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Qompos&tion and (i%LTli)l}HDﬁ of organic matter over the Shiro,
Research area b, June 24, 1966
Organic matters were sampled by the frame, 10210 cm square, 1 to 223
sampling plot numbers, L © litter, F ! row humus, H : fragmented row humus
and bumus. 1 1 the center of Shiro, 18: the margin of Shire. The amount
of organic matters over the Shire had no direct relation with the Shiro,
byt the color in humus changed to grey in the inner part.
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Distribution of plant roots in A, horizon over the Shiro.
Research area b, June 24, 1966
The roots were extracted from the samples for organic matter estimation by
washing on the shieves. 1 to 22:sampling plot number, 18 : the margin of
the Shire, 1: the center of the Shiro. Total weight of plants root and the
weight of roots except for pine ones are shown in the outside of longitude
in this figure. Dotted line : the amount of other plant root than pine ones,
Broken line : the pine root with less than 0.5mm diameter. There were a
number of pine root over the Shiro. The Shire affected also to Ay horizen.
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Distribution of mycorrhiza and pine root in Shiro soil, Research area b,
June 24, 1966

Roots and mycorrhiza were sampled by the box, 10x10xX10cm, and extracted by
washing on the shieves. The Shire profile is shown in the upper figure. 1:the
center of Shiro, 18 the margin of the Bhiro, Thick dotted line : total weight of pine
root, Thick line: mycorrhiza and roots with less than 0.5 mm diameter, Dotted line:
0.5 to L.5mm root, Broken line : 1.5 fo 2.5 mm root, thin line: 2.5 {0 5mm root,
longitudinal line : the root with more than 5 mm diameter. The mycorrhiza increased
in the margin of the Shire remarkably. Pine roots, sspecially thick old roots, are
abundant in the inner part.
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Distribution of plant debris and plant roots except for pine one in Shiro soil.

Research area b, June 24, 1966

Sampling plots and extraction method are the same as shown in Fig. 9. Thick dotted
line : total weight of plant debris. Thick line : fine roots of plant root except for
pine ones. Thin dotted line : pine root less than 5mm diameter. Thin line : total
weight of plant roots except for pine ones. The amount of plant debris increased
between 10 and 15, Fine roots decreased in the inner of Shiro as the result of
withering and decay. ’
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Distribution of plant roots other than pine cnes in Shiro soil

T L hBLRT
Sampling plots . , N . ; . . g , 0 O
ss name e
Rhododendron spp. 4 + A r +r A+ - - - } +
Lyonia neziki + + + 4 dr + - + IS B
llex pedunculosa -y + 1 - 4 14 +x 4 “+ ey bt
Furya faponica - + + o 5 o R +
Acer palmatum 4 - - dy | v by by . -
Quercus servaln - - +r $r +r +x “+ 1 By
Rins trichocarpa § - - — o+ ot 3 -
Swmilax clina SRS + - - b1 tr .
Ptevidivm aguilinum - - e e e — e
g AR ‘
) "pmlmé’ plots | o s qa s 16 | 17 Do 19 | 20 21
Species name e ] ‘ i
Khododendron spp. -+ - + 4 b s
Lyonia neziki 4r - - +r + e e
ilex pedunculosa shr b + “+ o+ 4 A
Burya japonica | - +or o+ dor - e —
Acer palmatum e -+ +1 + . e 4
Quercus sevvatu 4 s N - +
Rhus trichocarpa oy | + + -+ |+
Smilax ching + 3 - - -~ - - P
Preridinm aquilinum - e - — - I

IR R 285G, i
Poh F sife, ok :
Plant roots were extracted from the samples (iesmmbed in Fig. 10 by species, & species and 1 genus,
- existence, —: absence, r: rotted or witherad, Most of roots are withered or killed in the inner part
of Shiro.
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Microhial Ecology of Mycorrhizal Fungus-Tricheloma

maisutake (IT0 et IMAY) SING. in Pine Forest H

Mycorrhiza formed by Tricholome maisutoke

Makoto Ceawall?

Summary

Tricholoma matsutake has a symbiotic relationship with various conifers, Pinus densiflora,
P opumile, Tsuge diversifolin, T. sieboldii and Picea ezoensis, forming the mycorrhizae on their

fine roots, Its allied species also form the similar type mycorrhizae on several species of

deciduous and coniferous ftrees (Osawa unpublished), Muwra® reported that this fungus
formed the ectomycorrhiza on pine root lets, and Masun® described the mycorrhiza as a para-
sitic one judging from the hyphal invasion inte host cells and the dumping off of seedlings

inoculated this fungus,

Mutritional requirements of this fungus and its allied species were investigated by several
workers®?, Qcawa? reported that this fungus can utilize only some monosaccharides and a
few disaccharides, and that it requires thiamine and some other micro elements for its hyphal
growth,  Such physiological characters as above mentioned have been reported by several
workers on the other ectomycorrhizal fungi. 5o the mycorrhiza formed by this fungus pre-
sumably can be defined as an ectomycorrhiza with parasitic character physiologically and
ecologically.

In this paper, the detailed observation of the mycorrhiza following to its growing stages,
seasonal variation and the distribution of the mycorrhiza and plant roots in Shiro soil will be

described.

Received July 25, 1975
{1} Seil Survey Division
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1. External appesrance and internal structure of the mycorrhiza

Material and method
Materials were sampled mainly in the research area a and b, Mycorrhizae were extracted
from soil crust by washing in 10% ethanol solution or in the solution with soap and stocked
in Carnorg solution or 30% ethanol solution. Hand or freezing sectioning were carried out

for anatomical studies according to the usual methods, and the sections were stained sometimes

by several dyes, cotion blue, methylene brown and se on,

Results and diseussion

A. FExiernal appearance of the mycorrhiza

The mycorrhizal mass taken out of soil on the front of Shiro was shown in Fig. 1-a. A

number of white thick roots, leader or mother root, without fungal infection were growing on
the front of Shiro, and fine roots, lateral root, growing from the bases of the mother roots were
changing to mycorrhiza according to the hyphal growth on the root surface. 5o the mycorrhiza
formation by this fungus always takes place in the part of Shire with active mycelial growth,
The processes of mycorrhiza formation were represented in Fig. 1-b. The thickest mother
rool was growing outwards, rooting from the old root in the Inner part of Shire. Several
mother roots coming the thickest mother root were growlng in parallel, and their root lets
were situated on the front of Shivo following the active white mycella, It was certain thatl
these secondary mother roots also continued to grow and form the myvcorrhiza at least for a
few years, judging from the fact that they had so many fine decomposing lateral roots on thelr
bases.

The mother roots with high activity seem to have the ability to form the mycorrhiza for

a long term continuocusly, but the roots with low activity seem to be short-lived because of

the hyphal infection reaching to thelr root tips. Therefore, the mycorrhiza formed by this

fungus bave a shape like witches’ brooms with densely branching and elongating fine roots

and is perennial, That is to say, this fungus conld survive making the perennial fungal colony
because of the ability to form such z type of mycorrhiza in the process of evolution.

The roots entering into Bhiro rectangularly for the enlarging direction of it could form
the mycorchiza on them only outwards (Fig. 1-¢). The roots entering into Shirc adversely
for the enlarging direction were depressed in growth and formed only fine and weak mycor-
r

The roots thicker than 5mm in dlameter had lost the rooting ability, and the mycor-

PR

rhiza,
rhiza were not found on these roots.

B. Mycorrhiza developing stages and decomposing stages

a. Mycorrhize developing stage-1

External appearance : The roots in this stage shown in Fig. 2-a protruded through the
myecelial zone, zone I, in April and grew cutwards actively in May. The white, fresh and
thick root lets without hyphal infection were covered with the filamentous epidermal cells.
The color of root surface turned from white to brown continuously following the hyphal in-
fection. On the initiation of fungal infection, the mycelivm with branched hyphae like haustria
attached on root surface invaded into epidermal cells and intercellular spaces in the cortex.
Most parts of root surface had been covered with white hyphae densely, but there were no

fungal sheaths which were frequent among typical mycorrhizae. These hyphae had no clump



and vacuoles.  The newly formed fine mymm‘h'
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in growth and heavily twisted compari with the ones which are abundant in &4 horlzor

¢ from the pormal ones,

Internal structure @ Structure of mother rool tips were not differs

The hyphae began to Invade from the part wher ermis had been

which

could not intoe the cells of root tral st

The ore ction shown in Fig.

accumulated the brown tapnin or resin in epidermal cells, and the color of

sments

Then the

epidermal cells turned to brownish

ack following the progress of fungsl

epidermal e were crushed by the heavy invasion of hyphee, and the Slamenious hyphae

eatered i the epidermal cells frequently,

The longitudinal section was shown in Fig. d over the root su

I8

sparsely and only invaded into the ! g at the beginning of
infection.

b, Myeorchiza developing stage-2

ternal appesrance § The mycorrhiza formation

Maost

became more fra

of root surfaces of mother roots

{ detachment of epidermal cells and cortical cells

e, The previc
was recognized slready. The rooting of fine lateral roots took place com.immusiy also in this
stage, so the mycorrhiza became broom shape with numerous fine branches, The lateral roots

gt

abion

rirhiza for

the my

were infected by the hyphae scon a

The root tips of lateral roots with

1t zone

in this stage sesms to be promoted in the wmyoel
high

that the root tips were

o lateral roots were attacked so heavily

ivity were not invaded by the fung

phe,

led by

shown in Fig. 3-b, ¢, d. The

Internal structure © The cross situdinal sections wers

amount of hyphas increased sl over the root guw The epidermal cells into which the

been crushed and killed, and the reddish brown pigments accumulated in

I cells more abunda The hyphee invaded into the intercellular spaces of outer

noin Fig, S-¢

cells as shoy > 1o Hartig’s net formed. The brown color

2 enlarged to cortival cells.  The hyphae which invaded into cortical cells were trans-

formed to bulb, net or pinnate shapes, but thers was no remarkable digestion of these hyphae

by host cell. The features of hyphal structure in cells were different from the ones in endo-

mycorrhiza or ectosndomveorrhiza.  The ia o cells in cortex were not infected by the

.

and there were vecognized the color

o acids and sugars in them.

hyvp ctions of ami

The starch grains reacted by Jod solution distributed arcund endodermis and floem, but the
£ ¥

hyphae did not attach and digest them directly. The hyphal invasicon to
1 calls

cortl cells without trans-

heavier than that in wmother roots (Fig. 4, 8). The epiderms

red even I

stroyed by the hyphae, and then the hyphae

<

2l ostele of lateral ro

formation, The starch grains alse were scarce in the ce
¢, Mycorrhiza developing stage-3

earance : The mycorvhiza In this stage was abund

starnal app tin zone 1L Right half

3

3

4

in Fig. b-a was the one in this stage, and left half the one i mycorrhiza decomposing stag

Such a developed mycorchiza increased from summer to avtumn in zone I gradvally, The



— 44—

BBUTIHE 8278 5

branching and elongation of mycorrhiza which were initiated in the stage-2 progressed in
this stage more remarkably., The color of mycorrhiza became dark brown to black following
the fungal invasion into cortical cells, and the mycelium like cotton thread began to detach
from root surface. In this stage, most of the mother roots stopped growing and became
slender, and the outer layer of root was sloughing off from endodermis as the result of second-
ary growth of mother roots. The growth of lateral roots and mycorrhiza formation on them
seemed to be activated after the stopping of mother voot growth., The outer layer of lateral
roct began to be detached from their endodermis likely to be observed in mother roots, So,
there were numerous fine mycorrhiza which had black tips and reddish brown bases.

Internal structure : The hyphae invaded into the outer layer cells of cortex through the
cell wall, Small cortical cells were crushed and filled by the hyphae, but the larger ones had
no hyphal invasion. Starch grains increased in endodermis and central stele. The epidermis
of mother root was crushed and destroyed, but the cell wall of cortical cells became thick,
Yellowish brown pigments like tannin filled up in all of the cortical cells. A few kinds of
hyphae having black and brown color contaminated in the white mycelium detaching from
root surface. The hyphal infection on fine lateral roots was heavier than that on the mother
roots, Even cortical cells were crushed partly and the hyphae invaded into cortical cells,
Most of the lateral roots were infected by the fungus and elongated without complete internal
development,

As above described, this mycorrhiza seems not to be so harmful against the host because
of no invasion into mother root tips and the inner parts than the endodermis,

d. Mycorrhiza decomposing stage-1

External appearance : The pine roots taken from zone 1V were represented in the left half
of Fig.5-a. The hyphae had disappeared from the fine rools already, and the bark with light
brown color was formed over mother root surface. These mother roots were softer than the
normal ones, and bore the bases of decayed lateral roots. Most of fine lateral roots had de-
tached from mother roots and had begun to decay.

Internal structure : Wilted lateral roots in this stage were infected by brown hyphae dif-
ferent from the white hyphae even in the ceniral stele. The white mycelia were fragmented
and mixed with soil particles, and the soil cha.ngedfo dry and white powderish structure,

¢, Mycorrhiza decomposing stage-2

The pine roots as shown in Fig. 6-a were found in zone V where the mycorrhiza had been
utilized for sporoccarp formation about two years ago. The bases of lateral roots and mycor-
rhizae remained over these larger roots which twisted heavily and exudated much resin. The
more progressed stage was shown in Fig. 6-b. The lateral roots were fallen off and decom-
posed almost completely, leaving only fibre of central stele in soil.  The larger roots in this
stage had lost the possibility to produce young iresh roots, and a part of them was dead or
fragmented by decomposition of the saprophytic microorganisms, fungi, attacking the dead
roots, Therefore, this fungus seeme to be harmful against host plant ecologically when the
mycorrhiza is considered as one phase of symbiotic relationship between plant and microbes
through all stages from the formation to decay. It is probable that this fungus has a parasitic
character, and the ability to behave as pathogenic fungus against the seedling or sapling with
poor roots. In fact, the author has frequently observed the wilting of young pine tree and
seedling in the Shiro,
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C. Beasonal growth of mycorrhiza
Tt

selopment and mycorrhizal growth has been described

1w interrelation betwsen Shire ds
in the first report of this series, The mycorrhiza was characterized by its gpecific external
appearance in each season, a. Mycorrhiza formation season, March to May; b, Mycorrhiza
growing season, May to Julys ¢, Mycorrhiza maturing season, July to September; d. Mycor-
rhiza regrowing season, September to November; e, Mycorrhiza dormant season, November to
March,
a. Mycorchiza forming season, March fo May
Usually, in western Japan, the mother roots of pine trees start to grow at the beginning
of March before the development of shoots, Newly growing mother roots with white color
and root fair conld be cbserved in Ag and Ay Dorizons in early spring, but the rooting of
lateral roots was delayed until Aprill In the Shiro, young fresh mother roots which survived
through winter without the fungal infection into root tips started to grow through the mycelial

zone, rone I, Most of the fine roots with lower rooting activity w

ere selected and decaved in

mycorrhizal zone during winter,

The primordia of lateral roots seemed o be stimulated by the fungal infection, and the
branching of lateral roots started at the same time. In the Shiro, the growth of mother roots
started maioly in upper horizon of mineral soll depending on the precipitation during this
season.  Growth rate of mother root was depressed by desiccation as observed in 1965 and 1967,

b, Myeerrhiza developing season, May o July

The growth velocity of mother roots slowed down toward sumumer gradually, A lob of

lateral roots started to grow and branch from the bases of wmother roots to their tops. In this
seagon, the hranching and elongation of fne lateral roots were accelerated by active mycelial

growth, and so its mycorrbiza formed on pine roof became the pinnate type to witches’ brooms

shape, The {ungal infection in the sewly formed myc

hizae was not heavy, and the hyphal

invasion was limited to the epidermal cells and intercellular spaces of cortex,

¢. Myeorrhiza maturing season, July to September

; %

The growth of mother roots was depressed and almost stopped by desiccation in mid-

summer, but

roots progressed more actively during

this season,  The wyveorrhiza formation extended to all young roots even in mother roots.

Fungal ionfec in this season was so heavy that some hyphae invaded into the cortical cells

of the bases of mother roots, erowth of mother roots started, zand most of epidermis

and co

rtex on them began to sloug In September before fructification, most of the roots

stopped growing and elongating. It seems that the relation between the fungus and root

‘

W

ened in September, because there were a few starch graln in fine wycorrhiza and the
withering of epidermal and cortical cells,

4. Mycorvhiza regrowing seasen, September to Novembar

Muost of the hyphae detached from roob surface and the mycorrhiza began to wither soon

after the fructification. The outer layer of mother roots and bases of lateral roots sloughed

off, but blackened layer rewmnined on the tops of lateral roots because of the lack of secondary

growth in lateral root. Apparently the fine myceorrhizas with lower activity seem to be killed
and decomposed by the following saprophytic soil fungi soon after the fungus detached from
the fine roots, Thelr decomposition progressed in upper horizons of Shiro soil more rapidly
than in the bottom. The growth of mother roots was observed ona their tops slightly, but

there were little mycorrhiza formation in this season.



2. Mycorrhiza dormani season

Pine needles grow and stay on the tree for one and a half years in Japan, and carbo-
hydrates seem to be supplied from needles to voots through a year continuously. In fact, the
accumulation of starch graing in voung root was recognized in every season, and the hyphal
growth continued during winter, being supplied with their nutrients from host. Although the
length of newly grown root in autumn was only a few centimeters, most of them formed the
mycorrhiza, And it is probable that the mycelium can grow even under low temperature in
the field as examined in laboratory. These mycelium and mycorrhiza which survived through
winter will be used as the inoculum for the new growth in spring, Most of the fine mycor-

rhizae which had reddish bases and black tops disappeared in this season.
2. Distribution of mycorrhiza, pine root and other plant rools in Shire
The outline of plant root distribution in Shirc and mycorrhiza was described in a previous

paper? and above. In this section, the guantitative estimation of these substances which seem

to be Important as the substrates for soil microorganisms will be mentioned; the content will

have to be gone into in the following paper on the soil microorganisms in Shiro.

Method

The amounts of roots and soll organic matter in the Shiro were estimated in research
area b® on June and July in 1966, These materials were sampled along the line from the
center of Shire to the front by frame or box, Litter was collected by a 10 X 10cm square
frame, and roots and mycorrhizae were done by 10 X 10 X 10cm cubic box. Ay horizon was
divided into L, F, H, fractions according to these morphological features, and the roots in Ay
horizon were extracted by washing on sieves. F and H were fractioned by the sieves with
Zwmm and 0. 2mm mesh sizes. Plant roots were classified to species. All of the samples were
desiccated at 60°C for 48 to 72 hrs after air drying for 48 fo 96 hrs, Pine roots were cut every
10cm and divided into several classes by their diameter. Most of the fragmented mycelia

were washed away in the process of preparation.
Resualts and discussion

A. Distribution of roots and plant debris in A, horizon )
Distribution of organic matter covering over the Shiro was shown in Fig. 7. Apparently
the distribution was uneven in small size sampling because of disturbance and irregular con-
ditions of soil surface, znd the decomposition processes were different on each material de-
pending on plant species cr kinds of substances. The decomposition of organic matter in L
and F layer seemed not to be affected by Shiro, but there were little fungal rhizomorpha and

ectomycorrhizae in F laver inside the Shiro in spite of the abundancy outside. The quantitative

distribution of H laver was zlmost even, but the color of humus inside the Shiro changed to
grayish white and wnpermeability of soil increased.

Root distribution was shown in Fig. 8. Fine plant roots rose up o ¥ layer, and their
amounts varied parallel to the total weight of L and F lavers. Total amount of roots in A,
horizon increased inside the Shire, and the pine roots with more than 0.5 mm diameter also
increased inside. On the other hand, the amount of pine root over the front of Shiro was

almost equal to that out Fine routs of shrubs were abundant in F layer, and most of

them were roots of saplings, Bhus, Rhododendron, grasses and ferns,

i)



B. Bz@%rnbatmﬂ of plant debris and ropts in mineral soil
a. Pine root
The amounts of pine root and mycorrhiza distributing from ¥-A horizon to B horizon,

10 em depth were represented in Fig. 9. Total amounts of pine root and mycorrhiza ncreased

inside the Shirvo rvemarkably, decreased towards the front snd reached to 13 or 1/3 of that
outside.

The amount of pine roots with less than 0.5 mum dinmeter including active mycorrhiza
was 200--300 myg In each sample from the center to 100om. Most of them were decomposing

or withering fine roots, Ity amount increased In samples from 100160 em gradually, The

&

amounts of mycorrhizae which were in mveorrhiza developing stages 1, 2 and 8 reached to

the maximur in the front of Shiro, and was ten times comparing with those of outside. It

was confirmed that the myvorrhiza formation and its development took place concentrating to

the front of &

aro,  Piloe roots with 0.5 to L5 mm diameter distributed evenly inside of Shim;

these roots were mother roots which had formed myveorrhizae themselves and survived for a

long time without decay., Therefore, they could make fresh mycorrhizae on thelr tops, Pine

roots with 1.5 to 2,5 mm diameter

also distributed evenly inside the Shire, The distribution

of pine voots were growing without relation to the direction of Shirn enlas

ment, but they

could have formed abun: Lmt mycorrhizas on them, WMost of the roots with more than 2.5 mm

dizmeter had already lost the ability to produce lateral ro

Even if the mycorrhizse were

formed on fine roots produced from larger veots with developsd bark, they were shori-lived

and poor guantitatively, The roots with mere than 5mm dizmeter had concentrated around

the center of Shiro comparing with that in the ouiside of Shire. It will be sugg

tead from
such a distribution of roots that these larger roots were the mother roots for mycorrhiza
formation in the Shire formation peried. On the other hand, Shire have been found most

{requently on the fopography where pine roots came up to the surface soil and w

re apt to

distribute den

Iy i voung stand of pine forest, Therefo the frequency of Shiro formation

seems to depend on the rool system in young s i and the soil condition controlling the root

o

5

distribution.  In samy collected from the zones in 10 to 20 ci depth, the amount of fine

roots was rich only in the fr

b of Shire, and poor in other parts of Shiro,
b, ither plant roots znd plant debris

These amounis were shown in Fig. 10, They were ext

acted from the same samples as
drawn in Fig. 8, Sum total amount of plant debris was highest outside the Shiro, decre

the Shiro

ased

in the front and increased in

ted

Most of plant debris ocutside the Shiro consis

of fragments of roots and bark, but inside the Shire the contents were mostly decaving fine

roots, mycelium and root fragments sloughed off from root surface. 1t ssems that the decom~

position of mycorrhiza and other organic mwaiters progress more actively ingide the Shiro than

in the normal soil,

The living roots of plants other than pine were abundant ontside the Shiro and on the front,

but the amount wem inside the Shiro decreased remarkably, Even in the center of Shiro, the

amount was only 1/3 of that outside. Larger roots with more than 5 mm diamet

ibuted

T
unevenly, Comparing with the distribution of pine roots, the amwounts of other plant roois,
egpecially young fresh roots, decreased inside the Shire clearly, Most of them were killed and

lecayed by soil fungl inhabiting inside the Bhire. Some plant roots could enter into the inside

pear the center following the disappearance of permeability and recovery of soil molsture,

Plant root distribution other than that of pine was recorded in Tab. 1. All species dis-



tributed without direct relation to the Shiro, and some of them were killed inside, especially
in mineral soil where the mycelium grew most actively., The root of Hex pedunculosa kept
the highest frequency around the Shiro, but either fine or larger roots were injured or killed
inside the Shiro, Young root changed to brown on the front of Shiro and then withered. So
this fungus ssems to be parasitic for this species. The root of another Ilex, Hex juponica, was
also sensitive for this fungus, but it might escape from injury; because the roots distributed
partly and mostly in Ay horizon. The fine roots of Lionin negikii were killed inside, but larger
ones survived and hegin to grow again in the recovered soil around the center. The fine roots
of Rhododendron could escape from being killed, because they grew mainly in A, horizon. Most
of the plant roots were injured or killed inside the Shiro, but the causes seemed to be various
in each case. Young fresh roots of herbs and bamboo were injured in the front, but shrub’s
roots were killed inside the Shiro. Therefore, the desiccation of inside soil seems to be one
of the major causes, and some saprophytic fungl which increased inside the Shiro also seem
to be harmful against fresh fine roots. It has not been recognized that a certain species dis-
appears from the inside of Shiro completely, but some species of herbs are often killed inside
the Shiro. In pine forest, this fungus can not form the mass of mycorrhiza with plants other

than pine trees, even if its mycelivm attach to them compactly.

Explanation of plates

Fig. I Mycorrhiza formed on pine root by 7. matsulake

1-a. Mass of mycorrhizae : An arrow shows the enlarging direction of Shiro. The active
mycorrhizae grow cutwards rooting from the rocts in the inner of Shiro.

i-b. Mass of mycorrhizae : The mycorrhizae grow rightwards., The mycorrhizae have
been formed on a mother root for several years following the enlargement of my-
celium,

I~c. The mycorrhizae formed on the roots which entered inte Shire rectangularly for the
enlarging direction of the mycelium have grown only outwards,

1-d. The mycorrhizae could be formed also on the roots rooting from larger roots, The
one formed on the roots which entered into the Shiro adversely for the enlarging
direction of mycelium were short Hved.

Fig. 2 The mycorrhiza developing stage-1

Z2-a, The roots with fresh and white root tips grow right wards. The hyphal infection
begins on the browning parts of root.

2-b. Cross section : Hyphal infection is limited only in epidermis. There are no fungal
mantle formation over the root surface and no Hartig’s net formation among inter-
cellular spaces.

2-c. Longitudinal section : The filamentous hyphae invade not into epidermal cells but

into intercellular spaces,

Fig. 3 The mycorrhiza in mycorrhiza developing stage-2
3-z, Most of young roots are branching and blackening bheing covered by white hyphae,
Mycorrhiza formation progress most frequently in this stage, The root tips of main

and lateral roots have no fungal infection,
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3-b. Longitudinal section : The epidermal cells are broken. by hyphal invasion into-cells,
and reddish brown pigments are accumulated in cells.

3-c. Cross section : The hyphae invade into the intercellular spaces of cortex cells, but
there are no Hartig’s net formation.

3-d. The invading hyphae deform in the cells without the digestion by cells apparently.

Fig. 4 Starch grains in the mycorrhiza and pine root
4-a. Starch grains have been accumulated and preserved in the central stele, floem, of
voung roots and mycorrhiza through a year. There are no hyphal invasion into the
cells with starch grains,

4-b. The third lateral roots infected by hyphae heavily have only a few starch grains.

Fig. 5 The mycorrhizae in mycorrhiza developing stage-3 and mycorrhiza decomposing stage-1
5-a. Mycorrhiza developing stage-3 : Right half. There are many fine mycorrhiza baring
white hyphae. Most of fine roots become mycorrhiza blackening heavily. Mycor-
rhiza decomposing stage-1 : Left half, There are many fine roots with black tips and
reddish brown bases. The fragmented hyphae detached from the mycorrhiza toge-
ther with the fragmented epidermis,
5-b. Cross section : The hyphae invade into the cortical cells through intercellular spaces
frequently.

Fig. 6 Pine roots in mycorrhiza decomposing stage
6-a. Larger roots with bark and the base of mycorrhizae exudating much resin remain
in this stage.
6-b. The roots without fine roots increased in the inner of Shiro.
6-c. The roots in the center of Shiro bare the traces of abnormal branching caused by

mycorrhiza formation,



—Plate 1—




—Plate 2

~




2&/}

i

TR

13

PR

—Plate 3—




