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Relationship between Mycelial Growth of
Shiitake (Lentinus edodes) and Moisture Condition
of Bed-logs*

Jun KisHiIMOTO**, Koukichi HONDA**, Ikuo FURUKAWA**

and Tomoyasu SAKUNO**

Quercus servata, Q. acutissima and Castanea crenata bed-logs were inoculated with two
different strains of Lentinus edodes, Akiyama No. A-20 (high and medium temperature
strain), and Kinkou No. 101 {low temperature strain), in order to conduct experimental
studies to determine the relationship between bed-log moisture conditions and the
mycelial growth of Lentinus edodes. '

(1) It was discovered that at higher specific gravities, the range for optimum bed-log
moisture content in narrower and the upper limit of that range is lower.

(2) Variations in the physical properties of the bed-logs resulted in substantial differences
in mycelial growth ; however, there was little difference in growth resulting from the use
of different strains.

(3) Based on the results from a block test, it was determined that minimum void volume
must be greater than 8%.

(4) The pattern of mycelium development in bed-logs in characterized by three different
types, each type being determined by the particular moisture conditions of the bed-log.
(5) The process of felling trees and allowing them to dry undisturbed in the forest before
making them into bed-logs, is required to a high degree for Q. acutissima and to a low
degree for Q. serrata.

(6) When the moisture content of the outer sapwood area equals approximately 50%, the
biological activity of the wood cells decreases and the mycelium begins to grow well.
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Fig. 1 Relationship between weight loss and
moisture content of wood blocks decayed
by Shiitake (Akiyama No. A-20) for 90
days incubation.
—O— Konara sapwood, —@®— Konara
heartwood
—A— Kunugi sapwood, —A— Kunugi
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Fig. 2 Relationship between weight loss and

moisture content of wood blocks decayed
by Shiitake (Kinkou No. 101) for 90 days
incubation.
—0— Konara sapwood, —®— Konara
heartwood
—A— Kunugi heartwood, —A— Kunugi
heartwood
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Fig. 3 Relationship between weight loss and
moisture content of Kuri sapwood blocks
decayed by Shiitake for 90 days
incubation. —0— Akiyama No. A-20,
— @ — Kinkou No. 101

WIFSKEORMIZKILA20SDEE, 2+ 78MT
46~104%, 2 F T T45~91%, 7 X FUKT3I9~T78
%, 7 X XLk T30~57%, 7Y AR T62~160%TH -
Vo, BHI0IEOBESKROREE, 2+ 7AMT
49~106%, 27 A4 T40~85%, 7 X ¥ LA T38~84
%, 7 XXM TUH0~64%, 7Y Ok T51~145%TH -
720

PED X3z, BESKEOHEIEARABCLLHD
Ln b, BEEUTDLHIZ X 2HEENKE (Hb .
r OIEIESKED EROENHIKE L, TRH30~62
%DEFETH SO L, LIROGBHEII57T~160%TH -
7ro ¥4 7 7 EOEB R LBOBEESKEQEHESNOE
KETLHSN, TF7 L7 XFTEERENRUATT
L — 7 EBOESBEOERBONA S NI, EIHEIE
SAEUEDOERETHEENRD SN,

(2) ZomE r BEBAEOERK

SHRT Oy 7 AR ORRE L EERVEORMGE
Tablel~5ZRTo

Table 1 Moisture content (%), void volume
(9%) and weight loss (%) of Konara
sapwood blocks decayed by Shii-

take.

Akiyama No. A-20

Kinkou No. 101

MC vV WL MC Vv WL
29.4 469 2.9 32.6 45.8 2.2
32.6 47.5 3.7 38.1 43.2 4.9
42.0 42.6 4.6 45.9 41.5 5.1
45.9  38.9 5.7] 49.2  39.6 6.7]
50.4 38.3 6.0 54.0 36.2 6.0
60.0 33.4 6.4 59.7 34.1 6.4
71.2  30.9 5.2 72.6  29.7 7.1
76.9 28.8 6.0 78.6 23.6 7.0
92.4 16.8 5.9 89.8 17.2 7.0
103.8 8.9 5.5] 94.0 13.4 6.2
106.4 4.8 3.0 106.4 7.8 5.9]
112.0 4.8 2.3 107.4 5.1 4.9
114.6 3.1 3.0 111.0 2.6 4.1
117.5 3.5 2.7 116.2 2.8 4.5

]: optimum growth MC : moisture content

VV : void volume

WL : weight loss

Table 2 Moisture content (%), void volume
and weight loss (%) of Konara
heartwood blocks decayed by Shii-

take.

Akiyama No. A-20

Kinkou No. 101

MC VV WL MC VvV WL
26.7 45.1 0.9 34.7 41.3 2.1
28.6 43.8 1.4 37.5 40.5 2.7
33.8 39.8 2.6 39.7 38.1 3.4-‘
37.3 39.1 2.9 4.9 353 3.5
38.8 38.0 2.7 47.3 34.2 3.7
4.8 33.9 3.8 50.0 33.0 3.5
50.4 30.2 3.4 55.8 28.0 3.3
63.3 23.5 3.6 62.0 24.7 3.5
71.9 17.7 3.6 71.1 20,0 3.3
80.2 14.5 4.0 76.0 13.1 3.1
90.8 8.5 3.8 84.6 10.0 2.9
95.1 6.3 2.7 88.2 5.8 2.0
96.3 4.0 3.1 89.6 6.2 2.2
97.7 1.7 1.9 91.1 5.1 1.7

1 : optimum growth MC : moisture content
WL . weight loss

VV : void volume R



VA Y TEDETR L IZIIRARG &M L OBF 47

Table 3 Moisture content (%), void volume
(%) and weight loss (%) of Kunugi
sapwood blocks decayed by Shiitake.

Akiyama No. A-20

Kinkou No. 101

MC VV WL MC VV WL
27.0 43.2 2.5 32.4 42.3 5.3
31.9 40.6 6.5 36.1 39.4 5.8
39.1 37.2 7.6 37.0 38.7 7.2
42.0 34.1 7.8 38.4 38.7 8.0
45.2 325 8.0 42.2  36.6 8.3
55.4 27.1 8.1 50.0 30.2 7.3
59.5 24.2 7.5 55.2  26.2 8.3
73.7 13.5 7.4 63.3 22.0 8.0
78.0 11.6 7.1] 69.3 18.2 8.2
79.0 11.0 5.8 71.8 18.8 7.2
8.3 7.2 5.8 75.2 17.7 7.5
8.4 6.0 6.1 84.4 11.7 7.8
88.4 3.5 6.0 86.8 10.5 6.4
91.1 1.9 4.8 9.6 6.3 5.8

] : optimum growth MC : moisture content

VYV : void volume

WL : weight loss

Table 4 Moisture content (%), void volume
(%) and weight loss (%) of Kunugi
heartwood blocks decayed by Shii-

take.

Akiyama No. 20

Kinkou No. 101

MC VvV WL MC VV WL
25.5 39.2 1.0 33.5 34.0 1.8
30.3 35.9 1.8] 35.9 33.5 2.1
31.7 34.8 2.0 37.229.9 2.2
33.8 34.9 2.0 40.0 29.6 3.6
37.7  31.7 1.8 46.1 24.4 3.2
40.6 29.8 2.0 49.7 22.6 3.5
42.8 28.7 2.1 54.1 17.9¢ 3.3
47.1  24.7 1.7 57.6 17.0 3.2
49.4 21.7 1.8 64.4 12.2 3.2
55.0 19.3 2.1 70.0 7.7 1.9
56.8 15.2 1.7] 73.9 6.0 2.5
58.4 14.7 1.2 78.0 1.4 2.2
62.5 12.7 1.1 81.6 0.7 2.3
65.7 9.4 1.2 86.9 1.0 2.5

] : optimum growth MC : moisture content

VV : void volume

WL : weight loss

Table 5 Moisture content (%), void volume
(%) and weight loss (%) of Kuri
sapwood blocks decayed by Shii-
take.

Akiyama No. A-20 Kinkou No. 101

MC VV WL MC VV WL
47.6 56.0 16.1 40.2 56.1 8.7
51.4 53.9 17.9 50.8 50.7 11.7]
61.7 52.7 22.2 55.0 48.0 11.4
72.1 48.8 21.8 55.9 47.3 12.5
79.3 44.4 23.5 63.8 43.8 13.8
90.3 40.6 23.5 68.6 44.9 13.8
101.0 34.6 23.0 78.4 41.6 14.7
106.8 35.9 23.7 92.6 35.7 13.1
123.1 28.9 23.0 98.9 32.0 11.6
131.0 19.0 22.2 112.1 29.5 14.0
142.1 19.1 19.0 122.7 25.3 13.6
159.6 12.5 19.5] 128.0 17.9 13.0
163.5 8.6 12.0 145.2 8.9 11.6]
174.2 6.7 7.3 161.4 3.7 6.1

] : optimum growth MC : moisture content
VV : void volme WL : weight loss
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Fig. 4 Mycelial growth of Shiitake in the bed- Table 6 Moisture content of Konara bed-logs.
logs of Konara incubated for 30 days at The b.ed-logs were. dried I.’Y natural
25°C. The bed-logs were dried by natural seasoning  before lnoculatlc?n. The

: : . bed-logs were inoculated with spawn
seasoning before inoculation. ° :

bark outer sapwood of Shiitake (Akiyama No. A-20).
(3 inner sapwood Incubation 0 3 6 9 12 15*
60 ¢ Bark before  63.5 48.7 45.5 39.0 32.6 29.0
after 86.8 67.8 53.9 41.6 39.9 36.5
ol (Akiyama No. A-20) Sapwood  before  74.1 65.9 62.5 56.1 53.5 46.8
4 : (outer) after 66.9 67.9 60.3 52.7 49.0 44.7

E Sapwood before  74.3 66.9 62.2 57.7 55.3 55.2

; (inner) after 69.0 56.8 58.2 55.5 51.8 48.9

; * weight loss(%) of logs by natural seasoing

)

=

E’; (Kinkou No. 101) Table 7 Moisture content of Konara bed-logs.

= 40r The bed-logs were dried by natural

seasoning before inoculation.  The
bed-logs were inoculated with spawn
of Shiitake (Kinkou No. 101).
L v ., . Incubation 0 3 6 9 12 15"
3 6 I 12 before 63.5 48.7 45.5 39.0 32.6 29.0
Weight loss (%) Bark after  77.0 66.7 53.4 33.3 36.4 36.2

Fig. 5 Mycelial growth of Shiitake in the bed- Sapwood ~ before  74.1 65.9 62.5 gi}l igg 16~8
logs of Kunugi incubated for 30 days at (outer) after 73.0 69.2 59.3 54. -9 43.8
25°C. The bed-logs were dried by natural Sapwood  before  74.3 66.9 62.2 57.7 55.3 55.2
seasoning before inoculation. (inner) after 69.0 58.6 54.2 55.3 49.9 47.3
bark, outer sapwood, % weight loss(%) of logs by natural seasoning

[Jinner sapwood
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Table 8 Moisture content of ‘Kunugi bed-logs.
The bed-logs were dried by natural
seasoning before inoculation. The
bed-logs were inoculated with spawn
of Shiitake (Akiyama No. A-20).

Incubation 0 3 6 9 12 15

Bark before 59.3 43.1 39.1 30.4 29.5 28.6
after 72.4 48.7 49.2 41.6 42.0 42.1 ~
Sapwood before 60.2 55.1 52.6 50.2 46.5 45.4
(outer) after 55.7 57.3 54.9 52.7 49.0 46.3
Sapwood before 61.4 59.6 57.6 53.3 51.7 49.4
(inner) after 57.8 56.2 55.7 55.5 49.6 48.2

* weight loss (%) of logs by natural seasoning

Table 9 Moisture content of Kunugi bed-logs.
The bed-logs were dried by natural
seasoning before inoculation.  The
bed-logs were inoculated with spawn
of Shiitake (Kinkou No. 101).

Incubation 0 3 6 9 12 15*

Bark before  59.3 43.1 39.1 30.4 29.5 28.6
after  70.8 52.8 53.1 49.2 51.4 48.3

Sapwood before 60.2 55.1 52.6 50.2 46.5 45.4
(outer) after 58.2 58.8 56.9 54.4 51.8 48.5
Sapwood before 61.4 59.6 57.6 53.3 51.7 49.4
(inner) after 61.5 59.0 55.7 55.3 52.2 51.6

* weight loss(%) of logs by natural seasoning

EWNEIRIC L > THEROEKERIIEL {ETL, &
Q27 AXOREEREAEE T+ 7 CHARTEESK
ETHolz, WEE, MELESKEImEHEL bAEL
AU,

BERERIZE T, 27 7 OMAER L TH RO
ARENFEBIZET LT oDz, 7 X X005
IO NEC NS PEERETH > 1o, FEEROU
MEKRERIBEED & 5 2FLWELRED Sz,
3+ 7 OBHRNREREBERECL > TS BULETL
726

ME@)& v EETHIE, EMRETIE, BEHAD
AT EDEAERBELLE B, BEASERT 12D
NTEILSFAETE I3 ITkB, ZRIZDVTIE, MR
B A F T EDE AEZEARD PR EE D ORE I
BILTED EHEL T3, L UBIFESKENI0%

PUF % 2 EAARBPNICEROFI T & 2 kS 2 Z L

K BBROEAEIBEE R B2, 7XAXZaF5&D
BEEEKENTHRD B0 THER Y LEENLE
THb,

DRHER T, EMREDRD & A IMPNE I B
RTELLESTVEH, ZHIEBREBHTICTA L £
AIELTWRWIDTHE, ThicH L H3EEHES
BRFERTHE, BERIEERBIHGIICD X EFAELTY
%, EMOIAMHNBE, AHMOBEEBIIZES TH3
ERDNTE ) 9D FASEEEE U CGOMBBOE 5%
bz btk THARZIAELBk2bDEEZ
5B,

UL LEREE b, BKENOBUTIZR S EERD
HREZRBCEAILTWLS,

KEBOEHETE, IO SKEZLMNEDOE
IKEWZHANTEABED L REIBHCELLIZITH
wb 5 Y, AHNE~OERO £ AEZEMREORE
bESHEAN, TNEV VA I TROETICE > TEH
RERLT LS RGBS TRRV I EHb» 5, THA
WTOBERD EAER, FEANERT 2O THLD
DINEL B oTz, TRIIBRFTEENICEA LI EA,
FAROEBERFCER SN2 F 0 — AP L > TEAERHE
EINZZeN—RATHLEEZBNB,

FEARDKMREIZLD S A ¥y EHDOEB/SNY — iz K
ELRLoTWEM, ch%EzbT5EFig6DEI

Type I Type II
SIS vl

Type 111
— Bark

'Sz;pwood

Fig. 6 The pattern of mycelium development in
bed-logs
mycelium development area

%%, Type I BAEMREBIGEVLEARBEDESE S5 — >
THY, VA5 rEHIAMOBKRBHHLETIITEA L £ A
FER T, AHMPABICWIEEEABRL ZFAET S5 1
TTH %, Typell id UM OIER & AERIC I IZHFICE %
BEAET 354 7Th D, Typelllid A ORALBHEE
WHEAWRLSZAETZIA T Thb, BARVEZERT S

WL o Ty 4 9 THEDEE Y — ik, Typel 5

Typell % i Typelllic b3 % REDHERE S E TR
EEEZOMORVESICUHEE T, EXPR FALE
T % 7 DI ERD ERFERHI50% E TT T 5 0HE



50 A 1. REEE - HIIER - EERE

BHB, L UEMERTE>ThAHRHEAILEL £
AT DT, HARSBFITOES X 0 EFEELD
BOFAERFAPET LI LR TEL LELOND,
3. Whis LFAHER ‘ 40f (Akiyama No. A-20)
(1) EAMEER
BEARDERS LR L3 1 # 7 Bk EOBFE % Fig.
7~8IZRT, - -
FAROER S LHC LD, ¥4 5 rHOEE Y — N KF(] ‘ PFF]Efr]
VBKREL Bk ol MEMADEAER, 2757 RE s s _Ff] - B
o LOHEICERER S BOEARDIEHL, 7 X¥i 0 2 4 6
RS LEIRTD 4 BRIMAOEATIRIERIGEN T,
2 XX IITER S ULARES 6 BRILL bz B b BRI (Kinkou No. 101)

B b R F AL,
4 6

o LEIMY 4 BEDRNOFERDEZE, Y1457 H
Weeks after felling trees

oo
=4
T
P

<

8

Mycelial growth (mm)

s
=
T

ZOP

FAMOANERL D bRIBARL EAEL L, Efis LEA

a6 BRELUEICE S, Y1 97V EREMABALERE 0
CEAETEE %Y, DLATUMAEEID R &

AET BER S B 60T,

Fig. 8 Mycelial growth of Shiitake in the bed-

60r logs of Kunugi incubated for 30 days at 25°
C. Before cutting, the bed-logs were
f— (Akiyama No. A-20) exposed for several weeks after felling
. 40f trees.
E bark, outer sapwood,
g [ inner sapwood
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40
] Table 10 Moisture content of Konara bed-logs.
20k Before cutting, the bed-logs were
O exposed for several weeks after felling
:: trees. Bed-logs were inoculated with
LK . spawn of Shiitake (Akiyama No. A-
0 2 20).
Weeks after felling trees -
Incubation 0 2 4 6 8
Fig. 7 Mycelial growth of Shiitake in the bed- Bark b‘fffore 2‘1‘8 ‘2153 24 39-7 42.8
logs of Konara incubated for 30 days at 25° after -5 28. -6 28.7 30.9
C. Before cutting, the bed-logs were Sapwood (outer) before  66.9 61.6 47.3 48.3 50.0

exposed for several weeks after felling after  50.3 46.3 45.9 51.0 47.9

trees. Sapwood (inner) e 58.556.9 49.9 51.2 51.8
bark, outer sapwood, after  47.2 47.6 48.2 49.3 49.9

[ inner sapwood % weeks after felling trees
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Table 11 Moisture content of Konara bed-logs.
Before cutting, the bed-logs were
exposed for several weeks after felling
trees. Bed-logs were inoculated with
spawn of Shiitake (Kinkou No. 101).

Incubation 0 2 4 6 8

before

Bark after
before

Sapwood (outer) after
. before

Sapwood (inner) after

64.8 45.9 44.4 39.7 42.8
33.7 26.8 28.8 28.1 31.7

66.9 61.6 47.3 48.2 50.0
46.8 47.2 47.2 48.7 49.3

58.5 56.9 49.9 51.2 51.8
47.3 50.5 49.2 50.2 51.0

x weeks after felling trees

Table 12 Moisture content of Kunugi bed-logs.
Before cutting, the bed-logs were
exposed for several weeks after felling
trees. Bed-logs were inoculated with
spawn of Shiitake (Akiyama No. A-
20).

Incubation 0 2 4 6 8

before  56.4 43.9 38.7 33.0 31.9

Bark after  27.8 25.3 24.9 24.3 24.7

Sapwood (outer) before  61.4 53.1 51.1 47.2 50.3
P after 51.3 48.3 44.6 46.9 46.1
Sapwood (inner) before  66.3 57.1 51.4 48.2 51.5
after 49.0 53.0 48.9 50.9 51.0

% weeks after felling trees

B

Table 13 Moisture content of Kunugi bed-logs.
Before cutting, the bed-logs were
exposed for several weeks after felling
trees. Bed-logs were inoculated with

spawn of Shiitake (Kinkou No. 101).

Incubation 0 2 4 6 8

Bark before  56.4 43.9 38.7 33.0 31.9
ar after  25.9 25.3 22.6 24.1 25.2
S 4 (outer) before  61.4 53.1 51.1 47.2 50.3
apwood TOULE) o fter  49.4 49.8 45.0 47.4 48.8
s A (nnery  DeoTe 6.3 57.1 514 48.2 51.5
apwood UNNELT - Jfter  46.6 54.8 47.8 51.9 54.2

* weeks after felling trees
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Table 14 Development of tyloses in the Konara
bed-logs of Shiitake (Akiyama No.
A-20).

Incubation 0 2 4 6 8*

Sapwood  before + + - + +
(outer) after +++ + + 4+ +
+

Sapwood  before + + + +
(inner) after +++ ++

* weeks after felling trees Number of + shows
development of tyloses, and — shows no
tyloses.

Table 15 Development of tyloses in the Konara
bed-logs of Shiitake (Kinkou No. 101).

Incubation 0 2 4 6 8

Sapwood  before + + - + +
(outer)  after +H+  + + o+
Sapwood  before + + + + +

(inner) after +++ ++ + + 4+

% weeks after felling trees Number of + shows
development of tyloses, and — shows no
tyloses.
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Table 16 Development of tyloses in the Kunugi
bed-logs of Shiitake (Akiyama No.
A-20).

Incubation 0 2 4 6 8*

Sapwood  before - + + + At
(outer)  after ++ A+ +
Sapwood  before - ++ + + ++

(inner)  after ++ 4+ ++

* weeks after felling trees Number of + shows
development of tyloses, and — shows no
tyloses.

Table 17 Development of tyloses in the Kunugi
bed-logs of Shiitake (Kinkou No. 101).

Incubation 0 2 4 6 8*
Sapwood  before - + + + +4
(outer)  after ++  + 4+ + ++
Sapwood  before - ++ + + ++

(inner) after ++ A+

x weeks after felling trees Number of + shows
development of tyloses, and — shows no
tyloses.
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