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T AP I A H A Stenotus rubrovittatus Matsumura) (7 A LT H - A I T A
LAVR, BE1KE) BEXOT e 7R Y I KUY BRI A Trigonotylus caelestialium
(Kirkaldy) (7 ALV H : HAI B ALTVF, BE 1 45) 1X, A% OryzasativaL.OFE
W52 LIk, ZOoRRmAE e Lz B3Rk 240 SE, WEOEK 25 &
BT [BERRT ALY O—FETHD. ZoROWEZ N 5 KBEMAEIZBWNT, B
R Z B A BRLOIRNFITERRN A EEO —DIZREINTE Y, BAEN 0.1 %
URNTHNIT1%EK, 0.1 %alxbe 25K, 03 %&BR5E 3%K, 0.7 %4ER
D LRI L SR S D (BMOKPER, 2001). D728, BEFRKRA A LTIZED
WEITLZAKRDOMEL L OE W M IR E L2 KT L, KRBl FEEER L
L CEREMICHRgR E o Tn D (JEi% - fiD, 2006).

BERCK A PER T 5 0 A L UHEIT 70 FELL ERHRE ST DA (JIRR - JIFE, 1975),
ZDOFEFERMITBERK T A LU XD ENBE LT 1970 FRNBBEE TITKRE L
AL L7z, 1970 1% 2 £~V B A LY Leptocorisa chinensis Dallas (% A 5[
RN T AL R VN B A LY Cletus punctiger (Dallas) (7 A L3 H @~
UBALTE) ENo T KEITREMEDO T A AVICKDWENETH 72, TFEET
HAZHAIBARLT A X RIS RUBDAI DAL ED, Lo/ TR« 2k
DI A NATEEZRENIB Y (Higr, 2007), MEMOELITIE U3 A TEL - BiBRFIED
TENLINRD BTN D,



BE 1 THAVHAIBA (£) BEOT A TSRV IRV ABAIDA (F) kil



THAZHAIN AR DWERRANRESNIZDE, TERICEBT LA -2
' A Sorghum sudanense (Piper) Stapf.ORFekETH 7= Mg - B,
1950). A RITEBIT DBEACKHEENHE SNIADH =D 1980 R TH Y, AFR, &
WREBIOAGRE, KEE2IZIZR U< LTHARENOBEN - il CHliE S (HF
5, 1988 ; @il D, 1985 ; Ak, 1986). ZiLAkE, AL - dbkh )y 2 i ic gk E s &
O ARPMER LTV D (FH S, 2000 ; KES, 2003 ; #1115, 2004 ; 55,
2006 ; % - 0, 2006). T AEFERY I RY A AI D AL 1970 R0 5 80 AR
(ZAbHEE TKRE, 2 AFK Triticum aestivum L.OEFER L U CTHE STz (Bl -
Hb, 1974 BLD, 1983). ZOff], JbRRHURIZE T 2 AFOREITD IRV, ITE
FTEIE, FRE, HEIR, OBR, BRI SAbEARO B AN & O 2 s T
Mg (RAIRE, 2001 ; A S, 2000 ; #ril, 2000 ; AH 5, 2001, A4, 2004).

THERTIX 2000 FLAKE, AKBASCEDMEEHICISIT DT WA AINARLT s
RY I RUBAIDADOHERGNZEICEHE ST (¥ 1, TEREKRS
K —E BB . N - BRI (1950) 1A —F v 7T AT S hUER Y
Zea mays L. DA X BRHEW)S°A X 1 Bromus catharticus Vahl % D A 3 FHHEEIC K
WCT HADHAINADETORELZRBOTNDD, REITBW TEEACKHE
RE LR 72 1970 225 90 RO FEFEITIB I TANY B A LT EDORKA D T A
Ly ThY (EED, 1977, ZIZ 50 FRROMIIH A I A LTVHEN [TefZodm) )
SEE AR A DY OTEERICEL L2 EMAZ 5. 2005 4RI, RALERO I b ICH
IR W IZ W T, Kfgdbfl Th& 726 THAKHEENZH L. D
(2007) 1%, 2006 A Mg DA FEHEF S L OVKBICH T 2BEAK T A LD
EAEREZIT, MEMTIIT DA I AIDAPERETHY, KEHNSKFENZ
ALTND Z EHIRRTZD, BEEOPFHETH Y, MEEM & KBENIZIIT 23RN
O BEELE T RARSE Tl e,
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THAZHAINART AT ARY I RYAAIDANTET, A FHEE R H
AR B BKGETE LTS (1, Bl 1974 ; Ak - IR, 1988). A XU T
v 54 75 A Lolium multiflorum Lam., * & /X Digitaria ciliaris (Retz.) Koel., *
R A )T v WY Alopecurus aequalis Sobol., A XA ) 751 % ¥ 5 Paspalum thunbergii
Kunth ex Steud. TIZMHFEDOR DR I TWND (B, 1986 ; % « /MK, 2001). F
T2, THATZH AT ANIA FRHERLSNC S, Y>> U T RO A XHRHZ VA Seirpus
juncoides Roxb. var. ohwianus T. Koyama 3 & ' XA Scirpus nipponicus Makino
~DOFAESPEINNRD HILTND (KK D, 2005; 15, 2009). 7H AL H A I H A
XD FEMEOFE~OEREER S <, BB ORAIIF ERH R HEE L TV AHIRFIZ L

DD BIRVEDY (bR - HIR, 1988), PEUNH/NERNAT O Z BRI TWS Ol
i - B, 1950 ; Ak, 1986 ; £i%, 2007). —J, THESF KRV I RUBDAIH AL
TEMPHEEEL TN E ETHRAL, EHOEETONMNC S EIINGR O Hiu T
% (fn 5, 2001).

THALHAI N ANEA FBHFET 5 EKBNICRAL, MET S (k- HiR, 1988).
KEPIZEBT 2RO AEHRIL, T <WIRYICE LA TIRHFESE 1, 2 B TH
TEBN IR E 72 DWAENZ (D, 2007 ; KEF D, 1988). A R ~DEINTIENT
bHoDEENTWSN (Nagasawa etal, 2012), KHAWICE =ESL A VY U 7 N2
e HBEEL TWAHAKHETIE, ZbD0FFMEY ETSHMELZEB X LN RAHE S
nTWa (%S, 2000 ; KA, 2005 ; IS, 2009). 7 e AV I KU BRI
A ANET AT AT A LRRRICA 2O HFERIKBERNICRAT 228, HEEHLIRTNS
B LR BRORARRD B D T L, HEIRITRA L7258 2 AR R RIZFEIR L,
WD B, R OFRELRDO bNDRBRELD (AR, 2004).



£1 THARAVHAINDABLIORT e ARV I KU BRI D AOEREWICE

T 5B DR A
THAZHAINA  TAeFEY I RY 3k
AT R
T Y A 3 F} B, 1974
) 7R e R, 1988
KK S, 2005
IS, 2009
PEINSG P il FH, 24 Nagasawa et al.,
2012
KE~OR AR % HFERTIS L ONMHEE Ak - IR, 1988
AR, 2004
A R ~DRFEYH Ml LR bl EHTROLND Nagasawa et al.,
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ZOXHRERERND, DAINALVEOKE~DRNE L 725 A FRFER OF N
PEIZHZ HHBIIREVWEEBZOND. K, FHh - Ko % 1 3pkx 22—
JZEBWTEY L IREMR 28 L TR Y, BGNIMNI S D57 & OIREMRE LT,
EHSLKHELIC & > TREBEHF T (e g Fleischer et al, 1988; Horton et al, 1988), ik
A1 (e.g. Cleveland, 1982; Negron and Riley, 1991), PEINSFT (e.g. Busching and
Turpin, 1976; Boivin and Stewart, 1983) 72 & D&EIZ K742 & T, BMHAICK TS
FERSRBOREICE L EE2 LTI Z A5 TV 5 (Norris and Kogan, 2000) .
FEHORAERITRY 5 DR EOMAZ BB ORET S Z L1, T TICHESH
AL LTIPM ICRIT oEEREF L L TM ST (Coaker, 1987), Miw —Fh /KK
MOMABAERZRA LIZPRO—&RE U THAREHEFECET 2L EEINT
W5 (e.g Fleischer et al, 1988; Panizzi, 1992). LU0 56, mBEEEEZE L1-
SR 72 3 AEPRE B O M RIEZ L, REOFHIZESG A TIThiIl TW A 5EENIE &
A ETHD (Kogan, 1998). FDBELHD—D7, 47— /L O KEF(RIC XL © B+ 5
BohoBE - nMtETh 2 (Fleischer et al, 1988 ; Kogan, 1998). H A I H A L
2BV T, AKANRARSCHEERICIIKENE L OED MR - o RRE
RESEETLHEHNPHESNTEY (NS, 2009 ; /NP S, 2007), [H3OEEREHE
BEPLIC X D EBEA AR L SN TWD (FFA, 2003). I AIN A LVHEOEED
PEROBER & LT, REFHSCHE R EOFTREYOEMARETF b TnD Giil,
2000 ; JHiEE, 2004). L L7223 6, JRIRAYFEATRE BEO LB ITUHIN TV D H DD,
45 L~LTlde < X0 IR 28 I B3 2 Fn 32 L. KE#IRIC IS 1T SR8 H
ROMCE L, M7 & oo IR A0 & B, Sl L VITZERI A T — L B R LT AR RE
IR & P EARIUZ BE 3 2 WFFE D B MM IATOINARD 12T Th S, Zo X 572Hh T,
FARFEAENE & Tp D HEE HAE B A 2D RAIITAT O 7o O D EEARRY 72 F R & 70 %, MEFHI-/K M
BT DA I A LVEROBE) S — OB B 2 SR A L2l v, BE)
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NG = RBENHEIH A OIS T 5 2 LIk 0, FEIEARORIMERFHE S FTRE L 72 0,
ZNEFM LI ERE B TFECH R R DML SRR D LEZBND.

BUTE, BERCK A LAVEPRICRE 2 BRI 2RI L TWD 01X, ERBHTHL. T
TR T BT A RFERIIC I T 2 EABA LR STV DD (TIEREMKEE L
DRFEHEERR, 2014), PHBREFEIIBEACK T A ATVHAEROR AR EE K E < EE-T
BY (¥ 2, TEREBEHKRGIEE 2 —mERPRR), FEITITRLEZRKHIC 3K
FINHA SN TNDEBEZOLND. LPLRBE, THATHAIN A TIESRESR %
HWr T 2720 OREMEIRFI SN TE ST, HEPIBRKEORENEENTND., HAID
A LVEREOTHNY, BHICTHEFRY I RUDAIDACEBNT, KHNEAER
ZH EICEEICHRALNTND. AA (1985) 1L < W& b i & HEE D4R A
BB HEFEVFIZ X0 BERCKIEERO TR Z A, BINPFROENERKELZRE Lz, 1
W5 (2003) 1X BN DI E TOF < W e IR OFEEE A ier AT 4
v 7 EURET MC LY, BERCKERSRAMEO TR AREL LTV D, FIFURAES
Hite - FERM A EEE 2 72— B B PIBRO BRI O 72D OE T RIEmEEDS (2012) 7
B HATEY, HEH#% 5 Ao 7 = aEr Ty FHERC L Hx oBEICB T
DU REFEAMRO TRINFRELE LTS, — 5T, THRAZHAI I AICONT
FERIIIBROEE AT 2 72D OB AEZ b L IZ LIETRIC WL, 72
HEDFES BT BTV,
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THAADZHAI N ANCEB N THEREEICEEREE A R-TEEX 0N E RO —
ONENNTHD (BE 2). DAI D ALVEHTIE, O CTHREZEB LT T5Z &
FEEL < (L, 1972), WIEHONIEHED DT 72BRM & 5 VIENFE &SV B A
DRI EBIT LTS EEZXLINTEHY (A, 1989 ; BH, 1994), BITHITA RS
oD, SETRICRME O H 2 F AV OIEEN LT EBEAREESHENT 5 (2 H,
1991, 1992 ; &K, 2005 ; HAF S, 2007). 2005 4\ THERALER THRAE L 7= BEAC KB
L, FAVHRRELLT WL (HhE7-2F 6] (FH5, 2000) TELIZEZNT ENR
WwEINTWD (RS, 2007).

LV EEDORWEKEREE O T DI AR Z IR T 2 LERH D, BlE, B
KA ALVEORETEOFRE L LTE, PEOBIOHERMEZ AW nE Vi
PR HAVWHN TN D, L, TEITITRIESREISRE D00 D T2 DR BES AT
RO, 3< V& 0 AT RS O RESAACTA T ORRER « BN X0 M=z
MAETRTV. F, EH00OMEESMNGEEROEINCE S ORI L) HEN
Whn. TZT, ZNOLOBRFEFIEORKEEM O FlELE LTERT = 2 E VAl Z#H5 TR
L N Ty TORENIFISNTWD

RHRO7xaE 03 <IcF a v HRATRETESCRKESRZ, RENEL~OFH
WIEATED (eg BHD, 1997), A7 = v T AlZ AWz b7 v 73R ESCHRE
D HINOZAN T D ZERIZRPEN IR Z LD, EROFEIC) Do TRAETE
RSN TWS (E#E, 1992). I ALY HIZOVWTHEL OFEICBW T 21T
MEE S, —HRFEAEINTWD (eg KH, 2004). BERKD A L FEMEOH
T ENV AL OERT7 = rEBRIESNTNDD (Leal et al,1996), 71 A
SHALIEOD ALNL, M7 2 aE 2L, BEEZFHLT 500 HESHT
W% (e g Scales, 1968). THAVHAINARBLONT AL FERY I KU B AI N AL
BWTHMERET7 znE o 2T 52 LIV HELFHESI LT Y (Kakizaki and

10



Sugie, 1997; Okutani-Akamatsu et al, 2007), TNENOMIZBWTHET = 1 LK
SNFIE SN TW5 (Kakizaki and Sugie, 2001 ; Yasuda et al, 2008, 2009) . &kt
TZxrECEAALE Ny FEHNTHAI DA LVEAOKBENRARZ R
L, WETH, BRESHENC SR D 2 ENTEIUE, AREOBEREEH B T
HEREANE 2D, FOEDICIET7 =0Ty Ty PRI G EOR#EL & AR AT
RTHD. BIFTFIETHLI TEIISTWVEDIZONTYH, 2EBICEEDT —4 &
DA FRICT D72, AT 28 ESCEIEFIENHN ED BTN D (RAMKE
BIRERE S REERR, 1986). £7o, BEROFENRLET 258, TNENOFED
Rz g Lic ECREMOT =2 2T 20BN DS, TSR I R DA
HADEBMETZ ca®L b7 v T TE LT v 7ORPIRET S, HERE 2 K5 P&
i L, MERDIEE & A FOEREMEIER U 127025 £ 9 ICEEICHRET 5 5L
WO HREN L < 72D (AR, 2005 ; WH, 2005). F7o, FEBITE:RE)D O IEREE
IZBO LT —ETH Y, HEMEIFIKENOEEOAE TEWE X (FH, 2006).

HIZ, KAWNICBT LR EHREOHEICED THLZ LRRINTND (AKD,
2006). —Ji, THATZHAINATIE, FAFEOHKEEZFIATESZ LidbnoTng
H DD (Yasuda et al, 2008), FAETLRICHARENMIFHE S LTV W, £, 774
EXRY I RYUBAIBAOEEME T = 0Ey T v 7 L AERIL, BGFEFETH
53 < VEY &G U A EEESRE T I BICR D LW O WmERH LR (AR
5, 2006), THATZHAIBADEHRMEZ =0 v T v 120X I D X 9 7Bk

EH1EE DOHBRITE 722 SN Tu7eu.
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AR TIIZIN O O s ABEE 2, ARG & HETHIOMAEDOEIZLY, Hillk
SR EER A B OB & B O A D EBRAROREEZ KEMICIEZ 2. 20
BRZERT D70, TEREENORAER L OVKEICET 2BEAKT 2 A HEORAE
REDMEH, #EOHEEICLERER O, GET7 =T M7 v TORRE LTI
R OWEHEET VOO AT, 52 B TIIRAER L 2 o4, KH, £L
THEETHI- K HRNC I T DBERCK T A A FHORBAEARROAZ B E L, 7 AT A
I A DKESORARECHIF, MR 2 F P KBHRARICE 2 5 P8
ERELL.EIETIL THALHAI N AOYHBARIC L DWERTEEZ BN E L,
51 HCIIINER & BAUVAEIC G 2 5B, B2 i CIIYHIRBAR LViIROA
AW FEICG 2 DHBEMIT LT, FABECTET HAVHIAIDABIOT ISR Y
S RUAARIBDADEGEMET x vy N7 v 7OFMGERLZ B E L, 6 1HTIE
KEHNORENE O, E2HTIIT HAPHAIDALT A FRY I R B A
HADEFMET7 a0 Z2HALE T v 7I22o0T, BAEMHERS I OHELKE TV
EOLHEL. E3HTIIHH 7 = 0EL Ty FERVREREFIEORE 21T
STc. WBEIZHE b BEOMRAZRIZENT, KRUHEICEWTHE G & BEAFR R 2 ot
ICAEBEBEZONDT HAVCAHAINABIOT I LR Y I KU B AIN A OFHE

iz oW TS L.

13



28 TEROHEMBIUV/KAIZEITS
R ARAALFEDFEERE

FHER T 2000 ELIE, THAVHAIDARLT HEFRY I RV AAI D ARE
DHAITALVEHOVEMPHER S, AR AL OFEHEFELE2>TWD (K 1,
THEREMR G o & — R E BPIFRTE) . 2005 FFIZBERORHEE 2 L5 L2 RALE
FARJITE R Z W T, FRRJERP AR OMEE I L O OB KBEIZIBWTT
ADHAAITAPELE L TND Z &R I, MR & KNI 2 ARDL
O BEMETABE CIX R0 o7 D, 2007).

T AT AT ANTA FFRHERE A2 AR E LTEY, A x5 EKHEZ
DA FRHEREH N SAKANITRAT S (BK - IR, 1988). £ D7=h, AFDKHMNRA
BEOWERICIT, KHEELOTFEDPRE S EETLHEHARZHESNLTND (D
5, 2007). 2 OKEIZEITDRAEREHFELE UL, HEMEEEHEOFEN R
EINTWDLHDOD (FA, 2003), HHEBEEAKRCHEM, MR & o RRESE LR
Z N HRAYNC B B 2 T2 OIS B HORRO G S 2 LTV 2. 38 ARTR-/K [ o B B Eh g
AT H I LT, Bk - HIEEA THEMATREZ, RIAY 722 F8 A TR B IE O RENL
ROHINTND

Z I TARE T, KEUWEA RBHEDREYE C b 5 LEBAIER & ZUCBEEE Lo —72 K H
HUIE A FE ORI TG s 2, KR AT O & 2 /K kDT 7 v ELEST, F4E
TR—IKEICBT DT HATHAIDADOREARZRTE L. B2, KEOREEPK
2 BIKHA~OBENEH A2 B 620N T 2720, SEPIERR D HBE m INOKBIZEBIT 57
T AT A TI A Do3AT iR RIS L7z, 5 12, BPEmB L OVKHEIZE T 54K
FEDORARM A Ll U, AW T 2 F EMWOAE - BRI TR X OVKH
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(BT DT A I A LB RPN RIT T B EBLE LT

MR ERIE

AT 2008 Fds LT 2009 1T, FIAR)IT piiEk o K B HIAT T &b 5 T-HE R E BUER iR
BT fplis s (DL pilE) B X OTHEREERGT = 0B (LN =/ 8) OFIR)ILERE
B LOKETITo72 (K 3, BH 3). BEAKD A LTVHOBAERNOTMEIL, EEE
36cm D FA > SRR U XAdi i (DR & 120em) ZHWT 1 22729 20
FRD < WED Z 2FELTV, 20 [EHRD B2 OFHHEEFEH L.

1. KABIWRFEAICE TATHADHAZIHAOREIRRAE

AKH T, 2008 FAIR I3\ CTHERI 200 m, BEF5ER A S 290 m LANO 18 i (4
FE T e Y1), 2009 4E =/ 5y HIZE W CTIER 400 m, EE5ERAS 750 m LIN O
12 #im (nfl (D& 722 FH)) THAEAEZITW (K 2, ¥ 4), fr 1B IO 21Tt L7,
F72, 2008 =47 H, 2009 IR CTIXIRPHERIZ i bITVKEZ I Z R 1 #s Tl
ATV, 2008 FHilFds LT 2009 £ =/ 53 H O RIBROFAA MR ORE R & & b ITEP A
Mz 23 ARILM A & ok L7z,

AR A S EEERE N S 10 m L EAKEWNEBIZ A T2 57T TH 0, hoFHa g & 1% 20
m LA EBEALCROE L7z, BiH SIS\ T, BT ER o 2 B R & HEEH 3 3
W% ET, FRI3 5 4 HRTT <K WEVIZE O T AT A I ARBORES %
A L7, AFAHR VAR & ORBEEREY, BAERERSOEREE LT ArcGIS
version 9.2 (ESRI, 2004) TFHAI L7=. FH# L7- /KA T, SRk LA O KA HE
EHUTIE O DN o722 206, JHEKESDT DAT T AI T ADRANIL, Bk
HNBIZE DD E R L, HORIED O ORFANIAK T & L HFRIATOI 508,
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ARFRA S TR — 2 K U IR AEPE DS BR IS0 LTS Z &b, FAPBIK
H s ~D— 7 OBE) & LTl L TIRA D T LR TREE A7 LT,

G EE T, EEEOFEEKBICHK b WH#LTIZE T, AKENERBECTIVED
BEATH L& BT, MERHITI T D8 G HERTEC A R R O T O A I 2 f A L 7o
(B4 4). #hleyCIE, $205 E2 5 EE A s A CAuil CGRIARJIHE, LR #higdbikm) &
U OKEA, LUFHRR R AE) © 2 T CHAZIT-> 72 (BE 3). RUEEIZRT 5l

s

A L OMEE X, 2008 4E1X5 H 1 H2H R4 10 A 15 H, 2009 4E1% 5 H 6 H»»
HRFF10 H 22 HE L, JHAI7 HREMR & L.

2. i1 KE~DER AL

KESORADEZ > TOHHIBIZEWTIE, THAT I AI T AOKBENMES L
FATRD S OWEEE DT T /UCY TIEIO D ZENTAREE B BN D, SEIR) S O
B C B A A E LERBROSHET VMITRBRNET AR O HE ST D
25, Taylor (1978) X2 b & i L T Wallace (1966) 2328 L7-

logy = a+bx (# 1)

DETAPEBEE LD ERE LTS, Ko y 1T, x 355 5R > 5 O B,
aBILODbIFINTA=F =2 LTV D. SRIOMNTIX, RAEREOMERER %2 Z R
THIOICHIAZE S E LR E M, BMESEHENZESE LT o, 3, 7, 10,
14, 17, 21 BRRICBIT DT H AT A I I A S log (v+ 1), FAAZ S % & F0 A H

P& B EE E COBMEYX (m) & L7,

S D ORI — & % A — i TR SR A 1T o T SR R T — & &
7 U, IR A 5 RRHTC b 5 S BT (MANOVA) 12 & 1 T 417 - 7.
FEATANE 2 D X HITHRE L. BHEITAI OB FNIENENORET —# 2R~ L TH
D, BT B IS DR A DR AHE LTS, 3 2 TRATICEINT, HH 0
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H#& 3 A, 3HEE THREW) XOICENTNORER &IROMRAEH ICBIT 51
BEEZLBRT 5L ICRESNATND

(X 2)

MANOVA [ZEBWTHAER O OFRES L ITHEEOIRO E L LR AEEIZR -T2
AL, FAREIC L 0 HEEN R EENRNCh RO B & M L7z, & OBRIERAE R
IZk Y PlEZFATEL, AEAKEEZ 0.007 (£0.05/7) & L7, HEHMTICIZ IMP®

10.0.0 (SAS Institute Inc., Cary, NC, USA) % v 7=,

3. fE#r2 . KKE~D D EL IR D HEE

R AR h O S Sy BB 2 HEE T 5 720D, SRR ST A —F — L L=ET
D& TITD E1T > 72. Yamamura et al. (2003) [L—WRouZEf] 2 48E L, FH 55 HiE
MY 285 2 s L LEEF L

(9 =22 /2 expl- %o ) -

ERELTND. ZoEE, VF—RocZERICET 274 (B om) 72608 L
AR, X ITRAED D ONHE, o IBBEAS 1 HRICEE S EA A & S EIREK

b (distance/time) THI-7zf (D) 7. 100 1 2piex m oI EE 5K
N

Yamamura et al. (2003) (¥~—F> 7 LI=fl{kREE 1 HEi b —EIlkD, Thz
ZxaEty b7y T EHOTEMBICO o TilEEICHiE L, X 3 1IchTEH 7.
—J7, AMETIE, 1 DETORAERED O HATEMWERICE Z o7 & B2 b, i
TH DR RICE T DEEBBORFEME LIRS 2T <N E VEZHNTWD. ZOHEIS

17



2T, Turchin and Omland (1999) [IAFRAD L 5 72 FHEICB W T bRk FEHHEE
ERBRDIENT N TE B L _RTWD Z L5, Yamamura et al. (2003) DE 7 /L3
AARE L 722 L7z, %72, Yamamura et al (2003) TIERICZEM 2 KE LI=ET L b
FEUE LTV D03, AR A C Ik B HUEIC B3 2 2B L mE 3 RICELE ST
BY, SBPEVIERNOEEICEZ o7 T ZENTE LT L —RILZEM%E
BE LIZTT L AN L.

ZIZT, AFETIEX 3ZKDOLIITERZLHE L.

X
009 =281 (0) Gt )

No

1
A
cc o s—ep ol s imirs 2V Ve genengnlL, I
IZ MANOVA THI L2 L7eAKE~ORABIMICK T o RiEER L2 ~T. Biricid R
ver. 2. 13. 2 (The R Foundation for Statistical Computing, 2011) Z V>, /XF XA —%

—ODOHEFEIZIE bblme X 77— (Bolker, 2014) % Fu 7=,
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(LAY S :
3 THRFHT = 5 B L OT 4R A BER IR T SRR s O hr 8 BR
VE) 76 HB I [ - MR A T[] 1 Web &I L7
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HH 3 PRAAMEREMI JOUKE (£ LM iR LR LOUKH, A EX ik
Em, T = 5y BiLmES L OVKH)
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# 2 FEAKHEOHE

FIR AR sk it i A HS S, FRAEEY AR

2008  AHUACARIRIETfR G = eY 18 290 8/4
FRh =08  HEEIEL 1 15 7/23

2009 HFEECRIEETFE el 1 50 7/29
FRh =08  HEEIEL 12 750 7/13

1) BPERD Db WA E TOERE (m)
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iy =5

;, 5
Y Vi
100m

4 FHAEHLORE
) Ko 2ENTRAMER M, SLENIKMORAE S 277, RO ) HRAT
(T, SEPET O & U T R & [R C U EERE A T o 7.
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R

1. KBAIZEFETHADHRIAAMR A LR

TAHAYH AT ANEA RO HFERNCITIRE DR ST, #hidCIX R 7 A
%, =4y B CTIXHE 3 BAZICHEED SRITEI L < 1 EMRE TR L. (K
5). MANOVA O#fER, W ORIz I T H LR & O fhREd L OMEREED b
G2 5NENEETHY, ZNOLOMENHERFICL VBT L 2RL
Tz (& 3). WV BEDHK RN, FAEWDI D OERENHERICABIZEE L K
(ETREENE, MR CIRHARER 7, 14, 17 B, =/ B CIIHEM 005 10 HE TH
o7 (¥ 5, & 4). F£7o, HEOREEIIrE TITHEES 706 17T Ht&, =/ HT
FHEE 7 BRI oA BICHORMIES LY Bl (K 5, & 4). AEEIHRE SN
BhrolebOo, =/ HOHRE 10 AEICBWN TS, R fuidiEBer S amt 2 -
[Al> Tz (K 5).

2. RERMNOD T ALEERE

MANOVA (2B W TIEPIETE 2> & O FEEE D HER A BB e 5 2 TW D B (4
W CIXHEE 7 205 17 A%, =/ 0 B TIZHER 0205 10 A12) ITB 1T D ikfiEE
X, XN 1BIC4ICELETIE-72 (K 6).. K4 ~DHTITDODORER, MHIRFIZE
(T 2 MERER S A3 HERE (95% BRI CT) (31T 122.0 (134.0) m, HET 72.0 (84.0)
m, = /4yHTIE112.9 (128.5) m, 92.1 (108.6) m & ZNENHE I (£
5). RARFHINMHIE XLV b R ol =4 H T, MRROSBEHHII—ETho 7
25, HERCH O BRI R IR R K D b/ h S < 0B L, MRk z Bnlo 7
(=7 .
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40 ¢ i .
n=18 % +

A

N
-~

207 =%H —o— MRk
n=12 * —o— Ik
15 A

(Do +BSE)BEEE S

-7 0 21

7 14
FHRE I % B 2 ()
5 HHHBHIRO KRBT BT AT H A I T AEROHER

H1) <V E D EERIL 20 [FHEY M7= 0 2R
2) HFORITFHAERD O ORBOMREDAEE Th oo, T ITMERED )
ENEETH- - A 74 (MANOVA % ERYI 0 & T P < 0.007)

24



# 3 HEEHIRRGE R EGT AT A X ) AR A A S S L7 MANOVAY

ek K H B dfY FiE? P(Prob> H9

el ETILER 12/56 15.67 <0.0001 ok
i)y 6/28 45.11 <0.0001 ok
i3 6/28 22.10 <0.0001 ok
FREE 5 6/28 22.07 <0.0001 ok

=/ H ET VAR 12/32 12.06 <0.0001 ok
=il 6/16 68.64 <0.0001 ok
i3 6/16 3.98 0.0130 *
PHAE > 6/16 33.61 <0.0001 ok

E1) HFESNS 21 B TOHBIZ 7EIThACREICB W THES T I A
DI A I A PRBE R IEHL, SRR LT
2) S F-HHE/SREE B
3) ETNAEERO FEIX Wilks’ lambda (& & 2 HE
4) *P<0.05, *** P<(0.001
5) AR &IRPAE M OEEEO TR (V m)

25



F 4 THAVHAI N AR BELY o MANOVA #it) v e s R

RS Py |
s 4) 4)
R e art P P wew g pwe o P
0 ETNLAER 2/33 1.3 0.2906 2/21  14.4 0.0001*
i)y 0.07 1/33 1.1 0.3020 0.84 1/21  43.1 <0.0001 *
el 0.03 1/33 2.1 0.1575 —0.03 1/21 0.5 0.5010
el —0.00 1/33 0.5 0.4957 —0.04 1/21 28.4 <0.0001 *
3 ETNAEE 2/133 1.2 0.3072 2/21  50.9 <0.0001 *
i)y 0.10 1/33 0.2 0.6290 1.95 1/21 172.1 <0.0001 *
el 0.07 1/33 1.9 0.1757 0.05 1/21 0.8 0.3925
EL 0.01 1/33 0.5 0.4709 —0.09 1/21 101.0 <0.0001 *
7 ETIER 2/33 147.8 <0.0001 * 2/21  72.5<0.0001 *
iy 2.30 1/33 361.1 <0.0001 * 1.41 1/21 261.8 <0.0001 *
el —0.38 1/33 141.1 <0.0001 * -0.13 1/21 15.4 0.0008 *
) —0.12 1/33 154.4 <0.0001 * —0.06 1/21 129.5<0.0001 *
10 ET7LA2IK 2/33 27.5 <0.0001 * 2/21  14.1 0.0001 *
iy 0.77 1/33 15.3 0.0004 * 1.18 1/21  49.5 <0.0001 *
PRI —0.38 1/33 54.3 <0.0001 * -0.17 1/21 7.0 0.0152
) -0.01 1/33 0.6 0.4406 —0.04 1/21 21.3 0.0002*
14 ETLEIR 2/33  74.1 <0.0001 * 2/21 2.5 0.1070
i) 2.26 1/33 207.6 <0.0001 *  0.23 1/21 7.9 0.0106
PRI —0.36 1/33 74.5 <0.0001 * —-0.02 1/21 0.3 0.6120
el -0.11 1/33 73.8 <0.0001 * —0.01 1/21 4.7 0.0415
17 BT LVAER 2/33 14.4 <0.0001 * 2/21 0.1 0.2453
1Ay 1.40 1/33 45.3 <0.0001 *  0.28 1/21 0.2 0.0346
el -0.20 1/33 12.7 0.0011* -0.01 1/21 0.00 0.9657
PR —0.07 1/33 16.1 0.0003* —0.01 1/21 0.14 0.0976
21 ET AR 2/33 4.7 0.0161 2/21 0.0 1.0000
=)0 0.25 1/33 2.7 0.1113 0.00 1/21 0.0 1.0000
el —0.12 1/33 89 0.0063*  0.00 1/21 0.0 1.0000
PR -0.01 1/33 0.5 0.4919 0.00 1/21 0.0 1.0000

E1) IWEEBIZENENORERCIT 2T N AT A T3 AR B D
ZHE L LT
Gy B /R B 2R
ETNVEERO FEIX Wilks’ lambda (& L 2 BEHE & L7-

HKHEITFARECTHIEL, *p<0.007 & L7
A AR & SR PEm E OO IR (Vm) ZSALEE L

2)
3)
4)
5)
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200 - 200
. el
150 MR 150
100 ! 100
+ 50 1% 50
<
l/\ 0 T T 1 0
% 0 200 400 600 800
i 200 ~ - 200
1 /7B
150 A MR
100 { 100
50
— 0
0 200 400 600 800 O 200 400 600 800
B 1EmID D FEEE (m)

6 THATHAINADKHENGA &ATT /WIT K DHEEHER
HE1) P OERIL Yamamura et al. (2003) OET /W X HHEEM, MERIE
Wallace (1966) DT /W L HHEEME %2~
2) FEELL, MIEIZHEE T 00 17 HRICR T HiER, =/ o BILHEE 0
5 10 HRRICBIT 2R L2 ~T (2 20 [HHRY ).
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£ 5 ETTFAY THEESNI AT A—F—H{EEBE T ET v A D GRIERE

wa e err 707 gpemosem 2 PR TETEA
I — value Prob (2)
el
Mt Wallace a 6.06 0.24 25.27<0.0001 *** 123.83
(1966)° b —0.32  0.02 12.82<0.0001 ***
Yamamura c 79.06 10.12  7.81<0.0001 *** 138.69
(2003)* d 71.98 6.14 11.72<0.0001 ***
. Wallace a 6.48 0.10 65.47 <0.0001 *** 203.83
(1966)° b —0.20 0.01 21.15<0.0001 ***
Yamamura C 220.78 12.13 18.19<0.0001 *** 234.87
(2003)* d 121.97 6.15 19.84 <0.0001 ***
=/4r8
Mt Wallace a 5.27 0.15 35.69<0.0001 *** 56.53
(1966)° b —0.23 0.02 13.69<0.0001 ***
Yamamura C 77.42 8.16 9.49<0.0001 *** 51.76
(2003)* d 92.05 8.44 10.91<0.0001 ***
e Wallace a 5.67 0.11 50.59 <0.0001 *** 98.23
(1966)° b —0.21 0.01 17.47<0.0001 ***
Yamamura ¢ 112.98 8.94 12.64 <0.0001 *** 121.94
(2003)* d 112.93  7.93 14.24 <0.0001 ***

1) BAEREIE, IR TITHEE? 226 17 B, =/ H TIZHEEO0 225 10 Hi%
OHIMICHE S NI T AT T AT A iz v
2) TET v AMEDRKIE R AMEDIE Z R

3) logy=a+bVx (x (ZIEBHERH S OHREE, yI127 0 AP H A I H A, ad
F b ITER)
4) g(y):CXeXp(—g) (x | FIRBTEE D D OERE, y X7 AT N AI N AHEL, ¢

BEOdITES (5 )
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140 -

SE —O— Rk iR
22 1201 _o Hkih
100 -
i
%‘E 80 .
i
E
60 -
[
40 A
S
E 20 -
{n/ O T T 1
0 4 8 12
RSP e F 4K

{7 ZJNBICBIBT A AT A A A DM 5y B O MR

o e O(Y) =CxEXp(—) _— N o

VE) HERE I A (x (ZIRBHEEFE D OBRE, 137 HADHAIN A
WK, cB RO dIZE CTASBERRE)) ~0% TR
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3. FIRNREBFEEICE T R B EDREEIRR

FhldFALVE T 3 K OYRIERT T, 2008 FEICHET, B, KKED 3 EIREN M Thns,
2009 FIIEFE, MEO 2EIThH -7 (£ 6). MFFIEER TIEA Z VT 74 7T A
5L TR, I ATY Anthoxanthum odoratum L., 717 A LX Avena fatua L.,
A X LK EOA FREERIEL, FITITA B \BMEL L (1K 8). 2009 413 E
FICBREPTONRD T2 728, 2008 FITEAT EFLOA FRHERN L L, WAL
7o, APIEALEE T, ENOEIIA XV T U IA4 T T A, TORITA BV AABMELE LT
(¥ 9). 2008 41X 7 A 3 HIZERE TN, TORTITA X I T I7A4 7T A

ENREELCHEELZ. A X VT T4 AF 8 AL LI L, hall e v

XD o7, 2009 FIXEFOREN TONT, TAICAD EZETHEEL T
TeABVT T4 T T APREITHIEL, 8 HZEND A B U AR HEEL .

4y BIEIETI, 2008, 2009 & bICHEFDORERIIAZ VT T4 77 ANME

S, 5 AL 6 HICHBELAH (X 10). 2008 4 & 2009 4= TERE D [E1Hds L O
N RERIENI R 2T b DD, BEFROREDR R T, 2008 4ETIIA VT T4 7
T ADEBNIEE TEIZREIE L TN 7223, 2009 4F TIEIRE T DAE L Tz, B
EOWREH%, 2008 F1L, HEA XV T IA4 7T ANRMEL, 8 A% ENbHRAIZAE
UANZEE D ST, 2009 1T 8 AR A L AR THOETA XU T T A
77 AT 7o T
4. FRNEFEAICEBTATEGHRRDALVEETDRERR

BEEBERCKR D A L UFET, 3 ETOMAMEREH N TN TET VAT T AINA
HLLETHE TR I RIAAINATHo7 (K 8~10). THAVHAIAAD
I, 2008 4TI 5 A 15 B2, 2009 4ETiE 5 H 13 HBRltASh, T Hh e 7k
VI RUBAIHADOHEX, 2008 FTiX5H 9 HMnb, 2009 FTix5 A 13 H D

st ST, BT OT IAHAINABIOT A TR I R DAINAZ
30



AEEITIHES EFRICE S TRES BTk,

PRI EEVATE T, 7H AT HAI A AL 2008 48 KON 2009 £ & 612 9 AL A &
UANEET D LRI LT, ERETEENELS DI EE ot (K 8).
ZhucxtL, THAESFERY I RYBAI N AIX 2009 4ED T Hh D 8 HITHIT Tk
MBREITHIIN U7, mpii bk CiE, 2008 FIXEFORRENHH) 4 BEEZIZT A
HAINARBLORT AL FERY I RY B AI B AOHEES2WIHmM L (K 9). L
2L 2009 FIXEBOBREP M TONT, A XV T T4 77 ANMET D & & bITHik
BB L, Z0%OMERII R hoT-. £, 2008 4F, 2009 FEL HiZA 2 VU T v
TA T TAPKEIE LTk, A SBHBELTZA, TH AU A A OSSN
L7ginoTz.

=/ 5y BFHEEICERB VT, 2008 £, 2009 £4£ & 612 7 HICA D LRI L7223,
MR & B ICEFOREZ D 4 HEIIHELMEHER L (K 10). £ D%, 2008 4
X, 8 A FRICHEEN BT L, & O%IIMERN L -7, —J7 2009 1%, B
FHK 5 AR T 50 BRI £ THEEMNRA ML, EFRORELUBEOT I AT A
A ADOFREHERITIMFETRE S RioT.

ZDIEMOBERCK A A DAL, 7B~ B A LU 2009 4F 4R ALE R T 8 A%
PlCABICHEM L (K 9. £z, 7% N AX A A Stenodema calcarata
(Fallen)?’, = /4y BILH T 2009 EEFICRFESNDETT B AV A AI N A LA
FEIZHEIN L7z (K 10). RY AU B ALV EOFEM T b TR BETHY, £+
DIZINDOBE KT A LT S o T,
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#* 6 MR ORRE

BRE H
2008 2009
R AT e PR FITEH R HFEKFE FF HFE KF
PRl AEIER, MR A HFEERARIRET RS 5/22 7/3 10/7 6/9  —  10/22
=/ 4y HiEm FEGH=/4H  5/22 7/14 10/7 5/13 7/24 10/15
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TR (A H)
7 AT IJAITIA O AZVT T4 752D L HFE
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AR (HR)

T HA T AIN A O AZVT v TAT T AD IR HFE

-7 HeFRIRY B AI A m AAVT U TATTADENFEFE

o T BN AT AI A & AT O F HFE

LA VN P INY x BREL

AN ALY

9 MRALIEENIZ IS DBERK T A LT HIS L O A R BHER O FEARTL
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i HEEEEX
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0
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\ AR (A7)
T HAYTIAITIA 0 AZVT U TATTADFHHLHFE
-7 AT HRIIRY HAITA m AZVT U TATTADRF - FEBE
2o T BN X T AIT A o AT OFHIHFE
RNV ALY x BREL
= ENYIALY
10 =4 BiEEICEIT DBEACK T A LU L OFEE A RBHEY) DR AR
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5. BPHEEEKBIZE T EINAIHALVERERTOBIR

EERGiAE & AKHIZR T DBERK T A L VAR Z L 2 720, REEED b Kk
LITVKHIZEIT D, 2 B4 - 2 HIROMEEHES 2, RHERICBIT 2HB L &b
M 11 3L 12 (TR L7z, 7ods, EPEROMRIT/KEIZE T 2MAERHIZE O
T 87206 10 A L TR LTz,

W ORI - FERICBWTCHOAKEANTIEIT A AT AI D APNMELE LTz (K 11
BIOX 12). KHEICBT DT H AT DA B ATERORKEIL, 2008 £= 7%

T 2550 (20 [EHRY M7V, LLFREER) ThotzdlixtL, 2009 4=/ 43 H, 2008 4 -
2009 FHfl TIE 50 BHUL ETH Y, REFERo7. 2008 F£=/ 5 HIEE TIE, A =X

FEH] 10 RANZIET W AT A I AR 49 BHTH o723, BRI L & HIZED
L, A xOMFEH 1 EMAT5 21 AR ETIZ 0235 10 B IR HEE L7-. —J7, 2009
= 4y Bk, 2008 4F - 2009 IR ALRNER TlE, £ 2 x HFEH 3~10 A&,
3~14 Ak, MY BICT BAY I A I B AEHD 50 ML ERD b, A R HFE
W R ORI M 72 B RIS, SEBAIEIIC BT B BN L Tz, A RB#
W% O RBE I BT D MESIE, 2008 4F = 4y HIEEIZ B CHIBEH 22 A% LI
(2T T3 AT A J A DS 100 FALL BiEE S o ookt L, 2009 4= 4y HiEiaidk LY
2009 FEARALIER TIZT A AP A I H A FERD 10 BELLF CTh o 72,

KHENTIE, THEFERY I RUBDAI D AOHERIIT DA AI A A LHERL
TH7enotzdy, WTNOFER - JATIZB W THRAER B X LN D ERER TIXT H
AVHAINALRRRE, bLETHAYHAINATESLELTHELTVE (K 11
BXOK 12). Mz T 2009 F0 =/ 5 RIEHTIX, 7% NFAXHAIAA LT I A
UAAIN A LRRREMES N TODD, KEANICEIT 2MEIET DAV HAIN AL
b U CIERIC D e b o Tz,

THAZHAINARBLOT AL FERY I RU B AIH A0SR, AKBICEIT 5
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W<, =7 4y B TlE 2008 4F 1L fE & & IS S 9T, 2009 1% 7 A 30 HIZ
TAHATTAI T AN 0.5 BHIHESNIZDAHTh o7, MilETIE, 2008 FILmfE S 41T
ST, 2009 4E1X 8 H 6 HLABICT WAV AI B ANERK 2586, T hHe 7k
VI RUABAI N AN 0.5 GEAE ST

B8

(ERNEZZRAERL LTEDL BWVWOFHETBET 200 L) FRIE, 3
APEHOBRIZIEFICEECTH D, AFERICHEWT, KHENHESN R LR S O
B2 S8 LIS BET MCE T E 722 & T, EBBHEIO X 5 2 KA 2B
IMOKENZT AT AI N AREBRICHRR L TWD Z EREMIT b, £, BH)
FPHOF AR A T & LT 6Z 20, AKHEE 2 OFAJRE B D 270 & 3 Hilsk
HALIZBIT D RAFREHE TIEMLOT- D OEBELRMANSE LT,

KEJED DA R FHEELHA KB A~D T A I B A LVEORAIRIC /> TS Z &iT
DI DM SN TER Y, WRHEECREH ORI T 2 I H A LSO EN 2 LT
—K & TWD (Fri, 2000 ; FHE, 2004). ITEARRBRLUSMNC S, KBEHEKICS T
% RHE P E 722 & o EHUFI AR GIS 7 — & & Jtic, Sl L~V O RERRI & 4
FIZ BT 28O M AP TG H Tz, EOHT, THATIIAI T ADKHE
WIS\ 5 8% 5 2 D HEE M O FiPH % Yasuda et al, 2011 (% 300 m f2/%, Takada et
al,2012 1% 400 m F2HE L HEE LTV 5. /NP S (2007) & BORHINTIERE L 72 KH Cix
Bl & h 100m B2 HR E THE N LS E LTS, RIFFEIZEBWT, B0 8EE
BEHEE AN R & 722 - 7o AR O IERR L T1E, 134.0 m (95% HAMEHEIRAUE) & HEE &
e, SEATERAOBLE LT 7'a —F LIZARE R, EOMOAEREFR) A LK

TR L TR LT, AP EE A — MVEALTHML TWD Z & 2R .
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1) Ko sRRRENIA 2 AR, SERRRENIEm OFRERE 2 7R 7.
2) ERHEmO 7T 71EK 8 B LUK 9 DkETHD.
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T WATHAI A

K =T HEHFEYIRY HAIN A
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6/30 7/10 7/20 7/30 89 819 8129 98
ELEUS O RED)

X 12 =74 HOKARIOEGERICEIT S 2008 4F (£) L 200944 () O

SR A B JEFE AR

1) Ko SERRENZK O HFE, SERRENIE R OFRER 27~
2) ERHEmO 7T 71X 10 DRBETH 5.
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—07, BREBRIZL D T AV AT ARERC R O TRAEE X 1.20 m/s & HIE S
NTERY UMK, 2007), e 3 ReIIMAFTRE L DR b L5 (LHED, R¥ER). =
NOOHREEELED L, AFE—H Y470 ORFAATREREEEX 13km (= 1.20 X 60 X
60 X 3/1000) LHfEEESH, AREICBITHHEMEZRE B2 LOMERD. BRSE
fEFFTIE, BROSBIZHTMOEE LRWRAITEIN YIRS 5720, FEiRE THEMR
RS L CHIESNDHEHEL Y &/hS<RD5 2 ENHBNTNSD (UMK, 2007). A4fF
TR LTZT AR HAIT AL, BIRFCTIIERF THROEE & RV TRATTE)
ZREDIRLTEBY, ERETHESNTELY 0B TIIRESND EEZEZOLND.

SYHCEIPH & RIBRIS, RBAREFICB W CEE L R MAE L TEESMRET LS.
ARBFFETIE, KEA~ORABITIATFISIVIE CHEREEICEINT 5 2 L 2VR ST,
COFRBITHADAAI N ADHBEIANTH > TH, FARIIEWIZERAEDL K
MEIZHEINT 25 2 & 2R LTRY, FARJINEEDIER O X 5 ITAEERIZ X2 E50E A AT
REZRFEAETR DN &> 57K U ClE, FEATRIZUTEE Lo K B L TR+ 272 &,
BENEN 2 B8 L CHBRT DM ERNHDH L R L CWDH. —J, 700m it < fEiiz
AKEIWZEBWTS, EBEEHNPDRALIZEEZEIONDT WAV HAI D APLETIES
2 DN STz, BRI D O IR BT AT 1 DB K S du,  FEBABREA
ORFOEFEFARGHIIZNUCL VBT DB DML, EEBEICHEEN EORE
DFEFANZ B SFFE AT I 1T DR AR DK HA~DR ARG Z £ OFRS RIS 2 0
LRH 5.

FEAEPRTH DERFER EKBIZBWT, THAYD A I ARRAERNE ik U fE R,
WERERICB T 54 2 VT v T4 77 ZAEOFTMEH ORI, HEEHERP L OVKEIC
B HARREOFAERIICKRE B LW, EBHERICB I 28FZ0AL 2 T T4
7T ADBREX, TIICBTDHAIDALVEHBEZK T SE, Z0% 4 8RRET
B ERZMATWE RIS, KBIZEBWTY, TAHRATHAI D ARERITA
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2R KOV RMIRTH Y D R O PEmIC BT D AR O R AR 2 Kk L Tk

D, EPHEEOREDRKEN~ORARBIZEEL G2 72EZE2xbND. o, BRELSL
(CFAERICRE S EEBE 52 5HEK E LT, FEMBOMERZEIT b, 2008, 2009
FEOMIRALIEE RS 2009 fFO = 3 EIERITIX, A X VT I4 77 ADRFEIZ I B
AITALVIRBEENSBIIR T L LHEE SN 5. £72, 2009 EeiRidbitm <X, A
XOHFEMRIRICA Z VT T4 T T ABKIEL, FFEEMERSTET AT AT
ADPRKREINIKERNIZRA L2 RN R SN S.

K JEA OFSAEPRE BIX, FEAIBGER & WA TEERCK T A L OEERPBRFRE S 4
HILTWD (JE% - BB, 2006). ZHVETIE, FEAEREHRO E23RIT, KHERE
%2 TEBA FTREZ K HEERE Thd o 72, IKHEBEREIA X BHEM DN ERT DL, BAID
A L VEHDOFAERLAKEA~ORADO TG/ S (B, 2006). 54 (2003) 1%, &
IYNYHALLET AL TAIT APEET DWBE R TORERT, % HFE 3 M AT
g & HFEH 0D 2 [AIFRELIC KV @ W BERCK I EEEEIR NGO 0 LHE L TRV, LH
5 (2013) [ IAFA & A CTFERERMICE T o3& T, MR 2~1 BB L O
% 1~2 O 2 BIFREIC L 2EBE O ERE LTS, WS A O HEEFT#IC
BERE D A R B O HFEZINHI 55 2 & 230 A N FAD AR S BN & B RO E R
BUIZHAZITHD ERL TS, ABFED X 9 R KRB ARICK T oA/ RS 2 g
XFFLTERY, MHBERAENR L i U OKBIZE 2 2B ORMAPRELS LD LT
BENDT-0, TOEHOBEEHIETLEEIONS.

LU G, MEGHE 72 BREIIEN TN TR, BRI DAL VIHOEEREN
ERETOAENEDD. A XVT T4 7T AOAEBNIERZEFHICRENMTh
2008 FrhiRidbitmE B KO = G EEETIE, A X2 VT 0 I74 77 ANRHENBELTH
F& L CHERRIAERE Lz 2 LI2 k0, BREOK 4 BRZICHE RIS 5 H A
TALVEED LA NE LT EBEZBNS. WERIZBWTY, REIZL->TA
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ABHEEL S —IZBR L, BEAORT A LVHIZ & o THREZRIRRE & 72 D7D, DR
B EZZIT0T WV E SN FRINHE ST D (B, 2006). 2L, A RFHE
WNIARRDPHIERC D 5728, BREZOEIEMORY L0 B.<, WMEOBREIZK D A
FEHE ME I 00T (FEE S, 2012) 72 EHEE S D, —FF, 2009 4=
BB TIE, EFORERNIAZ VT VT4 77 ANT TIIHEL TW 7o, BRE
BOAZVT U ITATTAOFBEIRIZEAERBDLNT, TOBRDOHIAI T A LTEHD
R oA mz onztEZLNS. 20X, BEORESCHED X A I 7
[ E o TUFA XRHEY OBSEAAE L, BEACKA A LA R BREE A 24 LT L & 5
mbdHDID, NRARFBEEREHRDRDOND.

S HICARRE T, MIERIEROLIICT ISR Y I RYADAI T ADOHBPEML,
THAZHAITNADFAENLONR ORGSR bz, MRmEEEICIEA 2T
VIATTRAIELELTELT, "V, BTALE, £ XLXREDOA FBHEE)
RIEL, WG Doz, THATHAI I AT T HIEFENE <, FEMY
O/NERNIZPEIIZ 4T\ O - BRI, 1950 5 Ak, 1986), HFEL T\ WIGEITITs
EEPEMLURNZ ERFESNTWD (B H5R, 1988). —J5, 7SRV IR
HAAIHNATITHEL T THERSLET ORNMICEIN S B2 S (Nagasawa
and Higuchi, 2012 ; 0 5, 2001), 7HAPHAI I A LY bFAOELEMEINEWN
ERME SN TS, MIRFEIEIZIT 2 WO AEDOHEIXZ O L O 7R EIHRALER AT
PEDBEWZE DD LEEZDND. TORRIL, FHESEFTRWHEERER TIIRAEN RS
NRNZ EHRLTWD, KHEBEREZR S Y RIOT V24 Ajuga reptans L. 9=V
B oV 27 7 &4 Ophiopogon japonicus KerGawl 72 & 1 4 LN E R T & 7o\ il
Wz 770y RAN=FF0 0 L LTHAL, A 3FHMEHOZ KA 6T 2 FEOH
PEbME S TRY (AR, 2003), SHBFFEOERNRD LD,

UEDEX DI, THADAAI T ADIyBATENC 0 ##i, KENRAEICEGT 5
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XD S 4, FBAEREHRICBIT 2EERMANG O, Bl L~ OFARE B
(%, ZKHER BRSO REEE 3N 20 E 28V T (B, 2004 ;5 8T, 2000),
FTETHEEIIRDLEBEZOND. — /KBTI RHB MRS Tl SHEREZR 8% <
DO/ AETRICHENTEYD, 2D bEERKT A LT OKBRA~OREH A & 72
BT, BEACKHEICKRE REELFF-> T D (%7, 2006). 7=, b= Echinochloa
frumentacea Link oA XA LA 72 & OKHEPNMEREIX, A % X0 < HEE L CHEACK
HALYORANEEEWRET D720, A kEEL RE T (BED, 2000; MitES,
2009). ZDOXHIZ, KREBLZRMER T T2 < Bk x 7B B IR DIFAEDRBE Sk A by
LR A INCRIHIT 5 2 3 TE UL, RAFREHEO D

I

DKH~OIRAEIZG D%

DEMEHESUIEF AR L 2D LB BNS.
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F3F THAVHRZAAMZLDHEEDHTE

AWEL T2 HFIE ] 2 BT 2 72 0121, PIBREES OHIWrRIL & 72 2 g FHEE 23 A /]
RTHD. THEFHRY I RIAAINATEOTIE, B SIS G L < 13
B DB A M OB G EL TRT 2R A TR ENTHDHD (EL S5, 2008 ; &
Bo, 2012), THATHAI T AZOW CHERHABGBRER 2 13 5 72 O O #E T3l
DRI RTZEZ2EN TR, THAT T AI B ANIA 2O HFEZ I KIREAT
Ll bk« HR, 1988), HFEHIZEIT 5 <& DIEHEN O HENPHEE TE N

, FERIHABGBROESHIMNCFIARREE B X DD, T TARETIE, THATAA
IAADOYIMRAREIZ L D EHEZ BRI E L, 5 1 H CIIINERE & FUms gl
252 D508 %, 5§ 2 Hi TR AR & VIBRO AN/ EFIC G 2 D B2 i L

NI
en
R
I

NAINALVIADPTEOREZRIT T D8, WOV Zz BB Y25 2 EREELWED
(i, 1972), WTEHMOKRE S 2 WIZMEMOBRMICAMZZLIAA TS LEXD
NTWD (bK, 1989 ; BH, 1994). $GFICKMOH L TEILW]) (BHE 2) OFAENR
Z b, BERCKBCESHINT 2 2 & bl ST g (BH, 1991, 1992; 5K, 2005 ;
RS, 2007). ZD72, AFEOMEARBLEFVHORARDUL, HEHEIIREE
BERIFTTEZEZOND.

Z ZCAREITIE, MBI DA AW CEREE ORB & LT, A S
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O T IMEREAR OHEFARI, BB EIC LT TRELZA LT D720, L
AR B O AR 21T > 72, £72, 2005 4F( THEIRALE 34 LB Ak E 130k
fadnfl (HE7-Z2FH) TRIZE < (AL, 2007), &7 26 [ THIVHOREAE
MEWNEFEE STV DS (P56, 2000), TEERIZEIT D FEFEMFEIZISVTH
FUPPRS AERREE 2 LU L7370y, 2 2 C, TEERICERT D FEAREG R 4 LRI D0
T, FIAURFSARDL A TR A L7z

M ERE
1. IR 7 HR D HRIHA AR ER

FEEARBRICIX 1/5000a U 7RV ARy RTHE L (b2 FE6) 2L, 2
51 2007 45 4 A 26 AICEERG 5.5 D42 T 7 FVR v M 4R T OB L, B4 TR
BrL7c. HBEIZ 7T A 28 HCTH Y, HEERIT, AL TTHEE 60 cm Offi A TR »
FERZED, MOFREORALWE (BE 4).

WA LTeT AT A I AT SR LT B TH Y, RO, D]
X Theno 7o, HEREIT R 0, 7, 14, 21, 28 HE O LENEN 3 HEE L, &
HEARFHIZ D& 3Ry FEAHWT 1 ARy MY72 20 BEZ A L7-. A& 171,
BB AR BRE, = h7 =7 ay 7 ZApHlE o em L, IR S Tl B & 2
T RBE A AR L7z,

8 J 27 HIZARy FZLITHZIEL, MEEIZERIZIERLICHIZ W THNEE
FOEFIZHE LI, ZRENHT D ZRICHEERZHAE L2, REBEREWIC OV T,
2 FThRE L CHERZ A L7, S BEIR 2 & ITgER R L OV O RIZ D
WTR B A ZRMEIC XV RN 22 2 B Lc. #eatHiEdT Iz L JMP® 5.0.1
(SAS Institute Inc., Cary, NC, USA) % Hu 7=.
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BHE 4 HEERBRTO (HhE7-2FH] V7RV ERy hOKET
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2. FERIEZERBICETIENPHKLERE

2008 725 2014 1T, Bl Z & ITUHE L 72 B2 240K 1,000 BLlZ-DWT, Fliup &
EEWWESE L R 7). iz EENR, BSGE2 T o L20RKE L, MRl L DEN
WRDFEL, N EE LT — ARG E T VTS LTz, U v 7 BB logit
E LT MM ZENA B Th o 25E 12T, Tukey EIC L 2 nfEH O B LI 21T > 72,
Fo, TXRTCOFEICHEZIToT [HET2FH) & Taveh V)| 20T, FK,
fnfl, EORHAERZRAZSE L CRBRICEZRORZBE Lz, FEHEITIZIT R
ver. 2. 13. 2 (The R Foundation for Statistical Computing, 2011), /Xy /7 —T &L LT
car (Fox et al, 2014), 1me4 (Bates et al, 2014), multcomp (Hothorn et al, 2014), %

HAu-.
TR
1. HFEEARBEAR 7 HR O DRI ARAET K R

SRS RO BITINE ST 7o 0, SHEX & bICHFRRFmWEIG TRAE L.
BRSO ZKFINTIE, TEES R U-TEEBEACK, W &SI Y 7= DR
OARFER S BE AR ITHBZE U TR BE Rk OAtIZ, < S UKD BRI A o 7o ERI P BIEE S
niz (K 13). < STROBHP A T-WERLTIT, BROBOWERLL, BAREL S

T RIHHIE O & D g ERLABLEE S Tz, JITRF (2007) OFEFRICIHIY, A & Bk,
BB ALVREKE L THEEITo 2.

WERLOR e b ONTF AR, BB K> CREICR o7z (K 14, 2
s A4 Z3RIE 22= 1185, P<0.0001), THEPBERKIZHF 7 R OKEIX T 12 % &
ERMEZRL, ZO%OBEEREH CIIFRERITRA LT Lz, 7 A LV BEKIT R
0 BLNT HEOKEFEX DA CHE S Lz, MEBBELAKIZE bICBERMI% 28, 21
H%MEAR TE—2 (816%) Lrolz. BACkIZ<bTFnThy, BHEHEKTYH
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F T MM - IR & OFRA RS

fin FE 2008 2009 2010 2011 2012 2013 2014
b1 EbH 2 17 8 6 5 14 10
=) 4 17 6 12 15 15 10
SN 0 2 13 10
SIBED 1 0 1 9
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A LT, BROKZBRHEERLOR AR, HRHESL O TIHE o722, HEE7 A
%A TR 24 % L T KIEZ R L, & D% O KRR Tl3th 2 1K T L7z,

EIFURLRITFE 21.0 % Th > 7=, IEFHUICBWTAE U TWTlEIRIE & A RN TEEREE
BABEOIALVBREAKRTHSTZOIZH L, BBV TAET TWeEEIRIZE A
EMMAFBBLA K TH Y (R 8), FlAV & ER L CIIgFR O LR 03 B R o 7z

(LA A ZFMRE 22 =535, P<0.0001).

FRIBIZ BT HHERIIE, TEH D L < ITRAESBE L T S HERLOIEMNIC
OPCREICRIEL TV DHERNAE L, MiE 28k BEZREREELE LT
L. (K 13), 2K ORI KR OIALEITHFERL 7 B O BE X CHRAERD K &
20, TORITWA L. (R 9).

2. TERFTERBICHEITHEINMELERE

4 SWFEIZEB T AFIVEREZRE 15 (TR Lo, MR OFHREHEIT Th& 2%
B T235%, v beh V] T3.9%, [SET0R) T54%, [SE3BLD] T59%
Thofo. AL 4 SMEM CHISRICEN BRI S (GLMM Typell ANOVA, »
2=187.5, df=3, P<0.0001), ZEHEDKR (X722 FH] 1TLNLSD 3 dnfE K
D HENRENAEEICE L, TS0 3 SFEM THEFVHERICA B 2R 2T i)
o7 (K 15, & 10). £/, Tz e B V] TiE, 2008 5 2014 FORIZEIT 5 H
PRSP EME D /ML 0.6 % (2008 4F), HKMEIE 9.8 % (20124F) THY, TH&iz
ZEL) TIEENEN5.6% (2011 4F), 33.9% (20124) THh-7-. GLMM DOfEE,
W SRR B W TR 22 TN 2, AFREER KOO BRSO A ERZIE DB
Sz (& 11, 16).
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THERBERUK WAL BECK

K%
;ﬂg

AR BE ARK

BRUK

13 JhfrsllR T3 L= ERL D 4548
1) WERLOFEIIIA (2007) (2> 7=
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100 q ¢

O 1E&# >k
2%
i
i @ AL Bk
80 A
N g TELBE 45K
[0)
& o DUEHE K
60

0-3 7-10 14-17 21-24 28-31 3 fie firl
T I ) (HERE % ekt A %)
14 BRABUZ I T D KR B & B4 Ehi s A R o Bk
H1) 1/5000a V7 xRy MEZ ThE722FH) X2 MRER (11X 1R
v b, KIE3). BERBRIXT AT S A A AR 20 BH (MEHETES )
2) HEERLOZFIIIF (2007) 1o 7z
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F 8 BRI IT AT I AT I A I T A KfE R B R A= 2K

Jic i I EHH AU
(m%gﬁ?& R T, AALY TEE IS e ALY THES  E
R HE) ki BTk BEASCK BEAUK Bk BEAUK BEAUK
0-3 1629 1048 0 14 15 0 545 0 0 3 4
7-10 1429 807 0 44 196 0 363 0 0 16 3
14-17 1808 1458 0 00 180 3 129 0 0 12 26
21-24 2093 1737 O 00 36 11 179 1 0 11 118
28-31 1862 1547 0 00 5 0 250 2 0 8 50
AT 2041 1627 4 00 0 0 410 O 0 0 0

1) 1/5000a 7 7 3Ky Mz (x-S h) 1oL 5kRE (1% 15
v b, RAE3). BERIET AT T A I AR 20 B (MEREEES3 )
2) BFE S Ky b4 OAFHEE RS
3) WERIONEIIIF (2007) ({7
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9 REBBRLTIT D7 AT T AT A Sl g B R A 5

<m%$2§§5@3 RBARRE  BEK FIFK
0-3 272 54 3
7-10 361 134 30
14-17 200 75 0
21-24 117 12 0
28-31 267 4 0
I Ji5cfir] 167 3 0

1) 1/5000a V7 xRy Miz TH&7-2F 6] 12X DR (1 X 1K
v N, RIE3). FERHIIT AT AI I ARLH 20 58 (HERERESS5I1)
2) WTIE3 ANy PET-0 OEFEERT
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100 1

80
E
1
% 60 -
: }
— 40
%
L L L
0 T 1 T T
aveHU HEZED BNtV el HAXBLED
(79) (62) 27) (17)
AR

X 15 A FALFEZ & OBV AR

H1) MPox7—"—TEKE (EAFM) BIXOR/IME (BFM) %, FHiL A
o (i), WO (Pfp) X OISR (Fim) 28
2) fnfE FOREIMNIETRE RS E R
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# 10 GLMM & K0 Tukey (Z & 2 FIFUH] = SATE ] 22 0D 25 B HRAHE 72 s R

Elig il (TIEIP e G S P z & PfiE>|z|)
SEINR—HE-FD -1.80 0.24 -7.56 <0.001 ***
SIBLO—bEI-ZEDL -1.67 0.28 -5.90 <0.001 ***
ave N —bEZEDL -2.37 0.18 -13.46 <0.001 ***
SIBLOD—5ITN -0.13 0.32 0.40 0.98
aveh—53201h -0.57 0.23 -2.45 0.07
aveh—53BLD -0.79 0.28 -2.51 0.06

55



100 -

80 -
|
i
% 60
e - |
40 T T
%

20 I T I \

I _ =
0 T T T T T T
2008 2009 2010 2011 2012 2013 2014
IR

100 -

80 -
|
i
%%él 60 1
A4
% 40 p
%

20 -

0 é L = ;
2008 2009 2010 2011 2012 2013 2014
IR

M 16 TH&7mZxb) (EX) BXO Tazeh V) (FR) OFERBIFNR
E1) MPoxT— =3 RKME (EGE) BXUs/ME (BI7H) %, 5803 A
Sfn (b)), HfE (hout) B XM ALA (R 2R
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F 11 TavesV | BIXO h&E2Fh) BT 2EHHED GLMM 755
it H (Type I ANOVA)

X df P (>Chisq)
i FE 415.08 1 <1016 *kk
FIR 178.87 6 <1016 Sk
piia PR X AR 36.74 6 2.0X10 06 %
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EH

THAZHAIHN A %A XOHFEIZRICN THN R UG R, % omE
(2 K DBERCREE DR AT, ROEENZ S BAET L 0ITHEEN 1 HE% TH
ST, BANHE T, A FHEICR T D ARSI 22 <, B 1 E %R
(CHIERB KRB & 72 DB 0320 (S, 2007 5 KEF D, 1988). ZoOZ &b,
FEEROAKBIZIIT 2 HEEINE O EIZO TN TH Y, HEOL LMY 1 HRH%
VIIZAEL D EEZBND. 2D X, WEODRWHEIHESZ b L IcEL
HEE L, #EIEINT 2ETOFERBNUPIFRZIT O & WO RKIFED & < ABDER % K
FI2b0Ths. —J, BRMEZLOMEIZLY, FHRUHIZB W TEWEIS CTHRE
INERIE Uz, ZAUTBIZ IS T IR IR E R 25T 5 2 &
ZRELTEY, 2ok REGEITIE, FERBIERO Z CIIsRIMIR o nE 2 i
TRV R T

AR CBIZE ST, HER I X D ERIIE AR L OFEDZE L, KBLOEKR

TPV Z 2 RIS, KBITR S, W, EIDIEICKREKE L, B 6 AZRRETE
SRR ERDEINTWS (B, 1975). 7 H AT A I AR I
EEOBREIN G5 Z e (L4, 1972), HFEEE TIER BB b KRBT E )
2, b LTRWESEETYH, ZORERMEIL L TREBERARLE D EBZ HN5.
KBLDOR EDTKRE R T- % OMETIE, BROREIZ XL BERIMEIE L TRBRERL
72570, AZIEEPTITERPHEDIXTEH B K E 20, ZOBRICKRICBHNELTZH D
DAL RIOKIZI0 D EHERITE 5. SKRLORILBHLER 16 Hi%, B 3136 20 HiZIZ
AL 7% (B, 1975). FIAVHOIRE ARSI ERZTH 5 00, T 201k
A 20 HRLDIBE L ST (SFE S, 1981), HIAVHOWHIZ X 0 RSBER K E T

LEEZBND. FARROFRITEH (1992) BL UM (1989) IZL-ThHE SN TE
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D, ARROMREEMT TS, THE TRV I RUAAID AL > TH RO
ERETDZENHE SN TEY (EH, 2002), FIAVHOIEIZD A I B A LHHIC
LOWERELLELATOHRERER TH D Z ENWH TRI N,

AR CITRACKIIARBR THREN DT TH Y, BHHAXKIZENTHRAEL. &
HERRONRN-T-2 8, A4 XY H Lk F 2 Aphelenchoides besseyi Christie
RtV n vl Sogatella furcifera (Horvath) 12X > Th RO ENKEST S Z &
(K, 2000) 75, THAVHAI N ADEWETITRWEHRR LT

(o2 Fb) & Taveh V) FERENL A OmTEE O TRECHITERD
g EnTna., THETZE 6] ITHNFEAERN 20%L BT, TEEARD ) BXD
NIz &) LB L THAMAEAE LTV (F5S, 2000). —F T2 e V)
(X, BBINCEIRIZZ2 D EHIHNRRE LT RDN, U TH 6 %RETHY ()
5, 2004), FFESH (1981) & [FoxrrUk] X [Fo0E0 | 7oL 13 mEETHE L
T laveB V) ZEFAVHREEDO LIS WRFEE LTHHL TS, ARRICENTD
W X FEER OB 2R Lz, TERERGE THL (S BLY [(Hskl
DX Tave )] EEBRICEIHOREE LIS WRETHY, ThE/leZEb) Lk
B L CHAIN ALV DWEEZITICS VWEHERIND., THATHAI N AL
L DBEDNRIE L 72 o 72 2005 44K 10%iL< o7 THETZE B O THERNIES
AL RIT, 2013 FRI21F 4.4%IZHAD L, BFETIE T eV, 1S3l 1S
SBLOIOFIEN TR E 2o T D (FR 12, THEREMOKERREPERTEIR B, 2013).
INHDZ D, THERICKT 2 FEMLMEITHINARELIZS WE BT Z &0
BEEEXDLND.

—J7, BISRIIXSTRM 2T TR <AFERBEB REWZ LARALN L ko7, T2
TN ACET DEVBIEIIVREROEREIL ThE 2 E 6] I2BT 2FERBIE
NHFAERDOR/IMEZ LR TEY, FRVHERMENE SN D MWV T H KGR EM
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IREN Ko THINWHIARD R LY b E R5B8NDH L Z LRSIz, Fluo
FATN - AAFREEME (HFET4~14 H) O HBAROMEE, ZORIER O &EIRIC &
DEIINT 5 L ENTEY (Bl - &M, 1968 ; /4, 2002), [BLMHFICLDHEL K
TN INTWD. £/, FFlEL (1981) 1THINHARA S5 515 E L THIEOfi H
T TS, ARERTH BN - TAERBIZEENT, KJRER R E 4Tl LzEvn
FAEMATIICHN AR TH Y, SBEM TR EDOT — 212 X 2B AETHFED
WENLICEBRT 26D EEZX NS, £z, FRUNZREIE TITR T 2 FIA NS FIEIC
L CHA%MAIRKRDHND.
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# 12 TIERICBT A KFEMERE LR O L (T-HE R AR E S A PEAR FE R B,
2013)

2005 4F 2012 4
NEAL 5L EfrEfEEE =R (%) AL EfFmfEEE = (%)
1 ave BV 69.2 avke BV 66.7
2 S3BED 11.3 ST NN 13.2
3 bEZEb 9.6 SHEBLED 10.5
4 ODEDIEN 4.9 HETZEDH 4.4
5 EBEXJETF 2.0 EAETF 2.3

H) [53kEw), ST ITEROERMTE
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%28 PHRAE, BRHBRR, SnPWRELECLIH

EHETE

55 1 HTCIXHFRERIE R OINFEIZ X DBERCRE OFAEND RN RS, HFE]
DIRAEE b E T ERE DN ATRE T h IV, HE N T 2D Al RIS bR o 2 81 %
W2 Z ERAREE B2 bz, £, FRUVHORAEITMFEM ZER X OFERFZER &

D, WEICRESSEELRITTZ LRI NT. £72, ZALOHERDIINIZPBROAF
MEPIE S MR E IR R RIFT B2 5D, TERTHRES LTV D EERID R
1T, BERKD ALY DEEREN T TNV AALYNET DA N AT ANIEET B
MHHERIINTWZRTH Y, THATHAI I AT H2R8EBREFNI -7, il
B TIEERELTICBI 2B TR L 20 7 HEO 2 B OMENEIES TN D
N85, 2010), /IERETTIEE T —EIHOBAMOBELRLNBRF SNLXETHD.

ZZTAH CIIHBERICB I 2T AT HAINABIOT A FRY I R B A3
71 A DO HEELREIIR A&, BRI AER, BRI & EOBR A L nIcT 572
DI 21T > 7.

MRERE
1. AEMBLVHAEBAE
P IXTZER PN OKBIZIBV T 2010 25 2013 F2 D57 @35 THhE L 7= (3 13).
57 [l D 5 23 5 TIIFERMIHIRTR (AR RPIRAM TN, £ ORNKZR 14 1R LT
FKH O HRES, 1%, 2 BE%IC, BEREDS 10 m BLENERIC A > 5NN T
Ho2mEERED 20 BHED < WEVEITY, THOAPHAIDABIOT IRV
I RU BRI AR ORIES A A L.
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IWHEIRIZ 1 W35 720 20 BRZ X0 HRY , KH %, SEES72027e< & 500
KA OWCTEINVR 2 54 L7z, - 72T Y #, 1.8mm UL B ZkizonW X 13
Doy ZE S EAZTHEEERCK, A LV BECK, SRR O ERZ A L. 7258,
THADPHAINAELT A TRV I RV AAI DAL DHAKRORERBLOZ
DHERIOFHITIZER L TH Y, WIS L A EIX]TE 20 kB, 1990). —
Ui, KELOH A LI L DWERLL, JREEO AP B0 TRELO L, FREAAL A
W% 28 &R LTSI IC IR D 2 E R T2 kD 1971 ; K BF 1990), Zi D OkL
T EMITITITE 0o T
2. AT

AT IZ— AL E T V2 e, BROEEIEI I A I A L HEIC K 2 B0k
(TEEBBEACK, 1 A DV EACK, HERBERCKOARE ORAERN 15 KEHETHD 0.1%
X TZDEND 28 & L, “HHGAMICHE D ERE Lo, SIS0 T BRI, 1 HM %,
2 HEBICBT DT HATHAINARBLIOT IS ARV I RYDAI D ARLAD 20
[E192 0 FiEH CRPEZSHAE) , FIAURER (FAZHE), BERIIBIBROAEE, FR, BIO
TNENRYUTZY 2ROZHEAEMA L L, link BIEUL logit & HW . fTIZENEID
R Z 22 1247V, MEFET A OY TIEXEV ORI ZFHIT 572D DIEETH
% AR ERE (LU AIC ) 237z 23 A OMAE DEZEIRET L & L
7o, FERIBIBROUBHICEE L E B2 D SIS AE b LI LIBIRET L &
LA ORI 351F 2B INEF MO W TES MG 21T 5 72012, ®iED @
BIEIC X D ik &4T o 7=, fRHTICIE R ver. 2. 13. 2 (The R Foundation for Statistical

Computing, 2011) 33 X O MASS /X 47— (Ripley et al, 2014) % H\\ 7=,
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F 13 WCEHEE AT RAL S DA

R BR”

AR A 7oL HY B
2010  HELIFEH 1 3 4
2011 HEIFEDH 3 3 6
== 4 8 12
SITNR 0 3 3
SHSBLED 0 2 2

2012 HEIEH 4 1 5
e =) 7 3 10
2013 HIIESH 5 0 5
ey 5 0 5
5ITN 5 0 5

at 34 23 57

E1) WITNOEE L TERNOBE TH S
2) FERIALI BRI IIFERTI AT OEMPIERIS L OB ABIERAE £ 5
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#£ 14 FREMBICI T DRI O P

BhER D4 I E A EER

ERilbil25 10 FSTHA RPa—H—7a T INTIALZ— LRy
(~NVarsx SE

—) A K — 7 JVEF] 10

MR v 3 — 7 —EW
NATT KLR IV

(EPNYSE 13 A B — 7 VR
A F A LA
Z TRy PR F 22 EyH DL
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R

R, 1 %, 2 EMBICBIL2THATOAIIABIOT A X Ry IR
T AT A DOWERL, WTNOERICBONTHET AT N AN ADOHESRNE
Bz kMl Tz (K 17, *HEZE#L%1Z paired THtest, HFHH ; £=4.18, 1% ;
t=3.61, 2% ; t=4.60, TN b df=56,P < 0.001). HEHIZWT DT A
IHALVENHES N0 57 BT 27T B Th o7, BT VERINORER, R
BLOZED 1 8% OMERE WG EIX, 7THAT A I AER, FlIiu=s,
TR, bR o> A 4, FIFUR & BBR O AZ AR 2 3l A S & LT=E 7 L@ AIC fH e/
Lilpote (3R 16). HFEH 2 MRI% OB E W8, T AT AI N Ak
B, 7Hhe SRV I R IR I ARER, BINWHREHHERK L LI-ET LD AIC H
D/ lpole, WTIhOERHZHW=5ad, FREIVENZELRAEMIR
BIRINAR o7, GREDHR, BHERFHOET VH CHREICHEEZITRE IS
otz (G=4.00, P=0.14). % 2 Gl 2 MFERIEIIVHTEAEFREN S, FIIUWT
ARPMENRFETHD [avehn V) 2 [53BEw), 1S3 BE 5%, &
WHIRAERNED [HEZ2F5) BE (20%) ([CBT 5, RIS 2 FH - #E
% 18 TR L. HWHEHIC T 21BN L ThH o 7o d, FIER 5 %2k
T % 2 FHEEMR HEEMES.E) 1E, FERIIPIFRZ LT 57.4+14.5, HV T0.510.1%
ThHHDIZHL, FFUHEN 20 %OHAETIEIZEI 64.4121.0 %, 62.4123.0 % Th
D, BIFUHERIC X 0 BERIEIDBR S V OGH O 2 HEREMRHEEMIIRE S B o/, —
07, NSRS DM 0 B CTh o 72 A, BN 5 %I 5 2 SR
X, FERIIPGFRA /2 LT 8.7£6.1, HV T0.420.1 %, FIIHHEN 20 %TIXENZH
11.319.3, 10.5111.2%TH Y, WTILHIERWME L 2o 7. BRI 2WIEEITE
T % 2 FEEMERD 30 %IB LV 50 % & 2 DB OMHEEM (BB KO 90 %IEHH

FRAVE) 1%, AV 5 % TH HHEIEENEi 0.40 (0.00) 54, 0.75 (0.25) A,
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EBINBIRD 20 % DA% 0.48 (0.10) BH, 0.85 (0.47) BECHH7-.

EH

HRHICIBWTT A RAYH A I N AR SN2 BT < 2L, kb Do
7oAy, HIEEHT 1A% KO 2 WG OISR L FRkIcE T T A8 G607,
B 2 L ISR SN BRI R R S T2 b DD, I A I H A LA L OERR
I 2 HREMR L LT 2R, FERIBIERIT T 22080 b, SRR R
Tho.

RN IT 27 W AT A I AR RO HEERS RIC KV, BERIIPIBRICIX
2 SRR T SELMENDH Y, ZORBITEIRIMENEEHE LTV
ENRENTZ. —JF, BIVEN20%E a2 Fh) BEICEWEGS, 2 FFKESHE
RIFFERIHSBROF DD O TIZEAEEDL LT, TOHEMENZ LEZRL T
L. THERFEREGETHD T2V, 153200, IS3BLd] TE I'H
X7 FEL ) L L TENENMELS 5 BIEETH D728, BRI OHERIZITBRE R
WEMHONENYFETED EHREND. —F, THAVIAIDASREETE L
OEIFVZFE T Tk, BERINCINZ C 1EMRER I CHERT 5 2 [BIHUE O 2hHE
RHHNTEY (K, 2005, /WML, 2010), Z O X 5 25N HMNT 2R F Tl
2 B HBGBROBERHIRTO BZ L RO NS, Fio, FlIAVHARA LI W iEnFE~O
rnFEDE RS, fEfEomEIE{t (SFE 5, 1981) ICX VENWOREEZMZ DT &8, B
SRR E M IAIEH EOHNBIZ D213 5 Z L DRIB SRS,

—75, ABFHE LS CIE, 1 ZEA OB THEIICB T DT DAY AI N A
OEEOR 1R TH Y, PiBROAE - FAUH=RIC X 63 2 SR EMENMI [ &

HeE Sz, ZOZ LITMIBRAARER RO H D MG R L < &1, M OmMEL A~
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80 7 i QT HASH AT A

W7 HESFERY I RUBAI A
60 -

20 A

80

A

HIREH 1 38 1%

40 A

20 A

(siflesHEo w )HESHF ST

80 -
HREH 2 18 A

40 A

O T I-IHIHI I-I TT T T T
+“—> < > < > <
2010 2011 2012 2013
AT 5 K OMFEIR

X 17 FHEBSICET L HED, 1#EE®, 2EEZEOT7 WA HAIDABIT
TAHETRY I RY AT A DOFEE

v

F156 THAVHAIBABIOT e AR Y I RU DRI D AMER, Elvm=s,
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FERIIDIEROA B, FRZHHZEEE Lz GLM I X D HEEHTIR

r— %#R%?‘*‘n/a)%%mizﬁﬁw%% P VIF AIC,
% Glzl) D, ¢
HRE =il -2.55 1.13 -2.25 0.0244 *
T A TIAITIA 8.80 2.57 3.43 0.0006** 3.72 43.3,
BV 0.98 292 0.34 0.7363 1.73 33.3,
RERTHIBI RO A HE (V) -9.15 3.28 -2.79 0.0053 * 0.64
TR X PR (BY) 18.13 6.71 2.70 0.0069 **
AR 1 % B -2.39  0.91 -2.61 0.0090 **
T A HAITIA 3.76 1.15 3.27 0.0011* 1.64 59.5,
FAUp =R 2.52 2.03 1.24 0.2141 1.40 49.5,
FERT AR bROA HE (FD) -3.72  1.76 -2.12 0.0344 * 0.95
TR X PR (BY) 6.56 4.30 1.53 0.1266
MR 2 % U -3.67 0.97 -3.77 0.0002 *** 40
T AL T AITIA 3.22 1.07 3.00 0.0027* 1.18 46.9’
T IR IRY T AI A 4.20 1.87 224 0.0248* 1.19 ’
BV 3.48 1.71 2.04 0.0419* 1.01 089

E1) 2%k LOMREYRREIT AIC 2 R b IRWET L (REE7T /1) & LTERRS

Ni-bODOIERT.

2) VIF = Vatince Inflation Factor. 5 UL Tl3 L EILMRIEE EE 9
3) @=Dispersion parameter = Pearson @ x 2/ JR7Z=HHE. “IHDMIZBITHH

EAEIE 1.

4) BEOT AAZHAINABIORT I TRV I RY BRI ATHRERFIZ
BT 5 20 EHRY 3 <& D IR I OB AHE L (logk+1)), FIAVKIERIZ

2 2 7o
5) *P<0.05, **P<0.01, *** P<0.001
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18 HIAVHIRN Tasen V] BE 6 %, £X) BLO bbb BE
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b LI LT BRER NI L0 AERPREZHOE L Z LR LTV, & Z2ANR, T
HATH AN AHEER O RETRENE 8.80 & k&L, HEEMMOBEENETHY, I
BRSO [#155 T I3 HFEE I B TR A Y 1 BELL BT 72 % &, 2 PSR SR HE AR 50 % & il 2
AMIZEmE o7, ZDZ L, BREGHEICHWDIZIIKEOSWIHERLETH S
ZLERBELTVDA, SEEAEICHNZT W E D REITRERMECHEE I L VE
BRI EELZZ T 2RANERMENTEY, REELETICH T 2HEITHE LW EEZ
SILA. WETHRY LFA5AHE7=nE®r FT v 7D LIS, HEELRPEERMEICE
U WIREFIEOWHSIIC LY, ZOL I RERmRksnD EBZLND.
72k, HFEHIEB L OV 1 B%OMELEHWET VIZEBWTT ISR Y I KU A
AT AR AT LTINS AR o T2 2 8L, THAUIAI N A LR L T
RN Do lelob b EBEX BbND. KMIBO X OICT DA HAI D ANEL LT
WOGEIZIIAHEEM IR LB A oNDD, TAHTHRY I R BAI AN
THAARAVAHAIAALRBRES LTENLL ERET 56T R R D HEE-HR I HG
SIS ATRRENE <, MR % 22516 CIRIE L TOW DRI TICR I 2k T — & &8
ML TESITHRATTO0END D,
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F4E AHEZZAEVNSYTDOFIRBEAEORFE

KHEWIZEBIT DB KT A AVEOREX, ZE THBME AT Ve s
LV TENTE ., L, <0 E D REITREERM-CMAERIC L 0 =7 IE
5oL &R, MEFEROEINIL OFNPMEL W) HEAPERINTE TS,
ZZT, KW EVFAEBEDOKREEZMO FlEL LT, Gl 7 =T AEFHIRE L b
Ty T ORBPF SN TWS., AR 7 =T AlE AW T v X, BERESOHEDN
RN DM CREMNRHEDFRETH DL E WO AN S D (g, 1992). 7 e s
RY I RUAAIN AL TE, KEAREMEEDOGHMET =rEr b7 v T OF]
MITHEDFESLIHEA TV DS (A, 2005 ; #H, 2005 ; #EH, 2006 ; A5, 2006),
THADHAIN ANTBOTIHEPEN TS, o, ZO2MOAAIN A LV
IZOWTIE, AMET7 = v A% 120 b7 v IO L TH R EWOMESIC A
ERIFS 72N ERRSINTEY (Yasuda etal, 2010), WENREIET A5 TICBT
HDRFEOBRREN RO LN TS, T TRETIE, THAVHAIDARRT ey
RYIRVIAINDADERMNET =0 FH N7 v 7ORBETEORHSLZ BRI E L,
FIHICBWCT DAV AI D AREMNET =02 b T v 7 OKHENORENE DMK
#, B2EICB W THFEFIETH DT VEDY L BENRCHER O, 38T
B 7 zuTr b7y T EROERERE FEORGN 21T 7.

F1H THRDHRINAGRMETITOEV NSV TDKER
REMENSHERICSZOFE

Y

I

EHME7 zue 2R T %A, TOEMBICYT->TET 7 z2uE L OWE 2
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L, HHTEERELTD2HENDHD. PTTHL7 =0T b7 v TORELPNIE, %

ZEDOEEDITTNIRELFET HLEZ LN, R LITWGEITICRE L7257
TININES L2 D, —TJ7, REWIEAERNEIDICH 2/KHATIE, RESTICL>TIETY
= 1 E AT KD FBAPED LKA R 25551 L, KERNOREEZIEfICHE TE 2
2B NBHDH. ZFZTAREITIE, THAZHDAIDAEGHRE 7 =w® L VT T %
TP U7 BEREDS © BREERIC R E L, Z OMiEHEE g9~ 5 2 & CRREN & O i
bz -7z,

M ERE

1. ZzAEVISYT

#51 & LT Hexyl butyrate, (£)-2-Hexenyl butyrate, (£)-4-Oxohexenal ® 20:4:
40 (ng) 1EA% % Halo-butyl isoprene JX 2 = A % + ~ 7 (1F Sleeve Stopper 1888 Gray,
8 mm outside diameter; West Pharmaceutical Services Singapore Pte Ltd., Singapore)
IZERSETEbDE MW (Yasudaetal,2009). 77 HRY I RYUBAI T ADH
BHE ARG, 2006) 216V, fEEHR (24X30cm, Hfh, EHEHFEETEHSE 7
v TREN, Vo AMEFHRAS) 2 HESHEbE TREICES, ZOWNE 2 K
DXAENE TN Uy 7 TREEL, @Rz RaER LD ORREBICRE LT b DE T =
REV Ty T E L (BR b). REGITHAERDETR L A ROFRE M ITIER UG S
(2725 K 5 IR L.
2. HEE

AT 2007 FICEFRTT =/ 2 BOKETITo72. 723, HAEKBEOHFENL 7 H 18
H, WX (X7 F6] Tholo., AKHORLITA RBHHEE A2 R & T 2FHR)1
ERPGIEICHEREZ S L CHE L CTEB Y, KEOHFENI T TERERIITHE L 721 ¥
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KHEHRNIZHRE L 7=a® Ty

BH 5
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VT VT4 77 A% EERE LicA FRMEHDNEE L Tz, BEREEBREANC £ 0 BREL S
TV, SEKEOR, JEANZITZKES —mIZIAA > TR Y, FidKHOEmAILL
SEDOBEREIZ XA R B OB ZITGRD b dro7=. 7T A 18 H (HFEH) (2 Z OFFBE
BEEEA HAKENIC 0, 8, 7, 15, 25 m BfL/-isic 7 = vEr N T v 7% 3 POk
BLZ. 3HEOMEIZI2smE L. 7o2aEy M Ty FRENLIVERERTD 8 H 20
HETOMRMIZS 205 9 AT S B, §5510d X ORERDAZH AT > 7. FHAHIH]
Z B S 2 M BRI 7 H 18 B S 7T H 31 H) BLUOZENLIE B
W CER%Y: 8 H 1 HADH 8 H 20 A) T (BEMIEY) o 2 WK, KRR
HREERREISOWT, 1 HH7 ) OF BB O BAHEZ R L, Tukey D% LR

=%
'-I:l

EIWZ K RENMEMOFEREOLE 21T/ >7-. ity 7 M JMP ver. 6.0.0 (SAS

institute, 2005) % UV 7=,

fER

7 xrEY Ty TR, WTHORENMEICSV TS HEE% 1~2 HEHE S
FHUCHRKIEZ & o7, A RBRWIAPEICBIT 2 7 2 aE 2y T v THEEUL, BEREDD
Om HFIZHE L T3m HR THEICE Ieo7ehd Gtz log (x + 0.5)#%, Tukey’s
HSD test T P<0.05), ZILLAOHAIZINTIE, BERENS OB DL TH R
ZETRH ST, T m HS D DK N EEO HS CIERE AR O T HE HIFIER UfE & 72 -
7= (K 19). KFEBRRZIICE T 2MEELRTEIC R Th 72 <, HaHoFEECH
BRI bR T
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Me2.5 1 —— IR

1

H

B -5 0 5 10 15 20 25 30

7= o

0 BERE) 5O BB (m)

X 19 7=ty b7 v T ORENBEE T D AT T A B AR R IEE O %

E 1) BP IRk S O T, N—ITERERRE (n=3) T
2) BEIAFINIT T H 18 H2 5 30 H, #%¥1X8 A1 HMH 20 HAERT.
3) MHFDT N7 7Ry MIFR U XFRTHEZENRWD L 2T

log(x +0.5) #% ® Tukey’s HSD test T P> 0.05.)
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B8

TAHADZHAINAGHENET7 =0T b7 v T OEENRADNGEHHIL 1 mf2E L S
NTHY (ZH-%H, 2013), BERERICRE L M7 v 7 OMEHIE, RO KE
DFRAERNE KT 5 B Z B, RRBROSAHFEORMERICONT, HRE2 G
0 m HRIZI T DRI 3m s & i L TO R o>7-DlE, Om AT NI v
D—ITDBBRESIWICHEREIZ T2V, ARIFEHRNDOT I AT A I T ANV Iip o 1272
EEZOLND. ZOZENG, KERNIZBIT DT AT A I AFBBOREN E
ZRFHI2IE, HERES 3m BL RIFZKEWNIC A TSI M T > T2 E T 5 0% ) &
Z2oND. —F, THeFRY I RUBDAI L AZONTIE, A (2006) [ZHERE)>
5 0.5, 5, 10m ICRBELI-AMMET7 2 v®y T v I L SR B L, EI3R
BT holzE LTWAHD, fililf (2013) A 7 = v € b7 v T OBEEOH L
FE5mEEL LTS, 7 =aEr b7 v 72O, SEIORBRIZE O TRE
FEOBFHIIT > TWRWA, WD 7 = o L FOAREMEEZ LR LT, HERE)HD
< b b5mUEAST/KBIZBITARENEELNEZEIONS.

F 28 THRAVARZIAAB LU T HESTHRYSFYADRIAA
DERMETZIAEVFIGFAN S YTETLLNEY (2L B2
FBARSHALVREE BRIV HER DL

FB2ELOE 3IEORETIE, KBIZBIT 2B EFEIXT IATHTAI DA THST203,
THETERYI RYDAIDADORHELETORD LN, 3 FEFE 2HITBWT, 7
HAZHAI B ANMEE L TCWAEMTF T, HEEIICRBTDT VA HAI D ADT
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SWEVIHERDORNOEEHETET D Z ENFARTH 72D, Bix RIRIESRMNE T T
THAETHRY I RIDAINADEEBREIIRESLSEETLEEZAOND. Gt
= 1 CHNIRERF RN, FREORE LS T ENTERND, THATH A
IHABIOTH TR I RUADAIADATIE, 2HOT7=n® Al 1 EONT v

WOFH L THLZF0@FEIMEN LD LR N RENT (Yasuda et al, 2010). F£7-,
INETHEMSNTE MDY = v HIZHOWTHIEO W R 23T 7z (Yasuda et
al,2013). =2 °C, 2O 7 zuEw HE20H LI N7 v 7OFERLEXK D=0, BE
FFRETH LT NWE D EREHRL IOMERO LK 21T - 72,

MEERIE

1. 2zAEVASYT

RIETCIET WAV HAI D ADEGHEMET7 =g AL LT, 2004140 (ug) IREMZ
Halo-butyl isoprene K& T A% ¥ v FICHRIETL DL HW A, KETITA M
12383 STV DA o 17 2 iz, B LWOaE s [T Hexyl butyrate, (£)-2-Hexenyl
butyrate, (£)-4-Oxohexenal®5 : 1: 10{E&# % Dodecyl acetate CAIRN L, £ X10cm
DOFREARY 2F Lo Fa—TICRELIZL DO TH S (Yasuda et al. 2013; £ H 5, 2013,
SENT =T AT HAI B A, BEFITERAST). 7SRV IRV BAID
A DA T = 17 AL, hexyl hexanoate, (£)-2-hexynyl hexanoate, octyl butyrate
?100 : 40 : 3iEAEY % Dodecyl acetate THM L, £ Z10cmDApRERY =F L F a—
TICFEHE LEbOE AW (BA S, 2012, SELT =T A S HRY I RYBAINA,
BRI . 2 OFE 1A 2 5 181 & [FERIR A o) oo R I iR i
hzex=2Y) 7 r7y7 (UTF, ffll7=nx b7 7)) LLE (BE 6).
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BH 6 AKEWNICHELZHHZzox®r Ty
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2. REFEROLE

A X 2012 4Ei2, FERGHOKHE A 225 L 0 12 B TIro7- (£ 16). [HEi-2F
H KHEIZIZ7TH 3RS, TaveB V) KEIZIEZTH6 S LIL13 HIZ, HAKHN
DOREREER NS 10m OHUSICH 7 = n®r b I v 7% 1 EREL, BRSNET IR
CHAINABILOT AR I RYADAI T AR E%E 3~ 7 BRI CTHAE L.
FE0 7 2n®r M7y TRAERIC N T TEATE 2 EEFEED 20 BHRYD 3
EVEITo-. FKBIZBIT AL, 72 oy 7031 K1 HEEY
FTLWED T 20 EHREY Y- v ICHE L, RAENEZ LR L.

3. HEHDLLEK

FHAIE 2012 B LN 2018 1T, 2. IZBWTHRAERE O ZIT - -2 &t T3 R
ND 42 B CEM L7 (& 17). FKHOHFERS 1EMOMICOHH 7 et b
Ty WLV ESNDT DA AAINABIRT B TR I R AI T AR
B A MEERNCIAE L. £, MBS IO 1EBZIC, 7 =2 b7y 7O
JAPHTH 2 L [AERD 20 [EHR D < W E D& x 2B T/, 7 =vEr b Ty
TSR LT, S 1R ORI O BEESE, TV DS LT
T O 12T 3 1T 2 Hl SR 0D SR E oD Sl A #iE & T T oD B AR 2
Prizz. TOBR, HMERBOREEZR LT , WEHERK A2 H o TEE LTG0
T TiT o7, fEHTICIE R ver. 2. 13. 2 (The R Foundation for Statistical Computing

2011) Z fAv7=.
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# 16 FEEHE OB W - A 7K H O

7K fn e T HHAEH
A bhl-Z%b FEH = 4 H 7H 17 H
B bhl-Z%b FEH = 4 H 7H 17 H
C bhl-Z%b FEH = 4 H 7H 17 H
D bhl-Z%b FEH = 4 H 7H 17 H
E HET-ZFbH FIHRA 7H17H
F bHET-ZFEbH FIHRA 7H17H
G avehY FIHRE 8H 10 H
H aveHhY HFIHRE 8H 10 H
I avehY HFIHRE 8H 10 H
J avehY HIHRE 8H 10 H
K ave Rl FEGH =/ 4 H 8 H 03 H
L ave Rl FEGH =/ 4 H 7H27H
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K17 FHIEEL D LI O 7 G A [ S DA

A An pTEHE (#5550

2012 = bAY FEHGH(11), TET (D), il (1), B e (1), $E00T (1)
bE-ZEL  FHUH(6)
ST B, ekl (D), LRy (1), BT (1)
SHEBLED A A RATH (1)

2013 =AY FHi (5), BUZEET (1)
bHEI-ZFH FHH(5)
ST FHfi (5)
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FaR

1. BEHRODLLE

FTLNWED EHHT72mEL M T v AT DHRAEHRIT, WTHUORESGIZENTH KR
ENC—ELCTEY, HBEEM®%ROBERNZ WFHEICB W TIR X Tz (K 20). HFE
HMBEDT<WE D TIEE oo MFEOHENFRD G- 72/KHA D, K, L2\ T
L, 70T b7 v I XD HBZORABRZI LN T\, £, TAATH
AN AERII TR OKBIZBW TS T A ZF R Y I KU B AI D A% EFl-T
BO, 3<\WEY AT vn® s N Ty S TRBROMMEZ R LTz, —JF, HEBSGO
L, THAZAAINAFT I WE I ORAM 28.0 8 (20 BV H72v, LT
FEE) %8k L7-KkH EICBIT A0 7 = 0Ey b T v PSR EIZ 3.08 (1 A
M2, LUTREER) TholedlzktL, 77 <nE 0 EEEKIED 4.14 BL V6.0 HTH
STEAKBHBABIOHIZBTA72u0Ey M7 v 7RI, £k RS 3.1 K134
BHCh Tz,

2. HMERDLER

ZxzrEy Ty TICBT DMK EOREITDT N THY, THATHAIN AL
42 B 2 BB OHTRO b, TAHE TR I RV DAIDAFTESTZIRBOLR
IRz, WIS b ICHERC R & RER RO v & D BRI IR B AR IE O EHREAR
o bz (K 21).

HFHZ7=mE L M7 v 730 E VIR DR RRERICIT, WL bICHER
EOFBEBGRNED bz (X 22 a, ¢, Pearson's product-moment correlation, 7 7%
AYHAITIA ; R=0.85, t=10.4, df= 40, P<0.0001, 7RV I R T A

H A R=0.98, t=29.4, df=40, P<0.0001). 7HAIZHAI N ADTUNE D HEi#E
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BROHTHL 19GOS, 13@GTIET7 2wty b7 v T X o #ElE
SN, TxuE'r Ty T THERD 0B TH -2 6 BT, <0 EDITX
LHELBERIN otz Fh, THEFERY I RUBAIAADT NG D i
BN OFHTH-T 2TELO S S, I5ESLTIXT = uEr b7 v 70 X DB
SR, 7=20Fr b7y T THERD 0 Tho7 12 MG TIE, < VWEDICED
Mg LBlEI o T.

Z 2T, TWE VBN DR VGEIIEE BAT, 2L RDITHEVEE D3 E<
7 fafihiR (y=ax/(1+bx)+c) 4 TL®H, EHMR (y=ax+c) [CYTUIHTHA
ERTIEY DR S ZHRT DO O FREZIT 7. TDORER, TH
AV T AN A TIEEAR RO RN ER & i L CHEISNE o (1K 22
a, F=16.0, P<0.001). — 57 He KRV I R BDAIHB AT, FERATHRHS
Shigmole (K 22¢, F=2.9, P=0.097). WEMEZ 08 L7\ iaak BEA bl L 7245
AbRETH-7= (K 22b,d, THAYHIAINA ; F=5.7, P<0.0001, 7t/

RYIRUBAIADA; F=1.8 P=0.2).
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T IIAY FIAITIA T IeT R IR YT AT A
30 -

y=2.0x+0.4 90 - y=1.6x+0.0
R*=0.73 R*=0.98
P<0.0001 P<0.0001
n=42 n=42
10 -
T 1 O ' !
20 30 0 10 20 30
TERY RIS

21 THRIHBAINA () BIOT e rZrARYI NI BAI DA () OF
KW E DT X DR RS X ONHERR d 7 £ oD B
H1) RIS X O 1 EEZOT < VW& R OFEE (20 BEHRY 472
n) ZRT.
2) X DOEMR EHFIXER D IO DOFRERE R
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9
27 a y=07x+05 ,¢ b y=0.5x +0.4

P<0.0001 ,* P<0.0001
R2=0.43,7 R2=0.48
1.5 o o Pid 1.5 1 ° o o Pid
. . P ”
[ ] ' d
o9

R2=0.43¢
e
V4

—
(@]

°

4
v =382x/(1+2.1x) +
P=01 y=18x/1+1.1x) +
P=02

7 1 ‘b’ L4 ° 1 ,o"

T ) [ J

- @y = 5. 7x/(1+6.4x) + 0. ol °

- P<0.001 ® y=156x/1+1.1x) +(
0.5 0.5 P=0.02

- 0.

K °

Z 0 . , 0 T 1
- 0 1 2 0 1 2
29 ¢ J y=12x+04 2] d y=0.9x+04
?i% ¢ P<0.0001 P<0.0001,7

%

%F

%

Zjé

1

(5

0.5

0 1 2 0 1 2
T OIS G A 28 # i)

X 22 THAUHAIBA (L) BXOTHeF R Y I RUBAI T A (FE)
DT NE VIERE V7 c 'y b FRIER L OBI%
1) ZEDHERRR DI, A BMERER DG FHAERIZ L DR 2 T
2) <V E D R R X O 1AM ORES O TEME (20 BHED 272
n), SFHZ7 =vE'r b7 v FREEITHEE 5 1 EEOMER L R~
3) KO AR E B TIXERD IO OFER, FEHRE L ORHMAREC T X AR Fni dh i
~OYETEOFEREZ/RT. FHAD PEIZERS LD LEREE O FRED
fERE R,
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EE
HAEHEREDORE, THAZHAINABLIORT ISRV I RV BDAITADE
M7 = a B K EER LA 7 v R Ty AICL D, T WE Y RIS FE
DFAEHELHET DB Th o7z, £, < WE DI X D WHEOHED HEE
BRIZED NPT SEGBIIBNTY, 72vEY F 7 v AL IEDR A X
LNTEY, EREEKHICBITOMEORKEN 7 xuE b7 vy 7OFMIZE Y M T
L AREMED R S U7z
BT = v E ORI OfEFTRE R & b LITEDB TR Y, MRz L
FHOIMEDRTRD BRI, SRS N2 T AT T A I T A MERL BUTBIRREE
AL LEBZ LD, ARENFETIPEO 2 RIUTISN T bR A BRI T
ERHDHZLE, BHLICE>TH#HEIN TS (Yasuda et al, 2008; 2010). 7
<WE D EEIC BT DML I —ETH Y, WFEL bICHEREOHR &2 1T < T
bR R O EHE I ITSRIT R NEEZ 2 BT,
ZxrEy Ty KDWY, — WG 5 2 LIC K OBAEMETH
IZx LT, TN E VIR AL, H2RRICBT2AEEROREMTHD.
ZOOWFEIC L DAL, Mo — Ao —FafEd 52 LIIR#EEE
ZHNDN, KEIZBITOIREPRBEEOEHRLZIET L LIFTEETHS. T 0
[THEHIFSIRE SN, [ROMEE LB EZTOT VWL EEZETLE, 7
TREY NIy TOMEBHIT L VEENTHD LHEIND. LILARRD, 7orE
Y b Ty T OMBEEITT < W0 E D ESE LT LS L TOZRWMETE 2SERD BT,
TAHARZAAINATIE, $T<WEVBEERZVESE T 7 vt T v THiE
BOIFT HIC R ABEAARD bNZ. DX, 7=uTy Ty T HEHEITD
CRDIFRDOOESE LT, M7y 7 OG5 & ERAMENREOFE ST L Tt a BILRIC

RAHAZENEZ OGNS, FavHCHAROER TCIIMOESEKMEY = o0 U FE2FHEIJE
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& L7 b7 v T OFEBNRITMERERE IS B L2, MREREDO L & XV IREED
XIS BT LV N T v AITEHESI SIS T EHRE STV S (Roach, 19755 HEF -
EAR, 1986 72 L) . 1FDDA A LVFHIZBWTUTERT = 1E L LT 2-hexenal X 2
- octenal MBS INLDGENH LD GRA, 1984), I AINALVHITBWTIIN
SOMEDZTITL DI NTHY (H, FM5), ERT = 1€ N XD MER OB
HEFZEZIIS W, Fle, AHOKRE S (BB OEKE 3.4~4.6 mm) (ZxF L TRAER
1% 24X30cm & +o3Ic K& <, iR X0 HE RSB 2 L BB OFEITH O
HAEIZIFR0IZ<WEBZOND. TSRV I RY AT A TIXERR L& fafnihi
EDORICHEENBE SNRDoT2D, AAKS (2008) 17 e FARY I FUBAID
ANZONWTH 7 =1Ey Ty THIERPBEITHIZ R A 2 HmE L TnD. AHET
X, THEHRY I RUBAIDART HADH A I A A Ll U CHIBEER D 727 -
i, ZHEGOT—2 bEE X THEMTTOLERHLEEZOND. 7x0E
YTy TERAT ORI TS WE DB S LT LS ERIBERICIET RS RN &
EARFUCEVWTHERZZERTLIEThHDL Z LRI NT.

E 38 GAIIOFEVINSYTIZLDAEEHET

B3ETIE, T\ E SR A D 2 SR OHEE ATV, fHEEAY 0 S
O 1BAICHEINT 2721 CHEMENS LA LT LE Y 12®, REEICKIT DMRESR D
HWNIZ X OV REOR WA FENLELE X bz, mifilics e, 7 znEr
Ty AT T KW E D TIHHHED D R VREE R TIZR T oMEICEL TWnWD 2
EMABLNI ol ®, 7 zves N7 v FIIEFEHEOHEEN T VNED LD
HEWIEE TITX 2 AREM R & 5. £ 2T, AECIXEMBRKEDR EIZ 27T 5729

HEPRESGICRBT D7 2n®r b7y TR E b L ICRAURIE Y 27 OHEE 2
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Tz

MEERE
1. IWHEEE
FAIT20124F 36 L UN20134E1Z, HiTi O i A #1323 e & Ui N O /K H D~ 56 #]55 T F
L7z (TaveA V) 29[y, [HE7ZE5H]) 170, [5320347) 10[Y). 72k,
FERIBIBROES 2 HET D720, WEBGT T N TRRABERE FE L2V Es & L,
AREFE2E EFARRICHA 7 =n®r N7y 7R E L, MY AT S HEESHE %
FC, LB EICT IR HAIADABLIORT e AR Y I RU A I AR %
A L7, Fo, H3EFH2MN & FARICHER L OFIN LA L7z,
2. AT
HSE M IBIT DT FIE & [FRRIZ, HIOEEEZ 1 A I A LHAIC L 2 BEROKHRE
DFEAENTFEKRIEETH 50.1 %NEBADNENO2MEE L, "I RE L —iik
BT VAZH T 21T o 7o, SIAZEEUCIT MR LA AT & HEEISE % £ CTo
TREZE DT HADHAINABIOT ISR I RY BRI D ARROHE &
FINHR AR, TN DO2RE TORZEAFM, Tk L Lz, fATIEZ L OffER =
LITATV, AICED /N2 DA R OM AR b ZBIRET L E Lz, £, Th
ADVHAIBABIORT I TRV I KUY T AI AT ORMERNEE & L TR
ENTHEITIE, BRIEIBROHBNCE T 57w, W OO A HAEL L Lz
Gl OWT T 21T o 72, 156 NTRINET VIOV THEEMRHMT 21T 5 72912,
TET UALO GREIZL D EIT 72, fi#FTIZIZ R ver. 2. 13. 2 (The R Foundation
for Statistical Computing 2011), MASS/Yv 7 —<” (Ripley et al, 2014) 35 X O'DAAG

/Xw /- —3 (Maindonald and Braun, 2014) #fEifH L 7-.
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FaR

HFEHIRT 1 BEOT DAV AHAIBABIOT A TR Y I R DAI D ADHH#E
BwlK 23 1RT. WITNDLOHAI D ALVBHES IO 57 BT 44 B ThH
D, THAZHAIBABIOT I TRV I RY AN AOHERIZAEZITR
BRI CHEE L4 IZ paired THtest, t=-0.72, df= 55, P=0.47).

T VEIROMR, MR 1AM, HE% 1 B OMERE HWicha, 70 A
CAHAIBNABEIOT ISR Y I R ADAI D AWM G ORMEREZHAELRE LT
FONBRIRES N7 (F 18). WSS 1~2 W% OISR L AW 5A12IE, 7h
AT A I A SIS OB A RAR L LT 0, miEnNs 2~3
E% OMERZH OB BT HATIAIIABIRNT e SR Y I RY AR
T AT OIS, FINRAERIAZRE LT ANER Sz, AIC X HFES 2
~3 % OME A OB A OBRE T LR —HEVMETH 572038, GREDFER,
AR OE 7V CIRBE A BB S hnoT (G=1.19, P=0.88). %
7=, MRRENZEORZAFEAL, WTNORERBICEWTHRIRS o7z,

FERIIPIBRICEAMN TH D &Il S 2 HFEMIRT 1 EE OWMEAE FHWicET LIS
DWW, THATZHAAIBNALT IRV IR BAI N AORERORZ ALK
E LA, W OMOLNTHIEE L CGRIRSh, @ED GIREDRES, i
2R 2 BB E LIEET LV E O THEEREIIRE SN 272 (G =0.01, P=0.93,
# 18).

91



30 ~

SN EANIEPAE R TN

Q7 AT HAI A
BTSRRI RYBAITA

1 3 5 7 9 11 13151719 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

X 23

2012 . . 2014 i
A [l 5 Mo OMEIR

HFEHAT 1 B ISR T 245MA RGO 7 = vt b T v 7K

1) ARG S X EEANC DT Tl 2o

92



# 18 QKBRS HWER, THAZHAIDABLIOT A FRY IR B X
WA 2 v® 2 b T oy SRR, BINUE, FEREBRAZLHE L7z GLM

MR EIRET LOLEEBIW P AIC,
o SE z VIF ®

(HHFHEA L ) B 1zl D

Bif 1 A =) -1.95 0.56 -3.49 4.89X 1004 **% - 63.94 1.09

THAZIAIANA 240 0.95 253 1.13X1002 * 1.03 57.94
THES RN YAAIA 2,61 1.00 2.62 8.90X 1003 ** 1,03

e 1 R by -4.56 1.44 -3.17 1.54X 1003 ** - 65.10 1.12
THAZHAIAA 361 1.15 3.13 1.74X100 ** 107 59.10
THE &N HAIAA 0.93 0.65  1.42 1.57X 1070 1.07

% 1~2 W S1H -8.50 2.51 -3.39 7.11X10°04 *** - 69.90 1.08
THAZHAINA  5.41 1.69 3.21 1.34X1003 ** 132 57.38
FAURER 5.77 2.50 2.31 2.10X100°2*  1.32

% 2~3 @ B -7.85 2.33 -3.37 7.53X1004**% - 5838 (.97

THAZHAIHA 505 1.58 3.20 1.38X1003 ** 130 50.39
THEr ®INIIAIHA 5.26 2.57  2.04 4.10X10702 * 1.32

EUp R 1.35 0.81 1.66 9.68Xx107°2 1.05
Bif 1 A i)y -2.23 0.63 -3.55 3.83X 1004 **% . 61.01 1.06
THAS+T e 3.837 094  3.58 3.43X 10704 *¥** . 57.01

1) Z%B L MREISRRENT AIC (EA R BIERWET L (REET V) & LTERS

Ni=boOI%ERT.

2) VIF = Vatince Inflation Factor. 5 Pl b T3 %\ E %2 5 O

3) ¢= Dispersion parameter = Pearson ® x 2/ 772 HHE. “IHOMICEIT 58
EEIT 1.

4) BEDOT A HIAINABIONT e ARV I FU A I AT ERRIC
BIAUHZ vt Ty TR B ORI EEEZ (log (x+ 1)), FFLHE
A 2 R
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HRET 1 BEOT DA I AINABLOT A S EY I R AAIH A
BOMERWZET MZHONT, HEERRZX 24 IR Lo, SATICHWZBESGIZ o0
T, MEEEIET 1AM O mfERESDS 3 BRI Ch > BT 32 BH Y, £D OB
A I B ALV X DPFRIRN 0.1 %2 M2 720X 15.6 %lldHi=b 5 B TH o7z
(x| 24). 3FHLLE 7THERGCTH 72T 10 B, 7L ETH--BSHI 14 B
ThHY, ZNEIN50%I2 Y7225 5 5, £ 93%ME1% 75 13 B CHERIEN 0.1 %%
A, HEEMR MRS, 2 FHEMED 30 %I LUVN50 % & 72 D HifEE o it
EE (BROTFM90 % CI) iZ2h£i 1.6 (0.4) 36, 3.6 (2.1) BHTH-T-.

EH

R LEBOMH 7 =0 b7 v TREHIC LY, 2 BREHEOHEED ATHR
ThHY, FIEHE2HTHRAZT VLV LRBORENE O, —J, T<0ED
R ZRWZET LV ERZY, 7 =aer Ty FHiERE AW T-ET U237
AeFEY I RY B AI D AHERL AL L GRIRS 2. 23 < ne 0 ik
RO EHE LT THELLRLT, 7 =mE T v AR DT e TRy
L RYBAINADHEE R L o72iedTHY, 7xaEr b7 v TPMREBESRET
BT DREICE L CTVDZ L2 EMITLR-ERTHD. WREOHELRN T T /VTHIIA
FNZELITED, MEORMAETIZBWTS 2 HEREMBOHENAIREEBZ X OND.

77, TV E VHERE AW ETLTIE, 2 SVEEMERD 30 %R LU0 % & 77
DR OMHEEME (B L OVTH 90 %IEHEIRFE, RRiIBIERZ L, IR 5 %ny;
&) 1%, FNEi0.40 (0.00) 8H, 0.75 (0.25) BHE 18H%Z FEl>7=DlcxtL, OFH~7
= Ey N7y TREREHWESGIEENER 1.6 (0.4) §H, 3.6 (2.1) BHTH Y,

FOREORWHEENREL B OND.
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— 1. 1 1.1 1 1t 1. T T 1T T T T 1 O T T —r 1 T T T T 1
0 5 10 15 OBFLA L SERELL 7gEpl b
G TIER SEEA  TIHART n=14

n=32 n=10
T TS & 7% a5

24 HWHEWIRT 1 HMOT DA AINABIOT A TR I R DAINA

M7 =v®s b7 v THERORMIZ L S 2 FEFMHEROHTER R (LX) &
EE 1)

W) AR OFERRITHEEM, SHRIE 95%CI 27 .
2) ARV O®RZ 7 Z7IXAE LEZBSO 9 b 2 BEERIGOEIES 2~
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N0z e, A7 =2mE NI v %, TG D W EREET L
EHHR LT, YT NVIRRAZTTOORE D@V EHEENTRETH Y, BIFRES D
HEICEREZZ DD, ICEBABRKKELE 2 FPEEME 50% & 2 2 EEE b &
(Z BEHLRIE LToHa, A L7z 56 -0 Ll Eod 32 [#35 CTIEPIFRDN A B & k4
DT ENTE, 20X RHEETFIETIHNE & ORI A A E T 2 A pEHPHERIC & -
THBERFRERDIEASD.

—7, BEEMOKMEERRET DB, VA7 & EOBRERD N OWTERNB TN
LN D, KROWEEBERT 50, BEEHEOHIBZ EEHT 50, B
BRI E ORISR EBREIC L > T, BIBROBEEREREITIRLRD, 207D,
S TERABRAKHE] & L CREEEA —DDLHRTOTIE R L, BIlE 2 o HEEEA T
L T2 ONFIZHB A2 @72 d FEbRF S 2 X& TH 5.
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FE5E KeE

%2
\

~

BERUK A A B AXZOR O SEIRT, BV Miks D T 48 < EEEE RUIALE DT
HINTWD., THAZHAI N ANTIHERKI AL DO—FETHY, MUHAIN AL
VEOT e TSRV I RU B AIN AL EBHIT 2000 FR0DHEESRETHEMLZ
(g% - FE A, 2006). € OFHATIE/KHJEL OBCEHPHHEREE K B 72 £ DR AJRD
HWmd 2 EBE 26 TW5D (Fil, 20005 GHEE, 2004). A I B A LTHEIZONT
TERBRAKEDORENEALTE LT, RAIRE 725 A X BHEWEER OFFTFIEIZ OV
TH AR IEET . 02, BURTIE B2 38AI B I D 0358R <, B
BRI AT A K E < ERIDIRWES N TS, LA LARRS, 2ok 5 72—
AT TPBIRI 23R B I, REAMOIKR, 95« 3 A FOER, FANRTIERELR
ERix I AOME B REWV. Fo, HOPEOTERKIIZRI L, —HEOWETEAK
HEOBHBRTE Tl e <Rk x 72 RE A & A JUATHE F ATBE 72 8K e B BREGIE D4R 22 035K
HITW5.

ZDOXIRHPT, HDAITALVEONRAIEROT-HIZ 2 DOHEENEDT 7'a—
FRRDODENATWD., —Dd/KEE~ b L < IT/KBEHBAERICEIT 2B EREHTHH.
BEASCKAR E A BN S 5 K B EROBRESICOWT, B, #PH, RiA7Zr & o BARA 2 40k
ZHLNCT DI EICED, RESLIEAVRIZOWVTOHIWRILAZ TR R TES. b9 —
DIFEPRAKEDORETHSH. HIHEAELZ S L ITHEREAHE CEIE, BEAUKHE
FEHRAED AT OERWES CIXIEABAMAZEIEL, U A7 OEWESIZE W CERIICH
MwAT I E VS TZPIBRD A U NUAERAIREIZ R D, 26 DT e —F L lilhibhET
WD Z Lk, Hga ko KA B LOWEDOKRIZ RN D LB b5,
U EDOHEEDD, BEFAREARRBROFREE L O, SBEBIODNDTHATHAID

A DEHEAZHONWTERT 5.
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FPRAFEFTFIERSL~DO T 70 —F BT, KHELOA XBHEWEERITT
ADAAINADRAPE R, TONE, fHE, FHIKHA~DRACKRE SFEDD
ZEpREN. KEEDOBEREZER T LB, EFBET D XSIIRAEFENEE L
FETHEHIFATH D, RKFETIE, THATHAI D AORARS Oy EEEEE 130 m
RELHEINTZ. —FHT, 700m i< BENTKBIZBWTHHERNORALZEE
X ONDEEN DT NCHE S, AKEPEE A — FVEALTHOBL TS Z & 2R
LTWe., TAHATHAIT AOKBNEEIZRELY 52 2 A MO % Yasuda et
al, (2011) 1% 300 m f£/%, Takada et al, (2012) (% 400 m f2J£ L HEE L TR0, A4
TRORMREMNIFF L TWDH EEX NS, £2, KEA~ORAEITFEERITENEE
FEHBAEICIEN T 2 Z L RSN 2RO OREREND, KEND 130 m LANIZREA
BENFETD0EEBE L, FETIHAICIRESEOEREZITO », b L IERAERIC
VKD HESE U CHERAIRA SO R E ik U D NERH L. Z OFROZEPLERHFIHR
FEROREETPREI L, FEAETICB T 2RO AEBEL TN U TEIT D Z ENRHEE S,
FRCHEEN & ORLE O HFLPHIZ K S0MFKHASOR AR A & OF LR 2 2 FE )3
boHEEZDLND.

FEAVRIZ IS TIRERE, HFRRIL, FECRRE S H AN JOVKHICB T 27 A Y
HAITADFRE ~AZ RPN KR E 2 B4 T LT e, i L7 8ZiEm i, &
FAZ VT TATTA, KEIALVAPEEOB G RFEMM L ->TEY, Zhb
DHEIC LD T AP HAINAROT HELFRY I RY BRI HADIAERIEN
Lic. =0, TAATZHAITA LWL TRASOIEGEDO L 72NT I 7R Y I RY
AT AL, 2 OA RXFHEGFED HFE L TR W5 T b N MR S 4, mifE
DREIN « fBRFBALORIFEDE N RBIN T W, A Z VT I4 75 2D HEIT, T
BLCIEA RO MBEREH & B2 57200, KERAESCBERKEE~ORE L K& L5
ENb. KFENRTHAZHDAIBALET ORI R BAIDADIHEFETHD
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EWVIHHEITZ < (BK, 1986 ; Ml - /MR, 2001 5 K, 2007), ARERIZBWTHIO
WH A LVFEORBABRBMOKRERBER ER->TVDEEEZ LN, 20X D Rl
EEREAMAL L, KEEDOMMELZRAET 2 Z & CHRKEEY X7 20252 &R
e B2 b5,

—J7, WHALVFEICHBOT FHW X T TANTY (G H o F—TN—T7 T R)
Poa pratensisL., 2 X7 7% (V> N Kv) Agrostis gigantea Roth, 21 L%, A—
R TTA, NEHY (A—F % — K7 T R) Dactylis glomeratal.., 70 a7
EOEEHED DS BIEM b ZENTND. £, TOIENICHKBEDIZITHE S 22 A 3
Bt %>y ) 7Y RREAER DY, EOTXTOREIZDOWTH A A L RO ZBRAF D R
ENTND DT TRV, Lizid > THUIRO KB ELIZAFET DEk % 7oA 2 FBHEAEICD
WTC, BAINDALVEORERCEINSELAREELH OGN L, BT s %
FrE L TR MERDH D,

HEREDBREL, BERCKEEBIRIC T 52 & S (i - /K, 2001 5 SFA, 2003 ;
/NEF S, 2010), AFHAEICIWVTHKHEOHFER 10 H Al SIHERIZ W T, 2Rk
TIHRESCHFFEMY O/ EIZ LV W AI D A LVHORERN VIR o TN D
AT, KEHASDERAZEL DR 8D LB ONLFHND ST —J7, RESHIE
DIA I TICE-TUE, WIFERHESREZR LT LE-72Y, KEA~DRAZ
MLTLESTD TN DOHL Z VRSN, BREDEHZEIZRDTEDL L4 3FH
FEHME HFEIZ 22 0 0F W& & (FRHE S, 2012), MWEOREII T A I I A LTHEHD
TS AE 2 BN S, MR O R AR Z BN S e, BREMERTS RN
L, ERULEEDEA IV ITRBIEN T A LT DOKB~DRABLIEZFRIZKE L
BYyHLEZB20N5700, DR THORMNRRERIIZHAONITHZENEETHS.
SEA (2003) 1%, A R HIEE 3 AT & A O 2 BIBRELAS, ZH 5 (2013) (X HFRERHT
2~1EM B L OHFER 1~2 B D 2 BIFRELN T A L3 ORABL IR Eo & s L
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TEY, WTFbKHOHEERIZ, FRNCRERICBIT2BAEEZRS LTE 2L,
ZOREZ A XOINHEE THERF T 52 EMIBELTWD. BAIDALTVENMRA - AN
ET LRI, FANOKHBELORABLRSIMRAD I ENEREEEZ2LND. £,
Yasuda et al. (2013) 1% 6 HIZ/KHELOHEE A ETAICERE L T 2 Licky,
FOHIRDOT AT AT AMERBHEE A B ST ENAMREL IR TEY, 11
O AR SEBRT T IR O Al A 2 D S TR 2 LT, MUk AR O BTS2 5
D EWE, WEOWDICEND ERESND.

ZDO XN, A TEES) e ERAERROMIAIZ X Y, K ED O AERE
IR A AN G ST, —0, EEORERITKBLMCRIEDEIN, Kift
MOERE Ekk 2 0 B2 T 5B 2005, LD EOMNRREFHE L H70DIC
{2 DK HIZ BT 2 9IHIRAEE B B L CTREA 7 BiBR B O 21T 5 72 DO E
THRFEDWESLPLETH 5.

AW TIE, THERIZBWTLRTD HHELRE S CTO T FERIBEBRIC OV T, 2 0RR
EREET D & &b, BEEHWHIR A AR ERE T T LV ORRBICER AT, 20
FER, HEHNCBIT 2T VWEDBIO T cnEy Ty FORMBEIC LY, #E
N DR 2 FEHEEMREZHEET DL LN TH 7. HEHNZBIT 2T nE Vi
PERCE AT BT OFE R, B O R AR MR T EFERIIBIBRIC 2 S5 SR %
KT SELRENBERD SN, BN A I D A LHEOWEIG 2 5B R
WEWHIEIEZ < (EED, 2012), AWFIEICISIT D HERRERIZ IV T HEAUBLIZ M
HEEECKDB B WEIS THEL D Z R an. —7F, FUVRSRIIRIRCHEEIC L 2 22
L0 LRI L DRENKRE ZENEMT O, TERICBOWTHE SN TS EE 3
PRI ZEVIN A LIS W2 RSz, 2O 3 ShFRDOFIFUH R & 9 FE AT IS
T5 &, BRERICII - EREHELZR T I -EOMRRE/HTE L LHEESN
5.
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—J7, BEEEBRGAT T IR DHEE DR RS, IEASIE T I W CHERIHNROF
B2 HET S DG B IC BT RELRITMER O LB AT, T WE DIZ XD
Bk W2 581201F 50%WHEE A 1 BHLL T &7, BIBRE AT 2 WAV 572
DT, RBERMTICBWTHEREORWT = n® 7 v TR E W5 50
HWLTWDHEEZLNE. 7208 M 0L, THRTHAIBNARDT Ik
TRY IR AAIT AR EBNTHERARAIRETH Y, EHEIZLD 2FKF
U 27 ME &I S Tz B WD TIERERN O IR BR 2 B W95 2 & 23 ATHE & HEZS
STz,

AWFGEOH T, xS RnWEanz. — 2 HITEBRKEORETH L. HD
—EOEELBR DD EDOMEREZWEST 2ET VAW TEYRAKEZRET DY
A, HUER EITRRET D, ETEMER X D HERDMAI% & 7R D S A LB IE L
T LMW ONTDONBREBEmmDILEL 2D, KOMENEERIN BTN TITE
BIBRKMEZ RS BRER S D2 HBRWVIRIICH D L b FE X DD, —F TEaEIEDFIMT DI
B - W RSB AREE~OBLORE Y, AREFHRE O KB & L8735 10 CF
MFTRE R BEER RO LN TWD. ZDO XD 2P TiEH H—EDB 2 DY FRKHEL
—ORTRETDHRY, BMiLETNVE S LIZENENOHWFERERFICE - 1l 2
YETHZLBMBETHD.

O HOMET 2 B HBIBROLENET I D . AN TIIRERIIR R EE A O] W FER
ExBWE LTET 2T 1208, TH AT I AI I ASREMN TROENNE AL T C
TR BRIC L DR+ I3 e WA EE SN-. SRE/KBIZI T D%
B A-LRIE MR D BET D L RMRAKEIID RN EEZ BNDN, ZDXK DY
AITIT/NEF 5, 2010 OERIZ 2 [B1H OBIERCFIER 72 E O R 2 BINT 2 LENELT 5.

“OHOMEIXT AT HAIBALET TR I R ADAI N ADEREDEN
Thd. AFRTIIHZzeE L N7 v 72 HNDHZ LIk Y, WfEo HEEHET 18
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BB D iEscE b LTI ERIRD 0.1% 2 B2 DHEROHENTRETH 72, M
FE DL 2 R 2 1T T /VITHL AT XD BIXDNCHMARET L TH Y, Bl THIH
LTV EWIFLERH B0, KHNAEREO R DML —F & DI D 2 L ITITEER
NRENDEAD. THAVIAIN AN, HEEIRRAENROIR Y KAL) RO S 3
THY (FFH, 2000 ; KA D, 2005 ; Fi#5, 2007), BRSO FERITER AL TH
Ol UG, 2010), TAHEFEY I KU BRI D ARBEROKE~DORAITE
<UFHEAT, WHERL) ABBERKERIC KR E < BIET 5 (A4, 2004). 20X 5 ICHifE
IINEAERROR D720, PIHUR AR & RENREDORBRIIME TR L Z L8 T
INb. RETIMITERAN L W RONTZHURKOR S 728 AR E S & ITERR S L
TRV, WEZNZEMTEE LT HIEe, AR & IRAESM S R 2 ikic ks
57T —Z LN A0 E RS, BUEE TR SN TWAET e SR Y I RY B A
I AR L AWEHEETT LTI, RET IV THWCHER L D % OMEK
EROWEHEEZR BELCRY, BT TSy, L0 —RNREEET LV ERSD
72, MAEZBERDLVEDRH D.

4ODIET7 T Ty T EBMBFEFETHLI T VWED LOEWFITTHD. <
WEDFREIZZ BT DAL REEZNORBOBE KT A LTI, v R E DK
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Summary

The sorghum plant bug, Stenotus rubrovittatus (Matsumura) (Hemiptera:
Miridae) and rice leaf bug, 7¥igonotylus caelestialium (Kirkaldy) (Hemiptera:
Miridae), are principal pests of rice, Oryza sativa L., in Japan, causing pecky rice
(kernel spotting). They usually breed and overwinter on gramineous plants in grassy
fields or meadows, migrate to paddy fields just after rice heading. The management
of these species depends on preventive pesticide spray because of serious damage
even if in limited migration. For these reason, habitat manipulation and damage risk
estimation were needed to be developed for pesticide reduction and damage
suppression on landscape level. In this study, I clarified population occurance of both
Miridae species causing pecky rice on habitats and paddy fields in Chiba prefecture,
determinated factors affects pecky rice damages, and made a damage estimation

model.

1. Population occurance and habitat manipulation

S. rubrovittatus and 7T caelestialium abundances in habitats were greatly
influenced by host plant; were increased by the heading of gramineous host plants,
especialy Italian ryegrass Lolium multiflorum Lam., and were decreased by weedings
and withering of host plants vegetations. The occurance in a habitat had a heavy
impact on the immigration into paddy fields. Keeping habitat vegetation inadequate
for Miridae species from some weeks before rice heading until harvest can decrease
Miridae immigration into paddy fields. On the other hands, there is a possibility that
overweeding induces luxuriation and heading of gramineous host plant or drives

Miridae populations into paddy fields. The average dispersal distance during
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immigration of estimated to be about 130 m and its influence may be broader. The
immigrant densities in paddy fields increased exponentially as they approached a
large-scale habitat of the insect. These facts indicated that the large scale habitat a
hundred meter within the paddies should be paid enough attention and demands

Improving management.

2. Factors affect pecky rice

The spotted rice was not caused by S. rubrovittatus infestation just after rice
heading, the beginning immigration. The damage estimation by the immigration
density at rice heading may indicate farmers the necessity of pesticide control in rice
heading completed. The damage caused by S. rubrovittatus differs according to the
timing of infestation: infestation during the late grain-filling period caused heavier
damage than earlier infestations because of split-hull paddies. Split-hull paddies are
less likely to occur in ‘Koshihikari’, ‘Fusakogane’ and ‘Fusaotome’, main cultivars
growed in Chiba prefecture. The possibility of downgrading quality rank was able to
be estimated by immigration density captured by sweepings at rice heading period.
The model indicated that the pesticide control in the end of rice heading can suppress
the possibility of downgrading in low occurance of split-hull paddies. The model also
indicated that in non-pesticide field, the possibility of downgrading is above 50 %
when only one S. rubrovittatusis captured at rice heading. The investigation method
with higher precision than sweeping is needed to necessity decision of pesticide

control at the end of rice haeding.
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3. The synthethic sex feromone traps for prevalence reconnaissance and damage
estimation

The combination lures of two mirid bugs within one trap could be useful for
monitoring occurance of these pests. Phelomone traps were suitable for low density
situations when no bugs were caught by sweepings. The possibility of downgrading
was able to be estimated by immigration density captured by pheromone traps for
one week before rice heading. The estimation curve has a more gentle inclination
than that with sweeping. This estimation model was useful for necessity decision of

pesticide control at the end of rice haeding.
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