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Table 2 on the marks of plant species.
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Table 1. 7= OiC & &72 DR EHERE RO LA
The change of amounts of litter and root according to forest age of P. densiflora.

T Stand @ 70~80 years stand ® 50~55 years stand ) s
- o o ® 25 years stand | 515 conrs stand
N Ridge Slope Ay layer A & B layer
’lge\i:asgfcms \ “Average | Fre- | 'Average | Fre- Average | Fre- Average | Fre- | Average | Fre- Average | Fre-
~. DW. g. |quency % DW. g. quency % DW. g. |quency / DW. g. |quency % DW. g. |quency % DW. g. iquency % =
L fresh litter § 50. 5 — 120.0 — . 107.0 | - 0 —  164.0 — 85.0 — g
[ fermented litter & g — 65.5 — | 1225 — 2.0 — 785 101, 5 — 3
Total 82.6 -~ | 1855 | - 229.5 — 26.0 - 242, 5 — 186. 5 — g
Pinus densiflora 5.25 3.4 10. 55 29.1 5.6 21.9 1 9.5 27.5 15.1 43,1 4,7 7.5 ;?:
Lyonia neziki 2. 65 15.8 0 0 2.1 8.2 10.0 28.9 0 0 0 0 E;f
Quercus serrata 1.35 8.0 0 0 3.6 14,6 2.5 7.2 2.4 6.8 0.4 0.6 i’:i
Juniperus rigida 0.80 4,7 0 0 0 0 o o} 0 0 0 0 A
Rhododendron spp. 3.50 20.9 6. 65 18.3 6.4 25 2.7 | 7.8 6.5 8.6 14,2 22.6 N2
Swmilax china 0. 30 1.8 0 4] 0.1 0.3 0 0 0 0 0 0 N
Chamaecyparis obtusa 0 0 6,45 17. 8 0 0 0 0 0 0 18.0 28. 6
Cleyera japonica 0 0 0.85 2,3 0 0 0 0 0 0 0 0
Eurya japonica 0 0 5. 85 16,1 0 0 3.8 10.9 1.0 4,6 0 ¢
Rhus trichocarpa | 0 O o] 0 .5 5.9 ¢ 0 0.1 0.3 0 0
Ilex pedunculosa 0 0 0 0 1.1 4.3 3.7 10,7 0.3 0.8 4,7 7.5
Acer palmatum 0 0 0 0 0. 4 1.6 0 0 0 0 0
Pteridium aquilinum 0 0 0 0 0 0 0 0 0.2 0.5 0
Grass & herbs 0 0 0 0 0 0 0 0 4,1 11.7 0 0
Debris of P. densiflora 0 ! 0 0 0 0 0 0 0 } 0 0 8.8 | 14.0
Others 2.85 17.0 5.9 | 16.3 ] 18. 4 2.4 6.9 | 47 13,4 121 19.2
Total l 16.7 E 36,25 256 | %6 \ 35.0 i | 629 |
D’ z{JL ‘J 50~55 41144 ij(/)Hﬁ WA, v e RO, v e BRI o OFEEIRY, v

o 2,500 cm? ¥

n 5 1967 SRICH T THED bz, F1g

¥ e 3R,

7()~8() years stand md stand in wcearch area a. The Shiro number is decreasing. 50~55 years stand : mature stand in research area b. The formation of
Shiro have stopped since about 15 years ago. 25 years stand : young stand in research area b. the Shiro number is increasing. 9~10 years stand : younger I
forest in research area a. There has been found no Shiro formation yet. The samples were collected in 1966 to 1967, Average values mean the dry weight

of litter and root per 2,500 cm?. Frequency of roots means the percentage of dry weight of each species per total weight of roots.
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Table 2. 2— F7~— b NOMEE, WEH a, 1967
Vegetation in the quadrates. Research area a, 1967

I Plots I it

| Fre- \ Fre-

Plant species * . ,\m\%“éDensity Tgse jqug/;lcy Density Tije qug/;lcy

Pd Pinus densiflora | 30(11) L o100 76 . 29(13) 100 68
Jr Juniperus rigida - 180 41 96 63 62 88
Co Chamaecyparis obtusa | 2 o 8 45 4 48
Ip Ilex pedunculosa . 145 12 80 162 31 88
Ej Eurya japonica 112 43 52 | 295 39 88
Vb Vaccinium bracteatum 13 23 ‘ 16 ‘ 40 20 36
Ic Ilex crenala 30 0 24 100 0 72
Clj Cleyera japonica 0 0 } 0 10 0 16
Caj Camellia japonica 0 0 ‘ 0 1 i 0 4
Ch Clethra barbinervis 0 0 0 L 0 4
Dp Dicalix prunifolius 1o ; 0 0 0
Rr Rhododendron reticulatum 369 38 92 493 53 | 100
Rm Rhododendron macrosepalum 230 40 | 76 101 36 | 72
Rk Rhododendron kaempferi 14 50 12 6 0 8
Vh Vaccinium hirtum | 97 0 28 119 9 68
Vo Vaccinium oldhamii 3 30 50 41 28 35 48
In Lyonia neziki | 85 68 40 47 51 52
Qs Quercus servata |18 16 44 0 13 . 15 50
Qa Quercus acutissima 0 0 o | - 0 4
Cc Castanea crenata 2 0 8 3 0 8
Dk Diospyros kaki 1 100 4 0 0
Ei Evodiopanax innovans 11 18 28 8 25 28
Asc | Acanthopanax sciadophylloides 5 0 | 8 | 0 0 0
As Abelia servata 0 0 41 5 56
Asb | A. serrata var. buchwaldii 0 0 8 0 12
Ea | Epigaea asiatica i 13 0 8 9 0 12
Sc | Smilax china 168 0 96 139 0 96
Icy Imperata cylindrica 70 0 ‘ 56 | 11 J 0 28
Mr Miichella repens 0 | 33 0 16
Tj Tripterospermum japonicum A 0 1 0 4
Tu ' Tulotis usuriensis ‘ 0 1 0 4
Pa Pteridium aquilinum ‘ 9 ‘ 0 12 8 0 8
Rt ‘ Rhus itrichocarpa ; 124 1 | 80 i 190 1 92
Total number i 1,110 5 2,006
Species number \ 24 30

, BARORIIEREICHT S 2m P EOEE%E
HOEXERIC LT, b AMOEYHSHE 3

FOREIORULBE SRR 3 @A Lico HE 1 10X10 m FOA
LOMARDEBD/ ¢~V b & UTRUI, B 2x2m /MK
B/NRMEDERE UCR LIz £RKEEIL 25,
I and II: plot number. Marks of plant species in this table were used in Figure 3. Density : number
of plant in the 10X 10 m quadrate. Tree : percentage of trees more than 2m high per total numbers
of each species. Frequency : percentage of the 2 X2 m subguadrates in which a certain species appeared
per total number of subguadrates, 25.
() s dead tree. Pinus densiflora : D. B. H. average, 11.2 cm, max. 26, min. 6 cm in plot L

D. B. H. average 16 cm, max. 27, min, 6 cm in plot IIL
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Distribution of ‘Shiro’s of 7. matsutake in
Research area a.

T~ F 7= P REEDP SE~PE TR OICRE
Nico

Tm : Tricholoma matsutake, =7 % ’r, FEIFIE
SRSTEMIL B AR T, Rb: Rama/m botrytis, &
Tk, RUFEZFDOYORIFIZHIEOIE R THT
TN TH 5. T DFRAICE i/J\* &0
E D DEME .

The quadrates were set along slope from ridge
to valley.

Tm : Tricholoma matsutake, Shadowed parts are
the active zones of the mycelium. Rb: Ramaria
botrytis, The ‘Shiro’ of R. botryiis is surrounded
by circle. There are small precipice and paths
for mushroom hunting.
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AEHL a, 1967
Distribution map of higher fungi around
the ‘Shiro’s of 7. maisuiake in pine forest.
Research area a, 1967,

FA L AEY lCﬂb@I?H !~ 5 — T‘ VJ L196
Wi T =720 %@r{‘l’ﬁ TH 55
WA ST Table 4 %, SR
rOERERAAE, OMRT7TH<Y, OHRMELEZT
By AR EAERT, TETRa—F7— &S,
Survey and mapping of higher fungi were carried
out in the quadrates in 1967 periodically. The
occupied area of higher fungi are surrounded by
lines, and the marks of species name are shown
in Table 4. The shadowed parts are the active
zones of 7. matsutake. (O : pine tree, © : dead
pine tree, I and II : quadrate number.
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Table 3. BERMHOEEIIE, FEM a, 1966~1967 FICERI

Ecological characteristics of higher fungi occurring in the area. Resaerch area a, 1966 to 1967.

t . . . . -
Species name Function and ‘ Mycelium in soil | anitat Mycorrhizal fungi Fruit body
substrate | Morphology t color Host plant 1 Mycorrhiza occurrence
!
!
Mycena vulgaris S, litter ‘ Colony f white L | Sporadic
M. pura S, litter } Mat I‘brown white| L-F | Sporadic to
! ! [ gregarious
Mycena sp. S, litter ‘ Colony white | Sporadic
Collybia peronata S, litter Mat white L L-F | Gregarious
Galerina vittaeformis S, ? ‘ Colony transparent | Moss | Sporadic
Lyophyllum carbonarium Pf, Ramaria botrytis | Mat ring | white H-A | | Fairy ring
Tricholoma matsutake M, root \ Mat ring ‘ white B-C | Pinus ' A, Ecto.,, W brooms | Fairy ring
T. robustum M, root | Mat ring white H-A | Pinus A, Ecto., W brooms | Fairy ring
T. flavovirens M, root | Mat-strand | yellow H-A Pinus B, Ecto., fork, rod | Sporadic
Suillus bovinus S-M, root, litter . Strand | yellow F-H Pinus C, Ecto., fork Sporadic to
i | gregarious
Gomphidius rutilus Symbiont with Swuiilus  Mat, ? white F-H Sporadic
Cortinarius vibratilis | S-M, root, litter | Mat, Strand | white F-H | Pinus, Quercus | C, Ecto., fork, rod | Sporadic
C. bovinus I S-M, root, litter | Mat, Strand white F-H | Pinus, Quercus | B, Ecto., pinnate Sporadic
Cortinarius sp. 1 | S-M, root, litter | Mat, Strand white F-H | Pinus, Others : C, Ecto., pinnate Sporadic
Cortinarius sp. 2 - S5-M, root, litter Mat, Strand white F-H | Pinus, Quercus | C, Ecto., fork, rod | Sporadic
Cortinarius sp. 3 | S-M, root, litter Mat, Strand purple F-H Quercus ! B, Ecto., pinnate Sporadic
Lactarius rolemus M, root Mat, small transparent | H-A Pinus | B, Ecto., fork, rod | Sporadic
Rozites caperata - 5-M, root, humus Mat, thick grey H-A | Pinus, Others? | B, Ectoendo? Sporadlc
Ramaria botrytis ' M, root Mat, ring yellow H-A | Pinus, Quercus? | A, Ecto., pinnate | Fairy ring
Ramaria sp. S, wood Colony? white [ - Gregarious
Polyporum con fluens | S, litter Mat ring white F-H ; | Fairy ring
Hydnum repandum var. album | S, litter Mat ring white . F-H | Fairy ring
Calodon zonatus | P? root Mat brown | | Gregarious
Ascocorynium vittellinum M, root Mat bluish grey . H-A Pinus i B, Ectoendo? fork | Gregarious
Dzscomycetes | S, twig Colony ? ‘ | Gregdrmus

By

Colony : /NEnao=—%FKRT 5D, Mat: KEDam=—%ld 5 & D, Strand : B4, Rhizomorpha : #&iﬁgmfﬁ%iﬂ]&'g’ o, S:EAgdE, M: ﬁk
Y, S-M : AR E S ORIBK, P Al %, Pi, Pf, Pr: BH, B, 4“’0@(7*'?#};4\“9“%)0) L, L-F, F F H, H, H- A A, A-B, B, B-C: BARMIFE LTHH a-ab%w
B, Eloz 17, A, B, C 13/ iE LU ED TIRT o A BARH, RBIRORE 7 RIE &T5bD, B: 7 x—7, BRTEDTInTLEHRA
THERSNEED, C: 7 4—7 imi.ﬂﬂ CHREUIBREAREEIHICE > TR S fﬁ;ﬁ)’ién7 %;@c T%’Vx@ﬁ/u)\ﬁ‘f T, B, BREICDU o

Sporocarps of higher fungi were collected in 1966 to 1967. Colony means small sized mycelial zone, and Mat means the large sized one. Strand means undevel-
oped rhizomorpha and Rhizomorpha developed one. S :saprophyte, M : mycorrhizal {fungi, S-M : mycorrhizal fungi with saprobic activity, P : parasitic fungi.
Pi, Pf and Pr means the parasite against insect, fungi and root respectively. L, L-F, F, ¥-H, H, H-A, A, A-B, B and B-C mean the organic layers and min-
eral horizons of soils where the mycelium was growing abundantly. A, B and C on mycorrhizae mean the ecological characteristics ; A, the mycorrhiza is per-
renial, pinnate or witches brooms type and formed aggregating. B, the mycorrhiza is formed by the fungi which have no developed rhizomorpha, fork or rod
type and formed aggregating or growing along roots. C, the mycorrhiza is formed by the fungi which have well developed rhizomorpha, fork or rod type and
formed dispersely being connected by rhizomorpha. Fruit body occurrence were divided in three categories, sporadic, gregarious and fairy ring.
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Table 4. FEEEOIELE, B, HEBICHHER, 196647 519674
CHE a0 a— F7— FNTRS NI DICDNT

Higher fungi collected in the quadrates and their amounts in 1966 to 1967,
Research area a.

i

T Plot 1 | I
o | Fre- | Occupied | Fre- | . | Occupied

Species name _ ;qu%lcy Denmty;g a;;a qu;gcyiDensxyé a;’leza
‘Mv Mycena vulgaris . 100 258 11,125 100 ‘ 364 24,750
«Mp M. pura | 12 10 0. 375 16 | 7 0. 250
Cp Collybia peronata 0 0 0 24 8 0.125
-Gv Galerina vitiaeformis 4 3 0.125 0 0 0
*Msp | Mycena sp. ‘ 44 46 0. 570 4 2 0.375
«Sb Suillus bovinus 8 10 1, 000 4 1 0. 750
Gr Gomphidius rutiius 0 1 4 1 0.125
-Cr Cortinarius vibratilis 52 49 5. 875 40 26 1. 500
«Ch Cortinarius bovinus 8 4 0,375 12 7 1. 000
+Csp 1 | Cortinarius sp. 1 8 2 0.375 4 1 0. 250
Csp 2 | Cortinarius sp. 2 4 1 0.125 0 0 0
Csp 3 | Cortinarius sp. 3 0 0 8 3 0. 500
oLr Lactarius rolemus 12 5 1.125 12 7 0. 750
- Tm Tricholoma matsutake 68 1 25,000 8 0 —
Tr T. robustum 4 1 0. 250 0 0 0
Tf T. flavovirens 8 3 0. 375 0 0 0
Lc Lyophillum carbonarium 0 0 0 12 23 ?
<Rc Rozites caperata 20 15 2,125 12 12 2.875
Rb Ramaria botrytis 0 0 0 25 20 30, 750
Rsp | Ramaria sp. 0 0 4 e
Pc Polyporus con fluens 0 0 4 2 4,500
«Hr Hydnum repandum var. album | 12 11 0. 375 52 76 1 2,700
Cz Calodon zonatus | 4 0.125 0 0 —
cAv Ascocorynium vitellinum 88 164 16, 000 44 51 4,000
-Dsp | Discomycetes 20 — — 4 1 —_
Total number of sporocarps 687 613
Species number 18 19

I, TiR7ay b &S, FIERS @SN 2x2 m HRO/NKEROE T & Jucsdd 31
13100 m? fcHedE LeFRAK TR U e 170y POREIM100me LB EhD,
RO TFEERPICE LY SAHTMIIFREREMBE DB E, TP OERNIEEZE
Bl xhic, BEREESR Fig. 5 KA LD TH B, « AT T & Wicdil Lo

1 and II : plot number. Frequency means the percentage of 2X2m subquadrates in which a certain
species appeared per total number of subquadrates. Density means the number of sporocarps growing
in 100 m2. Occupied area were estimated tracing the occurring positions on the map. Marks of species
name were applied in Fig. 5.

Frequency on 7. matsutake was estimated from the Shiro which had been marked since 1947 by Hamapa.
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VoEERSVEBR TR —EEBRNICEBY 2 FREFREEXSY o BRBEE EH T, YoDELICK
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Colony : BURERII/NE {, EEE, BAREES L,
Mat : BEAEBRAS , 244, EEt.
Strand : BRERLIER L, ZOKRME i ERCRFEORAF ALK T 50 B,
Rhizomorph : BAHERIZ/NE <, FELREAREES. BEMEKX.
A REII B

AMEE,
M : BERMEE, FEEpERCHE.

BAEEE A & DRIRE.

FHEME, FEORE S OEEIHT.

BIRDTLAE & LEARR
AP HFEMNHEKRT, ZESERT AER. 7V /AR, vy aRkicish, 1 hEnicERERSN .
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C:7x—r7REFF 2 v R—{Re EAEIC K » THEEBDIEMBN, JROHEEISEKT %,
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B:EBYOIZEALBOEELE (FEL.

FEEOFETY

sporadic : HA,

gregarious : FEA,

fairy ring : #ftk,

TREOFHKAEFMIZTHEFC L - TELLPTV, 22V DORERRETERICRAONIEE
&7,

BADE  DEETRONZEARE, BEAREEoBERH UL,

RO XD IARNE#RE I LT, LT, RrU LOWO SEERERARE L, HEili Ui 4O
DWW T OHEREBIF-IZRICERT 5,
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3L, 36EThH -7z RETIHEHOBEIFORREMHICL > TREL DB, BRI T, 3~
SAETIERAEELOX 5L EMTED
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NT24% TH-too COEMDFRIEKIINEL, 5, 6, 9, 10 AREOBRBICERL, BBTHK LK,
BRIEFEELTY a TR EOFECER L, PBEUTERICRAR y MRICEN - foo BHEHEARREBLL,
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Cortinarius sp. 1121 L IITBBR L72hs, BT TOBZY Y I Vo879 4 v & 7 I8,
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120
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Microbial Ecology of Mycorrhizal Fungus—Tricheloma
matsutake (ITo et IMAI) Sing. in Pine Forest IV

The Shire of 7. matsutake in the fungal community

Makoto OcawaV

Summary

The author reported the morphological features of the Shiro of T. maisutake, its growth
and the age of Shiro® and described the mycorrhiza and its distribution in the Shire®, Micro-
bial florae in the Shiro soil and on the mycorrhiza were analyzed by the autherl®, From these

results it was known that this fungus inhabits in mineral soil with little organic matters and

forms a mass of mycorrhiza with parasitic character, and that the mycorrhi

a produces some

antibiotics to exclude some soil fungi and most of soil bacteria from the inside of Shiro. Thus,
the stable microbial community consisting of the specific fungal components is formed and
extends radially with the growth of mycelium and mycorrhiza.

The Shiros of 7. matsulake with such ecological characters have been formed with high
frequency mainly along the ridges of hills or mountains in the western district of Japan, and
the distribution in a certain area or stand is not homogeneous but relatively aggregative at
some specific sites. It is however, impossible to learn the causes of such a irregular distribu-

tion of Shiros in one stand from the survey of terrestrial plant community. It is supposed

from the previous works that the higher frequency of Shiro formation was caused by the
abundancy of young pine roots with the activity to produce a number of fine roots, the sim-
plicity in soil microbial flora and mycorrhizal fungi resulting from the poor accumulation of
litter and the existence of suitable soil physical and chemical conditions for the mycelial
growth,

In general, the Shiro formation in P, densiflora forests seems to begin in the 15th to 20 th
year after generation and finishes in the 40 th to 50 th year. About 20% of Shiro once formed
disappears even in the young stage, but the others are able to survive under the ground ex-
tending outwards for several decades. In old stands more than 70 to 80 year old, most of

Shiros are damaged by some antagonistic fungi or the lack of young roots, and disappears

dly being deformed to the smaller mycelial masses. It is natural that the productivity of
fruit body is proportional to the number of Shiro with high activity, but the annual produc-
tivity is apt to depend upon the precipitation and the scil temperature in the fall,

Most of P. densiflora forest at lower mountains have developed by natural regeneration
after cutting, and the plant communities in these stands have been also changing with the
growth of trees. It is certain that the soil microbial and fungal florae in the pine stand are
changing with soil development, and the changes in a plant community. And also the Shiro
of T. matsutake situates as one of the soil inhabitants and mycorrhizal fungi on the process
of fungal succession in the forest ecosystem. Probably most of the higher fungi in pine forests

Received April 21, 1977
(1) Soil Survey Division
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more or less exhibits similar ecological status and plays various roles among fungal components,

Asapa® suggested that there was a succession in the community of higher fungi according
to the ageing of pine forest, and that the frequency of Shiro formation depended upon the soil
development and vegetation. Sacaral? reported that the species composition of higher fungi
in the old stand of P. densiflora was obviously different from that in the young stand. Honco®
and Kivucawa® recorded the florae of higher fungi occurring in the pine forest with 7. matsu-
take. On the soil microbial florae in pine forest, Oxazax® and Tazor!® reviewed the studies
comparing with the results of isolation from several stands of pine forests, but it was difficult
from these results to recognize the differences between the soil microbes in the stand with 7.
matsutake and that in the stand without it.

The methods for the research of fungal flora as used in this work have been also applied
to many stands having this fungus (unpublished), and some higher fungi have been utilized
practically as the indicators to learn the changes of fungal flora and environmental condition.
Therefore, the ecological studies on higher fungi and the correlation between fungi and other
ecological components will become the essential parts of research of forest ecosystem. Pati-
cularly for the purpose to cultivate this fungns in the field, it is essential to apprehend the

ecological status of 7. matsutake in the fungal community of pine forests.
1. Environments of research area a*

The pine stand used for this study was the typical one which has been changed to a pine
forest with lower productivity as the result of human disturbance in urban areas. The stand
is situated at the northern suburbs of Kyoto city, and the elevation is about 200m. The re-
search area was settled on the ridge of a small hill as shown in Fig. 1. The areas from ridge
to slope were covered with Pinus densiflora—Rhododendron reticulatum stand, and that at the
foot with Quercus serrata forest and Cryptomeria japonica or Chamaecyparis obtusa plantation.

The parent material of soil was gray chert, and the rugged topography like steps have
been formed because of the erosion of surface soil. The soil moisture regime varied depending
on the topography from ridge to valley, and the accumulation of litter and vegetation also
changed continuously. The small hills were surrounded by streams and fields.

Soil : the soil profiles are shown in Fig. 2. The basal rocks were exposed in places around
the ridge, and the soil was immature and relatively dry. The ground surface were covered
with a little litter unevenly. There was a little A layer with organic matters, and mineral
soil horizon, B horizon, was loam rich in gravels and dry and compact with low porosity. The
type of soil on the ridge was the eroded soil, Er(e)-soil.

L~-F : 1.5~2.0 cm thickness, undecomposed.

F-H : 05~1.0cm thickness, dark brown to grayish brown, powdery, rich in fine roots, dry.

A : 1.5 cm thickness, brown, loam with gravelsJoose granular structure, compact, mycelia

and mycorrhizae were abundant, rich in pine root, dry.

B-C : 40~50 cm thickness, yellowish brown, loam with bigger gravels, poor in fine roots,

compact, relatively dry, pH (H;0) 4.8.

On the slope the soil was relatively mature and Ba-soil and the distribution of litter and

decomposing substances was comparatively even.

L-F : 2~4 cm thickness, rich in roots of shrubs, compact with root net, mycelial mat and

% Amabukiyama, Sakyoku, Iwakura, Kyoto city.
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strand were abundant.

H : 0.5~1.0 cm thickness, grayisy brown, the wet mycelial mat of Rozites caperata developed

containing a number of hyphae and mycorrhizae.
A 1 5~12 cm thickness, dark brown, loam rich in gravels, loose granular structure, loose
with high porosity, rich in fine root, mycelia and mycorrhizae, pH (Hy0) 4.5.

B :15~20cm thickness, yellowish brown, loam rich in gravels, loose granular and nutty
structure, loose with high porosity, relatively wet, pH (H;0) 5.0.

B-C : loam with gravels, compact with low porosity, poor in roots, relatively dry, pH (Hg0)
5.0.

The soil in this stand was a typical immature and infertile soil, but in recent years it
was recovering to fertile state as the result of diminishing human exploitation. This area
has been producing the mushroom of this fungus at least since the 14 th century.

Vegetation : The age of pine trees was not uniform because of natural regeneration, and
the average age was 75 year old in 1965. The thining and cutting of understory vegetation
had been repeated until about 20 years ago, but shrubs have been customarily preserved with-
out any disturbance in this stand producing the fungus.

The average tree height and the breast height diameter of pine trees on the ridge were
55m and 6 to 20 cm respectively. The density of pine trees was about 2,500/ha on the ridge,
but it decreased to about 2,000/ha on the slope. The tree heights of Pinus densiflora were 8 to
11cm on the slope, and the breast height diameters were 20 to 30 cm. The growth of pine
trees and shrubs became better towards the foot of the hill, but the density was reduced. The
species composition of understory vegetation varied also from dry type on the ridge to the
humid one on the slope. It is said that the density of understory vegetation has been be-
coming higher than that at about two decades ago. At present the tree height of shrubs
reached to 3 to 4m with high density.

On the ridge, Juniperus rigida, Lyonia neziki, Ilex pedunculosa, Eurya japonica, Quercus
serrata, Rhododendron reticulatum, R. macrosepalum and Vaccinium oldhami were dominant fol-
lowing some dwarf shrubs. Lichen and some grasses were covering the ground surface at
sunny places, and some dwarf Rhododendron, llex, Vaccinium, and Rhus were dominant at the
places with thick litter layer.

On the slope, the shrubs in the middle layer showed higher density, and Ilex pedunculosa,
Quercus serrata, Lyonia neziki and Diospyros kaki were dominant with the dwarf shrubs, Zlex,
Rhododendron, Eurya, Vaccinium and so on, as the under layer. The forest floor was covered
partly with Mitchella repens, Epigaea asiatica, Pteridium aquilinum and [lex cremata. Near the
valley, Chamaecyparis obtusa dominated in the middle layer, and the density in the forest floor
vegetation reduced gradually downwards.

Shiro of Tricholoma matsutake : The Shiros of this fungus have reached to the older stage,
and also the productivity of sporocarps have reduced abruptly in the recent decade. The
active mycelial zones in most Shiros have been damaged by some antagonists, and the lack
of pine roots had already disappeared. Therefore, the Shiros which are producing the sporo-
carps actively seem to be the survivors or fragments of old Shiros which had been formed
mainly along the ridge in the young stage of this stand. There is no formation of young
Shiros.

Higher fungi in this stand : The species composition and amount of fruit bodies in this

stand were the usual and typical ones in the pine forests having this fungus in the Kansai
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district. The mycorrhizal fungi inhabiting in H-A to A horizons, Swillus bovinus, S. luteus,
Cortinarius vibvatilis, Tricholoma robustum, Sarcodon imbricatus, Lactarius rolemus, L. hatsudake,
Ascocorynium vitellinum and so on, dominated along the ridge. Shiros of some Hydnaceae, 7.
robustum, S. imbricatus and Boletopsis leucomelas occupied the flat on the ridge forming the
mycorrhizae.

On the slope, some facultative mycorrhizal fungi and saprophytes, Rozifes caperata, Pulvero-
boletus ravenellii, Cortinarius collinitus, C. wucifluus, Cortinarius, Amanita, Russula, Polyporus
con fluens, some Hydnaceae and so on were dominant in ¥ to H-A horizons. Mycana vulgaris
distributed almost all over the ground surface, and some litter decomposers, Collybia, Mycena
and Marasmius were growing in the litter layer decaying the litters to white color. The fungal
species composition varied with the change of vegetation continuously from the ridge to the

slope.

2. Studies on the fungal community and its environmental

factors in the pine stand

The quadrates for this research were settled in the old pine stand as shown in Fig. 1.
Soil survey, the estimation on vegetation and fungal flora and other observations were carried
out in these quadrates in detail. The fruit body occurring positions of 7. matsutake had been
marked and recorded for about 30 years by Hamapa®, and so the positions of occurrence and
the Shiro could be traced. The Shiros of other fungi had been recorded for several years by

the author.
Method

The subquadrate I and II, 10X 10 m square, were used for this study. They were divided
into 2X2m unit sduares with fixed strings. Samples for the estimation of the amounts of
root and litter were collected from the outside of these quadrates.

a. The distribution of litter and the amounts of roots and litter

The thickness of Aglayer was measured every 1m points in the quadrates and drawn on
the map like the contour line.

Sampling points of root and litter were selected from the places more remote than 1m
from pine tree and containing few shrubs. Litter and roots were collected by 30X 30 cm square
frame every 5cm depth from A, to A layers continuously. A, layer was subdivided to L, F
and H layers depending on the apparent process of decomposition. Plant roots in Ay layer
were extracted by hand, and the roots in A layer were collected after washing on sieves.
The amounts of these roots were estimated after desiccation. These roots were identified and
classified to the species.

In order to compare the amount of roots and litter among various stands, four pine stands
with different ages, 70~80 year, 50~55 year, 25 year and 9~10 year stand, were selected.

b. Vegetation

Tree height and breast height diameter of every tree were measured, and the understory
vegetation and standing positions of pine trees were recorded on the maps. The density of
plant species means the number of plants in the 10X10m square. The frequency means the
percentage of the numbers of 2X2m square plots containing a certain species to the total
plot number.
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c. Fungal community

The Shiros of T. matsutake were drawn on the vegetation map tracing the positions of old
marks which showed the occurring positions.  The sick soil zones inside the Shiro were also
estimated as the territory belonging to this species.

The higher fungi occurring in the quadrates were collected and recorded through a year
in 1967. Preliminary survey on the fungal flora had been done through the previous two years.
In the rainy season of June, July, and autumn, the collection was carried out twice a week
periodically. The fruit body occurring positions of every species were recorded on the maps,
and their apparent occupied areas were calculated from the maps after the study on their
ecological characters in the field. The soil, roots, mycorrhizae and mycelia of higher fungi
were collected around the bases of fruit bodies for the ecological study of each species. The
materials were testified under microscope after washing or dyeing. The characteristics of
each species were described on their substrates, habitats, mycelia in soil, mycorrhizae host

plants and so on.
Results and discussion

A. The distribution of litter and the amounts of roots and litter

a. Distribution of litter

Litter and organic matter covering the ground surface are not only the important sub-
strates but also the main habitats for soil microorganisms in the forest. In general, the dis-
tribution and species compositions of soil microorganisms tend to vary with the amount of
accumulated litter and the moisture regime in it, and the distribution of roots also depends
upon the amount of litter and its decomposition. Therefore, the distribution of mycorrhizal
fungi was ruled by the amount of litter indirectly. In the young stand where the Shiro
formation happens most frequently, the ground surface of pine stand are usually covered with
a little amount of litter, and the thickness of litter layer increases with forest age differen-
tiating to L, F and H-A layers. According to such sequential changes in the formation of
organic matter layer and the fluctuation of root amounts, the species composition of higher
fungi and their distribution in a certain stand also change continuously in the process of
succession in fungal community.

The thickness of Ay layer was divided into four grades, 0~2, 2~4, 4~6 and more than
6cm and represented with lines like contour lines. In plot I on the ridge, thin litter layer
covered the ground surface unevenly, and the places with dwarf shrubs were covered with
relatively thick A, layer. Under such infertile conditions, the A horizon was also thin and
undeveloped. Colonies of some mycorrhizal fungi which have similar life type to that of
Tricholoma robustum were formed there. The composition of litter layer varied with the vege-
tation on a small scale.

In plot II on the slope, most of the ground surface was covered with thick A, layer, and
the thickness of litter layer reached to the maximum at the depression with Ramaria botrytis.
Some fairy rings of Hydnum repandum were formed in F-H layer in the wet site of the plot.
Litter layer was relatively thin around the center and margin of the Shiro.

In general, the distribution of litter is not even and homogeneous in such a mixed forest as
pine stands, and the complexity of species composition of higher plants reflects the abundance
of fungi and the complexity of fungal species composition. Moreover, the accumulation of

litter in F layer of pine stand seems to be caused by dry condition of soil and, as a result,
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to become a cause of the abundance of litter decomposing higher fungi.

b. The amount of root

Under such an infertile soil condition as in this pine stand, the distribution of fine roots
is limited mainly in A, and A layers above 10 cm depth in the mineral soil horizon. Most of
the fine roots of P. densiflora always turn to mycorrhizae soon after the initiation of growth.
Therefore, the formation of Shiro of 7. matsutake and its enlargement depends upon the
amount of fine roots in surface layers and the frequencies of other mycorrhizal fungi belong-
ing to the similar life type. Especially the amount of young leader roots which has the ability
to produce the numerous fine roots through several years seems to become one of the major
factors to support the normal Shiro enlargement.

The results of estimation of root amount are shown in Table 1. The samples for the
estimation of root amounts in litter layer and A horizon were collected from the several
stands with different ages as the following in order to compare.

1. 70- to 80-year-old stand in research area a. Shiros were old and fragmental. Three
samples were collected from ridge and slope.

2. 50~ to 55-year-old stand in research area b. Most of Shiros had reached to the stable
stage and were enlarging. Five samples were collected at random.

3. 25-year-old stand in research area b. The formation of Shiro started, and several young
Shiros were growing along ridge. Five samples were collected near the ridge at random.

4. 9- to 10-year-old stand in research area a. There was no Shiro found in this stand.
Four samples were collected from the ridge at random.

On the ridge of the old stand 1, pine roots contained in the samples from A, and A ho-
rizon of 5cm depth were few, and most of them had changed to mycorrhizae or withered
lacking young leader roots. The weight of pine roots was 31.4% of the total weight of plant
roots in A, layer and A horizon. Other plant roots were dominant in A, layer.

On the slope of the old stand 1, all of pine roots were growing in A horizon and reached
to 29.1% of the total weight of plant roots. The root of Chamaecyparis obtusa was 17.8% of
the total weight of roots.

In the middle age stand 2, A, layer showing the differentiation of L, F and H layers was
thick, and the pine roots including a lot of fine mycorrhizae were growing up to F and H
layers and were 21.9% of the total weight of plant roots. The weight of pine roots in A
horizon of about 5cm depth was 27.5% of the total weight of plant roots, and most of them
were older or larger roots lacking the young fresh roots. The amount of roots in this stand
was more than that in the stand 1.

In the young stand 3, the amount of undecomposed litter was abundant, but there was no
formation of H layer. There were a few pine roots in A, layer. In A horizon, pine roots
reached to 43.1% of the total weight of plant roots, and several leaders of pine root were
obtained in 50X50 cm square frame. These young leaders with fresh lateral were 60% of the
total weight of pine roots and were growing in the surface soil vigorously. It is probable
that such a distribution of young leaders must be preferable for the Shiro formation.

In the youngest stand 4, there was no formation of H layer and little growth. The amount
of pine roots was only 7.5% of the total weight of plant roots, but several young leader roots
were growing in A horizon. Decomposed pine roots and other plant roots were plentiful in
surface soil.

It is certain from these results that the quantity and quality of pine roots vary with
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forest age, soil condition and the growth of trees especially in the surface soil affect the micro-
biological population or the species composition. In the young stand, the density of pine roots
was relatively lower in the surface soil, but it increases according to the soil differentation
and tree age. The density of young leaders reaches to the maximum at 20- to 30-year-old
stand, and decreases since about 50-year-old. In the old stand with thick A, layer, most of
the fine roots come up to F and H layers, and the amount of young leaders which are long
lived and essential for the Shiro formation decreases abruptly in A horizon.

The frequency and aging of Shiros seems to depend mainly on the amount and distribu-
tion of young pine roots in surface soil. The Shiro formation is generally limited only in
young stands less than 30 years, and the collapse of Shiros coincides with the decrease of
young leader roots in A horizon. Moreover, the increase of some mycorrhizal fungi forming
rhizomorphs in old stands may result from the accumulation of litter and the increase of fine
roots in it.

B. Vegetation

Standing trees and shrubs were mapped out in Fig. 3, and the vegetations in the quadrates
were shown in Table 2. The density means the number of plants in 10 m?2, and the frequency
means the percentages of the number of 2X2m plots containing a certain species to the total
plot number in the quadrates.

The number of Pinus densiflora in the subquadrate I was 30 including 11 withering trees.
Average of breast height diameter was 11.2 cin, average tree height 6.8 m, and the average
of crowns in width 3.0m. The growth of tree height seems to be stopped at the young stage
because of the poor soil conditions. Most of larger roots were growing in surface soil layer
in 5 to 10 cm depth and exposed in places. The growth of shoots and needles were depressed
and dwarfed.

The frequency of pine trees was 76%, but that of living trees was only 44%. Most of
the dwarf pine trees were oppressed and have been killed during the recent two decades. It
is probable that the density of pine trees at the young stage of this stand was so high as to
produce a lot of young roots and that the understory vegetation had been inhibited to grow
because of the formation of a thick canopy of pine trees. Probably, under such a conditicn,
the Shiro of 7. matsutake could be formed with high frequency in the subquadrate I. At pre-
sent, the Shiros were, however, diminishing abruptly because of the decrease in the density
of pine trees, the invasion of shrubs and the accumulation of litter following it.

The number of pine trees in the subquadrate 1I was 29 including 13 dead trees. The
average tree height was 10.5m, the average breast height diameter 16 cm, and the average
width of crowns 4.5 m. The growths of shoot and root in A, layer were better than those in
quadrate I. The frequency in the subgquadrate Il was 68%, and that of living ones was 40.8%.
Some of the dwarf pine trees growing in the Shirc of this fungus were withering or dead,
but the bigger ones had not been killed by this fungus. Small pine trees growing in the
Shiro of Ramaria botrytis had been mostly killed. The understory vegetation flourished in this
quadrate because of the increase of radiation with the withering of pine trees.

The increase of withering trees might become a cause of the diminishing of young pine
roots in surface soil, and the increase of dead pine roots resulted in the flourishment of sapro-
phytes which may possibly become harmful to this fungus in soil. Therefore, the productivity
of fruit bodies and the vitality of Shiros in a certain stand are actually able to be presumed

with the surveys on the forest age, soil conditions, vegetation and the deunsity and growth of
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pine trees.

The coniferous trees other than P. densiflora were Chamaecyparis obtusa and juniperus rigida
which bore the endomycorrhizae on their fine roots growing in surface soil. When the fine
roots of these species encountered the mycelia of 7. matutake, their roots were covered with
the mycelium and turned to brown color, but there were no formation of normal mycorrhizae.

The number of J. rigida in the subquadrate I was 130 including some saplings, and the
frequency was 96%. The number of trees higher than 2m was 53. In the subquadrate II,
the number of J. rigida was 63, the frequency 88%, and the number of trees higher than 2m
was 39.

There was no Chamaecyparis obtusa in 1, but the number of the saplings increased in IL
The frequency became higher in the under part of II with the formation of developed A,
layer.

Among evergreen tree species, Hex pedunculosa, Eurya japonica, Vaccinium bracteatum and
Ilex crenata were common to both quadrates, and these species were growing more vigorously
in the subquadrate II. The frequency of Ilex pedunculosa was almost the same in both sub-
quadrates, but the number of trees higher than 2m increased in I

The total number of FEurya japonica in Il was more than that in I, but the number of
trees higher than 2m was rather more in I. Most of this species were dwarfed and covered
over the forest floor in II. The number of dwarf Vaccinium bracteatum and Ilex crenata in-
creased in II.

Rhododendron reticulatum was most dominant among deciduous trees in this stand, and the
dwarf ones covered the forest floor in places. In the subquadrate II, the species number of
R. reticulatum increased, and the tree height became higher than that in I. The frequency of
this species was 92% in I and 100% in IL

The frequency of Rhododendron macrosepalum was growing in both subquadrates. The
number of this species in I was more than that in II, but the number of trees higher than
2m was rather more in 1. R. macrosepalum was dominant in I, contrary to R, reficulatum.
Some dwarf bushes of R. kaempferi were growing sporadically.

Vaccinium hirtum was common to both subquadrates, and the frequency incseased in IIL
This species flourished at open sites. Vaccinium oldhami was also common to both subquadrates.
Lyonia neziki was abundant in I, and most of them were higher than 2m shrubs. The fre-
quency of this species increased in II. The frequency of Rhus trichocarpa was high in the
both subquadrates, but most of them were saplings or seedlings.

Quercus servata which formed ectomycorrhizae on the roots was common to both sub-
quadrates, and most of them were saplings. Other species of deciduous tree species were
growing dispersedly in the quadrate.

On the forest floor, Epigaca asiatica appeared in two plots of I, three plots of II and at
wet sites with H-A layer. The frequency of Smilax china was 96% in both subquadrates, and
its number in I was more than in II. This species flourished at sunny places. The distribu-
tion of Imperata cylindrica was limited at the flat near ridge in I and sunny places in IL
Mitchella repens which prefers to grow at wet sites covered the forest floor in the under part
of II. Tulotis ussuriensis and Pleridium aquilinum were growing sporadically in II. Lichen and
mosses covered the ground surface at dry sites near the ridge in I, and had mostly disap-
peared in IL

The number of plant species was 24 in I and 30 in II, and the common species to both
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subquadrates were 22 species. The number of species increased in II including some rare
species, and the number of plants, especially trees higher than 2m, became about twice in IL
The species with high frequency more than 60% were J. rigida, I. pedunculosa, R. veticulatum,
R. macrosepalum, S. china and Rhus trichocarpa in 1. Those in Il were J. rigida, 1. pedunculosa,
E. japonica, R. reticulatum, R. macrosepalum, S. china and Rhus trichocarpa. So, it seems that the
vegetation types in both sites were almost the same, and that the dominant species are chang-
ing from Rhododendron species to Ilex or Eurya species depending upon the sequential changes
of soil conditions along the slope. Such differences on the vegetation between two subquadrates
must affect the species composition of higher fungi and soil fungi in this stand.

C. Fungal flora

The Shiro of T. matsutake in the quadrate and the map of territories of higher fungi in I
and II are shown in Figs. 4 and 5. The amounts and occupied areas of higher fungi in the
subquadrates and their ecological characters are represented in Tables 3 and 4.

a. Shiro of T. matsutake

Ten Shiros of this fungus could be traced in the quadrate, 900 m#%, but the fruit body pro-
duction had ceased for recent several years. As above described, the Shiro of 7. matsutake
had been formed mainly along the ridge, and the number decreased towards the slope. It was
said that some round fairy rings and some confusing Shiros could be observed until two dec-
ades ago, but at present the production of fruit body has been rather rare near the ridgc.k
The parts surrounded by oblique lines had once been occupied by this fungus and now changed
to the sick soil. These parts reached to about 409 of the quadrate.

On the slope with low frequency of Shiros, some larger Shiros could be recognized. If the
frequency of Shiro formation was low in a certain area, the Shiros could normally enlarge
and form a round Shiro. Moreover, the term to produce the fruit bodies would become longer
in such a Shiro. The larger Shiro on the slope had reached the collapsing stage and was
separating into smaller colonies, being damaged partly. As a whole, the productivity of fruit
body had been reducing year after year.

In the subquadrate II, the Shiro Ramaria botrytis had occupied most of the area, and there
was no Shiro of T. matsulake.

In general, the Shiro of 7. matsutake seems to have been formed frequently on the concaved
flat or on the smaller terrace where the mineral soil has been apt to be exposed in the young
stage of forest generation. The term producing the fruit body, however, became shorter when
the Shiros have been formed densely in a narrow area, though the number of fruit bodies
being produced in a year increases, because the mycelial zones disappear with the fusion of
Shiros soon after Shiro formation.

On the other hand, the term of production become longer, and the Shiro is more stable
than in the former case when the Shiros have been formed sparsely under relatively fertile
soil conditions, though the number of fruit bodies produced in a year is less than in the former
but constant.

The largest Shiro in the quadrate was situated on the slope, and the diameter reached to
about 9.5m. The smallest Shiro in the subquadrate I has been recorded by Hamapa® as Ring
A for 30years, and its diameter was about 4.5m. The enlargement of these Shiros has stopped
or been retarded for the recent several years.

Hamapa?® reported that the annual growth of width of mycelial zone in Ring A was approx-
imately 10 to 12cm per year, estimating the distances between fruit body occurring positions
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through several years. On the older Shiro in research area a, the translocation of the front
of Shiro was only 25cm from 1964 to 1967, and the actual mycelial growth width was about
8cm a year. However, the annual growth of mycelial zone was about 15cm a year on the
younger Shiro in research area b, It is certain that the annual growth width of the mycelium
in soil is very variable depending on the age of Shiro, climatic conditions, soil conditions or
the quantity and quality of pine roots.

Strictly speaking, it is impossible to estimate the term necessary for the fruit body pro-
duction since the mycorrhiza formation in the field. In pure culture, the mycelium grows
about 2cm a month., If the Shiro starts to grow from a mycorrhiza and the mycelium can
grow for six months vigorously a year, at least it will take 3 to 5 years for the Shiro to be-
come full size for the production of fruit bodies. Because it is necessary for the production
of a fruit body that the soil mass containing the mycelium and the mycorrhiza compactly has
reached to 1,000 to 2,000m/®. Moreover, the older mycelium inside the Shiro must be con-
sumed regularly year by year.

The ages of Shiros can bc estimated from the radii of Shiros and the annual growth
widths. The time when the Shiro were formed can be presumed from the minimum and max-
imum ones in the stand.

The formula to calculate the age of Shiro is as follows; A: the age of Shiro. 7: the ra-
dius of Shiro. f(#): annual growth width. a: years from the mycorrhiza formation until the
fruit body occurrence. b: constant, years from the actual Shiro formation in the stand until
the formation of the maximnm one. A: the Shiros have been formed densely on the ridge at
early stage and disappeared in the old stand, several years should be added to the age of the
maximum one. A’: the age of the Shiro which was formed earliest in the stand. A’': the
age of the maximum one at present. A’’’: the age of the minimum one. B: forest age. B’:
the forest age when the Shiro formation had started. B’’: the forest age when the Shiro for-

mation had finished. C: the term of Shiro formation.

A=—T g
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f(#) seems to be 10cm in average in this case. The forest age in this stand was 75 years
old. The radius of the minimal Shiro in this area was 2.25m, and the age seemed to be 27
years old, being formed at 48 years old of forest age. The maximum Shiro was 4.75m in the
radius, and the age was about 52 yearsold. The Shiro seems to be formed at 23 years old of
forest age. Therefore, the Shiro formation in this area seems to have begun at the age of 18
to 20 years old, and to have ended at 48 to 50 years old of forest age, because there were the
earlier Shiro formation on the ridge. In general, the frequency of Shiro formation researches
to the peak at 20 to 30 years old stand. After that, the frequency gradually decreases, and
the Shiro formation becomes very rare at the age more than 30 years.

Fruit body production depends on the annual climatic conditions, especially temperature
in soil and precipitation from summer to fall, but the quantitative fluctuation of fruit bodies
corresponds naturally to the increase and disappearence of Shiros for a long period.

From 1963 to 1965, a few fruit bodies were produced sporadically from the shadowed parts
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in Fig. 4, and the production in this Shiro was reducing year after year. The occurrence of
fruit bodies on the ridge was rare and irregular because of the fusion among older Shires,
and the disappearence of the active mycelial zones.

In the subquadrate II, the frequency of Shiro was 68% including the decaying parts, but
that of fruit bodies was only 4% in 1967. The occupied area of the Shiro in I was 25m? and
reached to 25% of the total area. If the mycelial layer is about 12cm depth, the mycelium of
this fungus has occupied approximately 3m?3 of soil mass in the 200m?2 plot.

When the mycelium and mycorrhiza are growing actively along all of the margins of
Shiros, it is supposed that most of the soil fungi and soil bacteria have been excluded from
the territories of 6.1m? and 0.72 m8,

In the subquadrate II, there was no formation of the Shiro because of the preoccupancy of
the Shiro of Ramaria botryiis.

The existence of such large and perrenial colonies of higher fungi must affect the soil
fungal flora and the community of higher fungi as previously mentioned!®, So, it must be
essential for the soil microbiological study in forest ecosystem to investigate the fungal flora
of higher fungi and the existence of these Shiros macroscopically. Actually, the community
of microorganisms in natural field consists of various components with different life types and
scales, and each component plays an important role to develop and to keep the microbial com-
munity. Therefore, the ecological and physiological characters and life types of each species,
strictly speaking, should be investigated before the ecological study of fungal community.

b. Higher fungi

The species and their ecological characters of the higher fungi occurring in this stand are
represented in Table 3.

1. Morphological features of mycelia in soil. Colony: small mycelial mass without rhi-
zomorph formation, short lived. Mat: larger mycelial mass, perrenial. Strand: smaller myce-
lial mass with the undeveloped rhizomorph. Rhizomorph: smaller mycelial mass being fixed
to the specific substrates and forming well developed rhizomorph.

2. Color. the colors of mycelia and rhizomorphs.

3. Function. S: saprophyte. M: mycorrhizal fungi. S-M: mycorrhizal fungi with sap-
rophytic activities. Pa: parasite,

4. Ecological features of mycorrhizae. A: the mycorrhizae massively or radially formed
by parasitic mycorrhizal fungi. Witches’ broom, elongated pinnate or big coralloidal type. B:
the mycorrhizae formed massively along roots or at the spots. Fork, rod or coralloidal type.
C: the mycorrhizae were formed sporadically. Fork, pinnate or rod type.

5. Habitat. L: fresh litter layer. F: raw humus layer. H: humus layer. A: the soil
horizon rich in organic matter, A horizon. B: B horizon.

6. Occurrence. Sporadic, gregarious and ring : fairy ring.

These characters as described in Table 3 are the normal ones under usual conditions
though they are variable depending on the environmental conditions,

The species number collected from the subquadrates I and II was 26 in 1967, but that
collected since 1965 was 36. The amount of fruit bodies, frequencies, densities and occupied
areas are represented in Table 4.

The frequencies of Mycena vulgaris were 1009 in both subquadrates, and the amount of
sporocarps was more in II than in I. The percentages of occupied areas were 11% in I and

249 in 11, The sporocarps of Mycena vulgaris were produced irregularly on the fresh leaf
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litter of broad leaved trees after rainfall from September to October. The transparent or
grayish white mycelia without any kind of rhizomorphs grow like spots on the leaves. This
species seems to be specific for some evergreen tree leaves in Pinus dens:flora.

Mycena pura were occurring sporadically in this stand, and the densities and the percen-~
tages of occupied areas were low. The white or brownish white mycelial mat with mycelial
strands grow in F layer and decomposes litter, turning to white color. The sporocarps are
produced in the rainy season.

Collybia peronata was collected only from II, and its frequency was 2495. Usually this
species forms the larger colonies in L and F layers, decomposing fresh litters and exhibits
white rot. The undeveloped mycelial strands are formed at the margin of colonies. This
species is dominant in the litter layer of the stand with thick A, layer.

Galerina vittaeformis occur always accompanied with mosses in I. This species was rare
in this stand.

The unidentified species of Mycena was 44% in the frequency and 0.75% in the percentage
of occupied area in I. The ecological characters of this fungus were close to those of Mycena
vulgaris.

Suillus bovinus produced the sporocarps gregariously at two places in I and one place in
II. This species accompanied often with Gomphideus rutilus, but it was impossible to identify
the mycelia of two species in the soil. The habitat was fixed to the same places for several
yvears. Although the percentage of occupied areas was relative in 1967, it might be higher
considering the abundance of the mycelium and mycelial strands of this species in ¥ to H
layer.

Suillus bovinus forms the light brown mycelial mat with the undeveloped mycelial strands
and inhabits mainly in F to H layer, forming the yellow forkshaped mycorrhizae. The my-
celial strands grow along the young roots of pine also into H layer and A horizon. The pure
cultured mycelium exhibits the slight activities to decompose cellulose.

Gomphideus rutilus produced only a fruit body in I, and it was impossible to trace the my-
celium and mycorrhiza in the soil. It is probable that this fungus keeps a symbiotic relation
with Swillus bovinus.

Cortinarius vibratilis in I was 52% in the frequency, 49 in the number of sporocarps and
5.87% in the percentage of the occupied areas. In II, this species was 40% in the frequency,
26 in the number of sporocarps and 1.5% in the percentage of occupied areas. This species
forms white mycelial mat with undeveloped mycelial strands and inhabits in F layer, forming
the mycorrhizal mass. This species forms the mycorrhizae of fork and rod shapes with Pinus
densiflora and Quercus serrata roots. The sporocarps are produced sporadically in the fall.

Cortinarius bovinus produced the fruit bodies gregariously in I and II. The territories
could be identified easily by the white mycelial mat with the undeveloped mycelial strands
and mycorrhizal mass which consisted of the cluster of fork shaped mycorrhiza in F-H layer.

Cortinarius sp. 1 which exhibited similar ecological characters to Cortinarius bovinus was
collected from I and II. This species occurred in I,

The percentage of occupied areas of Cortinarius sp. 3 was 0.5% in II. This white mycelium
with fine mycelial strands grows along the roots of deciduous trees forming the coralloidal
mycorrhiza,

The sporocarps of Lactarius rolemus were produced in both I and II sporadically. The

white and transparent mycelial mat without any mycelial strands grows in H-A layer form-



TRy RIC BT BRERE—~ Y 2 —OEMERT T IV UMD —101—

ing the small colonies. The mycorrhizae on pine and deciduous tree roots were fork or coral-
loidal shapes.

A sporocarp of Tricholoma robustum was collected from I. Usually the production of fruit
bodies was one month later than that of 7. matsutake. This fungus forms the Shiro with the
ectomycorrhiza and thick mycelial mat in H layer to A horizon and the sporocarps occur
making fairy rings or lines. The mycorrhiza is the elongated fork and pinnate shapes. This
fungus seems to be one of the antagonists against 7. matsutake, because the Shiro of 7. matsu-
take has been partly invaded by this fungus.

The frequency of Tricholoma flavovirens was 8% and the occupied areas were small in 1.
This species forms small colonies of yellowish white mycelium with yellow mycelial strands
in H-A layer. The mycorrhiza is fork shape and bares the yellow fungal sheaths. The host
plant is Pinus densiflora in this stand.

The sporocarps of Lyophyllum carbonarium occurred inside the Shiro of Ramaria botryiis
and along its occurring position. The frequency was 12% in II. It was impossible to trace
mycelia of this fungus in the soil. Probably this fungus may be parasitic against R. botrytis.

Rozites caperata appeared in I and II. The frequency was 20%, and the number of sporo-
carps was 15in I. The frequency was 1295 and the number of sporocarps 12 in II. The per-
centage of occupied areas in II was higher than that in I. The occurrence of fruit bodies
was gregarious, The colonies of grey mycelium are formed in H layer, and the thick mycelial
mat is very humid and acidic. The fine roots of P. densiflora and some deciduous trees become
the ectoendo mycorrhizae in the mycelial mats. The sporocarps occurs at the end of autumn
under low temperature.

Ramaria botryiis formed the circular Shiro with about 9m diameter in II, and produced
20 fruit bodies making the fairy ring in 1967. The annual growth width of the mycelium
was about 15cm. So, the Shirc seems to have been formed 30 to 35 years ago. It was pro-
bably the time after the Shiro formation of 7. matsutake. The percentage of the occupied
areas was 30.75%. There was the occurrence of other fungi inside the Shiro. There was no
fruit body occurrence from the parts where the sporocarps of Lyephyllum carbonarius were

produced.

The Shiro of R. botrytis is formed in A and the upper layer of B horizon, and the mycelial
mat is relatively thin and shallow, usually 8 to 5cm in depth and 10 to 15 cm width. On the
margin of Shiro, the yellowish white mycelium with the undeveloped and flat strands grows
radially forming the pinnate type mycorrhiza with the root of P, densiflora. Inside the Shiro,
the decaying mycelia turn to a grey powdery structure.

The mycorrhiza which is formed in the mycelial mat is the ectomycorrhiza without the
formation of thick fungal sheaths. The older mycorrhiza inside the Shiro is turning to black
color and detaching from the mother roots.

A few sporocarps of Polyporus confluens occurred in II, and the percentage of the occupied
areas was 4.5%. This species forms the fairy ring and the Shiro in H to A layer. The active
mycelial zone with white mycelial strands was 5cm depth and about 10 cm width, and the
mycelium inside the Shiro became white powdery structure. This species is one of the sapro-
phytes decomposing the blackened litter in pine forests. Sometimes, this fungus forms the big
Shiro with the diameter more than 10 m in older pine forests. The Shiro in II seems to have
been formed at the same time when that of R. botrytis was formed.

Hydnum repandum var. album in Il was more abundant than in I, and the occupied areas
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became 2.7% of the total area. This fungus forms the small and circular Shiros in F and H
layers. The Shiro seems to be short lived, because there are few Shiros with the diameter
more than 30cm. The white mycelial mats consisting of fine mycelial strands are shallow
and distribute sporadically. This fungus is the saprophyte to decompose the brown litter.

The sporocarps of Calodon zonalus was few in I. This fungus prefers to inhabit at the
places without litter layer. It is uncertain whether the species is parasitic or mycorrhizal.

The number of sporocarps of Ascocorynium vitellinum in 1 was more than that in II, and
the percentage of the occupied areas in I reached to four times in II. This fungus is usually
abundant in older pine stands and prefers to inhabit along the ridge with infertile soil. The
sporocarps are produced gregariously in the late autumn. The Shiro is irregular and shallow
in mineral soil layer, and the territory is restricted in H-A layer. The active mycelial layer
looks bluish-grey color, and the depth was only 2 to 3cm. The mycorrhiza is brown color and
coralloidal ectomycorrhiza is covered with sparse fungal sheaths.

There was no fruit body production os Sarcodon imbricatus in both subquadrates, but a few
sporocarps had been collected from I in 1965. This fungus forms the Shiro consisting of the
grey fine mycelial strands and the mycorrhiza close to that of 7. robustum. This fungus in-
habits in H-A layer and produces the sporocarps gregariously. The growth of Shiro of 7.
matsulake has been depressed by the Shiro of this species.

From these results it is certain that the fungal flora varies continuously from I to II de-
pending on the topography, soil conditions and vegetation, though the subquadrates I and II
situated closely on the slope and the differences between them are slight apparently.

Mycena vulgaris distributed almost homogeniously in the fresh litter layer of I, and Cor-
tinarius ribratilis and Suillus bovinus were dominant in the F layer. Lactarius chrisorrheus and
Rozites caperata occupied the most parts of wet site in H-A layer, and Tricholoma matsuiake, T.
robustum and Ascocorynium vitellinum were dominant in A and B layers.

In the subquadrate II, Mycena vulgaris was abundant in the fresh litter layer, and Corii-
narius vibratilis and Cortinarius bovinus were dominant in F layer. The Shiros of Rozites cape-
rata, Lactarius volemus, Hydnum rvepandum var. album and Polyporus confluens distributed widely
in H layer, and the Shiro of Ramaria botrytis occupied most of the area in A and B horizons.

On the habitats of these higher fungi, the number of species inhabiting in H-A, A and B
horizons was more in I than in II. In I and at the stand near the foot of the hill, the inhab-
itants in A, layer increased according to the accumulation of litter on the forest floor and the
relatively high humidity. The species number of saprophytes in II was more than that in II
remarkbly. The fungal flora on the slope was changing to the saprophyte dominant type,
because the saprophytic fungi inhabiting A, layer became dominant usually depending on the
aging of stand.

The species number of mycorrhizal fungi was a little more in I than in II, and the mycor-
rhizal fungi with parasitic characters were dominant in I. They were 7. matsutake, T. robus-
tum, Sarcodon imbricatus and Ascocorynium vitellinum and exhibited the common life type to
each other. On the other hand, the mycorrhizal fungi with saprophytic properties were dom-
inant slightly in IL

The species composition, species number and the amount of sporocarps produced varies
depending on the development of litter layer and the changes on the amount and distribution
of roots. The fungal succession in the stand progresses with the forest aging gradually?1®,

In general, the mycorrhizal fungi with parasitic characters and parasites migrate into the
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youngest stand of P. densiflora and become dominant among root infecting fungi. And then
the species number of some litter decomposers and the mycorrhizal fungi with slight sapro-
phytic activities increases in the young stand where the ground surface has been covered
with litter. In the older stand with the differentiated litter layer, the saprophytes become
dominant alternating with mycorrhizal fungi. However, the fungal flora similar to that in
the young stand remains sometimes at the places with immature soil conditions even in the
older stands. Probably the fungal succession in pine forest corresponds with the progress of
soil development on the forest floor and the fluctuation of the amount of roots.

The species number of the fungi making larger colonies increased in II remarkably, though
those of smaller colony formers were almost the same in both subquadrates. Moreover, the
rhizomorph formers were rare in this quadrate comparing with the_ abundancy in the stand
near the mountain foot with fertile soil. This may reflect the stability and simplicity on the
microbial flora for a long time in A, layer.

Generally speaking, the differences on the fungal florae between I and II seem to be negli-
gible macroscopically, but the frequency of Shiro formation of 7. matsutake and the growth
of them must have been ruled by such a minute or slight differences on the microbial flora
in the young stage of the stand. Therefore, T. matsutake which is mycorrhizal, soil inhabiting
and Shiro forming fungus takes part in the succession of soil microorganisms competing with
antagonists and occupying its own territory.

The map of the distribution of higher fungi in the quadrate is shown in Fig. 5. There
were recognised the segregations among the territories of the fungi which utilized the same
substrate and occupied the same habitat forming the undeveloped rhizomorphs. The Shiro of
T. matsutake competed always against those of Ascocorynium vitellinum, Sarcodon imbricatus, T.
vobustum and Rawmaria botryiis, and it was damaged by them and sometimes disappeared.

There were recognised the competition among the territories of the fungi which utilized
the same substrate but inhabited different habitats to each other forming the same type of
Shiro. For example, the Shiro of 7. maisutake was segregated from those of Swuillus bovinus,
Tricholoma flavovirens, Rozites caperata, Polyporus confluens, Calodon zonatus and Lactarius rolemus,

There were recognised the antagonism among the Shiros of fungi which utilized the dif-
ferent substrates and inhabited the same habitat, but there was no competition among the
fungi with the developed rhizomorphs, even if they took the same substrate. There was re-
cognised no antagonistic behavior among the fungi with completely different life types, And
the Shiros of larger and perrenial colony formers have been protected against the antagonists
for a longer term, seen in the colonies vigorously growing.

As above described, many mycorrhizal fungi forming the Shiros in soil and the litter de-
composers forming the larger colonies in A, layer can be listed up as the antagonists against
T. matsutake; Tricholoma species forming the Shiro in mineral soil horizons, Ramaria species,
Sarcodon, Calodon, Boletopsis, several species of Polyporus, several species of Boletaceae inhabit-
ing in soil, Russula species forming the Shiro or thick mycelial mats, and a few species of
Lactaris in soil.

The Shiro of 7. matsuiake exhibits the highly adapted life type in pine forests. This
fungus inhabits in the mineral soil horizon where the stability of microbial community has
been maintained and gets the nutrients from the mycorrhiza of which growth coincides with
the growth pattern of mycelium. Moreover, many harmful or useless for this fungus have

been excluded from the inside of Shiro by antibiotic substances produced {rom the mycorrhiza,
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and the purity or simplicity of microbial flora inside the Shiro has been kept by the formation
of sick soil and the desiccation of soil. Therefore, it seems that the ecological nitche of this
fungus in pine forests is one of the most stable Shiros among those of higher fungi, and that
the existence of the Shiros indicates the stability of microbial community and the composition
of soil microbes.

On the other hand, the distribution of higher fungi in a certain area is always hetero-
geneous, and the microbes other than higher fungi also inhabits heterogeneously in soil occu-~
pying their own territories and affecting each other. And such a heterogeneous microbial
community in soil are fluctuating ceaselessly. Therefore, it is necessary for the ecological
studies of soil microorganisms in forest ecosystem to visualize the heterogeneous distribution
by means of higher fungi and to clarify the causes of such a heterogeneity, For the re-
searches of fungal ecology it will be helpful to introduce the concept of Shiro as a unit of
fungal life or territory in the field. This term, Shiro, will be able to be adopted not only to
the colonies of higher fungi but to the small colonies of soil fungi as well.

Shiro can be defined as follows: In a broad sense Shirc means the territory of a certain
fungus in the field and the closed microbial community or domain led by a certain species
which protects its own life affecting to the other components and accompanying them. Prac-
tically, it means colonies or mycelial mats without any developed rhizomorphs, and the sporo-
carps are produced making fairy rings or gregariously from them.

Forest ecosystem has offered suitable conditions for the perrenial higher fungi. In forest,
the substrates for microorganisms have been supplied constantly every year from leaf litters and
wood and through plant roots. There has been little fluctuation on the supply of substrates
and also the disturbance of forest floor by animals. In general, the environmental conditions
in the mature stands are relatively stable without abrupt changes. So, the species composition
in the forest ecosystem must be limited to definite patterns corresponding with the plant
communities, The accumulation of litter and the ceaseless generation of fine roots cause higher
fungi to promote the migration and flourish. It is considered that the higher fungi have been
adapted to such stable environments and evolved in it, and that the abundancy of higher

fungi is the most eminent characteristic of forest microbial community.



