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EVHIOBIEMHIC X O REREELTWVS
W, FNLBREE M EDTDIEREN B R %
BALTWA. FRAOIEMENERELTO
L G2 IYARF (LLF, 295F) OFHE
&, BETRBEBEREAIAER, E&ELTW
50, HEE I MBCFHE TS A
ATAZINFNANFOFIANESLTH D,
WINF T Rt BIEMENT ORNARH T
HolT bR, EHHPIRETHEHT LiZEN
BRI Tz, —AT, EA3avdi<in
FNFIZI—a v NEEOBARETHA EH
5, REiC X 2ERER\OFENEEI N, F
RSB T 2EMNMTbNZ. ZLT, &A1
AUAF)NFINFIE 200649 A 1 B
5 MRFENREYC X B ERRFIBRAWED
BEIEICRE S 2 3EA ] DOFHIN S & 75 5 REsik
EYNCiEREE N, LBk, HHIHz> TS
FTETHFAZRTA L EBIC, BEEEHETTH
AULARINIEZERWIRE 2TV, T
L7E8h 5, BREBERMtY2—TIdE
JNIRZZZANTRR SR & F RIS AR 2z e L, F
% 16 ~ 18 G E I SetmBeiii 2 1E f U 7z Bk
EMEEELEE T2 UNFEFIH UEER
F ADERBERAMAROFE ] OBIREZY
T, FRICEBIFB I VNFOFHEEMORFZ

fTolz. ThETICELNT-MEREEZ, H

B HEE

AIGHBMRRZEFEIC TTYNFEFAL
TR T R DE RBER M AROMFE] O
FET, BIEL UTIERENOR (BEAS,
2006), FILBFRHBDHEEICRIETIHE (5
A5,2007b), TLT, FAIELERD &EDOMR
B X 2 & D RATEIC RIS & (BEARD
2009) D 3IMEFHEX L. ZT T, KETRE,
INSOMEZFLICHE M TOFHICET
T—REMEL, PEES AEZICHBI B A
AT IUNFOIEMENFIFICONT, &8
TeDTHREMT Lz,

SYNFITEBTEMEN DR

1) TEMRETE

S FRFRADIER, I VNFHRIEHNZR
ETZDEFARLEZIONTVSE (WE
1996). ZhiZ, IUNFHMERZEDIIL WV
TEOBEIC X370 TH3. b7 bDEDE
A, SHEAE THEE L TIERZRRIRICE D
H, ZTONEITHII L TH#HETS. Ty,
TEMZEET B I-ITiE, FEOLHD S NE
DIEMEE L T RITNXERE RV, /I TF
FINFNFIE BT MTH LT, HOORMgE
UinElz KSE TR, MEROmPAZiREI < ¥ TH
ZRET BT LT, EMEELE UTIRETES
W, LINF X DTz > Tz (i
i, 1993). —7, FRADIER, FHHEIRICIE
HZEOEATHSD, HRALEEELTEDS
9, P MOEDOHE L IZRELSD, TR
DOFIMHLT, UL HH LWz, b
< DS L FRBRICAED BIEMZTE & Eixl)
NERETERY. T ULIEBNS, b
TREAITAZIVNFAFHFHEI N, Z



B1 tA3TIVYNFOFRCHT ZHETE (545, 2006)
) #izfmo UTIEm 220 1bd 2k, £) 55 FH 0 b S%IENCAER M+ 21F 5 ik

D, FTRCEFIHAEINE XS ICEoTz8EZ
5hs.

ZTT, ETIVUNFEFRICHETSS 2
TEARLZZ IYNFNF A ZERET
BT EMNTEBDONZHERT 5728, TR (F
& [E0)) DIEICEHET % 2 U NF OFTEIER
REMHT LIz (BEAD, 2006). ZOHE,
YNFIETAZICHKLS T RAOHIC ULHAADE,
Bl & O8s 2 # > THOERZED L BTE
Wz#Ee L, BEflokETZTILD217E%
BoRLE (R1/E). ZLT, #HBICHBEL
feF ADEMZZEh THRNY VT EIZFH DI
IICSE TADENS, HBEHOEM ST v b
ICED, TEMEATEERT ST EDHRETH
e (K14A). COFTEEEAI TN
FNNFORIFETH L IEERERZEDTH S
M, IYUNFNFRICHEL, TEMERETS
TENHLENEES Tz, iz, TOTHOERE
T, TEMDNE Lic 2 U NF OEEI I
fikd % & T AHBEEI N

Tk, PEKT ZAFEENT X (500m? B&X

U 1,500 m?, FEAE#EE 0.8 ~ 1 # /m?, O
EBICBiR Ry b ER) ICT, BREEEE 1 AL
KB B HBED S IREE TOMEL, 1EBIRR
ZBRRE L, 7z, 184720 OFTERRE %
BEL (BADL, 2010). ZOFR, REEEZ
120 DRNCHI B0 TENGATEL Tz (F 1). 164
72 0 OFFTER IS FIIETH 0B TH D, 2
~ 3WDOENZFHEN D, BAT 302 D3,
(N2t = gV

2) BRIIXHT IR

SYNFLIE (BEiR4a, BR3IK, @z
i 8,000 IEAIHE) 2 L 7z AR 7 A #sE
NT A (100 m?, FHREHEE 1.2 8% /m?, RO
EBICBiR xy hZBIR) 1T, 200545 H 8
HBXU 6 A 13 HICFATEXEHDF XDfEZ 5t
BT 1 HICHHEICHE LITEMBZRE L -
(BA&D, 2006). ZDFER, BREENGHET S
TEICE-> T, UK D &% DIEMDIE
THILHEOON (£2). Thicks%E
REFIHFHEH L B PFFRIEAONT, HUHE

R1 HREFTABIENT BT 24 TYIVNFOEELETZOD
FATER L TEBIE s L ORATERFRE (B4 5, 2010)

FHEH L FHTEEK TEEIRER FHTERFRE
(2008 ) Tt (1Egk /) (% / %) # /1t /)
5H 138 500 m? 28+ 8 176 £6.3  44.1 (3~ 302)
5H815H 1,500 m? 29 + 12 209 +£58 405 (2~ 180)
2k 28+ 9 193+59 423 (2~302)

FHIERY, TEBIRERTISFEAEE SD., BATERRIRTFEE G ~&KE.
FREHC LIC | B 4 EEZHRE. SHERE BRI ERER DR
FIDFHED BIFH E TORRER L FERE. FHTERFRTE 1 B A ERE

U TAHE LTz 8 fEIC BT BTET L DFHIERFRL.
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&2 bAIYIVNFOBEVEBICNIE T BTEMEX
BLUOHEFBICRIE T (BA5, 2006)

FEH SREARK FETEETEMEL ETH

(2005 4£) H (@ /18 & /1E)

5A8H IYNFR 6,941 + 621 1,233+ 87
AL X 823 + 340 550 +208

6H 130 IYNFK 5979 + 923 1,295+ 81
IIEALERX 1,521 + 434 727+£227
FRBRX R F=72.57 ** F=14.41 **

ANz Gy i BATEE F=0.045 N.S. F=0.522 N.S.
RENEH F=1.787 N.S. F=0.123 N.S.

RN ETER B TEEL SE,
mdElE TR

n=3, ETHEFHME +SE, n=7,

HEE A EMBUEFIER O 2N ez BRI L CGRE L7z,
a MR B L URERZERE & 52 iR 8, * 13 1%K
WETHEAEDY, NS & 5RKETHEEDZNT LZ2RT.

x3 BAIVIVYNFTOBHENERICIETHE (BAS, 2006)

BTEEL (2005 ) ~
X 5ABH 6H I3H &R/ WA
TR AN RN B GEEE%)
TWINFKE 13/13 21721 34/34 (100) °
R X 5415 11/21 16/36 (44) =

mmfdlE T=CER .

= RR = RS / FRETER, AT X, ERARERBAGEAIRERICED L.
a: Fisher DEHEREICL D AEREZHLHD (p <0.01).

F4 TRAOTHT B4 T T IVNFOHERHDERICRIETTHE (A5, 2010)

BN WM WRM BRRSM s
0 14 6 1 380 (0~ 1080)
407 14 14 7 1043 (640 ~ 1320)
120 % 14 14 11 1177 (920 ~ 1400)
240 # 14 14 13 1171 (960 ~ 1320)
HilfEdE L 14 14 12 1184 (920 ~ 1520)

TR TEME (R~ fE).
mfE T=XHEB8). 2009426 A 5 H,

KXOEERICBVWER (RFErTRER) £2155
TENTER (£3). £z, 1TELHBERE
NEEFEIE, FREEOHEIC L > TEIEK
Thaceh@BRboNE (R2). &B, 1TE
Wiz OFERERZHIE LU CERZREL
LT A, FHEREA OB TIRBEREY, BER
REBLOCETED DAL, 40WTREITART
DIETERDPALNTHEEFEBIIDEL,
120 I X U 240 B TIEHHIHE L DBFE LR
BEOERMERBIUETHRER - (&
4). TODies, T RADERITHEIZFHIEEEK

23 HIC&ILEE 7 165 DA,

(& R EE % D S Y 7R RATERERE (R 40 # / 7E)
KBWT, IEMEEEZONT. &, IV
NFOFIFIC & B ERDOFNEEEREERILVE
VEl (4-CPA, 0.15%RAID 50 &) DHAE
ML LIz T A (BARG, 2007a), &R
(BGEAHER) RBEXUERRRL I, A%
K/bnsZ eh@BHLN (R5).
PEDzEehb, YUNFIEF RO ZE
ML, BRICHIREND B T LHHEREN, TR
DREEFEICHINZIEMBENRBRTHB T LH
mbbNTz.
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®5 BRAENVEREBICBRMBRBICTIIIEE (BEAD, 20072)

F7EH &aat
SRERK 2006 425 A 2 H 5A12H R/ BRGE/
FHE OER 5B RE BR 5B AR FABETEE
B8 % ERS T8 B EB& (%) (%)
SYNFK 21 21 16 22 22 13 43/43 (100) = 29/43 (67) @
RIVE VILEX 15 14 7 23 22 15 36/38 (95) @ 22/38 (58) @

il TR, BERB=[RGEAEERE/ FEER, BT R, BEBAFRRIIIRGEAIRERICE DT,
BERRBIEEERIRNEI5ED. a Fisher DEFEREICKD, ThZThilBRKEICEEESL.

£6 LA IYIYNFOHEICHIT BIERNER
BERUREREIC METHE (EAD, 2007a)

, - R BhnnE
TR WA g wme) WM HA %)
BTt 87 85 97.7 45 SLT
FRTERETE 12 12 100 4 333
FERETE 14 4 28.6 2 14.3
ﬁ%‘lﬁ a *k #*

fE T=(ER). 200446 A 2 H~6 A 16 HICFTEL =16z A2,
a PREICED, % *RTAEN5%, 1%KETHREDSSC LERT.

R ERIERTF

1) ERHERICRIZTHE

—f&ic, FRAOBRZMCBVTIEEERTE
MERLRTL, EEAETRELELPTVE
TNTWVW3. ZTT, IVUNF 1 # (ERAK,
BFIR 31, B X1 8,000 ICHLE) & hikfL 7=
HRR T AFEENT A (100 m?, FHREEE 1.2
Bk /m?, BAOERICH Ry b 2ER) KT, X
YNNF ORI BT BTER L FROBRICON
THRELIZE A (KR5S, 2007a), ®iEH
EBIEHEB XUHEFTETIEERENEL, &
ERTETIREN o7z (E6). £, RIEATE
TRERFRERIENC EATDON. BR
TRV E UHIOBARIC X BERGETIE, 16
AICEDLLITERT B LIIEDM, IUNF
OFIFATIE, BRIEEEOBFEHERNERZIE
EILDEABeEZLNB T D, TADE
LEOEEEEDOREELNEETH 5.

2) TEMESHIERBIRIETH

BBROYRAF AR, 4 A LAY
NFREAL, ERBERILE A BIELE
no, BERAEZYIVEI TS, LML, 2
VST ORBAHRS BNICLSHNE, FANGHIE

EHZBBTAE T, SAULZRERICL
MEL, 2EMEEM BT LEEHD, YI0E
ZMI EL VD EWEFINZ ANz, IV
INF I L2 BIERIEEDEN S WERED
HHRLUTHET R EAD (—VU—, 1995),
FHTEREDT=DITiE, SYNFHHZEFESLT
ETTHIEMENEZ &3 &SI ADTEME
EERHERL, IYNFHBRIEHOIRE %
EHBRTENEERELEZLOND. LML, &ME
REIENNEORE THB T D, 4 ALED
TEB ZREBREDKEBIC X 2TEMEEED D
VIREEIE, I UNRFICE o TRIGE O BYIR &
HWrENBDTIE, LEZXT. ZTT, EHE
DHERIIRIC RIX T EZ AT 5720, BRE
HIcX O RKEER I3CTEEL TIEHESR
ZER LAY R (100 m?, FHREEE 1.2
Bk /m2, BACIERICEAR Ry b 2RR) &R
E L RRKIRER 5CTEEL TIEHERD
L LIENATA FIRERRR ZAV, TheE
NCIUNFBE (BEIR4AK, BR3IK, @
1% 8,000 PEHAR) =AU CTh 5 EAEZ Bbh
ITHETOREZEKR L (45, 2007b).
FEERIIIEBEOIRELE. ZTOFKRE, TEHED
DIRVINT AT, BONTRITHART, 35k
BMENAERAVEDEN (BT, TAD
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K7 TEMENEA I T IVYNFOHERBICRITTE (B4RD5, 2007b)
F ADFH Tz D TEME CFSfEL SD) = <
WE  BBK e S—L
(>otifepms)  EORETIER H
» 1.4 X 10° 35 x 10¢
2005 e X (12 X 105+ 3.5 X 10%) 1.6 X 104+ 1.1 X 108 2
AATE g <§j§§ }8‘&%2;2 }8:) 6.1 X 10°+ 1.8 X 10° 7
EMEE (15 Ko b 1o X 10y 28X 10°£90 X 10° 4
11 A23H ' N
epoR AN 1T 2 X 10 52X 100+ 14 % 108 8
TEHEX d%i }ngg'gi 1% LIX 10t 10X 10° 0
12A24H '
ps SXEERIR wim <
iR TR,
a: (BRI IEE  — S VYA DREIC K 0 A,
b: IR ERIC K O 5 PIRBIRF O TTEMEL,
c: [T 10 H £ TRATEIBRENT, #EER T L.

TEMED VIR VEME, FHEE TICHED DD
BRREAOUEDEEZONT. ZD®H, fE
ZRETHNNT, TEMHOETIHEETHIETE
BOX S TIRIATIE, SYNFHHELDS
WeBbhscehn, EIMEORKETIIK
MOEEEHE2HE L CTRIRZEEL, 160
BERHERTZAXICBDEINENDD. —
H, BEEEOmA LS, KEZHFTES
INFBIEEN 2 L THIEMORENELN
T, ATARERFABRRLEZ->TLES. +
A BT B IVNTFINFDIEMHENFIHTL,
BREEDDICTHERIR 12°COEMIME
ENTwaehs (Fil - A, 1997), =
VUNFOFFICBNTE, CTOREOKREY.
RS 2RELNH 5.

2

3) I\U RARDIEERE & FATEIRRE

BiE, HERAOHMTHAINTYEIY
INFRHIERD 3 ~ 4 MOBDZ L, TORUR
DFZ5~10alc 1 ~2FEALTWBEHEH
MEW. T ADEREE S IZNT AN OREED
{EE & B RORID HRERICEDNT, ThT
NOBIENY A BH > B AR ZRD TS
LEDbNED, BREEDIHDHEELZDIC
WEIXTRBNBUCDWVT, BANITRLIZB DR
Ehole. £TT, N ANOEREEDEENEL

EEATERRBIC DWW TIET LTz (BAD , 2010).
SYUNFHIETE N TV SRR T AAEE Y
A (500 m* BX U 1,500 m?, HHEZEE 0.8 #
BETC1#/m2, FOMMICREERER Y N ZER)
T, NI ARREOF ARD E, d, TE&
Mo 1fETDEEL, sI3{EZETA/EL
T, 8~ 15X TOMEEMBEFRILE. £
7z, NI RAW%E 50 m? T EICKT L, BRI
TOFEIEBIF ORGSO Z Tz, ZDhE
R, SHEIEEI R OIS 1.5 1T /50 m2 LU T3,
BRI S COEZHERT A LIETET &
8), 2.3~29JL /50 m?* BT, ROKIHE

REERTE. coTehb, EREZEDD
ICiE, 2~3E /50 m2 DEREBENRHELE X

bz, &R, IUNFEFFAMESICONT
@%%@ﬁﬁﬁﬁ?écaﬁ§< £z, HBA
BIRESTEM ORFREIC G U TIEMERET @
%uﬂﬁ*@"% (¥—1—, 1995) &, K&K
EEAE DS DT, FRICHIz> T, El/z.
FHETEEIEDMERR T 2 T EDFE L.

4) FALDERER

IYNF e ADIEICEAIEE E, {EMEBTIC
FALEVWEWS DRFFAEROHMETDH S
B, IYNFEHR, BIEONTEERE X
BIEZRDTNSB. TDeD, Pifry hZ2H
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&8 AT AN ANICBT B 11 T D 2 VNF OFHETESED
TELi7 b DFFEEEICRIE I8 (BAD, 2010 28

N ZAAD 50 m2 Yz DRI Nz BHmIh
FRE S FHACH DFFAH IR K OB R a5k FHTEEER
(e /50 m?)  (BERE/ @AsxE) @8/ / )

28 + 06 6/6 224+ 41

1,500 m? 23+ 04 6/6 91+16
15+04 6/6 0

290+ 07 4/4 394+ 136
500 m? 03+03 2/4 0

LGB P ORI TIIfE L SE.

(1,500 m? /" 2 Tld n=6, 500 m? )\ AT n=4)
FHEEBOBSEIE T HEMEL SD.

2008 4 5 A 13 H~7 A 2 HOMKEICHHE. SHERMMHIE 8 R~ 15 I
Bl NRHTEREIE N Y AP FRRETED 3 1672 .

K9 ATV IVNAFRDIRRLT RN T ZHFANDRRE D
T ADTEN DRI RIE T E (E4:5, 2010)

mape  SHOREEE 5 BF A ORERRLEA
=/ B) =/ /) (%)
AR 675 675 100
B#Ef 390 360 92
CHE 1,590 480 30

2008 =6 A 17 HiA#. FAZAMMIHIE 8 B~ 15 M.
BRERHINT ADHMHICREL, 20 cm M5 ORCEZ /N
ZITHAT, Z2h5 15 cmBED & TAICHEMMMIET S LS
iZ Uiz, ZDies, FEEEZNY ZDOMNCBIETITE 5. B
WSS TEMERERRDFHANC X 5.

BN ZADOFOFIICEEL, N7 ZNNDTEH)
ZHIREST BT &h, FANDLE LTZHCiEE
DHEFRCHETH 5.

—77, IYNFOHEBEDORIZ E DA HIES
I, YHERPNBERBENDHD, IVYNFIET
DE s EBIRMER (34 ~35°C) ICHIELTWY
B, BIIHLTRIEREZ DL 5 TED, B
W U TR BEITEIRKZIES % &% UL TIRE
ETRF%. [EMN30CEMZ 3I581F, @x
JEDRERICFES HEIC K o T, BEOFIIEIRH
BERBAZRTV. FADKEE N ZFITEEIC
o T, BIRREICAZDRTVDT, HEDHR
B, HROPEELICEET S LI,
SYNFHIKEIRTS T2 D DIKIGERE T B HE
Nb5d. iz, BHEOREICHIZ-T, BHER
OB TIENT ANDERZ AT 5 720l
BN ZADOMEREBE L, NI ADWEEM
WKHLZBT T, BMEZDHIcHEEST LT,
SYUNFINTARZTERTESEIICTS

REFFINZ L HAEND. TOBFE, BN
U ADFEFEER & DREDEN & 2 Y NFIEEF
DIt R, FETESH, NTARDRES
N2 BT 2 ERNEDO RN ZEAGT ST &
MTEBD, Z05, T ANHET 2 ED
BEWD T eMERIND. 2T, HERT
AFEENT A (1,500 m?, #AEZERE 1 £k /m2,
FCENCB R w b2 RIR) Dc 2 VINFEf
ZIEANT, ZNETNOENE I YNFH
NTARZITERTEB LI, NTADH
BEMZ 20 cm UFICYIDIRE, ZTh5 15
cm BEHNz L CAlL, BPMANMBTS LS
ICRRE LTz, ZOMRR, RERDIZEAENT
ARICFHEL R AN (R 9), TRXK
DEENTIEMZRET 51E 5 DE D o eftD
HbNiz. Dz, T3 ULIEREFETIEN
o AN T OFEEOFHIEEIEITIERL, Ny
AN TOEFED DT NE, EELROMRRE %
ZEOR EDOFRENRE LIRS,



BLOFEEEAZEFRLE
FHElRED >

SYNFHRICB I 2R ENERESDT L
DL LT, NYRABENED IV NFHRIHE
ERCE S Z) T, ThahiiftiEEziThk
W, ZLT, BEBELLTKEDFRCHEIFEET S
EV o EEHIPEE NS, TS5 LIZEHEKIE,
FRZESLT, A FIETTIKIYNFDOFIH
ML E> TV ARETHREE LT
ENTWVB. IUNFIHELHICE®E, FX
DIEICHHTEEBIZ R 2560 H 50, 138
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=
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BILLERES T, XL EHEERET 2L H
D, BCKONTYFENDHD. T ADEEEE,
A U TeBEDS IR S B BHTE 2 Bldh § U RIRE
BBV, EDEDEIELRWEDFEICIE,
ERDOIDHDFRIVEVEIOBAIFEEZRD B T
EMMTERN. iz, fIREZDIERED SRRRE
NZ2OHhHLHETNENS FEHNEFREND 3.
S YNF DFFIEEEIDEBNICDOWVT, F AHEY)
HOMEE LTI, fEMmHAREL WL
FIELDEWVWEWVNS T LIRFHROEY TH 5.
LhL, Zzhlbbic, EiFofEes LT, 2V
NFIEBFROELENDTEMORFEEICL U T
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2 FREEERD 7 TS5 L (BARS, 2009)
) {25 0BRSS 7 ax 7T L
) {EMhbDOESS 7 ux T T L
AR IR, D RPOESIER 0B ZRESNIEH T DE—2 No. ZRT.
TEPDOFESIZE 10ICBITEAE—27 No. DESERURD THB T LEERT.
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TEMBEZT S (—1U—,1995) T %M 5,
L OEFTNTVFHRRELRTNEEZ
5N5.

—H, IYNFIFEHEEHCHz> T, 1ED
BOOERZREMEEXELTHELTVS
Te® (7Vwva, 1971), HEEEZEWVIC
X9 BEVELE, ZFEEAINLB L (R,
2003) AN TWVWAD. FT T, TANDE
TE UTREIEEI D72 D I W NF D3 E L
T, TRAOFRENY RICHEAT B IV NFICHE
AT ADIEDGW 2B E LB LT, #HIE
REZHA Tz (BARD5, 2009).

9, +R (WfE X&) OfELEHh 5FH
BMENZERNT LIEM DB EFEBMENS
BIEDZETNENGH Ulc. {EZTEWD S
YIOED, 135 ml DAY 2—EIZ 1{EZ A
N, A7V a—EOHOEZ 7 IVIKAIVT
BoT, EM~A 7 afmtEs (R awki,
SPME 7 7 A 73—, [EEM : 100 pm KRV 2 A
FhraFyy) ZREUAAR. TEHNLFMT
BERENENBRLHET 2720, TV
DA2TATV) a—EZ T0CICRE o7z T +—
Z—NAIBEEE T 30 7HIED, T0%,
FHE LU T2ERES % SPME 7 7 A 3N—IZ 20 7
s Yz, & LIe/SR D, A1
S NI T 4 —HESEE (BBREFRE,
GC/MS : QP-5050A) D ¥ AT SPME 7 7
AN—ZFAL, MEWESE. SPME T 7
A N=7Z1F A%, 5°C /57 DFRSEMT 40 7,
250°CE THEA LTz, Mt E Nz o 3R YE R,
DR &< A AR BV LERIC & > T
E LTz, TEMOHDBEXTKD DAL, FAD
FiziE, A7) a—EBRITER DA ZHEE L,
Z DB HETIR & FRRIC T LTz,

ZORER, TADIERENERBT 2EX
B e LT, 18FDERMAREETN (K
2k, £10), 2055, FERKDLLT, &
FFREfE 24.9 73 D B 77 13 Geranylacetone & [A]
EXNTe. —H, {EMDO SR EEERS
WIZOWTIE 3FEREEN (K2 TF), ZOERK
57% Geranylacetone L[FEE Nz, ZD7H,
Geranylacetone (&7 X DIED EEEEH LT

ThdLLBITENDEELETRST TH B
TeARDHENT. BB, MOFAEELELT
(T2 5] ODIEERD 2T LIz 5, F
BRICEE R & LT, Geranylacetone 3 [FE
Ehie.

EERTDOMERZE LIT, IYNFIC
Geranylacetone 7% ¥sin U 7z i ¥E7K 72 BN & 8
9% L THRHTIZIT, TEDEW LR
MZEEEE T, TANOHEZEES &
BT lRPple (K3, ERIE, FREKT A
BN ZATEML, WITNOMERRE I Y NF
BRICHENENK S IO R X Y +
ZRERL. FAOREICE TE ZHAWV,
FAEREZUIEEANE 180 cm, #KR 45 ~ 50 cm &
Ule. EBETH DAL XY /3F D 8,000 T
HEORME (B4, BR3IK @i
8,000 ML) Zmti Ny ACHREL, TEER
A KD 2 Y 2N FBEIC 1 Geranylacetone %
2 puL/L DiRE & UTcibkEzk % 300 mL A
fHL 7z, REBRD X WNFEBHCIS HR 2 BOHEK
7z 300mL HNFEEE L7z, B, Mz L
TIYNFZBEAL, FANDFHEHIBETD

£10 FROEFERD (BAR5, 2009)
Y—7  [REFRRE WA

LN
N @) (w  PA
1 4.3 5.03  Butanal
2 6.3 1.89  Hexanal
3 9.7 1.73 1-Hexanol
4 10.4 1.80  Benzaldehyde
5 12.9 1.40  Phenylacetaldehyde
6 14.7 2.29  Nonanal
i 17.6 6.12  Methyl salicylate
8 17.7 2.53  Dodecane
9 17.9 1.10  Decanal
10 20.7 2.03  Tridecane
11 23.6 241  Tetradecane
12 239 1.34  Dodecanal
13 24.7 5.36 a-Bergamotene
14 24.9 10.09  Geranylacetone
15 259 316 B-Ionone
16 26.3 1.85  Pentadecane
17 28.9 1.27  Hexadecane
18 31.3 1.24  Heptadecane
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The effectiveness of using the European hon-
eybee Apis mellifera as pollinators of eggplants in
greenhouses was examined by analyzing foraging
behavior on flowers and the effects of pollination.
Foraging honeybees were observed to move the tips
of eggplant anthers up and down repeatedly using
their forelegs and mouthparts, create pollen loads
on their hind legs. Transfer of pollen to the stigma,

number of seeds per fruit, and eggplant fruiting
were increased by visiting honeybees compared to
no visits. The rate of high-quality fruiting by hon-
eybee pollination was the same as that achieved
by spraying a plant growth regulator (4-CPA) to
promote fruiting. Therefore, we conclude that hon-
eybees are effective pollinators of greenhouse egg-
plants.

To stabilize eggplant fruiting by honeybee pol-
lination, the effect of flower types was investigated
by relationship between style length and fruiting.
The rate of high-quality fruiting of long-style flow-
ers by honeybee pollination was higher than that in
any other flower types. To stabilize flower-visiting
activity of honeybees, the effect of pollen amount
was investigated. The start and number of days that
honeybees spent in flower-visiting activity on egg-
plants was compared in two greenhouses with dif-
ferent amounts of pollen per eggplant flower. The
start of flower visiting in the greenhouse with less
pollen per flower was later than in the greenhouse
with more pollen.

The recommended bee densities by using hon-
eybees investigated by flower-visiting conditions on
the number of foraging honeybees visiting eggplant
flowers grown inside greenhouses. Flower-visiting
activity were sufficiently observed by 2~3 foraging
honeybees per 50 m? in greenhouses.

A method to promote flower visiting by honey-
bees on eggplants was examined by conditioning
honeybees to associate eggplant floral scents with
sugar-water rewards. The fragrance components of
eggplant floral scents were analyzed by coupling
solid phase micro-extraction techniques and gas
chromatography-mass spectrometry. The main fra-
grance component of the whole flowers and pollen
of eggplants was identified as geranylacetone. Fif-
teen geranylacetone-conditioned honeybee colonies
were placed in eggplant greenhouses. Foraging
honeybees from 13 colonies started visiting egg-
plant flowers within the next two day. Uncondi-
tioned colonies fed only sugared water were tested
as a control. In 5 of 15 unconditioned colonies,
foraging honeybees started visiting eggplant
flowers within the next two day. In the other 10
unconditioned colonies, foraging honeybees waited
more than 2 days before starting to visit eggplant
flowers.

We conclude that conditioning honeybees to
associate geranylacetone - the main fragrance
component of eggplant floral scents — with sugar-
water rewards promotes flower visiting.



