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I. Introduction.

The mushroom production of the Siitake fungus, Cortinellus Berkeleyanus has be-
come very popular in recent years in Japan. This has been brought about by the
development of a simple and yet efficient technique for making the Siitake fungus,
(Cortinellus Berkeleyanus Tro ot Imat) establish in the culturing log. As a source
for inoculum, the fungus is grown in pure state in sawdust medium, (Nisiapo,
19385). Logs are prepared principally from trees in the families of Fagaceae,
Betulaceae, or Juglandaceae, commonly represented by Quercus serraia Tuuns.,
Quercus acuta Taons., Carginus carpinoides Maxino or Petrophiloides sirobilacea Ruip et
Cuanprer. Sawdusts prepared from them no doubt best serve their purpose if
used as culturing medium ; but if they are not always available, it is of impor-
tance to make an analysis on the kinds of wood that can be successfully substi-
tuted in their place. The results obtained from such an analysis can further be
employed in testing the suitability of various kinds of log for Siitake mushroom
production. With these purposes in mind, the present authors conducted this
experiment.

The-authors wish to thank the staff of the Osaka Forestry Bureau for the helps
during the course of the investigation, and Mr. T. Nakavama for the preparation of
the English text.

II. Materials.

Various kinds of sawdust used in this experiment were prepared from the
logs listed in Table I and II. The first batch of which was sent to us through the
kindness of Directors H. Naxavama and I. Tawizawa of Hirosima and Nitibara
Forestry Stations, respectively March, 1935, and the second was received from
the Tuyama Forestry Station through the kindness of Director M. Kupo in May,
1936. . The authors also wish to thank the above three Directors for supplying the
materials and making this investigation possible.
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Table I
Trees used in the Experiments on the Mycelial Growth of
Cortinellus Berkeleyanus in Pure Culture
on the Sawdust Medium.
The materials were sent to the writers from the Hirosima and
Nitihara Forestry Stations in May, 1935.
Locality, age and
No. Scientific name Jag:rzrx,zse Family diameter
of the log used
1 | Cryptomeria japonica D.Dox. - - Sugi Pinaceae Hirosima
" Nitihara
" 2 4] 4 40 years (24 cm.)
3 | Pinus densiflora S1En. et Zucoe. - Aka-matu - Hirosima
4 | Abies firma SiEB. et Zuce. - - - Momi e W
5 | Tsuga Sieboldit CARR, - - - - - Tuga i -
ilot il 5
g | Fetrop hdozdesﬁ&tﬁnegcg}: ROTE No-gurumi |Juglandageae =
7 | Betula carpinifolia S1EB. et Zucc. Mizume Betulaceae s
8 7 - it £ Nitihara 100 (44)
9 | Carpinus carpinoides MAxkINoO - - | Kuma-side - & 80 (30}
10 | Fagus crenafa BruMe - - - - - Buna-no-ki Fagaceae Hirosima
11 i L L, & Nitihara 150(52)
» : Hirpsima
12 | Castanea crenata SIER. et Zuce. - Kuri 5 (Chiefly sapwood)
13 Nitihara 130(52)
3 & 2 e (Chiefly heartwood)
14 | Quercus serrata THUNB. Konara L} Hirosima
15 » " » W Nitihara 80(36)
16 | Zelkowa serrata MARINO - - - - Keyaki Ulmaceae Hirosima
17 n g = e Nitihara 90(32)
18 Cercidiphyllum japonicum Katiza 601(26)
i Stes. et Zucc, e 2
19 Prunus semﬁ;o%::;; st Yama-sakura| Rosaceae 5 44 (24)
20 | Phellodendron amurense RUPR. Kihada Rutaceae hS 120(48)
21 | Aesculus turbinata BroMe., - - - Toti-no-ki H'p&(;f::; o Hirosima
22 3 W - o » Nitihara 40(26)
23 Acamhopanaxacwiopfl‘g:‘ll(ggesa‘v Kosiabura Araliaceae " 60 (28
o4 | Kalopanaz ’fgﬁ?{‘g%ﬂ?{& e Harigiri - Hirosima
25 " 2 4 i Nitihara 100(56)
26 | Cornus controversa HEMSL. Mizuki Cornaceae i 40(24)
27 | Fraxinus japonica BLoMe - -« - Siozi Oleaceae Hirosima
28 Nitihara 100(44)

” ”
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Table II.

Trees used in the Experiments on the Mycelial Growth
in Pure Culture on the Sawdust Medium.

The materials were sent to the writers from the Tuyama Forestry Office in May, 1936.

No Scientific name Japanese name Family

1 | Petrophiloides strobilacea RxiD et CHANDLER - | - No-gurumi Juglandaceae

2 | Betula wimifolia SiEsB. et Zucec. + « + » - « - Yoguso-minebari Betulaceae

3 | Carpinus carpinoides MAKINO + - -« « - - « - Kuma-side "

4 | Castanea crenata S1EB. et ZUce, =+ + - - - - Kuri Fagaceae

5 | Quercus acuta THONB, « « « +» « « = « -« « Kasi -

6 | Quercus serrata THUNB, - « - + « « « « « . Konara s

7 | Zelkoww serrata MAKINO - - + + « = = « « .« Keyaki Ulmaceae

8 | Euptela polyandra S1£3. et Zuce, - - - -+ - Husa-zakura Eupteleaceae

9 | Magnolia obovatas THUNB. -+ - « « » - - -« - Hoho-no-ki Magnoliaceae
10 | Actinodaphne loncifolia MEISSN - - =+ - - - Kago-no-ki Lauraceae’'
11 | Cinnamomum japoniscum SIEB, + + - - - + - Yabu-Nikkei ”
12 | Machilus Thunbergii SieB. et Zvce. + - - + - Tabu-no-ki e
13 | Prunusserrulata LINDL. var.spontanea MAKINO Yama-zakura Rosaceae
14 | Albizzia Julibrissin DURAzz. var, speciosg Koiz. Nemu-no-ki | Leguminaceae
15 | Cladrastis platycarpea MAKINO ¢ + - - .« - Huziki o
16 | Picrasma gquassioides BENN, © - - - -« - o . . Nigaki Simarubaceae
17 | Acer rufinerve S1eB.et Zvce., -+ - - - - . . Urihada-kaede Aceraceae
18 | Acer palmatum THONB. - - - - - - -« - - Moiizi .
19 | Ao pichum Tiovn. vig PasiiBomy, | diaparkands "
20 | Meliosma myriantha SIEB. et Zvce, - « - - - Awabuki Sabiaceae
21 | Camellia japonica 1. var. hortensis MAKINO - Tubaki Theaceae
22 | Idesia polycarpa MAXIM. « - - - « « « « « . Tigiri Flacourtiaceae
23 | Aralia elata SEEM. -« -« - -« -+ o o oo Tara-no-ki Araliaceae
24 | Aucuba japonica THUNB. + + - + - « + - . . Aoki Cornaceae
25 | Cornus coniroversa Hemsr., - -« « « - - . . . Mizuki %
26 | Clethra barbinervis Sies. et Zuce. - - - + - - Ryobu Clethraceae
27 | Pieris japonica D.DoN. -« « - - . o - . . . Asebi Ericaceae
28 | Diospyros kaki THUNBR. var. silvestris MAKINO Yama-gaki Ebenaceae
29 | Pterostyrax corymbosum SI1ER, et Zuce. - - - Agagara Styracaceae
30 | Styraz japonica Sigs. et Zvcc, - - - - . . . Ego-no-ki %

III. Exzperiments on Sawdust Culture Medium.
(1) Culture in Large Mouth Glass Bottles.
A. Methods. \

The first part of this experiment on the effect of kind of sawdust used as
culture medium on the growth of Siitake mycglium was conducted by using the
large mouth glass bottles haying a'capacity of one pound. The bottles have been
empfoyed in culturidg the fungous mycelium in this laboratory for the past
several years.
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Each sawdust medium was prepared by adding sufficient 2 % sugar solution
to previously sun-dried sawdust in such a mount that free water will not drip
after squeeézing it with a hand. This mixture was packed into the glass bottles,
plugged with cotton and autoclaved. No hole was made in the center of the
medium as was ordinarily done. The bottles were inoculated with the pure
culture of Shiitake mycelium grown on ordinary sawdust myceliam and were
incubated at a temperature of 24 °C. for 20 to 30 days, after which time, records
were taken by noting the growth ou the inner side of the bottle. Since the growth
was not uniform all around, measurements were taken representing both the
greatest and the least growths and these were averaged to represent each bottle.

B. Resulls of the Experiments.
The observation of the results was made after incubating at 24 °C. for 10 and
20 days in the first experiment. The results are given in Table IIL. In the

Table III.

Growth of Siitake Mycelium on Various Kinds of Sawdust. Experiment I.
The media contained 2 % sugar., Siitake fungus, strain No. 434, isolated
from a sporophore collected at Hutomi-mura, Akaiwagun,
Okayama-Ken. Grown at 24°C.

Growth | Growth Order
No. Species name after after . after
10days | 20days | 20days
2 | Cryptomeria japonica D.Dor. « « - - - « « « « 8 mm 15 mm 21
3 | Pinus densiflora S1EB. et Zuce. « » + -« o v . 2 18.5 18
4 | Abies firma SIEB. et Zucc. - - ¢ -+ . oo - o e 10.8 16.8 20
5 | Tsuga Sieboldii CARR. - » « - » + « - « « « = o 16 217 14
6 | Petrophiloides strobilacea REID et CHANDLER -« © - 15 25 i
7 | Betula carpinifolia S1EB. et Zuce, - + -+ - - - - 13 25 8
8 ” o i S LR 8 13.4 26 5
9 | Carpinug carpinoidegs MARINO « « « + « « - AN 16.6 26 6
10 | Fagus crenats BLUME. « - « « = ¢ = + « « o+ < . 20 285 3
11 7 S AR R e - 20 29.6 2
13 | Castanea crenata S1EB. et Zucc. (mainly heartwood) 10 125 22
15 | Quercus serrata THUNB. - - + « - « « « « « « 4 . 15.6 24.6 9
17 | Zelkowa serrata MAKINO  + + + « + + « « o o = o 5 7.6 23
18 | Cercidiphyllum jepowicum SiEB. et Zucc. - -« + - . 20 27.3 4
19 | Prunus serrulata LINDL. var, spontanea MAKRING - - 4.3 6/ 24
'90 | Phellodendron amurense RUPR, «+ = « + - « « « . . 12,5 225 11
21 | Aesculus turbinata BLoME, © + + + ¢ ¢ - 0 o - . 153 233 10
29 . . SRR 20 333 1
23 | Acanthopanax sciadophylloides Fr. et Sav, 7.5 18 19
24 | Kalopanaz ricinifolium Mig. var, typicum NAga1 - 10 18.7 17
25 % 45 12 20 16
26 | Cornus controversa HEMBL, - « « « + -« « - RO 13.5 225 12
27 | Frazinus japonicas BLUME, « + + + + < « « + <+« 15 22,5 =13
28 A T LR, TR 12 21 15
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second experiment, observation was made after 20 and 30 days’ incubation, and
the results are shown in Table IV. Table V gives the average growth for 20 days’
period, arranged in order from the fastest to the slowest.

Table III shows that the Siitake mycelium made better growth in the culture
medin prepared from the following sawdusts, arranged in the order of Aesculus
turbinata Brumz, Fagus crenate Buome and Cercidiphyllum japonicum Sies. et Zuce.

Table IV shows that Fapus crenata Bruumz, Carpinus carpinpides MariNo, and the
sapwood of Caslanea crenata Sies. et Zucc. were the most suitable trees. The un-
suitable trees in the first experiment, were Prunus serrulafa LiNDL. var. sponfanca
Magino, Zelkowa serrala MaxiNo heartwood of Casfanca crenala Stes. et Zvcc. and
Cryptomera japonica D. Dox. ; and in the second experiment, the heartwood of
Casilanea crenata Sies. et Zvcc. Phellodendron amurense Ruer., Zelkowa serrata MAKINO
and Prunus serrulata LaNDL. var sponfanea.

The order arranged after averaging the growths for a period of 20 days in
each kind of sawdust was as given in Table V ; Carpinus carpinaides Maxino, Fagus

»

% Table IV.
Growth of Siitake Mycelium on Various Kinds of Sawdust. Experiment II.

The calture medium prepared by adding 2 % sugar solution
to sun-dried sawdust. Siitake fungus, strain No. 434,
Grown at 24°C.

Growth | Growth | Order
No. Species name after after after
20days | 30days | 20days
1 | Cryptomeria japowica D.DoNn. - - . . . . . . . 30.7 mm | 46,6 mm 14
3 | Pinus densiflora SiEB. et Zucc. - - - -+ . . . . 36.8 60.4 10
4 | Abies firma S1EB. €t ZUCT., -+ - - o+ s o0 oo . 31.3 42.6 13
5 | Tsuga Sieboldii CARR. - - « + « + « + « « 4 52.3 61.0 4
6 | Petrophiloides strobilacea REID et CHANDLER - - - 436 58.0 6
7 | Betula carpinifolia Sies. et Zvce, - - - - -+ . . 36.9 61.3 9
9 | Carpinus carpinoides MAKINO -+ « - + « « + + < . 58.4 75 2
10 | Fagus crenata BLUME, - - -+ « -+ « « « « - . . 60.4 75 1
12 | Castanex crenata SIEB. et Zucc. (mainly sapwood) - 52.4 75 3
13 = p (mainly heartwood) - 8.2 13.2 21
14 | Quercus serrate THUNB, - « = « « + « « o o o o 33.9 63.4 1)
16 | Zelkowa serrata MARINO + - « + =+ + - « - . . 15.7 26.6 19
18 | Cercidiphyllum japonicum S1EB. et Zucc, - - - - - 32.5 53.6 12
19 | Prunus serrulata LiNDL. var. spontanea MAKINO - - 17.8 28.6 18
20 | Phellodendron amurense Ropr.« » - « « « - . . . 12.2 19.2 20
21 | Aesculus turbinata BruMe. - - - + + « . o < . . 42.3 62.3 7
23 | Acanthopanax sciadophylloides Fr. et Sav, - - - . 20.8 34.1 17
24 | Kalopanax ricinifolium Mia. var. typicum NARAT - 27.2 43.9 15
95, | & 5 - . 253 38.3}41'1 16
26 | Cornus controverss HEMSL, -+ - + - - - « « . . . 40.2 59.0 8
27 | Praginus japonica BLOME. - + - « - + « « « « . . 49.9 67.0 15
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crenate Buome, Tsuga Sieboldii Carr, Petrophiloides strobilacea Rep et Cmanper and
Aesculus turbinata Brome and Cornus controversa HemsL. being highly suitable,
whereas Zelkowa serrala Makino, Prunus serrwlaia LiNpi, var. sponfanea MagiNo,
Phellodendron amurense Ruer., Acanthopanax sciadophylloides Fr. et Sav. and Kalo-
panax ricinifolium Mia. var. fypicum Naral, very unsuitable.

It is of interest to note in this experiment that, in Casfanea crenata Sies. et
Zvuco. Siitake mycelium made a beautiful growth on the sawdust prepared from
the sapwood ; but on the heartwood, it was extremely poor. This fact was also
true when the fungus was inoculated in the log. It did not grow into the heat-
wood, but made a rapid growth in the region of sapwood. Logs from Quercus
serrafa TaUNB. are highly prized in Siitake production, but as a sawdust medium,
it wag found to be of intermediate in value, much inferior than Carpinus carpinoides
Maxino or Fagus crenala BLumE; moreover, although Carpinus carpinoides Maxixo
is highly suitable for the growth of Siitake mycelium, others such as Fagus crenata
BromE, Petropliiloz'a’es strobilacea Ryip et CHANDLER, Aesculus turbinala BLome or Cornus
controversa Hewst. were found to'be equally suitable by this experiment.

L
®

Table V.

The Relation of Growth of Siitake Mycelium
to the Kinds of Sawdust used as Culturing Medium.
(Summarized Result on the Experiments using
Large Mouth Glass Bottles.)

The average growth of Experiments I and 1I
arranged in order after 20 days of incubation.

Order Species name Growth
1 Carpinus carpinoides MARINO - + - « - -« + « « « « + 42.2 mm
2 Fagus crenata BLOME - « -+« » « « . v o0 39.5
3 Tsuga Sieboldii CARR. - - - - + <« « « . . oL 37.0
4 Petrophiloides strobilacea Reip et CHANDLER + - - + - 34.3
5 Aesculus turbinate Brome - - - - - - PR R 33.0
6 Cornus controversa Hempr., -~ - « - - -« o« o o o o 314
T Fraxinus japonica BLoME - « « - - .+ - R R O 3L1
8 Cercidiphyllum japoncum SieB. et Zucc. - » « « + -+ - 29.9
9 Quercus Serrata THUNB, - -« -« - o 000 e 29.3

10 Betula, con pinifolia SteB. 0t ZUCC. - - - - - - o - 29.0
11 Pinus densiflora S1EB. et Zvcc. - - - - o o e 276
12 Abies firma SIEB. ZUCC, -+ + = + + + o+ s e .. 26.5
i3 Castanea crenata S1gB, ot Zvoc, - - - - « - - o 244
14 Cryptomeria japonica D.Dox. - - « - « « « . .« . . . 929
15 Kalopanaz ricintfolium Mia, var. typicum NaRar - « - - 22.1
16 Acanthopanaz sciadophylloides Fr. ot Sav. - - - - . . - 19.4
17 Phellodendron amurense Ropr, « « « » « <+« o o . 17.4
18 Prunus serrulata LinpL. var. spontanea MagNo « - - - - 11.9
19 Zelkowa gerrata MARINO  « + « = = « = o « « o v o o - 11.7
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IV. Cultural Experiments on Sawdust
Decoction Agar Media.

Methods.

In this experiment a comparison on the growth of fungus was made on the

Table VI.

20 grams

Growth of Siitake Mycelium on Sawdust Decoction Agar Medium Prepared
from Various Kinds of Tree. (Result of Experiment 1.)
Fungus: Strains 434 and 439, produced by mating single-spores taken
from a sporephore collected at Hutomi-mura, Akaiwa-gun, Okayama-ken,
Incubation temperature: 24°C.

Strain No.434

Strain No.439

Diameter of 5 Diameter of | k5
&, Wunw of trse colony in mm, .5 E’ colony in mm, .«S E’
o8-S After EC | uin After 8%
S8 | 20days |TR|E3 | 20days | ER
<~ [ (Average) | © <~ | (Average) | ©
1 | Cryptomeria japonica 8.0 24.5 } 115 | 115 }
18.8 | 12 8.8
2 s - 45| 13.0 3.0| 6.0 -
3 | Pinus densiflora + - - - - - - 29.6 60.1 4 | 195 33.7 10
4 | Abies firma - - - - - - - - 7.5 14.8 13 | 80 8.6 14
5 | Tsuga Sieboldii - - - - « « - 31.0 593 6 | 213 48.5
6 | Petrophiloides strobilacea - - - 40.1 71.8 3 | 820 56.1 6
7 | Betula carpinifolia - - - - - - 38.1 | 62.6 26.7 | 410
57.9 48.
8 » S Mok e 26.7 | 53.2 } 4 < 283 | 56.5 } <t
9 | Carpinus carpinoides 17.5 43.6 9 | 356 76.0 3
10 | Fagus crenata - + « + - - « - 364 | 62.7 } 32 5 35.0 | 63.17 } 589 5
11 b = W T 6| 478§ 205 | 548 )
12 Cast S 24.0 | 41.0 22. 47.6
anea crenata (Sapwood) 4 }26.8 1 2.5 | 47 }32.0 12
13 r ,  (Heartwood) 28| 125 78| 16.3
14 | Quercus serrgta - + - - - - - 35.1 | 58.0 } 30.5 | 36.7 }
60. 40.
15 ” e g, . 2l 288 | 621 J801| 5 | 328 433 40| °
16 | Zelkowa serrata -+ - « -« « -« . — 3.0 3 ——
15| 16 0 18
17 - AR = — = e
18 | Cercidiphyllum japonicum 40.0 76.7 1 | 406 76.1 2
19 | Prunus serrulata - - - - - - - 3 — 17 —_ 3 17
20 | Phellodendron amurense 3 — 18 — —_ 19
21 | Aesculus turbinata + - - « - - 21.2 | 30.8 }43 51 9 23.1 | 435 }61 8 %
22 “ B it I s 325| 651 ) 41.8 ' 800 J
23 | Acanthopanaz sciadophylloides 4 ®lyy 14 2 5.6 15
24 | Kalopanaz ricinifolium 73 |- 101 } 5 6 }
55 |" 1B 5.
25 » ”" 3 5 % 3 5 =
26 | Cornus controversa - - - - - - 39.1 73.5 2 | 49.6 80.0 ¥
27 | Frazinusjaponica - - - - « - 39.6 | 72.8 } 25,3 | 33.8
64.3 3 o
28 - B DAt s dht 29,2 | 55.8 248 | 33.0 } Sha | ~28
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of previously sun-dried sawdust was cooked in 200 cc. of distilled water for one
hour in a steamer. After filtering and making up to the original volume of 200 cc.,
2% agar was added, and was completed by following the usual procedure. The
Siitake mycelia (strains No.434 and No. 439) were inoculated on to these media
poured in Petri dishes, and their growth was measured. The diameter of colonies
was measured after 5, 11, 156 and 20 days of inocubation at a temperature of 24 °C.

B. The results of the Experiments.

The results are given in Table VI. It shows that the growth of two strains of
Siitake fungus was not entirely identical in the same sawdust medium, nor was it
in the case where the sawdusts were from different trees, but of the same
species. The latfer is parhaps due to the difference that may exists between the

Table VII.

Growth of Siitake Mycelium on Sawdust Decoction Agar Medium Prepared
from Various Kinds of Tree. (Result of Experiment 2.)

Fungus: Strains 434 and 439, produced by mating single-spores taken
from a sporophore collected at Hutomi-mura, Akaiwa-gun,

Okayama-ken.
Diameter of Colony R
: in mm.
E;l:fagil:ls No. Name of tree 0 s 0;1%;::
14 dt:;s After 21 days | © ays
1 Cryptomeria japonica - + « - - « - - 9.2 20.8 15
3 Pinus dengiflora « + - « + -« « . . 23.6 25.5 14
4 Abies firma -« - - - < o o0 e 10.0 18.0 16
7 Betula carpinifolia + « -« - « « - - 22.0 37.0 10
9 Carpinus carpinoides - « - - « « - - 38.6 52.2 3
10 Fagus crenata - - « + <« < v . o . . 334 44.2 } 40,8 y
11 . BN Col e N g 22.0 37.0
12 Castanea crenata (Sapwood) - - » - 25.0 52.0 } s13 1
No. 434 13 5 » (Heartwood) - : - - 4.0 10.5
15 Quercus serrala « - - - -+ o+ e v oo - 38.0 51.5 4
17 Zelkowa gerrata - = ¢+ ¢+ ¢ s 0 s e 5.0 10.0 18
18 Cercidiphyllum japonicum - - + - - - 17.5 37.0 9
20 Phellodendron amurense - + « + - - - 19.5 317 11
21 Aesculus turbinata - - -« - - - - - 30.0 42.6 } dis .
29 = e T o 29.0 406
26 Cornus controversa - - - + - « - « - 39.6 53.8 il
28 Prazinus japonica - - « ¢« - -« - - - 24.6 38.8 8
b Tsuga Sieboldii - - - « « « - « + « 17.6 29.5 13
6 Petrophiloides strobilacea - - « - - - 37.6 52,6 2
No. 439 14 Quercus serral@ « + ¢+ ¢ o+ o+ 4 o« e 24.2 43.8 5
16 Zelkowa . gerrala « « + « « + o o . . . 8.3 122 17
27 Frazinus japonica - « « « <+ - . - 70 10.0 19
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heartwood and the sapwood. 'The names of the woods that showed favorable
growth of fungus strain No. 434 were in the order, Cercidiphyllum japonicum Sies. et
Zvucc., Cornus controversa HewsL., Fraxinus japonica Brume, Petrophiloides strobilacea
Rem et CHANDLER, Fugus cremata Buume, Befula carpinifolia Sizs. et Zucc. and
Quercus serrata Tuuxs. This relationship is generally true in the strain No. 439,
The growth of both strains of fungi was poor in Zelkowa serrata Marmwo, Prunus
serrulata LanvL. var. spontfanea Maxino and Phellodendron amurense Ruer. ; followed
by Kalopanax ricinifolium Mia. var. fypicum Naga1 and Cryptomeria japonica D. Dox.,

The results of similarly repeated experiments are shown in Table VIL. It
follows closely with that of Table VI. The growth on the decoctions of Cornus con-
troversa HemsL., Carpinas carpinoides Maxwo and Quercus serrata Trune. was found
to be greater than that of all the others. In contrast, the growth on the decoction
of Zelkowa gerrata MaxiNo was extremely poor.

V. Experiments on Sawdust Culture Medium.
(2) Culture in Test Tubes.
A. Methods.

The sawdusts used in this experiment were received in May, 1936, from the
Tuyama Forestry Station. The trees consisting of 21 families, including 30species,
are listed in Table II. Three strains of Siitake fungus;employed in these experi-
ments are listed below. One or two strains were used at a time in each experi-
ment.

Strain No. 4, (A6 X D1), medium size sporophore and fast growing, strain
No.23, (A6 X N2), medium to large size and strain No. 56, (K6 X N 1), medium
to large size. All of these are improved strains producing abundant sporophores
developed at this Institute.

Having had some difficulties in obtaining a uniform growth in the previous
experiment with large mouth glass bottles, in the present experiment the ordinary
glass test tubes of 18 mm. in diameter were used. 20g. of dried sawdust was
poured into each of these test tubes, and was moistened with 10 cc. of tap water.
The moistened sawdust in the test tube was lightly packed with a glass rod, and
the whole 'was autoclave for 80 minutes at 15 lbs. pressure. When the sawdust
was found to have forced its way up and have adhere to the side of the test {ube,
it was carefully scraped down and packed in place with a sterile glass rod. Test
tubes were inoculated with well developed sawdust cultures of the Shiitake
fungus. To insure a perfect contact, the introduced inoculum was lightly pressed
down against the substratum with a sterile glass rod. The inoculated test tubes
were incubated at 24 °C., and the extent of growth was measured at the ends of 10
and 15 days.

B. Results : The Effect of Stze of Sawdust Particle and Moisture to the Develep-
ment of the Fungous Mycelium.

The growth of the fungous mycelium on sawdust medium was not only in-
flueced by the kind of tree from which the sawdust was made, but also it seems to
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be effected by the size of the sawdust particles. Furthermore, the amount of
water that can be added in the preparation of the sawdust medium should vary
accordingly. Thus to clarfly these points the following experiment was performed.
Sawdust prepared from the following six kinds of trees were used: Quercus
serrata Tauns., Cornus controversa Hemsr, Mackilus Thunbergii S. et Z., Acer pictum
Truxs. var. Paxii Scaw. subvar. eupictum Pax, Albizsia Yulibrissin DURAzz var. speciosa
Koz, and Petrophiloides strobilacea Rep et Craxprer. The sawdust particles that
passed through the 3mm. sieve but remained in the 2mm. was designated as
“large”. In other words the large particles had a diameter of 2-3mm. By a
similar method of preparation, the “ medium ” size particles had 1.5-2mm., and
the “small” particles had a diameter less than 1.5 mm. 20 ce. of sawdust was placed
in a test tube having an inner diameter of 18 mm. and to this, 7, 10 and 12¢c. of tap
water was added. Fungus strain No. 4 was inoculated into the prepared sawdust
media and was incubated at a temperature of 24 °C. Observations were made at
the end of 10 and 15 days of incubation by measuring the extent of growth of the
mycelium along the wall of the test tube. The results are shown in Table VIII.

Table VIIIL

Growth of Siitake Mycelium on Sawdust Medium : Effects of the Size
of the Sawdust Particle and the Moisture Content of the Medium.

Experiment began on January 10, 1940,

Growth in mm. Growth in mm.
N ; Size of particle after 10days after 15 days
Sais otires (Diameter in mm.)
il 10 ce 12 ce 7ce 10ce 12 ce
3 Large  (2-3) | 340 | 405 460 | 480
i v | Medium (5-2) | 278 | 200 103 | 410
8ITEE | Small (below 1.5) 313 | 316 450 | 427
c Large (2-3) 43.0 41.0 52.3 54.0
: "m'“: Medium (1.5-2) | 403 | 41.0 577 | 522
COoMTOvers® | Small (below 1.5) 343 | 323 473 | 455
i Large  (2-3) | 416 | 420 490 | 470
“;h’ “z | Medium (1.5-2) | 326 | 360 43 | 480
underg® | Small (below 1.5) 283 | 266 400 | 407
” Large  (2-3) | 416 | 380 557 | 500
vl ; Medium (15-2) | 306 | 300 453 | 447
palmatim | small (below 1.5) 320 | 336 475 | 480
s, Large  (2-3) | 245 | 303 370 | 417
% ;',’:r, ] Medium (15-2) | 243 | 823 343 | 383
WIOTEST | Small (below 1.5) 225 | 266 327 | 407
T Large  (2-3) | 373 | 323 57.3 | 517
e""’; ; oldes | Medium (15-2) | 386 | 368 563 | 52
srbsesin | Sl beiow 15) 33.0 | 346 5.7 | 527

* The volume of water added to 20 cc of dry sawdust.
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Although in view of the fact that the growth of Shiitake fungus is influenced
by the size of sawdust particle, the amount of moisture and the kind of tree from
which the sawdust is made, further made it difficult to make all the conditions
optimum. The present experiment was conducted as outlined above, and the
results were compared among those that showed best mycelial growths. The
comparison is given in Table IX.

Table IX.

Relation 'of ‘Size of Sawdust Particle in Sawdust Medium
to the Growth of Siitake Mycelium.

Size of sawdust particle: Large, 2—-3 mm,; medium, 1.5 -2 mm.; small, below 1.5 mm,

Growth in mm, Growth in mm,
after 10 days after 15days
Name of tree

Large |Medium| Small | Large [Medium| Small
Quercus serrata - - - - - - -+ - 40,5 29 31.6 48.0 41.0 45.0
Cornus controversa - - - - - + - - 430 41.0 34.3 54.0 ST.T 47.3
Machilus Thunbergii - - « - - - - 420 36.0 28.3 49.0 48.0 48.0
Acer pictum - - - - -+ o o - . 41.6 30.6 33.6 5a.7 453 48.0
Albizzia Julibrisgin - - - - « < - 30.3 28.3 26.6 1.7 383 40.7
Petrophiloides strobilacea - - - - - 378 38.6 34.6 51.3 56.3 52:%7

Note: The figures in bold type indicate the greatest growth.

According to this experiment, the Shiitake mycelium grew bast when the
sawdusts were of large particles —2 -3 mm. in diameter. The medium sized parti-
cles — 1.5 — 2 mm.— were next in order and the small particles showed the least
growth.

If the moisture content is taken into consideration, and compared among the
six different trees, Quercus serrata Tuuss., Machilus Thunbergi S. et Z., Albizzia
Julibrisstn Durazz. var. speciosa Koiz. supported the fungus better when 10ce. of
water was added rather than 7 cc. This was true in the media composed of large
as well as medium sized particles. With Cornus confroversa HumsL. better result
was obtained by the addition of 10cc. water to the large particled sawdust
medium, while the opposite was true in the medium sized sawdust. In Acer pictum
TrUNB. var. Paxii Scuw. subvar, eupictum Pax and Albizzia Fulibrissin DUrazz var.
speciosa Ko1z, slightly better growth was observed with 7 cc. water. There was
but a very little difference between 10 ahd 12 cc.

Further experiment was conducted using 80 different kinds of wood. In
view of the fact that it was difficult to have variations in the moisture content, all
the media were made containing 10 cc. of water per 20 ce. of sawdust. The ex-
perimental results are shown in Table X.
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Table X.

Y. Nisigapo, K. KiMura and Y. MIvawAKr:

Relation of Kind of Sawdust and their Size to the Growth of Siitake Mycelium.
I. Amount of Growth and Aerial Mycelium Formed after 9 and 15 days
of Incubation at 24°C. Average of 3 Petri-dish Cultures.

Size of particles: Large, 2~3 mm.; medium, 1.5- 2 mm.;

and small, below 1.5 mm. Fungus used: Strain No. 4.
Growth in mm. and Growth in mm. and
amount of aerial mycelium | amount of aerial mycelinm
after 9 days after 15 days
No. Name of tree >
! Bl =z 2l el 1 gk
TRl el R TR 2 E | 8
= = e |- = !
1 | Petrophiloides strobilacea - | 31.04| 32 74 | 27.34- | 30.3 | 57.74t | 50.34 | 5234 | 53.4
2 | Betula ulmifolia - - - - - 33.04 | 31.54F | 28.04F | 30.8 | 55.04 | 46.04+ | 5174 | 50.9
8 | Carpinus carpinotdes - - - | 26.64-| 27.04- | 20.34- | 24.6 | 51.84} | 55.74 | 49.74 | 52.3
4 | Castanea crenata 21344 | 1534 | 18.04| 18.2 | 32.34 | 25.34 | 25.04| 27.5
5 | Quercus acuta - - - - ; - | 1754 | 14.04 | 14.04+| 152 | 37.04| 28.04F | 3074 | 31.9
6 | Quercus serrata -+ - - - - 2434 | 27.04F | 29.04F | 26.8 | 46.74}F | 41.34} | 45.34 | 444
7 | Zelkowa serrata - - - - - + 4.0 + 20|. £ 53+ | 8.7£| 6.0
8 | Euptela polyandra - - - - | 3354 | 29.34| 303+ | 31.0 | 59.04| 45.74 | 50.04 | 51.6
9 | Magnolia obovata 22.04F | 18.34 | 17.04| 19.1 | 29.34 | 22.74 | 17.04| 23.0
10 | Actinodaphne loncifolia 2734 | 33.74 | 28.74 | 29.9 | 53.04 | 49.74 | 47.74# | 50.1
11 | Cinnamomum japonicum - | 33.34 | 32.74 | 30.34 | 32.1 | 62.74 | 53.34 | 57.04 | 57.7
12 | Machilus Thunbergii - - - | 3L5H| 32.04F | 29.74 | 31.1 | 49.04)f | 56.04f | 654.34 | 53.1
13 | Prunus serrulata - - « - - 1264 | -7.04| 11.3+ | 10.3 | 24.34 | 16.04 | 17.74 | 19.3
14 | Albizzia Julibrissin 20.04 | 20.74 | 2034 | 20.3 | 38.04| 35. 74 41.34 | 38.3
15 | Cladrastis platycarpa - - - | 2104 | 22.04} | 18.04-| 20.3 | 36.34 | 20.04} | 34.34- | 33.2
16 | Picrasma quassioides - - - | 2LOHH| 24.04- | 2074 | 21.6 | 42.5H | 50.34 | 40.04F | 44.3
17 | Acer rufinerve - - - - -+ - 23.74 | 29.74 | 28.0+ | 27.1 | 44.34-| 44.34 | 45.74 | 44.8
18 | Acer palmatum - - - - - 20.0+4 | 2654 | 28.34 | 24.9 | 43.04 | 49.0+ | 47.34 | 46.4
19 | Acer pictum - -+ - - - - 26.34 | 23.3+| 26.0+ | 24.9 | 51.34ff| 37.6+ | 50.3H | 46.4
20 | Meliosma myriantha - - - | 1334t 9.7+ | 115+ | 11.5 | 27.74 | 22.0+ | 19.54 | 23.1
21 | Camellia japonica. - - - | 29.04 | 29.04 | 24.04 | 27.3 | 50.04f| 46.74 | 36.74 | 445
22 | Idesia polycarpa - - - - - 15.04 | 19.04+ | 22.74| 18.9 | 35.0+ | 39.04+ | 38.34 | 37.4
23 | Aralia elata - + « - - 1374 | 17.74| 153+ | 15.6 | 28.64 | 27.04+ | 27.04 | 275
24 | Aucuba japonica - - - - - 20.04 | 23.34 | 28.74 | 22.3 | 39.34 | 34.04 | 30.04} | 34.4
25 | Cornus controversa - - - - | 33.04| 29.74 | 26.6+ | 29.8 | 59.3{f} | 48.74 | 52.34 | 53.4
28 | Clethra barbinervis + - - - | 2234 | 19.64 | 22.34-| 21.4 | 40.74 | 32.5+ | 40.3+ | 37.8
27 | Pieris japonica - -+ - - - 27. 74 | 29.54 | 26.34 | 27.8 | 49.34 1 33.34 | 42.34 | 41.6
28 | Diospyros kaki - - - - - 17.04 | 22.04 | 18.74+ | 19.2 | 38.74 | 39.54} | 38.34 | 38.8
29 | Pterostyraz corymbosum 16.74 | 24.34 | 23.0+ | 21.3 | 39.34} | 36.74f | 37.74# | 37.9
30 | Styrax japonica - - + « - | 25340 | 24.7+| 23.7+| 24.6 | 43.54 | 4134 | 4474 | 432

* According to Table X, there were differences in the amount of growth de-
pending upon the size of the sawdust particle. If the woods that showed the best



Studies on the Effect of Kinds of Tree in Culture Medium
upon the Growth of Cortinellus Berkeleyanus.

51

growth were classified according to the size of the particle the frequency will be
as follows :

After 9days  After 14 days
Large particle (2-3mm.) 11 kinds 19 kinds
Medium ,, (1.6-2mm.) 14 B
Small 5 (below 1.5 mm.) B, 6%,
Table XI.

Relation of Kind of Sawdust to the Growth of Siitake Mycelium.

of Incubation at 24°C.  Average of 3 Petri-dish Cultures.
Fungus used: Strains No.4 and 23,

II. Amount of Growth and Aerial Mycelium Formed after 10 and 15 Days

Growth in mm. and
amount of aerial mycelium

Growth in mm. and
amount of aerial mycelium

No. Name of tree after 10 days after 15 days
No. 4 No. 23 !Average] No.4 | No.23 |Average

il Petrophiloides strobilacea | 33.54#F | 29.5 H 315 | 56.54F | 54.0 55.3
2 | Betula ulmifolia 3034 | 3054 | 304 | 5004 | 5154 | 508
3 Carpinus carpinoides 36. 74 | 30.0 334 59.04f | £5.0HF 57.0
4 | Custanea crenata - - - - | 2404 | 2554 | 24.8 | 33.04 | 380K | 355
5 | Quercusacuta - - - - 2204 | 220 H | 220 | 39.04 | 3454 | 368
6 Quercus serrata 2031 | 2754 28.4 46.3 Hf | 44.04 45.2
7 Zelkowa serrata 8.6 — 8.5 4 7.6 874 | 1454 11.6
8 Euptela polyandra 33.74 | 27.0 # 30.4 55.0 4+ | 48.5 4 51.8
9 | Magnolia obovata 1104 | 2504 | 180 | 1234t | 4054 | 264
10 Actinodaphmne loncifolia - | 3204+ | 26.5 4 293 | 55,0 HF | 49.0 4 50.2
11 Cinnamomum japonicum 3504 | 31.0 4+ 33.0 | 58.0 4 | 53.0 4 55.5
12 Machilus Thunbergii 32.74H | 2854 281 | 6134+ | 48.04 54.7
13 Prunus serrulata - - - 107 4 | 12.0 4 114 20.7 4 | 21.04 20.9
14 Albizzia Julibrissin - - - 2834 | 26.5 4 274 41.0 {ff | 46.0 43.5
15 Cladrastis platycarpa - - | 2534+ | 23.5 {# 244 | 4034 | 4154 40.9
16 Picrasma quassioides - - | 23.74 | 25.0 4 244 | 55.7H# | 5L5 4} 53.6
17 Acer rufinerve - - - -« - 20.74 | 2804 28.9 533 4+ | 495+ 51.4
18 Acer palmatum 333 4% | 2604 29.7 54,04 | 4954 51.8
19 Acer pictum - - - .+ . - 3104 | 29.0 4 30.0 23 H# | 50.0 4 51.2
20 | Meliosma myriantha 1674 | 954 | 131 | 2834 | 1704 | 227
21 Camellia japonica 273 # | 25.0 #t 26.2 | 46.74 | 47.0 4t 46.9
22 Idesia polycarpa 29.3 4 | 255 4 274 | 463 Hif | 4454 45.4
23 Aralia elata - - - - - - 1434 | 1554 14.9 28.0 # | 30.0 4 29.0
24 Aucuba japonica - - - - | 260+ | 210+ 235 | 4334 | 3654 39.9
25 Cornus coniroversa 38.04+ | 33.04 355 | 61.0H# | 54.04fF 53.5
26 Clethra barbinervis 2604 | 2104 23.0 43.TH | 285 4% 36.1
27 Pieris japonica - - - - - 28. 7 | 22.0 ff 25.4 48.04f | 45.0 4 46.5
28 Diospyros kaki - - - - - 3304 | 27.04 30.0 55.7 4 | 52.0 4% 53.9
29 | Pterastyraz corymbosum - | 22.04 | 2804 | 250 | 4474 | 5354 | 49.1
30 Styraz japonica 25.0 4+ | 250 + 25.0 | 4174 | 3504 38.4
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Y. Nisikapo, K. Kimura and Y. MIYAWAKT :

The result shows that when the sawdust particles are below 1.5 mm. in dia-

meter, the growth of the fungus was found to be extremely poor. In the medium
sized sawdusts, the fungus grew better up till 9 days’ time, but was overtaken
later by the large particled media. In general, there was but a slight difference in
the growth between the large and the medium sized particles.

Table XII.

Relation of Kind of Sawdust to the Growth of Siitake Mycelium.
III. Amount of Growth and Aerial Mycelium Formed after
10 and 15 Days of Incubation at 24°C.

Fungus used : Strains No.4, 23 and 56,

Growth in mm. and
amount of aerial mycelinum
after 10 days

Growth in mm. and
amount of aerial mycelium
after 15 days

No. Name of tree
No.4 | No.23 | No.56 | 47| No.4 | No.23 | No. 56 g
1 | Petrophiloides strobilacea - | 41.34ff| 38.74 | 43.311+| 41.1 | 56.04 | 61.341 | 66.34+| 61.2
2 | Betula wlmifolia + « - - - 3274 | 3374 | 3774 | 34.7 | 48.34 | 49.04| 5LTH| 49.6
3 | Carpinus carpinoides - 35.34F | 36.04 | 41.04 | 37.4 | 51341t | 54.34 | 6478 56.7
4 | Castanea crenata 24.34 | 25.74+ | 26.04 | 253 | 33.04 | 37.34 | 3674 | 35.6
5 | Quercus acuta + -+ - - - 25.04f | 26.04 | 24.04F | 24.6 | 39.64 | 38.04 | 38.04 | 38.5
6 | Quercus serrata - - - - - 35.74 | 26.74 | 40.04| 37.5 | 54.04 | 53.04 | 60.04 | 55.9
7 | Zelkowa serrata - - - - - 52+ 55+ 6.04| 56| 57+ 7.0+ 1204 8.2
8 | Euptela polyandra. - - - - | 36,04 | 37.74-| 41.74 | 38.5 | 52.04 | 58.64 | 59.34 | 56.6
9 | Magnolia obovata 15.74 | 28.74 | 32.011+| 254 | 14.74 | 35.74F | 3874 | 29.7
10 | Actinodaphne loncifolia 40.74 | 34.74 | 23.04F | 36.1 | 54.04F | 54.04 | 5274 | 53.6
11 | Cinnamomum japonicum - | 42.04 [ 4104 | 43.34F | 42.1 | 60.0 | 58.6 i | 58.04t | 58.8
12 | Machilus Thunbergis - - - | 30.34 | 33.04 | 38.3{1F| 36.9 | 59.34 | 52.04t | 58.08F | 56.5
13 | Prunus serrulata - - - « 1574 | 16.34 | 16.04 | 16.0 | 22.04 | 25.04 | 25.04 | 24.0
14 | Albizzia Julibrissin 2734 | 27.7H | 27.0HF| 27.3 | 40.08H| 3734 | 3834 | 385
15 | Cladrastis platycarpa - - - | 2874 | 26.04 | 30.311+ | 28.3 | 43,34  45.74F | 49.311F | 46.1
16 | Picrasma quassioides - - - | 40.04 | 36.54 | 40.74¢ | 35.7 | 56.84 | 56.04 | 58.7H | 57.0
17 | Acer rufinerve - - - - - 36.34 | 32.3+ | 37.74+ | 354 | 55.74 | 51.34 | 56.74+ | 54.6
18 | Acer palmatum - - - -+ - 38.64| 33.74 | 39.74 | 37.3 | 60.84 | 53.34 | 63.04 | 59.6
19 | Acer pictum - - - .« - - . 35.74 | 34.04 | 39.34fF| 36.3 | 54.34 | 53.04t | 52.74 | 53.3
20 | Melivsma myriantha - - - | 17.04 | 18.04+| 9.0+ | 14.7 | 25.74 | 24.04-| 17.04+ | 22.2
21 | Camellia japonica - - - - | 28.74| 25,74 | 26.34| 26.9 | 42.04+ | 42.34 | 38.7H# | 31.1
22 | Idesia polycarpa - - - - - 30.3+ | 20.74 | 33.74 | 31.2 | 4574k | 45.04 | 5054 | 47.1
23 | Aralia elata - -« « -+ -« - 20.74 | 2134 | 26.74 | 229 | 34.04 | 33.74 | 39.34F| 35.7
24 | Acuba japonica. + - - - - 3534 | 32.34 | 34.04+| 33.9 | 52.34+ | 47.74 | 51.74+ | 50.6
25 | Cornus controversa - - - - | 41.74| 37.54 | 41.044| 40.1 | 59.44 | 55.04tf | 58.64+| 57.7
26 | Clethra barbinervis - - - - | 3474} | 290.34 | 3234 | 31.2 | 50.34 | 47.04 | 50.04 | 42.1
27 | Pieris japonica - - - - - 33.74 | 34.74t | 3434 | 34.2 | 5034 | 54.04 | 55.64 | 53.3
28 | Diospyros kaki - - - - « - 40.04 | 35.0+ | 40.0+ | 38.3 | 61.3H | 57.04 | 60.04 | 59.4
29 | Pterostyrax corymbosum 32.34 | 3L.7 4 38.04f | 34.0 | 45.04 | 45.04} | 53.7H#} | 47.9
30 | Styrax japonica - - - - - 33.04 | 34.0 34.3 33.8 | 52.0 53.7 52.7 52.6
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C. Results, (cont.) — The Kind of Sawdust in Relation to F: ungous Growth.

Having found that the sawdusts of medium and large size particles were
more favorable for fungous growth, the medium sized sawdust were used in this
experiment. The amount of moisture to be applied to the sawdust must very with
the size and the kind of wood from which the sawdust was prepared, but in this ex-
periment, water was applied in all cases at the rate of 10ce. per 20ce. of dried saw-
dust. The material was incubated at 24°C. for 10 and 156days, after which the extent

Table XIIT.

Relation of Kind of Sawdust to the Growth of Siitake Mycelium.
(Average of Experiments I, 1I, and III).

Growth in mm. after 10days | Growth in mm. after 15 days

No. Name of tree 1 3
Exp. | Exp. | Exp. | Aver- < | Exp.| Exp. | Exp. |[Aver- 3

I II | II age | & I II | III | age | =

o (=}

1 | Petrophiloidesstrobilacea | 33.7 | 315 | 411 | 354 | 3| 504 | 553 | 612 566 | 2
2 | Betula ulmifolic » - - | 34.2 | 304 | 34.7| 33.1| 6 509 | 50.8 | 49.5 504 | 11
3 | Carpinus carpinoides - | 27.3 | 334 | 374 | 327 | 8| 523 | 57.0| 56.7 554 | 3
4 | Castanea crenata - - - | 20.2 | 24.8 | 253 | 234 {24 | 275 | 355 | 358 329 | 26
5| Quercusacuta - - - - | 169 | 220 | 246 | 21.2| 2 319 | 36.8 | 38,5 | 35.7 | 24
6 | Qercus serrata - - - - | 29.8 | 284 | 375 | 319 | 9| 444 | 45.2 | 559 | 485 | 14
7| Zelkowa serrata - - - - | 222 | 76| 56| 51|30| 60| 15| 82! s8g!30
8 | Euptela polyandra - - | 344 | 304 | 385 | 344 | 4| 51.6 | 51.8 | 56.8 633 | 6
9 | Magnolia obovata - - - | 21.2 | 180 | 254 | 215 | 25 | 23.0 | 264 | 29.7 | 264 27

10 | Actinodaphne loncilolia | 33.2 | 293 | 36.1| 329 | 7| 50.1| 502 636 | 513 | 9
11 | Cinnamomum japonicum | 35.7 | 33.0 | 42.1| 369 | 2| 57.7 | 55,5 | 58.8 | 57.3 | 1
5

12 | Mochilus Thunbergii - | 34.6 | 28.1 | 36.9 | 33.2| 5| 53.1 | 54.7 | 56.5 | 54.8

13 | Prunus serrulata - - - | 115 | 114 | 16.0 | 13.0| 29 | 19.3 | 209 | 24.0 214 | 29
14 | Albizzia Julibrigsin - - | 22.6 | 274 | 273 | 258 | 22| 38.3 | 435 | 385 40.1 | 22
15 | Cladrastis platycarpa - | 22.6 | 24.4 | 283 | 251 | 23 | 33.2 | 409 | 46.1 401 | 23
16 | Picrasma, quassioides - | 24.0 | 244 | 35.7 | 280 | 15 | 44.3 | 53.6 | 57.0 | 516 | 8
17 { Acer rufinerve - - - - | 30.1| 28.9 | 354 | 315 | 11| 448 | 51.4 54.6 | 503 | 12
18 | Acer palmatvm - - - - | 27.7 | 29.7 | 37.3 | 31.6 | 10 | 464 | 51.8 | 59.6 | 226 | 7
19 | Acer pictum - - - - - 27.7 | 30.0 | 36.3 | 28.0 | 16 | 464 | 512 | 533 | 50.3 | 13
20 | Meliosma myriantha - 128 | 13.1 | 14.7 | 1356 | 28 | 23.1 | 22.7 | 222 | 526 | 28
21 | Camellia japonica - - | 30.3 | 26.2 | 269 | 27.8 | 17 | 44.5 | 469 | 31.1 | 408 21
22 | Idesia polycarpa - - - | 210 | 274 | 31.2 | 265 | 21| 374 | 454 | 47.1| 433 | 18
23 | Aralia elata - - - - - 173 | 149 | 229 | 184 | 27| 275 | 29.0 | 35.7 | 30.7 | 26
24 | Aucuba japonica - - - | 248 | 236 | 339 | 274 | 19| 344 | 39.9 50.6 | 41.6 | 19
25 | Cornus controversa - - | 33.1 | 355 | 40.1 | 37.2 | 1| 634 | 535 | 577 | 54.9 4
26 | Clethra barbinervis - - 238 | 23.0| 31.2| 27020 | 37.8| 36.1 | 49.1 | 41.0 | 20
27 | Pieris japonica - - - - | 309 | 254 | 34.2 | 302 |12 | 416 46.5 | 53.3 | 47.1 | 15
28 | Diospyros kaki - - - - | 21.3 | 30.0 | 383 | 29.9 | 13 | 38.8 653.9 | 594 | 50.7 | 10

29 | Pterostyraz corymbosum | 23.7 | 25.0 | 34.0 | 27.6 | 18 | 37.9| 49.1 | 479 | 450 17
30 | Styraz japonica - - - - | 27.3 | 25.0 | 33.8 | 28.7 | 14 | 432 | 384 | 529 | 452 | 16




Figure I
Relation of Kinds of Sawdust to the Growth of Siitake Mycelium.

Y. N1sigapo, K. Kimura and Y. MIvAWAKR::
(Grouped According to Natural Classification of Families.)
Results after 15 Days at 24°C.

—— Experiment 1,

—--—Experiment 2.

---—- Experiment 3.

of mycelial growth and the occurrence of aerial mycelium were noted as shown in

Tables XI and XIIL.
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4 30. Styrax japonica - - - - - - Styracaceae
4 29. Pterostyrax corymbosum - - ¥
4 28. Diospyros kaki - - - - - - Ebenaceae
4 27. Pieris japonica + - - - - - - Ericaceae
4°26. Clethra barbinervis - - - - Cethraceae
4 25. Cornus coniroversa - - - - Cornaceae
4 24. Aucuba japonica - - - - - ¢ y
- 1 23, Aralia elata - - - - - - -« - Araliaceae
4 22, Idesia polycarpas - - - - Flacourtiaceae
4 21. Camellia japonica + - - - - - Theaceae
4 20. Meliosma myriantha - - - - - Sabiaceae
4 19. Acer pictum - » - - - . . . Aceraceae
4 18. Acer palmatum - - - - - + - e
1 17. Acer rufinerve - - « - + ¢ - ”
1 16. Picrasma quassioides - - Simarubaceae
4 15. Cladrastis platycarpa - - Leguminaceae
4 14. Albizzia Julsbrissin - - - - =
1 18. Prunus serrdlata - « - - - - Rosaceae
1 12. Machilus Thunbergii - + - - Lauraceae
4 11. Cinnamomum japonicum - - E
1 10. Actinodaphne loncifolia - - - =
1 9. Magnolia obovata - - - - Magnoliaceae
1 8. Euptela polyandra - - - Eupteleaceae
1 7. Zelkowa serrata - - - + ¢ - - . Ulmaceae
1 6. Quercus serrata - « - « - - - Fagaceae
: 6. Quercusacuta - o -+ - - - —
4 4. Castanea crenata - - » -+ « -
4 3. Carpinus carpinoides - - - Betulaceae
1 2. Betula wlmiflia - - - - -,
1 4 1. Petrophiloides strobilacea Juglandaceae
1 i L i | 1
8 8 S 8 8 g °
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Table XIII presents the summarized results of Tables X to XII, and the results
are expressed in curves of Figure I. After 15 days of incubation, the fungus was
found to have made best growth in sawdust made from Cinnamomum japonicum Sies.
followed by Petrophiloides strobilacea Remp et CranpLEH, and others in the order of
Carpinus carpinoides Maxivo, Cornus controversa. Hemst, Machilus Thunbergii S. et Z.,
Euptela polyandra Sies. et Zvcc., Acer pictum Tnuns. var. Paxii Scaw. subvar. eupictum
Pax, Picrasma quassioides BenN, Actinodaphne loncifolia Muissw, Diospyros kaki TuuNs.
var. silvesiris Magino, Befula ulmifolia Sis. et Zvucc., Acer palmatum Tauxs. and
Acer rufinerve SiEs. et Zucc. All of them have made more than 50 mm. of growth.
Next in order were Quercus serrata THUNB., Pieris japonica D. Dox, Styrax japonicum
Sies. et Zvce., Prerostyrax corymbosum Sizs. et Zvcce, ldesia polycarpa Maxmm, Aucuba
japonica Tuvxs., Clethra barbinervis Stes. et Zuce, Camellia japonica Lu. var. hortensis
Maxivo, Albizzia Fulibrissin Durazz var. speciose Koz and Cladrastis platycarpa Maxino,
making more than 40 mm. of growth, and Quercus acuta Tauns., Castanea crenata
Sies. et Zvcc, and Aralia elafa Sgem. with more than 30 mm. of growth; finally,
those that made less than 80 mm. were Magnolia obovata Tuuns., Meliosma myriantha
Sies. et Zuvce, Prunus serrulafa LanoL var. sponfanea Maxino and Zelkowa serrata
MakiNo, among which Zelkowa serrafa Maxino showed the poorest growth.

VI The Effect of the Addition of Various Nutrients
to the Sawdust Culture Medium.

A. Materials and Methods.

For culturing the Shiitake fumgus, besides pure sawdust, which was used as
the basic material, other nutrients as rice- or wheat-bran, potato, soybean sauce,
or decocction of onion bulb, were added, and their effect on the development of
the fungus mycelinm was studied.

The methods of preparation were as follows :

(1) Pure Sawdust Medium. To Pinus densiflora Sis. et Zvcc sawdust, suffi-
cient water was added and throughly mixed. The moisture content was such that
no free water dripped when squeezed by hand.

( 2) Sawdust-medium. Tdentical as in (1), but 1% sucrose solution was used
in moistening the sawdust.

(3) SawdustRice-bran-Sugar Medium. To 1 part of medium prepared as in
(2), 3 parts of rice-bran was added.

(¢) Sawdust-Wheat-tran-Sugar Medium. Wheat-bran was used in place of
rice-bran as prepared in (3).

(5) Sawdusf-Rice—bran-Pol;zio-_Sugar Medium. Macerated potato was added
at the rate of 20 g. to 1 liter of the medium prepared as in (3).

( 6 ) Sawdust-Wheat-bran:Potato-Sugar Medium. Wheat-bran was substituted
in place of rice bran of ().

(7)) Sawdust-Soybean sauce-Medium.. 59 soybean sauce was added in
place of sugar solution of (2).
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(&) Sawdust-Soybean Sauce-Sugar Medium. To the sugar solution of (2), soy-
bean sauce was added to make up a 5 % solution.

(9 ) Sawdust-Onion Decoction Medium. Decoction of onion bulb (200g. per
100 cc. water) was used in place of sugar of (2).

(r0) Sawdust-Onion Decoction-Sugar Medium. To the onion decoction, sugar
was added making a 1 % solution.

(rr) Sawdust-Polato Starch Medium. Potato starch was added 8% by volume
to sawduet and sufficient water was added as in (3).

B. Resulls.

The results on the growth of the Shiitake mycelium after inoculating the
above prepared media with the pure growth of the fungus and incubating at 25°C.
for 20 days, are given in Table XIV.

Table XIV.

Relation of Various Nutrients Added to the Sawdust Medium
to the Growth of Siitake Mycelium.
Results after 29 days of incubation at 24°C. Each is an average of 4 cultures.

No Nutrients added to basic Growth of Density
- sawdust medium mycelium in em. of mycelium
1 Basic sawdust medium alone - 9.8 +
2 Sucrose : - - - - - o0 e oo 9.2 H
3 Sucrose -+ rice-bran - - - - - 10.0 it
4 Sucrose + wheat-bran - - - - 10.2 it
5 Sucrose -+ rice-bran - potato - 10.5 i
6 Sucrose + wheat-bran + potato 10.4 e
7 Soybean sauce - - - - - - - 8.6 4
8 Sucrose + soybean sauce - - 9.2 1
9 Extract of onion - -+ - - - - - 9.0 1
10 Sucrose -+ extract of onion - - 9.0 H
11 Potatostarch = « = & « - . 9.8 Ht

Note: In the column of density of mycelium, the greater member of plus signs

indicates the better or denser mycelial growth.

According to Table XIV, the fungus made best growth in the sawdust-rice-
bran-potato-sugar medium and the sawdust-wheat-bran-potato-sugar medium ;
and was followed by similar media minus potato. There was a fair growth even
with the addition of only potato starch. This was followed by the addition of
sugar or sugar and soybean sauce. The use of soybean sauce alone produced
very poor growth. The elongation of mycelia in pure sawdust medium was not
very different from that occurred in the sawdust-rice-bran-sugar medium, but it
lacked the density of the mycelium.

VII. Discussion.

The tests conducted on the growth of Shiitake mycelium on sawdusts pre-
pared from various kinds of tree contained in large mouth glass bottles or test
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tubes, and on sawdust decoction
agar media in Petri dishes showed
that the sawdusts can be divided
into two large groups: suitable,
and unsuitable for Siitake culture.
The comparative results are shown
in Table XV.

Of the six plants classed as suit-
able in Table XV, Carpinus carpinoi-
des MAxINO, Petrophiloides strobilacea
Rei et Caanvrer and Cornus contro-
versa HemsL occurred as suitable in
all three experiments, while Fagus
crenata BLomEe was classed as such in
two of the experiments. In the un-
suitable group, of the five trees,
Zelkowa serrata MaxiNo, and Prunus
serrulata LiNDL. var. sponfanea Maxi-
No were common in all three experi-
ments and Kalopanax ricinifolium
Mie. var. fypicum Naxra1, Acanthopanax
sciadophylloides Fr. et Sav. and Phel-
lodendron amurense Rupr. in two of
the experiments.

Considering from the above re-
sults, we can conclude that for the
growth of the Siitake mycelium,
Carpinus carpinoides Magvo, Petro-
philoides strobilacea Rerp et CHANDLER,
Cornus controversa Hemsr. and Fagus
crenata BLuME. can be regarded as
being highly suitable trees; and
similarly, Zelkowa serrata MakiNo and
Prunus serrulata LINDL. var. spontanea
M.xivo can be classed as being very
unsuitable trees, followed by Phel-
Jlodendron amurense Ruvr, Acanthopan-
ax sciadophylloides Fr. et Sav. and
Kalopanax ricinifolium Mie. var. £ypic-
#m NARAL

In actual practice, the culture

medium is rarely composed of saw-'

dust alone, but in most cases, rice-
bran or wheat-bran, starch, or sugar

Table XV.
Names of Trees used for Sawdust Medium Suitable and Unsuitable fo the Growth of Siitake Mycelium.
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is supplemented as the added nutrients. Consequently, it is highly probable that
the fungus obtains most of its nurishments from them, and the question of whether a
certain sawdust is suitable or not seems to be of secondary importance. However,
in as much as the results of practical experience showed the logs of Pefrophilloides
strobilacea Riuiv, Carpinus carpinoides Maxino and Quercus serrafa Tuuns., highly
favorable, sawdusts from them should be used whenever they are available, and
should avoid such wood .as Zelkowa serrata Maxino, Prunus serrulata Laspr. var.
spontanea Maxino and Meliosma myriantha Sies. et Zucc. Furthermore, as the size
of the sawdust particles influences the rate of growth, particles smaller than
1.5 mm. in diameter should be avoided.

The present investigation is not only applicable in making sawdust cultures
of Siitake mycelium, but also in selecting logs for growing Siitake mushroom.

At the present time, among Fagaceae, Quercus spp. and Casfanea spp. ; Betula-
ceae, Carpinus spp.; and Juglanddacene, Pelrophitoides spp. are being employed
principally for Siitake production, but little consideration is given to other kinds
of tree. This study, as shown in Fig. 1, brought out the facts that Pefropiiloides
strobilacea Remp et Cmanver of Juglandaceae, Befula ulmifolia Sies. et Zucc.,
Carpinus carpinoides Maxino of Betulaceae also make excellent logs. Among Faga-
ceae, sapwood of Casfanea crenala Sis. et Zucc. and Quercus serrata Tnuxs., pro-
duced excellent growth ; slightly inferior growth in Quercus acufa Truns., while
extremely poorer growth in the heartwood of Castanea crenata Sies. et Zivce.

The growth of the fungus in the sawdusts of Quercus serrafa Tuuxs. and
Quercus acuta Truns. of Fagaceae were even more inferior than those found in
Lauraceae, (Acfinodaphne loncifolia Meissy, Cinnamomum japonicum Sies, Mackilus
Thunbergii S. et Z.) ; Eupteleaceae, ((Euptela polyandra Sis. et Zucc.); Simaruba-
cene, (Picrasma quassiotdes BExn.) ; Aceracene, ((Acer palmatum TrUNS., Acer pictum
Tauxs. var. Paxii Scuw. subvar. eupicturm Pax., Acer rufinerve Sies. et Zuce.) ;
Cornaceae, ((Aucuba japonica Tauns., Cornus controversa Hemsi.) ; and Ebenaceae,
( Diospyros kaki Tuuxs. var. silvestris Maxino) and approaching that found in Legu-
minaceae ((Albizzia Fulibrissin Durazz var. spectosa Koiz, Clad, asti's platycarpa Maxivo ) ;
Styracaceae, (Styrgx japonica Sien. et Zuce., Plerostyrax corymbosum Sies. et Zucc.).

The present study revealed that for Siitake mushroom production, logs should
not be restricted to the several members of Fagaceae, Betulaceae nor Juglandaceae
as traditionally thought, but they should include also some members of Lauraceae,
Aceraceae and Cornaceae as well, since they make comparable or evens uperior
growth than the former members.

Krrasima, (Shokubutu oyobi Dobufu, 8:1:210 —-214, 1940) says: “ Siitake
fungus develops its fruiting bodies after absorbing their nurishments from the sub-
stratum — consisting principally of cellulose and lignin contained in woody cell
walls; hence, Siitake sporophores will develop on any deciduous tree provided the
substratum does not contain poisonous materials to the fungus. The writer, in
fact, has obtained abundant production of Siitake mushrooms on Acer picium
Tauns. var. Pexii Scaw. subvar. eupictum Pax. In times of shortage of standard
materials, various miscellaneoys woods occurring naturally in abundance in all
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parts of Japan Proper should be substituted, and this will become an important
factor in the development of our natural resource.” Our results agree with his
statement, for we also obtained good growths on several members of Aceraceae.

The mycelial growth was especially poor on only Zelkowa serrata Makixo,
Prunus serrulata LinoL. var. spontanea Maxivo, Meliosma myriantha Sims. et Zucc, and
they should be avoided for the sake of safety. On the log of Prunus FPedoensis
Martoumura, (10 - 15 cem.) the authors, however, obtained Siitake mushroom — in-
oculated on spring, 1936 and produced fruiting bodies on autumn, 1938. In this
case, there seemed to be a difference of growth in the heartwood and the sapwood.
On Prunus serrulata LiNor. var. spontanca Maxivo, Polysticlus versicolor usually in-
vaded the log and caused much spoilage. A further report on the relation be-
tween the kind of wood and Siitake mushroom production shall be presented later
under a separate title.

VIII. Summary.

1. The present study reports on the relation of kind of sawdust and the
supplementary nutrients to the growth of the Siitake mycelium.

2. Sawdusts used in the present experiment were prepared from various trees
grown in Hirosima, Nitihara and Tuyama Forestry Stations. They included a
total of 24 families and 41 species : Pinaceae (4spp.), Juglandaceae, Betulaceane
(3 spp.), Fagaceae (4 spp.), Ulmaceae, Eupteleaceae, Cercidiphyllaceae, Magnolia-
ceae, Lauraceae (3 spp.), Rosaceae, Leguminaceae (2 spp.), Rutaceae, Simarubaceae,
Aceraceae (3 spp.), Hippocastanaceae, Sabiacene, Theaceae, Flacourtiaceae, Aralia-
ceae (3 spp.), Cornaceae (2spp.), Cethraceae, Ericaceae, Ebenaceae and Styraca-
ceae (28pp.).

3. Studies on the relation of kind of sawdust to the growth of the Siitake
mycelium was conducted by (1) using only pure sawdust as the culturing medi-
um — this experiment was divided into 2 parts, one using the large mouth glass
bottles of one pound capacity, and the other using ordinary test tubes 18 mm. in
diameter ; and (2) using sawdust decoction sgar medium made by cooking one
part of sawdust in 10 parts of water.

4. There was a slight discrepancy among the three experiments conducted
above, but as a whole, Siitake mycelium made very favorable growth in the order
of Carpinus carpinoides ihxmo, Petrophiloides strobilacea Rem et CmaNpLER, Cornus
controversa Hewst. followed by Fagus crenata Buome. All of these are commonly
used as logs for Siitake mushroom culture. Comparatively, good growths were
obtained on Tsuga Siepoldii Canr., Aesculus turbinata Buome, Cercidiphyllum japonicum
Sies. et Zucc., Cornus controversa Hemsr., Cinnamomum japonicum Siep. Mackilus
Thunbergii 8. et Z. and Euptela polyandra Siks. et Zucc.

B. Myecelial growth was poorest on Zelkowa serrata Marixo, Prunus serrulata
Lispr. var. sponfanea Maxivo and was followed by Pkellodendron amurense Ruer.,
Acanthopanax sciadophylloides Fr. et Sav., Kalopanax ricinifolium Mia. var. lypicum
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Naxay, Aralia elata Seem., Magnolia obovata Tauns., and Meliosma myriantha Sies. et
Zucc.

6. The sapwood of Casfanea crenata Stes. et Zucc. was extremely suitable for
mycelial growth, but on the heatwood the opposite was true.

7. Although Quercus serrata Tauns. and Quercus acufa Tnuns. are used ex-
tensively in Siitake mushroom’ culture, logs need not be limited to the family of
Fagaceae. Some members of the families of Lauraceae, Aceraceae and Cornaceae
were found to be distinctly suitable. Their growth was not below that of Carpinus
spp. Quercus spp. nor Peterophiloides spp.

8. The growth of the fungus mycelinm was rapid on sawdusts that had a
particle diameter of 1.5 - 8.0 mm., but was slower when the particles were smaller.
Although the moisture content varied somewhat with the particle size and the
kind of wood from which sawdust was made, the most favorable sawdust medium
was prepared by using 2 parts of sawdust to 1 part of water.

9. The addition of rice- or wheat-bran and sugar to the sawdust distinctly im-
proved the growth of the fungus. A further addition of a small amount of potato
starch proved the medium most suitable.



