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1. [FC®IC

F b IHIER, SMEEFRRROBEZET 2 HETHD, 2002FIULTICEDFARED =
DOBOERNEFEN, 20044EM S FHIMAHED 5N, B 1ITHB W T, 200340 520044 9
AETOF T HIBICBT 2 HEEORE/BEZMEL720, AMTIIAHONEZELYL 72
DL, 20044FEBEMB2006EFTORMZEEL THET 5,

2 . REEAIOKR"

F b S HIBOEBEERD IO UMY, 20034EE LM, /NRTERE, 258 E0Er %
ICTHEDBEZFICHAE L2, NilENBIIHEBEKTORITENTH L, HHFEHILSY /—)LTU
BELTH, BEBAIENEHETLIRETH >/, 20034F 9 HIT/NRTENS FEIIRHEEIN/ZHE
1%, Trichoderma sp., Pewicillium sp., Aspergillus sp., Fusarium sp. (LA F, RELHEE) |
Cunninghamella sp. EEHEE) RETHo /. WTnd, LEORMNIEHITHLEND A
EThd, 2B, Zo0b, EBRETIIBIDZHEORFEAORER, BEtNARY>OoF8 >
RDOBHEER-002 ( (Bk) I AN TOv AP —E—) TUBEBINZOEET 0> (FELE)
THEEFREZINZZEE, MIEORIIFFOMBE S RNTRONZI EICEST, FLLK
#INT,

3. RERAERBEORNA

F I HBEOEEMOHM, BLU20044F 1 AR SBAI Nz AENOFEITEY, 2004
EI3ALRE, GEADOSCEENICHENREL =, TORE, HEICHRE, BREEENTR
b, BEEADILKREZMHIT 2B INHEITONTE/Z, TEXREAINZHEG, HERESET
EREnizilklaiizl, FEQMEEOBBEEZFAEL Tk, DENREAELZERICIDONVWT
%, 200549 HETIE, WHEATLY /- &2ERELEFEACE DAV ICETNZREEE
Rirlsbh, BERGSICENIFINLATIVTE REREZTO LA D> (BERL) . La
L, 20054 1 HEN S, BEAOHIEZETH2HENGENAGHM ETRAEIN, - hEDHAR
5T NIFUTY, BERRENREELAERO IO —8BEERICAVWHEN DX DT> 2,

NEHEOWMEMC L HDHEEZR/NNRBICIMA B0, Dl EHBEIC2E, SBRENEZDR
EEENTHRODNEENRKT SN TWED, AERNTOMEMORER, BLUFOMEER
2006 LIS MICEA TE TS, &<IZ, BWAZETIHIEDS, NIVTUTENGEN
WWHWHEIND LDk >TWD, £z, AENTREREO/NEYHEBIIHAIN, TED
BEOILKRD, —MHERREEDIIERIHEICDAN > Tnd EEbN 5,

I 51T, 20064EELIRRIC, AEOMAEMBERIII SICHES, N7 T U T E2ERE LzRITA
ROWE, FINROWE ONTF T 14 )VA) DEEMIZED KOICHEL, I5ICTOYEE
HBELU THEREDHBEOBRNI B IZEADDH D, I5IT, R, AENOEBRDOEZ
AETAIRBITRDBEL, RPERKLTWSEHENEADDH D Z ENHEREI N,
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BTE, WHEBRAIKRICEDNA T T4 IV LDBRERTLARBIEICE N EZRLSTEEBIZ, TESD
RO BRMOBEBEO EDIZT L/ REEENED SN TNS,

LU Rl 2 RERFIEIC R 97,

3—1. 2004F 2 AAZEHRHBFOERZERICDNT

20044F 2 A 2-3 HIZ, F h T HEMHFOAENOZEL0Y v ~E/2132500 v bV &2 ZEH
WY > 75— (BIO SAMP MBS-1000, X KU +5#8) 1ok o TEH (7 0 —%EKE )
IZIRE DT 5 ik TIRER ORENTDNI,

T ORE, ABSNOFEFKITIERICORLS, tdn a0 -8 & FEREH i1 O
OZ—Mh64IJ0=—BETHD, HEOHEIIVerticillium sp. (TBK-11(m), TBK-12(m))
B L RAspergillus sp. (TBK-13(m), TBK-14(m)) ToH > 7=

2B, TBKEGIE, FhoHEERTHEIN, HAaCULMIIZEERIICBWTTY > IV TRE
INTWALREEKRTH D Z EERT,

3—2. 20043 B-4 BO®KR"

PEEEA D OfHEICREDOAED, MALRACHEICHWAIEDEANHEELZ. WInd
WHWHEALY /=X O ERESREINL, REDOHENR, Trichoderma sp. (F1T 2 Fi%E,
TBK-1(m), TBK-3(m))Z D, Penicillium sp. (TBK-2(m)) MEEZhE &L THhHiah
72

3 —3. 20045 5 BDKR"

INFTE ORI AHEICERIOcmIZED HENFHEAL TH D, Acremonium sp., Penicillium
sp. (BWEDDHD) N EIN, Acremonium spld, RRESIFVWKAEZETIHDTH -
o ABNIZDWTIE, HEED LN b RAGT EMBETHENREEL TH D, Trichoderma
spMEERAEE L Thitahiz,

3— 4. 200456 B-7 BORKR"
HENIZTrichoderma sp., Pewicillium sp./2EDHENFEAEL TW=, WEHIY /—J
TREINZ0L, NIRILVLTIVTE RIEXRNMT bz,

3 —5. 20044 8 ADKR"

20044F 8 HHIAICAENICTHEEL TWAEH OBEmO® & 0I1XT L, REEENfTRbN,
HFHMEOBEZEEGEEL-HE, TOFICHEDOHANTEREIN-, (7# SN2,
B £Al (RP System-K& 1 7', ZZEN Z{bFEA L) L E&BICHAIN, TEOFHEAEEN
il L7z REETRESIN TN S,

INGTEDHEARIC, BREORBHEOMEZ D DN ENKRIN, HILML HE T KL S8
W& BRIEDHE, Phialocephala sp.ODHETH D I ENbhoiz, BEEAZEL, R0
BERHETH D20, IALABRWE D MERTENLRETH 5,

3 —6. 20045 9 AR
LRENTIE, NREZRDY S Trichoderma sp., Pewicillium sp., Fusarium sp.7% E 75 ¥ EfE
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ELTHALTWED, TEORHIBEREMETCHENTAHAENRAEET DL RFEITEE
5o Tz,

FAZEA D Phialocephala sp. OFEEMRMIER L2 E0 S, REHFHEET MU T L10% EK
OKBEbT U U L04%EH) THREEEDTRDNL (9H29H) . LML, EADDEM
ETHEREDLO TNEEDIHMBICESTEET, SBBBORLUBNLEE NS RR
Th5,

3—7. 20045F10-12B DIRR

HENTIE, Trichoderma sp., Pewicillium sp., Fusarium sp. /2 EMEEME L THRAEL
Tz,

51T, 20044128 9-10H D ik, 12A1THDHBICHBNWT, AENHERERLIO L —
AUMIIRKBOAENFEEL TWiz, BEEOKE, Aspergillus sp. (TBK-30(m)) &
Cylindrocarpon sp. (TBK-31(m)) (BE 1) Modtsni,

F/z, ARMEMEICHESNTWS L —3 2N, #HEa0nWLBBaICERTIHANAS
NBEIHo, LA MR ZEZEHE T2 L, HEOXDBEBERAAT, 0DV
REFROHIROMKN R ATz, BBEOKRE, 2-3BEONZ T U 7RNBEEN, M ERA
WKEEBAFEENT D OEH ok, ) BRASHEC Y —ICHEZKBELZEZA, ZOM
Wi, TEMNSE@EICHEEINDNFILA « AHTU DT L (Bacillus megaterium) & WD FE
HOMBETHDZ ENbho/z (BE2)

BEHE 1. 2004fF12H O GENO HERE FHE D S 478 S N 84D Cylindrocarpon sp.(TBK-31(m))

BEE2. 2004F12HOABENOHEFEFEL — 3 MO BEATALD 5 5 8 S 172 #ll B Bacillus
megaterium BEOEREEAL TS
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3 —8. 20055 1 BOKR

20054F 1 HLARE, RIFRITRBZNW LT IVROWENERO & 25 EZAITHBLL 2. 2005
f£1 A7 HICHEE, mEE fEXORNL ZRITARXLAEAYEERHNZEZA, WINbHHMlE
BERE, HEDRGMTHO (BE3), HEEL TIE Acremonium sp. (58 4) (TBK-23(m),
TBK-24(m), TBK-26(m)) AAWTHNOEHHN S bILEITHEES Nz, HEENSIE, Z0ENI
Aspergillus sp. (TBK-25(m)) B & & 4D Cylindrocarpon sp. (TBK-27(m)) borEtS Nz,
Tz, N7FUTELTE, XD anozZ—%2Kikd %SRhizobium radiobacter (GE5)
DIED, HEEEX D Stenotrophomonas maltophilia, FEEEX U Serratia liquefaciens’s E W< D
MOFEHRE S N7z,

£/, BAEOHIEREMELS % B DN EPhialocephala sp.7s, 20054E 1 A21H, 27H D stk
GENFEEE FREICERRINZ, BEEEZEL, STROBBERIETH D720, BEEIRICHE
BLEWESHLOEENMKEESI N, WEALSY /—I)L-8 % TN < U KD, BRELE
BITisbnc. TODBIE, FERAINKE, HEAILSY / —)L-03%FII<U > THRE, KR
TEENTIabNn i,

. 20054F 1 A 7 H, AENREEE PEEE

B =% (5T X510) MEOHBERpEICkBIIEENT
B, BRI, DEREMEL- W7z Acremonium sp.
TWABKTNEZD

BEES5. 20064E 1 H 7 H, AZENKEEE, BIUOTEEOHRMEN S pEiI N, XEZDE20H530
—— %9 B Rhizobium radiobacter
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3—9. 2005 2 B-3 AR

20054E 2 ADHBRITBNTIE, AZENTHEDITD, EHRHEFICHKRTIEEZE 26N 584,
EEOMENFER I Nz, () B REHEHR O LB EXEL ORI XL, Beao
EVnbdD, IRRODBDOIIHETH 2 EEONDD, EHOBEIIAHEDIETHoZ. TD
I, BRI O/NEYOHELEEDNDHDL, ¥ ZOREDFRFIZED SN,

20054 2 HITHB XU 2 A25H DM TIE, Z7IVIKROWE D ILEE, HEEICHBIRINL. 2
A25 1L, IS LICRTWEEE, ZIVRBEO SO 2 KB L 7Z. T Ok E,
INETEMREE, TIVRBERINY T 7REEORAEMTH, HE EL TidAcremonium
sp.7Y, HllE & U TldRhizobium sp. S ZENTND EDERTH > = (BiliftiLiE+, fE) .

3 —10. 20054 4 B-6 BDIKR

AENTEMHEDLSTTFIVIROWMEDHEDRENAH SN, MR EITkhE, ZRENTRD
N7z,

4 H28HDHMT, AENTNYTIALY (EFER) BNEARIN, G SUEB REHICHO
IWEBRRICED Sy PONS I LT ERESINZ, 512, 5 A12H, 5 A18SH D ST,
BENTEZHEO/NSBNIRFEAEL, ) U REFFRT OIS ALK, MNEFERKITK
DZONRF /) ANTERESN, FEXETHREIN. ZoROHHIEFARP S HIERIZN
LHZENHMENTBY, BEOSAENTHELEZS D EEDNS, Z0#%D, LITS<NY
LAY, F/aANTRENHEEIN, 5 AI9AIKE, FAALIO—FE, 6 AISHIZIZLNT
&, ZORH, AENTIEIERERD/NEGHB R DN 72,

3 —11. 20054 7 B LAREDIKR

20054E 7 A, HUEBEOE DT U/ REBEENHBIN, MEOAF)ILE)O—-2 (MO)
& Bk iz ENfrbingz,

2005647 H 1 H, PHEEDQROBRWALEORB & DIXT LIEEORE, BBIT/NIRBENARD
HNTWBDONFERIN (BE6) ,

| =

EE6. 2005F7 H1H, A=MENS DRI LRGN (B12cm) ICRS5NER (FERE
AR ER, 1558 95)
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I5IC, THLHOEXOE, HEORBORITBICHFHAIN TWAZL—3 2, 20
AEEHBWENSFEEL Tz, MABEBFICIITEOEANKADNT, BIREHFL T
LDRETHERINE (BET) . £/, FEEAROMADBEBAOEEIL, ERIIHENTWSHE
FhERINE (BES) .

I 512, 7T AISHOERIFICIE, MEREBICAVWIEDEANE S Aoz (BE9) 729
WHEMATLY /—I-03% I~V > THE, BREEENTRDNE,

8 HI2H @ M TlE, JLBEIC, PHEEE OMRICIRWHEIPET, Sx EB0nI INEL< ANk,
2 < WBRETH- 0%, BEEEECHILN > TV, A, 3-5mmiEEDRADIINDH >
7o ZREEOERmIZTIVIRIERHA 5Nz,

BEETI, REMM EICH, MAVKDOHDRINFEL T, HEEDLPEETIE, EES
WETANASNTZ, EADOMNTIZIZAWIERHE S IEA> Tz,

IHIT, 8HIYHOHAMTIE, HEET % (/) OE@E LI IVIRMEN KA THWE (5
H10, /) .

BEE7. 20067 HS5 H, AZHEORIBICHHIN TV L —I MITHEFEL TOAB/NEBAIC
AEMMSBDNTWBERF(E X22, H X32)

& J&% 1

BEES8. 200547 H5H, GRGEDOH/NEBF BEH9. 20054£7 AISH, AEMEICEELTY
DEEVSRALL THDEET (X40) gg;%(ﬁé%#:@@&ﬁ%,ME
3 :7/ %
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BEE10. 20054F 8 H19H O ®E (f£) (GEZME - BEHEMNEE, )2 BIT200549 Hicr U —
Z2TELEDBED2005E10H 13H D ()

3 —12. 20054 9 A DR

20069 H 2 HO SRR TIE, JLBEICEWLANREAL, ZOEDDICHWIAIAIX L 72
MBI > TND ZEMNHREINZ (BELD . BEWLAOEHMIE, M8 XDFINT U ZKIEK
k> TUENTONZ, 51T, FEE, KREMEA LOMMAVKED OH SR OENEZ, 2F
ZRIINRIILZHENRBB> T (5EH12) . ZRNETORMNT, boEHFEL WHEERN
EEZONZDOT, ZOH, WEHALY /—IL-03%FKI<U > TERELLEDL, NTKRILA
TIVF e REED TN,

BEHE1. /£ :2005F 9 H 2 HICHLEEICREA L TOAERRAOL A, BRUHVWRAIFREL-ME
£ 20056E 9 H 2 H ALEERER AT O REGIRE  (FRBEMEE 1065
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EE12. /200549 H 2
H 20055 9 H 2 HARERO Lok, HEGUEH(EEREMSE X10)

2005 E O R EMHEDILR DD, AMOWAEYE, BIUHHEBHMOEME (&
BiEaE L, gilldizEt, HHRESELD FAiTo5Z2, 9H16H, BHMHEAENMTbONZ. *
OFER, BUTEGORTRAIXLZHELTIIIROWEITIE, BUOEEZLWEONIFUT &
FRICTHERERR ENREEL TWARENBERINEY, £, BEOERENS BRKOMA
nEsnit Y,

ZOBIZ, AMEEMEN S T2 0 &S mRidiad UzmEs VRO YE 2 BE I i E 3
&, NITFUTNERLEE, HEPRPERENVSBWICER, ERJT2@RENDS) &
NI L, ZORMEZT, EMENS TE5720, BEHICEEZI3TULREET S
o TNMAARETHIUL, TEZ2RONTRAXL7Z2WE, YIVIROMEZRET S &) &,
BC TBIEN H - /e,

HHELONAF 7 0 VLADBREIZEL
ToOBE" 25T A, RITAILZYE, 7
JVIRYIE ORREF RO T RbN .,
T OREFR, BEOHIICE>T, BROIK
BIIRE<EARD, WEDO—F, JtED—
ERIZDWTIE, S 9 WiIEEE OEEE LK FE
WERAWDHENEHATEZ 20
7= (BE104, BHEI3) . UL, BBk
EDOFEMOIRAEL, TWIEHTHO, [H
CHEMERHTERWI ENHS N ETL S
2o BEITBUT, HiWAREOMHEH bR
HEETBEERVWRTTH 5.,

F/=, FHZEIC, BEOFERHIL, HE
ATy /=)l ofkboiz, HHEHRTY 7O
N =)V EFEARELTHWSFEICY OB
AbNiz, (BF1)

9 H22H, 9 H29HICI, MHEEIZEER D
REEZHERL 205, Ak L=wEo

R T . ZDHIET, HEE BEEH13. 20056 9 H16H JLEEDNA A7 1)L
BREMERD DN TET, #EE, N7 e
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PFHEE/S E DRPII MRV KEDN A SNz, UL, MEEARE, WMUAETIU—Z T NTE
RABFNICDOWTIE, BRERREZMD -, £z, MEREOTIVRWE S ZITHROHE
WREEL TV, HEAAY 70NN I—IVTERE, BRELZHDOD, ZOLDBFEEN
BORIND &, BROREOSENEATNLS 20, TELRDBENEFRORENEEND,

ZOIHDO—HDBEFDEEDOH T, BBICINE THHIMITITRB I N TWARRD, —
EIIER, £RZTOEBHRE, HMA T TWSZEMHENIIR>Z (BE14) 7, KT,
REOI) =T RHABERIC, BPO LIZRAINZ/ASI VR (BELD) , KRELHDOR
2ER, T<EROHBLTELZDBDOTH 2,

ZDHEEZZT, INFTORBRKROBELFELESLET A, SEITIFV > TRAKRE
KBo7/20, FEITRNMEIND DI 2N H 572"

9 HI6HICHAE L =B OMAEMEIZ DOWTIE, /1 EOfEIZAcremonium sp., Fusarium sp.,
Paecilomyces sp., Pewicillium sp., Trichoderma sp., Cylindrocarpon sp. 18 &, Nz 0%
RS2 ZEARan™?, I L2202 —2 23N\ 57U 7 bEBEN S EEIN T
Wo, INHIZDNT, BITE, FLWRENED SN TND,

BEH14. 200549 H29H KHADR (BEES BEE15. 200549 H29H RED EDO7 VIR
KZlcm) DOF DFN WEK TRE S THNML
eEl») BIURHD LD

3 —13. 20055108 DR

20054E 9 HIZ, MAEMICX 2EEHOITIT L ZWEOMEITINA, BERONROEMNIEZ T
WO TW5BZ &2, 20064E10H18H, T2 71U — MAEMOEMFE TH Rk HiELRT
DDA, BHAEN TN,

F7z, FH, 2006£ 3 AIZT TIIIZE L DTON, HEINTWEERKFZ2HEREALEZED
A, BROEMICIFEANHD, TIIWXEVWYERZEo TWLEFINGIHEENHDT LD
WRIN- (BE16) . BRERICADBS WTEEHROEML, ZoL>allEnroEAT
MK EL RO LAJREE B R I N,

HFAE L L OB TORBEHAEZORB TWEEWEFARZERNTSE, UMTOLDITh5,

REEMMTR AR TS, BHAITNAEBRBOEMICRBENTWZEND ZE, N
RMMIEDDAE—RTRELBDZENDZENS, BBREMICBZASHORERNH S EBD
b, ABNTITI0%EVEETHZZENS, BRBOEMIT/KOFTRIVGENTFEL TW S A]
DD, PEOKDKIFIARBRETEED, TIXMEMNEIAL, TORBEY EEBO
IREEAIN O LMRIGEL TIET T D5 EVWSHHEEDEZ 5N D, FE, BRI DIUITDN
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BEH16. 2006E 3 HITHIZIR ZE L Db N THERESIN TWDIERF OEMICASNDIRNIFT A
oOBBEm RWIEIIEGEL TWian, BEWRIIHEY DR,
FoEEE BuAFA R AT TWS, (BRI  BEERE, )55

THMAIN S BIER U 7203, JRWHIPHIZD 72 > THRIBE S DBFEWTWSEFNH 5 2 Eatbho
(FEEE) , WBNE FAIET DI L2 MIT DD DNZ M Hikl, TELFEITELSFERD,
RETHIELERS, ROFHNE, VIEMWEEZEATLIEHEZLSNDD, TTIF

NWTWBESITIINEN N ERDbN S,

E5I, OHEOHRKELOREICLD, ZORKTOAENEHORQITRITL ZWENSIF
Sphingomonas, PseudomonasizE, WA F T4 IVLEEZNITUT7ELTELALSNTY
DHEONDEENZZENHEINTVSY, ZOXIBNZFY 7N, Lol =y
B, N AT 4IVLADFEKREBR > TWAAREEES RV EE Z 5N 5,

4. BESTOMRR

AR EATIZIZ100% O EEREICB W TIE, WICHTESHESMAEMOREICL D HEE
BOGDLDEDODRNTH 2, MAMDORGESGHRTH2RTNRT L WE, 7IVIRWE ON1F
T4 L) DEMTOIR, AORVWIEDREELRE, MAMIIEZEEL <LWVWEEN2K
WML TWBRIHTH D EEDHIC, BREICHEEL TWDROBEMEE, BEHOBEEDET
Wz xDD, EFITHLNWRIICH 2 ENbIT B EERN,

WAEMHEOFEOBFTEIMTLDODD, FROMEBRERDOD L, TELHRVIHPOMNT
BEE DIREEENED SND T ENMSEEND, ZORWESEZ, 2006F108 L0, BEHE
OO UMRERENTIFEL THEDSND T E &0, 2006412 BE, BEE ORI 2 EEIC
FIWT L7235 OBEE QLD 44 U/ARFEMESEDY, WEE/RER D P NICHD 5N TN S,

B

ARG T OMAEDOWME, FEICHDEL TE, BIIMERIKRELEZETE B0 /A
JVITN C 1T M BEHEEEAIEER) | @RI ELEE S R @A M EY R, 25
TR N BSLR B REMAEY TR EEIRICBHEEITR 25 & & DI, BEE O fRIFS D
SELTHOREBHEBYZT 2 WL EE Uiz, £k, HHAREY J v RS HEUFFER T H 2 1L
I, BEEOMAENORIECHEANEFE DI L THELDERN RS2 WS EL
7zo (W) BARED N> —#AEYRBRR, BEHERICE, MEYOREICEL, Bitss
D ELE, RLTLEDEHNEZLET,
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SE X

D) RNox, EETR FEE, ZWER : F I 5EH0MEBRCEECBI 2HEHATRSE, K
FRVE, 44, 165—171 (2005)

2) BluHi%  F b HEAEFE CERITE I H16HFEK) O HmE, Rl b 7 HEORE
AEHEFICBE T DMAEM AL RS B8 ) &R 5-4, (2005) LT

3) MBS F I HEOMEMPEIIOVWTOFR, KLY+ b S HEORE - IEHFICHET 2
HEMIREES (B8 H) &ERS5-5, (2005) XfLfF

4) HHKES : 20064F 9 H16H F b S HEOBMAEMFHEIT DO W TOFA, FilEE+ b S HEORE -
EHEICHITIMEMRERES GB8ED &R 5-6, (2006 XUT

5) KRl b HHORE - EHFICHETOHENRLZES B8E) &R 5-2, (2006) SULST

6) #FAKJ7:2005F10H 1BHF b T HEOFEICDOWTOFA, Rl b S HIEOMRE - IEH%IC
BT 2EMAELZES GE8E) &R S5-7, (2005) XIL/T

F—7U— R ¥ (tumulus) ; AE (moulds) ; /N7 571U 7 (bacteria)

<EB 1> FHIEE, A%, DETESICHEM S 2R E LR O 5

(1) 200549 H LAHG

BFEARE I, RICHFAIZY /- BSHWSN, BHick-oTiE, HWHERTLY /-
03% BN~ U ORI N, E<STHEDRENWITEZZRET 2RI, B s@mWETc
ROMBHIY /) —Ib-8 %R UCEZIZS8 B HRILTU DKBENHAVNSGNEZ EHH o
/7o

RS E QB Z T TIEIRIE TERWE SN T FIN LTIV T b REENfTONZGE
DO MAEITBITDINIRIVATIVTE REZADOHREEHEHEAIZIL, LTOED ThH 5,
2004E2 H7H 6g, 2HI13H 6g 3 H2IH 6g 4H9H 9g 4H30H 12g 5
H20H 4g, 6 H16H 12g, 7H3H 12g, 7 H16H 108, ZHLI&EIX, &0IFT LD
TEEEREOBENS, BRENRTUIHCTRbRWI EE L,

(2) 200549 H LAK#

PRI, RO NENORRMEEZEZ, HHEHLSY /—IV W0 Ls J—)b) ZHLIT
FBHLTELY, ZOFETRIRNLENSR B> TELIE, KMEEETISY /—)Ln
o I-BRICHIE R EORBBICRZEEND D EOEMMNHD D, 20054 9 H16H LI, #HFEM
A7)/ =)V 0 vv%) EEERETEHBECYOEZ L, 2OLSB7IVa—)VEFEK
ETDRBEERL, BEADEED, CVRTLEENDOEEN S LD NEEZEZISND S
ETHHIENOBEAINTWS, 2006FIH LA OER DFENS T OEANILLTFO®D TH %,

AN (WThbERITZAARINEZEE L ZEYRA 2L THEEDZ L)
(1) WaEHALY 7N =)V K70 v/v%)
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AENT, BEAOKREICHEH. ROHDEIABT,
(2) A4V F)N =)} (T5vv%)  + @EEgbkE (3 wvk)
RTREDONAF T 1 IV LADBREDEE, Alfela s A THA,
GBEEIL/KFIBER T, TDOXEETIIEEE (3 %$F2HE TpH4.5 -5 ) THS DT, NaOH
WML, HHEIZLZDD)
(3) @i {bkFEAK (2 w/vh)
RTREDONAF T 1 IV LADBREDEE, mlfela s A THA,
HRALZOBIL, WEKDDWIIHKEEK TR LS, SBRICHBHAIY SO/ =)L 2%
L TR, BEBLKEBRRE, ZOEXTIIENE (3 %RE TpH45-5 E) THD
DT, NaOHZEHEML, HiEicLzdD)
(4) 4 7)) =)L (75v~v%)  + Kathon CGOERIS (0.014w/v%)
RTREONA AT VL DOREZT D E, ENOEFANTHBREINZDE, 1]
HREZATHM. NMATAINVLADERELRDINITFIYTDEFEENA, N FT 1)
LDYPEKRZBIET %, Kathon CGOHEZNL &3, 5-Z7 O O-2-AF)L-4— A F 7)) >-3-
F, BEP2-AFINAAVYFTIY3-F>ThH5,
(5) AV FO)N/ =)V (@vww%)  + FIVLTZIVTFER (1wvk)
itk DR ¥ 2 R 9 2 BRI .
BROBDBIATIIFEALBY. (RIVATILTE RORMEE3TWI% ELT, 1wk
3% & 512

oM, /NaTEM, AMRH
(6) HEATLY /—)

AEICAEZET D, EXEFOHFICHEAE (1 7O/ = VidsENEnZD, AR
ALY . 72, AENTH-TH, EEENEDITT ULIEXOR, BEET THN
HEHITDONTIE, MRBOEHFALY /- 2FHT 5,

ZDIEM, BOEWEORBMEEICTHENEZ TS & ZDORREITH,
(7) WEFT— (Fahksr REHEER)

BOEVWHMO LR EICHERFEAEL TND & EORKEICH A,

(7272, ZOFEENL, TINI—ILBEBLKERELREDE, HENKELEDDT
G THDHDT, HHICHZ> TR TR BEENLETH D)

INTHRIVATIVT & RIEZKIE, RAlE L THOAWA, 20054 5 1 LI O 4L ¥ o E5E
R Z OV, 20064E9 H 2 H, 9HI6HIZ, TNEh 6g=HHL T, /NTK
VAT IVT b RERNfT bz,



2006 F b I IEEICBT 2 HESEFERS @) 105

Investigation of Biological Issues in Kitora Tumulus
during Its Restoration Work (2)

Rika KIGAWA, Hajime MABUCHI, Chie SANO and Sadatoshi MIURA

Excavation of Kitrora Tumulus started at the end of January 2004. As some parts of its
plaster walls with beautiful mural paintings had become detached, it was decided to relocate
such parts from their stone support and to restore them in a safe environment. This report
describes the biological issues encountered during restoration work.

In the course of the excavation of the tumulus and the restoration of the mural paintings in
early 2004, some moulds such as Trichoderma sp., Penicillium sp. and Fusarium sp. were
seen inside the tumulus. Phialocephala sp., which is a very tough mould, was also found on
stones in the front room. At the end of 2004, dark coloured moulds such as Cylindrocarpon sp.
also started to be seen in the tumulus. A bacterium, Bacillus megaterium, which secreted
brown coloured substances, was isolated from a piece of paper which had been used to
consolidate fragile parts on the plaster. In early 2005, small colonies of viscous gel started to be
seen on some parts of the walls. Such gel was a mixture of some bacteria and fungi,
Acremonium sp., etc. Therefore, such colonies were treated with about 70% volume ethanol —
0.3% formalin. Insects were also found often in the tumulus during spring and early summer.

In the summer of 2005, the viscous gel suddenly increased to form “biofilm” on the plaster
walls. It was very viscous, covering parts of the walls, and 70% volume ethanol was not effective
to remove it. In September 2005, investigation of such substances inside the tumulus was
performed with the help of specialists on microbes or microbial control. With their advice, the
bilfilm was removed, where it was possible, with a low concentration of hydrogen peroxide
solution, then treated with about 70% of isopropyl alcohol. Such method was effective on some
parts where plaster was relatively intact and robust, but it could not be applied to places where
plaster was very fragile, for example on the south wall that had a very precious painting of a
phoenix.

Furthermore, in the fall of 2005, small holes with black substances inside became obvious
on the plaster walls. It seemed that the hole had developed from the back side of the plaster.
By investigation, a specialist on microbes in concrete suggested that such holes might have been
caused by some activity of microbes at places with small spaces on the back side of the plaster.

It is very important to relocate the mural paintings as soon as possible and to keep them in a

safe environment in order to protect such paintings from quick break down by microbial attack.
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