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MEA #4352 %K L > fizid 28°C Tﬁytil/é °
— B 1% A% & A48 ta B O AL B RN 1 TR S AT
AR SN 3N 24 72 VR R
LA

A fib & & (laccase) : X 0.1IM &
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R 12 RIEFF$LEF > HAHEFAT -

A~ [R) B T A B
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%E] "F‘”-/ﬁ_ MEA i é}klﬁ‘]ﬁ ﬁi‘&/ﬂ
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Table 1. Test for extracellular oxidases on G. neo-japonicum and G. zonatum mycelia.

A REZE G neo-japonicum (hr)

REE X G zonatum (hr)

3 24 72
FRAHE f + +
(laccase)
W AALEE & + + +
(peroxidase)
F Fi B 0 & - - -

(tyrosinasc)

24 72
+ + !
+ + +
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M- #AAELH4HEALE RABRE R34 MEA
12 %)=

Figure 1. Linear growth of G. neo-japonicum mycelia on
MEA after 12 days at temperatures of 16, 20, 24, 28, 32, and
36°C.

ki F 5 33 mm/day(B =) st B RMATIHE A
FLXUMEA 4% » £ PDA BHELIBERA
iﬁymﬁ HE S 24280 XX MEA 324
Az A PDA =4 K %i\ﬁ;& - BRHELA
MEA 32 &Ko 4 RiBAHKEE 24-32C
(BE) 124 3208 FHuLkkEB 55
mm/day(B v9)> /£ PDA R H A R4 KBEZ
REE NRTE) FHERRES 6.1
mm/day( 8 v3)> tt 4 R 7 IR S F ¥ 4 MEA 32
A ARPDAREZAIEARAL KBAKEATE
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—&—PDA
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Rate of growth(mm/day)

16°C 20°C 24°C 28°C 32°C 36C
Temperature

M= #AAELAHATRBRTHLERRE -

Figure 3. Growth rates of G. neo-japonicum mycelia at
temperatures of 16, 20, 24, 28, 32, and 36°C on MEA and

PDA media.

F VAR YDA

Mo 30 AELHMREE4E RXE R (245 PDA
12 %)

Figure 2. Linear growth of G. neo-japonicum mycclia on
PDA after 12 days at temperatures of 16, 20, 24, 28, 32, and
36°C.
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23
.
g2
& !
1
() i l t

16C 20°C 24°C 28C 32C 36T

Temperature

Mo BRELASBATFBRETHERRE -

Figure 4. Growth rates of G. zonatum mycelia at
temperatures of 16, 20, 24, 28, 32, and 36°C on MEA and
PDA media.
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BE-BHEFLHASEE A R mE R(E A MEA 12
x)e

Figure 5. Linear growth of G. zonatum mycelia on MEA
after 12 days at temperatures of 16, 20, 24, 28, 32, and 36°C.
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FEdhe o HH L TLBRYWEI N BTHE
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A) e REE X AH AR 40~80 g/L 891 %
$ERIBIE o W D HERLARE 120 g/L 15 H 4
SEMBEY > BMARAEE Rt R HE
R 40~80 g /L (BA) ©
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=]
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] :
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Figure7. Effcct of pll value on the mycelial growth of G.
neo-japonicum and G. zonatum.

MR TDAY
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X )o

Figure 6. Linear growth of G. zonatum mycclia on PDA after
12 days at temperatures of 16, 20, 24. 28, 32, and 36°C.
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Figure 8. Effect of glucose concentration on the mycelial
growth of G. neo-japonicum and G. zonatum.
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Figure 9. Effect of carbon source on the mycelial growth of

G. neo-japonicum and G. zonatum.

BERBR o B E L B0 (B
TV BEELRBHAR 004N LN B4 L
TWE o BEARIEILARE 0.08 N i > 34
A B RUR B X0 o T 400 95 F 0, b
(B +)-

BEHRRREENE
R AE LU 0.08 NI A E

HER S IREABHOAN B ,\waé@45#&§LJ%
¥ MM EDNRBRY > BTHOARE
Z ORI A RAMEREA A 0.04~0.08 N (]
T)  BEELNASMET > EHARRRE
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Venkatarayan (1936)%% 3R & & ¥ 4 5 k8 810
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Figure 10. Effect of ammonium nitrate concentration on the
mycelial growth of G, neo-japonicum and G. zonatum
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Figure 11. Lffect of [.-Asparaginc concentration on the
mycelial growth of G. neo-japonicum and ;. zonatum.
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R AEdKRE : 9 F (white rots) » #] B A
ik AM ZEE > LA R RACE £ 0118 AL EE
o A MBHEERANET £ 6T 5ILHE
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Chang, 1983) °
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B E AR —RewEH LN Ti ’
Kirk % A (Kitk er al, 1978) ¥ & &
Phaenerochaete Chrywsp()rium » BRI pH 48]
3 AR S WHARAH F AR - AR
B A AT A B A \ﬁ#ﬁ%%%%ﬁ‘cﬁi N
4 04 75 M 5 38 (Highley and Kirk, 1979) < 37 B
R 7 pH 24-61 Foll 0k Ko ARG R F A
B BT E&ERpH 24-61 A HIFE K
FXA RBRAEE - RUELABBREL
pH 4.6 0¥ A& R4k 545 > @it pH 2432 6.1
A KRB £ > BATIRAEZ A%
A kAT R -

HAREEARRY > WaRKELHARNAE

29

B RE K 40 oL 12 F) HEE/LA W
R0 ¢/L B> A REL VR4 T HE AL
BYe R BATFHAAELARMEZND
VR EEA - RE o A RSO AETLE
KB FE - MIRLELIRART KL 40 gL
BH B R 40~80 o/L v BRI A Rk
oS HNBEARB 120g/L > H4%ETE
T 38 Fro it OF) BEUR, Y 0 BT W) ) MR IR JE AL 40~80
g/L BF IR SCE 2 00 2k RAF > @ &) B ARG IRE
K& TRPEIDERLNEER > ehPF 5
BEEZMA K - #3724 (Yu, 1990)3% B E F)
%ﬁ&T*%E%iﬁlﬁh&ﬁTﬂ%ih
50004 AXRY EZX LRk
shEALEEE > RO AM Z AH i &
AT R > Mk A EaiAs - 28—
BRI EHESBA A > A LA F 5 X
#(Highley and Kirk, 1979) - it — 3 5 378 K
FYRIRSE L M phs R F R 0 B
B T 452 VRO 3R R0 A KRR VIR B B R R
o 0 st L3k R4 (Chang, 1983)% 48 %F G
lucidum ~ G. multipilea ~ G. tropicum % G.
applanatum % 'E X A HEEEOH A > X 548
A B AR S R AR 4 R ARG BT AR
%%é%%%&@y%&%ﬂ%&%uﬂm
B 8By 5 R
ﬁmi%é&ﬁé”’ﬁﬁ“ Al s
%T\FT&}I/ HEEHE - HAREZHBERR
Oy RILH R & 0 AR R IR (0.02 N) I A&
FARREAE » HRAGRE IR R AF X
A RBRAXZE e AELHAKR
B0 B E KB 0.04-0.08 N » A B RURIREA
@ O0ANBH Bl ginhl W&tk -BAFZA
TR FUR R L (0.04 NI B 46 2 o3 - B
RURBIEAZHE 0.08 N B » 4509 E RAB S )i
BTE o RECE LA BEURIRALIE o 0 Mk
kR RGE - ﬁ%ﬂmm%%ﬁ%m@i
ﬁ WMHAFEZREKEZ MMM EL-
EHABOAAFERS > AFEILGRA 9?‘;1“5"£L,
Bt a-REAE T AR (Levi et al ., 1968) © 1@@?&9’]61
REW > HELR4HMARARGOEE L
LR A A% (Highley and Kirk. 1979) -« f # 7,
FEAEADRERE AR SRS THNXGFEL (Bl -
NH; ~ NO;y ~NOy)» w3 &% K &8l 5
PG o B RS R TR R RS R



Fu-Guey Hsich, Zeng-Yung Yeh

WAL o FERIGHKRERE - BT AR
FACHA LT R X H BT KRS @5
S R AR SRR AL R M & A0 ) 1 4
REag A K o
HeLif B RER GHANMAAE
¥R EBERBCE XA SR 0T AR TR
EHEAMMBAEL R EFBEKEZ RSN
LhITRBTRZEE

B2ERK

Adaskaveg J E and Gilbertson R L. 1986. Cultural
studies and genetics of sexuality of the
Ganoderma lucidum and G. tsugae In
relation to the taxonomy of the G. lucidum
complex. Mycologia 78:700-711.

Chang TT. 1983. Studies on biology of several
species of Ganoderma in Taiwan. Master’s
Thesis, National Taiwan University, Taipei,
Taiwan.

Chiang YS, Tong WF and Yeh ZY. 2000. Cultural

and physiological studies of three isolates of

Ganoderma australe (Fr.) Pat. Biol. Bull.
Natl. Taiwan Normal Univ. 35:25-34.

Commer EJH. 1983. Ad Polyporaceas .
Amauroderma  and  Ganoderma. Nova
Hedwigia Beth 75:1-182.

Davidson RW, Campbell WA and Vaughn DB.
1942. Fungi causing decay of living oaks in
the eastern United States and their cultural
identification. Tech. Bull. Dep. Agric.
Washington, 63 pp.

Falck R. 1926. Uber korrosive und destructive
Holzzersetzung und  thre  biologischee
Bedeutung. Ber. Dt. Bot. Ges. 44: 652-664.

Gilbertson RL and Ryvarden L. 1986. North
American Polypores Vol. 1. Fungiflora, Oslo,
Norway. 433 pp.

Highley TL and Kirk TK.
woody decay and the unique features of heart
rots. Phytopathology 69:1151-1157.

Hseu RS. 1990. An identification system for
cultures of Ganoderma species. Ph. D.
Dissertation, National Taiwan University,
Taipei, Taiwan.

Kidrik A. 1965. The identification of the mycehia
of wood-decay fungi by their oxidation
reactions with phenolic compounds. Studia
forest. Suce. 31:1-38.

1979. Mechanism of

Kirk TK. Schultz E. Connors WJ, Lorenz LLFF and

Zeikus  JG. 1978, Influence of culture
parameters  on  lignin  metabolism by
Phaenerochaete  chrysporporium.  Arch

Microbiol. 117:277-285.

MIJ. 1989. Root rots of Acucia confusa,

Delonix regia and Bambusa oldhamii caused

by Ganoderma lucidum and G.

neo-japonicum. J.  Chia-Y1 Ins. Agr.

19:36-45.

Levi MP, Merrill W and Cowling EB. 1968. Role
of mitrogen in wood deterioration VI

Lee

Mycelial fractions and model nitrogen
compounds as substances for growth of
Polyporus versicolor and other

wood-destroying and wood-inhabiting fungi.
Phytopathology 58:626-634.
Mayer AM and Harel E. 1979. Polyphenol

oxidase in plants. Phytochemistry 18:
193-215.
Molitoris  HP. 1978,  Wood  degradation,

phenoloxidase and chemotaxonomy of higher
fungi. Mushroom Science 10: 243-263.

Moncalvo JM, Wang HF and Hscu RS. 1995.
Phylogenetic relationships in Ganoderma
inferred from the internal transcribed spacers
and 25S nbosomal DNA  sequences.
Mycologia 87: 223-238.

Nakasone KK. 1990. Culture studies and
identification of wood-inhabiting
Corticiaceae and selected Hymenomycetes
from North America. Mycol. Mem.
15:1-412.

Nobles MK. 1965. Identification of culturcs of
wood-inhabiting Hymenomycetes. Canad. J.
Bot. 43:1097-1139.

Stalpers JA. 1978. Identification of
wood-inhabiting  Aphyllophorales in pure
culture. Centraalbureau Voor
Schimmelcultures, Baarn. Studies n

Mycology 16: 1-245K.

Steyacrt RL. 1972. Species of Ganoderma and
related gencra of the Bogor and leiden
Herbaria. Persoonia 7:55-118.

Steyacrt RI.. 1980. Study of some Guanoderma

species.  Bull.  Jard. Bot. Nat. Belg.
50:135-186.

Taylor, JR. 1974,  Biochemical test  for
identification  of  mycchal  culture  of
Basidiomycetes. Ann. Asppl. Biol.
78:113-123.



Clutural Studics of Ganoderma Species

Tuite J. 1969. Plant pathological methods: fungi
and bacteria. [afayette, Indiana.

Venkatarayan SV. 1936. The biology of
Ganoderma lucidum on Areca and coconut
palms. Phytopathology 26: 153-175.

Wang BC and Hua J. 1991. A cultural atlas of
some Ganoderma cultures. Food Industry
Research and  Development  Institute,
Hsinchu, Taiwan.

Wang YZ, Wu SH, Chou YN, Chang TT, Chen
KY, Chen SF, Chen JL, Tzean SS, Liu CH,
Hsieh WH, Hsieh HJ, Chung CH, and Chien
CY. 1999. List of the fungi in Taiwan. The
Council of Agriculture of the Executive Yuan
of the R.O.C. 289pp.

Wu SH, Chou WN, Wang YZ and Wang BC. 2000.
The cultural atlas of potentially edible and
medicinal fungi in Taiwan. Food Industry
Research and  Development Institute,
Hsinchu, Taiwan. 139pp.

Yu YC. 1996. The effect of medium composition
and operating condition on the production of
extracellular polysaccharide by Ganoderma
lucidum RZ and its morphological change in
shake-flask and batchwise fermentation.
Master’s Thesis, National Chiao Tung
University, Hsinchu, Taiwan.

Zhang X. 2000. Flora Fungorum Sinicorum Vol.
18: Ganodermataceae. Science  Press,
Beiyjing. 204pp.

Zhao JD. 1987. Studies on the taxonomy of
Ganodermataceae in China V. Additional
report of eight revised species and three
new species. Acta. Mycol. Sinica 6:
199-210.



BioFormosa (2004) 39(1): 23-32

and G. zonatum

Fu-Guey Hsieh, Zeng-Yung Yeh*
Department of Life Science, National Taiwan Normal University
Taipei, Taiwan

(Received: 28 May 2003, accepted: 15 December 2003)

ABSTRACT

Ganoderma  neo-japonicum is found in Mainland China, Japan and Taiwan and grows
saprotrophically on dead hardwoods or bamboos. G. zonamum is distributed only in the States of
Georgia and Florida of the United States and its substrate is known only on palms. Pure cultures of G.
neo-japonicum and G. zonatum were used for cultural and physiological studies. The mycelial growth
characteristics of G. neo-japonicum and G. zonatum were observed as the white color on the mycelial
mat’s surface, brown color on the reverse side, clamped generative hyphae and the appearance of
swelling cells in culture.

The positive reaction for extracellular oxidases which included laccase and peroxidase, but negative
for tyrosinase, indicated both G. neo-japonicum and G. zonatum belong to white rotting fungi, and
showed that they can utilize lignin, cellulose and hemicellulose of wood. The results of physiological
tests were shown as follows:

1. Optimum temperature for the mycelial growth of G. neo-japonicum was at 24~28°C on both MEA
and PDA, while G. zonatum was at 32°C both on MEA and PDA.

. Optimum pH was 4.6 for the mycelial growth of G. zonatum.

. Glucose concentration at 40~80 g/L was the optimal condition for the mycelial growth of G.
neo-japonicum and G. zonatum. Increasing glucose concentration neither increased nor decreased
the mycelial growth rate of G. neo-japonicum, but decreased the mycelial growth rate of G.
Zonatum.

4. Starch was the best carbon source for both myeelial growth of G. neo-japonicum and G. zonatum.

5. Optimal nitrogen concentration of ammonium nitrate (NH,NO;) was at 0.02 N for the mycelial

growth of G. neo-juponicum, and 0.04 N for G. zonatum. The mycelial growth of G. zonatum was

in proportion to the concentration of L-Asparagine (organic nitrogen form), but was not for G.

neo-japonicum.
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