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7 2 (1,500 L/7#) & HE LT 31% A 7aho i,

35
30
25

e

=20

o

iy

=15
10

12 16 20 ()

E2-3 72 "B FROUIERROZEN S L UEEGWHEE O ZE (L

(BARSIRL12CHEH, 20074 2H 4B #IE)

e TR R PR TR

- - AL [ 2 PN B2

N AP

—— AR

#2-6 FAKEA S JURRITINES -2 “5ifE ORI RN &,

VR RTTEE
10~11H 12~ 6H

AVER R IS S GlEE s~ e [GlRE =

(# - m?) {(t +10a% (o) {(t -10a)
10°C  #Romg 15 2.2 143 b 13.9 b 7 (112)"
10°C dmapg 15 2.1 134 ¢ 12.4 ¢ (100)
12°C #Eohmg 14 2.1 151 a 4.9 a (120
12°C i 15 2.2 145 b 14.¢ b (113)
AETAT .8, n. s. ¥ ¥
i bR E I E

v BAp 2T RZIE, Tukey Kramer DB EHEEBREICLY 0% KETEEEZNRHS
ZEERT

: OARCER, REEEINCOBAELZ100E LEESmhE

wkT GUAKETEETENHY, na ZFEENRND L ERT
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1600

400
200

1400 |
—~ 1200 o3H
= m2H
= 1000

2y 800

600

H

10°C 12°C

H2-4 BEEEI0CCEFIZICIIERE L AT 2D
BRI EE O~ ZAmEEE1200)

ET =

HE, REOFABRBFORBSIIHREKEZHN12CTEHEL, 10 a¥ib 15 t DF
YR G RN B A5 T D (Fa M R AR B 4 B F A 3R, 2009b) . A EBR O RIERRIL
WCATADOHITIMBE T, 10 a0 OfRPFERET16.1 t T, ZOKIEFELT
Wa, 27T, REBBRBCESWTERE 2 A ORISR OB 21T 7.

RETE I0CCEFRICBIT2BRBEE R, RERE I12CERES L T31% 072k
Tk, BREPEOEBRBE TR S ATWAIBERBREEEEORE Y —/v (&,
2007) MV, @REIR O —fRAY T AT, WEBRMETO 10 a A VIBEHBENE &
FPEH LR TYH, RESE ICCERIZ 1I2CTEH LB L THEREN 40% 72, F
77, REBRICBIT A2 TMEOBEZMNIZ 10 a 472059 FH, B, HEEEL Yok
MEME T 10 a 20510 FA-ERBELEN, A7 2A0BRBERKEZS 2CTFA2EE (1
2C—10C) , BEHEBAEZ 32 /H EEY — /2K, ABERMES0 M - LITERH) B
SELDH, HRIAMEC E5EE X FOAIRSBRIZHACHTHS.

Dl EDfEERNES, A0 EREEICB VT 12~4 A% THTOELZH 25 CICINBT 51
FTARICE Y, BRESKEEZ cCTHARET CLIETEREFOIENEG S, BERTE
A NEREBCHBTESZ ENAL N odn. Fin, BEOIIARER TEM L -ER
BOBENTCROIEERFMAEMHET S AN T, EEL+XCRbLELFELABL (K
¥FE) , FTOHEESEBBICEEN 10 a%729 15,1 h A, 1.2 B[ (&4H.1 804
M- h? (ERREESE, 1999 TEH) (2 B FEFEL TS,

=
S AOERKEECBITAEET A POHIREHMN E LT, REBERESRRL LA TR
A5 EHOFETHSOECINENRNNES L VRECRIETEELRMN LY. BESKES
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WCTEM LAY A THRIUIE LKool BNET, RERES 12CTER LAY
ADENMHKX RS Chot, ZNSOMENS, FAOMEEEE Ik TInEC o
oA b aERIBICHI TS A Z L HAVRIES L.
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FI3H RN b~ FOEREISCBITSEE, NEBLOREICRIETR

b FOEKRERE CHRETEZ S~ CLYBWVEETEHET I LENRS L (BEE
BEARKES R E ST R, 2009¢) 25, FEOBEHEROSRBPBEEE AT 5N
WCHDBEA M RIBICHB TS 58 LWEBHITORE RO TS EARS,
2008) .

A P EHBT AFRO 28 LT, BERRE TIF52883F2605. Ll
ARG, b hEWOCUTTRETL &, E-HEH ColPEEHEEO I - BEN
BT, EREOETSEHBROBENEFIC /D (B G, 1964 FH2 5, 1967 ;
WEED, 1962 BF 5, 1973)7d, BERBIBVWTEZBIRERELZKRTE S5 Z &
TEAewn, b MIEBRBEIC L > CREREARZ2 D, M oHEBEA R, EESE
RS L OMESITRFIC IR EAEERBE LT, IPAHENO REZECHE L-EE S
R EAEELZ I NI ERMLATWS (HF - 25, 1986). Z 02 &%
EHLTC, bv hoBEREE CEBREORITIMEC ZABNHE (BES, 1991) ER
2 A ARG (8 F IR EWAKES B E T R ILIR, 2006 ) BARESIh WS, L,
TR BT, REORETINEIIEREHM O B £ O3 A N EFHEETS
(RSB B ARAES B L TR, 2004) . Z0lEDy, SREMERS L ORI 2 IR S
FERLBE S, FREEmE (IFS, 2010 HS, 1999) , BB L OBHEE
BHIE (WIS, 2011) Z2EOMESRREIAL TS, L Lans, KFETMEED
ARLEDIEBHTASEEBEB LOTEEMFTEZIMRETHAVERS 520, RFTIEICH
WABVE (BERCIRR S 2 b)) HEECBESH SRR, ERESERELE AT R
HICBT D2 BEMEREIIES THM TH D Z L BERLORE REBEIC - TS,

BIEIE Tloak <72 & 900, FH T A0 G ICB O THRIDIEEZ B L, RFEC
Fo2T1~6 AONEREP L 2 IERRNRELEMT 52 L, 2507 ADRERE
BI0COEHT CHLEMBOET GrERE 12°C) tRSONEN S Oh, BES A R &
KIBCHIET&E 52 & (5, 2011, 2012a) 2SS HMC L. Lavl, FARUAORE
BT AR BB > W TRHRE LAaREiT .

FIT, FFETITI A FOoHEEEEICBNT, TR SIRES I OREICRIETE
EIZOWTHERF L.

Mkt LUk

FEER T, TR R ER S REBRIE R AR (e R R SR BT, HURIIR Ak -, whiE )
OEA 6 m, HATE 20 m, ¥ & 3.2 m, K 400 n°, AL FmEEHE =LY 2 TIT o
7. HARE LT A APCRER , BAARE LT "HBAEDHE EHWV, 200149 H3 HIZ
AR, Rz FAEEL, 9H 19 BRSO UIMEBEEREZITo72%, 10.5 en BA U R
v Mg B A L. 108 19 BICE 1 fEEMEROE 2 80E 200 cn, 5426 130 cn, tRMHE
35 cm, 2HMATEML, TO%, ROFENBEEELZITo7. OABK - L THRITIE KX & &
MK 258 072, BRI EE Tk, Z2OHENS S I 20 cn ETOFHMTIZE X 60 cm @
EEH (DP325040 : =AHEL 200V/500W/40m, A TFEL) & & {Fidk. ERKIIY—T &
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h—FEEREE L, 2007 4 12 B 27 H~2008 £ 4 A 30 HOM, EEFOIEED 2022, 0C
RO IICHIE L. SHEBICB VT 3IERERNZ b~ R b= 100 fFiEAEEL, ¥
RAERE, SR LR ARICHMRE L. REOIEMEIL 2007 4 12 H 28 HH 5 2008
FEA4AHETT, MEEENFEFEOEEE2HEZEL TiT-k. U ANOIREZ T
ARE O FS ImH S BRE L AREE i L0 BFEL, BB TR A 25°C, Tk
Z23CTH A FE= 2T 2 X0 CHEVER L, /EIZBIMERE S L2 F
e, REKIENSCUT kel i Le, EI0%A 10 a4y~ 0 %3E 11 ke, U B
35 kg, ME 11 kg, BEA 10 a B2V &EFE 10 kg, U B 10 kg, MME 10 kg L,
1RH720 bk, S RETEBELTo-.

NECU LOFRELTERFIE L, WED LWL L F - RBEEE (KRR ARSI LA
EEEESERD ICESWT IR (R, B, TH) WAL, FaENREEB LW
REAZME L. EHETHIcrBEIRZRELTBICHEIRZEE (LUF, mai)
EHTE L, ARINEAEH L. SHEBCBTAIMMERBLINERZ#H& L CRIE,D
NHEE TOBEERH L.

bR

B o~11FERICB W CHIL MR TEER ORTER, I, [T, EiWE oz 45,
B ERB IUREMN B RETEES R 2T T. 1~ HEBCBTMERB L
QULHEH L, HRor MR & EAHK » Ofic BERERR Ao (—HTF— #15) .
F1~5B IO~ 11TEREOIERES LU SFEEIC IR ITMEE &K E oRICE &
REZR L o (—ET - FK) . —F, 12ATA~2HLEACERELTS ATHA
~4 H AT INHE L7255 6~8 B R Tl R4 L O i B & S iR Iu iR X oo 5 43 5 PR
K0 &inora, R, aRXKICBT 28 7RO FEEIHREEOM 1.7THFTH
D, BREFELERVBREDOONL. F6, THEREICBITAERMEOREAL, Rt IMRX O F 13
BEEO D7, B THEBRORNERIHITIMEBER B IGEBROM 1.5 FOHETHY, WHFE
MRERPEOLENL.E S~ TERICBWTHRITINR SRR O 1 B4 72 OREERE,
e | REBLUOERRNECRIETEEICO>WTE 2-8IZFT. & 1~6 B LT 10,
NHERBICEWTHE, TEY- OoRFEERERER LU REICHKRICINER & B E & oo
BELREIFRD SRRl (8740 . —F, ET~9HFIBTIT1H4H2Y
DEEFREBIVIREEL LHETMBEEO TR HBE IO KEhon. E1~5B LV
10, NN EEOMLFENETHETCINER EdBE S OMICAEREZEIR R0, §
6~9 LB TITHR T MER O F NG BE L0 &l (—87 — kg .
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Fw2-1 WTIES < ‘o AFERER @FEER ML, RERBLUELE
R

f£E LEEX BAfE R [ufEH 1BkHE=0 D
(A/B) (A/H) R (F) zZ=@ERE" 0 L fs' % 5Ha8s )
#E5 R iniE 12/15 2/18 3.0 5.1 70.5 2.1
Fagic 12/16 3/15 3.2 3.6 7L. 8 2.3
tiEE” n. s. n. s. n. s. n. s. n. s. n. s.
®E6 TR 12/31 3/31 3.7 12.3 76. 8 2.6
Fagic 12/28 3/26 2.9 18.9 66.9 1.9
tFETE n. s. n. s. * ok % n. s. *
T RETTINR 1/12 4/8 3.2 29.6 64.2 2.0
Fagi 1/12 4/6 2.8 36. 4 41.5 1.2
tfE e n. s. n. s. % % % ook
#ER B iniE 2/3 4/19 3.8 8.2 87.2 2.4
Fagic 1/30 4/15 3.0 6.7 63.3 1.9
tFETE n. s. n. s. * % n. s. n. s. *
B9 #ETAiE 2/20 4/29 3.0 0.0 70. 5 2.1
Fagi 2/17 4/29 3.0 0.0 70. 3 2.1
tFETE n. s. n. s. n. s. n. s. n. s. n. s.
ELO  BEiniE 2/28 5/3 3.1 0.0 73.5 2.3
Fagic 2/28 5/2 3.1 3.2 75. 4
tfEE n. s. n. s. n. s. n. s. n. s. n. s.
11 ErThE 3/13 5/16 3.0 0.0 68. 1 2.1
Fagic 3/11 5/13 3.0 3.8 67.0 2.1
tFETE n. s. n. s. n. s. n. s. n. s. n. s.

z R R - HEH X100
Y (E®HRE+ PHRE HRBEE X100
Xk kiIENER %K, %KETHEEZSD, ns. lIFEERL
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F+2-8 FRUUINED bv b oy AFEKEY OEFENORERERE LUIRE

Wz RE
EE AR IES-noBERAKXE" EBLE IRE BHRNE WIRE
{ g+day™) { g ( 2 ( a
H PETINE 1.5 144, 4 364.0 517.9
st B 1.7 143. 6 408. 1 585. 4
thE E" n. s. n. s. n. s. n. s.
6 PEITINE 1.5 141. 9 413. 8 856. 4
st B 1.5 153. 1 373.0 574. 4
1% 7E n. s. n. s. #* *
BT REITNE 1.8 150.1 338. 2 532.5
st B 1.2 96. 6 209. 3 548. 3
1% 7E % % % % ok n. s.
B8 ¥EITINE 2.1 145.1 432,90 5421
s A 1.7 121.1 359.1 567. 3
t1E E % * el *
B9 ¥EITINE 2.3 147. 4 376.0 537.9
s A 1.8 101.9 296. 1 493. 8
iR % g ok % *
10 FRTINE 2.3 141. 4 462. 2 829, 7
st B 2.1 132. 0 445.5 590. 3
tﬁ%fﬁ n. s. n. s. n. s. n. s.
11 FRTINE 2.5 149. 6 409. 3 801. 6
st B 2.5 135.2 425. 4 636. 7
tf& E n. s n. s. n. s. n. s.

T INHEEE BN ETOE R
Y b B4 R
*oww, RLFFLEAL 1%KME, SURKETEEZSLY, ns. (FTBE=E=RL

ET =

b POHMEELS LD OFSERINELZRETAER L, HMmES L0 OWE, Y
2O ORER, SERYTY o NERE, NERCSDIEMARRESLIUELRENET
B35 . (ERRES TS RIS T AR O ST X o THMAEE S Y Ok
B v o EEIIBREET A L0, SVESHENE LSS I TR
RABAEETHSL (FE, 197) . AEBICPBWTHENITEBE LYY OFREBL UL Y
OEBEIIHETMER EHBR TRZE TH -7, BRI T AOBHITTMEOERICBWTE
B OBEE A 20CICRRET A HEETIE, 12~4 Bichh T CTEBEIARBET S Z L 2R
LTV (RFEFR) . KREBRTHEITMEFCRENHBEFTLEZ0X12 H TAO~2H LAICH
L, SHTA~4 HTRIZNELZF6~8EETHY, ZOERBICBITHINERE X
U S EET, T NEEO A K ~TEL o7, bv F Tt EamER S £
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HZECLVINERENSEINLT IREFPEC RS2 L (FHAR, 1997) PFFESNTWS.
EOHETIME SO EEYEE, £F L OBRICSWT, F=7 ) O LETIIEED
MRS 5 LK EEALH 20 IRBIFEE ICHE L OB AEEIND Z L (FED,
2004) , FATERHEITILREIC 0 @EEOREGEREE M EL, FRESENT 528 (G
(&, 2011, 2012a) PAHRESATEY, FEBRICBTSHIOMEBE TEMEBLH/B O 12~
AAPHEBIVCREFEAMICSH T -2 F 6~ EBICB W THRIBER Pl AR S K E X
STHOEFTFIEEIC20, IWEREDHEM L LHEESND.

REBICBITAHIOINEE THHEE & B LT, 86, TIHEEOERNFEDRE LN R L
THEITREORBRENRALL, BFT~9EBED 1 RENE Lodz. ERBITRATHE
V=g CRES AT, BRESEBESOMICERBELIBEER T, BEL2BLEE
B RE~ORILEHOEBZRESEAZLNEETHS (HIF, 1997) . ZORPr
IR & Y O AR RIS & OBIRIC W T, A TIEER TR X o TEIED AR BT B
FOERGEHEERm L L, MiEENEL 2528 (FRIUD, 2012a) , A I TREHFERED
IRIC ko REOEEBEN NS Z L (IMAS, 2010) PERESHATWS, v RiZ
BWTHHTMEIZ > CRMEES O EE S L IZERPEES L, M2 TRFE~DEK
SRR AHEM L7272 DIl R EOZ P ERICREL, EREORBAENELD L TELEER
BEO, IREBELEMLAELOLEZLAS.

PLEo L5, tha MR KRB K~ TE 6~8 RO INERE, FTHEOINHER
CHOOEMERBICE T~ EROMMRENRRM L LEZZ LI XY, 12 HFRA~2H L
MIZETEL, 3 A TA~4 AR @I NiE L2 E 6~9 HEEOHAmEY 72 0 /E ik I & 1Y
mu.

LiEoOfERAE, b~ o8I0 B T 28w IR TrEBTE R 1 UV IZIE A3 A3 R
HMC &= AR BWTEMRBNENRMT 2 Z LALLM R ol ZHETICH A
BIEFCBWTRZEMEEN TESICHRE TE, BE A M KIBICHIETE 5 EH ek
TR 2T LB SN TEY GRS, 2012b) , AREE A~ FoL#EE BN T
IEAE & = 2 A A Al 2 72 EMp 2 RERIE ST 2 /T 5 L THADRERICR D
EEZLHND.

2

b FOTHBEZICBIABE A FOAIRE AR S LT, EHOKITH s OEDIMR
BNEBIVREICEEZTEELZBRHNLEZ. SAELAWTEHOBTH sOE L MBS
L2 EICXY, BER I UCREEKME IS &2 - 72— OTERE Tl E R & ony
m, ERFEREOBENBL L CE&FEEFEED, | RELHEMLE. 20k,
12 ATFR~2 AR FARIICHEL,3 A FA~4 H FaICIHE L7258 6~ 9 6B O/ I E
FEER T AR K00 53 R BRI e~ THE A L 72
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FAG HMERF 2V OFERICRITTE

TR AT RO I EOBREMIEORBIIRFRE L ILICHEBETARRCHY, BFE
DA NERIBICABTE 52#H LOWEEHFORB RO 55 RE S, 2008). F =
TUEEICBN TN, EREECBIABEBE A MRELFGEILRY D200
H. BEIA NIRRT AFREO—2 LT, REEREZ T ERE2LNDHA, F
27 VHEICBW KB AZRECHRE T2 &, B TR & RSO 2L - CHEICH
IEHE 7 EBRI R L, FORE, RHEOEERAIPET L TEFTRER TS0 (+
I, 1970 K& 1L 5, 1973), BFEHBE LBV TEBNRBKEEZIRT XS5 2 L2 TE Q.
ZD7HF 2 ) OEREE TIRAFT AT - VNG RIEERE 2 10~15CU Lo EFT 5
EMRHEREIN TS (BB ERAKEREE TSR, 2009a) . —F, ¥ =0 Uil
BEmbLZ EICio TEFMEES L (D, 1968) , #FIEHE CIXEEEMBIC LS
MR (xR, 1995) MHEIHTWVWA. UL, t#EECrs W THEZED 50
IR HEMOBREICEOaA NEFTHEBETL L (FHBEWNKES BEER,
2004) PERETH S,

ZOXH T, FHEERBMETIEALE LIS A, v MCEBWTERITING & & FH
L, FTATEHMBEDORERIERD LS RSCE R D ERHS 2 & (#FIls, 2011,
2012a) #MASMNIZ L, b+ FTIHRINHEREECCEMS SR, | REOHRIC I S %R
Hiz.

FEE IR, B3, HFICREEES HBEMNER CEE T A REHOEREEICE - TH
BB BEIC e 55 LFBZ 0N, ZTRETHRESN TWAIDIZFTFABLIO M= |
EViolt ARERTHY, FALAORZE TIIHE S TWay BRoeiiRie X8 o
AL O RFEEICBWTE, BEI A NEZHIRLASLEFTAEETEE, bR
BilsligBEoBRRBIIEETLILEZLND.

FITRERTIE, =20 ) ~OBRTNESAETB X O#ASWINICRIETBEEIZ-ON
TiE Lz,

Mkt LUk

ERIIEMABEELREFRBHEOBANE Y 74 F bo v UNREER) Tir-/k. F=
U U= Zy s A (RMEEEFTRS) OBFE2011F 28 1 BICEZEE 2 FE
Liz72 Rt Ai0fEE, RERE ICOE =172 THE L. S-BitmT L
AR 7T L RESE (16 cnXfE 12 emX B E 7 em, RIFET) HNic 77 2F >
i 12 emXFE 9 emX B S 2.3 em, B0 BHFEE) AN, FO IS AN ik (HE
25 em X4 12 cmX/E X 3 mm, HEHE) SPREARKT— B (HE20 cmXiE 12 ecmXE X
0.1 mm, BEMNE #8FE LT, 2000 3 H 9 BB EE2EE Lz, SR SIIRE
(7:00~19:00) % 23°C, iR (19:00~ 7:00) % 13°C, ®E 70% & L, B~ E
ANEEWT D & bb IO H EEE & ARG & WD 7 oh, RERR EEICRIE A F o LR (ifE
20 cmX & 156 ecmX/EE 1 cm) ZEFHFE L.

R E L THRITOETZINE T 5K (LT, #aliRK) Bk Ut K ZaR iz, #%
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TR K Ttk mic miREEE (7 s v b e —F%—, BEFfE 80 | #E8 4 cm, 5.4 cm,
JEX 0.2 mm, UV HEE) #EE L. ERIOCINBER OMESA Tk bmom S 1~
9 cm fATOEEFEPRBIR TAIGAL, SoCF0 bmEswErs ) o F e~k (i
7cm, ff 6em, E S 4mm) CEAAAL. INEEEIZERERE L BRAR) 2T L — kB
TEIIA =T =23 25°CIZ e A LD Il L. NIRRT 2011 E3 A 15 H
~4 H20 BETE Lz, BEECIZOKF-1 (REMLT) @ 1,000 FiEEZ MV, BIFEO TR
A mmiEARBECHEMAE LY., ERIT IS0 3#AMEL 3 KIE L.

i Em7 5 & E 5 cm OEOR@MIRE, REP.LHSORE (LUF, BRERE) BILW
KT ORI 2 R EE RS (RT-30S, =22y 7)) 2T, 14 o L. MmiE
Bt 45 A& ICE R, EHENS ecn Ul Lo EHEH - 20EmE (UUT, EHEEmH |
R D em BLEIZRER Lok s, EFHE, B, XH, HE, RESIUCREELH
#L7-. BEHE, XE, AFE, RESICREEIEHELZEE L. EHEL0CHE
BEERWN T 24 BRI L2 O L ICHE L. Fo, FEHMPicEl —EBICh 5 X9
R LEEREOKRE (LT, BiRE) 288 L7,

B2-5 & =7 U ORRITANE.OD ik
D AT oK, @ BHREKR—F, @ ERAMEAR
@ R oL rilgis
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A

BETCAGE S FRE, MBS I UEBEROBRECRETEELR 29T, EREEE
PR INR KO AR K L 0 @ o 275, RERER I USSR RIEE T3 InE K &
X L OBICHEERENR LN o7,

PR MR A IR BASA 456 A e THEE, THEERE, THEIES, MRS I UERE
WCRIETREELZE 10T FHERER L UOEHICIAHKBE CTHEEEITFRO e
SOt L, FEEmME, MRS L UEREIIHR IR O F R EE L 0 RE -
7.

PROCALE 23R 24 456 B2 O EHEOBEE L X E, A E, HE, REESIUVRERIC
FIETHEICOWTR2-1LIC T, FREEELEEH, MEERS I CIREIKRIOIEE O
BAHBERERLIOD RS20l L, RERICIIHROMER EABK TEELRENRRD LI
Tphaeo I

IR B ~45 HRADOVR S 72 ¥ OBIEEIZRTIMEE O F K L 0 15 9% 0> 7.

F2-0 HOUMEAF 7Y FU—2TFy s 20 DEHEE,
RS S ORI OB RET R E
ZAARE (O WHGRE (O BEERE (O

BEBALC RN @) R W) Rm W

¥RoohniE  25.2 %  26.5 21.2 12.2 20. 2 11.2
ESpit 20, 4 10,7 21.2 11.9 20. 4 11.1
ks EY * * n. s. n. s. n. s. n. s.

IER : 7:00~19:00, &R : 19:00~7:00
Vokk, kEFNFH 1%KE, SUKETEEELHY, ns [TEBEEHN
AN

F2-10 FRoohhiEx o) "7 ) —u 5y 7 A7
DEFIC T T E
j{‘:*ﬁ | er 7 % g‘{
MK TEROBR Eaw e BR
{(cm) #)  (em/#E) () (&)

HETAE 70,3 12.3 1,086 7.3 8.3
X HE 72.0 12.3 1, 006 4.0 6.3
tha EY n. s. n. s. * ko *
LG RN lenkl EONEOK

Vack, ®[TEZNEN 1%KE, SUKETHEELHY, nos. i
BENENI EERT
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R2-11 Wi =010 "7y 2’
DEYE, HHECRETRE

Ef b

S E & filfedE tRE REE KRR

(g) (g) (g) (g) (g) (ml #)

T iR 3.2 2.8 4.3 1.8 2.5 2,314
%} R 7.0 1.9 (.1 1.4 2.6 2,011
i E? * * * 3k * n. s. *

IHIS%RETHEEYR DY, ns HEEEXR R LETT

ET =

X2V CBGAROBRELEFICOVWTL, BHE S 23CIcEh b 2 itk »THE
L, EY, RREOESE, M, XESBSIUHENREMT L (H, 1968) M
MEINTNAE, =2 EZHWERERICET AT INE K IR R CER o
HAE, R oA, EEE, MFEEBSLIURENRE ok, ZOBENL, 2
VIcB DT IE TSGR 2/ e 5 2 & R TR, S X UHR o R R X
A LA BT

EHORFINR & 0 AEBR L & OBRRIZOWT, FATIEIHTEINE TS5 Z &2
Fo TREOABHER I URGREEST LU TRERNR S 2D 2 GRils, 2012
a) MMEIR TV, EOABCERE BEERBIVESHKER CORESENSEEL,
MEBLUECIBIAKOBEERBRKEL I LEEOKRKT Vv /LBMET L TRILIEH
LR <72 b, ABHEMNMET .52 & (R, 1994) , B TIEEQEENSLDE
EAROBEEF /NS AL EES, 1993 AREIRTWS. AER CIIERD
DR, WIRE, REVAREBSLOCESKENE T, ROBMEHICRITTE 2K +4
(28 B Rt T CIT- A58, BRm IR KTt B I e~ CTINRB 24 % O M7 0 iR E N
%720, EHBIUVHEHORENEEINZ. MR MEBR THRETFOLAOEES LR L
TWAZ &G, BEEDEMTIZEOMERF PR L TRKOEEEENSE~Tizd b
EZ O, ZOMBEEENCL - TEKRKGBNEN L o7 2 &%, FiEs LUt o
WEREICEELZRIF L MEIND.

Favl) ORELBEBCBENTERWVWIREZE I MEOREK L, EES LU E
TAFEREOMEPEETH S (S, 1998) . T AFBICBT A HTINE Tl g
HEMLTEY (FRILS, 2012a) , F =27 ) EARAVERERICBNTHRIFORBR o7z,
Fir, Fa o DITHEABREESME S, BEICEEE, THRORSEEE LV EOo0
W, BE, BEBLUBERSRZEESZRIEL, BEEFRICBIIIFEESRER R
BE, BEORBENEEE TS 2V (FrE, 1982) . REBROBRITIGE KX EIT
ATEMICRERE L REZEEAE 272, FRTINERERBR LD RBERS M L TEARS
ORI EPEZ DI FEOL P ERICEFTL, METSRWERNRBL LAELDEE
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ZHEN5.

bR, BB - TEWKEE B0 ICEELRAEORB AR -, EiHiC
BUHAFEREAEMT A EBALMI o7, FARE TIE AT 20O RIKEEN 10Co
FfE T CHOHTMBOWENHEREIC L - TRERKE 12CLRZEORERGL A, BE2 A b
FRIBICHB CE A2 & GRS, 2011 BHALHICEATHES., KRS IF AL C
(el vl ROF 2 7 VREFICBNTYL, NEEE o2 FHIREEFERE A, X0 RN
REERHEEN ST E oS iERICRD EEZLNS.

2
Fo 7 VIR T AR AT S LB SRR RIETEE LR L, - A8
MBI oWME LRI IROF =7 ) TH, HRIOMLIC LY 2B X CEREORE RS

R, EFEORAERBIUCIFOBFREBEM L. £77, BRTEic k- THRO/RK
EDRIERICRD, BEENE /T,
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EIE BHIMEBFEORENE I ADEFTCRETEER

FLEH HRiRiC L SREBER T AOFR, INEL L UREICRIETE

FEHIIRIE T 26°CICHil# L 72 EEE 2 AW B R O e iiE > W TR L, INER
Bho VB RRESEN TS 6BLUTEE2A P2 RIBICHB TCESL Z L5850
(2 L7z (FRIUS, 2011) . BETTANEIZSE 0 A QMR T & o THE R EIEHIC 2
DNo95EFB2ohsR, BHMICOE - TRELZNEZHE LN, BEI A M&W
BEZZBR O BN C & A BEREEMT 2Mr T 52010, EIEREEIS SR HEVD
BEEZHLSNCTAVNERD S, REFIMNEICBT 2EEDEE - >NT, FAOHELE
T 26CHE XU I COEFTMEIC X0 BIRSEET HZ & FEAKS, 2008) , M~ T
BIR 10~30CTHAFTALEFNENRGFTSHY, RIBE 10CBILVCTIIRRLEE
FERAFRAEZE (BES, 1991) EPHR|ESHLTHDD, FAOERERS S sk
BiCB2@®EFIL20.

FIT, REBTRFIRAOBEEMEBICEBT 2EEAEFR, NESIVRECRETEERE
W DWW TR L7z

Mkt LUk

Eh RN IR EERESFBE T RS GEMBFAETT, MK aEit, diEt)

OO 6 m K320 m B 3.2 mn, FHED400 nd fdEFREM A 7N 2T, 2006
9 HAvn 2007 4F 6 HE T (LLF, 2006 4F4#) &, 200747 9 H75 2008 26 H & T (LA
T, 2007 4F4) o ZHIR TIT - 72, 2006, 2007 4l OISR IC B 2 K EIL P4 2 s
TPHRRPE <, BREEBEITE -2, R 5, akic " ia’ 2y,
AN A DRIERIL A 2006 4F1 12°C, 2007 41 10°CIoHIM L7z, BEERX & LT, 2006 44
TIIRTT O E 15°C, 20°C, 25°C, 30CIMET 5K (LLF, 15°CHERR, 20°CHIER,
25°CHRIX, 30°CHMRIX) B L OMEAF X O 5 K, 2007 £ T 15°C, 20°C, 25°CHIMEIX
BIOEMARKO 4 KA T2, BRI LA OINEOMES K 3-1 (8T, Hoiig
KTz 2 MeB R UE DD DI EXOHEE LR S5 26 cm £ TOEHALIC, B
(E2050120 : =#H 200 V-500 W120 m?, fERER) £ U FRizhbECEEL, =6 &
EFEHZHEEY—F (#HEFE 25 cm, BE 4 mn, Zen) TEAAIAALT. —FF o —T HiEs
EAFEEOMAMET, ERB S TEOMCEE L, EEWROEEAHIE Lz MR
2006 4 12 H 1 B 225 20074F 4 H 30 BT (2006 4Ffl) , BEXO20074E 12 H1 B4 5
2008 42 4 A 30 H £ T (2007 F£4f) 7o 7.

2006 4E 9 H 20 B (2006 4F4E) , B I U20074E 9 H 7 B (2007 4F4f) (255 1 TEBRTE HH
O EEM L, F 1 8 9 ERMER, 5 2 TRIEIE 8 RERR L UE 3, 4 TRIEE
TIEBTERR ., ThENOEFEOE A 1 AR L THELE, £, REFEIUEER L1 HF
EHRLTAEEZTDRE L. 10 a ¥72 0 OFERSEIIZER 58 ke, U BE36 ke BI W
B0 ke &L, 1KY 3HEHEL, SRETEBL:Z.

EX 18 cnbl o RELGKRNE L, AEORR 3B (B4, i, TH) a8
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L, TNFRICHOWTRERESIUVRELAHE L., EBEFHIcSELEZREE (LT, @
i) OHEHREFEH LA, 1 HE 20 0RERKES, REHORELBETTEH D SIX
ERETORERTHRLTEN L. £/, SEFEICBTHAE LR 1 ke RIER,
FRB LW O, 705 WND 2 WML LI O THRTE R L O R R 6 e Jlf s
(& BHAE IR 3, BFRMEE) 2FEL2. EBBROEERBLIOTETREI R OENOR
FEVLE R GRE (RTR-61, T&D) ZHvy, 10 SRR THlE Liz. 7, BEWR OB
(LB BB A (H7ET-N1, OMRON) THllFE L, EXEe XERLE (2007 8) ol
INE ARSI BT 2 REFRBE IR EICE I TEE L.

R OIS A Rild > — b 035 ik

3-1 FBEMIRIZ L AR TN o3

ol
BEERHOEB OF@RIEE T, 15°CHEK T 15.1£1.3°C, 20CHEIX T 20.4£2.3°C,

25CHNER T 26.6°C £2.5°C, 30CHER T 33.0CE2.6CTHo7- (F—FHE) . BT
EXBIVELHROENEEOCHRE AR -2 107, KEOENEEIIHEAEK T 12.3
+1.0CTH-oicw L, 155CHIRK Gt 15. 120, 5C, 20°C IR IX TiE 20, 6 £0. 3°C,

25°CHNE K Tt 26. 9C 0. 4 CTHERE L7, 7o, HEITINE @ 30°CHNE X T I MR 247>

5 45 H OFFE THI 60 % OBEStEn/z8, BBEE2 Ik L.

BRI IR O IRRE ORISR L SR R I RIET SR -1 IR T
1Y 00 1 KA SO RBICAERENE D D ho 2. 1 R4 72 0 OBRTER
e, FRAFERT, ISCMER S\EABK E THRERZELRS Do, 2008
FUSCIMBR CII AKX L0 £ho7., FRAMERICTERBZENRZD S NALD, M
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REEMICIEEREIRD N7,

BETEAE OEFEOZE VA 1 AN OREFRKBECRETEESLRI2ICT. 1Y
720 o REERKEIT, 2006 FiHED 1 B T2 20°0C K X R 25°CHNEEK, 2 A Tk 200CHmNE K,
3 G 25 CIMRERKIZB W T EN FREARK L KX o, 2006 F4H, 2007 FHEICH
FHRBEOEMSREEIT, 129~135 g DfEFA TARKEICHEEREIRO SN
(7= 7 WE) . 2007 4EAEIZ 3 1) 5 AR T IR o0 MR o0 v A3 BE HA B R AL RN B & UV &
(RIS TRELSE -3, 1~4 A0 BREa R RCRITTHRTINR O E % R 3-4 10T,
2006 F£4E, 2007 FHEOWTAKE W TS 10~11 AOESHENES L O%INE R, #n
WK & MO - OfIc AEREITRO O Rhoiz. —F, 2006 IS T 5 12~6 H
OEBERNEB I UCRINEL, 20CB LU 25 CMERO FABABK LU £ho7n. Fi7,
2007 FEMIC BV TH 12~6 A DS RINER X UHRIE 1T 20°CHNE K 0 J7 3 UE K L 9
Ehodz. 2007 RO M EE T 5 & 2, 3 HIZBW T 20°CIRR @ 5 A LB X
= i ol

PRIC IR KO RE OBV E N IHE R BIE T A X 3-3 12T, 2006 F£4H Cid
2 CHNR X THY 1, 400 FrfE, 20°CHIR X TH 850 Kefd], 15°CHNIREK THY 150 BFMTH Y,
2007 FFHE O 25°CHNE X Tix#y 2, 000 BFRE, 20°CHME X TrX# 1, 000 BFRE, 15°CHE K Tix
#1260 RFfl T -7, E7z, RIFUBOEKEH ITINRIEE 200COE NHERFE 57 E
THE0 a9 A -7 (F—218) .

30
25
20

1o

() & BT 3F

10 N -n--?ﬁ\f\@ﬁg —_ IBOCB:
5 | —— 20CX — 25X

0:00  4:00  8:00  12:00 16:00 20:00 ()

F3-2 FRThiElz LA A S ZENIEE OREFZEL
(BESKIRI0CEHE, 20074 47 40M1E)
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F23-1 A B ISR AR TTINEIRE OEWIT L D BRTE A EL,
%S'E{EI W, HRMAEEOEL

IRIREE  LRIESR  RTEESE AEMEER F TR

K O G G R )
15 35.4 o 120.3 b 113.3 b 94.2 a
20 34.3 a  126.0 a  122.1 a 9.9 a
20064Hil 25 35.1 a 1247 a  120.4 a 95.8 a
WO 34.4 a  118.0 b 1117 b 94.6 a
5 58 & 148.3 b 1370 b 924 4
20 35.1 a 157.7 a  148.3 a 94.1 a
20074 25 34.2 a  156.0 a  147.0 a 94.2 a
AT 34.4 a  149.0 b 137.3 b 92.2 a
FIR (A) n. s. ok ok o
HEMES  NRIREE®) nos. o siok . s.
(A) X (B) n. s. n. s. n. s. 1. s.
7 A E R - BRI < 100
Towk, #[IFNFRNIGKIE, BWOKIETHEFEENHY, FEEBEENWD AR

YRR T ANO R A BT B%K@Tﬁf%@ 3
(Tukey—Kramer ¢>2 B 46 E)

F3-2 A HE BirATINEREREDEBENCL S
1H%t0®%%mkgwﬁm

IREE 1HY%7-Y oBEPKE (g-day )

IR .
(C) 12 A 1R 2 A 3 A AR
15 46 o0 40b 4.4b 54b 6.7a
20 A7 a 4.5a 46a 523b 6.7a
20064-H0  5p 48 a 4.3a 44b 56a 6.7a
WAL 47 a 4.0b 4.4b 53b 6.7a
15 17 2 3.6b 5.7a 50a 58a
20 A7 a 3.9a 3.8a 48a 6.0a
20074EAE op 4.7 a 3.8a 3.7a 4.9a 5.7a
MY A7 a 3.5b 3.6a 4.9a 5.8a

CNEREE (o) A LNEES TORE (day)

VA =R —H 7 AR ZF N CTFRICE BWAKETHEEEZED Y
(Tukey—Kramer D% HE LB E)
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¥ L URINE DL
ElTESe . eI 2
e NmRIRE 10~11H 12~6H 12~6H
(C) R HEHE L HE i HE
(/i) (kg/m)  F/nd)  keg/ni)  (F/m)  (kg/ni)
15 9a* 1.4 a 106b 140 b 110b 14.7 b
20064EH 20 9a 1.4 a 113a 15.2 a 118a 15.9 a
8a 1.3 a 110 a 14.6 a 116 a 15.4 a
Teanpy Sa 1.3 a 102b  13.8 b 110b 149 b
15 28a 4.2 a 116b 15.1 b 123b 16.1 b
SO0 20 27a 4.0 a 123a 16.1 a 132a 17.2 a
25 27a 4.0 a 118b  15.1 b 130a 16.6 a
T4 PR 28a 4.1 a 113b  14.8 b 122b 159 b

2 iR T,

Y BRI E+ T E,

FRIER S T LRO R ARSI 5% KETHEEED Y
(TukeyKramer > 2 B8 Hrllidfs 7E)

®3-4 2 HEE BT DRTIRIEE
DIV LD A B REOZL

NI A RIS (%)

(‘C) 1H 2H 3H 4 H
15 90 a” 91 b 92 b 93 a
20 92 a 94 a 93 a 95 a
25 91 a 87 b 89 b 93 a
e 93 a 88 b 90 b 95 a

RS () MRS (R) X100

T RI— T AR O R D RN UFRICEE 5% KIET
BEZEZHY (Tukey Kramer 2 B HBHH TE)
20074FAE (20084F 1A~ 44)
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2000
m1A @3H @273 O1H O12H
1500

1000 | III

IE TE o B

i = | l
L 500 —
. — . . . .
15C ‘2WC ‘2?@ 15°C ‘2WC ‘2FC
20064FfA | 20074 A
F3-3 FRICANREIRE DB LD
A HAE R OZ L

ZE

TAOHEMEEYT- oMM ERNELRET HSHEA L, FHEICEELEREEELRITE,
HATEEL 72 0 oS, A0 o L RIS, 45 1 IR Y 72 D oI R, IR
HOAFEMERERBLIUMMEERESON S, KREBRTIE, 09 LoBENEEN-0 @
HRE, Y720 01 WS L UEARETHETIER & BOABK CRE TH - 2.

FAFB BV TEVESRENEEZBL 2010, SRMEROBRICEDALZ LT
EC (EA, 2000) , FRMEEABENSE503E 1 ki ic BT 5 2 dAE LI o Il
bk L UFERMEREEREL, MATKOAFEOERELZBRD 572D REF KA (EE
ERHBLENBFAIRTHS. RERICBITAHRY 20 0F RN ET I5CIME K & 8008
K&OBICAEENREO LAY, 200 L U5 CTIMEX CREAMX LY £->7%. 1 H
W72 0 OREFEF AR ICMER E\MAEK & OMICAREENRRE O Lo 783, 20
BIUZBSCMEBER CHEABK IV IARBLU2R W LIATEnom L EORREMD,
R EH 20~25CIMET A L OB ERFE SR, BEORERKENRRKE{ b &
ey N B Nl A Y Sl

25°CICHITE L7 BB EZ R VT INE T EAERK L0 FRAZERIIFE 2o (F
s, 2011) E|ESH TSR, REROEEMEE TR TORITINE KX & EAPRK T
AEEERS LN, ZOEKE LT, ERETEFEIY BRFHANELS, BF
BIWEES Vehofzzb il BOAEKICB W THFRMAERE 92 %@ TH 2D,
FRIE R X S A K OEB NI o bEF2 5.
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— X, AFEBED 2006 FMH T 12~6 A DERFENES L ORI EDT 2008 LT 257CN
EXBEABK LY A 57245, 2007 4 Tl 12~6 H ORI E L 200CIE K O &43
X LD 255722007 FHEOBGHERI 20CMEROABRBOABK L E - T
BY, ZOZEAEBRBENEOHEIMCER s~ L EESR S, EF IHR (FUs, 2011
T2CICHfE L 2 BEHZEICESFHITA2HTINRE T 1~6 AOBESEEEB L UORELEE
NERBABMRX IUEMLAZZ E2®RELE. 2770, Z0OERICBHT 2 25CHETMMER
DENIRBE L 24 I'CH D2 L, REFED 20°CIMRE K OENIRE X 26.9C £ 41 3CH
Pols., ZHAREREBBORITINBOFERNELEBH A RE Y — N TERRADFETE S
o8, BOMRE - MRICEAON TENEBER LR U SRS, F72, REBET
i AORIERIE % 2006 41T 12°C, 2007 T 10°C THIM L7720, 25°CHIER @
NIRRT I 2007 FHEDS 2006 FME LD 40 YL ER - EREEO—2EFEZ 5N D,

B 52 O IEE O RBETIE G B0 A MEE S X OYMERM & EF & oBfRIC oW T, A
FIEOr 7o oMETIAETEEDR I 2ZICU ECMEBEE CHE O, HESEI 25
FEEBEITENAS, BCME TR I RES A ZRESBL LAl & (EES, 2010) B
HEN, FEXTAOBRITIMBIC LA OERIZMERBOR S CREEINSZ & (R
e, 2012a) Z#WE Lz, F£7-, AEBRO OCCIMNER TIIEE#HEARELTEY, 25€C
IR K O S FEEOE FICTENRECINERFHAEEFNEZE L LD LHEEISND.

U EDHRENS, TR BWTES 200CICIET 5 L BB b oM osing L o
2, SHOWERICED @M ERERA LT 220X Y 12~6 A O & OB I RS
RO ZEPH LN T.

A2, BRI OREXNHEE HICKIETRELZ RS LR, RERICBE S 20CH
BEOBEBAMEERERIL 25CINEBER ORI 50 %740, FEHMOBEBITERIL 10 a ¥72 55
OFM&EARDZEBRBALMNIR T

LEoZ &s, FRAOHITIMRICBNTREHBICH > TEFE LEIRE S R L 7S
B, BEI A MEKBICHE T 2EET20CHRETHLZEBALMNICR -7,

=
T AOMEREEICB T AR IR OEESER, NEB I UREIC RIETERIZOWNT
REtL7z. MR OREZ20CICT 5 &, fEE @ ines L O H#ERIS 5 S a R

M ETA L IC IO ESERENENEINL 2. INRIEEN20°0COEE, EHHEEI325C
DFIB0 %& Tn o,
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F2/ MESBEB T AOEHBLUCHEOEFTICRITETE

EBEITF2EITBNTFT ZAORTINRICSOWTHEHE L, IR S OUCmEas RIEA
WinT 52 EBLBBEBE2A MERIBIZAIM TE 2 ZE2H 50 L (#RIUS, 2011) .
BRI 5 %0+ A DRI & - THEDRERENFICRY 25 F2 5057,
EHIficbhr o TEELZNELZREMGLAEND, BES A FZHB T 52 Ra072 REH
T 22T 50003, BT iRESF 2 ORI 3 OVEBRAY IS 12 BOE - 88 2 B
ST AVERS DS, MR L AU RICET 5B EORERN S L OVERMERIZ D
W, o F I TIEAREAGRI. X - THEEEAEMNT 22 L (&5, 2009) Mg GREE R
WM sz e (FEN, 1991) RERREINTNDD, FATORETR U520,
FAOMERFEETIE, REBICHhE > THDRERME AT 2 & (B, 2000) X
ERERmO L L (O, 1989) A s EWMEIN TS,

F T, AREBETEERITIMENS T A OEENES L UOERMN RIS RIETREER
T A5, IREMA T A0 FER, M, RorRER L OEE ERICRIETEEZH
'L~

Mkt LUk

EBIEEEEERSHBEIBOAARXET Y 71 b oy UNEREUERT) Tito7. TH
B OfEFZ 200944 28 THERERER 22 EELEZ 72 0L LAICEE, BR
(7:00~19:00) % 20°C, iR (19:00~7:00) % 10°C, WE 0% HRMFTTHEHELE. &
BER & L THRITOEBFHAZMET AKX (LUTF, #RoiBEX) |, BiloEms MR35 K (2
T, BREANER) S LI UC\ABK O 3 REFR T, HRTTIMER T mR e (7
A h e —F— HHMS0 | #8.4 cn, 5.4 cm, X 0.2 mm, > VllFE) g
TAVERE LD, T 3TORICEBWT20004FE3 H 19 Bio, EHR T 1ot BOT
fLAEAFE L. AR 7L BIESE (FE16 cmxX4 12 coX@E 7 cm, FIF
by R 7 2F v 78 $HE12 coXfE9 ecnX & X 2.3 cm, ADBHEE) 22 A0, Fm
Flemm A SRR (FE 25 emXfE 12 emXE X 3 mm, HUERGHE) L EHHREAK— R (HE
26 emXFK 12 em XX 0.1 mm, BHPFENME) B LT, C/AEEAEBE L. BE~OHD
EAZE T2 &L bio, W EH SRS L OB oD, AEREFICEE AT o—1
R O(HE 20 coxXff 15 cnXEE 1 cm) #FEE L.
BEFECBTOMEORFEEZR 4 CAT. HOMER TR E Emom S 1~9 e
Mo OEEAmRBERTEALGAL, I CFOLIIBEAR) = F L — 1 (E Tem, 1
Gom, E X dmm) % 3EE L7z, INHRRE TR BEVR CAAAA LY —T & A —703 25°CIZ
A E DK Lis . ARBINE R TIX7 7 2 F v 7 & & @B AR TR & o0 1T R EL
FAEEER Lo, INREE Tk B8R EEEE L — 2 o =R 26CI0 5 L 5
HIE L2, XS SIMEEZ 20008 3 A 2TH~4 8 19 B ETE Lz, BEEEICIT
OKF-1 (KRER{bE) @ 1,000 FiEEZ Ay, BEOTAH 0 mB5BEC#EAEMELE. £
BT 1 K M7- 0 3kRAHEL 3 RE L.

R B2 5 & E 5 em DEORARE, REEGD PRI ORE (LT, REEmEE) .,
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PRI D ET A R EE (LU, AREAFLERE) kX UNEE IR O E & B E R sREE (RT-308S,
Ay ) BHWT, 1SR CESELAZ. 2000 48 10H (BBXH) @ 11~12 Bz,
FHEO10H LS 11 CARCREMUZZE (LT, BRI oSS L U®ER
i 2 B AR R A H R S R AR RO E EE i (L1-6400, LI-COR} ZH \WTHIFE L. Ml FEwEo
Ty A —NERBEILER 20°C, JEHEE 1,200 mol s mPe s BREES A PRE 400 ppm, ZER
FiE 500 mol - sUoFRE L7z, MNMERAAS 23 AW EEE RN 5 em UL B BN - % 03
wAE (LT, ¥R 2R, WEHE, BE, FHOXES, EHREP5 ecnllEo
BEAEEL T FOoEE (LT, MEERE) BLUOHIEOEmELRAE L.

F, FIERIERAHE L. ML E, ITHEEIEES L O XIEE IRitE, BE
IR E A MIE L. $EE T 80°C O IR RN T 12 RERDEEEL IR L 2 0 B HIE L.

e, HEHBPCHEELAEREORE (LT, MEE) #EE Lz,

——— FRICAR A

AR AR A7

E3-4 |EHIZICEBITAS A BB OBRETINRDSE
D: BRAATe—AE, @ BFREK—b, @ EWRANETR#EAm
@R e oigged
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A

IR ERALA ) R OFH, BIMEDES L OEEROREC RIETEELF 3L 0T
ERMEE IR OB TR L& <, RENEX & EAHK CIER%E Th -7, RIS
RER JUOMRE P R EIREINEE TR b m <, oK & EAHK TIIRE TH -
o, BEEIEEEIIHEBEMER Trbm <, #EMb 15 0CE£ ko720 % L, HRIUMERX R
FOMEMB K CIXERR Do,

IHREALH T ABEOKRBS T UREGREE, BEECRETEELRICIITT. B
BRIED D O AR L, MRIRINER Crbm <, R, BOB -7 BE ek e
BLURERIETCINER & RBEMEXK TREBETHY, WL EOABEK LD & KE
=7

IR 23 BICEIT A5 A0EFRR AR 3-5 17, MRS EEE L UREO AT, 1
B, MIEABSIUEEREIC RIFTREELHRIT, B3-6iTmd. MR 23 B#o THIE
HICTAHKB CTEEERRD N2 h- 7. EEE, THAEmES I O EITARE
RETEb &> ow L, JfE, MEEmES L OHEEEE IR IR TEd
mAeo e, BRI, BRTTINERIC T D A EmE & AR EIEE L, \BOABEKO 2 FLET
by, BEELRERNSED AL, FHEREE, W EIFERS L OE 1 ERT B2 TIng
KERBIMBEX CHEERENED BALMh-70, WFRHENRK L6 AFREES A
TWir., BROEmEO L, AEALDLE G INEBER TRb®m<, 3B %THo7mm
iRt L, ARENE R S OB X CIEm K & H1iC 22 %C, ERRoneiho .

#&3-5 MNEE(IA 2 CHIE OXE, REANEE L UEBRCEEIRESEE

EEIS TR e JEE 1 i 2 TR A IR B
¥ e B fa] ] B T B T B T
(C) (C) C) C) C) C) C) C)

RN, 24.8 a7 26.9 a 2.3 b 1.9 b 21.4 b 12.3 b 20.4 b 11.5 b
FRAE A4 19.8 b 1.6 b 24.0 a 20.7 a 23.4 a 17.8 a 23.0 a 15.0 a
R 20,2 b 1.7 b 2.5 b 1.9 b 21.1 b 12.0 b 20.6 b 11.3 b

L BRIAITI00~19:00, 7HRIAN1G:00~T:00
FTEBABENERIZE 5NKETCHEEESLY (Tukey—Kramer @ £ H#%)
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£3-6 IEEHAT R CHE OMEEOREBLWC
HEROERE, BB T TR

P %ﬁﬁ% . ;%@@ggﬂl FO

{mmolHs0 *m“+s ) (pzmolCO;-m*“-s ) (mL#£)
FRoohniE 7.1 bV 15.0 a 1,492 a
ARG 8.7 a 14.9 a 1,529 a
4L 5.3 ¢ 1.7 b 1,414 b

7900945 4R 100 (- ERE10E 712118 B OO /BRI & 2
yBRAAELTMICIL 5% KETHEEZEHY (Tukey-Kramer® % 8 1)
NE%®?%/”HW%FimﬂmC ﬁ%ﬁ1mmmd w” e s

B2 A AR 400ppm, ZERMEL00 umel -

E3-5 MR 23 HBioBiTA T2 “Hiks OMBIRG /2 4EF PN,

MAER R &l L CHRISINE X TiEEOME « BEN LS {,
M IR X CiIffinEOREN KRS, 25 1O S
=N
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F&3-1 IHREALAS T A CHE OERBLIOCAROET, RE, FERICKTTEE

A ESET [l [LEES il MRE H E
i £ ER T EEH g FHEE HE BATE A

& {cm) (g)  flem/ #R &) (em # (g) (g) (g) (H. B)
thotE  11.6°a 26,4 b¥ 33.0ab 712b 48a 343a 151a480a 2.1b 4.12a
RBEAME 116 a 28.0a 35.1a 742a 3.2b 223b 9.6b 48.6a 2.4a 4.14a
WA 121 a 26.0b 31.4b  612c  2.9b 169c¢ 7.4c42.8b 1.9c 4.17b

LgH7E1120092 48197
YR AENEMITIE 0% KETEEEZEHY (TukeyKramer D% E )
CEEERSLIUOM BN EIIEEE, BEIEYE

1,200
1,000

800

600 |

400 f 67% 78% 78%

HEmAE (cm?)

200 F

PRoTR FRAANIR. Te4n g

XI3-6 JNEEMLAST A CHUEE OIECR L UMD
e R RIE TR
2 ERCE LR OBETRS R OR COEOEREC SO 586

DER BRI
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ZE

FAFEICBOWTERWREERE L2010, BRAEEORENEE T (4, 2000),
M&ﬁ@%m;i@ﬁ@éﬁki@%%%k@ﬁ@ﬁxﬁxf&é.mg,@gk;w%
BRI 2 Al — R fbic LA FRERICHWT, PR IR R XS ALB K TR g5 % <, Ml
HEEESLEL 2D, B 1IERERRR ooz, LLEORKREAS, MR K 50
DEEEROMRE, HEE COMBEMR - VIR EIE~DEELZH S TE L.

B L O AR, BCROBIRE & OfRIC oW, RBICELT, 4 FTC
PEARE 0 ERIC E D IEORBEHEERAR D, e EHERE RS 2 (FEII, 1991,
EHOMBICELT, 2 ) O U TRRERT OGN EZE Lz KREEd 25 &
HORAEEREE Y, IFRPOEEREOHLPIHES AL E (FES, 2004) BERE
ERTWD. P AOBHRITIMEC B W THHKESEM U - 8 L TWD A, o F3d
RRLF 27 DO LARODEENREZBINT 2EFMTHLOWCx LT, F AOINRSA TR D
IR OE LV EAERR S TR ETICT AOHKRTINE & ABAIRIE & OBRICon
TORMEIRH 20, HHOEHMLICICE L T, EoERBIOZIKE, BEBS LW,
TERMEL EORREENEEL, KOBBEFIPRELS 2D EEORRT ¥y LK
FTLTRILPBA U Ty, BEEEXETTS 28 (FFHE, 1994) , HURDNEL 25
EAROEEMES T & & ISR OABAYEMESE T L OO EERFSEM L, WA R
a2 b (GER, 1994b) REE SN, BT, MOEEARE 2 5IF EAR0EEE
P hE sl RBEL, 1993) PRESA TS, RERTIEHERLORE, HiE
B, RESAREBLOCEIGKENE T, ROBBEICRAKTEAKRBH5I2H5 54T
THABOERE B X UG RHEE 2 I L7255, PR, ARSOMNE KL & b0 VB (-
ST OEEHEE S L USEG R m L L, MERLEHR OB Y720 RiEEN %
0, M EHEBIUCRENEL o7, HMaaMBEX CHEHOALORENR ER L TWS Z
EAG, EEOHEOM LIXE OBEBEEIAED U TOKOERKBREN & ED, E~okoft
RESEMLEZZ 020 EF 20N, — HFEWMIELR CTIE#ERE L UMW OR
ERERLTWAZ &b, BEEEOR EiZARORME SRomERRAEL LTHAKE
ML, EA~OKOBGEFSEMLAEZZ ik sbo tEZERE. £, HEREE
ERABECEEIS D (KR, 1994a) 286, KEBRICEIT 5 %ERGHEE om EixiETm
R, REIREICBWTE~OKOEBESEML TEOIILVBACIC <D, KIS
WAk R ERFEERS A Ec L b LB SRR,

Z X D ICERITANE & AR AR T & b (T AREGHPE SR M LY A — 5T, WmE
TR 0 ARSIERIC A A R0, il iAo SHERIC D O
iRt L, MREIME CIEHEFBIUCROEEDNERICRES Z LBHAL Mo,

T R CHERESEC LU MR AENTERIC 2SS Ry, ZoERE L TEN
DFHRE L BOELBRETO A TS (TS, 1963,1966) . F7-, —RICAEORAED
A= O, A R DA = O o TRET S Z & (Shimizu-Sato - Mori,
2001 AER I TWA. F2AOERITINRIC X 5RO ER MBI DD THIERNIZEBIT S
W BRI R T R RS LTV S ETREENS 5.

U bko X o, REBRTHAOWKRTIRIC L » CTAFOBEB L OCEERRETSD Z &,
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HERE X UCERSBINMERESm LT 5 2 E AL MR Y, EREECET AIER L
IR LT chr LEESAE., ZRs0MmEITF ADERESE BN, NE
PEE o A PHIE R 2, 0 SRR e BRI BT 2 fesr T 5 R RS BRI
HhOEHEZLND.

=

A OIEALA R, AR, MoEREB IUHE, RERIE RIETEELRBF L.
BRI k0, MEOREBLCEERERICR D, F1HEOHETEERRREL 2ok,
FTEINEE ZOREBIME - L0 BECEBEEE RS L USLEREER M EL, BiRENE <
o7z LA L, MRS X 2EFOREMIITRLZY, BT Tk, A ¢t
R IUROEEPHERIC 7.
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FEI3H IR ORFEED 2O B LM oA F I RIETE

JFRETIE A A O ENE I UABRMEICIC RIS TEELZRA LN CT A, KRERET
IZRPTIE ORERSE 2S A ERE, AlEE, RosEERB I OEE, YR RIETREEZR
'L~

Mkt LUk

CHFE ABERL L 77 20094F 11 H 1T HWEERB LA FRE L 72 kL b Lo (S
L, 20104F 2 H 10 B IZZE47 8. 3 ML FAL 4 BEA FHEE L 7o /LB % BB OFR T INE X & [H
FROEBENICEE L. B 25COMMRETT 5 B INR K, 7:00~19:00 (2/0iR 4 2 B/’
AGER, 19:00~7:00 (AR T 2 EMMER LS IO £ b2 VWBOAMK O 4 K&
i AT 20104E 2 H 15 B~3 H 10 B & TirVvy, MNERAE 23 B #1780 T OMAl
BEOEHEE, MBS, MEEHBIUCREZFAETE LA, £, H1EHETEBZHAE L.
FOMOFEER L UFESFEE, S OHTIBEXK ER L TH-o 7.

A

BETT AN O MR RER Y AR R AR, TR XM oAE, HME, RERICRIETE
BAERIQIITT. HoMRic L 5BREOERmRRBE L, HAIMEX, BEIMREXD G
WHEINRE B L AR 0 G-k, HEOERMIREZEBINRE, HEILREXD
FABREMERBICEABER L &7 NERL; 23 B0 T EEE (0 TOE XA
TAHEZETRED Do AT B IMER, BRIEE S X O R X -ClHE
BETHL, WTPRHEAFRK L 0 L7, MRS L M EEE TR IR T
HEbREL, BABK Txrb/NE ol BAMEX & ERINBRICIZAERELFHED D
indrodz. F1IERMER XA ER, BMMERBS X UCERMER CREZEETH D,
WP S ALK I B
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#3-8 HEMBOMEREFRF 2 HHE oEREEE, FRBICHEOCEF, RE,
HIE R R

SranE © Ik AR Wi BE & I
SB[ . SR Y SEE Wit A

B 1 T 3 B (e) (e) (B &)
¥ g 24.8 a* 25.3 a 321" a 3.5 a 7.0 a 12.1 a 1.2 a 3. 9 a
B AR 24.5 a 10.9 b 32.5 a 3.0 a 57 b 9.4 b 1.2 a 3.11 a
wHEME 2007 b 25.8 a 31.0 a 2.7 a h.2 b 9.16b 1.2 a 3.11 a
AR 2001 b 10.6 b 30.2 a 1.7 b 3.9 ¢ 54 ¢ 0.9 b 3.17 b

IR

VBRASTI00~19:00, TRAEASG:00~T:00

TEALENTRICE SUNETHEEZD Y (Tukey—Kramer D ZEH 8
VEREEIHEE, RERIIEYME

vERE 20104 3H10H

ET =

RERICBTAHSMEEOBAES L UIROAFIZEBIRK, BEINEEKIS I O E IR K
WWAEZET RS, MAMK I MEELEDS, [ LR A MERAREMIMER S XL »
THEMMRX L0 B, 2ol s, Rz X5 Mo RITINEREI IR S
EERES R, MERRFEFLOIBERFORESICEEENL ZEPH LRI T, FH
SIE N E TICERG O % 26°CICHl#l 32 HiE TR E 1T - 7243, 2 RUAOH
N ZAREEMD 10 BT F12 28 C 2B Ao, IR (X0 ¥ F~ 10 KE E To
BEMc Tk, BEORBEITE LA SR Uk (FRIDE, 2011) . £/, S8
OFYEME % 30°CIE L21BE, T AOEFTIRFE L Ml S 7. REBRTRE 20°C, %l
WCOEBENICEWVWTRHN LD THY, ENLHTINESER 2527 210 i0mE
BEBIUCINEMHORS ENELOBGRR CE S OEFELIBHTALERHD LB X
IS,

=
F A O ITTIRE O MERR R Th, A, ROLERB DU, RERCRETRER

%Fﬁ%‘#bfc. PRIDAGE - X 5 A o AR TMERM AR < 2 513 EEE S DY, IERE
ERICIZEES ALV EPRHe NI o,
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FBAE VA MIA=VREBRRERBETAOER, REBILCHECRETERE

PR iR - & 25 = A F OFIEHE, BRIRERE T I8 0 2 MEE 0B &4 5 L EMEm
Ll R o TEBEFRI Gholn. 5% b T AOMERBBIIBWTEE LEINEE MR LR
5, BEa A NEHIETE 2R EESIEEN 2T 570000k, A dorgme
L LT AA=ALEHERNITOIVNERSS.

— RSB AEEOERICIIMES AR AT O A A 2 o BREET A
HILTHEY (NES, 2010) , =Ry THEBBEBROEWT DA REORERE -
AMIA=EFEPRFAL TS Z & (FH, 2001} , o2 T 3IH Yy (Zhu - Matsumo
to, 1987; &5, 1989) , U (Wertheim + Estabrooks, 1994) , Z—x—3i-3 > (dk
o, 1987) TXEWRY A b4 = 0—FB A{6Benzylaminc purine) 5 A3 A4 o 4
BEEETAZEPRESR TS, T ATIERAERBEFROYA b A = EBENRE
WERFEIE SINENE WV (IR - #, 1989) ARMESRTWAEMR, A b U A= s
DEBITOVWTORFITR L2670

FTILT, REBRTEI T AOHKITIMBIZ X 50FORE~OHA M I A = 05D EE
PRI DWTRFT 5728, BAB SR 2AOMERBEICBT 24EF, WEBICRITTEES
HAELA.

HEtE X5k

FHL, WEBRERGRBSSG 5% (RN R ZWEARAORRET, MBI o0+, Rk
+) oMo 6 m, BATE 20 m, B 3.2 m, K 400 nf AL S RIEAAR =L 2 TAT
o, AR B, AR TR vAT ERHWE, AEKE L TBARS X EHFEX
Rk 2. BAWESKTHE, R (1976) OFEBEEEA S L2, 0.28%0BAZEL 7 /U
elom AN AR AL TN -0 0. 05g BB L7 BRIL 20112 1 H 8 B D
5HIWAETOM, 10 AMKTER L.

2010 £ 9 A 16 HIZ & 1 TERIERI 0 M 2 §h g 200 cm, #RR1 60 cm, 1 REZ TEMEL, *
BV 4RSI Cio L, B 1 ERAE o TRBTENRE, 5 2 FHE S FRRTERER LU 3,
4 EFEAE TIERAERRS, FEEROBE LEAZ 1 EE L THRS L. RIELRTEICE, |
EEHPS 2HEBEETIC RN b b= D50 (FHFEAE | EVEE Lo, FEFEITHE R I 2
1FEZBELTHWIRLE., N 2ARKEN 25CU ETHIED EM 2B L THRE L, 23°C
LTFCR#ELE. AR EHM T 7 R NTESFET 28°CLLLE, 1% 26°CLL E TR L, F
BT 26°CLLT, % 24 CULF TS Lz, &R ME e &S LR EE T, RIER
BA 10°CIHlE Uiz, B4 10 a M2 0 2258 24 kg, U VA8 28 kg, ME 20 kg, EAEZ
12~6 HIiZcH 1 B9>, GF10 a B2V EFE 24 kg, VU /B4 28 kg, ME 10 kg EH L,
1RH720 3#k, 3 RETEBELTo.

X 18 en Bl EO R ELFARFIE L, WHEDZEE e T RELE (RE A SEBS A
R SERD) ISV T 3B (L4, i, T oL, FhEREES IR
EAHELE. EémicsEsn R RELTRCHEWARZEE (LT, fEani &
Hil, GHRE#EHLE. 1HY70 0REPRE D, NEHORE » B~ E
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TOHETHRLTEH LE., S/, B 1~4FHICBWTEE LA | RMAEE, 1 &R
FO A A BIER S AE Uz 2 REELIGE QRO 5 6, AiEZSRICERBR N
Mg (RS, FROEEE) , nRAEE BT3B~ (0+1) KA B
SHEEE Co RS (BUF, BREHRBRE) 284 L.

bR

B A 53R AR RS L UBARKECRIZTEELR 4-1 10T, 1~2 DI
ERE-mRRENEL BABRSKEMBR EOMICAERENRRL O -7/, — K,
3~6 HIiZB ARG KO F AKX 0 IR s L OmRRINENL <, ¥R 3 H o
BINEIL 16 R4 > b Ehof. BAWED 1 wEltEEr, BRI R L OSBRI, 5%
RICRIFTEELZR A 20T, 1Y 1 RABEE I UFRFICTAERICAE
ERENE SO0z, 1THRY72Y OMERE T UERMERE, B A S X O
K LD Eho7 BAMSS B BT AHTEHRE R RIETEESR -3 1T,
1 BicBETE LMo BIERN B i, MEEBICEERENR N, —F,
2~b HCIEIBAMGROFBHMBREIVES, I3 HOERHEF TH-72. BAMES N
BB O B ERASEBICIHY 0 0REFRREICRIFTERELFE 44 B LW
FA45RT. I~ RiCBI A0 R, FsMEBLCMEDCREAEL, 1HHEZY ORE
BEXREE, DEEXBICAERERR ool 1~6 HicEBIT 5HEAGINESE ToH
BT 23~33 HCHEE L, AAFKEIZIZ I HY 20 oRFERREIZIMG L THERETRD
nizpot (F—2K) .

=41 BAMGS S A S ORBINERES L UOBAFRNEICRFTHE

LR RS (R - m) T2 BT (ke - 108 D)

1H 2H 3A 4H 5~6A 1A 2A 3A 14 h~6H

BAKES  15.1 18.3 23.1 28.3 40.8 1,540( 97)*1, 597 ( 94) 2,555(116) 3, 025(107) 5, 004(108)
Eogict 15.0 181 2001 26.7 38.9 1,585 (100) 1,697 (100} 2,212(100) 2, 829 (100) 4,639 (100)

iR EY n. s. n. s. % % % n. s. n. s. % % %

I e+ THINE
Vak, ®PIFNEN 1%KE, SUARETEEENRHY, ns WEEEN VLI ERT
= OROEE, HEBHL1008 LisenhE
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®4-2 BAMSHST A HE oLk, BAEMEER LU

RO T RE T
R IR MRS BRAEMIREL  ERWEE R
(A= #K) (A=/15) (4 BK) (%)
B Alii 5- 46. 3 187.5 157. 0 84.5
it H 47.3 164. 3 141.3 85.9
g n. s. * % n. s.

L3 BMF R R E X 100
YHE BUKETHEEENHY, ns. THEBEEN 2N LR T
WA IF2010FE 113 ~20114F6H 158 £ TEHE

#T4-3 BARS BT A B OMAEICET S
EEPAL LR S A
BR/EfRE B (H)

1A 2H 3H 4H 5H

SLER X

BAJE 5- 44. 6 33.6 29.8 26.5 22. 2

Fagict 14,9 39. 6 36. 2 30. 1 25,2

theE” n. s. sk * " B
TR L n TR SO R 0 TR R

vak, ®IXENER 1%KE, S%AKETHEERHY,
nos EHEEENRRNV L ERT

®4-4 BAWSR TR HE ORHRITRERERBSEREGICRITTEE

2304 () B () AR ()

SLFER X

A7 B C D A B C D A B C D
BAii 5- 20.1 14.6 24.6 11.b 2.2 0.4 0.4 0.7 4.b 2.b b4 0.2
Eopict 7.8 13.5 2b.4 131 2.0 0.4 0.3 1.9 4.8 3.8 49 1.9
tHEE”" n.s. ms. ns. s NS IL.s. s IL.s. NS NS s ILs.

(R EFTHINE) SRR X100

vA:1~2H, B: 3H, C: 4H, D: 5~ &H

x WEEHE I L AtRBEIC L Dk, KIFNFENI%AKYE, 5% KIETEFEENHD,
ns (ZTAEBEENR NI EERT
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£4-5 BAMSNF A HEE OIBYS~H D
Hgz e B m R T

1A %7 DREERKE® (g - day D)
21 3H 4H 5H  6H
BA it 5 3.4 3.8 4. 8 5.4 5.9 6.3

%fhE 3.5 3.9 4.9 5.3 6.0 6.5

L [X

tiR T’ n. s. n. s. n. s. n. s. n. s. n. s.

TINFERER - SIES Co B
v, s lIEEENWT L AR

ZE

FAOERBRE TIE I HFOORE LEHEEZT- TWD 7, & 1 RMAEED & 2 HEE Ll
BOMBOAERBIUCREOPRRBZEVIEIND., LER-T, NERKAZEINS G5
Wik, Mo E#FESETHEZ RO 5, & L HE~[N#EE To HE %<
LT, MEER~NEE TCONM2ERIELZENTARTHSH. AEBRTIE, BAMK
BRI RREE & i U CHRTE S L OUE A BB L, ORI, 3~6 A OINHER N
Wil CrRSRRES MLz, 2~5 BOREFB LI, BAREXOF A EEKIZLT
ARTEPoT —FH, RiE~NEE CORKTMAEEMICARERENRRBD LI o7 (7
—HEE) . ZHSDZ Ean, BEEEICET S B ARS T, MEORLE - AR S(EE
S, NHEEHEBILICINESENT S LR TFRENE. 2R, EERO 2 A 0BERIE
HEIZBABMSREAHBEBRIVEWI b o 3, NEREITS HUEMNSEM L.
RERICHIT S 2 HORE~INEE ToRBiE, SEMEANERETARER D RWED,
FIBHBAELZLD, WEEEICEMENDIDPEBEA LD EHEEIND.

BAMSG EREOEF LOBBRICOWT, =20 U THEHEEOYPHIER IR WS, £
OE B EEN N E CRFE S, 1990) , F 7 A 70—V TIIREE KR ITED T
NEL, BRERER EHELEO SRRV E (HF, 1987 BERESATWES, RER
ODREFRKEBLCFEREBEHGIAHEKB THEEENRZO L AT, FAFRFIZBWT
HB ARG LA REFKEES ECRER LRI TER VWD LB RE ST

LiEDRERND, FAOERBEICESNTYA A =510 X5, MEEEEmo A
A=A LTHAHMHEOREE - EROFEIE L WA ERAYRKIG L, FRZX A NERN EHE
FHR DM TE .

B Bh A = IR TESIL (Englbrecht, 1972) , REAHE T, M LEFITES L (Mo
rris, 1981) , W EHOEFAHEL T, T2 THERBIEE <, REEWEOBAKRS
BEEBELUYA A =2 EBREVEENERMET S & (N - £, 1989) BMEIN
TV, FHEIHETIEC I VRES T UM KERRKE {20, MEORE - ERB(EE
FTAHZ L (FRINES, 2011+2012a) #|MELTWA, HRTNRiC L AR G & & £
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DOFERNSHETIR I LM ERFE YA P DA =V BEELTWAAREMERS 2.
LiboX iz, KEBETTAOBAMGIZC L > THEORE - EREET S L 3H
SHANZTe 0, A WA = OEFESS LU Lo itis e m L &S S i IR
BB a2RER ECEI>b 0 LEFESRAZ. 2R bOMEIZF AOERERZ B WT,
REM: &2 FAIBCE i 272, KD DR LRERIEETE M T 5 R THEMRER
WinnbonlBELLILD.

o
S AOERFEC BT ABABSRATBICINE RISTEE W THEHN L. B
AfiSic LY, EEBIUEFERMEE £y, MBS HTERBEEE -

7. FORE, NWEREBIUEMENESEMLZ. LarlL, BABSICESEEIEKX
fRERL LB R LRI O oo in.
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FBHE R AREBCBITA2ERNRETNE S A7 LD

FT1E 7 PRy 25 AORRER LIRS E

FTAOERBRICBVWTEE2 A M &P TE S FESL L CRIIMES#E S GFIE,
2008) , WEHTANEIC L SN (HH S, 20000 BAEWESHTWAED, ZoFERT R
FREIGCHADEBHEPBRETHY (FHMBENRAKERBETER, 2004 , AEREICBW
TINOLORERRTELSEZHOLEEHITORBERMLEL 2D, FF T AOMEMRER
WCEWTEMEZRA W TERORTE 20X OLREZNE T 58I W TER L, R
CEoTHBEI A M KIBCHIRTESZ E2AL I L (FRILS, 2011 . LaL,
ZOHEMEHEEESCERR L OB ABHANEE LD, EERECERHILA DI
ITEAER R T 5 0ER LS.

FIT, FAOERBEECST AETIEZEERE TESICERTE ST L LT
BEEDEGD, P by FNEHS Y FEMAGDEREY S MRV AT L (LT, &
ZMMR AT L) #HELE. HEREBCBIZWMMOL AT LIBEBICBEN Y
7 FEREPOHFE S ABERFRATS FRIE oz, BT oR vy A TIIREEN
SELDEE FORANRERR RO TELLLPBEThH -2, 02D, BT
BCHREDPHERCTEAFERL L TH A, McEEILEZ T 2 FiE2E R Lo &8 i,
B L7272 IR 27 A0 E, 77 MR A7 L0EF 7 MR ERIT 55
EPHR T ORBICRIETEREB LS 7 PR 27 A0 2 OBTE IC BT 5 &R,
EFMEBEBLUHGRICRIETHE >N THRET S,

HEtE X5k

1. &7 NIRY AT LoEE

FAR Lim AT A0EAR 5-1, 5-2, 5-3 127, BAOLICEEH 25 em, MEH 55
om D~ RN HEEILT, FOEEFHOREHRHE =7 405 (BEX0.05 m) THE-
TE=/ bR EL, BE#EOESY S F (EX 0,10 mm, #8550 mm, 7 /% &)
CBEWFEZEH 13 coFEF 7 (EE0.07 mm, HrEE 200 mm, AN A b FIANICH
AL~
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%Vﬁﬁjbﬂﬂiﬁﬁﬁﬁﬁ b (E£ELS3em)

- il ! T
ZI =
e 2 | e
ETIE < 7 ©
Y o 51 s
- Aq W s
A 78 i
INEY N
W7~ 7
(Ef&35cm)
Et B2 B
(Ef&35cm)

®5-3 #7 MR AT LD H 7 MELE

2. H&7 McHERILAEBG A HIER PR LRNOKRTHO KR ICRIETEE

(8 1)
EER L, BRI EHERET A O S KIS GIRKaEH L, HEL) oo 6 m,
BMATE 62 m, mdb M 5 EH = 2 (1,860 mf) TiT-72. b#EREAYAND 1#H
(372 m*32) POICHF 7 McHERILAER T AKX (LU, #FRIE) & bW TR
RAEMTODRWHRE 2R, 2008412 H 17 Bic & 7 FARR S A7 L0 X DR % BAG L
L HERE T AHERIEORM AR 54 icn T HFERE T, #4727 ok EHE LT,
MM OGS 44, 48, 52 B 1156 m @ 4 2 FNICERE 9 cm OHERIL %, @ESH o M
ECER P 7e . BEORLID CHIRET , BRI TR AT EHvy, 200849 H 24 BICH 1 {EM
EH OB 2 E S 59 m, BUE 200 cm, #EEI 60 cm, 152 CEWE L, TfHF Ve 4 £

TIC L7, 2008 4F 12 A ~2009 47 3 A O, B A Bl 2 Re & L REBERRHET,
Hﬂﬁ%mﬁl% ICIEHIE L7z, HREICBWTIEREBESRE L TWoiim (LT, REEM
W) A5 10, 20, 30, 0B LIV mDFEF 7 PHHOMO L@/ S 6.5 om (TR
FhEREt (RT-308, m A~y ) O h— (EHFE 1 m) #R®EL T, #7 FHAHORE (L
T, #7 FPEEEE) % 10 MR THIE Uiz IREEEESIFCEREEMNE S5 6, 10, 20,
30, 40, B0 B XU m DS 7 PN OWm O L@ms» S 6.5 cm i” BaEE (TF-308, 2
vy Oy —HRFELT, ¥ PR CEE (LT, A7 PNEE) FRE LY. B
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FEHEAEA 75 6, 18, 30 BL 42 m D 4 2 FroWi o Fm 58 X 15 cm (DR ELHFE
(RT-308, = A7) #FEBEL T, threiloxiE (LT, SR ilisii) % 10 2[5 THl
‘L.

R AR Y 7 b (EREL1Sem)

_-—-'.T-"'F,I/ H"'i"‘--cb__
I i - _
_E___,_,—o—'-"’_ ____.-"' I.f/ \\\-‘i-\-"‘-\-\_ o _‘-._
56 e T o S R
_,_,--""_-:._,_ y 5 l:;'
P I 22 m ) |
A E__;‘rﬁtﬁ 48 m ||:t' |t3
Jf} 44 m = 0| E F
i it i i @ "
7 AEER
5 A N
(EE350m)
om 1 L o — —
EH Y R [ER% -
B %
(B 35¢m) HERUX X PR X

E5-4 FopoVBRAR S 7 F PR TER L UEE O
= BRI O EGE D & OO TR EE

3. X7 MR AT AT 20MTHICBTARE, EFMEES L UHRICRIETE
2 (Eh%2)

ErL, WEIRRERSHRBBHE SIS GEER 5 RRET, MRIR G H -, %
+) Oof06m BEITE 20 m &3 2 m B 400 0, miFmEHE =N AT
frofe. FEARIZ BB (ZFFAME) , aiic "hMrs’ (XM 2RV, 20
0749 H 11 BiZ, #AF X 18 m, Wibg 200 cm, #EM 60 cm, 1 M TEMEL, N7 AN
WA MRS AT A EAIMER (LLF, #27 FIER) &2 FIEY AT A EFRE
LTWianWlEER T2, F7 MNRER T, #4727 Fokia MU T, BRSO
5725 13,8, 15.0, 16. 2B X TN17.4 m @ 4 2FHCER 9 cn OHER L A&, 8EE 8 8 o
itz A7 PIERIIBERMGETIO 11 H 29 BicF 7 PR AT AEFHREBL, 12 H
S5 H~2008F 4 A30 HETIR LA, iREE Y — (AT 2AHROIES 10 m, NG
2.6m HEASOES 1.0 mDUEIRE) 2ANT AT ARORERER % 10°C I Hlf#
L, BEE#ESEEH MM (LT, BEM) BIOEILLAZHM (LT, BEEILE)
T TCIBEABELAE. O RS ES 10 enic B AKE (ULTF, BoHi&E) B &
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UCEORmMEE (LT, ERmMEE) , 1T 10 cn 2B 2 MR % EEE&E (RT-308,
TARy 7)) ERWVWT, 100 THE L7, &7 FINERICBIT 5 200842 H 6 B
14 By Al Eg 27 78 AT (EX-7400, CASIO) THRE L, [FH 19~21 B[ T
BHECABEB LAAROHBLO MR oRmBEL Y —E 27 77 ¢ (TH7800N, NEC =5%)
CTHIE L. BEICIEATH 288 L LB REES (KA-205, BWH /) 20,000 keal =h'l,
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SEM O EREI EE AR (2006 9) CBEARMAERECTEL LE.

2. HZ IR AT L

EER L, WERRERSHBEAESE GRMEZSAORET, MEIR I -,
+) OfH 6 m BITE 20 m, &3 2 m EERH 400 0, A REHBE = L0 AT
fToie. fERIC BB (FF48m) , ek " hyvs’ (X AMEE) 2R,
20074 9 H 11 B2, BANE 200 cm, #KF 60 cm, 1544l %2 TEML, & VE4ARETT
THREE AT - 7 RGN O 2007E 11 B 29 BICUUTOHIETH 7 PR AT L &%
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Studies on Basal Stem Heating in Forcing Culture of Eggplant

Tomoyuki MORIYAMA

Summary

Eggplant is one of the most important vegetables in Kyushu, Kinki and Shikoku
Districts, e.g., Fukuoka, Kumamoto, Okayama and Kochi Prefectures, because of its
high profit in forcing culture. Farming management is becoming severe since the
prices of fuel for heating etc. became high in recent years. Establishment of the
practical techniques for reducing the costs of heating is, therefore, desired. In this
research, a novel ‘basal stem heating” method that can save cost and labor was
developed, and effects of the method on plant growth were morphologically and
physiologically investigated, with the attempt of the establishment of practical use of the
basal stem heating.

Effects of the ‘basal stem heating’ on growth and fruiting in eggplant, tomato
and cucumber, in which high minimum temperatures are required in forcing culture,
were investigated.

The basal stem heating with electricity accelerated the growth of lateral
branches and fruits and gave an increase of marketable fruit rates in eggplant.
Marketable yield with the basal stem heating in a greenhouse under the minimum
temperature at 10°C was similar to the controls without the basal stem heating in
the greenhouse at 12°C , indicating that the basal stem heating considerably saves the
costs in forcing culture of eggplant. Effects of the basal stem heating on yield and
fruit quality were investigated in soil culture of tomato. Number of fruits, ratio of
marketable fruits and average fruit weight increased when the basal stem heating
was given during the flowering and fruit enlarging stages. Effects of the basal stem
heating on growth and nutrient uptake were investigated in cucumber. Similarly to
the effects in eggplant, the treatment accelerated the growth of primary scaffold and
lateral branches, and raised the number of lateral branches and fruits on the primary
scaffold branch. The method also resulted in vigour root growth and increased
nutrient uptake. It is suggested that cultivation under structure in Japan will be
developed if the productivity becomes higher by the basal stem heating in various
fruit vegetables.

Effects of heating to various parts with different temperatures and time on the

70



growth and yields in forcing culture of eggplant were investigated. Increases in
number of lateral branches, fruit growth and marketable fruit yields were observed at
20-25°C, when the amount cost of electric power required to run the system at 20°C
was 50% less than that at 25°C .These results show that 20°C is a suitable
temperature for saving the cost with this system in forcing culture of eggplant.

Effects of basal stem and root zone heating with different heating time and
duration on the growth of primary scaffold branch and lateral branches, roots,
flowering date, transpiration and photosynthesis were investigated in forcing culture
of eggplant. The basal stem heating brought vigor and more lateral branches and
carly flowering of first flower. Transpiration and photosynthesis of leaves and
amount of nutrient solution uptake increased by heating of both basal stem and roots
as compared with the control. The basal stem heating promoted the growth of lateral
branches, whereas root zone heating did that of primary scaffold branch and roots.
The longer the heating duration was, the more the lateral branches grew. Heating
time did not affect the growth of lateral branches when the heating duration was the
same. It was estimated that this technique may be extremely suitable for yields
improvement in eggplant.

Effects of BA treatment on the growth and yields were investigated in forcing
culture of eggplant to examine the involvement of cytokinins in growth of the lateral
buds. Number of flowers and lateral branches with flowers increased with benzyl
adenine (BA) treatment. Shorting of flowering intervals on the lateral branches and
increase of marketable yields were also recognized by the BA treatment. The
treatment, however, did not promote the fruit enlargement and raise of fruit quality.
These results indicate the possibility that basal stem heating promoted the lateral
branches growth under the control of cytokinin. Further investigation is necessary to
clarify the relationship between basal stem heating and endogenous cytokinin.

I devised a practical basal stem heating system suitable for forcing culture of
eggplant in greenhouses. Effects of this system on yield and fruit quality were
investigated with reducing the cost. The end of the duct were closed and holes were
made on the ducts for the uniformity of the temperature. The basal stem heating
system using a heat duct at the ground parts of the plants in a plastic tunnel was
useful for reducing the cost.

The basal stem temperature under the heating system at night was remarkably

higher(6.3°C ) than that of the control, and the air temperature in the plastic tunnel
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was 3°C higher than that of the control without heating. The basal stem heating
system accelerated the growth of the lateral branches and fruit, and the number of
harvested fruits and marketable fruit yields under the heating system were higher
than those under the control. The heating costs per 10a decrcased by 320,000 yen
(oil price 80 yen/L) when the minimum temperature was decreased by 2°C from
12°C to 10°C. Sctting up the basal stem heating system was not costly (20,000
yen-10a™') since the heating system can be prepared using existing heating machines.
The working time required to install the system was 14h/10a™" person™.

It was expected that the basal stem heating system will improve the profit of
forcing culture production of fruit vegetables. Since the system can reduce a
consumption of the fossil fuel it can largely reduce carbon dioxide emission quantity.

This investigation is the innovative study that clarified an energy saving effect and
a physiological response of basal stem heating, which is superior method than root
heating and shoot apex heating as worked on before. On the basis of this study, it is
expected in the future that the basal stem heating system develops as an energy saving

and yield improvement technology for flower and fruit production.
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