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Acremonium (sect. Gliomastix) murorum 3-6 4-6 5-7
Acremonium (sect. Gliomastix) tumulicola 3-7 9-7
Acremonium cf. strictum 5-13 7-5
Acremonium-like hyphomycete 1 (4 V> V4, ik, LbHdk) | 1-2 5-12 8-2
Acremonium-like hyphomycete 2(AWKHBE, HGM, KmfH) 1-3 3-8 4-7 5-14 7-8 9-10
Acremonium-like hyphomycete 3 ({4 2 1Z5i{b)) 3-9 6-6
Acremonium-like hyphomycete 4 ({4 L v Vf4) 7-3 8-3
Acremonium-like hyphomycete 5 9-4
Acremonium-like hyphomycete 6 (K Fl# v, 4V v V) 7-9
Acremonium-like hyphomycete 7(H s, HKFEE) 3-10
Acremonium-like hyphomycete 8 (¥ |1{4) |  1-8
Alternaria sp. 4-13
Aspergillus cf. versicoloy (¥iikth) 3-5
Cladophialophora sp. (i~ kkig t0) 1-1 4-10 6-5 7-12
Cladosporium cladosporioides complex 1 2-4
Cladosporium cladosporioides complex 2 5-9
Clonostachys cf. rosea 4-11
Exophiala sp. (k48 h) 99
Fusarium solani species complex(FSSC) 5-8
Penicillium paneum 3-1 4-1 6-1 7-1
Penicillium sp. 1 1-5
Penicillium sp. 2 (Ft0) 3-2 4-2 6-3 8-1 9-1
Penicillium sp. 3@ {atak) 3-3
Penicillium sp. 4 (fktt, ZE75EW) 3-4
Penicillim sp. 5, HIk) 4-3
Penicillium sp. 6 (#{0, Penicillium sp. A-like) 4-4
Penicillium sp. 7 (ko ~ i {0) 4-5 5-3 6-2 9-3
Penicillium sp. 8 (Wkfafad) 5-1
Penicillivm sp. 9 (o tazR, ik~ i) 5-2/5-6
Penicillium sp. 10 5-4 6-8
Penicillium sp. 11 Giikta, BTV, HEHR) 575
Penicillium sp. 12 (&4, JkgHIK) 72
Penicillium sp. 13 (50 3) 9-2
Phialophora sp. Gk#g{h) 7-6 8-7
Sagenomella sp. (At~ K0, JRGEIK) 2-1
Sterile mycelium (FAZARE S 2k, W) 7-10
Sterile mycelium 1(F1€, BRJEW) 1-7 2-2
Sterile mycelium 2 (/1 {0 #iIk) 74
Sterile mycelium 3 (# 12, “FHH) 7
Sterile mycelium 4 7-13
Sterile mycelium 5 (/9 4) 54
Sterile mycelium 6 (¥ {11 3) 7-11
Trichoderma cf harzianum 9-5
Unidentified basidiomycete 1(Hfs~# 1, 757) 1-6
Unidentified basidiomycete-like spp. (|1 {uffidk) 2-3 6-4 8-5 9-6
Verticillium-like hyphomycete 1 ([ fafik) 1-4 3-11 4-12 5-15
Verticillium-like hyphomycete 2 (FH faffitk) 4-9
Verticilliwm-like hyphomycete 3 (/7 taifiik) 5-10
Verticillium-like hyphomycete 4 (J41) 5-11
Verticillium-like hyphomycete 5 4-8
Yeast 1(117 ) — A, Hisik) oy | asy | T 6y 86y | 98y
Yeast 2 (i) 33’_1134%,/ 414y
Yeast 3(LHIK) 5-17y
Yeast 4 CHT-EAK) 5-18y
wt 8 4 14 16 18 8 13 7 10
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Acremonium tumulicola ~ Acremonium sp. 1 Acremonium sp. 2 Acremonium cf. strictum
(K13218-3-7) (K13218-8-2) (K13218-1-3) (K13218-7-5)

Cladophialophora sp. Cladosporium sp. 1 Cladosporium sp. 2 Clonostachys cf. rosea
(K13218-1-1) (K13218-2-4) (K13218-5-9) (K13218-4-11)

Fusarium solani species complex
(K13218-5-8)

Sagenomella sp. Verticillium-like 1
(K13218-2-1) (K13218-1-4)

Exophiala sp.
(K13218-9-9)

Unidentified basidiomycete Trichoderma cf. harzianum  Aspergillus cf. versicolor ~ Penicillium paneum
(K13218-1-6) (K13218-9-5) (K13218-7-1)

Penicillium sp. 3 Penicillium sp. 6 Yeast 1 Yeat 3
(K13218-3-3) (K13218-4-4) (K13218-4-15y) (K13218-5-17y)

4 x b A SENR9 FOB (20134 2 H 18 AHRIK @ K13218) 7 & 45t S 72 H (O & - BER))
DICEHE RO BEAIBIEGS (PDA, 25C, 1M~ 4HE5#),
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B5 Yli[127 2 L AME 3T Licb LORIARM FoAHOMRA
Cladophialophora sp. 7 £ DA Eokiti & a7z GOEFT)

X6 [HZEE4A WO TH vy ) ard FOARBDEREWSE
Phialophora sp. 7c ¥ DA skl & 7z (3k8)
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7 G272 L 22 ST L b & OB P T 7
Exophiala sp. XD n &z GEEH9)

C o, KRN 7 E Acremonium (sect. Gliomastix ) murorum <° Acremonium (sect.
Gliomastix) tumulicola, Cladosporium sp. 7c EX°, ZDfd % €L LT Acremonium spp.,
Aspergillus spp., Fusarium solani species complex (FSSC), Trichoderma sp.7: ¥ LIFi7Z» 6
HENTHRIEZNZZ LD L5 N T W 5,

B, Lit2-1, 2-2COMBOBAEY I EECES L T, BIRE-REETIT W2, FEICOW
Tid, K7 P TFX R o —RFEREM] 54 =] (HARREE J50) (PDA) (ZuvZ47z2=2—
50 mg /1, B— XX AIVE0 mg/1 TN 12T, 25°C TH) 2 2> H R & 2 U THsE, llEx 17 -
72,

3. 2004FEHS2013F 2 5 THOF P SHEBOWMEYRAERERH, S DER

3-1. RYE—MBHNELTENOHE, OLICBEBPERLA2ET3EENDHEIHIRT
B{ERICDOWVWT

20044E D X b 7B RO R O RE &, BRI k- Tolil - i S e
ErRolTT Lo,

X F 7 HEDOLHENT Y B EDMEM O REDTIE & 70 5 72200494 4), AAENTERIC
W &N 2 e, Trichoderma sp., Penicillium sp., Fusarium sp.7x EDSETH N 3(FE9),
WITND TED LIS A LN I ETH - 72,

L2L, LIESSAEDREED NS L, SR TREWEERT 577 ERHIRE Sl AENIT KW
HEN5E L9127 -72,20054E0 9 HiZ X Acremonium sp., Fusarium sp., Paecilomyces sp.,
Penicillium sp., Trichoderma sp., Cylindrocarpon sp. 7c ¥, »7 0 AR ZH1EDS A
LNB LIk, BEEAKIED D B354 F 7 4 W LADERRLFEEEETROER D A LD &
JICT 572K ) . SN F T 4 VLI, HIE, BERE, 7 EEA LBRIRESEIRTH B
CEHH LT N, FRBMRICARAME L BRI, DB ICEERE (Gluconacelobacter JEiM
) OMEETH D I & honh R S L7z,

20064F- 4 H AR 2 6 I3 RIFO R KN BRCKRO WA FA L, Z DWLE, T AR S R %
IS 2T B 7 F &)V 7 H$H Burgoa anomala T#H % L [A)E 721519, X 512, 20064F12
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K9 X M I WHETOHRE L LT, b3y eE

R R & 838 CorllE, M3 nes e 7 EDXR - AE

2004 VDR T i <fIEHN>
HHEZ ¥ OHU) o LIS NS RILAT LT

SRR <HEND L BIBS N E> [z,

13,14,28) HENTOMEERE, AENTHEPRRELKBD S, Ty /S —)v
Trichoderma sp., Penicillium sp., Acremoium sp. (JKa), | iGAi
Fusarium sp., Cylindrocarpon sp.

<UINHiTESPHZEA >

<UNHTEMIBAZEA 2 & 058k, R S iz B> KGRI M)~
Phialocephala sp. (#12 Kendvrickiella phycomyces & FiRZE) | LAWK TRLRR, FRds

2005 FEZe & FmRREE D B ) 1 LIESE 2 [ FRIE O iR -
BEMISRE D & DDA X7 4 VAL LIRS 5 7 BRI

Sk BIRICEZHEZHAD B SBIEIMBL LR 5 RS KRLLATILTE

14,32) KB S50 B E s e > I iz
Acremoium sp., Cylindrocarpon sp., Phialocephala sp., | 53W7%xs /—)
Fusarium sp., Paecilomyces sp., Penicillium sp., Trichoder-| A, ¥ 8 %k~
ma sp., BEXOINAFTT74NLERKT 5527 7 )T | ) 2EE HEHT
(Rhizobium, Stenotrophomonas, Serratia, Sphingomonas, 2/ —=)-0.3% kv
Pseudomonas 75 &), FEhE ~ ) YRR
KRIFDFEED K HEEEW (37 7 ) T) Gluconacetobacter
tumulicola

2006 ARMEEEIm I ) S LA A 2 [IFRFE O p -
BEWI D254 X 7 4 )V LK bR 7S

ik KIF 7 E OB GCFHEHO R =N, AVT7

15, 18) N/ =), (T
<HEND S5, RIS ekl > a2 — )VERIZEREN,
Burgoa anomala (RIEH 7 ¥ TERAD/NIFE 2 HK), | LEIRIKE THM),
Penicillium sp., Acremoium (sect. Giomastix) sp. (Bta¥ | 3%~ 5%HKL~=1)
oK), EEREY VIR, AVFTY

1) > SRR

2007 PIREEmOIR Y S LIESE (WEEX THET), —HORIIXDUL | 8 2 MIFLE D rifk -
Dk LS 71 e

SRR PR SE S )=, AT

1, 18) <AEND HoHE B SeaE > oox =, (T
Burgoa anomala (RIFE 70 £ THROWNRIEZ 2K, | 2—VHEIZS CRE
Penicillium sp., Acremoium (sect. Giomastiv)sp. (B4 3 | B9 12 1), 3%
) ~5%HRN=) LE
Paecilomyces sp., Gliocladium sp., Phialocephala sp., Phialo- | &, 4V F 7/ ~
phora sp., Phoma sp., Ophiostoma sp., Cladosporium sp., | 5 3 Al, = % / —
Trichoderma sp., Verticillium sp., BRE &, RO AE |V LRy =) 9 @
BHO, MEMOREZRIEIIR L ThoTw aHmd A L7z | 1isik R

2008 RIXKDOH) I LAEZEE T Tva—nHIT <
<HEND Lo RISk L > FRGEMZefEH, 3%

ik Penicillium paneum, Penicillium spp., Clonostachys sp., | ~5 % Hn~1) V&

2, 32) Cladosporium sp., Phialophora sp., Ophiostoma sp., Cylin-| i

drocarpon sp., Phialocephala sp., Trichoderma sp.,
Acremoium sp., bk Y

Z DI »BEREHE 2 B, Gluconacetobacter  tumulicola 3 L O
Gluconacetobacter asukensis 73\ > < DD E I & 47 B & L

7z
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[EH R & 838 TorllE, M3 nes e 7 EDXR - ALE
2009 BEW O 70 W GRAEY), RSB BbIEEESOIRY | 4R 2 o) st
L LIc &, IR
SRR <HEND L BIhS s E> MsEIMRIRGT (1 H
3) Penicillium paneum ., Fusarium solani (FSSC), Tri-| 1230470 2 [ B4,
choderma sp., Acremoium (sect. Giomastix) masseei, | B LULAICI->T
Acremoium (sect. Giomastix) murorum, Burgoa anomala, | 131000ppm @ X Wi
Acremoium spp., Cladosporium sp., Clonostachys sp., Cylin- | ¥a e+ V) 7 L%
drocarpon sp., Ophiostoma sp., Paecilomyces lilacinus, | T2 a=—oDI:
Penicillium spp., Phialophora spp., b7 Y
2010 FABME D IZIZTI) F LT A 2 MO EPECY
R R ISR IR ET s FEE S LT LIRS, HELETIZh ) A | L, IRV
Xk 7 EDWEM D REDSTIEIC R 5 2 L3 k-T2 %t
4) <AHAEN (BR-AMRTIZTTIE R, AMEORRZ X D
T L EW) »HaEE MBI NAEL Y >
Burgoa sp., Fusavium solani (FSSC), Phialophora sp.,
Acremoium spp., Phoma sp., Acremoium (sect. Giomastix)
murorum, Acremoium (sect. Giomastix) tumulicola, Clado-
phialophora sp., Clonostachys spp., Penicillium paneum .,
Paecilomyces lilacinus, Arthvinium sp., Arthrobotrys sp.,
Cladosporium-like sp., Phialocephala sp., Penicillium spp.,
FEREZ ¥
2011 <HEW (LELED) 2608, MBSy Bk &> | BREEINRIRE
Penicillium pancum, Acremoium (sect. Giomastix)
SCHR tumulicola, Cladosporium-like spp., Exophiala spp., Phialo-
5) phora spp., Clonostachys sp., Paecilomyces lilacinus,
Acremoium sp., Penicillium spp., Burgoa sp., #R4HH
bk 2 OB, R 2 X
2012 <HEN (HELEL) » o000, MBiShirERE> R RJEE SRR S
Acremoium (sect. Giomastix) murorum, Acremoium (sect.
A Giomastix) tumulicola, Acremoium sp., Cladophialophora
#*3 sp., Clonostachys sp., Exophiala sp., Paecilomyces lilacinus,
Penicillium paneum, Penicillium spp., Phialophora spp.,
Phialocephala-like sp., Trichoderma sp., §EhE7Z &
2013 <EEWORAT VvV AAS=12f/H3E L2, BB WIEZD TOLAM | BIRIEEIMRIR ST
5o RIS Nl >
AR MBI 72> T WETICH 725
*7 Acremoium (sect. Giomastix) murorum, Acremoium (sect.

Giomastix) tumulicola, Acremoium spp., Alternavia sp.,
Aspergillus versicolor., Cladophialophora sp., Cladosporium
spp., Clonostachys sp., Exophiala sp., Fusavium solani
(FSSC), Penicillium paneum, Penicillium spp., Phialophora
sp., Sagenomella sp., Trichoderma sp., Verticillium-like
spp., BEREZ Y

7 EDSrHEECIE, 20044E12(3 MA 2], 20054EL1F%(2 PDA % f#iH],
THRIEF b T 7 SRR L 2 5 HE TR TIRINS 72 b D2 RT,
T (2, HEROBEITH S L 2mT,

FEAEDOTTIREZ RS 5 Acvemonium (sect. Gliomastix) sp.3RERIZFRA L7721 (£9),
D& wHERE, 20014FLIBE, SRRRKEHT A CoMEr B &L &2, WL &) %
me LTBEEI N, BinEETY, 20014FICIASD 7 EDRE R L L THEDFRE
PWPE L 7 5 72 w13, AT, AL S BRI HES L EDMSHIE, Penicillium sp.,
Trichoderma sp., Aspergillus sp., Fusarium sp.7¢ ¥ ThH -721219, L L, BRICHEHEI N

% DT 2 < % 5 EINHED 5, 20064F VLRI HE {02 0 Acremonium

(sect.
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Gliomastix ) sp.?s, BT L ASEMITIRAE L 721219,

uB, 77 ADTZAIA—{{FHNT, 20014127 EDSRIAE L72HAIC D, B R ohE
13 Fusarium sp. (FSSC 7 v — F) T#H - 722020 (Z D@ DRI g i, X b 5
DEAENTLIRIEIVRB SN T WD) 55, DEIZKRD Acremonium  (sect.  Gliomastix)
murorum ¥, FND1ITE SITBMD Ulocladium sp.7c EPRE L L REENTH
222 7z &9 Ze P BREEIC B AR T L, FHEL L CHSHO 7 B8, 7oy — o THELT
5 RETEARE S LT\ B,

X FIHBIZBWTIE, S 5ICHRETIE, fekic b FEITHHES LT W72 Penicillium
paneum X2 Acrvemonium (sect. Gliomastix) tumulicola, Trichoderma sp. Paecilomyces sp.
2z, Wt ROBIETH 2 Cladophialophora sp., Phialophora sp.773% D 2 7 IV 655
BN D LS o7 (#3), Phialophora sp320074E0 LI, AEH» L0 L (&
9) =9, Cladophialophora sp.l1320104F, 20124FE 2R Tl 72 (£9)., Exophiala sp.
IF201 V4R DIFER I S LT B D2 (K 9), IR UV BEHZ B LU, 2ok 2oy
UV 2558 & HESE S LB BE R0 A EDSHHIIZ 2 <M SN B MDY 282 5, 72
7ZL, SHUFHLLBERT2L018, 2R LTOAEDEDPHZ TWDE En) 2L TIF%EL,
UV DTG €5 - 7272012, iz sn s b s kR Eb-72 b %
ZBRETHH I,

3—-2. EEHEILE, AOBEAYDEEIZOVLT

FKIIZ, ZEDMEK, WEERMHEH I N H L L2 o THmRL,

2004 I DO FRIMFAE DT b ILIA%L, MEPHEND/IZ RV AT IVT b FIEERI
SNz, L L, 20k, BEMOI) M LAEESFEES N LICRY), BEDE W NTRLAT
VT FOMEZRZHEICHEET 5 2 L 3R 2o ~72, 22T, ZEPRELREICE, =¥
J=, Ry X RS T, WRERET L) dnbithbiz(#9), LrL, 2
DDHISAF 7 4 VADPEREMIZHRET BI2ED, TLI—NVROKREH Friczy / —) 3
HokR B E LTHAT 2 L9 1cl, BELEAITE, 4V 783/ =R, mr=l) ViE
WA INEZ L e o7, —HT, RKIFDRDER/ A F 7 4 )V LERDMLT % BT
572012, BEZLMEM SRR~ D IR A R TR L 729 2T, A Vv F 7 » RoEHD
I RN AT

D%, FENDLFEESIND A EL EOMEDO ZREIEIZE L Tuv o T A s A 5 i
72 (#F9)Y,

BREEEOI) S L D 72123, HENTOREESBIETH 205, fASPEEICH, M
WMEB X Z1I00%DBE T3 LY RELTLE ), PEZBET % &, URigigEihiEo
AETIEIRALADPRELLZZELH N BET H ) R 7 2H 2 5 L, W D L B
KT 5Ll b, L2L, BREICERNZHEHT L, &ICABROIEAIDLAL, HH
B E SR, HRLEYVTEZEI2E 5T, WTFREMEDICEL (REBFERERE L XD
RHERE LTRHEIND)INLEI LI 2%0 0, YLkl sTnwi, 2L, T
o IICEEE DS B HINEE, FARERIBHEICAEICHAD T I, EEO MM b ARIZ
LB DOEDR DL WEHEZ SN LA ZMHEHT 5 Lk, -7z,
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4. F M oHEBEORERY A LEOBREN UV BEMNRE BE

4—1. BROUVBHAECEEMER S LAVHEDHEF E~DYYEX

pek, FHENDEEFERINTZH LT, AENTHEDRRELST L, ZoOBREDLDH
FEMHT 28 WO BIZh L2887, EAZHMT 2 L, EEUIPATHNNMES S
nNa728, TELIFITHEBEYOIERNIEZ 72w nw) 2 elddh - 72085, BEEDPSAENITH 5 H
13, BEEO M AOBESREI NS HIEIH LT, UV GELT, UV-CIicX ) & X oiagt
I3 TE& L7z, Lo L, BEEOR A LAEES#T Lz B, 200948 3 HLBE, RO
7 CEDOFE R W T B 7201, GO 2 M L 2aw e LT, MRMUV BEHTHE
MINBZ &L -72%, BtEICHz-> T, TNFTHENTHEESIN/2FR 2 A B BBk
SRk, MIERR~O UV BSOS % 2B THED o 72 ETHFM L 72,

ZDt%, TEEBPA-7T2H L ThH, IrEkl UV 2 L72H L ZHBELV LV TEIZEI NS
HAEDFHEIZZIEA YRS LY, A I X HEIFIWD L12Y,

MR UV BEHSINZ, &0 RIS LA T Licobl, Z7EXYDan
= =R LI2Sh, 2 DD AHKI0. 1% D KA RE A TR, BRBREI TS 2 &
bdote, BEEPAENICH HMIE, KEHERBIAERICOWTHOMA~DOBEL LR L THEH
ENDZ - Tehy, BEMOI) 7 LIRICERE L TR S vz,

20094 3 A LIBE, A1 SN OIS 2 SEOMBBOR AT 12 £ 2 BIRINIRSE, B LR
AHCBEE O XMERTE S b)) 7 2EKE R THcRET 2 RNV EzTos, A
FENTHWIEDWHARDREIFITZEA YA LN o 72879,

4—2. BREIUV BHLE &R TUEDERICOWT
<EFZCLIEHEFOL/BEEROEE>

2 9 1220044 LIB%, HERIC L > THEED LI N A EE T W Tl E 2 ke L
TF Dz, UL, D7D IR L2 RHI D W T, AT 572 i HERIK
SNTWDEDITTII LS, HROL IO L TW2) 2 ERE I BEES N2, bl
TWwd, FADPEL TV E, QUG > 72Biin SIRIREIT > TWwble®d, TRITT ¥ T A
ZH 7N 7L DDORAEA TN EDITTHANWI LRIBETRETH L, DD
WORTHRERIEHC 2T, EWNZBE D2 5OME L LTRLZLEDPFH 5, £72, 20044FE1213,
FI2 MA Btps i & U TR ST %28, 20054F LRI B O s Bl & LT3 FI
PDA M Z N T b b TR > Tnwa,

RIEHRIZ BRI L S 1T, D L L2004 ICAEE R L o EAICEREITOEEI N T W
Trichoderma sp., Penicillium sp.7¢ E120Z T, 20064-2 52 513, LD 5 Burgoa J&=,
Acremonium (sect. Gliomastix) spp.7c E W OROWHSNER LD L 2 < DREID» S8 11
TV B EHEBIIARMEICA SN TBY, AENOKELZHBRTBSE LML KT 5, 512
20074E1212, Phialophora sp., Ophiostoma sp., Cladosporium sp.7s £ SIDOFEE DIt A D
F D o HES LR D72,

20094F- 3 H 2 S IR UV Bag 2 Blgh L T LK, 20104R12 (3842 D Cladophialophora sp.,
Arthrinium sp.7c ¥ L7385 L5127 ), 512, 20114RICIIG R D Exophiala sp. 735
XN T Wb, Burgoa &0 B0/ NIEREGE 2 UV IBEHCE b TEWwittEz L > 2 & »
S5Lb2»5 LIS, BOEROWHDII) H AT = ROBELLEEZHT 72O KM UV 12
I AR <, AR LR T WIBEEIEF 2 511 b. FEBIC, X I EERED> L Do Bk
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TERLIE IS, BRD Acremonium (sect. Gliomastix) sp.B X U Phialophora sp.D4y
Bk D 3R, R TlE 7 A% Penicillium panewm » 1 #:TlE, 0.01m W/cm?o UV &
JE T30 2 BET LT, — 00— RREDEIGTLEERILGADH L I ERINT Y
52,

72720, AENTIEMRE UV B ZEET 500 & 9512, HILS2RERKD A2 EL EH3A
LENELITIE L7z, B2RE LTAHAEDRERIEZ /28w 2L TlEZ% <, UV ICiMd:r
I E RIS 2 5 T RER, BIROMEM DA F = A DI U 7270 T gy
UV BEHZHTEDIE N D DD - 72 SIS,

HBENOBEFER D 5 AT L ERD A ED A F 2213, BEMOMIEDS L k722,
UV RS2 FEHEL TW5 2 b, DI T 2 S - T 5 L HELES 1, 20094 LIRS
TR SN WP A BN TETTEOMRELZ RIZTL TV W) 2L 2EBIRLTWE DI
T3\,

20114E10 A 13H DA EHNDO TR LI, EiI T b7 ¥ & LT Exophiala sp. 755 V), 2012
£ 9 HOWET Y Exophiala sp. 5 RIADRE O E O 558EENT W5, 7272 L—TI3,
Exophiala sp.1320134F- 2 H18H AT, UV HaGTE L T WEHZEL YR T o /A== (X
)5 LI NTE Y, ZOMELY LSOOV TIE, UV BREOREL (W2 0w,
S 512, Exophiala sp.l3, Zi11FTUV EZ LW Wb &AM 5 b, BRI WS
ELTHINENTBYY, LLABHIFRETTHMICRELS T WL LTH L L VER D
27 L7,

Exophiala sp. & 7¢ 5108, 20104V D FAE T, KR D Cladophialophora sp. 73k & 41
Twb, 7272 L, Cladophialophora sp. 201342 H OFAK T UV WEIE Y5572 AT~
U ZMICBEN IR OO PASEAAM L (K15) THMRIMINTEY, Zogad UVIERES
TWZWIGHCH 725,

20124F 9 H DA EWNFEAE, 20134F 2 H o ¥l DA T3, KR Phialophora spp. b 854
Frr 60 E N Tw5, L2L, 2oONAL, —H TR UV PRSI NG 2> 72aMHE (X 6)
6 Y Phialophova sp. 233 EES LT B Y, F72, Phialophora sp.iZ>\\TIE, wingE L HL
DAV PSRN S N RD A CDOERELFHAO VL DT L H - 721, SR T
UV BEHIZERS NG P72 &b, 2H5I220WT L, UV S E 2 s ED MBI KR
BRI, BIAED L ZAHTIIZN W,

<HEFJBERILIBFEZFOIHRBEROEE>

20114101, 20124F 9 HI2 % b 2 WHUA SN SERIRL 725 > 7V ok 512 & 5 IR
2 & BITORER, 20114FR10H D > 70, 20124E 9 AT > 7LD T HoRA D, #ET
ITEARE DS EEERE & L TR LT v 5920, BRI UV ST 2 BlbG L7205, fiZ NEER AL
Ai& D b, HEIEZWZZERIZR > Tvw b 2 LIRS LT niehs, R I3 R
HRICHENZ s, INLPEREE LTRISNmREELHE L 6NE, $72, 20124F
9 HICHRIR S 172 8 Bl D WO THIER R AT A R IS B W T d, L THEES L Tw 5 Exo-
phiala J&, Phialophora J&, Acremonium J&, Penicillium J&7%% v\~ HESHEE TR & 707z 3Rk
BHNO, WINOFETLIE LoEERE LT, U EDRBOWEHI M ST w5,

4—3. UVEBHICHITIMEREREEHETE-DH
INFETIT, BIREA UV BY 24D 5 H12F b 7 HEAEND 508 S Wk 3,
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RI UV BBEF2 800 A 2 58] 2 5FERE T 720 B ITHRECS L7z 50k & 20 Bl & 72 528 70 1 bk
(Penicillium paneum 2 ¥k, Burgoa sp.3 ¥k, Fusarium solani 2 ¥k, Acremonium (sect.
Gliomastix) sp. ¥k, Cladophialophora sp. 1%k, Phialophora sp. 1%k 3, HE 9#k) T
UV it akln 2 5t L 7229, 2 Df5A, Fico k2 fv T L 72#i T3, UV BT oHi%
Doy % L U 72 B, SHEE IS UV IED ALzl v b DidA 5T 7w, Burgoa &
DEAD /PRI FERREE 2O W TIZ UV BEHB ORIRIC 22D 53, W HoREHO 5 8k L
UV BGHZE bDTEWITEZ L D2 EH SN > T 505320, Z DA L FERDIRTE
I2Hh 5L EZIZZ UV 0 BRBhR 2 ZZT DT, 2O EPAENTOILREZHIHIL Tw
T2 LIEEEEI NG,
708, Fito UV it T3 Exophiala sp 2>\ TIZHE 2 L Twie w2, 2011480,
HENTHRIEI N DA EEDRE UVItEZ2 > Tw D220 0w TIIA RO %
%95,

5. AMICRET S HE

FHEITIZ20044FE0 8 A IS, RIFEATIH TR SBLOMTED X 9 % & Phialocephala sp.
(#2812 Kendrickiella phycomyces & FERIE) P3N IED RO LTz, CHH L, Ay
CRELRTWAET, BBt 2L, Ly BREZEROMEZ S 22ETH L7200%
PEBTIEIRL, RLAWE S ICOBIREE RSB Y 264 LT, USRE»FHEiES L
7219, 20054 LI LL, AENOAMIBIZLREL Tnw b L ZADEBO9 D, & 51220074 LIk (%
WL7eKEwE % L2 Ophiostoma sp. b AENTHEEI NS & H 12k -7z,

20104FLIBEAT BN THEES LB & 5 127 - 72 Cladophialophora sp., 20114ELIFE5HES LT
W% Exophiala sp.i22>W T, K5, M7I2ALNE L2, AMIZRELTWDY, b
3D 5B EEE N TV HFAREL 2O TERTH 5 L PHEEINTB Y, TNHDH
FEOBBICBESI NS L) 1T 5 72D1F, BMREEDSH) ST, LM EEINT 5 HifEovh 2
TERZLITL LB L,

6. b MREEREHEICOWVWT

HARENTHEES L5 7 E1E, —fRICHAZLR T X BHE Z00R IR 2v 0 & 40T 2 FE 130 70 »
&N, ERLEYETTRAT O L 2E PN T SA =77 4 LUV 3L RIS N T W S
LDIZOWT L, ZDEF LA EDPENTHEEIHRESNLELDTH L, L2 Lud 6, X 75
HHTT20074R LIt S 2L T\ B Phialophora J&7 £ ORGHRD T NV 7 WBHICIE, BEGFH
BRI S BEE 2 VS BT H 2 2 LR SN TEHE D™, Hijk Lz &) ig, Exo-
phiala, Cladophialophora Mg { F A0 FLEE PSS HERED RN 7 5 70 & NRIZHRFIE
P2 b OFEEH L G ST 57893030 Z2ondaeh, Atk r LIFHEEREI CoEETIIfEk@ ),
W W2 L CHEET DI PR ETH L EHZ5ND,

7. %8

AR T, 20124F70 H20134R 122213 T & b 7 IR RN S X O L0 2 RIS vz
AUEF ORI A R 2 5 L, 20044F7 520 134F 0B LICH % £ TOLENEDMAEH
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BEORER % WS L 72,

20044 413, AERNOREIL S BTEICHEEI LS # ElL, Trichoderma sp., Penicillium
sp., Fusarium sp.7c ¥ THY, WIND HHEDO LI —KINICALNDEZETH 7205, b
THERT 28R 7 ) TEPAENICHWE NS L 5 12% > 72, 20054E0 9 HiZ(E
AR (microbiota) 12227 ) ZHMEDA SIS X124 ), BN D 554 F 7 4
WADZEREEEETH) 1 cm DR ESDNRDOER DL A LD L)% -7, ZDDE, 2006
s [HRE] LI NI EEH Burgoa anomala "%, BT Ik%E 5
3% Acremonium (sect. Gliomastix) spp.SAAEWICFAE L2, 20 &5 i3, 2001451
B, SIMEHHETHY CoORMERB &2 &1Cd, FU L) Zfme LTBREI N TWL S22,

S HIZHGETIE, fEkBICHEES LT 72HEEHOMEWLISNS, W RW D Cladophialo-
phora sp., Phialophora sp. 3% DY > 7 )W THEES NS X )2k -7, F72, Exophiala sp.
3201 4E DR S LT B Y, BIRE UV g2 s L LB, 2o &9 7 by UV IS
HEG LHER I N A RERD 7 EXFARINIC Z RIS N A A A b itte, 72720, 21g
BERELTOACDEDIMITDE L) 2L TIE% L, UV ISHMEDTE 7 Ei- 7272
12, AN S D BRI SIS ILHD B 7R L S N B,

PLbo &9 ZedifmfERys, 4%0 b O WEBREO AT 25 2 2BDZH L% b 2 &
ZHE .
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Summary of the Microbial Surveys of the
Kitora Tumulus from 2004 to 2013

Rika KIGAWA, Tomohiko KIYUNA*, Nozomi TAZATO*,
Yoshinori SATO, Chie SANO and Junta SUGIYAMA *2

In January 2004, excavation of the Kitora Tumulus took place and the relocation of the
paintings started. In 2013, the relocation works were completed and the stone chamber of
the Kitora Tumlus was buried again.

In this report, the results of our surveys of microorganisms detected using cultivation/
culture-dependent methods during the period from 2004 to 2013 are summarized, and details
of the results of our recent surveys of the stone chamber interior in September 2012 and of
the southern stone part of the Tumulus in February 2013 are provided.

Soon after people began to go into the stone chamber in 2004, fungal appearances were
visible to the naked eye on the wall plaster and murals. In the beginning, fungi such as
Trichoderma sp., Penicillium sp., and Fusarium sp. appeared as the major contaminants
inside the stone chamber. Ethanol was mainly used to kill and remove such fungal colonies,
as it was thought to be one of the mildest of fungicides to the pigments of the murals. In
early 2005, small colonies of viscous gels appeared on some parts of the walls. In the
summer of 2005, the viscous gels suddenly developed to form biofilms on the plaster walls.
In the fall of 2005, small holes (ca. 10mm diam) with black substances inside became
obvious on the plaster walls. Such holes might have been caused by the activity of
microbes, especially by an acetic acid bacterium, Gluconacetobacter sp. (later identified as
G. tumulicola) , which had been isolated from one of the black substances from a hole in the
ceiling. Dark colored fungi, such as the basidiomycetous fungus Burgoa sp. (later identified
as B. anomala) characterized by bulbils and the anamorphic fungi Acremonium (sect.
Gliomastix) spp. characterized by darkly pigmented ameroconidia, were also detected
inside the stone chamber.

In 2008, almost all of the paintings on the side walls and the star charts on the ceiling
were relocated. By our survey in 2008, species of the fungal genera Penicillium, Clonosta-
chys, Cladosporium, Phialophora, Ophiostoma, Cylindrocarpon, Phialocephala and Tri-
choderma were isolated from the samples collected from the stone chamber interior.

As some chemicals can be a nutrient source for growth of some microbes, measures
such as intermittent UV irradiation were applied from March 2009 to 2013 in order to
control microorganisms in the stone chamber interior. Growth of most fungal mycelia was
suppressed effectively. However, dark/dematiaceous fungal species of genera such as
Acrvemonium (sect. Gliomastix), Phialophorva, Cladophialophora, Arthrinum, and Exophiala
were often detected as predominant species. This suggests that those dark fungal species
might have been dominant as relatively tolerant species to UV irradiation though signifi-

*TechnoSuruga Laboratory Co., Ltd. *2TechnoSuruga Laboratory Co., Ltd., Chiba Branch Office
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cant visible damage by such species was not observed. On the other hand, dark colored
fungi, such as Phialophora, Cladophialophora, and Exophiala, were also isolated from the
surface of the southern stone of the Tumulus where UV irradiation was not applied.
Therefore, direct relationship between UV irradiation and detection of such species is not
clear at present. Since Phialophora, Cladophialophora, and Exophiala were often isolated
from stone surfaces, they may be considered as fungi that grow on stones. As some of these
genera are known to be human pathogens, appropriate precautions are necessary to handle
such biofilms in the tumulus environment.



