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Makoto Geawa : Microbial Ecology of Mycorrhizal Fungus,

Tricholoma maisutake Tvo et Imar (Sing.) in Pine Forest 1

Fungal colony (‘Shire’) of Tricholoma maisutake
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P : Pinus densifiora, Qs : Quercus serrata, Qv : Quercus variabz'lz's, Qa : Quercus
acutissima, Mo 1 Michelia obovata, Lo : Lyonia neziki, Vo : Vaccinium oldhami,
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The ‘Shire’ of Tricholoma matsutake in research area b (Kyoto Pref.),

Dec. 8, 1966,
This ‘Shire’ was used mainly for the investigations on the microbial ecology
of Tricholoma matsutake which will be described in the series of these papers.
1965 fh, 1966 fb : fruit bodies cccurring positions in 1965 and 1966,
P and other marks : Pinus densiflora and understory vegetations. Circular lines
show the boundary of mycelial zones grown for a year.
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The positions of mycelium, fruit bodies occurring pesitions and the roots of pine
tree in the ‘Shire’, Research area b, Dec. 8, 1966.

The parts surrounded by lines show the mycelial zones grown for a year, and these
widths vary irregularly. The enlargement of ‘Shiro” was retarded by the existence
of tree trunks and rocks. The larger roots were abundant in the center of ‘Shiro’,
and the fine ones forming mycorrhiza directed outwards.
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O~V : zones capable to be discerned by the features of mycelium, root and soil.

The ‘&huo was growing leftwards. The myneimm and mycorrhiza were active in
20068 ¥ and W and decaying in zomes IV, V, VI and V. The distance from

the cd;zt to center was about 200 cm.

The profile of the ‘Shire’, Research a
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B 17 g,
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The ‘Shiro’ in winter, Research area b, Feb. 11, 1966.

I~V :zones of the ‘Shiro’ was enlarging leftwards. The edge changed {o
the stream lined shape, and the zone I consisted of only raycelium increased.
The development of mycorrhiza ceased under low temperature.

5 ER

The Ifzaders of pine roots grew through the zone I in early spring, and
mycorrhiza formation and mycelial growth started in March. The mycelial
fragments and old mycorrhiza in the zone IV began to be decomposed graduslly.
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The ‘Shiro’ in May, from spring to summer, Research area b, May
19, 1966.

The mycelium and mycorrhiza were activated on the edge and they enlarged

growing upwards and downwards. The zone T’ with matured mycelinm appeared.
The zone 1V in April changed to the zone V following to the progress of
decomposition,

Fig. 7

h, 1966476 H24H
KA EPAIL S, BUEEL L, B

¥ O OFEET sEInL,
Wk, BIVIZHL

The ‘Shiro’ in early summer, rainy season, Research area b, June 24, 1966,

The amount of active mycorrhiza with branched fine roots and mycelium
increased in the edge. The zone Y decreased and the zone IV disappeared,
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The ‘Shire’ in mid summer, Research area b, Jul. 15, 1966,

The growth of leaders ceased transiently in this seasom, but the branching
and formation of fine mycorrhiza on pine roots continued. The decomposition
of mycelium and mycorrhiza progressed in the inner part of the ‘Shire’.

The zone W' in June changed to the zone W,

SR o OIRAE, FEH D, 19664F 8 H28H
HMoBERKIET 5, EECEAIERSEARIGEL, FERRERELNABEL
BEML, EARERT 3,

e Q7 e

The ‘Shiro’ before the fruit body formation, Research area b, Aug. 28, 1966,

The growth and development of root stopped abbarenely, The amount of
active mycorrhiza and mycelium reached to its imaximum, and the zone I
with matured mycelium which will be utilized for the fructification increased,
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The ‘Shire’ at the fruit body cccurring time, Research area b, Oct. 4, -1966.

This profile was examined two weeks later after primordia formation. The
desiccation of soil and destruction of soil aggregates were observed in the
zone M, and the changes from the zone I to the zone W’ could be recogunized.
The amount of the zone I decreased, and the formation of the zone I started
on the edge. The newly growth of root tips initiated.
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Fig. 11, a. vy 2 7 BEROWRE, HEMD, 19664 6 H248
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The *Shire’ at the fruit body occurring time in summer, Research area
b, Jun. 24, 1966.
1966 fb : fruit bedy occurring position in summer. The trench for observation
was digged along the linear line. The part surrounded by circular line was
utilized for the fruit body formation.  About 80% of this part belonged to
the zone IV and V in normal case. Ln : Lionia nejikii Ej: Eurya japounica

Fig. 1L, b, »~ey 2 7258k Loy o OWHE, #HEHb, 19664E6 241
ey 2 rdfEd 3 EEREACHLTRL, BELE IV 0B8E<, FHE
ERELCE T RE T BLGHEOET LB V A L5 IKKMEh 3,

The profile of ‘Shiro’ occurring fruit body in summer, Research area b, Jun. 24, 1966,
The amount of the zone I, I and H[’ in this case were more abundant than
that in the normal cases in fall. The zone W’ was discerned from the zone
W and V by decaying mycorshiza.
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after conjugation, A few
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A, Duplication of ‘Shire’ B. Triplication of ‘Shire’

fb : Fruit body occurring position. P pine tree. Shadowed parts represent the
active mycorrhizal zones, Many sporocarps were produced on the margin of
each colony, and the growths of mycelial mats were retarded.

N d
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‘Shire’ prefile in duplication, Research area a, Nov. 1967,

Hia, 19674E11H
, VRSB I B
L OBAREL

fb : fruit body occurring position, my : myeorrhiza, mycelial zone : the zone
I consisted of mycelium only. There were formed thick zone, zone I, on the
margin of hoth ‘Shiro’ s, and the enlargements were depressed with each
other. The mycelial zone in right side grew more deeply than in normal
one, and its mycorrhizal mass increased also comparatively.
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Age ring of ‘Shire’, Research area a, Nov. 18, 1965,

fb 1965, 1964, 1963 : fruit body occurring position in each vear. Sperocarps
oceurred at constant distances through three years when the ‘Shiro’ had enlarged
normally. The zones used for fruit body production in each year could be
discerned each other according to several features on soil properties and root
decaying, and the regular zonation like age ring was recognized.
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‘Shire’ in the coliapsmg peuud Research area a, hm 1965
@O : fruit body occurring positions. Shadowed parts show the zone with active
mycelivm and mycorrhiza, B is a part of A enlarged. The active mycorrhizal
zones remained like island, and the mycelium disgppeared from the other parts
of this ‘Shiro’.
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Profile of the collapsing ‘Shiro’, Research area a, Jun. 1965,

fb ¢ fruit body occurring position in 1964. Even in June there were no active
.mycorrhiza and mycelium, the zones I and W, and the zone I continued fo
the zone IV directly. This ‘Shire’ was characterized by ne downwards growth
and poor mycerrhiza formation.
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Profile of ‘Shiro’ disturbed by cutting, Research area b, Oct. 10, 1967,

The sporocarps occurred gregariously at the place where a part of the ‘Shiro’
was digged out for investigation and buried again one year ago, There were
a littl active zones, the zone U and 1, and thin zone H’. Most of sporocarps
rotted down before maturation. ;
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Microbial Ecoiogy of Mycorrhizal Fungus, Tricheloma
" matsutake ITO et IMAT (SING.) in Pine Forest I

Fungal colony (‘Shire’) of Trickeloma matsutake

Makoto Ocawa™®

Summary

The sporocarps of Tricholoma matsutake have been hunted and utilized by Japanese people
as one of the most favourable edible mushrooms ever since ancient days. We can find many
articles and records. on this mushroom in diaries, essays and encyclopedia published in years
gone by. The trials for the artificial culture and transplantation of this fungus have been
described and reported by many workers, but no successful methods have been learnt from
any work. The fundamental studies for artificial culture were initiated at the beginning of

the 20th century by Mmura (1909), and the studies on forest management for mushroom
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production have been succeeded mainly by workers in forestry because of high market price.

The word “Shiro” which means white color, castle, or place in Japanese, has been. used
for a long while popularly as the word meaning the special places where the fruit bedies of
Tricholoma matsutake have been produced for long periods of time. The fruit bodies occur
frequently in pine or some other coniferous forest making falry rings and lines with various
shapes, ‘and so the existence and sizes of this mycelium in soil can be detected easily in the
field. These phenomena have been observed by some workersP®$1020! and the annual growth
of mycelium in soil are estimated depending on the translocation of fruit body occcurring
positions. Most of workers reported that the average annual growth of mycelium was from
10 to 15 cm. But actually the relative distances among fruit bodies were not constant, and it
revealed that the mycelium in soil was growing irregularly depending on the environmental
factors.

Several reports®® conjectured on the relation between fruit body occurring positions and
subterranean mycelium, but their theories have not been confirmed by direct observation of
mycelium and mycorrhiza in scil. The age of *Shiro’ was also estimated by calculation dividing
the radius by the annual growth width®.

The mycelium grows in mineral soil forming parasitic mycorrhiza’®?®, and its depth varies
depending on soil conditions'V. The soil properties in the inner part of ‘Shiro’ change as the
results of decomposition of mycelium and mycorrhiza and succeeding desiccation of soil.

The similar phenomena have been observed on other fairy ringsP®981920 and various
fairy rings and their deformed colonies have often been found in field surveys. - Most of {hg
higher fungi possess the ability to make colonies of large size, and the tendency is recognized
on the species lack of well developed mycelial strands or rhizomorpha. Tricholoma matsutake
belongs to these fairy ring type fungi, and also takes part in the forest ecosystem as a member
of soil inhabiting fungi forming big colonies which consist of many f’acfofs, mycelium, soil,
root, mycorrhiza and soil microbes, :

Therefore, it is considered important to investigate the ecological nitche in the piine forest
ecosystem not only as a basal study for artificial culture but also asa paft of forest microbial
ecology. ‘ -

The morphological features of the fungal colony, ‘Shiro’, its seasonal chan.ges‘ and the
ageing are reported in this paper. The studies on mycorrhiza, relation with soil orgarﬁisrﬁé
and eccological nitche in forest ecosystem will be reported in following papers.

This work had been carried out in Kyoto University since 1964 through 1968 under ‘the

guidance of Dr. M. Hamapa.
Explanation of research area

Research area b : Mizuho-cho, Funai county, Kyoto Pref.

Topography and soil : The research stand is situated on a slope with small flats in hilly
mountain, 320 m above sea level. The area has been surrounded by pine forests in various
stages and deciduous forest. Parent materials of soil were chart and sandstone, and the soil
was dry brown forest soil, Ba. The organic matter layer was comparatively thick, L 1~2 cm,
F 2~3¢cm, H-A 1~2cm and distributed even. A layer with dark brown color was 2~3cm in
thickness, and B layer was 70 cm and moist. The fine roots of pine were distributed up to

50 cm and was abundant up to 10 cm depth.
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Vegetation : Pinus densi flora regenerated naturally, 50~60 years, had 10~12 m tree height,
12~27 ecm diameter of breast height; 3~4 m crown width and 500/ha density. The shrubs and
trees recorded in Fig. 1 formed understory vegetation with low density. The forest floor was
covered by scarce grass and small shrubs. This forest belongs to the Pinus densiflora-Rhodo-
dendron type. ;

‘Shire’ of Tricholomn matsutake : ‘Shire’ formation in this area concentrated around ridge,
and four or five ‘Shiros’ of various shapes could be counted in 30 X 30 m quadrate. Maximun
radius among them was 3m in arc shaped ‘Shire’ and the minimum 2 m in a circle-shaped
one. It-is probable:that the initiation of fruit body production was about 20~25 years ago,
calculating the age of these ‘Shiros’. The amount of sporocarps of other higher fungi was
lower than that in older stand, Research area a. In general, there is often recognized the

lower productivity of mushrooms in the area with high productivity of T\ matsutake.

Method

The fruit bodies cccurring positions were marked by pegs for several years previously in
order to confirm the fungal teritories. The observation of fungal territories from surface was
carried out after“scra.pir.ig off the organic matter covering the ‘Shiro’, and the white mycelial
zones were recorded on a map. The trench for profile investigation was dug out along a linear
line from the center of the ‘Shiro’ to the margin. The sampies for detailed studies of mycelium
and mycorrhiza and for the isolation of soil microbes were collected from the profile after
recording of the morphalogical features on the profile of ‘Shiro’. '

Results and discussion

1. The surface view af"Shiro’ )

The examination was carried out in Research area b, on Dec. 8, 1966. Ao layer which
covered the ‘Shire’ was scraped off over the shadowed par‘t in Fig. 1. Numerous mycelium
and rhizomorpha growing in Ay layer could be observed in this season, but apparently they
had no direct relation with the ‘Shire’ in mineral soil layer. Fine plant roots including pine
ones were abundant in F layer distributing unevenly. There were a few mycorrhiza and
rhizomorpha of mycorrhizal fungi ih F layer over the inner part of the ‘Shire,

Humus had dark brownlof black color around the center and edge of the ‘Shiro’, but it
turned to greyish and @D'»V’derish over the other parts of it.

The mycelial mat with white color appeared below H laver and could be discerned distinctly
from outer part of the ‘Shiro’. The relation between the fruit body cccurring positions and
annual mycelial growth width was irregular as shown in.- Fig. 2. It seems that the fruit bodies
had been produced on the zone grown since the autumn of the previous year until autumn
of the next year. Judging from the apparent regular changes in mycelium and mycorrhiza,
the normal enlargement of ‘Shiro’ was sometimes inhibited or depressed partly by such obstacles
as tree trunks, rocks or microbial antagonists and by the lack of pine roots.

- The surface area of mycelial zone neccessary for the production of one fruit body was
estimated to -be 1020 cm3, and the volume of soil including mycelium and mycerrhiza was
15002000 cm? The white color of mycelium was strongest around the fruit body occurring
positions and on the margin of ‘Shire’ where the undeveloped hyphal strands were developing

into the interspaces of soil crusts. Such a white color became vague in the inner part and
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turned to light brown around the canter.

The distribution of pine roots in the ‘Shiro’ was shown in Fig. 2. The larger roots with
more than 5 mm diameter were abundant in the inner part of the ‘Shire’ especially near the
center, These roots bore the traces of lateral roots detached from mother roots and twisted,
The larger roots with more than 1I0mm diameter distributed without any relation to the direc-
tion of ‘Shiro’ ‘enlargement, but most of the roots with less than 10 mm diameter had grown
radially following the direction of mycelial enlargement. "The roots which grew into the inner
part of the ‘Shiro’ were mostly dead and decayed. From these results it is certain that the
fungus can form its mycorrhiza not on special roots but on all the roots distributing in its
territory, and it is probable that the frequency of ‘Shire’ formation is high in the place where
pine roots have grown concentratedly in voung stands.

The inner part of ‘Shiro’ become sick for this fungus because of desiccation resulting from
unpermeable layer formation following the decomposition of mycelinm and mvcorrhiza and the
changes in soll microbial flora. The area occupied by ‘Shire’ including the sick soil part can be
estimated as the territory of this fungus in the forest. These characters were common to the
‘Shire’ investigated under different conditions and also those of the allied species (unpublished).

2. 'The profile of *Shire’

The profile of ‘Shire’ shown in Fig. 3 was observed on Nov, 30, 1965 when the fruit body
production in the year had finished, This ‘Shire’ was enlarging leftwards, and the distance
from the center to the edge was 184 cm and 160 cm from the center to the fruit body ecceurring
position.

Ay horizon and soil was the same as above mentioned. Soil hydrogen ilon concentration
in B horizon outside of the ‘Shiro’ was 4.5~5.0. The mycelial mal was formed beneath H-A
horizon, and there were recognized seven zones discerned by the soil properties, mycelium and
mycorrhiza in the fisld.

Zone 0 : The zone uninfected soil outside the ‘Shire’. - There were no mycelia and mycor-
rhizae, and the soil with brown color was more humid than in the inner part of the ‘Bhire’. There
was a distinct boundary between the front of mycelial mat and this zone.

Zone I: The zone with only white mycelium. The undeveloped hyphal strands without
mycorrhiza exiended into soil crusts and formed the zone, 2 cm in widih. This zone is formed
usually in the front in winter and can not extend upwards, so the boundary of ‘Shiro’ becomes
streamline shape, The similar zone I’ is formed sometimes in the hottom of the ‘Shire
depending on the soil physical properties, The soil crusts were hardened, being connected by
the white brilliant hyphae. The hyphae have no clump connection, propagules and aerial one,
but a lot of vacuoles in cell. The hyphal growth continues through winter under low temper-
ature, being supplied their nutrients from the following mycorrhiza in the zone Y.  There
are no changes in soil properties, aggregates, pH and moisture content, and no exclusion of
so0il bacteria out of this zone (Murars, unpublished)),

Zone II: The zone with the mycorrhiza in mycorrhiza development stage 1 (reporting in
this series ). The undeveloped hvphal strands disappeared, and the hyphae extended overall
like a mat. The mycorrhiza was formed in the mycelial mat because of the dormancy of roots,
and so both leaders and fine roots branched and blackened with most of the surface except
for root tips infected by hyphae. However, the mycorrhiza was fresh and had no fungal mantles
such as typical mycorrhiza. The other plant roots were also covered by the hyphae, but there
were neither mycorrhizal formation nor killing. Soil crusts became harder than in the zone
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1. It seems that the thin zone I had remained through winter as the inocula for the newly
enlargement next spring.

Zone I and Y’ : These zones have maximum amount of mycelium and mycorrhiza, but the
mass of them decreased in winter. The mycelium forms serial hyphae sometimes contamina-
ting the hyphae of other species especially near the surface of the ‘Shire’. The mycorrhiza
was fresh and fine. The leaders have sloughed off their epidermis as the result of secondary
growth, and the fine lateral roots blackened up to the root tips in zone JI. On the other hand,
the hyphae detached from the surface of these fine mycorrhiza in zone ', and the black color
became stronger than that in zone I,

Most of the other plant roots were killed. There was no new growth of young roots. Soil
began to desiccate and particles became fine. The formation of inpermeable layer was recognized
in the inner part of the zone II’. The sporocarps formation, in general, depends on the mass
of these zones

Zone IV : The zone where the fruit bodies have been produced already and the decomposi-
tion of mycelium and mycorrhiza have started. This zone can often be divided into two zones,
upper zone and under one with the same features as in zone I or II. The under zone has
not been tonsumed for fruit body formation. There are numerous fine reots in the boundary
between H-A horizon and the surface of the zone IV. It is probable that pine roots can grow
either upwards or downwards in the ‘Shiro’ and some of them have escaped from the fungal
territory.

The empty hyphae in which cell contents had been consumed for fructification detached
from roots and turned from filamentous structure to powderish. The soil in this zone also
changed to fine structure and desiccated following the decomposition of mycelium. Most of
the fine mycorrhiza in this zone had been dead almost a year. The leaders with fresh and
white root tips formed the bark, and the fine roots with black tips turned to reddish brown
color in keeping with the detachment of epidermis begun from the base. All of the fine roots
of other plants were killed and decomposed.

Zone V : The zone produced the sporocarps a vear ago. The mycelium had been decomposed
to white powderish fragments, but there were partly observable the remains of zone IV here.
The mycorrhiza had been withered, leaving the black dead root tips and the fragments of
roots detached from mother roots. The dead roots were also observed among larger roots.
The sting specific in this zone was smelled. The decomposition of other plant roots and soil
desiccation: progressed more obviously than in zone IV,

Zone VI:The zone beginning to recover to normal state. This zone became shallower
inwards resulting from the disappearance of the zone I’. There were no mycorrhiza and myce-
{ium, but the amount of fragmented roots and larger roots increased. Soil properties began to
recover ihcreasing soil moisture; but the color of soil was still whiter than that in the uninfected
soil, zone O.

Zone VIL : The recovering zone. The recovering to normal soil progressed from the bottom,
but the process of recovering was not always uniform. The mycelium and mycorrhiza had
been decomposed completely although the soil color remained light brown. In general, the
recovering of soil progresses from the bottom because of small amount of mycorrhiza and

mycelium causing the formation of inpermeable soil horizon.
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3. Seasonal changes in ‘Shire’

The changes and developing processes were observed on the ‘Shire’ in research area b as
ahove described, cutting a part of it. Strictly speaking, these examples, therefore, did not
represent the continuous growth of it through a year.

a. Winter (Feb. 11, 1966)

The mycelial growth was depressed below I-A horizon by low temperature, the edge of
the ‘Shire’ changed to be stream-lined shape as shown in Fig. 4.  The zone I enlarged into
uninfected soil and was discerned out of zone I distinctly. The zone 1’ was also formed at
the bottorn. Most of the zone I with small amount of mycorrhiza in mycorrhiza development
stage 2 changed to zone [ in the fall. Young mycorrhiza which formed on the roots grown
in the late fall was observed on the boundary between zone 1 and zone T. The zone IV which
was utilized for fructification in the fall was changing to zone V following the decomposition
of mycelium and the detachment of mycorrhiza from mother roots. There were no changes
in the more inner parts than in zone V.

It seems that the formation of zone I results from the differences in growth conditions
between the fungus and the root,

The mycelium can grow even under low temperature, 0~5°C, but the growth of pine root
stopped or retarded under the same condition in the field. The zones 1 and I formed in winter
play an important role as the inoculum for the enlargement of the ‘Shire’ in the following
spring. It is also important that the root tips of mother root without fungal infection remain
in zone T for the mycorrhiza formation in spring. The continuous.deveiopment of the ‘Shire’
can be maintained by their characteristic growth,

b. Spring (Apr. 11, 1966)

The growth of pine root begins usually in March in the Kansal district. The mother roots
in zone II in winter grew through zone 1 and protruded into the uninfected soil as shown
in Fig. 5. The mycorrhiza formation was observed on the older parts of mother roots and at
the same time the mycelium enlarged into the zone 0 hardening soil crusts, The zone 1 in
winter changed to zone I, and the amount of zone Il increased gradually. The mycorrhiza
formation was cobserved also in zone 17 slightly. The decomposition of zone IV progressed
from the bottom. The shape of edge changed to be circular following the upward mycelial
growth. The state in spring can be characterized by the remarkable growth of roots superior
to mycelial one.

¢. Spring to summer (May 19, 1966)

The zone 1 disappeared from the edge as shown in Fig. 6. The mycelium enlarged 5 cm
out of the edge in April. The amount of fresh mycorrhiza with white hyphae increased, and
soil began to desiccate. The zone I in April could be divided into two zones, the zone I
abundant in fresh mycelium and mycorrhiza and the zone W’ with some aerial hyphae and
relatively desiccated soil. The zone 17 disappeared out of the bottom according to mycorrhiza
formation in it. The changes in inner parts, the zones IV and V, progressed more slowly. In
this season, the front of the ‘Shire’ differed from the decomposing inner parts remarkably
because of mycorrhiza formation and decomposition. Therefore, the front zones could be called
the active mycorrhizal zone and the inner zones the collapsing zone respectively., The stages
of mycorrhiza development could be cbserved distinctly as described in the following paper.

The profile observed in June 24, 1966 was shown in Fig. 7. The edge enlarged 3 cm from
the one in May, and the bottoms reached to 15 cm depth.  The upward growth of mycelium
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was promoted following the rise of temperature. The zone I remained on the front forming
thin zone as the result of the increase of zones I and M’ with matured mycelium. The
decomposition in inner parts progressed irregularly. The ‘Shirc’ in this season enlarged and
developed most actively in a vear, and the amount of formed mycelium depended on preci-
pitation mainly during this rainy season. Moreover, the amount of matured mycelinm affected
the productivity of sporocarps. These examples were experienced in 1964 with a high preci-
pitation and in 1967 with a low one in this season.

d. Summer (July 15, 1966)

The ‘Shiry’ enlarged 10~15cm outwards and 5~8cm deeper than the one in winter as
shown in Fig. 8. The front changed to arc shape because of the vivid upward growth of
mycelium reaching to H-~A horizon. However, the upward growth was depressed in midsummer
and the active enlarging parts moved to deeper zone. The zone I with dense mycelium
decreased following the retarding of root growth. Sometimes the mycelium preceeded mycor-
rhiza. In zone I there were observed abundant branching lateral roots bearing mycorrhiza
on them, aerial hyphae and soil desiccation. The decomposition in zone IV progressed rapidly,
and most of it changed to the zone V.

It seems that the maturation of mycelinm is promoted through this season.  In summer,
the soil moisture decreased because of low precipitation and high temperature, but the soil
in active mycorrhizal zones was more humid than that in the uninfected zone. It is probable
that the soil moisture in the ‘Shire’ can be retained constantly through a year.

e. Late summer before fruectification

In this area, soil temperature lowered to 19°C on September 15 to 16 under which tem-
perature the primordia formation initiated?, and the fruit bodies occurred on the 29th of this
month. The amount of active mycorrhizal zones had reached to the maximum, and the myce-
fium matured apparently. The zone HI with 3~4 cm width changed to zone I from the inner
parts gradually. The zone 1 with fine mycorrhiza and aerial hyphae reached to the maximum
in a year. Soil crusts softened and desiccated as the result of the fungal maturation. . The
zone I consisted of the remained parts of last fall, the one grown in winter and the one grown
since this spring. The decomposition of the inner parts progressed gradually, and zone IV had
changed to zone V completely.

After this time the formation of white mycelial mat with browning hyphae was observed
on the surface of active zones. The mycelial mat thickened after the lowering of soil tem-
perature below 19°C, and then the numerous primordia were formed over the mycelial mat
of the zone I, These primordia were small white balls and the tops of them turned to brown
according to their maturation. The differentiation of hut and lamellae initiated at the stage
with 1~2 cm height.” A few primordia completed their development to fruit bodies, and most
of them stopped their growth at the initial stage. After the primordia formation there were
observed the increase of aerial hyphae, withering of mycorrhiza, soil desiccation and destruction
of soil crusts.

f. Fall, fruit body formation (October 4, 1966)

The sporocarp shown in Fig. 10 was produced two weeks ago. The zone I developed on
the front and conjugated to zone I’ below zone II. The enlargement of zone [ progressed
through winter slowly, but zone II decreased and converted to zone . Root growth in zone
I started again and most of the mother roots also changed to mycorrhizae except for root
tips. In zone [ the mycelium began to detach from mycorrhizae withering, and soil desiccated
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rapidly according to the growth of sporocarps. Gradual destruction of soil aggregates and
decomposition of organic matter continued more in the inner parts than in zone V. The
mycelial mat that had developed on the surface disappeared after the fruit body production
and changed to a grevish powdery structure. It seems that the mycelium wmainly in zone
Il was exhausted for fruit body production and soil properties also were changed by the death
of mycelium rapidly.

g. Sporocarp formation in rainy season (June 24, 1966)

This fungus is capable of producing its sporocarps twice a year, in spring and fall. The
one cccurring in the rainy season which has been called spring matsutake or early matsutake
cccurs usually from the end of March to the beginning of June in the temperate region.
Similar occurrence has been found in the Kansai district from the middie of June to the be-
ginning of July. In northern regions or the sub-alpine zone, the term of occurrence is shorter
and usually once a yvear. Spmetimes two occurrences from the same ‘Shiro’ have been recorded
in young pine stands. Therefore, this fungus can produce the sporocarps whenever the
mycelium have reached to the maturation stage and the climatic conditions, especially preci-
pitation and soll temperature, become favourable to the fructification.

The ‘Shiro’ and its profile were represented in Fig. 11, a, b. Here 80% of the zone which
was utilized for spring matsutake was included in the zone which should have been used last
fall.  The zone [’ in June was used for this production, but the zones I and HI remained
in normal state.

The seasonal variation of the ‘Shire’ above mentioned was summarized in Fig. 12,  The
development of ‘Shiro’ progress ceaselessly through a year depending on the synchronized
growth of pine root and the mycelium, and the inner parts being protected against invading
microbes by desiccation and the formation of impermeable horizon.

4.  Age of ‘Shire’

It has been well known that there is a correlation between the formation of ‘Shire’ and
the age of pine forest. Although it is impossible to detect the phenomena at the stage of
mycorrhiza formation and the initiation of ‘Shire’ formation, it will be important for cultivation
in the field to trace the processes of ‘Shiro’ development according to the investigated facts
as shown in Fig. 13,

A. ’Shire’ formation period

The first stage of ‘Shire’ development is the mycorrhiza formation period. The spores
that are short-lived and have low germination rate has no character to benefit for dispersion.
On the other hand, the amount of young pine roots without any other microbes on their sur-
face are relatively low in surface soil, especially in the fall when the spores are produced
abundantly.  Even if the mycorrhiza was formed by chance, the probability to survive and
develop will be lower in the field. It will be neccessary for mycorrhiza and ‘Shire’ formation
that there exists the soil with low contents of organic matter, abundant fresh roots and poor
microbial flora in soil as the previous situation.

The second stage is the ‘Shiro’ formation period which can be visual by the formation of
white mycelial mats and characterized mycorrhizal aggregates. These two stages are included
in ‘Shiro’ formation period continuously, and called the infection period of this fungus to pine
forest,

B. ‘Shire’ enlargement period
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The third stage is the period in which ‘Shire’ enlarges producing the sporocarps. ‘Shiro’
once formed sometimes disappears or has no sporocarp production, and the ‘Shir¢’ which can
survive has been selected among numerous initials of ‘Shiro’ in early stages. In most cases,
the ‘Shiro’ enlargement depends on the soil conditions, root and microbial flora, and the dis-
tribution of ‘Shire’ in pine forest has been concentrated into specific site.

In the beginning of this stage, ‘Shiro’ can be detected by the solitary or gregarious
occurrence of fruit bodies, and its mycelial mat is in general relatively shallow. Probably
‘Shiro” will be formed as the result of the conjugation of some small mycorrhizal aggregates,
It will need 3 to 5 years after the mycorrhiza formation to reach this stage. The developing
processes after this stage become more stable than in previous ones because of the antibiotic
activities of mycorrhiza?® excluding the other microbes out of its territory.

In the fourth stage with high productivity of sporocarps, ‘Shiro’ become circular, are,
twisting line, pegan shape or tri-ring according to the fusion of each other.

a. Deformation of *Shire’, fusion

The examples in duplication are shown in Fig. 14 A, 15 A and 16. Two or three ‘Shiroeg’
near formed affected each other before fusing, and the enlargement of both ‘Shirc’ were
depressed by each other. The thickness of active zones increased abnormally, and the sporocarps
occurred abundantly on the boundary of ‘Shireg’.  After such a phenomena continued for a
few years, both ‘Shiro’ fused and deformed to pegan or tri-ring shapes. These ‘Shiros’ became
bigger circles several years later. However, the fusion is not always the cause of high pro-
ductivity, and there is often no fruit body occurrence on the boundary.

b, Deformation of *Shire’, *‘Ondo-tori’

The fruit body occurring in the center of ‘Shire’ has been called ‘Ondo-torl’, a singer of
folk dance among Japanese. The example was shown in Fig. 14 A, It seems that this phenomena
resulted from the depression of normal enlargement of ‘Shiro’ being caused by the existence
of some obstacles; rock, tree stumps, microbial colonies in front at the early stage of ‘Shiro’
development. While the normal enlargement in ‘Shiro’ was depressed partly by some obstacles,
the other parts enlarged outwards and then fused outside surrounding the remained parts.
Similar depression has been recognized through all stages. The remained part inside can
sometimes produce its fruit body later, and this part disappears soon after the production.

c. Age ring in ‘Shire’

The annual growth of ‘Shiro’ can be traced by the continuous changes of mycorrhiza,
mycelium and scil properties for several years. The example investigated in research area a
was shown in Fig. 17, The fruit body occurring positions were marked for 20 years by Dr.
Hamapa,

The zone utilized for sporocarp production in 1965 was changing to the zone IV, the one
in 1964 was the zone V, and the one in 1963 was the zones VI to Vi. The annual growth zounes
could not be traced in the inner parts distinctly. When the ‘Shiro’ enlarged repeating regular
seaonal variations, the structure like the age ring can be recognized on the ‘Shire’ profile.

c. ‘Shire’ collapsing period

The fifth stags of ‘Shiro’ development is the period in which ‘Shiro’ becomes older and
beging to partly disappear by some causes. The fruit bodies in this stage occur on short
lines or spots, but subterranean mycelinm can survive for a longer term without fruit body
production. In old pine stands the production of sporocarps is apt to be variable depending on
climate in the fall because of the increase of *Shire’ in this stage. The active mycorrhizal
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zones remain like islands as shown in Fig. 18, and the amount of mycorrhiza decresed
because of poor rooting of fresh young roots.  Such a collapse of ‘Shiro’ seems to progress
abruptly during a few vears.

The active zone of the ‘Shiro’ was narrower with poor mycorrhiza formation than that
in normal state.  Saprophitic soil microorganisms were isolated from the active mycorrhizal
zone frequently. The recovery of such a *Shiro’ is probably impossible.

The similar phenomena was observed on the profile shown in Fig. 20 by cutting. The
fruit bodies occurred gregariously in 1967 around the profile which was made in 1965, digging
out a part of ‘Shiro’ from the edge to the center and buried soom after the investigation.
There were not found the zounes I and I on the front, and also the zone T’ was narrower.
From these results and the examples in which the fruit bodies could often ovccur even after
clear cutting of pine trees, it will be considered that the mycelium has the character to unify
thelr colony and to reserve their own nutrients for a certain pericd,

The collapse of ‘Shiry’ seems to be caused mainly by the decrease of young roots following
the ageing of the pine forest, the increase of antagonistic microbes or organisms, especially
mycorrhizal fungi with similar ecological nitche, and the succession of microbial flora and fauna

in forest.





