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Effect of temperature, water activity and oxygen concentration on the extension of blue stain to Japanese red pine
(Akamatsu, Pinus densiflora Sieb. et Zucc) wood.

Hironori TaNtucH, Tosiyuki Korwa
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FHEZG| &2 2 9 AL LR Leptographium wingfieldii Morelet, Ophiostoma piliferum H. & P. SydowlZ DWW, %
REHE 7 B~ M2 MO TRRME & FLETROMBICE JITTHE, Ao (&Kk%), BLUMEREDE
BAMGE L7z SRR FCl, BRRESCMHESHAMREOY =27 ThH o7z, FKGIEMICILE L TR ME
R U720 —T, BRFERE S U T CRESROE LI S Nize 7TH< IMOFEIZEKTFE~150 % THES
N, HEFRIIEIRFEIS~180 %D b DH120~150 %W 5 TIRARE ol T2, ERF0 %LF TIEH
BELrolze TNHLOILNS, THIIYMOEEL, BHE, KOEMHERTE 5 EKEH50 ~150 % TIaMET
A%, ERFEI0 %YL TIIEREDS, EKFES0 %LA T TIRAKG IR TE TSNS ZEHLNE o7,

Leptographium wingfieldii Morelet and Ophiostoma piliferum H. & P. Sydow causes blue-stain of Japanese red
pine ( Pinus densiflora Sieb. et Zucc. ) wood. Effects of temperature, water activity and oxygen concentration on
mycelial growth of fungi and the extension of blue stain were investigated culturing the fungus on 2% malt agar (
MA ) medium and Japanese red pine wood blocks. The largest mycelial extension of fungi were observed at about
25° C on 2 % MA medium. Increasing water activity enlarged mycelial growth and blue-stain while oxygen concen-
tration of less than 5 % arrested blue-stain. Blue-stain extensions in pine wood blocks were observed between 50
and 180% initial moisture content ( MC ) . The largest rate of blue-stain was observed at a stage that MC of wood
blocks declined from 150-180% to 120-150%. No blue staining was appeared at less than 50% MC. From the above
results, it is assumed that blue-stain of Japanese red pine extend between 50% and 150% MC of the wood which
may secure enough oxygen and water. The blue-stain is suppressed at more than 150% MC by in sufficient oxygen

concentration and at less than 50% MC by in sufficient water supply.
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“FWo7 H~ ( Pinus densiflora Sieb. et Zucc.) FF
MIEFEIZ2ED16% % 5, ZOERELHI380075 i L
LV TH ) EETOERD T A~y MR & LB A
Foha?, LiL, THIIYMBEISEIERIR
1A, MAEH L WITRICE R L THEHE LTS
570, A, WELEORIZEELZRoTRAEY
7 EEWE X Ceratocystis, Ophiostoma, Ceratocystiopsis
BHEFDOTFENT (LeptographiumBH 7z &) %+
LT AHBOELEEIC Lo THI &I I, 74
Ay, AIFVEOFILMORBPHEZET S 2 LA
MHENTR2Y, HFEHEEOH LD OIKBEAR, #
KW, SEHIMLFRT 010 2o EOSRE ST E 7283, KIZIIH)
RO HEIHL SN T v, HFEFEEORIEICIE
HEOET DM, b5 2 H = X80k
PR RTH B0, TOEKERTHS, FEMDA
BHRERLLOERERICHE S 2023 T bh
TV, 22T, AT T A~y icglii X

THEIEINFELEZTISEZITRENEZATERTD S,
Leptographium wingfieldii Morelet, Ophiostoma piliferum
H & P.Sydow # VT, 7HIYMICEPMBEALZZRD
HEBRREELEBRLTWSLEEZ ONLIE, KO8
X OBRFIRE OB AT L7z,
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2.1 #HHAE

HER & LT, HRRREmsen el ohedtl
TwWw7z72\w72, Leptographium wingfieldii Morelet,
MAFF410912, Ophiostoma piliferum H. & P. Sydow,
MAFF410900 (MAFF : REEWMER S — N2 7)
Wz, INHIET A YMEFLED O HES NW
WTHb. HOMLD, 2% ZFTFAER (MA) B
HoCRERE L 7AW 2 B it & & R4S mmD 3 )V 7 R —
T—TCTHHIRE, FEFL L TUTORBICH W,
2.2 EXEMWTOEERR
AREBRICHCTWPET 27 Vv—F (X744 AT
SERE) ICXAMFLDL I, WhAHKDOGSZ
DEREEZEZ 5NLZ, Lo TR LIZBIT 2R %05
MEMENICHEELARL, FEOMEBEGVEHE
HEEE L, ImEE, K, REDVPHAMEEHFENRIT
R R L 72,

2.2.1 REIPEREBR - FERENRITITZE
WMEDRARMEE FENRITTHELZHOLNITT 7
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B, 90 mm7 I AF v 7Y r—1I22% MAR H % SREL
L, ZOHIRICHRm 2B L T5 CITEI20~ 40
CTT2HMEREL, FRELEMFTHRIELIZS & L7
FrE MR 1%, ROSRMEREE (R), HEHEEEE (
R, ZMWEL, #EAEREH (T ) 25RRMEHE (
Vi=R,/T) LHFE#HE (V,=R,/ T) #HML
RB#EPIE Y v — L % Parafilm M® ( Pechiney Plastic
Packaging, Inc. USA ) 2L o> Ty =N L7
2.2.2 KPPERHE - BEERENRIEITEE
BEAES ) OARM G E FERA L ORI T 50
FETIE, WREHUFE SN WIFAR LS TOBIEHE I
EoT, BERRHTRIELET, GRFPET LI
DD EFERENBET L EMEESNRTVE, HEL
AMERE L OBRERET 256, ERIIM KD
WERRRZREL L TWMELNTEZYY) 25, ZOR
HECIEW AR & E & ORI B % K5O B HIREC
B bhv, £22TET, BREMZH > TAWDEE
AT L7zo Awld— RIS M ORI 2 R 3R H
WHN, —ERMEIIBITAHMKOERIEEZP, &L, &
DORTHEREZPE LIZBP/P CREN, WHPOKG
DIFFEIRERZ H ST, W, Hin %k L oREE %8N
BB EAWRETFEELZERMONTVEY, 2D
PIRIZZEREMTOHOLL, AwDI0, TobbiHo
KELREDS 0 R D ERFEETE RV LICh 5,
2% MARHIIZ 7 Vv a— 2 %10, 15, 20, 253 & U0
% WML, PHREHEZFREL 2, 22 ba—iZids v
T—ARFMLRVEE Wiz, ThENORO%
MAREICB 2 ERLbZ Iy f 2=y PRV
THEL, 79 7HAEIC X Y ARMEE ( Water activity,
VT TAw] ) #HML72Y,
INHOEMIZ, 2.2.1 EFEERICL. wingfieldii, O.
piliferumzFHFE L, 25 CCHrE MR #%, BRME#H
BE, WAEMEEFM L7,
2.2.3 BREIERHBR - FERENRETEZE
2% MAAMR ML, L wingfieldii #8fE L, CO, -
0,1 ¥ a2~x—%— ( ESPECH#BNR-110M, HI{ )
W2, BEZRTIEICI->THRERES 2, 5, 108X
020 % \CHAEEL, 25 CT7 HME R, WhiEEE,
HEREX B L7,
2.3 THIYMPTOBTEME L EKEDRER
MOEKREPHFEMBICRIZTEELHLNITS
728, AN HEMIEORERNELIZ D W TRE L7,
T A=V HEM R RRE, #R201230%30%X60 mnd D4
WM %55 ( FeRAEHEEIKE150~160 %, AR
039 ) B L7 MAEHZ 7V I —)V KWW L,
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MEE P ILERIC L wingfieldii %8, BEEY vy —1IC
ANT, 25 CTHRA20HMEE L7z, rEii &
S5O ML CTEKRREFEREZWE L 20
B, MOEKFEMIIKDITE L Lz,

KIZ, WD T A=y HEDM R 2T, BEEK
HREHEROMRE KDz, EAE (10~200 % ) O
AR, WK REICERT 2h, 7)) — XY
FNTRERIZIEI L VT o 720 BAREZTEL 720 H
(2 RREFRRO FNECHLERIN & #:4%, 25 C T C20H Mi%s
L7

HEMEOFMIE, WHEED ST ER R HK -1
RS FIETIT o720 3, MAZHBMELZ BG4
SEILC, AR S F ARk oW %, PR,
BMARTHREL?. 25WT, HFEHERE =M s
AR LMRICED 2 HEBOKBEE G L2EL, HEFR
(0% <=HEHF=<166%) & L7z, HEFMEHR, Ao
GAREBEEEHFICLYRDZ, HRIZBWTHOM
TELMEREMET L7720, GARELEGILEDDS
ZEERE MY L, KRAMOMERE 21 % 2 F U TH
NOMFE R L RDIZ,

3 WREER

3.1 EXEHMERAVAERER
3.1.1 BEIPEREER - TEREICRIETTHE

MEEAHARME, FAEEIIKITTBELR- 212
RY o L. wingfieldii @ WM RHEE I8 2= E O b5
ARV 22BN L 25 CT0.28 mm/hrs& ¥ —27 %
L7, A L b 140 OB #PIH A I, REEA
30 CULETREAMESBE SN Ld o720 HLIZ0~
10 CTREZE SN LD 572705, 15, 208X 025 Tk
AT HEEZOHENENZEN0.17, 0.18B LT 0.21
mm/hrs& ¥ L, WhRMELFEHKIZ25 CTY—-2 %
RL72

O. piliferum OWHRMEREIL Lwingfieldii & [FD
[0 %] L7225, Lwingfieldii & 1) ¥ H5IZERHT, W
FRPEHEDO Y — 271325 CTT0.10mm/hrs& -7z, L
L, EFREHI0 CIZ AL THREAMEIIBES
., HMEEI20.05mm/hrs & B L7z 35 T UL THAM
BB Ene ol HEIZOWTIERAMENE
, WAREMPBE SN o270, FEAREIH
MTE Lol

P Eo#ERIL, Ceratocystis spp. % Ophiostoma spp.
DORWARMEAZCU LoiREHRTE L LM sh s &
WO HREY L X —BT 5, T, M TRAME,
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« PHYVEM (30%30%60mm)
A% Freshly cut Japanese red pine wood block.
A/ e ~
© RRRE
- Fire-sterilization
- R E AR
- ‘% Inoculation of test fungus on the center of the
/ g
— tangential surface.
=z - HEHEE 3 H555,10,13,17 20 B I EIE
CEA =] ,10,15,17, <RI AE
Z Incubation for 5,10, 13, 17, and 20 days.
- BEHEIRBE

Measurement of blue-stained area.

X: Bi75 M (0< X< 30mm)
Longitudinal direction
Y: B E(0< Y< 15mm)

Tangential direction
Z:¥EHM (0< Z <30mm)
Radial direction

. %gﬁ;fg = %xxxyxz
Blue-stain volume

EL G
CETE (%) = Bll:-stam volume %100
Proportion of blue-stain RATERE

Whole volume of sample

E-1 HEEOME

Fig.1 Measurement procedure of proportion of blue-stain.
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ERER
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Fig.2 Effects of incubation temperatures on mycelial growth (O)
and extension of blue stain area (&) on 2%MA plates.
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AR EHFEMEOR D K E V25T THEL -4t
RO I =—DREBIIUTOL ) THo72o L wing-
fieldii B I3EEEPICIIEATH Y, BRI HRICITE
20 mmOMBO I =— 2K L, ZOEMIE
96HFRIfRIZA T LI /2o Bi#E 5 ~ 6 HIRIZIE Y v —
VAHEICHRAER L, Z26aBaRREmicinil 7z,
1EB%, 2Bl vy — VMR, HELLE
R B X OO ETWSEIE Sz, —7, O. piliferum
RRIEEENIICIZIEATH Y, FEPDL 2~ 4 M
BRI = —=PRAICHIKEZ R L ZEIE
BAERREEAERRLEDEY, BOO5ETHH
Bo 2B I,

IO, THRYMOEESRILHI, T
A DORRAMNIZER L TWD 2 & 2mT,
3.1.2 J0a—-XDOFMIERHE - FEREICK
T RE

AwDSHARME, HE#BICRIZTEELK - 318
3o L. wingfieldii OWRMEZ, Aw=0.998DK0.28
mm/hrs& REMEZ R L, AwDK T - TR,
Aw=0.938THEIE L7z, BHEMEED RRME L RO
MzZaRL, Aw=0998T0.21 mm/hrs& & FEH % /R L7z,
O. piliferum\Z 2>\ I3 L. wingfieldii & [FJ¥k D& % 7~
L, Aw=0.998D K¢ IZ Wi Rl E#EE120.10mm/hrs & &
Kegotze LrL, Aw=0938DK DR b N2 D35
BARMRIIBIE I N, RAMEEEIZ0.0Imm/hrsTdH
272

N.Magan & J Lacey ® IZ X NI, Aspergillus spp.X
Penicillium spp.72 & O WK M EWHE 2 i /MAw iR
B, B oM, pHZREIZX )R 5205, 0.72~0.85
THhHEHMEINTVD, £72, WhRMEOREMEZ
Aspergillus amstelodami ( Mang. ) TlZAw = 0.90,
Penicillium piceum Raper & Fennell TiZAw =1.00Td
b LEHESIN TS, L wingfieldii (ZAw = 0938 TH
RMESEIE LIz &0, INHORELWHEICIL
~, L. wingfieldii & ) % OKGELEET L L
ZRLTVS SHOERIIENT, ZEMPFELL
VDX, BADVPEETE WO EVRD, —T,
AR TOFERAEIC OV TN M H 2 &
HEshbd,

3.1.3 BIFREI’EREGR  SEEEICRIEITHE

MeRIRIEDS L. wingfieldii DWAHRME, HFEHEIIK
TTRBEN - 4R T. T TIREERE2 T, &
HBEMZ VI —ZRBE 0% ORBMEMT TORREIR
U720 MBFEIREDL0 % £ TIRT LTHEARMEHREIC
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0.4

O HrME L. wingfieldii
AEZT

0.3

0.2 i

%

- EFEEE (mm/hrs)

and extention of blue-stain

Mycelial growth

& 0.1 &
s &
0.0 @
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KA (Aw)
Aw of MA medium
0.4 O EBmE O. piliferum
< 03
= 1S
‘g £
2 02
S
z 0.1 ®
& o
0.0 o ©
092 094 096 0.98 1.00
KEME (Aw)

Aw of MA medium

2%MA, 25CHEER, KAFENSEROERME,
BFEANRIZTHE
Fig.3 Effects of water activities on mycelial growth (O)
and extension of blue-stain area (&) on MA plates
incubated at 25C.

04 TO xR L. wingfieldii
£E 03
gv
= (:)
38 02 4 %
3 2
HEM
tog 01
§§E A
004 5 0 15 20

BEMZRE (%)

Oxygen concentration of incubation (%)

K—4 2%MA, 25CIEER, BREEVFLEEDELRMHE,

FEANRIZTRE

Fig.4 Effects of oxygen concentration on mycelial growth
of tested fungi (O) and extension of blue-stain area

(M) of 2% MA plates incubated at 25C.

I3 K, BRERES % TELS2DIILYD, BE
WL 2% TO0.12 mm/hrs& 72 572 HEEE S WAME
LB DM 2R L7275, BRFEBREPET 521384
ol & Pl S, BRFRIREE 2 % T0.06 mm/hrs& % L
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WA L7z

H. Solheim & P. Krokene® X Ophiostoma spp.& L.
wingfieldii DMEHFERZTFTTOEFIZOWTHREFL, L
wingfieldii \ZMBOFERICHRBZERZ DOFEEHI /NS
WEHIE LTV, REBROMEDL e XFHET D
DET ol —T, HEVERIRER R E THIH S h
2DNE, HERP AT = 2 ERT HBICEEZ L
ETAHIEY LHMELTWATREMEDS DY, SHBEIC
W3 % LEND %,

3.2 ThHARIYMERWIEERER

HEABLRZ FEBRENICHHAT 2720 OHERDOIEE 11,
ABHRASNLAM 70y 2 5336 A SRR
WTHo7/229, INLDORTRAMOEKREOKEE
MBZENTERV, FITRERTIE, THhvVE
WM OHEREE U TRENHRE L HEME L, &KE
EHEMRBEOBRICOWTHE L7z,

3.2.1 BEHEORFHNEL

L. wingfieldii %# 7 H < VML, MOEFL LK
BEAICHEREE L i R 2 X — 5 10R T, %M 3 g2
KNI EEL0 mmEEOEOORAMPREIE TIEd
ZHBG SN, BN ETA 2 mmfEEHFE L Tw
720 5 HERIIIM NI BEMICHEL, 7~11H#EE
TIRRAICETLT, 20HEIE1~15 Bk,
Z 0%, FARIZZMIHIML 7225, &KI340 %
LT LTz, 2F D, &KRED1602 5120 %IEE
o /o b SITHEFEFABTHM Lz, 2o &p
5, GARENHELEREZRAL TV L WERELSD S5,
HAOHEE HHELTWEDT, ZORIZOWTIE,
RET, MOF—%HbETHIIRIT S, &b,
MNEOFREDNHFE LB, HFEHEBRO/ LTI
ARPTF EAELT 5, IR Hb S ERRE FA
5, HEOK, REOKPERINDEZEEHELT
W5 EHEN S NG DY, HOMEICHT Mo KB &
bEzZON, FERIZHLM TR,

3.2.2 EXKEHVEERE  -HRICRIEITHE
WO EKEE10~200 % L& ED20
HBEOFEEKEL L OEELEOMRKRER - 6 1I2R-F,
ME E20HBOEKFEEZ KT S &, HERFIZI1I~5 %
BERTLTWEY, GAREFEROMBRIILEDLS
Lotz TbbH, PMMEKEH150~180 %D L X,
20H R ITIZEARED120~150 L i h), ERHOFE
HEA10~16.6 %ERL, MNBDOIIEAEPHEELE
L7zo MIMIEKEE60~150 %D & &, 20H #1350~120
%), FEFIZ0~166 %ERELIELDNWD,
EARBOMTIHE, FEKIZWA T 200 %R L7,

13
16 4— 200
A =
= A g
: 12000 ¢ o) 150 2
E s o 5 oS
== e} o2
h o8 i © + 100 %2
S <) 4 &
€ #r OE
§_4 Z
£ 4 50 =
A
A
0AhA—A—A—a A 0
0 5 10 15 20

BEHE (B%)

Incubation period (days)
T HhYYMA L wingfieldii% $#EEEE U -ROEE
BEICLBZEFEER, EXKEOEL

Fig.5 Changes in proportion of blue stain (A) and moisture

X—5

content (O) of Japanese rad pine wood inoculated
with L. wingfieldii at 25C

16 A —AA—
AA
- A A
£ JALN ﬁ%
<
: B ) oabl,
S A a BN
= 8
-
5 Hr sA
£ 4
({2 2 A /A ZAST AA/AS T

0 50 100 150 200
&akE (%)

Moisture content of wood

E—6 L. wingfieldiia 7 h~ Y M~ANEEL, 200HEE

(25C) UL7-FEOMEEKR EBEREKELETER

DESR

Fig.6 Relationships between initial (&) and final (&) moisture
content of wood blocks and proportion of blue-stain

caused by L. wingfieldii incubated for 20 days at 25C.

W EKED60 %UT DL E, 200HBOEKEIIS0 %
UTFeERy, BBATRIIEAELEFE LRz, ML
DFEERFER, HEMEZHET 2 0K ERET
HY, WAOHETIERVWEWVW) T ERRLTWVS,
3.2.3 EFLEMBEICHTIEKREBENTE

ARk L7z, &@KED1602°5120 %REIC 728 &
HEPHREDLZLIZODVWTRDE ) ITKRE L7z -5
DIERP S, BREOMTHAELEMELREL T1E T
LIS TH L, T2, K- 6 020 FEPHELRDIL
M EKRED150~180 %DRFTH o720 T DEAE
BTREKEPKRTLTDL, WHOAFIZ T %KGIX
REINTVEEEZOND, LA >T, HKED
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TS & 2 HEMEIL, ZEROBMMCEVEEH T
EDLMENEMT A0 FHENE, K- 7120
EKFI50~180 % DA DO WT, itk 5 ~20H
BB L7727 h = M OBRER IR L FEROMRE
R MIEARFIZE ST, MNOMEREL L, 15 %L
WS 5120k, HEKIEZ3, 66 % L EMHBICHEmML,
MNBRFE A2 ~ 3 % THERIZL66 %L kol L
EXY, WMEKEIS0~180 % T, HKFMETICHE

IMNOBEFEROMAELEMEITEEL LI L
AURIE E N7z,

METORER, EKFNL602 5120 %BREICR /2L
EFEDVIRE > 7-01F, HEFEEICHE S TR
WL, WoOMHATE2MERIMM L2720 LE 2
bMbd, TOZ LIX, EREH ELTIT- -FEBRTHBFE
DD %D 2 %~NBAT 5 L HFEEENFL LW
W ESNHERE LSBT 5. T2, WHIEKEIS~
180 % CHZEMEDI I ERE DR E L 2T h o722
LU TR, BKENIAMEEROFE K EERT
ETHHDT, WhHELEREIBIT LK, BED
R TE WD L EZ D,

4 FEa

FEREME 7T H = IMEHCCEHEER L wingfieldii,
O. piliferum OWARME & FEMBIZKITTIRE, Ko
W, MEFREORBELRET L. 2ORENSLT
DFETRAEIND o

FRRELX2 CL L&, THIUMOEFEL,
EGIKE150 %L L TIRZEBRE D D e W72+ R FEDS
FEORC & FHAME TN S, AKFER50~150 % T
A ARHEACTIC & 0 22BN U 155 2 B 3R & AR
TELLOEEMBEIRI 5, HAKFE0 %BLULTTIRE
EARICLE R RF AT 575, WARPLERET,
FEIEIBI SR,

G I
AREATH)ICH72Y), HFERERM|L T2,
HERWBEORRICH Y 58Y) % THEZ W72 720v 7l
MATBOE AN G ZERT TR B A KIZIE <L
LETFET. AREET ZI12H72 0 @) % TGV
P2V 7SRRI SR ZARM W B T JE T s —#
B CHIFLE L BT E 9
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16 S %

A

o A
£ 12
Ee o)
Z S N
S 8
T Hr
=" | 8
£ A

)R
0@ r
0 1 2 3 4

BRFREME (%)
Calculated oxygen content in wood

L. wingfieldi% 7 7= Y M~ L, 5~20H [553%
(25C) L7:Bromsrigit & 7725 0 R

Fig.7 Relationships between calculated oxygen content

X—7

and proportion of blue-stain of wood bloks incubated
with L. wingfieldi for 5 to 20 days at 25C.
@ MHEKEIB%Y L, O #&EKEI70~180%
A MHEKEL60~170%, & BIREATE150~160%
Legend : Initial moisture content is @ : more than 180%,

O :170% to 180%, 4 : 160% to 170%,4 : 150% to 160%.

JLEI

51RHISCHR

1) HEBWEHE -k IE (1952) <Y OFEM OFIE.
H APk 255534 & 289-293.

2) HEIEHE - A R (1955) =V Y OFER
Endoconidiophora coerulescens Munch®fif%e. #h3
BRI 7EH 81 ¢ 19-25.

3) HhiEHE -tk HER (1956) <Y OHFEH
Ophiostoma coeruleum H.rt P. SYDOWIZDWT.
SRR 7592 © 42-50.

4) ATFIEMKETRE (1996) ~ v &L ZDFHIC
B9 2 By JERERRAL. p20, ‘& FIRAMH EIHL A A
AR

5) LBH= (1938) 7HXIYMOGEHBELEHEELD
BfR. MSEREREHRS5 & 1-10.

6) FEIRM VT - DRI ME (1958) T4 DAL A1 %E,
HEWOEET HUFITOW T AR 41 51-55.

7) BEEETW (1969) <Y ANKOBIH - . HER
By 223 © 25-65.

8) MR - MEE— - EHR= - fILTTHRES - il
TR 363 (1973) FEBEARM T4, 45-50pp, 7 &N
NS

9) kM ET - WHAKEET - A - KR EE
(1997) {f st £t DR T O P 5E & FEPAEIZ D
T. k56 © 87-91.

10) A EHT (1995) FETCPRARM B A € Hl 9



BFMELME No13, 2005

PEARBRRL. 28 BARGAAH I T & k24 © 30-37.

11) BEMOKREB R RMEHEHESRHE (1993) #HEL >~
WA REHRENE. 122p, EAMEHGS, B0

12) JRMOKES REE et iilm (2002) #76:K
FEFRKEA RS, 424-425p, WAL

13) W & - L= (1985) 7V 74254 Y OF
ZER B (GE280) EA LA ZE 516 © 128-133.

14) VN & - L= (1986) Y7 4254 Y OFF
ZR kB (BE3H) HAM~NOFEEROBRA. HAHl
TEHE17 © 104-107.

15) ViM% — (1954) 74~ VBT . 341-
347pp, HAMFEEBVESER - HAMSER X BV SL
i - KECER, Bk,

16) fREEER - A. J. Maquire (1987) 5 Y7 —4# /%4
Y DOFEWI S H51L0E. A RAEL3 1 9-17.
17) ik#— (1998) WHE DR &R & 508t @ AR
o (FISE 744 A <R ORE & oEE.

H #i#39 © 125-131.

18) WfE#H— - FHEBAN - &F % (1999) Mozt
73R IRE OB E 2 5] 3 2§ HAE
* 7 4 F A <k (ophiostomatoid) B (1). #
PG48 & 3-9.

19) WFHAHE - €722 - IAFEK (1972) Hahfk
Wi 70-80pp, B AR AL, HURL

20) H. Solheim -+ P. Krokene (2001) Effects of
growth and virulence of associated blue-stain fungi
host colonization behaviour of the pine shoot beetles
Tomicus minor and T. piniperda. Plant Pathol 50 :
111-116.

21) N. Magan, J. Lacey (1984) EFFECT OF
TEMPERATURE AND pH ON WATER RELATIONS
OF FIELD AND STORAGE FUNGI. Trans.Br-
mycolsoc 82 : 71-81.

22) Zink, P - Fegel, D. (1988) Studies on the Colouring
Matter of Bluestain Funji, General characterization and

the associated compounds. Holzforschung 42 : 217-220.

15



