Wood Decay of Abies sachalinensis Forest in the Tokyo
University Forest, Hokkaido. IV.

Inoculation Experiment on Living Root with Fomitopsis annosa (FR.) KARST.*

Shun-ichi YokoTa**

Introduction

Studies on the fungus decay in the natural forest in Hokkaido have been
conducted by Yamano (1931)'® who surveyed the decay in the natural forest of
Picea jezoensis in the crown forest at Tomakomai, by Kamer et al. (1948)® in the
national forest at Akan, where they found out that the decay of Sakhalin fir (Abies
sachalinensis MAST.) was mainly due to the attack of Fomes annosus, and recently
detailed survey on the decay of coniferous and broad-leaved species, especially on
an ecological status of wood-rotting fungi in the national forest at Sounkyo was
carried out by IMAzeEkI and AosHima (1955)®. '

The writer has investigated the decay of Abies sachalinensis forest in the
Tokyo University Forest, Hokkaido, and reported the damage by fungus decay
(1955, 1956', 1957') and made it clear that root and butt rot propagates by
root system from one to another (1956)'®. This finding coincides well with the
results conducted by HEPTING et al. (1944)® on the roots of white pine, by WAGENER
et al. (1946)!® on several species of pines, by BIER et al. (1948)* on Abies lasiocarpa
and A. amabilis, and by RiseBeTH (1950', 1951-a!?’, 1951-b'®) on Scots pine. But
when a root and butt rot fungus infects a root, the spreading velocity of decay
progressing in it is almost unknown, although RISHBETH investigated in detail the
biology of Fomes annosus on Scots pine, and HirT et al. (1933)? conducted the
inoculation with Fomes pinicole into the trunk of several tree species.

"Ideas that the forest managements to insure the shortening of the age of
felling must be considered in the case where the damage caused by root and butt
rot fungi is severe, and that the other tree spescies immune to them should be
afforested, are accepted in general to reduce the damage caused by wood-rotting
fungi, without any scientific basis. However, those cannot be accepted simply, so
long as the basic results are made clear, i.e., the velocity of spreading of dscay
in roots, the durability of ability of decayed roots to infect to anothsr h=althy roots,
etc. It has been cleared up according to the results of the survay the writer has

* A part of the results was adressed at the 69th meeting of the Japanese Forestry Society,
held at Tokyo on April 11-12th, 1959.
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ever conducted that the living trees of Sakhalin fir in the natural forest in the
Tokyo University Forest, Hakkaido, suffer from a considerable damage by the
fungus attack and that above the half of the damage (number of infected trees.
and the decayed volume) was associated with the fungus, Fomitopsis annosa (Fr.)
Karst. Therefore, it seems the most important to ascertain the spreading velocity
of the decay or discoloration proceeding in living roots when the fungus once.
established in them.

This paper dealt with the results obtained from minute observations on the
phenomena happened in roots by the fungus during two years after inoculation.

Materials and methods

Living trees of Sakhalin fir were chosen for the purpose of inoculation in the:
compartment 99 and 48 and stumps were taken in the compartment 99, in the
University Forest. The breast height diameter and the age of living trees, and the
diameter and the number of annual rings at cut surfaces of stumps were shown
in Table 1. These trees and stumps were divided into four groups. Group A
consisted of the trees vigorously growing and group B consisted of the trees.
inferior to group A, probably due to root and butt rot or damage done by insects.
All the stumps belonging to group C. B-5and B-6 contained a heart rot and ages
at the breast height could not be measured. C-6, C-7, and C-9 were also in the
same situation. Group D was all the living trees selected in the compartment 48
and was mixed with vigorously and poorly growing trees. That the two types of
growth of trees were chosen, was to compare the difference happened between
them in the velocity of proceeding of decay or discoloration in inoculated roots,
if any. Acidity of soil in the compartment 99 was 6.2~6.3 and that in the
compartment 48 was 6.5.

Fomitopsis annosa (Fr.) KarsT., used in the present work for inocula, was
isolated in 1954 from a decayed wood of Abies sachalinensis at Sounkyo, Hokkaido,
by Dr. K. AosuiMA and was kindly presented to the writer. The fungus had been
cultured on potato sucrose agar until the experiment was started.

Wedges of 2x1.5x4 (height) cm for inocula were prepared and were buried
in the saw dust of Sakhalin fir in glass containers with appropriate volume of
nutrient solution. Then they were autoclaved and inoculated with Fomitopsis
annosa. Wood species of wedges and the period of incubation (at 25°C) were:
shown in Table 1.

Lateral roots, diameters of which were between 3 to 25cm, were carefully
exposed and tested whether they have any root rot or not by drilling. Only
healthy roots were used as test materials.

Inoculation was done in late October, 1956. These roots were bored a hole
with a drill of 2cm in diameter and were inoculated by plugging it with a wedge
previouély cultured with the test fungus. The interstice made by insertion of an
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Table 1. Details of trees inoculated and the inocula used

Com- Nl;:::_l' II-SIE?Z;‘; Inocula Com- N&T' I?Ifefgitt Inocula
part-| of |Age* |Dijameter ] gar;t' of |Age* Diameter o1l
ment tree (cm) A |[F-OF 1I s.d. e tree (cm) A |F-OF li s.d.
99 | A-1| 74| 45 1 1 99 | C-1] 8% 61.5% 1 2| 1|1
" 2| 82| 43 21101 2| » 2| 8% 42.5% 1|1 2|1
" 3| 76| 36 1 1121 » 3| 7o¢x 4a75% 1 1] 1|1
" -4 75 43 1 2| 2 1 " -4 | 85%%* 36%* 1 1 1 1
" -5 65 41 1 1121 2 " -5 | 84%¥  5g¥* 1 1 1 1
p 6| 68] 355 | 1|11 " -6 Hi"gf 5L5% 1| 1|11
p 7| 67| 48 1113 » s Heart!yz s 11|11
" -8 68 47.5 11212 1 " -8 | 88Kk 47¥* 11212 1
" 9| 78| 50 1221 » g Heart| yge |1 2|21
v | -10| 65| 46 L2 |1 |2| » | -10] 8% a4 {12 2|1
99 | B-1| 8| 37.5 11 48 D-1] 9 32 1t1)1]2
" 2! 78 325 | 12|11
" 2| 8] 3.5 1|1 1 . 3| s “ 1 lalaly
" -3| 8| 31 1{2 11| ~» 4| 88 335 | 1|11
" 5| 8 | 34 11213
mo| -4y 61 32 1l v | 6| 68 | 37 2|53
no| -5 [Heartl 445 2|l » 7| 74 | 285 |1]1]1
Heart ) " -8 1 77 46 11122
(O I B I 11 v | -9| 83 | 85 1111
" 7| 113 48 1|1|2|1] » | -10] 9 335 |1 2|21

Note. 1. * Measured by annual rings at the breast-height

** Measured at cut surfaces

2. A: Vigorously growing group
B: Poorly growing group
C: Cut stumps in 1955
D: All the tree in the compartment 48, in which D-9, D-10 are poorly growing.

trees
3. Explanation of inocula (wedges)

Species of wedges Inoculated with | Temp. (°C) | Duration (month)
A Abies sachalinensis F. annosa 25 5
F-0 " " " " 3
F-1 Picea jezoensis " 7z 3
s. d. Saw dust of A. sachalinensis Z " 5

angular inoculum into the hole was filled with saw dust culture of 5 months’
incubation. After the inoculation, each hole was covered up with a lid of the same
size made from the bark of the same tree species and the juncture was pasted
with grafting wax for the purpose to inhibit the contamination with other soil
inhabiting fungi. Then these inoculated roots were covered with soil and were
left for two years as in the original state.



336

Results and considerations

a) Establishment of the fungus.

The fungus has been established well in the inoculated roots of living trees,
but it failed to grow into the roots of stumps. These stumps were left for a year
after felling in 1955. It seems probable that, this is not because of the inability
of the fungus to be established in the dead roots, but because of the antagonism with
other wood-rotting fungi already attacking them. 'In fact, some of the roots of
stumps showed the typical decay type attacked by Poria subacide (PEck) Sacc.
and some stumps had sporophores of Fomitopsis insularis (MURr.) Imazeki. If the
inoculation were carried out just after felling, the fungus should be successfully
established in the roots of stumps.

b) Appearance of discoloration and decay in the roots.

Roots brought into the loboratory were cut into appropriate length and were
observed minutely. The difference of external appearance between healthy and
infected roots could not be observed. There was no mycelium grown on inoculated
roots and no exudation of resin along with the proceeding of decay or discoloration.
According to the results described by RisuBera (1950)1®, it was often observed
that the mycelium of Fomes annosus grew on infected roots in alkaline soils and
not in acid soils. The acidity of forest soils in the University Forest is acid
and the present result coincides well with that of RisHBETH in the point of view
of acidity of soil.

Discoloration of the wood in the inoculated roots was obvious. The dis-
colored wood became pale yellowish brown or pale reddish brown and was easily
differentiated from white, healthy wood. The same result was obtained by
RisueeTH (1951-b)!® who reported that early stages of invasion by Fomes annosus
were normally marked by a brown discoloration in the roots of Scots pine. The
shape of discolored wood was circular or somewhat irregular. The discoloration
proceeded in the central part of roots, though the outer wood (sapwood) also
discolored near the inoculum. It is very interesting that the proceeding of dis-
coloration with F. annosa shows a character of a heart rot fungus.

The fact that the discoloration was due to the inoculated fungus, F. annosa,
was ascertained by following circumstances; i) the color and the shape of dis-
coloration resembled one another, ii) the color was the same with that of saw
dust medium of Sakhalin fir caused by inoculation with the fungus, iii) conidiophores
characteristic to the fungus were formed abundantly on the transversely cut surfaces
of discolored roots near inoculated points. The fact that the discoloration is an
incipient stage of decay is ascertained by the decay, characteristic to the fungus
already formed near the inoculum in some of the roots. In the heartwood in these
roots, in which the stage of decay advanced to an intermediate stage, small white
pits of elliptical shape, long in the longitudinal direction, were formed abundantly.



337

The shape of these decayed areas appearing in transversely cut surfaces is very
similar to that of a hole prepared for inoculation and it seems that this offers a
proof that the decay must be due to the fungus.

¢) Progress of discoloration in the roots.

Inoculated roots were cut, as a rule, at the point of every 5 centimeters and
the state of discoloration or decay appearing at the surface was observed. At the
same time, the length of the discoloration advanced in the roots could be ascertained
by this procedure. Small roots less than about 3cm were discarded, since the
extent of advance of discoloration was measured by the procedure based upon the
disappearance of discoloration and it was very difficult to take accurate data
on such roots. Furthermore, the roots naturally infected by the finish of the
experiment were also discarded. For these reasons, the number of samples shown
in Table 2 was less than those of the wedges shown in Table 1. The results were
shown in Table 2.

The extent of progress of discoloration towards boles, unfortunately, was not
determined except the case of A-2 (s.d.), since the velocity of advance was
strikingly fast and the discoloration ran farther beyond the end of almost all the
samples. According to the results reported by RisuBeTH (1951-b)2, F. annosus
advanced 0.6~0.8m in the root of Scots pine in alkaline soils and 0.2~0.3m in
acid soils per year. Though the writer’s results cannot be compared with those
by RIsHBETH, since the writer failed to ascertain the length of discoloration advanced
in the roots, it is apparent that the discoloration runs considerably farther beyond
the end of the samples. difference of the velocity, caused by the difference of 4
vigor of trees between group A and B, could not be determined. On the contrary,
the progress of discoloration advanced in the opposite direction stopped in-a con-
siderable number of samples at various length from the inoculated point.

As shown in Table 2, it seems likely that there appears the difference in the
length of discoloration advanced towards opposite directions in the same roots.
For example, in the case of A-2 (A), the length of discoloration towards the bole
exceeded 55 cm, whereas that towards the opposite side disappeared at the length
of 20cm, from the inoculated point. The same situations are often seen in the
Table. Therefore, it may be safe to say that the length of discoloration towards
the bole is longer than that towards the opposite direction. Then for what reasons
did the difference between opposite directions happen ?

d) Suggestions for explanation of the difference in the length of discoloration
happened between opposite directions.

RisuBeTH (1951-a)'" used the method to incubate the pieces of wood of roots
to be tested in a moist condition for the determination of existence of the fungus,
F. annosus, inoculated to the roots of Scots pine. By this treatment, characteristic
conidiophores of Oedocepharum type appear abundantly and this provides a proof
that the fungus exists in the wood. The writer applied this method for the same



338

F-0
s.d.

+ |+x

b+ x

+x|+ 1+ |+

FxX| 4+ | F |+ ]|+ |A

.-
i [ ire)
a3
g
=
o~
" "
© +
3 +
13 o+
I o | mm o
o|Blyy + F
g |2
e o) M ] " L]
P L i S
Slg 4+ Hit++ 4% 4
3= + +
S8+t Sttt et
g7
&gl ++ +++++a ++ +
A R e e
o
Z Q| ++ HFHFEH+ o+
Q -
g 2
= | +4+  ++++t+ HE
(]
= I »
S Elelrr aaaaas iy
glglw | ++ ++++++ T
g8 — <7 ==F7Is <97%
3l g m LG g o &
s |l S ~ ™~ Gé
) = | | |
2= < o« <
o g U
bl e
© -
2l g ++ FrrErA Faie
A A o
o S + +a++A 4+
o s T
- »
R |1+ 4+ o+ ++5
g 8+ 4+ ++ ++
s 8|+ + +A ++
S o]
2 S|+ o+ =)
g ==
S
l ] A+
12 +
]
3 +
&
=)
~
)
L e
rc
g

(s}.&d.(l)



(F-O(Z)

339

< T
w wn
S S

o M

S +
| 8 +
g o+

T N X * "

8 + t* + + o+
| o <] Mo ]

2 + o+ o+ + ¥ ARSI AR
E o+ 0+ + o+ + 4+
- RS ~ X

S SR AR + Xe 4+ ¥

i [ Mo

19 A s S S AR I S o S A +

- ] Mok
St S ot S A + FEOE

12 i A S SO R A S A
i X "

S Dt bt 0 S A e S e e S AT SR
| 4 R R b bt b bR St b
la !l Bt 4 bttt bt A bt b b bR b
T | +++ +  H++++ FFtt A E 4+ A+ b b bRt
‘ <OCd <-HNdR <Dx®T 7T 49T 99 97 9 T <7708 <doat g

TTTTg TTTTg oTThg ™ ki R B 6 B mkgg  T9m 3
R 5 PrRmEmR g TR g 5 ¢ ® ¥ we T b Vimm
< < m A M M mmA A
| w s e sl s b o S S St S S St BTSRRI
e I S e T T TSI EI T,
| = + 4+t Attt b+ b A+ b b+
s S R T T o it A = JAR
' e T e ++  +a++a+ + 4+
'S + 4+ + e+ o+ A+ ++ o+ FE oa+  +a
@ " >< w
8 + + 4+ AaA + 45+ 4 e ++ o+ AR
i Y )
i + o+ o+ B + + e+ ++ A
| M il
|9 + T+ + ¥+t a+
W ] ]
(B 4 [ o otag +
8 a o+
| x
| 8 +
iy
I ©
| R
t = . .
7 g - 7 ~
<& <4 Z 2 z




‘Alojeredes 4ool dwes o3 ul posn 215m efnoour omly : )
oidures & 10111m oY) £q poziuSoodI 9q 10U PNOd 2DURISIP J19Y} Jng ‘yutod SIY} WOIF JOYIIEJ POPevooid SUOIIRIO[OISIT : X +
-oouejsIp siyy Je paresddesiq :Q
*90uRISIp SIY] je PoziuSooel u9eq SBY UOHBIOOISI] @+ :9JON
X+ + [+ Ps |+ + |+ |a
X |
-4
x| + | + (D0 -
x4+ [+ | +[ps |+ |+]a
Xt + ||+ |+ | F0dea |+ |+ |+ |+ x4
@es |+ +|+ |+ |+ +]+]|+|x+
X+ 4 ||+ DS || ]
S I (R I G R R O T R i iy —
X+ + |+ | +j0-d 1)
X+ 4 [Voeal+ ||+ ]+
L S T T I I i ey vt
(PI-d |+ |+ |+ |+ |+ |+ ] +]|+[x+
X4+ | 4+ |+ |+ |+ |+ ]|+ BT-4
Xt + | |+ [+ ]|+ |+ ]|+ (@-a
D ENTI PR (VR I (VA i I R A I 11 S G I R e A e IR e
X+ |+ |+ |+ ]|+ |+ @04 1-a)
e T T L e ey e e AR L (Glo-4
Xt + |+ |+ |+ |+ Ps |+ +|+]a
al+|+|+|+a | +|+]|a
O S S [ = (S iy A R i e P s
Xt + |+ + |+ |+ |+ +|+]|V sa
: N
Xt |+ [+ +[+] s |+ +|+|a
Td |+ | |+ |+ |+ X+
X+ 4+ |+ |+ |+ |@o-g
(1o-a4 | + |+ |+ |+ |+ |+ ] +|x+
X+ 4|+ |+ |+ |+ +]|V ea
oz 9|09 ss|os|er|ovce|oe|se|oz|er|or]s ¢ ot |st|oz|sz|os|se|ov|cv|os|ss]oo|eo|os]




341

purpose, but he could not find any of them in the discolored wood far from the
inoculum. Woods near the inoculum (10~20cm in both sides), however, always
contained hyphae of the fungus. This was ascertained by wood anatomical pro-
cedures. Therefore it became necessary to make it clear that whether the
discolored wood has received chemical changes as an incipient stage of decay in
some of the components of wood or not.

It is said that the most prominent change in chemical composition of wood in
that stage of decay is the increase of alkali extract. The writer carried out the
alkali extraction of discolored and healthy woods in the same roots and compared
the values obtained. As a result of the analysis, it was recognized that percentages
of alkali extract in the discolored wood was 2~2.5 times larger than that in the
healthy wood. Therefore, it seemed that the discoloration was in the incipient
stage of decay and was surely attributed to the fungus.

Some suggestions to explain the difference of the length of discoloration
advancing in inoculated roots will be conducted from these facts that the writer
could not find any of mycelium in the discolored wood far from the inoculum and
some chemical changes as an incipient stage of decay took place in the components
of the discolored wood. '

Many enzymes, which attack the components of wood, such as oxidases, are
known to be secreted extracellularly by wood-rotting fungi. CampBeLL (1930)®
said that oxidases secreted by wood-rotting fungi decompose lignin and pentosan
and produce acids. Oxidases and these acids act cooperatively upon cellulose and
other substances and accelerate the degradation of wcod substances. In fact, the
secretion of these extracellular enzymes is recognized by GARREN (1938)" and many
other workers. The writer (1955)!” also ascertained cellulase produced by wood-
rotting fungi in culture solutions.

The considerable increase of alkali extract probably attributes to the oxidation
of some fragments of lignin molecule by these enzymes. These oxidases secreted
from hyphae, the writer supposes, are carried with the flow of sap to the direction
ot bole and discolor the wood in considerable length in the roots as a result of
their enzymic actions. As for the explanation of the discoloration in the opposite
direction, the writer considers that oxidases secreted extracellularly are carried by
capillary action mainly in the tracheid. Therefore, the similar shape of discoloration
was observed in each cut surface in a root. This was ascertained by the measure-
ment of discolored and total areas in each cut surface and taking the ratio of them.
Results are shown in Table 3. The length of discoloration must be shorter in the
adverse direction than that towards the bole, because discoloration of the former,
based upon capillary action, will be confined to the dormant season of growth of
trees. '

Based upon these hypotheses, following considerations will be conducted; the
length of discoloration towards the bole must be longer in vigorously growing trees
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Table 3. Ratios of discolored area to cut surface area

Distance | Areaof | Dis- Distance | Area of | Dis-
Sam- |Direc-| from the cut | colored |Ratio || Sam- |Direc-| from the | cut |colored Ratio
ple | tion |inoculum |surface| area ple | tion |inoculum |surface | area
(cm) (cm?) | (em?) | (%) (ecm) (cm?) | (cm?) | (%)
A-2 1 65 50.5 | 10.5 |38.6 Byt | T % 39.8 | 12.7 | 3L9
Fl o 60 w1 | 128 | 37.0 os 40 375 | 11.3 | 30.1
A 50 42.3 | 151 | 35.7 53 30 324 | 9.5 | 29.3
2 10 | 245 | 9.0 |367 Y S B R el
2 2 B e P & 10 23.4 | 87 | 3.2
g 20 21.8 | 8.2 | 37.6 tnoctated] 1] 80 |39.8
S 10 20.3 | 7.2 | 35.5 point | 240 | 110 | 52.4
5 19.4 | 7.2 | 3.1 Py 5 18.8 | 87 | 46.3
| InIo)((:)I;Iléted 18.5 10.0 54.1 -é; .% 10 19.2 4.5 23.4
s 5 17.9 | 6.5 | 36.3 O&é’ zg 1613 2 i; ii;
ks 10 16.5 | 51 |30.9 ' . -
&8 20 1.8 | 15 |12.7 ‘o4 91| 02 | 22
©%, 30 | 98 | 08 | 82|pe | |moculated o55 | 564 | 381
F-0(1) P 9.7 | 25.5 | 28.1
A8 | 1 60 33.9 | 9.5 | 28.0 8 10 8.9 | 21.9 | 25.2
F-12) g 50 | 321 | 83 |25.9 g 15 | 8.9 | 22.5 | 26.2
2 40 31.4 7.6 | 24.2 B 20 76.9 | 18.8 | 24.4
- 30 29.3 7.4 | 25.3 2 25 74.5 | 18.0 | 24.2
g 20 25.7 | 6.6 | 25.7 8 30 70.9 | 18.3 | 25.8
g 10 23.6 | 5.5 | 23.3 & 35 72.5 | 14.1 | 19.4
= L5 o4 | 7.8 320 i 45 64.2 | 6.8 | 10.6
ngcc’?n? | B2 | 17 504 g o 35 99.4 | 40.3 | 40.5
F-1) 3 30 | 9.1 | 39.2 | 4L2
A-10| 1 55 87.4 | 40.9 | 46.8 ° o5 07 | 31 |09
Az 50 83.4 | 36.8 | 44.1 s 20 0.8 | 3.6 | 40.8
& :g Zi ; Z; z ‘;‘3 g i 15 | 90.2 | 336 | 37.3
. . . 2

i 15 36.4 | 12.3 | 33.8 el 1(5) 2(75. 2 21 g zz :
g 10 33.7 | 13.5 | 40.1 tnoculated g1 ¢ | 361 46
{ & 5 32.6 | 14.6 | 44.8 point | o | 66 | 421
Inoculated 3,7 | 149 | 49,5 8 ‘ ' ’
point : s 10 85.2 36.3 42.6
5 30.5 | 12.2 | 40.0 2 15 84.1 | 36.3 | 43.2
2g 10 27.0 | 10.7 | 39.6 5 20 o | w1 |30
28 20 2.9 | 9.6 | 3871 £ 25 72.7 | 27.0 | 37.1
Ske 30 24.2 | 6.4 ) 26.4 & 30 71.5 | 22.0 | 30.8
i 40 25.0 | 6.3 | 25.2 1S 2 65 | 28 | 328

than that in poorly
s the opposite direction.

discoloration toward

growing trees and the adverse result must be obtained in
This relationship in the direction

towards the bole, however, could not be recognized in the present work, because
the length of discoloration could not be ascertained. On the other hand, that in
the opposite direction, the writer considers, could be ascertained to some extent.
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In any case, velocity of the spread of discoloration caused by inoculation with
F. annosa in the roots was considerably great, considering that the actual period
the fungus acted upon wood tissue must be less then 2 years. For the next step
of investigation, it is necessary to make it clear the velocity of spread of white
pitted decay characteristic to the fungus.

Summary

Remarkable discoloration has been produced as a result of the inoculation of
Fomitopsis annosa in the roots of living Sakhalin fir (Abies sachalinensis MAsT.)
in the period of two years, though the length of which could not be determined
accurately. White pitted decay characteristic to the fungus has already been formed
in some of the roots near the inoculated point.

Regarding the difference in the length of discoloration between two opposite
directions from the inoculated point, it may be explained by the cooperation of
enzymes, such as oxidases secreted extracellularly by the fungus acting upon wood
components of roots, capillary action, and flow of sap, etc.
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Explanation of the figures

I—A. Contrast of the appearance of the tree belonging to group A and B. Left: group A,

Right: group B.

—B. Roots inoculated with Fomitopsis annosae (Fr.) KArsT. in the tree A-4. Inoculated
points, F-0 (1), F-1 (2), and s.d., were seen.

—C. Roots inoculated with Fomitopsis annosa (Fr.) KarsT. in the tree D-6. Inoculated
points, F-0 (1), F-1(2), and F-1(3), were seen.

II—A. Conidiophores of the fungus two years after isolation formed on the potato sucrose

agar. The culture was used for the source of inoculation experiment. (X270)

—B. Hyphae spreading into the wedge (F-0). (x270) _

—C. Conidiophores of the fungus at the time when the experiment was completed,
formed on the potato sucrose agar at 22°C (28 days after inoculation). (x210)

—D. Conidiophores of the fungus reisolated from the root A-6 (A) on the potato
sucrose agar at 22°C (28 days after inoculation). (X210)
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III—A. Marked discoloration in the root A=6 (A) on the cut surface at 15 cm apart from
the inoculated point towards the bole. (X1/5)

—B. Hyphae of the fungus in a radial section of the root A-6 (A) near the cut
surface. (x100)

—C. Conidiophores and conidia appearing abundantly from the marked discoloration
on the cut surface of the root A-6(A). (x430)
IV—A. Longitudinal section of the decayed root D-10 (F-1). (x1/3)
—B. Considerable discoloration and decay appearing on the cut surface at 15 cm apart
from the inoculated point towards the bole. (x2/5)

—C. Magnified picture of the same discoloration and decay with B. White pits are
seen clearly.

—D. Hyphae of the fungus in the ray of the decayed part. (x210)

—E. Hypase of the fungus in the radial section of the decayed part near the inoculum.

(x210)
V Changes of discoloration corresponding to the distance from the inoculated point in the

root A-8 (F-0). (x3/8)

—A. Left to right in the upper row 20cm and 15cm, in the lower row 10cm and
Scm, apart from the inoculated point towards the bole, respectively.

—B. Left to right in the upper row Ocm (inoculated point) and 5cm, in the middle
row 10cm and 15¢m, and in the lower row 20cm, apart from the inoculated point towards
the opposite direction, respectively.
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Iv—D IV—E




