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I # 8

BH#£0)F 9 — 279 chalk (brood) disease {353 —2 7 /L— ¥ chalkbrood
LR, BB (419 - §%) 75 Ascosphaera apis ( Ascomycota
TERI, TEFEEH plectomycetes, Ascosphaera RO RIVER) (2
L TBIITRIYETH > THREHRDEEIR I 1 FMRE ST\ 3,
1% FTIIHFIC Apis mellifera &4 I77 3 WINFOGHBLPBEETH S,

COBBRDEAS A T3 5857, 19134 K4 W) Maassen [ 100]

&0 Kalk Brut [HEF] " & UTHEANCHES N, 19165EITAED
JFIAEFX Pericystis apis & 4 307> [101] . Claussen [43] 134t
EAERRICHERT A EFOEERIC OWTERIICRET L, SMEOETESYE
I ERERPRE T EINRICHR U TEHL, 2 EEN2% synascus
EFPRRL7E, TGRS EINEHC L A E ARSI /el L HFRE
BRI FEERIMODEAE Pericystis apis & FIEI /e L c3dd%2 5.2 7,

HE) Betts [34] |IMEBEADEH Pericystis alvei AL, 191%F
Chalkbrood NDER Z 3 LI L7245, Pericystis alvei Cl37Zehr-72
EELT, £k, Pericystis apis (2595 3Rl BRI FIIBIEY) Elif
3N, 7T ATl Varitchak 5% [147,148] , AA AT Maurizio %1934
&, 106065E, F—A MY 7T Prokschl [124] D1 BHEICHEL 7>, Maur
izio [ 110, 1111 {3 Pericystis apis DFIFERIZATL L /NEHS B DI B E
WIZZALL 720\ e L, Prokschl , C D 28IZ 2L, AN D% FFEH
&9 AR E R TR RIA T 245/ L L,

7 XV 7 Spltoir & Olive [137] IZAREFEICOWTHEHRET2HA, 1
FERFRDRIFIIFEF U THESED 2 WIEEROE R E 2V, TiEREIIE Cla
ussen [43] DFEIET 5 & O L REFAVEE L IBREE L 2RI O LT,
WEZC LU TEET S L, MRS DISEREREET LY, HEARITA |
LDFELIESLLIp-72k L, AREE% Ascosphera apis (DT A. apis) &
L7z,  Skou [135] 1% AscosphaeralE% & HICHFEL, AEE?

- A major X M 84, /NEFEIIHERDA. apisDF FREETHZ LI,
Thorstensen [144] & C OB BHEEERICIIZE L T\ 5,
BIECls, HREHTS g —7ROERB RSN, FORIEFIOWTHT

-1 -




F3N0DH 5 [72,8L,H,%,%] . X5ICHEENE, N 7Y v REC L
HIUREDIS, ZEROBER, HEHEFIORR, HEEFIDER, MR
L DEHHERNSELRETEN D05 B0, WOF L% BB
DPLLWDIEARTH S [128,130,140] .

OPETIZFHEING [145] B33 oy ANFES L UTKE DB
b, Z/ciliE [163] PHEEROBFENRIC OWTHEL 28, BIEB XU
IR T TR L7 EDFP S, FNERA. apis 2HBEL 735D H 5
B, BIENDTa — 7 ROFREREI -7,

Zoftt, BROBGIEL UTlE, 77X AEER [14,20,30,74,75,76, 12
1,1221 , F—v/NEER [19,162] , w27 0—K [26,27,29], /&
< L15,16,17,82,1321 , 7AH VG [18], 774 L AEREDMOBRER

[4,21,22,23,28,88] , SWINFAKA &5 [71,84,B], THIRZNDfh
DIEIYIE [2,36,46,64,92, 100, 101, 123] X &L H A, Iz, BESTE
MR EPREINTWS, TRLIZHT AR OWT LTI NT
VB, FFELTE P THREDSASNEEZFENEZ LTS, FTLEE
TRIEHRIIPELS, DAETIIREEIYRTIE [121] 12X DEEEpREI
FEEIN, BHHRHITV TR SNTWAY, 7X Y A4580E [42,64]
TISBTRDI] AU A DGR TRMTEN S & A5 HOEA
HINTW5, |

E &I [149] DFT#RIC XUE, EEE ABE Db DiIh<, B
13 2F T3~ | THERIP O S LTRSS UIREDERED RS -7z,

NEDZIRILDEBTTFEETH > T, ORI, LBESARICHELT
BRLDDEITHL ., BUUZEIT 20 BB S L O
MNEZELTE/DIL, 18034 Lorendo L. Langstroth H3EGNIREL 70 2
BHZERL, COBMEFBERIIOWTERR LI LIZE2L0THD,
GBS D LW > THESTIIZNW, SHECIS BT RA,
FAEPFIESNTNWS Y, THIIIMEDSIEL7BRE), 8, 2B
 DRADEET5 L ZAHPREW, SHTLERTEORFIIE-> TS
EPHLENDEZ S, .

C CTEROFERIZOWTETR DB THELL TBEW, BT A
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rthropoda BRI E &M, Insecta BHiJf, Apocrita #EEH, Apis I'WN
FRICHEINAFEIETIFHCKRIINS, §74bbh, T—r v/ G

; A. mellifera 7 ¥, 7’:) 7TEEf ; A. cerana,A. florea, A. dorsata
7:(‘ E, T7VAFEE; A. fasciata 7 EHBRENTH B,

sEoDFEFE [1, 35, 38. 41 55,69, 149] 1310 1EH 5 L Wbt BY, ZD
HCEELHESEEE BOER IEDT CREDELDBFSTH 5,
BIRIZIIRELITT 3D Y, A K, hE, B, #E, X)) 78E
B7 PTG 7L T\ A Apis indica(cerana) 7SO TREATT
W ERARRE T/ MNATH D, BOIIHUITY 7 v oI —7 %7y
YETRZRHLTWE T 7 AR TLY 7" & Apis fasciata & 77V Ak
[ Apis adanson FEDHHESH 5 HNVTNLXEETHEMEL B <&
ENLI7SEFRINTIIR D P2 D ALNRWERTH S, BOIIHEIEA
Ry T ETHEIP LA ) —HBICES T —12 v/ VE Apis mellifera

T, ZRUIA Z VY7 Italian, F—35 ) Carniolan, 2—A3 7Y
Caucasian, R{MELE Europian darkbees O 4 BERENSH D, FOfifar 7y
SEREDSEAZE, HEShTW5 [65,70,77,85,89,90,98,108] . 7>, HIX7e
WEEE [97] DEFE, JAENA 2 RTINDRER L7 BFHEDm A
ELTWA, 774 T Apis mellifera  ODFERECH % Andansonii of
Apis mellifera SAERN TIBOEIIZ T T ONNEAZIRN, RELETX
UAD¥EE EHTWE,

TITTIET—ay /NEEIZRRELY, 4 RTELAshTWe
Apis indica TEZDLDLRLNS L, BHERPEEL/NEWOIEHT
BH-7z, Apis cerana DIFFEDLDILGELIRF 7Y 7, S5 CI3HAR
Ry7 (Vi) IZETLIRF -7z, SHUIRICBWT I —0 v/ Sl I7EskED
BRI TEE,L, WoTELLDNZL, BN F0/8, HER
HATH I—0 v/ SEBPEGE SO 587> TELD, BHAEIZIIEAW
S WHADEZWR T 57:0ICBREINEP LEAI N 2 L L ZhUziE
CEEPi7e [70,77,8,87,89,90,91,92,97] . BRITETIE Apis cerana &
Apis indica (3% < DEE/ZEOMFEIZE DA ( synonymous) & ST
Wb,




COVEEY T AT A L SRS (FEE) D—l2EFs
W, BIETRERCKEEFZIZUOHARS Y [10] ,e0va [70], XYL T
[56], WAL [36], 4> K [49], &E (841, 7991 [D0],
RUE7 [89] % LAUESCREES M < HRE T S s ic 5 8
T2, it,ﬁ“ﬁﬁki0+ﬁ¢%¢%@%ﬁ#<%&@otuﬁﬁ
(B ED AR T o7 L LEETH S,

BIEDTRAIOEEHT [1491 , 7,000 B. C. DB ANA VzBiT b8
(ZESNBEDP HIREEZWE L L DTH 5, YOI ®EDD
BAREETYOW>TEDE ZEN Y, BRI LIRSz #EED
L7ebDEZDE ZFEL TN, BESEIESNDIL, ZTAHEETI3Z4
< BV EIEHES O CIRE I L C A od T L\ (5,000 B.OC)
ZDME, RICER I CBELRRD 5< LGN L 0RLy 7 OIS
ERATEZED, TNRRETFRTIHELZRINTVS (3,000:2,
000 B.C.),

-/ NTLHER (BEY) OEEESBESTSIILYD, BEE, F,
BX, EXPLFLID, HEIE LTR, Koldlk, ftrsEbiiilo,
8 LIZIRREDE BT TRIR TR Y EM 2 HEL 2N, ANEH<
FeDDBR & oL b,

ERRDEHIER R BBV TR B L Th S — T h -7z, 1%
D BHTHIS NG & L AZRETH - 720, LU N CHDED AT
—X VI RFIESDPD, TNOBEHTEHDEIIAISE -7, B
FECH, TI7 NOME OB, BEBNETIDICEDA STk
RIZIED ZIREPITTNDS & AR, BEZIRISVIEEIL T\ A5 [6]
L EDBINTVS, TV ROET Iy RRLREINLDT, 2, 000E
DIEAZETYH, T -7 L OIS L BB SRV S 4 5
FAFThH -7 ST\W3 [149]

IS, B D ADTDIEER, Fv &, IBFMESH, BT
DI A ADEEED H BN DN AR T2, L LSS, 4
BHIRER LK, SRNTDAPBERRTLZ LITTE L TR LR
DIEDNZHE LR TN, BRDBETIHEEL D LY 729K 3
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TeODEIRZFLHDITBENHEEI N, BHETH I —0 v/ STldsEl
HHERDOEFETICH D, R4V, 54, NVF—FTIMFORER
BEOEREIEL ShTWws,

DRGNS DI, 50072 51,81 A. D THEESRRX
NTERCEZED, SRl 2B ML, Fan—F—ED
R ot SR L QW ADhh-72, [5,6,7,10,11,35,68, 113, 120,
139,149, 1611 7, KBS PNEDER TREL o788, WTHAE
WEIENL, FcEgZ2 o< A LIMRICHEAL:, 2% ), T
ERH Y, EIHETHY, EELMTETEPATEICL » /o R ERes
[ZISPENIG 5 L e EHFEAL 2200l 1 THEECTH -7z [54] .

BB IO AERT, BWEI I HE IS EN L HERL 720
LH LT TH-72 [83,126,139,150] .

BRI SRR TEOEEMTIIEFTEZW, 1 BDLZTEE Gl
R EWSY BRI Z 7 L 1 DD N—7 LTESHLAEFLTWAZ E
b7, g, EHg, B2 3 DR AEHINT, FRENDHE
LT, B, B, £%, TROERDIHOTEEIT>TWAD0¢-7,
g2, TEERT7 ' W) 1EOFRLVES2EL . Jhick Dt
EREHELTWAZ D %RICHERL 72,

BRERIVNWTEZRIMRLHFEIRIES ., BRESELN:, FLT.
WEHSERED ZAN L S (TR IBI % ( Comb ) BANLRS
Wi o7z, [3,35]1 2%, HH-( Langstroth 3%) (ZI3BIEH 915 1
ORINY, FHBOTEISLTHHARS, RS, oLk
TR, R HIZFD LIV EERTH S,

RSO EI BT, EEED7: L DI IEEEDRWIRDREICIEBRES
NWEEZ LUER3N 5, EETHRCIZESZEIITYY, NEERTRL
L7ebDEA8LT, RELBELLS,

RN ECERRER TR SN0, EE34E (IB) THa [126,1
271 . LpL7%7Rs, SRSOREIERE [149] I3WbWAREFEETH -7, B
TED L D 2o CERIZHRA10E (1911) [CHEERE (-7 A2 UTH)
DEABIAS N2 Z L P SBANCT -7 . IBRETILI0N B BT
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#3562, 000F, AFERERERNI211, 000 HEINTWS, Z0ik, 1U
BEEIZIZ 1 1 TRERE L, 19036121323, 000F, i1 4 7R T
B U7z, 1991 SANCHIT 5 AR 36, 2617, WarH 31990, BI6HEL &
MREERDSEEERNZEIR ST\ S, 2 Z1980&FH4I11, 0007, 327
BCH 1B OBR2IZS LTI L TWBIRITH 5.

WO PERISERES, 138 ThH Y, BEDFRHERII,622 2 TH
YD, TDXRLIEINP LDBALDTH S, [EEREIZL 7 H—FA
SIPEND, BAEIUNHETOTIN 7 7w V7 78 277 LS L) RS
YIHEEFEE L6 L, S5V T EDERERP Y AR
LWERILIZH 5, THIEDHISIZBWC L —BEICRIET 2 2 L137%:<, B
FRHERRES RIS X > TREIT 5 & 512, FEDiElcBEWT L RERZ XL
PELS, ZORDINEZFHELCEBRDOFEFEPESRINEES LT
5,
WA BWTUIRED & 3 12182 RO TN St S C IRV 28
LN NEE (BHESHER) , H—RADATESEZZFAL GExEW
VT HUREE S B FEIRe R /NG, SERF (BHED ER) 132D L BTN
Y, BEDEFEFT | FHhFET 5 Lo SEOMBEPREIINFES LTWe,

HADERIIINA 1 0FEIZT R A LIEEERPBAIN TS, ik
DHAEIFITIN->TEDL Y, PEEEER R (Fagst) [45,48,87,1
26,1271 , WEREaHIRHMC OopEEH) , HERRNEIDBREESRK, o
=P -7 -4, BRRES (BEER) RUKRYFA—2ar7—24 [,
32,78,106, 107,109,129, 1461 , LW <Ok ERSBL TE WA,
ZORNIIZ  DEREDIDE A NENFH -7,

2T OB BEFIHWOR LY =3 a AT X AT — 2y /XT
| RERCETROBIETEOEE () o7zbled< s [8,32, 1091 47%h
TN, DHETLERX 27 VETEHONEITRESI LD, &
TIREZ =N AT e MRS ST A BR CLE<HHINS &
I TER, BLIREDRRSDH S L\ WIS RN TFINF DR T
LEZ, IMEPSEA LIV HELBaRZ 7> TED, RO
YNNG ERREEIZII BT A2 L RUITH S [106, 106, 107, 109,
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126,127] . E72, A LZZRINFINF B HADTERFE L 238 L HADARR
REEZ HEWVIERPS, HEEDIVNFINF2EHT 5 HECERTE
[EPNDDBH 5, |

S6(2l%, Bok, ENCTFRIEEMRTTROME 74 VARZERS [104] 8

M) &3 N AR E OBREE - B3 (2OWTIRIFENHA
FEFETRRIN, 3 HITINEIIFEEET M7l AOHUEEER- |
PHRRINIAAIFTRESWMY HFonsz, bebe, 7aRUX (&
BEHERR 2 R HERR & (B St CE-72v ) DU AERD B 5 LD
FEFUIIMETTIIERD SN ERE L TGERISNTWA LA LD S,

ULIrL7Zehi s, 355 [127], HENCEIT A EEDEERI A Bk
D2 OFETRAFEML, PFR2FEIIIFT. bFAPE»>TEL,
ZOHRTEPEEEIZ 1 0%LITT, FREHINEDEAEEIZKFELTEY,
THFEH TR TR 3 5 B AEESOERRR L 5Ee %
WBIEIATEET, AT I 7)) 2IZLOEBOMBRIDBERDT
22 IHETHRHINTEY, FLEREEZ D206, ilis [74,
,76] 2 & DIERIZEIR S E S, EENDRFEED L WERE LT, 2
YA I UPETH T LTS,

EERICOWTEEcBWTIZ 4 ~6 A2, Z/zda, RAL, A5
ABZ L, AGEETIES APS, 79—N—, ZLiczh, 8L, &5
NE, LDERERZEL, I, 23 Eris, ROWREIREE %52
Lo, BELHEREPZIINTWS,

BRDF a—7RICBEALT, HHEICEIT 5 3E SRR UYRIERSERT B2
DEFRITL LT EIEECERIRRRIZH 548, A9RIZ1997 (FFRR9 ) 4
D B EEIRTIHEDWIE 1 THI/2IC TRHMEEYRE 1 [SEIHEE3NSIZ
BTz, BEOTEEMEE > TE AR IR OV
SARDFPEE W, |

ZH3, FEBHEDFEEMT HZBWTIANFOERFERTERL . A9F
- FRED/HOEERRST 2 RE T 5 L TRERE 70 A EFHYBIFIC OWTIISEY
LS,

AGHOUSEEDF g — 7RI LU TRO B IEE © 1) ZNRDBHRFEERT
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R, 2) A. apis DAL, 3) oBEA. apis DIFEME, 4) A. apis
(20 HHEAID in vitro FREPIR, 5 ) ARDEFFNEREIZ OWTHE
RETLLDTHY, ZIRZOMEZHET S,



I MEEHE

1 BT a — 7R BIFHERIDIRERE

1)  FRAESE |

19794 3 A BV 5 IR & 157 B IR R T AN ARl U C & 72 1 EB D100k
DI I F{LLBEREBERO SNz, TblE, WSS TRERL:
TR A EERRI — 2w/ NEIER & IZEB > TWe S LD SRR
% B U RN Z R L7 S F ORI A5 T30 2 STt £l
y Uiz, BCIREISSORBEOHYE LEbI, BEOERDH AART
%  DEEEBRFORENT LB L1 b L IR TOREIRN % Tl
TEICREEL T B728D, BRD231IF (8,0648E) OBBHRIZT V7 — MEEER
BV E G L TRIEL Y.

7y — hOPEAR AR, EREOESOFERH, B ERAD,
i, KU F— a v DFE, TH (0—vL€)—) BNOEE, BD
B8 (F) FNOHEES TR,

2)  TRHEGEAREEREE

P IEAR [13] OFEICEL, BB I 4 FRITOCEAS [ FHIERUT
e UTREELBER 5 %) VKT L BRERERARL, 7Ta—iv
ThiAktE, BHEICXDEELEBTL, — BV rI LY - TF T3
é&ﬁﬁﬁﬁ[m]Lﬁm&ﬁaﬁiﬁ/z7£(PAs%é)L;Oﬁﬁ
UHaSerricigE L7z, ~

3)  TRRERIREE

DEEHERICIE 5 ATV N— "1 7 2 — ¥ g VEERIGH, PITEER
Bgtth, Wy —3EREEH, VTN 2 Ry 2 AFERIE R L, fEEER
DEVEERIMEIRBES I BTz > TUIRNVY IR A 57 NEEREE, M40Y
JEREEH, A — b I —)VESFIERRE, A e L ERE R AW, B
B LB k-7 [2,12,28,31,37,39,46]

BEORKT (5] IPERREICEEINENE LS REREONEIIL
- SEEEREEMAOY RSS2, 5°C, 10C, 5°C, 37°CHD 4(mrﬁ=a
L, SEET3HRICHEELREOHELHRLL,
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S ORRERREL 13D DROOEEBOTY 22, 1110° , 1t 10°
10° , IX107 , 1X10° / m LOETEER (RmAiKom) %
0. 1m L3 epic 5 LR R R L.

2  Ascosphaera apis D4 BERRASE |

1) 58

BNBAFT DEEFRODMERE320HER- 2 4 ~ b Hifio) 5 B2 ERRYICE >y
NCREAE » IZEM L, MAOY 71 2 C37°CT 3 HiE R =R, M
40Y FERFEHN R 2 T IOHRIBERORENFEEZRE L2, BEZES<LT
HEORT L BBPUREPESICTLI0, &1y — ISR EIELE
H—XE AN, E—)VBORTHOERT A TOEEDERZHHEL,

2) IBE

B PIBAF mﬁﬁ%@mﬁmﬁﬁ‘B%’? 5 HPT HEEZ L, MAOY T
4 32 C3TCT 3 HiEEitEEA, MAOYERESCHEZ TIOHEEELE
RORBOREZHREL,

3) TEh |

SSRBAR DEISFOMERE320M &< S TEm T I, MAOY T4 Ik
37°CT 3 HREEiEaE%, MAOYIEREHIHEZ C IO L ERORE
DEEZHREL,

3 Ascosphaera apis DR MEIRATHE:

1) REOHIIRER

INEEL - EEDREMNE R TELT 70 EEAR 255G L 7o, HEHEEI
WA T EEL 7> Ascosphaera apis MS79118k% Fvy/e, MAOY SERREHIT2
5 °CT ERRERL, BT ERRSEME, 0.01%F 7 VIVEEE Y
v MWEBREIR TORER LN Mk, 57— CiE L TR
ZWEtE, WE L0 b RETIEEAIERNEREL, NEYA P XA—F—

THTRELZEEL, 4°CliELURERICHL,
 RBACELEEORBRIZT-1, T-2, T-303#, ARXII1HEHT,
NS0 AR IRTLIGHIE - B [14,39,52,72,74,121] Z5E5EL,

- 10 -




F g —2UF - TA V) AEERR I —0 v NIRRT W,

HBXOT-1, T-2, T-3i2i3f7TEE10°, 104, 10°/ m LO=EME
AW, Z2BBEEH72D 50 m LIOBEATL —P—% - THEFH
L, 0tk 5 HiEkeHEERIICERE L,

2) HREEEOMIESE

HEE T-1, T-2, T-3, PBX C-1D&WES »ATL D 34 F8%8%
AL, MAOY SRRSO BRRITHEL £ v —L 2 EZ—IVERIZWL
BRI, WEREEL A — 2 EH L, BEEOREOHES 2 87
Bz, 5 yIOBRET 1 »FiL b s ERHENEEL/SmE 2t Lz,

4  Ascosphaera apis (2319 AHIEAID in vitro FRERIRABRE

1) HEA

Ascosphaera apis VEEGEIE MS791 1% MA0Y SEXREHE (JL—IR) (2hE
Z2I5°CT 1SRN R LT30"/ m LOfIHEEREZ/EEL,
WERER, AR, I A (FEH 1 RD) 24&400fE, 100fF, 20
Of, 400f%, 800f%, 1,600f%, 3,200fF, 6,400fF= THKRL, F<20CH7
F—F—INADET, 2.54%, 54, 104, 1oEHRI ¥/, nEEEHII M
40Y SERFEH % PV IRttt [12,86] (LB OFEIC L DERH
PR =HE L7,

2) [hiEG

NEHDOHERERH] [62, 115] 3HA5DPBHERHDZWEELDH D, /8
DLV 7N, BAE TESGSIEFSI TS5 [138]1 15
B 1 4A5E, BEE, ZREERFNI YL, PTL, VILEY
B, VYIVEVEEAY 7L, T ROEHE, Tt FRBEEr UL, NI
X RBEEA YV TFIN, INTAXLEEEFREA Vo, NIFXIE
BEETFI, NIGAFIVEBERTFN, NI EREFR I 2L,
7°Dt°7]"/ﬁ§7]}I/;VT7A, ratt SN 77. (PNa) 21000004 mg
/ m Lic7e 5 X 9 MAOY SERBEHRmL , B #EfibEE (M.1.C)
- RO [86] .
{HFBRE S Ascosphaera apis /)EEGIE MS791 18T M40Y FERREHIT
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L, 10"/ m LORTFHREERZEHALICC, UREIEREHEL.

3) FEEAA

{FEFHERKIS. Ascosphaera apis ﬁj\%ﬁiﬂé QR MAOY ERIEHT25°C 133
B L7 LDEFRIVALTLTE RARELFL Y FHX A R 2EDHTA
YRR SRR, |

7)) WA TILVTFER (FA) X

FAARZ1m® $7zh, <Y 40m L, &7 8V 7..408
2V, Eo—LFy roRTeCTHER L2, TEFIRTERS0.5, 1, 2415E
Y L7z, FEOWTE, BivkEEEoEicE-sE L [121] .

4) IFVLIIXYA K (EO)HA

BRRE, EEECESH S LiRkE [42,118] SNTWAIFL A%
I RA B AR, PERL10% EO AR TEML, 30CT, 0.5, 1,
2AREHER S 72,

5 Fa— 7 WOMRRGEEE
1) Ascosphaera apis BGLBARIZ 1T 5 HHIOMGRRN R AERE
1.1X10°/ m Lo Ascosphaera apisMS791 1Rk PSRBT % 1E8LL ,
1 B0 1| BKTEH7: D50m L oeRc 7L — L, BRI T
BhEmd s Ttklc, TarsAEERE SEL , &2 DEMICR L THEEL,
ORI ER TR R > TR LY,
(SR IS, Bhlcs], TR (ELE) & 1 B O CRIES
#%R QOB EFEHL,
(1) E=A GEERR)
B 3 A4 SIRENEED Sz 3 H B Rk 800fS AT % ISR THH7C
N 100m L DBEIRA T L A p—% {Fi- THRIFSRIHHFITEFL, HES
4 SO EZEHREL 58 % E->CGigkl 7z,
(2) [
AR E I_Jﬁ%((l)\lﬁ%_‘f‘ g — 7RISR f FRIEPR LN
- 7IRBHC0.5%0) PNa [138] 2EEI7°L A Y—%2 - CRERTESH: D 100
m L$OESL, #EHEERCEAS A JBIEOREREL 7.,
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(3) FEEAHX |
BiH 1 8% VY, Ascosphaera apisMS791 IBRDMITEEE ( 3 X10°
/' m L) ZRBATESH D 10m Loz AL — L, 48RRI COE
SIS TSR, — OB 5 15em DREZDLDE 210047
SBRAERLL, WEE =Ny 7z — R —)L (36E) L, EO JARH
SEZAWCHER L2, EO 4GB EN IR SR I E L % h -
7z, SHUIEIRICAIE S W7 A, apis DRERIREHA7ODMHRIZL S,
EO A [118] 13C:H.O—10wt %, CO2—Lwt BDEA A Capox
—10%fEH L7, |
2) BT g — 7 IRERENCET 2 EHIOMRR L R E
GV N
QWG ST g — 7 R E I 15em DARE ST, MR LR
B S—TIVCHRT L7 b % 210 /B L 72, BIRIIEIRTTETHEY, B
— 2N SRR TH -T2, TOWN2 1 ERiie L7z,
(1) HEA GEEER) |
BB B o % RRIROD 1006, 2007%, 400f%, 800fF, 1,600fF#HMR
TR (£500m L) (23EL, 2465REERMR, BREIDEL, &EES »
R D INERBETIRA L, MAOY FERBEHCHE 2 REOF L R LARE
FEERER 7>, FHRIIZETE/KO00m LaiziEE LERIC MAOY SERIGH
T A. apis DORHERZ FHEL 72,
(2) BHEMEAA |
7)) WAL TITE R (FA) fyz
Fa—7%" (’éﬁ#ﬂ%tmﬂwymm BTN L TITFE R
2%0.5, 1, 2, UEEREIY. TOREE—BH2Y 5 »Fk o RER
HECEML, MAOY SERREHNCH 2 ARSI WRE DR LN,
e bDERERIREY L L, | |
1) ZFLFXHA R (EO) HA
F g — 7GR (9% 15em ) DLTHIRZ10% EO A A ZHED>T, 0.5,
1, EEREIY, 2otk 3R 1B b » I SBERRETHRML,
MAOY SRS CABERE R 211720072,
- 13 -~




( 3) REHEE

WD ED RS 5 L AiiEd RS 5 Z L s, HPEARE
PNa ([ZOWCEHRELSE LIz, FAHARU EO A AZOWTIES
(CZC BN A E RS A & & R RHRICEBR L 7o TR FBH T OW T IS
Uedrorz, BB L7oiRE & D HER L7 ErhoitEhige 7
QA EE (PNa) (2 OWCERHRE L TRETL7:,

WPERROBREIC OWTIIEEIC L D IbERTEm L2 [119] .

PNa [ZDWTUIHR7 02 75 78 [138] TTRRC &L DEL 7, &
EH0g % 3 LOEE 7 I A2z N, K,000m L, NaC 180g, 10%H
s POWBTIOm LB LUV a il GEERIE LTT7 Y FHIVAAFT
NV a ) 1EEML TORESGEERTEMEL:, 500m LAX7 231
1 % NaOH ¥5#720m L% AN E5GEREFIN L, EMEC500m L& L7z,
. Om L2A A ‘/Mﬁﬂ‘é‘ ( Dowexb0, X8) F7TAIZAN, BHERIC
20 b ESEREATRL. Om L2 AT, 10m LOXRT7 I, &8
#10.0m L& UTHBRARE L, SN2 m LEFRZ7O NI 712E
AL, 7ot EBELEEL.

HAZ AR W57 4 —DFESRML. Bl LTBEGC 6 AR FR
27 WG 7KREA F AR (FID) 27z, ATAIIHITAA
CSATES mmES 2 m THERNE LT, Chromosorb 101, FEREA
[TIERELL230°C, IRHISEODIRIEI3230°C, A7 MMEREIZ200C, Fr U THAR
I3N: 40m L/ min, KEH A 40m L,/ min, ZE5%80m L.,/ min. &
L, HA7 iR 325ppm TEiEL 7,
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I R ¥

| BBF g — 2 ROBRREFIZONT

1) FtIRiR

%Ew%o%%%%mﬁ%mmmmmﬁ%ﬁ%LTMé¢m®$¥§
BRT, BELIBIHENOZWEILBEABHORKE, BMAZENLLT
TR W B IR LC\We, IGERIE S BEIT 2 BH2II0RTH
-7 DEEHCTEDBL D BIFTH - 7270 BN 2 BlcZe > Twiz,
LiprL7%his, THES A7 2V —F— FRUR S v 2 CERALTEA
VAR 100BE P 3 BEIC ISR EE D S 4 SRIBAEIMSEMNA D S
BEH S, BPICERELTL A EBOML 25T, EIERIIE
FEREEIII A< 34 SRENZHERO ST, £/, 4 TR
PSRRI S B R II ARy VR TRREASEAZEL, iz
IZEBETS 47&L1b0mg12$,%ﬁmxbmru £ 515

WAL L W,

SIS RO [149] Ik V&L SR LT, JUlhsitimE
2 TR S E CHEZ 95 LIRB L TRAT T2 0T, X5
EANAEISIAGEEABET B & Lo X D BB BRI R T
S0 BRI, BRLBHRNICIE 1 55T O LirTed - 7o IR
Filcl: 2BYED 1 81 E THAL, RATEEETORTERL (45
55 H) BicR->T< 2L ATiirs 8 FIEOBA LB CIRET S L
BEOBES S BICINETE 20 6THE, JHIIFERD—EDHHT
FIE 3 b eI —E D — I L RE T S 0\l e R ¢ ]
R < 7 ) BRI ROTR R L TWAOBRIRTH B, L
LA, BRI > T T A L RIRBEHEL< & L3R < b
NTBY, MILHFENS < L L RRICIZE S SRED B AN
SR, BeOWRERZIZEERIC & D 2R L7 D EBL AT LT W
wLE < B [149] .
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ZEBENRIZ N T v 2 CHEIT S I L H BT o7 L IZE D L)
D, SRR IEEY —ROMTER L FRRICE L, PdShEEE
Tl HRHE THERT L 2EZ 2OPWETH Y, —B TN SR
$CRET S 2 L IZ—BITh 7, SEOBIL BSES NI v 2%
TiFebi, 3EHIVTRL BIBIITRD D - 1 & BEFIIR TN
7>, FAEBOM | BCRZTROBRICRHEDBREZAD LDAT,
B (BDEW) IS TH -7, o) 2BETH BEOBEREITTL,
TREIS B BRI EDTh -7, MDITEETIE 3Tt S 4 FIEDEIED
WELBIZE 2 h2DBAR LN,

EEETIL OROBEONEB L 512, 34 FBENIHLN, 5
MR T AL L, HEI] I LBRRSEE—NRS AR
TEEL, TRLEFEENPL L NELTATASL L, HEERIZHPI
HESALNL LD, BELEHSEELLELD, BEADLDLE
SRz, Fa¥ DEEBERIIERICZ < Bohdeds, iRz i
XL DD, BEDBOERFOE < BEIA FERLRENLIED S
nrz, |

BEICIDL S HEROREIL <, BRALKDD, RASEER
CAEBADFER ITHECEIEL 72, FORER, —THAMOFHRFT
LIERALN, FDIFICONTATAD L, BFESEL3%~80.3
9% ( 3B/ 100EE~126%E/ 1578 ) & S BRBRTEREP A LN PHDORE
22336, 6% TH -7, | BEFRCIEFTHICIZBE L2 LD -
7235, BY D S FCIZEVMEHIZIER L T\, EEARRTORIIEEILE,
LB A T TH 7z, Hilg s RAERIZIZFREN -7z (Table 1)

19804E 1 ol LR ORI % BT 5 700 223 FOBIEHR THE
L7 7y — FREIC L 2 BHORERTTIL S » oW $hoHts
TLRESE SN, THRES SRS TI345. 1% (1, 14082,
B30EE) <, EOWTREHHISTIZ8.4% (275,/1,4%) LK< fERReE 1
UDERBCHBERROS, HOHBRICIZEERI L,
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(Table2), WFNOBBRTLRERTIIBEIHHRILLTEY, #F
DA ZIEEE D S5 = 4 4L L7 BIRASEA &5 N EIEE O
WOPEETh -7, 34 SBRBIIEPEE, B, ILLDLDLE
Doz,

) RIS R |

HERETIE, BASBRBIIT AV VIcRE 3792 5 0MREES
wL, 2807 %2 58N, MERRECEEOREICZBOEREH R
HHNTe, BRITBRTWINLRESASR, FElcAThF Y »
2y 2 MRS B o, YERICHE LAERLBRAIN:, £
EHPEEIA FHLLDOTIIERDATH -7, fRPFEAESI{ Tk
L7z b O TIRBT SR SN, BT RWLEREZEL, #ERD
Gl LT RIZR - 7200, HEWGEELLOPRLN,
% RO EHE S ROEEIEE % LCHEA, 257 FORBIZBA
LCWaESR s [13] .
BEEOEENERPZIITV S I2L b 5T, BIRDEERRIGE
b b0, PASHRETIE, BEDYF2 5 BRCEREIER
BlTYOH I NI, DL E—FMEZERD S oT, 34 T8RE
P L7 BRR N FIRIC 24 FTBIED I F 2 SRBIZBALTWDE
EHRSHERD SN, BAMICAHT A2 L BELESERICES #ib-
TWADOPRELTET (Fig. 4,5). = DEBIIEMRUTEMEERD
S H B 2 & Fbipote,

3)  REEATR

FEDMEL X NTIRD 9 FD S 4 SHIRIZOWT, 5 RIEEMIKHE
KR R O PIERIEH Tl 3 R R REEE LA, TA U
EHEREZEOMEIZV TR L HEES N h - 72 (Table 3).,

B % T 7 X ) A TEERO BEIB MO0 DBED IV 7 F Ak
LE L7 WEFR LB R ST Th -7 [14] .

WO — R, TRy 7 Ry 7 REREHIC L 5 EERERE

- 17 -



TIIEEREROEESEZEIHBLVRE L., RELLCEEIZHA
TEEL BETHEDPLREENSRO LN, BEHEPENTLI Y
—L—kpeIES e, EELTCIHERL Y v —LOBENS L HEE-
PWED BT, FEEHITOREETIE, F72-ERXTOR
?%ﬁgﬁ%ﬁ% <, BHToHOREHEE, MTHREd MAOY ZEREH)—
FENTW2, BEOEDEIR L PLRPBNEHBDHERE S v — L DE
EOWICHEZ 2 0k FOhRTHEEEREI T DT LESITBRS
N7z (Fig.b),

KREBEDORETIZIOC, 25°C, 3SVCTRERDLNICLDDHC
TIEZ 7L REV RS-, —BICEFHIIEWREZ TFOON
ZVWHAEFIIBEWREBRESFHRTH 72,

NEEEEIIHIEE LB/ ERES 2o EMERERZHREL L Z
% (Table 4), 7°F LPETIBET, WINLERRIIIREDRDH Y,
WEENTFER (WTE) 2758 (7R RO, FERRISRE
Mo S BTEME T ICEAEL 720, BAETHDHPA LN, BISHEGE
B & BETRIIRTE ) & BERG CEZIZ36H 51000 m THED 52K
DTEEEH, RINT L LEFAFHANZEIN, iﬁ&i@%iﬁigaﬁf'@ <,
Q@R DINEIMER, ¥IFVETHRBIZRNAY - 78R, $F
AL LERT AON R LN, TRISE, SHERBTERIZ8 2520
©wmThHore, FERFIIEET MR, BlIXEMAE» L2 FED
2L 355 2u mDKEITH7z, —F, EENIZERINGE
JER RIS S W ip- 72 (Fig. 7, 8,9, 10), |

2% 2zH3 A ESRERTIZ10¢ , 10°, 10°, 107, 10°RRFooliERE
PR TII Y DEEICBWT OREEIFREZE I - 72,

TSRS & Ascosphaera apis & [[]5€ L 7> (Table 4),

- 18 -



92 Ascosphaera apis D5 1RARTT

BAFT D S BIEWRTIEF (26.0%) , BETIOF (15.6%6) , € T13
F (20.3%) , AEB3F 0EBRTHEBI 4 L LIBEPED o7
(Table b) .,

1) &R

Ascosphaera apis {3IR%E U 72647 3208, 167 DigE80%F (25.0%)
PN EERNETRIED S DN HERS—FE <, BILLBERVTER P LD
DEERIZIZFEEDPTED LN/ (PLO.B) ,

BERDIGFDON 2FTIEI 1 11856 AL apis & HIZ Aspergillus
LOREIN:, TDIA FRRIIOCREAZFULREBTORESEY
oy v MCHE S it & O DRICH RS N,

Aspergillus {Z Stone brood [2,20] DEEEHTH YD, ZDIEFNIF
a—7 ¥ L Stone brood DEEFFRFTH Y, 4% TRPFETIIHED
<, SMRIEZ HICHAETLILENRDH S,

2) B

647 3208107 165 (5.0%6) 7256 A. apis s BHEES N, HHES
NICIRE L SNTWRBRE TS I"]HEH’J(«J;IZIZJEJ’U#E. SNz, Ll
s, RERYEER TR L WA DI I TWAE
BORII A T0ip- Tz, RIERRES ﬁf i@]ﬁ ZERLHRRLEZIC v
—7°3PRIFTNWIE,

3) &ty

647 3208 R37 105F (4.7%6) 6 Al apis BPHEES Nz, TEROORE
HIIL > FHB P 7 PICIIZERE, A Z AT 05V EOREE
PR oIz, BEROEE, TSR0’/ mg BEIZIENS
EENFERIR LR TR 2 5 L IRERDORIEZRT LW
HNTEY, Fa—2RTLEUDBESKP B Z 5D T3 nwirk Bbh
7208, SEDRBCIIERFNTF 2 — 7 FORFERDERILL T\
WD'T, 513 LITRETT L LENDH S,
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3  Ascosphera apis DIFIE M
1) IRBOHIAE

Bts 1 HECIZEBLEEIZEID HNY, T-1TIEb HERS,
T-2CIZ 4 HE»S, T-3TiZ3HEPLBHERIEZADIS, AR
TIZEEHNELD L7 h> - 72 (Table 6, Fig. 11, 12) ,

BFBEA10/m L, 10°/mL, 10°/m L& B LbIZhEVWHFE
1340/100(40. 0% ) %> £555/100(65% )93/100(93% ) LML T, MFEE
& FIFRICIZAEERS A H e (P £0.05)(Table 6) .

FEgRnZ e RTAL L, MHCIZEEREROERPED LN,
X 5I2BAT S L RDIBEENERTELN:, PR I( F1L
L0 DO TIREROBRTFPBRINIILD, P TRE2EFEALL
VA

BOZMElT 4 708 5 HESOBIR E TI2Eld bz, F 3 — 7 HDEHIL,
475 5 BESDRIRIZEIH Sz, 3 HELEIOL DL, BTHLEDR,
RRIZLC & AREDIDPF g — 7 TRDFEIIREL I N 72 (Fig. 13,
14, 15, 16, 17,18, 19),

10° /m L ORI FERRER TS LB OIS - 128, 107,
10° & MBS EREIRE D ELS 70 B IZTEWEIER DRI PEETH - 72,

HBEICBWTIIWTRLEEPA o7,

2) BEEEOEIRE -

HEDY 7 Mb L7 EE30RE (ZHF 10 ED0), BfaIA{ Sl
72 30MA, BEThWERMEE I FRIE0REWThPrLs L, B
EROBEIFHEEIN (Fig. 20), BFBRLIEAD SN (Fig.21,22), §
RT A apis £ FIES R, BIES0MH /30, B4 FBIR30M M
[B0tR, BEETZEEEE I A FIRIE30ME, /30 L W ROMRES
& 6 100%DENFETH -7,

SHRED S A, apis I3HHES N7,
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4 Ascosphera apis (ZX9 A PLEFID) in vitro FXF R

1) #HEA

FERNRZHBEREOFRITRE L (ERRE TRET L70HER, & xR
BUCIZFEEP RN (P£0.01), 6, 400FFREE TNV FNDHE
BERIZBWTLRERIRIIZAD 6N 7edp-72 (Table 7), FHEAERTIZ0
OfiF 2 & 200fF IR T L DERERTL TN TRERIREH -7z, 1,
BOORSTHEITH - 7z, MMEAETL06EH 5 200650 Tl MERER & [F
BRICERTH Y, S0OFHRIONTESDIER CHRERIREZ Lz, T — FA
T3, 2005 RIERE T LRERIRDV H - 72,

2)  BEEsH

FHAN 1478 (Table 8) (20% , HEEEIRE L XHE Aspergillus flavus {2
W MIC ZRET L7CHER, HBERD A. apis IZEDFEANZH LTEL M
IC A30. 04~1. 25mg/m L OKERE THRFRIR LD o7z,

708, XTHR Aspergillus flavus X MIC 78 10mg/m LI E & S 72
DIZHNX AL apis 130. 0470 6 1. 26 L W MICET H » 72,

3) FEEAR

7)) WA TIVTE R (FA) AR

A. apisGM79821KiZ FA A XD 1 R THLMWRERIRZRL, 248
BIEATIZekE L bR R L LEFHRZ R, FREIZIIEE
ZI3O NP7z (Table 9), ~

4) IZFL XA K (EO)HFA

WTNDBEKICBWTH0.5, 1 BETIEIRERSZZD o7
A5, 24BERTIE Otk L LERMREPHEISI N, . BRREICEEEITED
SN7ehr- 7z ( Table 10)
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5 Fa— 7 RDMkRE
1)  Ascosphaera apis FEJRIZ 1T 5 FHIDBGERRIR
(1) HEA (FEEEE)

A SRBIEHEEICL VIILL, FOBIZ490 547, 40& BR2 2
L, RIBIZE > TINY HSINABIEPEFDATNCZHERD L, 8
HEZIZLERER L 72, WEOLARLIEO SN, ZZERIC K 2 HEEN
LED LN, WRETLFETOERRSHED LN, HERE L 0
BECIZEEEZ D% (P 0. b)(Fig. 23) ,

g 2 BIERIZREE, BIE, JinwdhicBWTbRohih-7e,

g7z, BEDED LD LN dp-Te. HERIZIITTRA 2 12
BLIHBRIZIIRSE X SRUE D RET 5 DH8BH N,

(2) PBHEHE (ot )77 PNa)

3 A SRS PNa FEFHIR 2 [T L, HHERGRIES & RHkIC
SHEIZI A FRIBIZR LN <L~ 7 (Fig. 24).

IR LM S EHERILELD Shieh» 7z, WEENIREEICEEL,
HERICHER I N BB LERPSEEEINT 2 DHEH o /e,

STEREEC L IR R B BA L NIRRT TI{ FRIEFPED LR,
MEHCHEEENED L (P =0.06),

Pl R etEhEn L BbhTnwizds, eIz LT
BHEAZRLA LN 2, ZEFEE VILEVERTEBROKE, RV
THE, BT, EPALNI,

(3) FBEEHA (ZFLFXYA RAGX: EO)

EO # ZADRB CIIERIIBEL0C T 100% DIEE RSB - 72Dl EO

HAUERE 2 %C 6 BB R P 240G EERSE, 3XB\ETIL6, 18, 24K[HE
Thotz, T%TIEL, 2, 3BERECHE b Ml 4 &80, 0% DIXERNE D
05 L7 (Table 11), |

TEFIREICC T, A RiBEL 2, 3%T6, 18, 24IK5E], 7 A BB Tl

.2, 35, 79%67CIk1, 2, 3L 5 R 5 TRIRD 10026 DFRBERIRE R L
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72> (Table 11),
9) HARRETF g — 7 HRREBCBIT 2 BERIDMERIIR & REE
(1) (HEE
G g — 2 VRBRE O T I OWTWTHRBR L /CHER, M ams
TIIFIRAER1001%, 20015, 400f%, 800fFTid 9 HRfkH O ik (100% )
ICRERIRATLD Sheds, 1,6000ETIE O Mk O Rk L LEREDRE
V) EHERTH - 7> (Table 12), |
AR TIETRIER100f%, 2006%, 400f5HETld O fMlkrh O Bfii]
0% DETH - 7%, B00FHE Tl 9 Mifdsrh 8 ifA (88. 926 ) IZFRER)
BTHD, 1,6000E T O Hike LERFTLD Sieir > 72 (Tablel2)
I — RHTCIIFRIGE100~1, 6005 £ T 9 Bl 9Bk (10096 ) (2
REMRPBED Sz, |
LaL, T— RAMIREESELS, ERICAWLATWS kDE, &
EOBELIAOLN, BEIZLFVPBITTLI L LERITHEI W
& Bi 7> (Table 12),
(2) FHAMAX
7)) HIVATIVTFE R (FA) A
VEFIRSREIAS0. 6 R UF | RIS O Mt O IRiR & LI TH - 72248
FICld O 1fdrh S Bitd (88.9% ) IR BERIRZ R L7z, BITHT SR
MEIZERD S 72 (Table 13),
4) IFLYARYA RHR
. EOHAL FAARL LFIRE, 0.5KU 1 BRITCIE O itk L b REE
DI S Zehp 7248, 2ABRECIE O Bfddh O iRkl (10096 ) DFXER)
HERL, +HBIMIGETE 2 LD FH 2 HN7E (Table 13),
(3) ZHOKREME
BB DERF M OW TSR L PNa DRERGEEBREFZOWT
BEtL7e.
RGOSR, 1 HEIRIZEm LOBETEE) 232 D
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EISIETE , REEEIL. 6ppm Th-727%, 2 HELIBETIEL. 2pp
m, 1.4ppm & BEIHEH SN 0D 4 BB CIIRHERRLIT &
70, FINERENRE SN/ ( Table 14)

PNa ClZ, 1 HEII5, 250ppm & SEEICKREIN LD, 2HHE
DI SRERRLIT L fe o7 2 £ b, AEMNIFSMNZBWT XD IEH
WEETH B S L RIS N2 ( Table 15)
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vV F %#

BEDH-T5HL, 1919E3 BIZ T v 7 THEDORb-HIERER
I BB IR EAANEE L T &2 1008T0 SFTEASEAD
EEFED I 4 FBRERZHEDD Sz, BEIEWIE e REER
HEH SN, BEOEEEYR [121] THE T XU AEIE, I—ay
SRR 2 REE L7 SR ThH » 7z, N HDERES & Ascosph
aera apis ¥ HEERIEL, HAFEICBWTIDTF a — 7 ROFBEZIE
L7, DMETCIEZFERNS [143] H19M4EICKH BEDBER U
IO ARG 6 A, apis 2 HHEL THB D WIFNAFRIC L 5 EED
BERRORESFEINTWW, SHOFIDARTTOFFRE L7z, Ih
SizonTi, BElS [63,79,9, 102, 103] OF a — 7 RDFAERESE
BH5 .

—7, K4 TlZ Maassen 7319134 [100] {Z Kalk Brut ( H=25%)
YLTEAIA FRBEHERRELHEEL, FM/ VEMNT Claussen

[43] 1Z1912R 2 b RER L 2 0t%, T —y/ReLTRh -7, RED
© Betts CI319195 [34] , 75 2 AP Varitchak }219324, 1933442 [1
47,1481 , A4 AT Maurizio 7319344 [110] Pericystis apis ()R
ZoWVWT N, 19364 [111] 4 FRBIBIZOWTGEERIENTWS ., D
30, BEOEADNLOZRSIHICE <, HWEEAITIREADLD
BEPoTe L ELTWS, FERREE LT, SIZAREIZN TN
7>, TEBROBA, S TOREDELNIN, ERAHTH-» AR
HLTW5,

=2 Y P TlL Prokschl [124] B1BFEICARDERHEZ LI
%, HREZHDSF g — 2 HOBPRFIERE SN, TX U 2ERE
13 Stutevant 7519234, 19494E, Burnsidel9304E [39] (ZAFIZDW
THELLNIZ-E Y L7z LTHEY, SpilteirlBH4E [136] A

apis DAEFERIZOWTHNTE Y, Shimanuki (319674 [131] #R
LITOVTHIZEL, Chalk brood DFFE L T > 72N TRL T XU A
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ERCIEREDS T lp o/ L EE L TWe,  Anna [12] & ZORKIE
92—y NIETOBEDERTH B L BbRTwie b\ TWws, LA
L, Baker & Torchio [31] IZ19B8EIZALT XY D7 I DRELZ
VMEZBL (Solitary bee nest) 75 A. apis Z IO THREL 7,

> 613 \% V) INF (Leaf— cutter bee, Megachile inermis Prov.) & il
§% (Soil nesting bee, Anthophora pacifica Cress, ) DT, Z DD
DE S ZDERENEEL, UL, BodZISHEF & LIFuTOLH
BN BRRI LT B S PFIERICEE TV, o TRZ2I—ThASD
LIRS L L L LB TL FOTEEREL H S0 Livene L7,

0, TAUHRHF Y DOMEEIZL Y Chalk brood (2319 5B
AT S, A Y 7+ 7C Thomas & Luce 7519684 [143] , I
FY Y Y ) — 252 T1BE Shimanuki [133] (2L, BT
19714E{Z Graham (2L D), 2y E 71319714, Gochnauer {3 19765F

[66] 2k DRERES L IND L D2 »7:, Diana [47]134E7

A YA TF a—2RDILE DIRFREET v 7 — MAEFEHEEL7:.
19714E 8 BI2TFXH 255 175 A AN L 729008 DM 107> 5 15% I
4 SIRIEMI L L G L TWA, 19724 Hitcheock {3 [80,81 ]
RN T AV B TOBIERFOTHE R & ZDREIERDLEMEZ N
TWB, TRAYATLBHBBNHLYWSEMITEICE > TA LAY
N R BEEOE L BWRESRFRRD—2 L LTEHEZ NIz EWN
38 [26] bH 2., JRISMERTORERLEBL TV, 27k,
A FBROBIEADNERTRESA LNV Ed [81]1 b7,
SE NELBETH 12BN SBA L LTBEPEALLLIS,
BOEELTHEI/ SBESELNEHELTWS, /2, Fa—7

CRlZOWTII AT, @, RS LEBSENESH -7 LTS,

197%E R BRSPS BRERIETICCEVWEPHW I L LBERL
2 oh5b, TR, [EEEPRACEDR, RIREASEIIN
HERORBUIIFRES D SRERENET S £ LTS, DZ DIERWED
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HCRER N T v 2GRN S L EROBEIE ERL, ANV AZRT
miib L, BRRBERMICERESDORYIER LD BNEWVWI ZETA
BT A HEREHEICHEERENE 2R R 2 WARECU M58
LNONEDELEREIFETH -7z, .

WEEOTFRIIBRIETORE L FH L X 5 ICHEHPRERTTANR
YYD BIADLDRPELIZERE IS FLzb o, BREEDRR
DHLLOBRLNT:, I FRBIIRBEICTZ: 5 LIATIZREERT 5720,
BEER, iR, BEEoRFNIE< TG L oidb Rond, BIENY]
T % SRS CBIETT % L ZWMOBEROCTEMFOE L VR o, ¥
BB EFICERINTWe, BIAlL Skou [135] DEENL DI
FEBFIBRINGL -7 BlcoREBH ohie, B LcERIE
A BBDLDBE -7, Y= (BEFPBEZINCLD) R3IND
ey —n3hiegle, #hllgnbolcdb Rohdz [60,56] . 19674
2T 1 Y YHIRTARRDORAESHELSINTWS [116] ,

BT 4 794 71 [11,49,73,112, 113,114, 149] {22\ TIISCER
K DBV DEREIIH B, PEEERE Apis mellifera D&, 2EDLD
ZHBEZRGOLUTREE S, ZERIZEINSN TP LIIE (3H) ,
il (86 H) TSHERESRY -3, AT HRE (EXI6H) %
FarsPHd s, EEIIE (3H) , $ikE (6 H) , ] (12H)
T8HEBERY—IINZBTIHLT 5, RV (3 H) , 5

(6H), & (15H) TSHBEWRY—IVINUETTHL T 5D ESE
Thb, F2LETBLHTHEICHREINSGSE (u—rL £U—)
DHEZLDNLT S L INTWS, BIES AR SHIEIIE &N
L7cbneHmEINTVS, |

F g — 27 FOEEIRIZIN Y i L7 BBDOmOFTRLHE RIS ELICE
<ALNBEH, ZHRIZHFOEIZIZERPNWT—EDREZROTNWEY
FRBTIZBELTHY, BERORBLIOTWREIZZ>TWAZ L L,
HERR T B DI BRI B D RIBERAEDBWTICEATIT O NS T &
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FENZE, B5IEERE D LAEVER (M) ThaI L, ¥512
ISR I SIRML L 2 L D THREER LMD 2 niH L nTHD
BEEHREBERFORELELSLEARCHEL, THLEHRP—FRNWELRLE
DS RPN ELZ L EDOWETH [47,100, 116] MR —FREZIES
BWEENTWS, F3—27RES < OERDLBHICZETY 51213
ZEOMREEDEFEZ R 2 L TS %ﬁTﬁt%z%ﬂto
Gilliam [57] 13, A. apis DSEE. HEHRWTNIICLBERZFTH L
LTWAY, LFBEDIA S L LDIZES BRZEIFHTHLI L L
TWa, 34 LR Bnd@Eiis, B, BIIREL B3R LN
AW UITOBDEFERIC LB HLDTHLELTWS, 2F Y, KK
HICH AEREICEELUERIZEWS A S 5, WS (Bt
) 95 & FEEDPRICEVWVEFIBRINS 2D, ThIZBREh
2L BEAWLEBBD I F27% 5, BREHORBRRIC L DETHIN
72 34 IHPEMPEOTITIR, BEBEDERSLCEFDHR TR NS DI
BThHs e LTW5, BiEDS [ FBEEDEREEILIRIEICIERE
ek ->TEHNHYD, Brother Adam [38], Cale 5 [40,41] 134885
HRER CHAGER & 7 5 7208 EMIZREICZ D SIERETFOREN
TTETC, {A%L%Eﬁ‘?rrﬁﬁg%%@@w 7Yy RESEN L
WOEELDH S,

19794 4 A OIS BRIBDERDIABERDF g — 7 TRDOFAESHIL14.0
BT H T, TDHNDT Vo — I TIL38. 6UDERSTERE N2,
Diana [47] {3dt7 X VU A O6DMIZT > o — g L £ DR39D
WTBHEOEESRH D, UOMTIZBETH 72, 120TIXI94EIY
1975480 & |9TSEICTAEN A ST, BEROFCEALRFOITRE
BIFTWS LW DPKEBNTH 725, ERDOFABICHELSEBRT
IZnenws3ELH -7,

K% L7257 (Overwintered colonies) {Z/RHP % < F80 s, &
HUSTEDO W EEHICER L7 B2 M2 L B L g BB LEI L,
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ERDOSRE ROTCDEIREZ O VREFEL LY, AEDREFLLT
R DR TWEEZ 6N, BRTIHDIDIZT I 4 7)) FD
PEKZESINLIFZELEPo7, LELLHS, LERREDEN
RRACIZEEIME L ZewWiesd, BECBERIA LW, 2L T, FRPRE
[C—FENDPFRIEING LR EBIBIZBRELRERTLLDEFILON
72,

Gilliam [57] {37 XV A ERETOF g — 7 IKOBIEIZOWTIRET
L, 22D EEZEHELTWS, 123D STFEEL TWeH3IE
FEREFEL TWp-o728E 258 THS., LPLLHES, WEDES
R B P EBDIFUS OWTHELFIPHAELTEYD, L LU
P OSFELTWEE LSBT EELTWAIZTTHS L HEL TW
5, BERIZSA FABERERITA =T —RFLERLTW:2D
TRV L BEZ SNBSS, MOTERSiIZ L 5 AlL, BRI ->Ta

SIEPOHEFLIEFICL -7 FE L TWA, 25 THE, RIEEHNZE

RERZEI LI, BODLREPRICEZENGS S L-72DhrDk
LOLPTHS., BRI, TRAYAERED A, apis i3 HFOMDRE
LEL->TWEEWVWIFHELDH S, REITIEF 3 — 7 RDRIEEPEH
DRIZLIRT HFTE L TWETEEED B 578, 02 d T 6 DD
HEMFROMELSTEE ZeWied . s DBPERFREEDRERETH
2l T BB AN, - |

H O 1 DORFIZDEPERS SEATER [9] IZRALT, Bkl
o TSIV TERETRLDTHS ., T, BORXTFREEH
95728, R/ L2iE [142] RNFIVAFFRT X)) A EHRE [ 14,
671 FHHEDI2DIZIE LI T WS HUEWE BPBEDOBN D IE 72tk E
HERELI Y, ZOHR, Fa—RPEESIELLZEWVWS LDTH S,
F/, BEAEAL DY, A3 LANHL THHOBBROBEZED I
WS [125] 23972095k, 77/ =V RIRIED726 (28t
HEEAERICHY, AFLREER. GETEFTEMIEEIRLWE
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Y L OMBEEGRLEZ S b & Taber [139], Thomas & [143]
WELTWE, ZOBR5 403 T v 7L 2MEeRIC T
TERED, REOBEWEH\BE LI LTI LNPFILN
2., BEEATYL, & [63,102,103] HARESE L, REEEEE
NRUICER, Fa— 7 RORENEGHIOBBITDOH S RTRL L
FEEAANA LD T »T &I,

HRDEHIER [60,61] TIIHIE - FHEBREDTIHEFEE LTT A
RFAVS B, 7P, AXLTFIIYA 2V, ARLTHR
4y, ZYARRRA LY, FRITA 2V EP Ty TETHILHS
neHELBEE<H Y [12,17, 24,30, 36, 44,51,57,58,59, 60,61, 62, 63,
66,3, 115,117,142]1 , ZALFERBREDOTEENIEI N/,

Elbe [50] %° Ericcson [51] IZAEHE I L TIHERHIFFEX 0
KZR L7, BLEBTELLDEL,r-7cb LTW5, DR
ZLRRTH-7EHmELTWS [140] .

4, A. apis DB HE 7272 VEET M U7 AISFIRIT
BHo TRBEDIARIZES, BRICHTLTLEEEEZHELL O THIMNE
AESIEZWEEZ Sz, 19774E(C Samsinakova [ 128] IZHIEHRIT
D4 YEPODWRZEHL TWBHPERNC L > TNTVEKBH -7k
L—EREMED D - 77 R Y ZU22oWT L Z0%IRIZIE-» & D,
MR KNI T e b LTW A, E7: DM TIZRISH
2 EEEPHARI N TP T2,

HERPEE 3 4 SR8 L D8 L ARERIIEFEOMWEERED
EWEFREETH -~ 7. MAOY EREBHTHORENRLS, ILDHIZEERR
EBROERPREL, 1|~ 2ERETHEEE,SEBEADTERDBRIE
S, RENT A L rhiziiE) S BHEOFER (TR PBRIN,
FDBETFEROFICIIEAEY 5 2V BEBOTFER T2 2E8EID, &N
Tﬂﬁ&f@%%@%ﬂﬁo%%Kﬁ@ﬁﬁ%tb%ﬂ,mQHEMW
B S LCRERT 3 L 20 RIZTFREOBRPTRD Shie,
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BELLYYy -V TRHEOMIZREREZEL, BREEIIBCH
53T CEMRIA L 2 61 Maassen ex Claussen, Spiltoir et Olive SCH
6 [137,141] DELTWS A, apis DR E KL, FEOKE
WEPRIENWZ LIZHRFTEERL ICISTET I D/OBIEEELNS
WEHEREIN, COERIINT I VRRBOF TR S I5ERTEE
L5 [143] 159, TERTEBEREETWARESHD,
MR T I DRI L LTWERERD—D2 L L& 2 5,

$28, BRE, TEHPLD A, apis DHFERNIL, £%16.6%. 20.3%.
25.6%6THY, —RERLBELNBEPSLNEEIN, Zhons
L, —E A, apis IR LBENH S LETHHBE, TEHD
BERIN, FRIIEEL N2 -7 DERE5INL I NS, B
EERPRR EFERING Z L PHRIN,

F7e, RIBICMATER 2RMEAEL LTE L2 b B FhbhT
V1578, SMEEDTERIC A, apis EA L TW/z [163] L9585 d
HY, TFETEHLEPDH L LEDLNLGDT, BELBREDBRE P
DRREEHPRETH S, o

MR RIER T OWT, ] [14] ICLNISTERPIETRET 5545,
TECIZEIZ10MALL BRI R, mwﬁﬁ%mffﬁgﬁék@%ﬁét
WOHELDH S,

B3 ¥ D —FOBMUES IR LI b S E S 2 T
PHY, DD, T TRPFRBERPEI 2WREEL EINS, Zh
PEFEHPDEIZ, Eol<KEBRALAWERRTLRAEFLIZLIE
BOLNT W, B3, BT BN IR RAERGPREERI N,
Nk, BRIIM-FELALSHTHEINLZ P, —ERETS
EEEL L BWEHERIN,

A. apis D TRBETS B BRICEEL, B AROFa—7
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FREEH3IEL I LT THDOTRIIL 7, WEDEEIIEFTH M
FEEPBEWNMIEEETRFERE L REDOEEILARERSED SHIE
DB Lz,

Dejong & Morse [47] , Gilliam [56] {388EIC L > T AT
5 I EIIEGTIIR L, FEELEEEZE LHELTWS, UL,
ZHHEIIHBT A, apis DI TFREWEIC0.5%DBER ML 5 2 & THE
NOEFEEBDPEGTHHZLZRAL, BEEPESZITRIL L, TilHE
HDBDMEDWR L BEDFFIZONWTESHEINTWED, ZD
EHIIE G T3 <EEN DV Wi R L ORREL L ERTIE 2o Wit
Bbns [1,4,5,7,8,32,37,38,40,49,54, 68,70, 73,77, 97, 107, 109] .

IHEEREDRR IR TIE, FEAER], 6005 TIoanE, miEaTis
800FZ1050fE], 3 — WHITIE3, 20065 15 CIELSTED Sz, Ll
3 — REICIIBENOBRBEMER U SEOBEMEZD S S FIMEHIZ I
B2 & Bbhse,

FA H A3ED, BISECHE, ks, EHETERka:E %M
WZIHET S5 HEEE LTHRWTH Y, LS<FHHSINTED, SEDHER
HISHAL, BEEHFAD 1 DOTHALILFL AL FAR (LT
EO 4 X ) 1118094 Wartz (2L > THRDTHRIIND, 2ORRICD
WIAE R, AEMORE I OWTSEHE I W [118,130] .

TR EO A RISHE N7 E, FBRAVDH Y, FHSHEDZFRIZOWT
L, FLWRBEERASRESINTEY, KETIE7 X ) A EHFIZOW
ToREHE LTIY) BiFshtnws [131, 133] .

EO H ADRHESE L LT, BROBRETH S, KEBEATAZERET
3Lz E DBESES LY, Capoxl0k LT EHEEENREICIHA
BNoOH LI LS, SEDEFANED 1 2L LTEBECICERAR
Bl 7z, |

4m, &3, A. apis BEEMED EO H AL AFBEHICO>WTIRET
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L7eiEs, 200CTId EO HFRBEAN 3 % T 6 BifEl], 2 B T2UKETRE
BEE NIz, 30CTH, 1%TB M, 0.5%T 2 4 B4 IR T
SELZHREIN, %8, X TIE28E, 7% TS 1 KRETELICHK
BE3h, EITII30CIZ L 2BE IR L B/,

EO 77 AIX1HIEIE Wartz (T X DO TRE IN/2H5, Cotton [45]
Sz k D FHGEDEED S5, Schrader & Bossert [130] &, Kirby

[91] &, RAETIEZRE [118] 2k » CREFE L CORIRSEHHIZ
ENBRBIAT, HREEHD B WIIREH 2 LT OFHEDED TS
N7z, EO A AIIRENLHREHHS [134] BH Y, FrHEADZFRIC
L, HERHRETORERSH Y, REEDOFNRERPERLN S H
ANEHOWHE [118] EADBAN SN, FEROEEFEICES b7,

ERDBERIIZEI % B 35 Paenibacillus larvae [74] (24T
BELARFTHALPINS ZET 5728, Michael [114], Cantw
ell [42], R¥ [118] 5i2k D) EO HADGHABMENTH S LW
WEDPLIN, TAVA, 792X, [BY#, 2+57ETLHEIED
LI, WTFNL RFLRRZEBIOHTWS, SEIDHAEET A, apis &%
LCHLFENICHA T REe Z & PR 3 N7z,

WA RO PNa l2 & B GERAERTlE, 4 F8RI38 A E%E,
FHEI L, 1HERBTIREALHEL, WEOIEARLLS, BENLEE
Do, FHTHAIPREZIFTELLDEFEL LN/, I—ayNT
13 [1287 0.5%9-F—)l, Fesia—form, amphotericin B B {*250ppm &)
benomyl 2 #bPEICE L5272, thiabendazol % H D _EFEZE = 10H
B¢ 5 52 258, V—2=7 Tl mycocidin } A 7°L — 3 % FEER
PIREECRREOIRE % LT 5 FEFFET o NTWE Y, FBERIMIET
Ehdpole L ELTWS,  Anmna [12] 512 A. apis {2395 in
vitro CORNER M BRI Z 75T L, Ajatin, Formalin, Salicylic acid,
Last— anox, Nitrofungin, Nystatin (Mycostatin), Praben, Propolis, Allyliso
thiocyanate SERTHH»7c L HmEL TWS [12,24,58,59,60,61,62,63,
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65,66,1111] .
HHPETIE [116] HiEFHI L LT Mystatin, Fungizone, Empecid 5

P AHEEMSE U 3N TWA S, AMCBEEECERA L L2
BITEHERSD D, BRI 288 % EET 5 BHHICIZIGH
Y TIEN <, HERDHEEELEEHISH L TRERLLESWDL
AR EEROTMERIOBRENR A2 ITREL LD HITLH. 2D
TR E 2 <FNLWERBERBI L2t b H-»72 [115,138] .

ERIIEREANT—HERINS S, KHBEFSIUILDNTE
TIERAITRTE W, £ TERIIEPICHFREZREL . TILEBRE
RTHELZEOLIDOPETHS, LIrL, EROTICIIEEHD > THE
B3N 7B B PPUERIRT R K13 DB DL THELERSE
THALEFLIN S L wbivT\Wa, ZONY FIITERZREE ORI
BEHCERT 248, BRECIE A TIdZTWwWE LTws,

Fa—2RPERLTWSERELTEL6NLZ L, 1) L
P OBHEEDLDIZFEL TWES | BROMFEPMET LI7bER
L7z, 2) FEB CRHCEIATENSE) HC A apis FFEL TWTLS -
72 [41] ., 3) EROFERFTHO/HICERINCREWE, YL
7 7 Hl, BIERERIVEY BRIESR, BOBADIERZHENRZ Rl
¢, ZORR, SMpSBALTE/: A apis HEEHEL A [24,33,
44,51,117,120]1 . 4 EHEPICA. apis BFFEL, THREM LTRSS
WA UIRE 72 EBHTF oS . &4 [63] IZINTZHEFHIITIR
FIZFEEL TWTCLREETENE LTS, b)) ERI7TaRI X
[104] 2EET 5%, THUIERPREFLOEE (778 /4 F
%¥) LHEER (N0 r) BEEEOETHE7ERIDH 5 RIEWET
I R LBHBERDD S Z L b 4 TRIFEFIZFIHINTS
72, UL, Fa—7RRBERHATERP 7% 7R A5+
EES N lpodzp, SNTLRETLZWD, HiMPLDH, B
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i SEDOBRE NP LizDTIZewWhrk Bbh s, 6) 1978ELIHETD
HREFERESUNIN, BURER, R, L7 2idLo L 958
EMOBILBREFZ 6N S,

F a — 7 ROWMRER & UTEE LFHORERBROER, #Ea
TiE4 HE, PNaTl32 HEREBFALITICRD, £ORKRES
BHLNLDT, REFHIZBWTIARERZ EHT S I L13, Rl
£ EiFs U< %< AEHREZPLEEEZ 6/ [119,138] o (REEHARN
i PRI LW 2 NI ZIZEFEAICHY, ZOBRFEREEEAT
FTREBREZ LTL 5o BAmPDEZ LN E BbS,

F- g — 2 IRIBED/ZDDEEFBHE LTI, DNBEDEEICHIz-
TiE, BRLGBRDEWEFICREL, JIIEZL X OB IS % BT &
EOHE LR WE S i 2 o< bW k. DRIz H - TS,
A. apis DIERDEZ LN HHEABER BT, BEREDREIEEPR
WE S A L. 3)ZCH, B, HHERE, MR, V-, BT
7 CIEERR, TILVATLTFE RAX, EOHRATELMICHEELE
Mg s k. 4) 34 FBRHFEDLNEBEIL, S00BOFEERER, H
5W30.5% PNa i, A SEEET 22 k. b) BRI MRS
ZEALBBHCZ S & O 128, Bk BAREREN 2 NS €5
LY ThHD.

EIETOF g — ZROFERIZITHETIEI7%, 1980FTHE30%,
19814ET1318%, 19824ETI33.8% L WIRIKT L, 1983 IciZ¥ k%
2. CDX S ITHEEEOMEND b 0o0h B, B HIHELMER
DI EMZ HLEHH S,
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VRS LR

=

%0 F a — 7 A chalk(brood) disease {ZF g —7 77— I chalkbro
od & HLIHIN, EIEDEE (4hH - 4F) 4% Ascosphaera apis ( Ascom
ycota T-EeH1, PETEHIH Plectomycetes, Ascosphaeraceae BIODH
RHEE) CL>TBITRBEETH > TRTHHDOHENR I A TP
e SNTW5, 2% ETIXRC Apis mellifera 24 377 3 W/NFD
WP ERTH S,

COERDOBHEIA F{THERIL, 19138 F A V) Maassen (2 &

N” Kalk Brut [HEWR] 7 & UTHEMICHE IR, IQI6FIAFEDR
K E il Pericystis apis & fy2 37>, Claussen {377 EEAEEREICH
9 A ERDEFBRICOWTERHICHRET L, ZREDOE s EILER S
DEEEE T ENZRICMR L TER L, ZOXEEIZE% synascus & IT
WL7e, oL ENSGICL 3 FREMEPHEEI NI L POoFRE
B TFER MO Pericystis apis E fRIB3IN/2Z L IZEKFFE 52 7C.
#Dtk, Pericystis apis {204 % Sl EEERBENEEI L, Splt
oir & Olive |37A<EE% Ascosphera apis (DI A. apis) &£ BHH - fi%
L7z,
RIEClE, #5HEHIT Chalk brood DRV R SN, ZOTIEHIZD
WTHSRE S ho0obh 5. 36123, AEWE, N7V v FFZLLM
FEEOTIZE, HEEE, ATBROER, HEEKOSGR, MER: O
BHESRSEZE L BT IN00H 2P PROF L L S EII L e P ROP 6
ZLNDIPBRTH S,

DOBETIIFEI SB 45 O ANBRES L UHREDERENP L,
F 7> G HRERDBANTRIC OWTHTHE L 726, SINES LUFKHR
TCHEN L7 BEhDBEEN TG IC O OWTHHE L2, BIUEE L UFH
BT RN LBEDHRP L FNEN, A apis Z0HEL7CHREDNDH S
W, BREDFAEREL LI -T2,
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NS, BEDFa—2RIZELT, bAEICHBIT R RERER
RGBT REDERIILT L L+ LIESWEBWIRIBICH 2%, &
FIE1997 (RRY) £ T REEYIR THHIENYE 1 TH7zI2 TRHES
5751 IOBIHEE SN B ICE -7, BEOEERMML S > THARODH
M ICREEBOXE M S AROTRSE S T W, |

HHT, FEHEDEHRT LEIZBWIRROBARERNICEEL .
AIREBEDTHDEHIRE 2 WE T 5 L TR L 7 5 EFERYEIIZON
TSI HREZR™

AN I EIRDTF = —7 RICB L TRDSIEE © D) AROBRFEE
FIRER, 2)A. apis DRAFRI, 3) HE A, apis DR, 4A. apis

2 B HERIO in vitro RERER, 5) FHROFIMNHEREIZONT
M3 - HETL2bDTHD, TIREDMEEZHRETS.

1 &S a—7FEOBRFERICONT
F~a — 7RO BARFAERNL, 19793 H b:ﬁ‘)ﬁﬁ’%ﬁﬁlﬁ?‘]&:f?
B LT E7ERE ¢ 1008 STICEELEROBFRD SNz, #IE
ZEfE, BEEEEATIA UL TE V)%H?@*&U%Fﬁ@}\ g [
ZEED SN, BEIIHALL, ZEEFABIZII P ZWEigL R
LRTIp-Te, B
F g — 2 HRORESROT R T, 34 IBBDY 52 58M
2 PAS e CHR< 3 22 BOBH XY, RRIGEINTHRERE
TYZRIEHBELERLBEO N, FRE (BFE) OBRLAESR
Iz,

F~ g — P IROREEARE T, MEFEREEH, JITEEREHIC
TR A BES h’i‘i"o 208, EREHTEEIHELYD, afEtsE
ROBELSKREL, FOERRUTFER (BTE) OBRFEHIES
5 A. apis BHEEI N,
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AHEEIIEERESE <, MY EREHTY 1 BEEET2
y BREROTER (BFE) , HRoTE (BT , BABOTE
BFEED, R TFEERICHEINS A, apis & BRI
FlEL7,

AFEFNLDHEFINF 7 — 2 @E%%é%(%éﬁ AFERAE
HREL 3 N2 19THERIRDEIZEI230°CL D KBS LE IR
S Zrh, FEEEORECHESE LTI RW LRI,

9 Ascosphaera apis D7 THIRIL.

REDDIITONWTIL, BERFEREROERZR, BE, TEmic
OWCHEET L7, EOMR, BT TII64FT 167 (25.0% ) DEEER
DEFEFICHB S FBRENEH LN, A. apis 133208F-808F (25.0
%) PoNEEINI, I TBRIBDALNIBHTII—REREL Eb
NEHBWEP O LARERDPRES N,

HEEE L6477 3208 107 165F 6.0% ) 705, A. apis P7RED

N, TR TONESRIATHIT (4.7%) THETH-72,

3 Ascosphaera apis DR EE
REOFEMNL, EERRICRTEE RS L ORI 2 8
L7z, OB HRRIMFEESN, 10°, 100, 10°/mL G0m L/
i) LB L BT EES, FNENI0.0%, 55.0%, 93.0%DF
RETHH7, .
BIENRZML, 4~5 BifE THEWS, 3 HEGLIRTOLHRIL
TR, RBICEBBREDIDT = *77@%& IR I NI
7o
A TR COBERER OIS EE S 4 SRR 5A.
apis WV TR L ITFHFRICEIRTE 72,
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4 PUEAI Ascosphaera apis (2535 in vitro DFXEEIE

A. apis {209 2 FHIDOFERIL, FEFOFRBICEFRADOM
F#2.5,5, 10, 157 E200CTERA S ¥7e 1%, MAOY BRI THELE
HORBOFETHE L, ZOBFHEERTIIFERETL, 600
FET1oE, MR TII800FHREI00[E, I — FAITHES, 2
OOfSF I T I6N ED MR T THRE R £ 50072,

FFiA 145G, TIE7nEL VB MY 7 A (PNa)DMICHE
0.04~1.25mg/m L & HERAHKIBE ThH -7z,

BEEH DBV LT VT BAH R (FA:4OmL/ ST F X — MV, 22
C), TFL I 4 RAH A (E0:10%, 30°C) & 4120.5, 1HFE
DIEFRRE T AL BE R Z DD - 7208, 2 4RBREITIZ100%
DFERTH -7z,

53— 2 ROBMRE

A. apis DATES: (JF10° /mL, 50mL/ BIRKT) 3 HED
BRI 3 2 BRRIOFRE - BAEEUE, WHERER (800 HRIE100m
L RSB RATIC L 2EE TS HRIRIIESIC S 1 TRIEN <%
IR STz,
%72, PNa(.5% W 100mL/ BSBEMHT ) OWEETH 8 HEIZSE
LSRR % 0, £ LT, WEAIC L 2 ENERISRE, BT, 5
WFERIZ LD STz, REREBTD SR L B EIZBIT 5
EHIRTAR I, WERRIL 3 HE TR (1. dppm) LW 4
HELGCREBRLT LR, T COISHIRSS N, PNa
i3 1 B EORZES, 250ppm 4 2 B BLIRIZIZRHIRR (25ppm) LIT
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Doctoral dissertation
Study on the Chalk(brood) Disease in Honeybees

Summary

2000

Teizo MABUCHI

Chalk(brood) disease in honeyb’ees, otherwise called chalk-
brood, is an infectious disease caused by Ascosphaera apis (Asco-
mycota, Plectomycetes, Ascosphaeraceae). It infects honeybee
broods(larvae and pupae), and white chalk-like mummification of
dead larvae is its characteristics. In beekeeping, the incidence of
Apis meillifera larvae infections is the major issue.

In 1913, Maassen of Germany first reported this white
mummification disease of larvae as “Kalk Brut.” Then, in 1916
the causative fungus was named Pericystis apis. Claussen con-
ducted detailed study in lifecycle of fungus originated from
fungus-infected beebroods. He elucidated that the multinu-
cleated reproductive organ synascus is formed by antheridium
developing fertilization tube stretched to ascogonium and fertilizes.
Identifying this sexual reproduction, he supported the classi-
fication of this fungus to Pericystis apis of Ascomycota. Later,
: detailed mycological observation of this fungus was conducted by
Spltoir and Olive (in 1955), and they reclassified and named this
fungus Ascosphaera apis(A. apis).

Currently, sporadic incidences of chalk disease are reported

world wide, and the various studies on the control measure are
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being conducted. Improvement on beekeeping technique, pro-
duction of hybrid species for disease resistance, selection of queen,
development of microbicidal drug, synthesis of fungicide, and
preventing complication with other disease are investigated.
However, no decisive method of prevention is yet to be found.

In Japan, Udagawa et al. reported findings of A. apis in
imported honey from Canada and honey produced in Akita
prefecture. Another reports of isolating A. apis from honey,
collected in Tottori and Akita prefectures, were made by Yamazaki
when studying microorganism distribution in honey. Despite
these findings, no incidence of chalk disease of honeybee was
reported.

Thus, the research in chalk disease of honeybee in actual
state of incidence and observation on the course of disease in
Japan was far from being sufficient. However, chalk disease is
added to the list of “reported communicable diseases” by 1997
“Amendment on infectious disease prevention act of domesticated
animals” in Japan. The investigation was needed on this disease
as the market demand and import of honey increase, and
quarantine operation was required.

The author found the natural incidence of chalk disease
through animal hygiene practice, and had opportunities to
conduct basic research needed to establish the hygiene guidelines
for the prevention of this disease.
| This thesis is composed of five sections: 1) Findings of natu-

rally occurred chalk disease, 2) Distribution status of A. apis, 3)
Pathogenicity of isolated A. apis, 4) In vitro fungicidal effect of
microbicidal drug on A. apis, 5) Investigation and research on A

apis field prevention. Their outlines are reported as following.
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1. Naturally Occurred Incidence of Honeybee Chalk(brood)

Disease.

On March 1979, three colonies out of 100 bee colonies trans-
ported from Kyushu Island to Gifu prefecture was found to
contain abnormal honeybee larvae, which was a case of natural
chalk disease incidence. Larvae were colored white, black, and
dark brown, and were mummified. The numbers of such larvae
were found in brood cells in the combs and hive entrance. The
hives strength was weakened, and only few worker bees were
found around the queen.

In histopathological observation of the disease, from the
cuticular layer of mummified larvae, large number of fungus was
identified by the red color using PAS staining. Rod-shaped and
septate hyphae are sometimes branching in Y shape. Formations
of ascomata(cleistothecia) are also observed.

In pathogenic examination of chalk disease, no bacterium
was isolated by either blood agar medium or egg yolk agar medium.
However, on fungus media, white cotton-like fungal growth was
identified from the third day of culture, and from its morphological
observation of its hyphae and ascomata(cysts), it is presumed to be
A. apis.

The isolated fungus has high sugar demand, and after 1-
week culture on M40Y agar medium, thin membranous asco-
mata(cleistothecial cyst), spherically shaped asci(spore ball), and
oval shaped ascospore were formed. Thus it was finally classified
morphologically as A. apis in Ascomycota.

This is the first reported case of naturally occurred chalk
(brood) disease. Around the year of 1979, summer time tem-
perature was continuously above 30C throughout Japan, and it
is speculated that such weather may have contributed to the
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incidence of this mycosis.

2. Distribution Status of Ascosphaera apis.

The distribution of this fungus was investigated in honey-bee
larvae kept by beekeeper, honey, and pollen. As the result,
16(25.0%) out of 64 beekeepers had identifiable white mum-mified
larvae. A. apis were isolated from 80 colonies(25.0%) out of 320.
This fungus was isolated from seemingly healthy larvae in the
honeybee colonies identified with mummified larvae.

A. apis were isolated from honey produced by 16 colo-
nies(5.0%) of 10 keepers out of 320 colonies of 64 keepers. From
pollen, the isolated rate was 3 positive cases(4.7%) out of 64

keepers.

3. Pathogenicity of Isolated Ascosphaera apis.

Pathogenicity of this fungus was investigated by spraying
spore solution to healthy larvae and observed for the infection
status. Symptoms rate of appearance increased in positive
correlation to the spore concentration. When the spore concen-
tration(sprayed 50mL / a comb-side) was 103%/mlL, the incidence
rate was 40.0%; 104/mL, 55.0%; and 10%/mL, 93.0%. |

The larvae have high sensitivity to the disease up to 4~5-day
old. However, the larvae infected before 3-day old were either
liquefied when dead or removed by adult bee, so the incidence of
chalk disease was not identified.

The rate of collection of inoculated fungus was complete in
artificial infection testing, and A. apis was collected from white

mummified larvae as in the pure culture.
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4. In Vitro Fungicidal Effect of Antimicrobial Drugs

on Ascosphaera apis.

In order to test for fungicidal effect on A. apis, each diluted
preparation were brought into contact to A. apis spore for 2.5, 5, 10,
and 15 minutes at 20°C, then cultured in M40Y medium. Obser-
vation was made for the growth of fungus, and evaluated with the
presence and absence of growth. As the result, among the
antiseptic, invert soap had fungicidal effect at 15 minutes contact
of 1,600 x dilution, amphoteric soap at 10 minutes of 800 x dilution,
and iodine preparation at 15 minutes of 3,200 x dilution.

Among 14 fungicides, sodium propionié acid(PNa) had MIC of
0.04~1.25 mg / mL, which was relatively low in concentration.

Microbiocidal gas, formaldehyde(FA:formalin 40 ml./ m3, 22
C) and ethylene oxide gas(EO: 10%, 30°C) did not show sufficient
microbicidal effect at 0.5 and 1 hour contact, but 100% fungicidal

effect was observed in 24 hours contact.

5. Prevention of Chalk Disease

Antiseptic and erradicative effects of drugs were tested on
artificially infected combs in frame, which was prepared three
days prior to test with A. apis spore solution(50 mlL of 10° spores /
mL solution per one side of comb). After 8 days from spraying
invert soap(800 x dilution, 100 mL per one side of infected comb),
occurrence of mummified larva was completely lost, and the
procedure was recognized as effective. Also, PNa(0.5% solution,
100 mL per one side of infected comb) was found to be completely
effective in prevention after 8 days of drug spraying. No side
effect was observed for both drugs in adult bees, larvae, and eggs.

In residual drug testing on honey collected from test honey-
bee group, residual invert soap(1.4 ppm) was detected up to 3 days
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from spraying, but fell below detection limit on 4th day, suggesting
the possibility of application to field use. Residual amount of PNa
was 5,250 ppm on first day, but fell below detection limit(25 ppm)
on second day and after.

Fungicidal effect of EO gas was investigated on A. apis
artificially infected comb(3 X108/ mL spores, 10 mL per one side of
comb, and 48 hours culture in contact at 25°C). As the result,
100% fungicidal effect was observed in contact temperature at 20
C and over 6 hours contact to EO gas concentration of over 2~3%.
At 30°C, it was 6 hours contact to 1~3%, and 2 hours contact to 5%.

Eradication test for naturally infected combs are conducted
on 9X15 cm cutting of infected comb submerged in testing
antiseptic solution for 24 hours, and culture in M40Y agar
" medium to test for the survival of fungi. As the result, 100%
eradicative effect was observed in 100, 200, 400, and 800 x dilu-
tions, but 1,600 x dilution was not effective. Iodine preparation
was effective at 1,600 x dilution, but the residual odor was too
strong and determined unsuitable for actual use. The effect of
microbiocidal gas was 88.9%(8/9) for FA gas(previously men-
tioned) for 24 hours exposure at 24°C, and 100%(9/9) for EO gas
for 24 hours exposure at 30C.

On March 1979, three colonies out of 100 honeybee colonies
transported from Kyushu Island to Gifu prefecture was found to
contain mummified larvae of white or black color. In pathoge-
nicity test, white cotton-like isolate of thread shaped fungus was
obtained on fungal medium. And after two weeks of culture,
formations of ascoma(cleistothecium), ascus(spore ball) and asco-

spore were identified, and it was the first identified chalk disease
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in Japan.

Using the isolated fungus, the artificial infection of healthy
honeybee colony was successfully conducted. As the result of
investigating for the control measure, invert soap and amphoteric
soap were found to be éffective, and among the fungicides, PNa
was effective. Also as the preventive measure for empty comb,

disinfecting by FA gas and EO gas were effective.
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Fig. 1. Honeybee(Apis mellifera group) broods in

unsealed and sealed cells of a comb, killed by chalk

(brood) disease owing to Ascosphaera apis infection.

.
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Fig. 2. Healty pupae(upper row) of honebee broods
(Apis mellifera group) and diseased pupae or larvae

affected with chalk(brood) disease(lower row).



Fig. 3. The dead larvae covered with whitish mycelia of
the fungus, subsequently become mummified in shrunken
and chalk-like in appearance. The colour of dead larvae
changed gradually to grey or light brown and finally
dark brown or almost black following the formation of

fungal fruiting bodies.(upper scale size:1 mm).
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Fig. 4. The Y-shape branched mycelia, septated hyphae
in the mummified brood. (X400, PAS stain).
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the cuticular iayer of the

Fig. 5. Hye invaded in
mummified brood. (X400, PAS stain).



P

Fig. 6. Cultural ﬁﬁdings of Ascosphae; a pi§~'isolated from
the diseased larva, on M40Y agar at 25C for 7 days.

Fig. 7. Matured and burst ascomata(cysts as the cleisto-
thecia) and asci(spore balls) of Ascosphaera apis. (X100).
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Fig. 8. Unicellular ascomata and asci replete with
numerous endophytic ascospores. (X400).

Fig. 10. Ellipsoidal ascospores burst from the asci.(X410)



Fig. 11. Asymptomatic findings(normal) of the cmf>honey-
bee broods(Apis mellifera group) on the next day after the

spraying infection with Ascosphaera apis spore suspension.

the 4th day after the Ascosphaera apis infection.
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Fig. 13. Healthy larva at 6 days old, of honeybee

(Apis mellifera group).

Fig. 147. The initial étége of the male larva infected with
Ascosphaera apis.

o .
Fig. 15. The sequential stage of the male larva, on the

2nd or 3rd days after the Ascosphaera apis infection.



Fig. 16. Healthy larva at 6 days old, of the work honey-
bee( %) larva.

Fig. 17. Whitish mummification stage of the work honeybee
(2) larva, on the 4th or 5th days after the Ascosphaera apis

infection, the larva was enshrouded with white mycelia.



Fig. 18. Mummified stage of the work honeybee(?) larva
on the 7th day after the Ascosphaera apis infection,
covered up with the fungal mycelia forming of numer-

ous black ascomata.

Fig. 19. The dark mummified stage of the work honeybee
(%) larva.



Ascosphaen apis
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Fig. 20. Reisolation of Ascosphaera apis from the
comb broods infected with the fungus spores,

culture on M40Y agar at 25°C for 7 days.



Fig. 21. The ascomata and asci of Ascosphaera apis reisolated
from the work honeybee broods, experimentally infected with

the fungus spores. (X100).

Fig. 22. The ascoma and spherical asci including numerous
endospores. (X400).
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Fig. 23. Reduction of diseased honeybee broods by the spray with
100 mLdliquots of 800-fold cationic surfactant(invert soap) solution

per a comb side, on the 3rd day after the Ascosphaera apis infection.



Number of diseased broods per 100 larvae infected with A. apis

A. apis infection
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Flg 24. Reduction of diseased honeybee broods by the spray with
100 mLaliquots of 0.5% preservatives (sodium propionate) solution

per a comb side, on the 3rd day after the Ascosphaera apis infection.



Table 1. Outbreak of chalk(brood) disease in honeybee groups

(Apis mellifera group) during 1979 in Gifu Prefecture.

No. of bee- Examined Area/date

No. of

No. of

Frequency Pre-keeping

keeper _ (Countyor City)Month) bee group dideased group (%) area of hive
1 Gifu City/ March 100 3 3.0 Kagoshima Pref.
2 Motosu / April 30 8 26.7  Motosu County
3 Hasima / April 65 14 21.5  Kagoshima Pref.
4 Hasima / April 55 21 38.2 Kagoshima Pref.
5 Hasima / April 50 7 14.0 Kagoshima Pref.
6 Gifu City/ April 107 13 12.1 Hokkaido
7 Gifu City/ April 157 126 80.3 Hokkaido
8 Gifu City/ April 168 70 41.7 Hokkaido
9 Gifu City/ April 41 21 51.2 Hokkaido

Total 773 283 36.6

Table 2. Questionnaire survey on the outbreak of chalk(brood)

disease in honeybee groups(Apis mellifera group)
during 1980 in Gifu Prefecture.

Area - No. of No. of No. of Frequency
examined _ beekeeper bee group diseased group (%)
Gifu City 67 2,530 1,140 45.1

Seinou 59 2,595 1,097 42.3
Chunou 25 673 245 36.4
Tounou 33 771 211 27.4

Hida 47 1,495 275 18.4

Total _ 231 8.064 2968 36.8




Table 3. Isolation of pathogenic fungi from the honeybee broods

(Apis mellifera group) affected with chalk(brood) disease.

No. of Bacteria Fungi Colony Strain
specimen 5% Sheep- Egg-yolk Sabouraud’s Czapek-Dox finding isolated
blood agar agar agar agar

1 — — + + Growth of MS7911
2 — — + + whitish ~ KM7922
3 — — + +  filamentous OM7931
4 — — + + colonies MKT7942
5 - — + + incubated 0OS7952
6 — — + + at 25C MT7961
7 — — + + for 3 days MH7974
8 — — + + on all GMT7982
9 — — + + strains__ FM7998

Note: +: Growth of the fungus, —i No growth.



Table 4. Biological properties of nine fungi isolated from the honey-
is mellif up) aff with chalk(br i
Morphology
Gram stain : Positive

Mycelium : Septated hypae

Ascoma  : Dark brownish unicellular cyst as the cleistothecium:
35~100 1 m. |

Ascus : Spherical spore ball with numerous ascospores
8~20 1 m.

Ascospore : hyaline ellipsoidal unicellular spore:
2.3~3.4X1.2~1.5 1 m.
Chlamydospore: Negqative

_Asexual conidium: Negative

Cultivation and spore formation
Diff Vo G 1 S ; .

Sabouraud’ agar: + —
Czapek-Dox agar: + +
Malt extract agar: | + +
M40Y agar : +++ ++
Oatmeal agar ++ ++
Weitzman agar ++ +
Growth temperature: Growth rate for 3 days)
5C : -
10 C +
25 C +
37 C +
Survive test
5T : > 9 months period
26 C : > 9 months period
Pathogenicity test in mice
Spore dose No. of No. of
. lated Vied animal /  animal
1X104 0 ) 5
1X105 0 / 5
1X108 0 / 5
1X107 0 / 5
1X108 0 [ 5

Identification of the nine isolated fungi (MS7911, KM7922,

OM7931, MK7942, 0S7952, MT7961, MH7974, GM7982, FM7998) :
Ascosphaera_apis




Table 5. Distribution of Ascosphaera apis in honeybee broods,

honev and pollen during 1980 in Gifu Prefecture Area.

No. of beekeeper No. of Ascosphaera apis isolation (%)
and bee group Beebrood honey pollen
64 beekeepers 16 (25.0%) 10 (15.6%) 13(20.3%)

320 bee groups 80 (25.0%) 16 (5.0%) 15 (4.7%)

Table 6. Experimental infection in honeybee broods(Apis mellifera
group) by the spraying inoculation with the spore suspension of

Ascosphaera apis MS7911 strain.

Group of Spore dose Spray dose Attack rate
tested comb (spore/ml)  (ml/a comb) (%)
© Test-1 1X108 50 40.0
Test-2 1X104 50 55.0
Test-3 1X105 50 93.0

Control-1 0 50 0.0




Table 7. in vitro Fungicidal effects of disinfectants to Ascosphaera
apis_MS7911 strain at 20°C.

Disin-  Time of Dilution of disinfectants (1:x)
fectant action(min) 50 100 200 400 800 1,600 3,200 6,400
25 - - - 4+ 4+ + + +
Cationic 5.0 - - - - 4+ + + +
surfactant 10.0 - - - - = 4+ 4+ +
156.0 - - = = = = 4+ o+
25 - — — 4+ + + + +
Ampholytic 5.0 - = — — + + + +
surfactant 10.0 - - - - - 4+ 4+ +
15.0 - - = = = 4+ o+ o+
2.5 - - - + + + o+ o+
Povidone- 5.0 - - - - - 4+ + +
iodine  10.0 s T s
15.0 - - - = = = =&+
25 4+ 4+ + 4+ + + + 4
Control 5.0 + + + + + +  + o+
(Distilled  10.0 + o+ o+ 4+ o+ o+ o+ o+
wate) 1650 4+ 4+ o+ 4+ o+ 4 o+ 4+

Note: +; Growth of the inoculated fungus, —; No growth.



Table 8. in vitro Fungicidal effects of preservatives to Ascosphaera

apis MS7911 strain and Aspergillus flavus Link strain at 20°C.

Preservatives Minimum inhibi concentration :mg/m
Ascosphaera apis Aspergillus flavus
Benzoic acid 0.04 1.25
Sodium benzoate 1.25 >10.00
Diphenyl 0.04 >10.00
Sorbic acid 0.04 1.25
Potassium sorbate 1.25 >10.00
Dehydroacetic acid 0.04 0.32
Sodium dehydroacetate 0.08 0.32
Isobutyl benzoate 0.04 5.00
Isopropyl benzoate 0.04 5.00
Ethyl benzoate 0.63 5.00
Butyl bennzoate 0.63 1.25
Propyl bennzoate 0.32 1.25
Calcium propionate 0.04 >10.00

Sodium propionate 0.32 ~>10.00




Table 9. in vitro Fungicidal effects of formaldehyde gas to

the cultures of nine strains of Ascosphaera apis.

Strains  Time exposed to f ormaldehyde as” at 221

tested 30 min. 1 hour 24 hours
MS7911 + + —
KMT7922 + + —
OM7931 + + -
MK7942 + + —
0S7952 + + -
MT7961 + + —
MH7974 + + -
GM7982 + — -
FM7998 + + —
Control + 4+ +

Notes: *; Using formalin 40mL and potassium permanga-
nate 40 g in the capacity 1 m3 cabinet

+; Growth of the inoculated fungus, —; No growth.



Table 10. in vitro Fungicidal effects of ethylene oxide gas to

the cultures of nine strains of Ascosphaera apis.

Strains  Time d to 10% ethvlene oxide gas at O°F
tested 80 min.  1lhour 24 hours

MS7911 + —
KM7922
OM7931
MK7942
0OS7952

MT7961

MH7974
GMT7982
FM7998 —

\

L e o T S S S R

+ H o+ + o+ o+ o+
|

Control + +
Note: -+; Growth of the inoculated fungus, —; No growth.




Table 11. Fungicidal effects of the ethylene oxide gas treatment

for the honeybee combs™ sprayed with spore suspension

of Ascosphaera apis MS7911 strain.

Tempera- Con.of .

Time exposed to EQ gas (hour)

turetested EQgas(%) 1 2 3 6 18 24
0.0 5/5 5/5 5/5 5/5 55 5[5

0.5 NT NI NT 565 265 25

1.0 NT NT NT 4/5 38/5 205

20°C 2.0 NT NI' NT 05 1/ 05
3.0 NT NI' NT 05 05 0/5

5.0 15 38/5 1/5 NT NT NT

7.0 15 1/5 1/5 NT NI NT

0.0 5/5 5/5 5/5 55 5/5 5[5

0.5 NT NT NTI' 4/5 1/5 0/5

1.0 NT NI NT 0/5 0/5 0/5

30°C 2.0 NT NI NT 05 05 0/5
3.0 NT NI' NT 05 05 05

5.0 15 0/5 0/5 NT NT NT

7.0 0/5__0/5__0/5 NT NT NT

Notes: *: Incubated at 25°C for 48 hours after the spray with 10 mL
aliquots of spore suspension(3X108/mL) per a comb side.

Data; No. of gowth/No. of specimens for the fungus,

NT; Not tested.



Table 12. Fungicidal effects by 24 hours dip treatment into disinfec-
tant solution with the comb blocks™ naturally affected

with chalk(brood) disease.
Dilution of disinfectants (1:x)

Disinfec-

Remarks®
tants 100200 400 800 1,600
Invert 0/9 0/9 0/9 0/9 9/9  No change in bees
soap

Amphote- 0/9  0/9

0/9 0/9 9/9
ric soap

No change in bees

Povidone- 0/9 0/9

0/9 1/9 9/9

No change in bees
iodine

Notes:*; Comb wax blocks cut 9X15 cm in size.

5. Honeybees condition in the hives replaced originally the
tested comb blocks.

Data; No. of growth / No. of comb-specimens for the fungus.



Table 138. Fungicidal effects of gas fumigation on the comb blocks*
naturally affected with chalk(brood) disease.

Gas Tempera- Time for gas fumigation
ture tested 30 min, 1.0 hour 24.0 hours
Formalde- 22°C 9/9 9/9 1/9
hyde ; -
Ethylene- 30C 9/9 9/9 0/9
oxide™

Notes:*: Comb wax blocks cut 9X15 cm in size.
%: Using formalin 40 mL and patassium permanganate 40g in
a capacity 1 m3 cabinet.

*. 10% EO gas(CeH40 10wt% and CO2 90wt%).

Data; No. of growth / No. of comb-specimens for the fungus.



Table 14. Residue of cationic surfactant(invert soap) sprayed *

on the honevbee combs

Group of  Day after Honey collected = Drug residue in

tested comb the spray _dose(ml) Weight(g) honey(wt ppm)

1 415 523 2.6
2 1,220 1,525 1.2
3 420 550 1.4
Test-4 4 560 745 < DL®
5 810 1,045 < DL
6 720 1,008 < DL
7 410 517 < DL
Control-2 1 640 877 < DL
2 525 720 < DL

Notes:*; Spray with 100 mL liquots of the 800-fold cationic
surfactant solution per a comb side.

°; Below the detective limit of the colorimetric analysis.



Table 15. Residue of preservatives(sodium propionate) sprayed”®

on the honevbee combs

Group of  Day after Honey collected Drug residue in
ested comb the spra e(ml) Weight hon
1 435 550 5,250
2 620 780 < DL®
3 425 560 < DL
Test-5 4 510 680 < DL
5 790 1,020 < DL
6 540 760 < DL
7 380 480 < DL
Control-2 1 640 877 < DL
_2 525 720 < DL

Notes: *; Spray with 100 mL liquots of 0.5% sodium propionate
solution per a-comb side.:

%, Below the detective limit of the gas chromatography.




