicillium 37,
AULtzo No. 83 o IBICHADOETY a NEBIC S B UTze T DIED Penicillivm @ (1B T-IEAFE
B & D= 2 ORGROZBIEBDINRIC & S50, HAEPIICEA SITO IR0 T 58
Pl Uicteb EEBZ B D,

Ya RO A7 IR ORI H D, Trichoderma X Penicillium 15 8 WRA L, Mortierella
sp. RO o 7co M8 E 9y 8 FHORAAATRICE LTk wic E& UORTILE BERE L
XTIz, CCTHREOFERESE - T EBbnb,

HIAED T-HLRFELRE O 23 B T Mortierella sp. LAGHZEBMERASSEEM L,  #10 bESICH LT Mor-
tierella sp. 23% - 1co CCTRERPRIROOMAE LD S oIl LT e EBbN S,

2)  SEHTARERIC B Ay RS

Table 19 WCVAATPILIC £ 2 0B IRZ TR C DYk L Mortierella sp. 3% - & & il IC
SHEE T, 5 ICHENT 2 & MBI EDET Ui,

Fi1 T3 Mortierella sp., Penicilliwm ¥ k.05 No. 7 2384, 2 Tt No. 9 & Mortierella sp. & 53
SEES iz, CONEILE Tl LTICEENR oI, M3 TR Mortierella sp. D7, f4TE
No. 10 231 - 720 A5 & 8 T3 Mortierella sp. 7321, & 6 T3 Mortierella sp. DA X185 720 M.

3, 4, 875 & OV EEIEICR R S/ Tl Mortierella sp. 38N L7, 1% CTE-Th &
ZEWD LI Edp & Mortierella sp. ORURIREET O/LE & JF OIS BAKTTHDNATH S & ED
iz

T O KD IRAELS Jelc e 11 H ORIBICHEE T % o Sk O MN R B LA I E 62 5 T &

RHETHY, WEHMHEOEHZOLDOL xOW THEMTH b, JUBOHRL 66 7 v 7 2T 5 HkE

Table 19, FHEREROY o BICE Y 2WE 7 0 7, SFRATEE
X A, 19664F 10 A 16 |, Rl AKET T

Fungal flora in the Shiro soil at the fructification time in fall.

Dilution plate method, Oct. 16, 1966. Kumenan, Okayama Pref.

RE | nJ\H AJXNLL S"melmg pomf

Fungal species

Mort zerella Sp. ‘ 4 —
Mortierella sp. 3 | 2 | 2
|

Penicillium spp. 5 ‘ | | |
No. 7 2 |

w W o ;
Species number - :
g = —
Colony number

W HH, RO ST 8=~

W medium.

22 31
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VORI R, THbbRROBE LENOBREZEMICEUTRATERT 202 5. T/, 4
DRI 2 M H OAERALRBESHICIE L TE-TE Y, 707 OB OK 2 ORI & B
ZHEHTND CEICK > TERIRESRIIN TS EEFEL 5N 5,

THEOBEHHICRONZEHNERES T 5 ERD L DI 5. FEERRBERICITEEICE TP,
BL, BAOABNESBID, BIROMELIEE 20T, HEHFLOTEROBAN LT LIRS
n, HEHES—BMNICREYT 2, chidEk, BUSEOAMICK 2Bt X5 EBbns, v okl

ICHOFTDISE-RNE T & B TR LI — R OBEDES BRI UTE T 2 70Hic vy afiliiTh
WBHEE L IRESR ON G o BOWRIEBIRICIT LIBE > v iy i, Mo B b AET 3
3, EREL LB THREMIEHIEED, BATZLE6550, < 2y OMEBHRERSL >
Xo BEICIR Y DlEESERILL, MEVESHSIHINIDOTY aldLET 5. WRPERDOHEL
TV B ETRIBROBASDIEL, EESEEBEYHEANOEIED, ¥ v ML SRIBICHETT 2.0

FlRs LOERY FOBBMICOVTRS &, v o OFEEMET T 2B IR TIcEE T 25
o DHTOEREMED 5 K ICHDbN S, BRICONTS, ZOEEMET, LRI LIEbh 58

IR BN L, HHEES LI LEMSET 60 E0H 5, FHE LTRK, FEEREBER
Db - EHREELREICIE S E N A D,

v u QEIC B B HIEE OB ER B L E 0B A B LB TR, FEIICS £ ORBIM
CRELSED ONB CEDD, YaBEETIEAIRES  LBEEORA L BEMNETT 200 Eb
Nb, YaORHOA YHIBER» SHEFTT 20685, THBOWNRBKEEL > TOEREDS

XODBHESEL, WhET B EEbh b,

E3 & 2}

EROXSKHET 2V TR, vV rOva s UTESEP L 513 S ICHBSHMEDS - 12
EHEIERDPD bt Vo ABRIN Yo TRERET 7~ Y ORORFENRARIC X - THIE
MER SN, OEBRSLEBEYE BRI Z 23R T 2EAE S DT LD TR - Ty o N
ORMIEHHBEIMILEND . ¥ lonbhY 3 REHETBICHE VRO 55, Mortierella sp. £ D
fh2, 3OEMNY 2y OFBAERNTY o NIETEML, MESET IE Bikic= Y 2 r OFEEL
N5, B, RECEZORREOSEZZoWHLNH s Eh, Toddihsn, EFELEDRETH
BICYn ORIBTHINT 2. RO BT L OHBHECHHESEROB &1 X - THEREh, v
oA TRICREDT 5, =V 2 X OEADADH - T, BROBMOFITIRRBELEEREDETN Y
o IBRBONLCEND, W, XOIKRERDOEESNLFEDEL Y 0 OWMEDHEEBE ST
DERELBOTOBEERFLTH ., v NIBICR LN 5 LHEOGE, WEROEL, BOMIEs -
BADHRIC L D REKBOIEKILE, WHWEA YHlbb <Y 47 O nELE ¥ 5 DI EELEE]
ZLTOEEEZ OGNS, pH OET, GIRZEEYR, MAVORA LGS ZME L, REKEDER
K-> TRETED LOMEVOHEASEN S —J7, REDH, Mortierella sp. LIRTEHA IR DM
b0 HEWEDOBA L BB EABMICHT TO 239 TH b,

BIRICONT, =Y 2727 h= Y QOREABUEDERE L > TS LRI THS D, vYRIC
BOTHEBRMRIR SN2 8BER2 &, ThH YoM BIc<Y 27 ORADPTMW Lo TRRE L, ho
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BRE LT 2 Pc =Y 2 r BB ETE ALK -T05, b L, =V 2 rovadiRic<y 27 &
DL, THYOWELE LA TRIEMENSENOBAICR <Y 25Oy anb RT3 320K
KE-THEDLNLTELD, LHL, —ROBHELEELEVERICE T Y 275 ZELEL, RREE
B2tk oT, ZOBINCE I Bhro TS, B LAEBRLZEKRT AW BB =Y 47
DERPIHI N D &I D, EDOY T, vV 25 ORET H =Y OBIBERICER LD
FTOLE/ICE =Y 2Oy aB &b TRELIERED DY 2 20T, HAuis 5 & BRI
REBHIFD SN D

Fro, RRFIC RS, 1 DOMORAOEMMHATHNE, BobORE IS THHIT
ERMNENICEEFEZLND, FFE, IERKERT 2 v oicd LT, Wil BOAALEEDLDOR
EHZTHRIEAEEBITE L,

—7, vYaltidiGdid 59, BEO Y v I OIEN S K D KRB O/NEN» SRFLTRLBDOTH
D, BEIROEREETS, T oy a B UMOLRENTRIZRTPELREHTH L, vV 27
DRFOFBIIFETHEL, Hadbz iR @0, LBEHXTORBREFTORFT L EETES
8, AR LIS ONIERRER) 788, JTOFI, SO TIEmROBERIZ &9 iod IEC LT
HEMDNBZENZE 0, BREIBEIMERTRBL TS EE2TH L, BETETH <Y OIE
BN E 2RI E C OBIC K - THICRHH SN Do 18- T, SO0 =Y X r DIETHY,

FBICA > TT7 =y OBRAMGT 2 3T O2 L, 2 ORPEIBEZHMIELEN AR - 20T
bHTESTHMEELTE SO TENTHAH) . F LT, BT 2MAEMHO T, bihickanh
FERIAMERIL LTS 5 C LIRBS TR, WOAEHR IR EMALbOTHRL, v ar
DRADLERREDODTRETH 2o MNORFBICIE ORI T B0 L, £O—BBREL, S5
ZO—TBEAEIED, S 5ICZO—HPRADETES 2. WRERGERS v o ORI T O -
HEE BB L AT RSN EZZ T RSB0,

YuBEREN, KT AR T WICHENFICI BN - T b, DWatth, TxzvudER
THCLBENTRED  WEREE S L, & ICEBWSEOMHEE <Y 27 & OBEII P T HEE
Thbo YuPEd 2 BREEEAEICHETT 2. v a0—MoHA Y5 & HKT 20 R ARk
KT 2o B LIeya TR Y oL TOMEROPRIERMETL, £ DBEOBABLELIZHED ST
5owth,thwwmﬁwM%bﬁ@,Tﬁvy@mmﬁwbkufé&%@mﬁmﬁﬁw%ﬁm
EEY, B SOMARMT L. Yo NIBSEEL SN B I Y n R~ OB, £L{D
B, v o W S4B Sl LB E <, IROUINNIT v v ORI AT o HL L 7o i
RAL S 2T 0% D UL - RS i O A O BT R A BRI &0 D DR — s 55
Thbdo EBIC, HMEICHE LT EAEBREENARE L TV 2 ERDO—DOBWIEIT X - THESUUEM

KL T ENIOLFAITH 5 2 @Y n OWAYARERITEEEIIZAMEE LS, TRK
DO_Eip 5B SREICHT LT 2, =V 2y QEET ZHAENERRE LTo Yy, BETIE,
EHDHTTHILL, VokATE LS EML, BARFCSA S TARBEICZ LD ENZ b0

—F, COXIBHFRADEBRBEANBERE L oMLV D T EEFEMO DML EHEZ D FTHE
BIFWNTH b0 @ BRI OEENRERRARDOAMMOBREIC L - THRICKSE NS, a0 =—

B, 7270~V o8, BRINES S, &2 OERKDBIIMMED BB LT, & 5ITHI
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ENbd UMIRFER) . v~V 2 OB 7 =7V — Y Y 7ETHD, BAROFRENISV, ZOXHE
LA RBRNCESBEOPIROHEBICER L, BHELD CHKBD B~y £ r D& BBARE
WIRAERPNICERE T 522100, £, ZOARMEEEDSOEFICHE L, WETIRIERT
B NEBEFLARNWC LIS, BENEEIEZSDCOHEDOEICOVWTHHUT 2BREE . <

2 OEBELFEEOWEES - T UMIKHER), <V sy OB L7 v—7RIELDOBETHER
WL LIZdDTH L EHNIN D0 COXSBENT A~ Y MDA DILKRICK - THEINL, TES

OHHFIAEED 5N TS L RBEOHRKROMA Y & 2 DEAEEZ 5 BEITIIERD 5§
WA kD,

Y R BFRBRICHEST B EAICR T A= Y RICFET 23 SICREDP LT Y o BRONTO DO
THbo AAVH, N4V, YHBEDORKENRTHE LLTVEREEMSLIFCRREI VX SR
ENTWVS, COXRIBMBEOLERZDEZEAEBRALPZMLTHZ ONIBRRER . —H, T7H

TV HOEL B 2EMTHY, BRICABOINIERD - 7LEIICEK LTED, BhThbwY & r&54kd
BT Y RR—RITHEELEDBENFRTH 5o O LD EHROEZME, Er #ord LEZoRE
WRICH D Ba 130 Ui Be(d) BWTH 5, -HIEBMETEERELLT L, MR, TEBAEHHS BRI L
BT SNTHBETH 5o —MRICHIRE, SREHL <, MERAR L, BICRSRENE V. MEHD
SEREREIBCRONTE D, BE, C BTREEICELT 5, EREHOLOBAICE AJEE BB
L OWMAEYBPBIEICRITD, BAEROESESENL, HREIEDT 2. HEEEODBOWESIE
WESEIZDIEL, BEREABSO L0 - BEES 5 UNIERFER) . BT LI CHROLMEDCD
KO R I N TE(T 5
WD XSy 2 QEEFARIE B~CEBTH D, MEMMCERLBIC UMERET, AlJEic
FRIZCERBV, RS, HRERD Y o EROBRICBVTHRAKDCLEBNZETEL D, TV
2OV aBMEAICERET S DI RREYRSEMTRENC DRV ENEETE 5, RRFICE ST
BRE DB B0 nEEsidn, = v 250y aBBEP Br M BICEHEIC RSN 5 FRRZE
RREBO LEMEVOFHICH 5 VAL D o =Y 27 DY kil 10~15 Bk & h, FREDFE
B2 FEEPOBRELENDNEDS, Yo 74 < Y ROBRMERI & 135 MAEYHDZEIC
LHENSTHRELENICERKDZTHA Do VLT ST IV ROWENERRDO A v N—D1 DL
UTHRIMICEA, E&EL, HRLTHWAEENA XD vV 2 rOynlZz0fEIRT H < v ko B
MERBROELEVOBLTREASNE D, KMICET 2 RIELEZ HRICES COHMBNETH 5,

PEo X > iB2 A S 72 =Y 25D ads, 1900 EROBD» 5 AAFIETHRINL, EF,
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Microbial Ecology of Mycorrhizal Fungus—Tricholoma
matsutake (ITO et IMAI) SING. in Pine Forest III

Fungal florae in Shiro soil and on the mycorrhiza

Makoto Ocawa‘®

Summary

Tricholoma matsuiake could be characterized as the soil inhabiting and perennial mycor-
rhizal fungus®®. It was prospected from these previous works that the Shiro would affect
the microbial flora in surrounding soil directly or indirectly, and that there would be present
the sequential microbial succession on the mycorrhiza.

A few studies concerning the soil microorganisms in pine forests have been reported, but
there are no available data on the microbial problems in pine forest where this fungus occurs.
Tazor® suggested the importance of microbiological analysis of the Shiro in 1964. Okinacal®
reported that the soil bacteria and actinomycetes decreased remarkably, and that Mortierella sp.
increased in the inside of Shiro. Basa ef al.l also reported that Mortierella sp. and Penicillium
spp. were isolated from the inside of Shiro and that the mycelium of 7. matsutake could not
be isolated from the mycorrhiza.

Warcurl® studied the fairy rings of Lepista nudum and Marasmius oreades microbiologically
and reported that the soil fungi decreased in the active mycelial zone of L. nudum. But there
are few reports on mycorrhizal fungi.

On the properties of Shiro soil, it has been well known that the impermeable layer is
formed in the inside of Shiro, changing to powdery structure with the desiccation of soil.
Hydrogen ion concentration was low around the margin of Shiro and slightly high in the
inside, and the moisture content of soil decreased to 10~20% in the inside¥. Murata worked
on the sequential change of Shiro soil and got some data. The hydrogen ion concentration
was pH 5.1 to 5.2 outside the Shiro, pH 4.7 on the margin, pH 4.9 at the fruit body occurring
position, and pH 5.4 to 5.9 near the center of Shiro. The moisture content was 22 to 28%
outside the Shiro and 19 to 22% inside, and that in the active mycelial zones was stable through
the year (unpublished).

On the chemical and physical properties of Shiro soil, Yamaucui ef all® reported that the
physical properties of Shiro soil changed remarkably inside the Shiro, but the change on
chemical ones were slight; in the inside clay content increased, moisture content decreased,
porosity was high, nitrate increased and humic acid content became lower comparing with those
of the soil outside the Shiro.

It is always the most important problem for the investigation of soil microorganisms to
select the suitable methods of sampling, isolation, and so on for the purposes. In this work
several methods were tried in order to find out the better ones, but there remained some
~unresolved problems on the methods, especially on the identification of sterile soil fungi and

the media for isolation.

Received April 21, 1976
(1) Soil Survey Division
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The purposes of this work were to apprehend the relationships between the fungus and
other soil microorganisms and the seasonal variation of soil fungal flora varying with the
enlargement of Shiro, and to make clear the role of this fungus in the microbial succession
on the mycorrhiza, It seems that the microbiological studies of Shiro soil and mycorrhiza

will be able to offer useful information when the culture of this fungus is tried in the field.
1. Fungal flora in Shiro soil

Material and methods

A. Tsolation method

a. Sampling method

The sampling points were decided according to the morphological features, mycelium,
mycorrhiza and soil properties, on the profile of Shiro. Sterilized glass tubes packed in test
tubes or sterilized stainless tubes with caps at both edges were used for soil sampling. Sam-
pling was carried out carefully in order to avoid the contamination from other parts.

b. Isolation method

1) Dilution plate method: Fresh sample of 1 g soil was crushed by glass rod and diluted
100 or 200 times usually. It was added into the media and apportioned to plates. The purpose
of this work.was to learn the tendency of the distribution of soil fungi, so the representation
by the usual way, colony number per 1g dry soil, was not applied.

2) Soil plate method: Fresh sample of 1 g soil was crushed and added to the media before
apportioning or mounting with the media in plates. This method was applied for special cases
to isolate the fungi in the active mycelial zones.

3) Soil smear method: Small soil crusts without organic matter or root were inoculated
12 to 15 points each plate. By this method, the species which seemed to originate from the
hyphal fragments could be isolated, and the species composition was quite different from that
isolated by dilution plate method. The frequencies of isolation of bacteria and actinomycetes
were low in this method, but 7vichoderma spp. and other rapidly growing fungi sometimes
occupied the surfaces of plates, Usually the results were represented as the frequency, per-
centage of isolated fungus per total number of inocula.

4) Direct isolation method: The hyphae in soil samples were inoculated directly, being
picked up with a pincette or glass needle onto the media. In some cases, soil samples were
kept in humid chamber or enriched with liquid media for several days before isolation. This
method was applied mainly to investigate the fungal flora on the margin of Shiro or the
mycorrhiza.

c. Media for the isolation of soil fungi.

The media used in this work were as follows. In some cases, some antibiotics, streptomy-
cin and penicillin, and rose bengal were added to the media in order to depress the growth
of soil bacteria, and yeast extract or soil extract, 1 kg soil/1, 000 m/ tap water autoclaved, were
used in order to promote the growth of soil fungi.

W medium?®:

10g glucose, 5g pepton, 1 g KHyPOy, 0.5 g MgSO,-7H0, 15 g agar and 1,000 m/ distilled
water, Sometimes 30 mg rose bengal was added to 1,000 m/ medium. pH 5.0.
Ws medium:

500 m/ soil extract was added to W medium to become 1,000 m/. pH 5.0.
M medium?:
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10 g glucose, 2 g yeast extract or 5g dried yeast, 1 g KHgPOy, 15 g agar and 1,000 m/
distilled water. pH 5.0 adjusted with 1N HCL. This medium was the improved one
of the medium for the isolation of 7. matsutake.

S medium:

10 g glucose, 5g (NH,)S0, 1g KHyPO,, 0.5 g MgS0,-7H,0, 100 mg CaCl,, 0.4 mg Fe-
citrate, 0.2mg ZnSO,-7Hy0, 0.2mg MnSO;-4~6 Hi0O, 15 g agar and 1,000 m/ distilled
water. pH 5. 0.

Wy medium: 500 mg yeast extract was added into 1,000 m! W medium,

Sy medium: 500 mg yeast extract was added into 1,000 m/ S medium.

Ms medium: 500 m/ soil extract was added into M medium to become 1,000 m/.

B. Direct observation method

Soil crusts were collected from the various points in Shiro and observed under microscope
after staining with cotton blue, Merzer’'s reagent and sudan III, The hyphae growing in humid
chamber were observed in the same way.

Results and discussion

The sampling points in November, 1965 were shown Fig. 1. Soil fungi were isolated from
soil and the mycorrhiza or plant debris as shown in Table 1, A and B,

A. Fungal flora on the organic matters in the Shiro

Soil fungi were isolated from the mixture of mycorrhiza, root and plant debris after wash-
ing. Samples were collected from the points 3 to 7cm depth by sterilized dishes,

Outside the Shiro, Trichoderma spp. and Mortierella sp. appeared from 83% of fragments,
and the former which was frequently isolated from the decaying pine roots and other plant
debris occupied over the plates. At point 2 of the boundary between zone I and zone II, some
root inhabiting fungi were isolated, and the frequency was only 5.7%. Trichoderma spp. and
Penicillium spp. had been isolated from the same point in the other case. It seemed that the
occupancy of fresh pine roots by 7. mafsutake had not completed yet.

At point 3 containing the active mycorrhiza, the growth of some brown and thick hyphae
along young pine roots were observed, and three species of root inhabiting fungi were isolated
with the frequency 25.7%. It was probable that the root inhabiting fungi were becoming
dominant not only on the mycorrhiza but also on plant debris suppressing the other soil fungi.

At point 4 containing a number of the active mycorrhiza, two species of root inhabiting
fungi were isolated, but their frequencies were reduced. Four species of root inhabiting fungi
were isolated at point 5 with decaying mycorrhiza, but their frequencies were lower than that
in the following point 6. Some soil fungi appeared from point 6 together with root inhabiting
ones. At point 7, the species number increased, and Trichoderma sp. joined again. The number
of root inhabiting fungi decreased according to the progress of the decomposition of root inside
the Shiro. The similar trend was recognized also at point 8, and Mortierella sp. was isolated
from plant debris at this point.

Trichoderma, Penicillium, Aspergillus and other soil fungi except for some specific species
were excluded from the mycorrhiza, roots and plant debris at the points where the active
mycorrhiza was growing vividly. In the other case at research area a, Trichoderma sp. or
Pachybasium sp. appeared on the organic matter and root as a sign of recovery of soil condi-
tions to normal state in the inside of Shiro. The root inhabiting fungi which was specific for
pine roots grew slowly and was sterile on culture media. They could be isolated also from
the pine roots normally growing and their barks, but they were not isolated from the active
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mycorrhiza and the young leader roots. The frequency of them increased with the beginning
of the withering of mycorrhiza, and they exhibited saprophytic characters in the physiological
experiments (unpublished).

B. Fungal flora in the Shiro soil.

Result by soil smear method was represented in Table 2 and that by dilution plate method
in Table 3.

a. Results of isolation by soil smear method.

Trichoderma spp. were isolated from the soil crusts sampled at points 1 and 2 in the upper
horizon ‘of the soil uninfected by the fungus frequently. The frequency of Trichoderma by
this method was higher than that by dilution plate method in general. On the other hand,
Mortierella sp. which was always isolated with high frequency from surface soil in pine forest
by dilution plate method was scarcely isolated by this method. It seems that the differences
among these results may be caused from the differences of the behavior of these fungi in soil.
That is’ to say, Trichoderma is usually living in some organic matters at hyphal stage, and
Mortierella sp. is inhabiting mainly at spore form. Because, the dilution plate method seems
to be more suitable for the isolation from spores in soil than soil smear method by which the
fungi or”iginated from hyphal fragments can be obtained comparatively.

Trichoderma spp. were dominant at points 10 and 11 where a lot of root fragments and
hunus had contaminated. Trichoderma spp. and Mortierella sp. decreased in B-C horizon 20 to
30 cm depth, but some soil fungi growing slowly increased there.

R-II and R-1V, root inhabiting fungi, were isolated from points 1 and 19. They were not
depressed by the Shiro, and then became active in the inner part of Shiro, decomposing the
fragmenfs of root and mycorrhiza, Usually the aerobic soil fungi with high activity to de-
compose  the organic matters were dominant in the upper horizon, and the fungal population
decreased following the depth of soil in the uninfected soil outside the Shiro.

From point 3 on the boundary between zone I and zone I, Trichoderma spp. was not iso-
lated, and Mortierella sp. was scarce. But Oidiodendron sp. and No. 7 which became dominant
in the inside of Shiro were isolated, 77richoderma was mostly excluded even from zone I
without éctive mycorrhiza. Disappearence of this fungus from the soil in the active mycelial
zones was characteristic on the fungal flora in Shiro soil.

The frequency of soil fungi decreased at point 3 remarkably, The similar results were
obtained qlso by dilution plate method. A few Tvichoderma sp. were isolated from point 12 in
zone I, and the boundary between zone I and the uninfected zone, but Mortierella sp. was not
isolated from here. Comparing with the fungi isolated from point 11, Trickoderma decreased
abruptly at point 12, but soil bacteria could be isolated with the same frequency to that outside
the Shiro. Therefore, it is supposed that the fungal flora outside the Shiro has been also af-
fected by’ the active mycorrhizal zone. T¥ichoderma could not be isolated from point 21 at the
boundary between zone I’ and the uninfected zone.

From'point 13 in zone Il with a lot of active mycorrhiza, none of the soil fungi could be
isolated by this method. Probably most of the soil fungi had been excluded from this zone,
because a" few Mortierella sp. could be isolated by dilution plate method.

Mortierella sp. and small number of No. 7 and R-1 were isolated at point 4 in the upper
horizon of zone IV by this method, but Mortierella sp. could not be isolated by dilution plate
method from the same point. The white mycelial fragments of 7. matsutake were included
in the sample abundantly, When the sample at this point was incubated in humid chamber
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for several days, numerous aerial hyphae of Mortierella sp. grew on it. Therefore, it seems
that Mortierella sp. becomes active in the mycelial growth stage and decomposes the mycelium
of T. matsutake after its withering. Mortierella sp. exhibited the abilities to decompose some
high molecular carbohydrates and the dead mycelium of 7. matsutake in culture experiment
(unpublished).

The species number of soil fungi isolated from point 5 below the fruit body occurring
position increased including Mortierella sp., Oidiodendron sp. and some root inhabiting fungi.
R-I and R-1I which could decompose cellulose and lignin increased with the progress of the
decay of mycorrhiza, At point 14 below point 5, R-II and R-III were isolated frequently.

Mortierella sp. disappeared from point 6 in the upper horizon in zone V and the inner
points than point 6 by this method, but the colony number isolated by dilution plate method
increased. From these results it is supposed that Mortierella sp. changes their life form from
the mycelial stage to spore stage according to the consumption of their substrate, the mycelium
of 7. matsutake.

R-IV were isolated from point 15 below point 6 abundantly. These root inhabiting or root
decomposing fungi distributed irregularly inside the Shiro reflecting the uneven distribution
of their substrates.

Trichoderma species were isolated again from points 7, 8 and 9 where some rot roots of
Quercus serrata had remained. Eight species including Mortierella sp., Trichoderma spp. and
some root inhabiting fungi were isolated from point 8, and seven species appeared at point 9.
Oidiodendron sp. and R-III were isolated at point 16, Trichoderma sp. at point 17, and Mor-
tierella sp., R-1I and R-IV at point 18. Thus the species numker of soil fungi increased in the
decaying zones inside the Shiro gradually, and Trichoderma sp. seemed to be a precursor
among recovering soil fungi. Moreover, it seems that the soil fungal flora in these points may
be disturbed for a while with the withering and death of mycorrhiza and mycelium.

Mortierella sp. and No, 7 appeared from point 28, and the frequency reached 100%. A few
soil bacteria could be isolated from this point and inner ones. Disappearence of desiccation
and impermeability of soil started at this point with the recovery of soil fungal flora. At
points 28, 29 and 30 Mortierella sp., No, 7 and some root inhabiting fungi appeared, and the
fungal flora became more stable than that in the former zones with the slow progress of
decomposition.

Mortierella sp. disappeared from point 31, Tvichoderma spp. and Penicillium spp. increased
at point 32, and the species composition at these point became close to those in the uninfected
soil. A few soil fungi could be isolated from the points in the deeper horizon below 20cm in
B-C horizon, and they distributed mainly around roots and organic matters. Several species
common in pine forest could be obtained at points 24, 25, 26 and 27 in H-A horizon. Although
Trichoderma species disappeared from the H-A horizon covering the active mycelial zone, the
effect of the active mycelium and mycorrhiza to the ground surface seemed to be negligible,

b. Results of isolation by dilution plate method.

1 g fresh soil samples were diluted 200 times with sterilized water, and soil fungi were
isolated on W medium with rose bengal. The result of isolation is represented in Table 3.
The numbers in the table mean the colony numbers for one plate.

Mortierella sp. was isolated at points 1 and 2 in the uninfected soil following a number of
bacteria and actinomycetes. Trichoderma species and Mortierella sp. were isolated at point 10,
and Penicillium, Aspergillus and some root inhabiting fungi appeared from point 11. Species
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number increased depending on the depth of soil, but the colony number decreased gradually.
At points 19 an}d 20 with a small number of soil fungi, soil bacteria and actinomycetes were
isolated abundantly. Although Mortierella sp. was one of the most dominant species in pine
forest soil, it seemed that this fungus was growing and surviving not in mycelial state but
in spore stage in the uninfected soil outside the Shiro.

At point 3 on the boundary between the active mycelial zone and the uninfected soil,
Mortierella sp. only was isolated, but some bacteria appeared from point 12. The same trends
as at points 11 and 12 were observed also at points 21 and 22. By this method, soil organisms
seemed to be ex‘vcluded from zone 1 with the active mycelium and mycorrhiza.

Only M()rtier;@lla sp. was isolated at points 4, 5, 13 and 14 in zones holding the high activ-
ities of mycelium and mycorrhiza or still retaining them as well as in zone IV. This fungus
decreased depending on the depth in soil also inside the Shiro. This result was different from
that obtained by soil smear method as above described. Soil fungi could not be isolated at
point 7, and Mortierella sp. was isolated at points 8 and 9. Mortierella sp. was dominant from
point 3 through i)oint 9 and from point 13 through point 18 by this method.

At the inner points than point 28, soil bacteria and actinomycetes appeared, and either
species number ‘of soil fungi or the colony number increased being closed to those in the
uninfected soil. At point 28, there was recognized obviously the recovery of soil conditions
to normal state. '

Numerous bacteria and actinomycetes were isolated at the points in H-A horizon, and rapid
growing soil fd;gi were dominant at these points. It was uncertain that the effect of the
active mycelium and mycorrhiza against soil microorganisms in organic matter layer was
recognizable or not.

From these results obtained by the two different methods the fungal flora in Shiro soil
could be charactérized as follows. Common soil fungi were excluded or diminished from the
active mycelial and mycorrhizal zones almost completely, and the absence of these fungi con-
tiuned also in thé inner part of Shiro for several years after passing of the mycorrhiza and
mycelium. However, the exclusion of soil fungi was not so clear as that of soil bacteria and
actinomycetes?, and it was probable that some fungi, Trichoderma sp.,could survive even in
the active zones Whon it was inhabiting in the substrate. Mortierella sp. did not always ac-
company 7. matsutake in any case, although this species was dominant not only in Shiro soil
but also in pine forest soil. It seemed that Mortierella sp. persisting through the active my-
celial zones p]aved an important role to decompose the mycelium of 7. matsutake and the
mycorrhiza after their withering. Also among root inhabiting or root decaying fungi, the
specific species for the mycorrhiza could not be discerned, because most of them were also
dominant on the normal growing roots of pine. It was supposed that the decomposition of
organic matter m Shiro might progress by these root inhabiting fungi and Mortierella sp.
mostly. ]

c. Results by direct isolation method.

The mycelia or soil crusts were picked up under microscope and inoculated on the media.
Some results by tﬁis method are represented in Table 4,

I: The white mycelia in zone I were inoculated on Wys and M media. Three species in-
cluding Mortierella-sp. were isolated from the white mycelia, but the frequency of them was
only 16%. Most of the white mycelium, 84%, were sterile. The white mycelia in zone I
seemed to be those of T. matsutake, because they were pure white like silk or transparent and
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bore the septae and thick cell wall without clamp connection. On the other hand, the hyphae
of Mortierella sp. in soil was also white, rich in vacuoles and lack of septae. Its hyphae was
relatively thin and sensible for dyeing with sudan III. It is was found impossible to isolate
the hyphae of 7. matsutake from Shiro soil or root surface in spite of various trials. It could
be suspected that Mortierella sp., was an attendant or symbiont of this fungus, but probably
there was no physiological and symbiotic relationships between them because it could hardly
be isolated from the active mycelium by this method.

II: Soil crusts without the white mycelium in zone I were inoculated on Wy medium.
Mortierella sp., Trichoderma sp., Oidiodendron sp. and R-III were isolated from the samples.
The exclusion of soil fungi was still incomplete there. In this zone the hyphae or hyphal
bundles of 7. matsutake penetrated into the interspaces of soil crusts and had not occupied yet
all over the uninfected soil. The incomplete effect of the mycelial zone to exclude soil fungi
could be ascertained also by this method. Probably the sensitivity of soil fungi against the
antibiotic activities varies with the species of fungi.

When soil crusts in zone I were kept in humid chamber at 25°C for several days, numerous
fine hyphae of Mortierella sp. grew up densely over the samples, and Trichoderma sp. appeared
after two weeks. When the samples were submerged in 10% glucose solution at 25°C for
several days, Trichoderma sp. and soil bacteria occupied over the surface of samples. Only
Mortierella sp. was obtained from the soil crusts collected from zones I and III under the same
conditions of incubation as above mentioned.

From these results it was supposed that the mycelial growth of 7. matsutake in zone I
might be protected with the unfavourable conditions for other soil inhabitants, anaerobic con-
dition, poor substrates and so on.

III: The white mycelia were picked up from the upper layer of zone II with abundant
active mycorrhiza and inoculated on Wy and M media. Four species of soil fungi were iso-
lated, and the frequency was 756%. Several kinds of other mycelia could be observed in the
samples under microscope. In winter when the activity of the mycorrhiza was apt to be
reduced, zone II seemed to be attacked by some soil fungi among which Mortierella sp. was
most dominant.

IV: The white mycelia in the under layer of zone II were inoculated on Wy and M media.
Two species could be obtained, but the frequency of Mortierella sp. reached about 80%. Appar-
ently the mycelium of 7. matsutake had lost its activity in winter., It was usual that Mortie-
vella sp. could be isolated most frequently from these zones in winter by direct isolation.
Probably the growth of Mortierella sp. might be stimulated with the withering or death of
the hyphae of T. matsutake.

V: Mortierelia sp. was only isolated from soil crusts collected in zone III where the activ-
ity of 7. matsutake seemed to be lowered, and its frequency reached 929%. After the incubation
in humid chamber for one week, the fine hyphae of Mortierella sp. flourished over the soil
crusts. The interspaces of soil crusts in this zone had been filled up with the white mycelia,
and probably the soil in this zone had been occupied mostly with the hyphae of T. matsutake
and Mortierella sp.

VI: The white mycelia peeled off from the surface of active mycorrhiza were inoculated
on Wy and Ws media. Mortierella sp. could be obtained most frequently among three species
isolated, and the frequency was 93%. When these mycelia were washed by sterilized water
several times, the frequency of this fungus was reduced obviously. In spring when the my-
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corrhiza started to grow again, its frequency became much lower than in winter.

VII: The fragments of white powdery mycelia near the center of Shiro were inoculated
on Ws and Wys media. The frequency of Mortierella sp., Trichoderma sp, and Pachybasium sp.
was 959%. There were no mycelium of 7. mafsutake in the samples, and the white hyphae
collected from here consisted of several kinds of fine hyphae.

In other seasons, only a few soil fungi could be obtained from the active white mycelia
and active mycorrhiza. Mortierella sp. followed the white mycelium and mycorrhiza which

became feeble or withered through one year.

2. Fungal flora on the mycorrhiza, pine root and

plant debris in Shiro soil

Materials and methods

A. Isolation of fungi from rhizoplane of mycorrhiza.

a. Sampling.

Samples for the isolation of fungi on the mycorrhiza and organic matter were collected
from the profile of Shiro by the sterilized tubes or cans, In most cases the samples were kept
in a refrigerator for a few days before isolation and stocked in sealed cans. The mycorrhiza
and other organic matter were taken out from the samples and divided into several parts,
mycorrhiza, root and plant debris.

b, Treatment of materials.

After materials were cut into 2-~3 mm small pieces, they were washed with tap water or
water with detergent and then by sterilized water several times before inoculation. This
washing method was determined after several trials of washing by detergents and ultrasonic.
The frequency of Mortierella sp. and Trichoderma species which were dominant usually on the
root of pine and plant debris was reduced according to the times of washing, and these soil
inhabiting fungi were removed from root surface after washing of more than ten times. When
the materials were cut less than 2 mm length, the frequency of fungi reduced. These mate-
rials were inoculated 15 pieces for every plate with media.

c. Media used

W medium including rose bengal was used frequently for the isolation. The others men-
tioned above were also applied if necessary., The media used were recorded in tables.

d. Conditions of incubation.

Usually the plates were kept at 22~25°C for 1013 days and then put at room tempera-
ture for one week before colony count,

B. Direct observation.

The mycorrhiza or organic matters were observed under microscope in the usual way

before isolation, but it was difficult to represent the results of observation quantitatively.
Results and discussion

A. Fungal florae on the mycorrhiza, other plant roots and plant debris in Shire seil.

The materials for isolation were sampled at points on the profile on March 18, 1966 as
shown in Fig. 2. In this experiment they were not collected depending on the growth stages
of mycorrhiza but on the zones of Shiro. The features of Shiro were almost the same as that
in winter, and the young mycorrhizae were growing after dormancy. The results of isolation
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were represented in Table 5. Organic matter other than the mycorrhizae was shown as R,,
and the mycorrhizae as R in the table.

Seven or eight species includig Mortierella sp., Trichoderma spp. and Penicillium spp. were
isolated from the organic matter and roots at points 1, 2 and 3 in the uninfected soil, and the
frequency reached 100%. The frequency of Trichoderma and Penicillium species was reduced
on the sample at point 3. This result was probably caused from the activation of the mycor-
rhiza.

Six species were isolated from the organic matter at point 4. 7richoderma species could
persist even inside the Shiro if they inhabited in plant debris, and the frequency of it was
66% at point 4 in zone IV. In fact there was a big crust of decayed root of Quercus serrata
in zone IV. On the other hand, Mortierella sp., Trichoderma sp, and three species of root in-
habiting fungi were isolated from the mycorrhiza at point 4. So, it was supposed that T¥icho-
derma sp. was enlarging its territory around the rotted root of Quercus.

Eight species were isolated from the organic matter at point 5 beneath the fruit body
occurring position, but the frequency of Trichoderma species was lower and that of R-I which
increased to 44%. Root inhabiting fungi became dominant at this point. Mortierella sp. and
three species of root inhabiting fungi could be isolated from the mycorrhiza at point 5. Tri-
choderma sp. survived in organic matter also at this point, and Mortierella sp. was dominant
on the withering mycorrhizae either at point 4 or at point 5.

Three species merely of root inhabiting fungi could be obtained from the organic matters
at point 6. Mortierella sp. and some root inhabiting fungi were isolated from the mycorrhiza
at this point. The increase in the frequency of root inhabiting fungi and decrease of Mortie-
rella sp. on the mycorrhiza coincided well with the beginning of withering of mycorrhiza. At
this point root inhabiting fungi became dominant either on the organic matter or the mycor-
rhiza, but its cause came partly from the fact that the fragments of decayed mycorrhiza were
abundantly contained in the organic matter fraction.

Species composition and species number at point 7, 8 and 9 were almost the same as each
other, the frequency of fungi isolated from organic matters reduced, and that of root inhabit-
ing fungi increased on both materials, Thus the fungal species compositions and their fre-
quencies were quite different from those outside the Shiro.

The frequencies of Mortierella sp. and Trichoderma sp. on organic matter increased again
at points 11 and 12, but those of root inhabiting fungi decreased there.

Mortierella sp. could be isolated from the mycorrhiza at all points, but the frequency inside
the Shiro was lower than those outside. The mycorrhiza was almost free from Trichoderma
species, but they appeared abundantly even in the active mycelial zones and disappeared from
the inside of Shiro. Instead of Trichoderma species, Pachybasium sp. appeared at points near
by the center of Shiro. Root inhabiting fungi could be obtained from outside the Shiro, but
they flourished mainly inside the Shiro according to the progress of decomposition of the
mycorrhiza. It seems that these root inhabiting fungi occupy the inside of the Shiro following
the dimination of soil fungi as mentioned previously.

Outside the Shiro, species composition and the frequencies of fungi on the pine roots were
different from those on the plant debris, and probably substrate specificity had been kept more
strictly, However, the fungal florae on both materials inside the Shiro were close to each
other, because the differences among substrates were reducing with the progress of decomposi-
tion,
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Such abrupt changes of fungal flora as recognized on soil fungi in the Shiro did not take
place on the fungal flora of organic matter which was advancing more slowly., It is supposed
that the alternation of fungal components in Shiro soil might be resulted not only .from the
production of antibiotics by the mycorrhiza and the excluding effect of them, but also from
the occupancy of habitat by dominant species or the existence of some substrates favourable
for a certain species.

B. Fungal succession on the mycorrhiza,

The materials were sampled in May when the mycorrhiza formation advanced most ac-
tively. After the mycorrhiza was classified into 6 stages from the initiation of formation to
decay (Ocawa, 1975), the fungi inhabiting on the mycorrhizae were isolated on the medium.
The result is shown in Table 6.

Three species were isolated from the fine roots of pine outside the Shiro, but their number
and frequency were low because they suppressed the other fungi on the plates. It was general
that there were no fungi over the white young roots growing actively. Some root inhabiting
fungi appeared from the older root surface with brown scales. No fungi could be obtained
from the young roots with white tips belonging to the mycorrhiza developing stage 1.

Three species, R-I, R-II and R-III were isolated from the young black mycorrhiza in the
mycorrhiza developing stage 2, and the frequency was only 15%. The remains, 85%, were
sterile even though they were covered with the white mycelium densely, R-II and R-III
appeared from the mycorrhiza in the early stage of the mycorrhiza developing stage 3, and
the frequency of fungi isolated was 13.29%. Four species were isolated from the mycorrhiza
in the later stage of the mycorrhiza developing stage 3, and the frequency increased to 28.6%.

Trichoderma sp., Mortierella sp., Pachybasium sp. and two other species were isolated from
the mycorrhiza in the mycorrhiza decomposing stage 1, and the frequency of fungi isolated
increased furthermore to 46.2%. Six species appeared from the pine roots in the early stage
of the mycorrhiza decomposing stage 2, and the frequencies of root inhabiting fungi increased.
Three species were isolated from the pine roots in the mycorrhiza decomposing stage 2, and
Mortierella sp. and root inhabiting or decomposing fungi were isolated from the pine roots and
their residues in the mycorrhiza decomposing stage 3.

From these results it was supposed that the fungi isolated from the mycorrhiza were as
follows. Mortierella sp. exhibited no direct relations for the formation of the mycorrhiza and
its growth. R-I which was always present on pine root was one of the decomposers of pine
root residues, and R-II and R-III seemed also to be the decomposers of pine root residues.
R-1V which was isolated from the mycorrhiza and increased with the progress of decomposi-
tion seemed to be the decomposer specific for the mycorrhiza, No. 7 and Pachybasium sp. which
were isolated also from soil were the decomposers of organic matters except for pine roots,
R-I, R-II, R-1II and R-IV followed always the mycorrhiza formed on the other host plant
(unpublished). It seems that these root inhabiting fungi of pine root at least are able to en-
dure against the attack of antifungal substances produced by the mycorrhiza,

The correlation among root inhabiting fungi on the mycorrhiza and their succession are
represented in Fig. 3. The samples for this work were collected from the research area which
is a different site in the suburb of Kyoto city and older stand.

Trichoderma species and Mortierella sp. had been removed from the young mycorrhiza, and
fresh roots with white tips in the mycorrhiza developing stage 1 and appeared again from
pine roots in the mycorrhiza decomposing stage 2. R-I, R-II and R-III which were abundant
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outside the Shiro decreased obviously in the mycorrhiza developing stage 1 and 2. In the
mycorrhiza developing stage 3 R-I, R-III and Pachybasium sp. began to appear and increased
in the following stage. R-I reached the maximum of frequency at the developing stage 3 and
exhibited the same trend with that of R-1I. R-III increased at the early stage of the devel-
oping stage 3 and preceded the others., Pachybasium sp., began to appear from the developing
stage 3 and reached the maximum at the decomposing stage 1. Trichoderma sp. increased at
the decomposing stage 2 and more advanced stages. On the other hand, the fragments of
mycorrhiza which were free from fungi and seemed to be occupied by 7. matsutake, increased
abruptly at the mycorrhiza developing stages 1 and 2, and decreased gradually following the
decaying of the mycorrhiza.

From these results it was certain that there was a regular successinon among root inhabit-
ing fungi including the mycorrhizal fungus on the mycorrhiza, and that these inhabitants
were alternating on the growing mycorrhiza one after another. Moreover, this fungus could
be defined as a precursor among root inhabiting fungi, and such a principle might be applied
to any kind of mycorrhizal fungi.

The mycorrhiza formed with this fungus exhibited the sequential process from its genesis
to decay, not only morphologically but also ecologically. Therefore, the mycorrhiza could be
defined as a phenomenon which resulted from the ecological and physiological balance between
the growing root and the succeeding microbial community on the root from an ecological view

point.

3. Seasonal variation on fungal flora in Shiro.

There is always the problem of method for the investigation whenever we try to study
seasonal variat}on in microbial flora continuously. Actually, it is very difficult to get the con-
tinuous figures on the profiles of Shiro and to compare the data in each season. Because, in
the field the microbial florae are variable depending on the minute differences in environmen-
tal conditions easily and rapidly. So, further discussion of seasonal variation should be avoided,
as it is in this work, hence, only the features on microbial florae in each season are described

here, The methods used here was the same as mentioned above,

Results and discussion

A. Winter. Feb, 11, 1966.

Sampling points on the profile were shown in Fig. 4. Results of isclation of fungi from
the mycorrhiza and organic matters were represented in Table 7, and that on soil fungi in
the Shiro by soil smear method in Table 8,

a. Fungal flora on the mycorrhiza and other organic matter.

Some soil fungi and bacteria were isolated at points 1 and 2 outside the Shiro, and
Trichoderma species were less than those at the same point in autumn. The frequency of
Mortierella sp. on the pine root reached 87% at point 3 in zone 1 following 77ichoderma species
and soil bacteria. Mortierella sp., R-1, R-II and No. 7 were isolated from the mycorrhiza wither-
ing at point 4 in zone 1V, and Trichoderma sp. and three other species from the organic mat-
ters at the same point. It was certain that the decomposition of the mycorrhiza had been
advancing since late autumn through winter, because this point was equal to the point at
which the sepcies number and the frequency of Mortierella sp. were less in autumn. On the
other hand, species composition and the frequency of fungi on the organic matter were almost
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the same as those in March.

Organic matter except for pine roots were absent at point 5, Tvichoderma sp., Mortierella
sp. and three species of root inhabiting fungi appeared from the decaying mycorrhiza at this
point. The root inhabiting fungi on the mycorrhiza decreased at points 8 and 9 in the under
layer of zone 1V, and Pachybasium sp, and three root inhabiting fungi appeared from the or-
ganic matter,

Five species including Trichoderma sp. were isolated [rom pine roots at point 6, and five
species at point 7. Mortierella sp. and three root inhabiting fungi appeared from the organic
matter at points 6 and 7. Mortierella sp. was dominant in mycelial state at all of points in
winter when the active mycelial zones became smallest or narrowest through a year.

b. Fungal flora in Shiro soil,

Common soil fungi were dominant from point 1 to point 8 outside the Shiro, and some-
times the plates were occupied by the colonies of Trichoderma species. The regularity on the
vertical distribution of soil microbes was clear in autumn, but it had been disturbed in winter.
The soils at points 9, 10 and 12 around the mycelial zone seemed to be almost free from the
effect of the mycorrhiza. But Twichoderma sp. reduced slightly at point 11 in zone I, and in-
stead of it some root inhabiting fungi increased. Species compositions at points 13 and 17
were similar to each other.

Mortierella sp. was dominant at points 14, 15 and 16 where the active mycorrhiza had
survived, and species number at these point reduced remarkably. The dominancy of Mortierella
sp. at these points and the contamination of Mucor sp. and Penicillium sp. seemed to result
from the lowering of antibiotics production by the mycorrhiza through the winter term.

On the other hand, Mortierella sp. disappeared from point 18 through 21 in zone IV where
the decomposition of the mycelium had almost completed, and the dominant species had altered
to root inhabiting fungi. At points 22, 23 and 35 in zone I’ in which the mycelium began to
disappear, Trichoderma sp. and Penicillium sp. were isolated. It was probable that the recovery
of soil microbial flora was initiated from the bottom of Shiro. The decomposition of pine root
or the residue of mycorrhiza ceased transiently in zone IV, because a few soil fungi could be
obtained at points 25, 26, 27 and 28 in this zone.

The number of species and their frequencies increased approaching to the center of the
Shiro, and Mortierella sp. appeared abundantly there, Generally speaking, both species number
and the frequency of soil fungi reduced to the minimum level in winter, and they reached
the maximum in early summer or autumn.

B. Spring. Apr. 12, May 20, 1966.

Fungal flora on the mycorrhiza and organic matter in March and May were mentioned
above. Fungal flora in March exhibited similar trends to that in February, because there
were no initiation of growth of the mycelium and the mycorrhiza in March. Generally, in
the western district of Honshu, the mycorrhiza started to grow again in the beginning of
April because of rising of temperature. The result of isolation of soil fungi from Shiro soil
in April was abbreviated.

a. Fungal flora on the mycorrhiza and organic matters,

The result is represented in Table 9, and sampling points in Fig. 5.

Trichoderma species was dominant on organic matter at points 1 and 2 outside the Shiro
and occupied the plates. R-I appeared slightly from the young fresh mycorrhiza at point 3
in zone II, and Trichoderma sp. and four species of root inhabiting fungi were isolated at the
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same point.

Three root inhabiting fungi were isolated from the mycorrhiza at point 4, but their fre-
quencies decreased. Mortierella sp. which was isolated with high frequency at this point in
winter had been removed from the mycorrhiza at this point, and three root inhabiting fungi
were isolated from the organic matters at the same point.

From the decaying mycorrhiza at points 5 and 6 R-I only was isolated, and soil fungi
disappeared from the organic matter. It seemed that the organic matter was being decom-
posed slowly at these points. Such a gap in fungal flora was recognized also in winter at the
points where the withering mycorrhiza was abundant, and this gap moved forward in spring.

At points 7, 8, 9 and 10 rich in the residues of decayed mycorrhiza, the species number
and frequency of fungi increasd. Root inhabiting fungi following some soil fungi became
dominant at these points in zone V. In spring the decomposition of organic matter inside the
Shiro seems to advance more actively than in winter,

b. Fungal flora in Shiro soil.

Sampling points on the profile in May shown in Fig. 6, result by soil smear method in
Table 10, and that by dilution plate method in Table 11. The fungal flora on the mycorrhiza
was described in the former section. This result was obtained in May.

1) Results by soil smear method.

Trichoderma species and R-III were common to the points 14, 16, 17 and 18 outside the
Shiro, but Mortierella sp. which was isolated by dilution plate method did not appear from
these points. Root inhabiting fungi increased at these points where Tvichoderma species and
Mortierella sp. were dominant in February., The species compositions at points 11 and 12
were similar to those at points 14, 16, 17 and 18.

Four species of root inhabiting fungi were isolated at point 10 in zone II where the
amount of the mycorrhiza was increasing in May. Tvichoderma sp., Mortierella sp. and other
soil fungi were romoved from zone II. It seemed that soil fungi could be excluded from the
active myecelial zones in spring most strongly. However, the effect of the active mycorrhiza
was weak at point 11 beneath the zone Il

Fungi could not be isolated at point 7 in zone III, and five species were obtained from
point 8 in zoné I”. Root inhabiting fungi were isolated at point 3 beneath the fruit body oc-
curring position, and Mortierella sp. and some root inhabiting fungi appeared from point 4.
R-1I increased inside the Shiro, and Trichoderma sp. invaded at point 5.

Mortierella sp. seemed to disperse by spores in zone IV and V, because it could be isolated
abundantly by dilution plate method from these zones.

2) Results by dilution plate method.

Soil bacteria could be isolated from the samples collected from the points near by the
center of Shiro in this season, but they were perfectly removed from moist parts of Shiro.
Soil fungi were also removed from the active zones. But Mortierella sp. was isolated with
high frequency at most of the points and seemed as if it was the dominant species among
soil fungi around Shiro. Probably, the sporulation of this fungus was activated in spring or
by rainfall.

Cy. Summer, June 27, 1966.

The amount of mycelium and mycorrhiza increased from May through July in Shiro, and
the number of microbes in soil also reached highest level in June because of mild weather
and heavy rainfall. The result by dilution method is shown in Table 12, and the sampling
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points in Fig. 7. The fungal flora on the mycorrhiza and organic matter were similar to the
instance in July mentioned in the following section.

The species number outside the Shiro increased remarkably, and Mortierella sp. and Peni-
cillium species flourished more than in other seasons, But Trichoderma species was reduced
by this method to a lower level than in winter.

Four species were isolated at point 16 in zone II, and two species of soil fungi contaminated
with Mortierella sp. and R-II which were always present inside the Shiro. Also at point 15
in the upper layer of zone III Penicillium sp. contaminated. 77ichoderma sp. could be isolated
by soil smear method at this point, Two contaminants were also isolated at points 9, 11 and
12 in zone V beneath the fruit body occurring position. Also at the bottom of Shiro, Penicillium
species and some soil fungi increased. Thus it was only in the rainy season that the con-
tamination of soil fungi could be observed inside the Shiro.

Points 5 and 8 were free from soil fungi, and there were a few fungi at points 4, 6 and
7 in zone VI. In these zones it looked as if the decomposition of mycorrhiza and pine root
fragment was stopped transiently, Such an inactive zone recognized by dilution plate method
existed through the year, and it advanced forwards gradually, However, some root inhabiting
fungi could be isolated abundantly from the soil and organic matter at these points. There-
fore, it seemed that the actual active fungi decomposing organic matter was growing in my-
celial state and occupying the spaces in this zone. The species compositions at points 1, 2
and 3 were similar to those outside the Shiro. T7ichoderma sp, and some soil fungi were
isolated from these points.

Co. Summer. July 15, 1966.

The amount of fine mycorrhiza increased after the stopping of growth on leaders in mid-
summer, and the interspaces of soil in the active mycelial zones were filled with the mycelium.
Soil desiccated because of lack of rainfall, and the temperature in soil rose to 25~27°C at 5cm
depth through summer in the pine forest. After the rainy season the higher activity of soil
microbes seemed to have been kept until the end of July. This work performed in research
area a.

a. Fungal flora on the mycorrhiza and pine root,

Results were represented in Table 13, and the sampling points in Fig. 8.

Six species were isolated from pine roots at points 3 and 5 outside the Shiro, and Tricho-
derma species and Mortierella sp. were dominant on the roots at these points, Only one species
could be isolated from the active mycorrhiza at points 7 and 10 in zone III and III’, and the
sterile fragment of roots reached 80 to 909%. Pachybasium sp. appeared from the decaying
mycorrhiza at points 14, 17 and 20, and root inhabiting fungi increased in the inner parts of
Shiro. Trichoderma species and Pachybasium sp. were isolated at point 24 where the mycor-
rhiza had been decomposed almost completely.

Mortierella sp. was removed from the active mycorrhiza and pine roots inside the Shiro
in summer as well as in May. It was probable that the fine mycorrhiza could be occupied
by 7. matsutake perfectly in this season.

b. Fungal flora in Shiro soil.

1) Result by soil smear method.

Soil fungi including Trichoderma species and Penicillium sp. were isolated outside the Shiro,
but their frequencies were much lower than in research area b. Comparing with the result
obtained in research area a in December, the frequencies of Trichoderma species, Mortierella
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sp. and Mucor sp. were only 10 to 30% of those in December. It seemed that such an abrupt
change on the frequency might be caused with the desiccation of surface soil in summer. A
few Mortierella sp. appeared at point 7 in zone III, and Mortierella sp. and another species were
isolated at point 8 on the boundary of Shiro. Only Mortierella sp. with high frequency ap-
peared at points 10 and 13. On the other hand, this species was abundant at points 7 and 10
and rare at point 13 by dilution method. Therefore, it was supposed that this fungus was
growing and working actively at the mycelial stage inside the Shiro through summer.

Root inhabiting fungi were only isolated at points 14 and 15, but T¥ichoderma sp. appeared
from points 17 and 18 in which the soil conditions began to recover. Soil fungi increased near
the center of Shiro.

2) Result by dilution plate method.

Mortierella sp. was isolated abundantly from all points in the Shiro, especially in the upper
horizon. Soil bacteria and actinomycetes were rich in soil outside the Shiro, Some soil fungi
contaminated at points 7, 8 and 11 in the active zones. Only Mortierella sp. could be isolated
at points 10 and 13 in zone III and V, but other soil fungi appeared at points 14 and 15 in
zone V. Pachybasium sp. was isolated at points 17 and 18, and Mortierella sp. and some soil
fungi were isolated at the inner points of Shiro. The species compositions at points 21, 23
and 25 where the soil conditions had recovered were similar to those cutside the Shiro,

From this result it was supposed that the sporulation of soil fungi, especially that of
Mortierella sp., was promoted after their activities at mycelial state were reduced because of
the decrease of precipitation in summer.

Cs. Summer. The fructification fime in rainy season. June 24, 1966,

This fungus sometimes could produce the sporocarps twice a year in pine forest, This
work was performed in research area b where a sporocarp was found in June., Sampling
points on the profile and result by soil plate method were shown in Fig. 9 and Table 16.

The species number was eight including Mortierella sp. and R-I outside the Shiro. Other
soil fungi except for a few Mortierella sp. were removed perfectly from zone II.  Only Mor-
tierelia sp. was isolated from the point beneath the fruit body occurring position. In zone V,
Trichoderma sp. and some other soil fungi were isolated. Such a tendency on fungal flora in
Shiro soil as in this season was similar to those in autumn when the sporocarps were produced
normally.

D. Autumn. The fructification time. October 16, 1966.

There were no apparent changes on the profile of Shiro from summer to autumn., Prob-
ably the forward growth of mycelium ceased through midsummer. The fructification was
stimulated with the lowering of soil temperature below 19°C in autumn. Materials for this
work were sampled in pine forest at Kumenan-cho, Okayama Pref. Sampling points on the
profile and the result of isolation of soil fungi were represented in Fig. 10, Tables 17, 18 and
19.

a, Fungal flora on the mycorrhiza and pine roots.

Six species including Trichoderma species and Mortierella sp. were isolated from pine roots
outside the Shiro., A few Mortierella sp. was isolated from the active mycorrhiza in zone Il
Mortierella sp. and three root inhabiting fungi appeared from the mycorrhiza in zone III’, but
some soil fungi contaminated at point 4 beneath the fruit body occurring position. The de-
composition of the decaying mycorrhiza and pine root fragments seemed to progress by some
soil fungi, Trichoderma sp. and Pachybasium sp. which were isolated from the root fragments
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at point 5 in zone V.

b. Fungal flora in Shiro soil.

1) Result by soil smear method.

The species composition was similar to that in summer, but with the frequency of fungi
reduced. T7vichoderma species, Mortierella sp. and Penicillium species were isolated at points 1
and 6 outside the Shiro. Mortierella sp. decreased following the depth of soil regularly. The
contamination of some soil fungi happened at point 2 on the boundary from zone II to III.
The fungal flora on the active mycorrhiza was disturbed with the fructification at the time.

Mortierella sp. increased at points 3 and 4 in zone 11l where also Penicillium sp. contamina-
ted. Soil fungi were isolated at point 7 in the under layer of zone III, but root inhabiting
fungi at points 8 and 9 at the same depth as point 7.

Mortierella sp. and root inhabiting fungi were isolated at points 5 and 10 in zone V, and
the colony numbers increased. The contamination of soil fungi to the inner part of Shiro
seemed to result from the facts that the soil in this site was rich in organic matters and was
disturbed by mushroom hunting. Moreover, such a contamination might be caused from the
abrupt withering of the mycelium after fructification.

2) Result by dilution plate method.

Mortierella sp. was isolated most abundatly from all points. Also by this method there
was recognized the contamination of soil fungi at point 2 in zone II. The number of Mortie-
rella sp. increased in zone III following a few soil fungi.

Strictly speaking, it was impossible to trace the continuous seasonal variation on the fungal
flora precisely. Microbial flora itself is complicate depending on the variety of environmental
conditions in soil, and the activities and life forms of each component in fungal flora vary
also according to the climatic conditions around them, On the Shiro of 7. matsutake, it is
supposed that the ecological balance among the components in microbial ecosystem has been
maintained with the differences of their active or dormant term and of the condition to affect
their activities,

Seasonal features observed on the soil fungal flora in Shiro were as follows. From late
autumn through early spring when the activities of the mycorrhiza and mycelium reduced,
the Shiro was comparatively stable microbiologically although the active mycelial and mycor-
rhizal mass became smallest through the year. Soil fungi began to be removed from Shiro
according to the formation of fresh mycorrhiza in early spring, and the species composition
was simplified inside the Shiro.

From late spring and rainy season through late summer, the activities of the mycorrhiza
and mycelium rose to the maximum following the increase of their amount, and the Shiro
was protected by their activities against the invasion of soil fungi. In this season the acti-
vities of general microbes rose, The stability of microbial flora in Shiro could be maintained
until autumn with desiccation of soil in midsummer.

In autumn the fructification of the fungus started depending on the cooling of soil temper-
ature and rainfall, The fungal flora in Shiro was disturbed with the fructification transiently,
because the mycorrhiza and mycelium began to wither and decay soon after the fructification,
and were attacked by soil fungi from surface of Shiro. After the contaminants adapted to
the condition in Shiro, the fungal flora became stable again.

The zones where the mycorrhiza and mycelium were decaying were protected against
the invaders with the impermeability and desiccation of soil physically, The recovery to
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normal flora advanced from the innermost part of Shiro or the bottom through the year
gradually.

On the fungal flora on the mycorrhiza or organic matters, some soil fungi which had sur-
vived in the Shiro revived and began to enlarge their territories even in the active mycelial
zones in the season when the activities of mycorrhiza reduced. Also on the mycorrhiza, some

root inhabiting fungi flourished when it became feeble.
Conclusion

Microbial ecosystem in the Shiro of T. matsutake exhibits so clear characteristics that it
can be defined as an organized microbial community, There the mycorrhiza is formed as the
result of synchronized growth between the mycelium and the pine root® and posseses the
ability to exclude or inhibit other soil microbes selectively. The volatile antibiotics produced
by the mycorrhiza is more effective against soil bacteria®. '

So, most of soil bacteria, fungi and actinomycetes are once removed from the active my-
celial zones, and the microbial flora inside the Shiro is simplified and become stable for several
years. This stability on the microbial flora is also supported with the formation of imper-
meable layer and desiccation of soil inside the Shiro resulting from the decay of mycorrhiza
and mycelium, The flourishing of Mortierella sp. and root inhabiting fungi inside the Shiro
also inhibit the invasion of soil microbes from the surroundings ecologically. Thus the alterna-
tion of soil microbes is remarkable according to the enlargement of the Shiro.

It is certain that T. matsutake is a precursor on the successional fungal flora of growing
mycorrhiza. On the margin of Shiro, the growing pine roots through the mycelial mat can
be always caught by this fungus at first, If there is some fungi which can form the mycor-
rhiza with pine root speedily outside the Shiro, most of the pine roots are occupied by them
before this fungus. But actually this fungus which posseses the ability to form the mycorrhizé
even on the leaders can overcome the competition among mycorrhizal fungi on the margin of
of Shiro. When this fungus encounters some mycorrhizal fungi with similar life type, the
growth of the Shiro sometimes is depressed (unpulished). So far as both partners are grow-
ing vividly, the Shiro continues to enlarge the territory, keeping the organized microbial flora
inside it. Such a stable Shirc can hardly be disturbed with the existence of small colonies of
antagonists, digging out the inside or cutting of a part of the active mycelial zone.

On the other hand, the ageing is recognized in the Shiro®, The Shiro starts from the
mycorrhiza formation between spores and fine young roots, multiplys the mycorrhizal mass
in soil and reaches to larger and stable Shiro. Single spores of this fungus can hardly germi-
nate in the field and was short lived. And the growing young roots of pine are also scarce
on the ground surface in young pine stand. Therefore, it may be pretty difficult for the ger-
minated spores to reach the young fine roots without any microbial infection and to form the
mycorrhizae with them. Soil of ground surface at forest floor has been filled with numerous
microbes, and it is usual for the young roots to be caught by them as soon as they begin to
grow, Moreover, it is more difficult for the small mycorrhizal mass to multiply as far as
reaching the matured Shiro with microbial stability. Thus the Shiro probably has risks of
becoming extinct by numerous competitors or antagonists on the way to become a matured
one,

The Shiro once it has reached its stability must be always attacked by some competitors.
It is not unusual that the Shiro once formed disappears for a few years., The damaged parts



TH=YICBY AEBE— Y 4 r —OWREMEEFIEIE T GNID — 169 —

of Shiro attacked by fungal competitors enlarges rapidly, and the whole of the Shiro collapses
after several years. In such an older Shiro, there were observed often the contamination of
microbes into the active mycelial zone, It is general that the invaders can flourish vividly
when the simplified microbial community has once collapsed, and also that the damage advances
acceleratedly when one of the major components is broken in the highly organized community.
Microbial ecosystem in the Shiro 7. matsutake seems to be not only the most highly organized
community consisting of the components with specific ecological roles for each species, but
also the highly developed one in which the species composition is simplified extremely.

From the ecological studies on higher fungi (unpublished), the life types of higher fungi
can be classified into three fundamental major groups depending on the degree of development
on their mycelial structures and into lower orders. 7. matsutake and its allied species belong-
ing to a taxonomical group are classified as a simple fairy ring type without any developed
mycelial structures, These fungi essentially must inhabit in the sites with a few antagonists
and form the mycorrhizal mass concentratedly as the origin of supplement of their substrate.
Moreover, they have to possess the ability to improve their habitats to the favourable ones,
removing the competitors from their territories. The fungi with such ecological characters
have also been known among saprophytic higher fungi. The group of 7. matsutake exhibits
very closed ecological characters with each other apart from the other groups except for
Catathelasma species. Therefore, it can be suspected that this group may have remained or
survived in the process of fungal evolution because of these ecological characters,

- The frequency of Shiro in natural forest as spruce, tsuga, and so forth is relatively lower
than that in pine forest which has been regenerated after human disturbance, The forest
floor in pine forest had been disturbed usually for the collecting of fuel by people, and pine
forest in lowland was an important resource of fuels, litter, wood and shrubs for local people.
So, soil in pine forests having this fungus has been eroded and become infertile with poor
microbial flora in it and dry. In general, these soils are rich in actinomycetes and fungi in-
cluding higher fungi and poor in bacterial population. The distribution of soil microbes is
extremely restricted to the surface soil with organic matter. In the case in which the ground
surface has been covered with a little undecomposed litter, the roots of pine distribute in the
upper horizon of mineral soil concentratedly, and mycorrhizal fungi become dominant in fungal
community in the forest (unpublished).

As above described, it seems to be necessary that the microbial flora has been simple and
poor for the frequent formation of Shiro and the normal enlargement of the territories of
this fungus, and that the other mycorrhizal fungi have been removed from the forest. Prob-
ably such poor microbial flora may be one of the causes that the Shiro of this fungus is apt
to be formed on a ridge or infertile sites.

The Shiros are formed generally in 10 to 15-year-old stands of pine forest, and the pro-
duction of mushrooms starts at about 20 years old. The term of Shiro formation seems to
be limited within about 10 years depending on the succession of microbial flora in the forest,
and the amount of fine roots in surface soil layer. Thus 7. matsutake imigrates from old
stands to young stands of pine forests, enlarges its territory in soil and disappears in the old
stands, and this fungus plays an ecological role as one of the components consisting of forest
ecosystem and on the succession of fungal community in the forest.

This fungus had increased all over the pine forest in western Japan since the beginning
of the 20th century, and is decreasing in recent decades. Macroscopically, this is an interest-
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ing phenomenon from the ecological view point. Because it may be apprehended as one of
the symptoms of the alternation in microbial flora of pine forest on a large scale. Especially
in western districts of the islands, most pine forest have been abandoned as the result of
abrupt changes in the lives of local people who have not needed the litter in forest as their
fuel today. So, there has accumulated much litter on the ground, and shrubs are growing
with high density. Nematodes are also attacking pine trees and killing them on a wide range.
Some Hydonaceae groups with similar life type to that of 7. maisutake are occupying the
forest floor in many sites. Recently the favourable environment for this fungus have been
diminishing all over the pine forest, and it has become more difficult to cuiture this fungus

with high economic value in forests year after year,





