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k= bk (Solanum lycopersicum L. ) 1%, B 7 A VU J KEEl 7858 O & J5 T 23 5
PEL S, DRE~NTI —w vy NERB L CI8HRICERL, S9IFBLENL
LTSN TWed, HIEOWBEICHmASNEH S L TORENIEE -2
EEbnTWnd (A, 2010a). R ICH T 5 b~ b DA FEEIZHEM1ES,000 5
tC, BIE, MATRLEIEEINTVWIHETHD (FAOSTAT, 2019). b
NEIZE T2 b~ NOAFERITT2.475t, IRFEEFIL2,379E M T, B0 PE %
(2JE4,000{% M) OM1IFEZ HED L2BFWICHR S EERME &> TWnD (B
KPEB S, 2020a, 2020b). F~ MFEFEEZB U CEERN DD 0D,
FlCEWVWOLPRETE, EEE»SIUVNE TERBEOEWVEIEN LIZAEMBE OV
L =2 ko T, FAEMBNERL TWD. HIRSCEE 2 B b9 I3 2 w48
2o o B BRIE, 1960 LK, b~ b OEFIC KT R IRK IR % HEFF Al ag
RN K LS Ch D, BE, DREO b~ MEEEEAE (11,800 ha) @ )
$59% (6,974 ha) MDHEFXFE T, Z 02 HNHRRM = A 3 5% 1£57% (3,970
ha) Z D TW5D (EHAKESE EER, 2020). LEAIIRLE 72 Hilk ©H 2 Lk
fi B E NI ER L THEY, b~ bOAFERFMEIX2,270 ha, £EEEIZI9FtT
EAND b~ NEEZO2EILL L2 ERT HAEMRS Lo TND (BHRKES
UM BB, 2020). 209 HEMEIZE T 5 b~ N OAFERIEIL224 ha,
BIX185tTH Y, ERITENEKKDO b~ NEFEM CTH D AEA R O H i & 23 I8
DI HREHIICHDE LT, REREEN L THD. AR TIX, 95 Ta»
LIOHIZEM LAENLEFICNIT TNHELIT O 120, EFRIEILEIE, I
MEILAFOREZRTHOEFO®BIRFETORE L 20, BKEESCREE K
REDIERICE > TREIMOINEZEB L TN D.

BEOOLNEIZKE TS b~ FOYEREIIIL, MR THEZIT O LAFET
3103 t-10a'TH Y, BEHLHS N L THEL T L LD EKEDL0
te10a'&Ei L T2ELL ETH D (ERMKPEEHFHES, 2020a). —J7, fisx[=
ZOEBETHLA T XIZBITDH b~ FOFEEHIUTS0t- 10a' 2B TH
v, DREOINEKEZ KK EEBS (K, 2012) . TOERERE LT,
T A TIE 19804 1R LA RE 1T fiti 5% > 14 B 0 BR 55 il (I % 2R 03 FE AL U 72 s 26 0T
bd. kIR ARRBEREO BN, £F - KBEEDO > b
— L EWEEEOBIMNC L > CNEREZLT Z icH D (i, 2018) . b
MEO R~ NOREFEIZICEBNTINHEELHIRT 2 ER2KALERITAFETH
D, FRIZAFORHSFOEENKE W (LI, 1982) . h~ FTIiEX, A%
FIFA L7 L2 REPERINTEY (BAL, 2010) , —#H o KH



FRECEHBEENTOMEENRHKALALN TV D EHIEIH S0, BHARAEDO A =
XN ANEENIANMIBEIRHD, TELTWRWL. 20k, HEN
AFEICBT H2AFORKAF~OXINIE, BRFOSHNEEEMOFHL b~ K
HROZEL®mODFHG] - B (Fa - AR, 2005) %, —ioRkEEE #EIC
[Rohbd. #-T, AEHAGICBWTERMYE - WHAMEO S WK RHIE R K EE
X, KUESCHEB L ORI RFBREENFLLERD.

M~ POKREEREICEAT2FEHNFEDOS L, FTIREICEAT D L,
BOBEIZKH L THDBELZEKIIELOZ LT, BRKOBREZ —TE L LEHA X
DAEABNREIND Z & &R L7zWent (1943) O#MEICHE Y, BwE LA
HoOBEE (K- JtE, 1962; £/, 2006), RiEEMBOMAE (Ex K - K
A, 1980) , HRIEDORENH BOHE DR & IR E (Adams et al.,, 20015 3, 1983;
b8 5, 19985 KAk, 1986) %5, ZDOHOMIIZL > T, h~ FORBHRE &
REAPEO T O OB ITEIEITCHIE, BE24CHIZ TH LI ENHLNTS
NTW5, BMEZBAEHAOEFT~OEEBIZO VL, EHORMERK FICK
K4 25 ERAE (Satoetal.,, 2006), /NELCHABFEIRL L ORE e &0 EHESE
ROREPHEIND Z & CA - &fF, 1964; —HN - K%, 1961; FH -+ &
B, 1995), PR & OIEINIZ X 5 AR OWHFE (1, 1970) F2XA@®E ST
BV, REOINHEEZEHZNIIHED IEIERKLER>TWND., 209 bLERKIE
oW TiE, e— bRy T Z2HWERMGEIZEL > THEIL L 7= B %4
(Willits - Peet, 1998) 23& 525, MEIAA PR REWVWTD, BHFORKLRY
AERE, P~ PREBB BB THEBERI T T AW, ERO F~ R
N AZITEHBBRREEN LS EELTEBY, ZELL ERBEZB X254
B 7 4 Vb xBE RIT 5 ARBRIBKE 2 AW il # s T biv T
L. MRENEBZDHIBREMHF T CREEZITHIELECIE, EXV—FT v (T
5, 2011) RXIGHOFEHEZHW-MERE (%5, 2010) HHAEG DY
bivd. —F, ARF#EIRE TETHEDOET~OREBIZOWVWTIE, 10CLLT
DOIRIRICE R E ST 2 LMK N9 5 Z & (Fernandez et al.,, 1994)
R, WERREOFRROBEEDNEEIND Z & (A5, 1964; Hosoki
etal.,, 1985, 1990) 2ZMEINTE Y, KIRITFICHEHFEO A EREIZIB WV TK
EREELZRFITZLENRHLNIR-TWS., ZOFOEMETIE, N7 AN
DEREKIENI0CEZ FTRZBNDOH H11H A5 A ToHM, KM
X EWBICLORESCEREEZICES2IENM TN TS, b~ FE2ITILDE
T O R FFEOBEFEHIZONWTIE, £k (1970, 1975) k> TRB I
T ERREENIRS E R LTS, BRIREBEIL, YA EY ORI
IR FPLHIEFITIREZESDICER L CIm AR E L, SR X



LHIHAEZME T L2 OIEIETERT 260 TH Y, @R D &~ A T

MBI ET2EHH2EZE L CTMIEBRBIEEIXIIRENISCRIE, BREN
S~12CICERESNTWS., —F, Ao T ZRNZIRIZ, B O HET#% 258 R

DR & 4T O B CRIE S, mw)%ﬁf“,ﬂvxmmhﬂmﬁ®MR
BRGRIRE 2 Tl 5 2 L1, AFHEE A TR 25RO G, FITEMIZ
BIFARIEKIEOHIE AR LEZRo TS, 2O LIS, BEREE BT 5IE
RN, REAiRE RIRKIE A EHEBEE S L THRKA L INIREZIT 5 B/ R
HIAE L2 E e ST 7a .

AT, M MBI REERICEAT 2FEHABMIEL LTIEL, ~Y
ANDOBENEE D ABHEENKTT 5 &, [ILHERNEE -0, Kok
ERENIEELTE (RS, 1984), FHAXHRED EFICE S RWVWEDKKRT
YU AB EFLTAKGA RN UVAPNRET S Z L GiAk, 1993), MiEz175 2
ETCIRERHREYMENHEMT 5 Z & (Higashide etal., 2015) ERHEINTH
O, WERMBESZGETIIEETELMEI SN ZENHLNERS> TS, N
H AR B & R IR 2T 20 ERN D 2 oy e EAITEL <,
HEVERLLTWNRNN, BUNIEICL > THIARERREEE 2 HEFHE T
X DRI TR (ZRED, 2012) SNTEY, 5%E AT D hEax 8N4
LHETPHEND., —J, AEBMTIE, BEARIBMEOEEELZE I A
DEfE T ER TV, NTAOKEENEE DK, T ANEITEH S O R
M2 R OICZRERICHD. ZWMEBEHRE T, RESCEERENME L THEN
MAELLT < (MK, 1985) , HEOREDNE SN Z ENHMESNATWS (F
B, 1983) . IMEORBICET AL E LTIE, BE— MR T OUNE, 1982)
WM R CF - fZH, 2012) Z2EOREND DN, b ORRE T EIC
ZLDTANK =5 VNBELET LI ENLEANTEATHRN. —F, £FH
W, B ENEWIAREANAT ARNICEATL I ETESICKRETE S
W, AEHMTIEFRIFERLCREEZEMNE LERLAEZIT) 2 ENZ Y (FR
Ho, 2011) . 2O L9, BAEKBICET 2EHREX, HICEBERRESY
KETDHOORBHELANAFLERD. L, #1512 X > TRIBEDOH X Z
UARNICEAT LA, "TANORIBOKT (§E, 2012) & & 612 @bk
FHRE~OFE (E, 1987) ICOWTHLHETILERD S.

N ANO LR FBREICET HR[PFEMNMHAELE LT, FICHEOHELD
BKATOREKTREETHDL Z & (FHH, 1970), "V X2 HEMHAL TEHT S
R 23 R W3 A Bl © i, M ERFBIREDER T LT W & (FM, 1990),

AT bR BREEK TR O O D08 (KRR -4 H, 1965),
BERBmEHOWIZBRHERKICEY b~ NEENTORERTZ®RECE 52 &



(3R, 1972) %5, HHEOBKSGMHEE ZBIERFRE L OBEPI LN E 25
TW5. 2F0, Rig2ZHMWE L TEZFAMITICITb s KL, ~TAND
RIRIE T & @b FBUBOTmEN S, b~ NOWEAFEICKEL KIFL T
HEBEZLND.

PlbEo X 51z, b~ MERIEEFICH T 2 sk BREHIEIL, &M <R & RIEK
E%ﬁﬁaﬁ’bfﬁ$®@wk&%@MY%ﬁim&ﬁﬁ%%ﬁkbfk
D, A THFRTFICIERBOZDOBLREITI>ON —HEHTH 5.
ﬁﬂ%@ioﬁ%éwﬁa%ﬂﬁfi AZNIANT ZANDORIENE £ I
<, ARFHIB LV 2~4CHEDICHE S NI HBIREICEEST 2 Z 37
W, ZO—FHT, HARIENROCTH-TH —EDHKNLIHNIEX, ~T ANDRIR
XISCUL EICHEFF SN D Z &LL< (HTED, 1982), #AUZEE PR N4 ZF
OHFICHEBT HREMIZEY. SO ERERY, N ZANORIEITETE
REVESHEBL, BEXREL, ZBAERFREEMET LT WE, JLEREL
ST b~ FDOAEFICE o TAHE R &M (BE, 20125 fitH &, 2011) & 7220, o6
B ORE L RALEEY O Bl & W o T W AEEICE#EM (L, 1995) +2572
FThl, MERSLCARREZFEICLIWEORSE (FHH, 1983) ICHEEEL
FiEFTEEZLND.

ZIOXoIT, AFHEARMIE I, WEAEEEZITI HRIZBWT, "T AR
DERRBEICEZL OBENEINTWVD 2 L5, IS 55K 5 55l 1
BEifrofEnmd kDT

%:fﬁﬁ%?ﬁ,ﬂﬁxW®w% BoH>b, BICAFOKAFNER L
o THRATHIKE, SBERLIOK &MfﬁﬁkaQH¢@x R 45 12
DWT, IR EB|REFEMBNITIT) 2L > Th~ FOAFICHE T 22
il 4E - 2 it 7% ﬁﬁﬂ@&mwﬁ% AT

AHORBEERRICEL T, EFTRBEICHEET DL, Ll (1975) EHF DA
WXWQ{#MC®*#Ti 25C LY RIERAEFTNHARDOEND Z k%ﬁ
fLTED, /\WXWﬂﬁl%%ﬁJﬁYmC?fﬁ%Té T, ABHRESCHINIC
MWHEBZLND., LrL, " ANOKIRZEIEICHE LT, WE é?@%
ﬁéﬂéﬁi%%a:«av\ﬂfiﬁﬁaﬁﬁc:t%?#L/f13§€m61$@&57:4>it< , I (2007) 23 F A
WBWTHFIZIMES 2 &, fatEfEmEESHML, EREFBLIOCNELF E
ST Z L ERELEUATR Y-SR, F 2 TR TIL, $EEICBWT,
AZFOHFIERN b~ FOEBFBRLUWEEICKIETTREEIZONTHL NI
7. 72, MEa A M2FMT 2720, BHHEOMBEOBARIZOWT LG L
7.

WIZ, BmEICHEBRT 5 &, A (1985) IXEAR#HEREZFIAH LR KIED



B ZIT\V, BARHER AN L TR T 52 LT, FROBALERO —HEH
AN R & Lf{ax 1&@@%m%rﬁ@ﬁ‘@&2%%§1téﬁé_kiﬁ<éﬁ%ﬁi®7f
EEDTATARNICEATE, BER[LD BB O JIRE T 2§l ©&
LHZEEHMELTVWS. L, ZOMANEMOIERMEIC KT TREIC
ODNTEELAINTWRW., ZZ TR TIE, FIRITBWT, AFAFOE
Rt O TZBRIBHR A, b~ POILE - SEICKIETHEICOWTH L 2
L7z,



B2 FEHBRHEICR T DM b~ b o B E BB

BHE O BROEWS I EE I KT TR

A=t

F~ FOBRBEHICET M8 L LTiE, H<ITBROBEEICX L THMOIE
FEEERSBESOIET, BROBEZ —EE LB EIVATNEEIND Z &
R LI REERBR (Went, 1943) 128 E 0, Tk, BEMOEE GFiE - 7
B, 1962) , RFEORKIE ¥ (Adamsetal.,, 2001; KAk, 1986) LD #LiE (b
B 55,1998) ICBEH T AMMAEFICL T, h~ PORERE ERFELEEIZBIT IR
BEOBIRII2ACHIH THLZ EBHLMNIENTWS. —F, EBEORENY
BT HEIEREL, BT 0BT EITFRKICL > T AT ZARNRIED
EREMEITHHERS BN THD. MR EZB A5 EIRGEHETHREZITO
LEX, MEGE (B 5, 2010) XNy T R7 7y (EESH, 2014)
DX R EFNA L FIRME RS GEFS, 2011) ERMEAG LY
bD. ZoLHls, BEHREZFBEOME 2P NIRRT I TER. 0 —
7 C, @i E FEIA15CO M TIH25C LY RIERABTIMH AR D 50 (1
Kz, 1975) , ABFSLCINBELEOYEEER X OEREERSEIC OV CTEEMICHRG
L7 plixfmed T 7e <, I (2007) BT AICHBWTHEIRICHE T 2720 H
HFIZiE+ 2 L, REEHEENENL, FRRBIVCNEREE-LI L%
W LI DAMC RS =672, 2 2 TARETIX, & HBH#gIzB I 58It
RINHBEEEFEE L THTOMEREDINE D BRHNTHZEE2EME L
T, ETHOIC, HFHIfiE LT, b~ bMONRELEELRBEEOH L@ AERE (K
, 2018) ICRIFTEIRDOFEL N TOUAI A o P F 5 i sk 2 W TR
L.

Mkt L OVH ik
. b~ MW OEMEIZRITTRIROZE

FEh T, ERRBRHRERGRBRS (RRRFEKEE ) Ao AR H RN
BHiftiax (SILHOS, f# L¥ (#) ) 3= 2\ CTiT o 7. BIRR ERH Z8~16
Rf, WA ERFMZ16~8kf & Lo, BIRIZTEM KA ZMELZZ16°C, HHMIE
ZEELE20B8LU24CE L, BIBITWTNH10C E Lz, ST IEFH LA A]
REZR3E BB A k4T (FHF32EX-N-H, X+ Y =v 7 (k) ) ZH, &N
KABZMBEL TCHMBEERELE OEIE»S OBEBELS cm) O & kA 2 i
(Photosynthetically Active Radiation, L FPAR) %5, 10, 158 XL T25W * m2D



47Kk #e, B HIIE8 ~ 16/ D8I [A] (B J8 BI24KF[H]) & L7-. AREBRTHWIZEOL
KTOART MV AIE, 1FE A EDR A A DR EEN (400~700 nm)
W D72, HIE I FE 23400~ 1100 nm® H & & > % — (ML-01, & 5L k58 (Bk) )
EHWTEHHILZEE B REEL AR AE NN E R Lic. £, t&EF
% — (ML-020P, &5l (BR) ) A —L EbicixEL T, M
U 72 8 6T 0 B B R BE s B O & Rl O & - % £ (Photosynthetic Photon
Flux Density, LA NPPFD) ([ZH#% § 5 4%%4.66 umol * m™2 + 57! /W » m2%Z R 7.
F~ b “CEHEKERIZ D 2> #20174E6H 260 ICHEFE L, ISHEEE OtA AR
W 225 W - m?2, KEZBRIR25C /®KiR15C) Lk, ERoKMFicRELE
EMICBE S ECTUEEZITo72. Bm i, RiikogE+ (K AHV»ERE +,
BRE) ARELEZ128RXDOENL N LA (E X600 mmXE300 mm X 7 43 mm)
32N T LIl L, 4% L CHWEL MiBiE, OK-F-1 (N: P,0s: K,0=15:
8:17, OATT 7 U A (¥R) ) ©2,000 AR A H VT, 22AKEREIZIHY
720 2[m (9Kfk L ON3KE) , EmEGIKRICE VI ITo 72, WEREKBIAE BB X254
HicHad o707 L, ZFEBIOEWHLEROEZMEL ZNERHAE L
T, LEHIHPICBIT o mErzEH Lz, XELROGYHEINED %
REL IR, REMEINEICHD 25 EOEEFIGZNEE L L. &Y
EiX, IRY720 162 £ D THIEL, 3KHE Lz, WA LIS AR L7z
B R B 2 T2 ) O K EE N % R 2 3R (Light Use Efficiency, L FLUE)
L.

2. AT

MEHRITIZT KAy 7 b =7 vukd ( (B faERP—vx) %
HAWT 2ol @ oo tr s X O TukeyiBEIC K A ZEMEEZ T o2 (B2 LIS
[FEE) .

IS

IERHAR] R O INE, SBE~OSEERB LM AR E (LUE) %
F2-1RICRT. BN KHZEE LI ERA IS ~25W - m2O &40 E
T DR BN EIE, e, BRIRICK2FEELE ELIZ, BRI LA L
DEHEFER RO ONT. ZEEBRELIT S TLHER, LEREDHASW--m
PTIHBIRICE2AEEN/RD LT, 10 W m2TiX16°C £ 24 CORIC D HA
BEMNRO LN, —F, 15W -m?2TiEZ16C L20, 24 COMICHEZENRD L
AL, 25W - -m?TiX, T XRTOREXMICARENEO LIV, YO 5BLERIC
X, REESIOCRIBICL2EEBEIRDOONT, EETIE82~95%, R TILS
~18% CTh o7z, HAWMANBE Y -0 OREHEINE TR LELUER, Xt&



AT NS W - m2TIX16C L2248 CORMICOAFEENRBD bz, 2, 10
W-em? BLCISW - m?2TIE16CEL20CHE L P16°C E24 CORICHBEZNDRD
i, 25W - -m?TiE, ZHICMAT20CE24COMICHHAEENRD L.

E R

ABFICKRETREERNOEZELZWA LT S-0I120F, LAEREEL X
EMMEOTMAEFEDFFMA R R TH D (K5, 1985) . HHEERNDRWE
FRRBICBT D HFIMEOEBTREDREEFMIT 5 EHT, %t*#?@%%
EFEICHONT, BRIBEZ16°C, 200CEB L U4 CIZHl#E L TR L. KFEBRIC
T OMREZIEIN R, KERANESH ERIBICLIOIAEENBOLNLD L &
HICEBEAEAREO b, AR ANBH210W » m2LL ETIERIRZ16CTH 5
24(”@F1@ﬁ_ﬁcm 15W/-m4<w116Cb>%200, E 51225 W » m2TIE20C 7
LAUCICEOTEGAICOARICKELS o, LEOHERENOELET DL L, Kk
éﬁﬁ%ﬁ%SWwﬁ@t*@Tﬁim%#%%%@%ﬁ?,ﬁﬁ%*ﬁ%%
O THHMEEROEMIRBD 5N\ —F, 10W - m2LL EDY&E TR
BEBODLZ WL VEMAREEDNENT L2 ERHALNER -T2,

N~ hORYAERET, RFASREMESZHEICL > TRESL (HH,
2018) . ARFEBRICEWT, FIARA DB OFBIRICI T 5N &7
5 NZLUEDfEIX, 25W - m2TlE, Ebob24T0ixbm<, WIZ20C, &b
BNORICCTH 7. FERIZIS W m?2TiE, 65 $24°C, 2002816C &
D, I0W * m?2TIH24CH16C LY mhrolz. —F, SW-m? Tl AIEQLHEXH
WCHREMIEIMBOREERZITI o1, ZHOLDREND, & A 2k
25, 15, 10W - m2TIIRIEDO EFIZHE> TLUEREEDH Z LI LY, R E
NEEIT 5 Z ENRMEE . | (2018) 1%, P~ FEOZHEYZY O
WM& TR LEXRFAZSRIZOWNWT, B F2~4g- MIOFHNICTH 5 & #H
HELTWD. KREBROLUEIZ25W - m?2TiE1.0~4.0g-MJ', 15W+*m?2T(%0.8~
29g+-MJ', 10W+*m?2Ti%0.8~3.1g+*MJ!, 5W+ :m?2TiL04~19¢g+-MI''THh
D, B (2018) OWE XV ENLCED o 2. BA - HIE (2001) 1, b+
N OREE LI AH Lz = 30X — ORI H 2 #1320.04MT - MJ' (Fz¥) 12
FHT5L20g-MJ") BETHLIN, EHBEEEP1Im? - m2LL T TIIHEDEKEO
MRz ZE L CLARICHHSNRWEOERZRDLTD, Lo Rx X —0D
FIFNRPE T T 5 LA L TWD. RFER TIXILUER H ORI WK% %
BB LT EZZ LN o772, LUEDERLCRE o2 EHER ST,

INLORERERIC, EBEONT ZAFKETHPIZE W TN Z E i3 2
HKHEIZONWTELET DL, SEIOERTIE, HAERA DA P1I5W - m2LL ED



BT BIEZ16CTH2520C, 10 W - m2OFHITITI6CTHNH24CITEm D D &
Eﬂ@tﬁﬂj}ugbvﬁ% IREL o2, 20C L 24 CONMBICET 2R M= 2 M %
R (FAEITRIE) T5&, HERARDBIISW m?* Z RO KL T2 D
MEWEHIE Le., —F, "NUARNICAKNT HHITHBEMCEMIC L2 K5
%&W’;ofﬁTL(ﬁf% 1972a, 1972b) , @EFEUEEL XL OTHEE
WG LT 2B T 200 EIL A T54~60%, BRICYED & U B 5
TiX80% THDH Z & (EH, 2018) MFEENTWD., iz, BEFSI L b

NEEENERIE, R R 5120 em X D AR WAL E TiX, ORI B ED30%
UFERDZE (IS, 2007) , HEO® S BXERA DS OB E135850%
ThbHIE (KA, 1997) BHEINTWD. b~ MEEENEO G KA 2h ik
BEAS1SW e m2E 72 BB 51T, BEVE L ClES0W « m2 (BEWE NS CT30% 12K F),
BANOHFTIEZI25W - m? (NT 2D KFEIEEA80%, KBGO ILA A 2K
S oOEEE50%) ERESND. /- T, EBEOAY ZHETHPIZE VT
B2 ET5HMRMEL LTk, BADO B IHRI25W - m2LL ENEHAT
borrEEZONE., BRBEOLXFIZBWT, BAOBHFNI25W - m2LLE L7
HREIRO~16HF D] (F— 2 W) , "N ANDORIEN20CLL FOHEITIIET 5
& TR IME O RN R S LTz,

G S
A TIE, BAFHETICBNT, M~ MOEWEEIZKIZTTRIEOEE L
BMEt L7z, ZOfEE, XA RADKI10~25W - m?ON5M4 T T, BiEE &
OHZEICXVHKFHADERNEE , Y EISEMT L ERHLNE R ST,
F7o, EBEONAT ZFEETHRICBW TR Z FEEI 2 WL L LT
B OB F125W - m2PL B L 5RO~ 16D, N7 ANDOKIEN20CLL T
DFRMETMRT S ENEEBVEEZONT.
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I BWT, RERADNHE1S W« m2PL Lok TIEEIRZ16CH 5
20CICmD D LICkoT, RFHDENGEY, CHWENHEMNTHZ L %20
LM L7e (BES, HIRIF) . ZoE»L, BEO XS R4 FDER R
T, BAOBHKNNI2SW - m2LL k&5 Ro~16FD [, T ANORIR
D20CLL FTOSRMETINRT 22 L2k, MWEFEENHINT 5 ATt R
SN, —F, EMAERICE, BRHAERE ELICHEAEZILEN RE R
52528, BMAZEERIIERBESRLBEIC I TIREL, ELLKE R
B4 (LAD S oREMEICHELZZ T ERMEIN TS (B, 2018) .
F~ hORERE CIXIEREE2HME S, MEIXT X THERIT D IR TR E
MTHY, ROFESNLODTFTALREOFSIEICL > THET L2008 KN T
b5 (FAR, 1997) . ZDO X, EEOKETIE, "NV ADOE&IZIS L2
gl - BEEER T TEY, FHIHCTHRFIT LS E & IXBEBEBEN RS Z &
S EITOREETEBTELCNERZEICOWTERNARTMEITI LERNDH Y,
MR E LTSN, 22T, RHEiTIE, b~ FORBEIERIZBNT, £F0D
HHFIIZATZNZ20CIZHIEL, [KBIEZFE®RT 52 L ICXVWEEEZ D
LT EEHEMELT, EFEBS CHREREICHAREZRBEFOREEKZ W2 IR
HGE (BLF, BHIME) 2BR L, AR EDAERKIE~DEER 5 DI H
N RIZO>WTHREF L.

MR X OV 3%

1. BRIEHE

FERIT, 2010 45 10 H ~2011 4 5 A (2010 4= E4E) 35 L OV 2011 4F 10 A ~
20124 5 A (2011 H5EME) 12T - 7o, 1@ B IR R AR ZE R A& 3 B 35 PN o Al 1 [ &5
(ML) ICHRBELZME 6m, BAT20m O & B/ SA oy 2 2 B
(P HFmIEY) 2L, WAy AL s, AMINZIZE S 0.15mm O EEH
RV AL T 4R 7 00 A, RNANZIEEZ 0.075mm O EERAELE = 1R 7
ANV hxREE L. A EE (L (BR) ) , BRI “BAELIR’
(Z=Fw () ) 2L, WHFEELH9H 8 HICHKEME, 9H 24 H (2011 4
ERIT9OH 26 H) ICEEEAR (BEEE) 217, 10 A 21 BIZEAME 135 cm, ££
M 40cm, 1 KX T3MICEM L. WD AL &I 26 Bk, 7 78 #k %
ERL, #oiEgl Lz, MR, OK-F-1 (N:P,0s:K,0=15:8:17, OAT 7 7'V
A (B ) @ 1,000~2,000 (5 HREEHNT, 1 HY7=D 7.5~60.0 mg-N#£



EMNAKERFFICITo 72, EREELRRICIE, F~bFF—r (XT77B8R 7=
/#vmkaw%,ﬁﬁﬂ4ﬁ#4i/z(%))@um%%%ﬁ%%w,
RBEZEIWCIMENEL LR ATREEERICHML, EREELEEZIToZH
FERBOBRERE L. ERBEOFHE 1 ROERDN 40 mm B & 72 o 72 FF R
T, ZRENUTVEK 4 RITHR L.
2. B H ORI TE

B QMBI IEmEE S1H4E~2H KB ETEL, B (9~168F)
OB DR ETIEE 2 B P IEX TiE20C, WX TIE8CE L. &M (16~
OFF) XWX & H8CICRRE L7, HoF OMIE A7 F L O3H LI, k%o
REBEZMX E BEASCE Lz, MIBICIXE KT HEZ R & 3 2 iR 5 8E 7 %
(B EH-101F, H{/136.2kW, 7 2&EE (k) ) MW7, 450 o # KB
BIEEIX, WX & H26CE L, HEITHMA LKL, HNIEDIX, 23CE BRIZKIF
WD T7 4V AOHFTEICHEA L. MEHEHE, BKEEAS L0 ANT AN
ORMFMAHOWE L % — (TR52, (BR) 747 K7 A4) X, "V AR
T M bR 1.4 moth R oD R ) O R N ISR E LT
3. RENEOHRAE

REOUNHE ITHEIETW, A OBR TREMLEEHABEARIZOIL, ThEN
WOWTHREBIOREZWE L. EMEEERINERE THRL TI00% F
U, MR L L, s, Moifrbd, SHKRB & THE 2k L7-.
FERIT, IKS 720 I10kE2HE L, 3B L.
4, EONXEREEL L OARBEE ORE

2012421 H24H (FERKH) D9I~10K12, REKM Th > 25BERFBEOE |4
IBTARAMREES L OEABHE 2, EHEHEGR - AR EEE (LI-
6400, LI-COR, Inc.) ZHWTHE L. F¥ A N—WNIEEIL, HHFMEICX
LR OKIBEZEN KK &2 D MERBEROSEEEZEEL T, HFMEX
222°C, MHREA12CE L, MK E bIHEERIEE T IR %800 pumol -m2-s™!
COL % £ %380 ppm, 1 XH £ 4 500 pmol-s™! IZFRE L 7=

[T S

1. ™" ANKIR

HHMIEZ1T 572201245148 ~2H298 (QQOIIEEH) BT 5T ZARNA
RO HZALZ F2- 1IR3 IR ALV 24T > 729~ 16Kf O/~ 7 A PN S 2 KR 1
HHFOmE X CIX s M o SE ¥ E1222.8°C, &K H D20124F1H 15H M
20.4°C, R HD20124E1HTH N 22.1CTH Y, XX L Y ZnEh3.4C, 3.8C
BILO12CHEL, RBXBEOREZIIFICERBICBWTHETH-Z. AF



MR ZEIT o TE1I~2AB L ORZ0HIZIDHIZE T 29~16KFD /N7 XN IEH KR
(LT, EBRIE) 8EXT16~9K D T ANEHKIE (LU, FEHRIE) OH#f
BAxE2 2K RT . SEWERIE, XRX TIX201042317.5~24.2°C, 20114F
2519.3~23.9°C, H H IR TIX20104E4320.3~24.9C, 20114£2319.6~23.6C T
HERBE L, THBXO2AIFHFIMBXAXEX LD 1.3~4.6Cim <, AERXHEOR
FEFEITRFIC2010F ERE D IHICB W TEBHE Th o 7o, FHRIRIL, WaFE L bR
XM 21372 < 10.9~13.4CTHB L 7=,

2. BATEH B X QX A

REBALB OB B B X O 2 52-3XI2R"3 . B 00 iR QL R o B
LR FEE, WX E H20104FEEM TIEe~9B 7, 20114 EM TIlI6~8E R
BT, WINLbINHERIZ4A Thodlz. AP IMBEOARE L X R EOREREES X
OB $Z& 5F2-2R ISR 7. H PR IMRAEE IR FIcBIIE L7z BB <, & 1F
OFAEMFEIZ, B HRIEX TIZ20104 E M T13.8H, 20114 EM T16.3H THh
D, MLV ZNZEN09HB LO23HEN-7=. —F, HHIIEALEFTIZE
ELTWII~SEBER T, BREOINHEE ToORA AL, BHHINEX CTIX
20104 EAEAS89.0 H, 201 14EEM2391.00 T, IBX IV ZNZFh38HEB LV
56 N T2,

3. REN=

1~2HABLO3HA O RE - RINEZ, APINEX EFRX EOMICH
BERENRBO LN o7 (F2-3K) . —J7, 4~5H T A TR X O pFH &b R
MERX LY <20, HHIMEXO2PE N EEIT20105 EM CIIs X XD
528203728, 20114FEEME TIEHBRX EIV1IIRZVWITIRTH-T2. £z,
H HROIE XTI X & el U, 4R & b ol IHE SR B Be 23078 % <, I
HEREPRN2ESE ol REYUTD OFHNHEREKIZIX, FEREZTIRD LN
o de. BRI EE, WAL D AR E o THEIML, FFIC4 T3
L V20104 EHE T879 g/ Bk, 201 14EEM T377 g/ #% <, W ENPE TH
ol W, BHRINROA ML EHIRE, PR ELE2-4RICTT. HLR
OFEJIREIL, 4HOHAFIMEROFBRBX LD EL, 20104 EHE T1.30
%, 2011 EMTI23ETh o7, MmERET, 4~5AICBTREBRXMICH
BEMARD LN, FAHMMEOMELERICT, HEFRERBXBOLAEER D
WO B AL, 20104F EAE O X K T R BB FITIE D o 72, B R RITEDN
PO B ALTZ20104F EMIC I 1 2 &7 B R 2 KB BEAL B X OBRAE B B 52
AMIC AT, AR, SERENGHRAICHML, BAERN2A TA~34 Lk
) ThHoT29~10B R (IR IXZ4H THI~S5H EA) T, HFINEX O E



REPEEYT-002~04RT, FBXD0T~1IREIOV D oTe. FEREE
ol ERERIT, ALEREBIUOROERTH-T (FT—HK) .

4. FEDOE POE I K OB A

HH IR ER B 52> 520 B ISR ER R O RFEE TECHE LA OE
FEd X OARHGHE L, B HRIERX DR BEXOZNZI.46655 L O02.361F & 72
D, BEICKE o7 (BF2-5%) .

b

..l

E R =
Rk b~ MRESICB W CHMAEE Y -0 opEmRINEZRET HHEA X, H
MEHES 720 O, A7V OREHE, REHT0 OUHERE, RIS
DOLEMBERBL OV EHIRERETOND. AERBRTIE, 209 LHEMHEY
720 OENT, @R OEITHERE (B IREARKESS, 2014) IZ¥ET D,
AR & HRX EIIRA%ETH 7. £72, BREYT D OUHE R HIEITIC
EUThY N =V LD ERBENBREZITO L EHIZ, IREYT-VIARITH
RL7oT, HHIMEX EXBX L IXFA%ETH Y, BEAmEY 7= OIS
FRY - REHICI~TRESNTE. REKEZBNSE 20X, BEE
Ron & ebll, BAENOINEE CONMAEZERIELINEND D, RERIC
BUWT, 20104 EM TIX6~9B R, 20114 EM TIX6~8E R HE N B H iR L
ML, BRAEMBAMBX IV ELS ot £z, B FINELEEH
WA RERKRMCTH > 72 1~5SER B TIE, B S UL £ TR B Zodxt
X L0 M L CINHERE OB N0 TEE A, & OSSR, I B 500 xf
R EOR2EREM L. b~ FOMEFESMENORRIEE TICET 2 BT SR
F O (GEAE, 2004) , EIROFBEANTIEEIEIZEREORA B D HEE D
Z & (Adamsetal., 2001) RNHEINTEBY, KEBETHHFIMMEIZXL > TR
BAMmEY, MBS LOREORABEP IR LV ERINATZLEBZ L
i, ko enn, BHIMBEZITO 2 &I2 K- T, BAERIN & B B 5
REPRIX L0 M S CUE RN MNT 22 EAHLNE R o T,

iR o b~ MM, RESCRERR L EoABIC L Mo,
HERCEEORENE L WREZITHEA L LToBISND. KEROMEME
FITE, HREEFEREABRXBICRZAEFERNRD 5L, 20104 E M O 3 X Tl
4H THA~5H EAICINE L7729~ 10 RE CTEIBEROCEBH & R E 0w B R 2
REHBTV0T~11ER (RESTVIHEARE TIL18~28%) AL, HFINEX
L OBESMERMED o2 TAS (2001) (ZAEEHMBESICBTAIBELEED
WAEEEERHEL, RRKBUEETHoZEREL TS, KERTIE, Bd
SRR LOTHRENAH TA~5H EAOEYBTIEIH D H DD K18~28% %



LTz, BLERBIOED &R, HEFESEHRTHEOLE PMRIRICEE L2
BB BAETLIZERRESN TS (B S, 1964 ; EEDS, 1993) . 7
i BB 5 72 2010F EHE O K FRX TIX1TH O FHBREN17.5CE TR T L
TEBY, ZOMBICHEEREFT THLHoI~NIERECHEREBLOEL X R
REDTHHENSZ S BE L LRI,

M~ POREL, REICHEINDIKOER EOERMITKMFEL TEY, HH
HOKIE EFNEICBIT D HEMTE T TR, REOEKRAEERE ORI 2 &
USRS (L 5,1998) , KRR EWIEE M~ MREORERFE N EE D
L (KM, 1986) , F~ FRE~OERITBEOR 72 <ATbiL, BHIEE AL,
B KEIR3 2T D 2 & (FR - @A, 1981) S Tnd . AFER
OFER, BHIMEX TIEHBX & B L, NI BGHE E 3 X OVE HHE FE 3
BMEDLZELE,AHDOFEHIRENNRX LV ELIRLZEDRHLNER ST, 41
WZINHE L 72 R OB AL, WMEE S A FINRAHEME T DO1~2H Th o722
Eb, BHAERTSH D WITBEN O RERE KRB ICHBWNT, BHINRIC LY B
EEHDH I E TRE~OEBAEM L CRENEIMNT S AlREENS KRR ST,
F7, HHEMBIZEX > T ANOMHEIBENMET L, AWEENSGE -7 &
HER I N 7208, WERARHIIAKT A ML A LRD., RERTIX, A pEHEE R
FEICE E o722 & D, 9~16ME O NIRIREE 220°C & U 7= #ill #8113 & 7L B £ 45
WCEEREL B2 VWE R KETH B2 b,

ULEDORERNG, BEELYZ) OpEmRINEZRETL2HEO > H, Af
IR K> THY 720 REH, WHERBICHED 2L REL IO EHIRER
M EL, BAZEEYZ OpmRNERNEMT 22 ERH LN E R T,

Rk b~ MG OREEH L, LFFRESCEFAMORB LR EEZHMNE L
T, 1HZ WL O ORFMHICX Sy L TR ZMERE 21T > ZREHENA L
FIH S T2 (FEE, 1981a, 1981b) . S EIfT-> 7= B MR, Hiké LT
HoOHAT#ZICHEREM O IR AT 5 RlE & EE L TR Y, Frid o E s
EREE DR TIHAROBSENRRBD bz, UL, BHRINEE, EIThkEGk
ZATHO R ONT 2ANGIR 2 A B #IRICHER T 2 72D 9~ 16K O NNE IR E %
20C& L, FFIIKIRE RV RFT WERHBOHFICHEMBYRIEEZIT > DO Th
D, RIECE LT HOHAI2 LIRS 2 REINE (KIE5, 2009) &I1X#ERS
B FETHD. T, EREERDPOEENETROBAEASCREE~OETKIZH
BEELTWAD EHEINDGZ LD, BHRINBEOERKIELS, ZivE ToO R
TR EFEETH 2020 THE, SBFALNIZL TV MERD D
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O RFZDORRAMB NN S, RN EAD L TiEmRERnmmLEZ. &
S, AHFINRABEBIEFICHELZREBEICEOWTRERRSREE SN, b
ARGEENEE O MEEENENT S E L HIC, RE~OBRNSHEIML CRE
MEIM LRI, ZALDOERICKY, 4~5H O BRI &N
HTENHBMNE RS T



30

H G0 52

25

20

15

N ARRIR (C)

30
25
20
15

Ny ARRIE (C)

10

N ARRIER (C)

OxfHEX ® HFEX

£2-1R RETHOELRIERICEISITEDPHEL
H MR %17 - 72201248 1 A 4H~2H 2902 105 /8
THELT, A):F—-BIOEOFHELHEL, BAFF
HEE LTRLAE, (B):2012£1815H (&XKH), (C):2012
F1ATH EEXRHE)



GV

20104 EHE 30 ¢ 201 14F7ERE

20 f

15 F

SRR (C)
o’i\
SE¥RYE (°C)

12/ 14 27 3H 124 1H 2H 3A
B) 95 ¢ 20104k 2 [ 20114

20 F 20 F

15 F

IR (C)
TR (CC)

0‘\‘0—‘_0//0

107

12 13 23  3A 120 1A 28 34
A
OxtHRX @R FImEX
F22R REEPORLR DM R (A) BIOEEER B) OHER

JBIEIE9:00~16:00, fZIRIE16:00~9:00D 7 ZNKIRZ F L F 1105
fECHlEL, ARNCEY L ORLT



5/30 SR O ERIRIES a
(20104 EHf) o P (20104 EH#E) n®
= 4/30 F [} [ |
m O [m] o o - ] u
~ L [ ]
= 3/31 i O o . .
= o o u °
o 3/1 -----D- ---------------- OLLLLLLLLLLLLLLL '\.----.-. -------------- FLLCEELTLEY
o
w o | = i
= 1/30 F ° °
. y o , ®
o 19/3] prereeeeeees PXCCIILLILIIELLECICECICEET TUCEIILLELILEECLLILEIETLE LY
~ o ° ¢
= 12/1 } o °
[o) [ ]
1/1 O vt r s s x s ax sy ® . sy,
01234567 89101112 0123456 789101112
KRBT KB
5/29 r KM Loo I IES . "
(201 147 EHE) o (201 14F EHE) n
4/29 B [m] | ]
—~ O [ ]
S O o © n " °
~ L o
= 3/30 5 o . o
~ m] (@] | ] °
o 2/29 lllll ﬂ llllllllllllll E) lllllllllllllllllll .Illli lllllllllllllll ; llllllllll
i o m
= 1/30 F © °
. o) [
m o 1g/31 Ftteteeees SYCTTVIVIVIVIVIVIVIVEVIVIVE SETPIVIVEPLE @ *rrrrsmssmsamauas
2 ° .
= o191 F o ¢
o °
% ® o
11/1 2 3 3 3 2 2 2 2 2 2 2 _J
012345678 9101112 0123456 789101112
REBEAL REEAL

OMTEH RHEX)
ONFEH CerRRIX)

@5/ H
BIFER (HHImERX)

(H HImEX)

H2-3 AZEITHIT S HF OISR H 3 X OULHE B IC K IE T 5%
BAE R, REZEITENBEE LA E L, BRERMZEICEH L TRLE
TINEE R L, RINHEREOINHEN 2% BB S SICEY L TRLTE

A R
AL B

H Ol
AL BRI ]



LD ke e S BRI F RN R E

U DN Bk ZERE 2L A2 b B R B el H

LD fpake R 2 AR I B b H

W H QL3200 K QLR

W H < L3210 R R OEW T+ U QYR QU

NHFEEHRSU " @EE RO FN %S "% T U U2 0 T2AWLLMLRWICT Ll Sk,

Ssu Ssu su su Ssu su H4)HEZ
su su Kk su ok su FACBIIY
* sk sk su Kok . SU Y
€09 1°LL 996 601 981 1°¢1 B ¥
1108
9'6¥ 0°9.L 0°'l6 0°'T1 €91 el HH b H
¥ €9 L 69 8 'C6 ¢'T1 LVl 1°¢1 B ¥
0T0C
¢ v8 (a9) 068 SIT 8¢l it HH b H
Fgwy bl DEHEETY 2 TN e ek ST AN I1<Yi 4T

. FOWIL
(H) % H g (03 / H) I

i a0 BN 2% B T SE B BB Ol B ET-TE



NYZEERTISU 0 QEEHI 4ol %S % T U U2 0 T 2@ BT Rl ok,

su su su su Su su su su su su su su Su EM_L\MMWM
* % ok su su su * * ok * * su su FrAcminy
su su * su * Ssu su su * * su * ,Su Yy
Z8¢‘9  LLEC 3SST 08T°T  €3T ‘T z¢ 02l 8 8¢ 09¢ 01T T°0I 68 09 B X
80Z°L 019°C 626°T 8I€‘T 08¢ ‘T z¢ L2l L0 6.6 TG 20T 06 99 B o e
096 ‘S 8GL‘T 699°T 010°T €25°T T¢e ¢zl €8¢ 02¢ 28 26 €L €1 B
006°L 8LF‘C 8€S‘C LVZT L89°T Ie 0°¢l voov L& 801 80 8L 81 B o ne
e HS HY He HZ ~1 (&% /F) (&) €<94-) 28 HS  HY  HE HT ~1
W3k TA 3K X3k ACEME
(/%) FARE BabGed @b BN G/ ) Sk

5 20 0O 21 M O T SR BN Gk O SRS TR S B

WP O WECBIC O EE-TE



UL ZEWALH L N R ORART A Ve 40— L
NGZHEHLISU "0 QHEEHD %S % TUZ U2 0 T 2WLOFLEETHIT The Sk,

Su

* * * su su su su su su Hi) 5%
* * Kk su su su su Kk su su STLECEHIY
ks su Kk * su su su * su ,S5U iy
6 G6 6 76 68 LLT 91¢ ST 661 G0¢ B [

110¢
6 96 €6 6 06 061 ¥1¢ 061 S¥1 90¢ ik H
78 €8 18 €8 68 981 V1% 181 8¢1 80¢ B [
010¢
6 L6 16 88 06 ¢le 636 9¢¢ 191 60¢ Bk H
£e HS HY He HT ~1 e HS HY He HT ~T
FLLCBIIY R
(%) st B (E),/8) BHKT frak
=Lt

L RVH 2 e WEO T SR BTG A B Ok H

Ey-1E



4-

£ 45|

£

s 40 .
R

4

0 98—

1 2 3 4 5 6 7 8 9 10 11 12
BB

4

£

£

2

& %
B

B=

'

11/1 12/t 12/31  1/30  3/1  3/31
PRAE 9

OXHX @ HFIEX
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L, tREICEVI%KETHEZED Y (n=4)
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TR E 800 umolm *+s ', COLMJE %380 ppm, 5 HE 2500 umol-s
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RS T, REOEEDNBRE RILERSEL T RE, HRORENKAE
LT <, WINERO —D Lo TS (A, 1964 RED, 1993; & H - K
AR, 1966 ; Mgk - WE, 1973) . FiE - R (1971) X, P~ MIBTDHHF
ROFBELKRIBEOBEMBIZONWTHAEL, KENSCT, RIBN R L5KM4TT
B LSS, BEDSITCTIERENT CHEMNZREENEZY, F=EENE
LEMLEFEERZLSBELEZDOICXHL, BIEZ224CI2EmD 5 L aEEN
FEAERELBRNWZ LEWE L. HE2HiCIX, WWAEELTSHO DL L2 BW
ELTHPRIMBZITo7ofR, SLERSCELEROBEIZ OV THLREFTE D
ZERBLMNERY (FEH, 2016), KEIEOERENS LEOEREFR KICEEEL K
ET AN TR I NN, ZOMOFERIZONW TR TH 7=, &I
WORBHEEICEBWTHREDZVWHERLE LT TWAVE] NETFoND.
AR, REOHMUMHOHEE RN ET TRZ, EOMBMEELZET S (M
B o« AW, 1979) . E74, WAV BRI, EEARRFELY BRENELS BREN R
WaE) N EShTEBY (FEDH, 2010) , EFREICHEXTHENSELS
HHMENRENEZD, B EORELE > TWDE (M, 2001) . &M EROAPE
Y Tk, RIRMICHES I OERLETICNE LIZREICZI ADND
ZEMND (BEDH, 2010) , BREEKRMOBRIEOIK T2, @AV ROBEZFIE
LTWBAREMENRD 5.

ZZTAHETHE, FTHRIEBEZ T & LEEERBESMET T, BRIEOEWVNE
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A DOIHI N RISV THAE L=,
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T~19FF & L, ®IE&28C, BiE%20, 24B L U28CH3X (LLF, ThEFNRIE
20C K, BR24CKEB L OVEIR28CIX) & iF72. b~ MR’ ChfE (BK) )
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T A (BR) ) O100fEAREKZ RV, REZEICENRELEZKERTRES
I Lz, EREELHEEZITToT-HEZEREOMRIER & L, & QLHHR

FIZZ77A4 M NTHRAELEZREZHEY T, RELHEZICBE SN
TFANDANTHAELEZREZBEAEH I & Lz, MoE, 6BRE F23EL2EL
TATY, HREBARICHE L. REONHE L, #E3E, REERmP LT NITE
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HEEEIC L > TIRE SN, @, AJRPERBIETT 2B HOBERNICRKE
725 (bk, 1985) . — 5, BREIOBEEAMIL, SAKIEPOCHOERHE TH-TH117
W+ m? (100kcal * m?-h') BEOHFNHILIT, EINETL AT ZANOXIR
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Br1Cix, BB EANEZ BH ORE L 5L CREIEERNIZHEM L.
FEROFER, @M RERAE KT ORBANT 21285 AR IHEROREE A ML, &%
EMRENFEmWVIEERE L, N REEE D O O BRENVE IR FE AR D82%~89%
EEOLZENHALMNE ST,

WHEAREZ T AGERER PO OBAE (BEREEA+RERIEE) &R
BEOME L, MBEXEHFPMEXOEEARDOZESSZ H PR IIROREE AW &
LIeAREBROFER T, APINEOREE AR &AM FEE R & o MIZ TRV FE
BIBIfR (r=0.99%**) N@DH LN, HHLEZBEEAWMOZYERN RB I, =
D, HHEIMBEOREEAMMII AT 2 DBERE & N KR ZPDET L
TN AYWBH PO ORARES IO LERBEOMPEAEL, BOAHEE T R L
T 22 Lo CREEAIRECH B LB 2 b iz, Ak (1985) 1%, THERN
DA TN ZZBNT, MRREREZ15CE L TT~17kK OB A« % &t
L, 1H@Hﬂ?i’31ﬁ75§042MJ-m-2 (99kcal * m?) ThoTmELtWMELTWND.
IR EREZ S S mWERAETHF LZERITIE, B TR OREZEA W
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@Ewmﬁg%ﬂ¢mﬁg@&,ﬂvxwﬁﬂi BT 2R L RE Y RYH
ol ERL, HiHEEAMEZHEET ILELNHD (HEDH, 1982) . EBR
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BT A AR E L, £FCEZRKABZN ENL AT ZANNEIE &
2D RT. RIS, HOHBEZNOBRANITON S £ TOHFEMIL, RESCXE
EORENNT ANOKIR EFICEHTET, ThTnoREIFEEZ L TEL
MAELRLT L, YHIFEAMRKRBETFTICEVWHEY Vv Lm THE LIZAKNRE
TT 2720 (K, 1985), L2 ODHRERKETLIERNLE R > TVL(FHEDH,1983).
VAR, BEARIMOMBAERLZZ s, EAEIMBTIINAT ZADELE{LIC
E2RE O EL AT ANTOZEMEMEZEL TS, REORIEIZET
LHFFEE LCIE, B— bR (UNE, 1982) CURMFIAE (COF - fLH, 2012)
REDOHEDD LD, RBIZITIZS ORIV X—2 M ELTHZ L6 EANIZ
A TR0,

—J5, AFCIBWVTE, HABENMONARE AT ARNICEAT LI LETH
ZICBRIE CE D70, AETMTITFaiT 2P O0CREZ BN E LB EIT
I ENZW (FEEL, 2011) . L2vL, BHOKREREME T EKE HNL
WHE T c VAOBBAEEN RN TH D, BRICE > TRIEDA XD EA S
, "UZHRNOKIEPNE T T 2F AL MEINATHD (BE, 2012) . BMH
DRI DWW T, F2EIZHBNT, N ZANDOBRIENR20CLU FIo/2 5 & =K
WEIMT 57 EREZEORENREFENEMT 5 & &I, RERKBIH S,
PRI BN T A L EH SN L (B - HF, 2014 ; FES, 2016) .
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L[EFOKIBIK F 2RI 572011, "V AR LR T D8 D% < & BT
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WCERE L7z nem, BAT20 mO AL & HE A 7w 2280 (R 5 [ if OY)
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BT 4N, WIEVHEICITES0.07SmmO EEMAEIE= LR T 4L L& R
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R EATo7212~3H (FFIE8~17KF) (281 57 ANO MR E, F
BRI E B X OVESRIR 2 3 1R ISR, FHMARE L, WMRBRX L H12
ATkbm<, 1HUBIEIHRAICET L., BASHBIBRIX TIE, 12~2H O F
FH G BE 23 20124F TUX74.8~86.0%, 20134ET1E79.0~84.0% THER L, XWX
E003~7.0%1KMn->7-. —F, 3HITRBRXMEOZZT/NE o7z, EHHHE
X, CEHMEHRE S IFIERBROBImE R, AR R TR HRE L.
VHRIRE, BARHREA X 2320124F TIX17.1~24.7°C, 20134 TiE18.1~25.1C
THEL, 1 2HEFVWTHLOFERTHFRX LD 0.1~0.7CIK1 > 7. 8 RIRE
P HHEE L2 RIERE OSBRI A2 3-S5 R T, BARHHL KAL) 13
RBEHIZRRME) L 72201342 H 70 Tix, REORMMIBREN T ANOERIRE L T
[0, 58RO FRTHEME D |\ W NI FRIX 232105 TH o 7= DR L, BAZHL LR
XIE80%7 &K1, 3T FME S Tz

WA, B WA R DB 1 R 2 VIR L7220134E 1 H 4B 2B 5T 2N
O EALIRFBIRE O BHEAZFHEI-6KIZ AT . ~NT ANO AR FRE X, 3t
MK T8IFR 4 20 b AMMICIE T L, 8~17FF D FH - 23264 ppm T dH - 7= DI
®f L, EAZZHAHLRK O KPR FE 1320 ppm TS50 ppmPh EE < #HERE L 7.
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AN ANKARDI10~25C O HPH TIE, AR E 2 82~83%LL FIZ T #UiX, Koy
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ETHEGCAATE LY 7 by (fEH -, 2004) CHBKEEZY T HA
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Development of Environment Control Techniques for Forcing Culture of Tomato un-

der Low Sunshine Region

Katsutoshi RYU

Summary

Tomato (Solanum lycopersicum L.) is native to the plateau area of northwestern
South Africa, and the production in the world is about 180 million tons (FAOSTAT,
2019). Tomato cultivation in Japan started around 1870s, and the current production
is 724,000t with an area of 11,800ha, of which approx. 60% (6,974ha) is grown in plas-
tic house (Ministry of Agriculture, Forestry and Fisheries, 2020). Tomato cultivation
in Fukuoka Prefecture is mostly performed with forcing cultivation, in which seed-
lings are planted from September to October and fruits are harvested from December
to June of the following year. As the price of tomato is high from winter to spring, the
yield of this period is beneficially important. However, meteorological environment
in the greenhouse during winter in Fukuoka is not suitable for tomato cultivation be-
cause of the low sunshine. Daytime temperatures in the greenhouse are often lower
than the optimum growth temperature for tomato, so that the ventilators are usually
closed in the morning. As a result, humidity inside greenhouse tends to increase, and
condensation often occurs on the shaded surfaces of fruits and leaves. This condensa-
tion sometimes induces serious plant diseases, such as gray mold. Ventilation is effec-
tive for dehumidifying because low humidity outside air is supplied to the inside of
the house. It is, however, difficult to maintain the optimum growth temperature of
tomato because temperature of the outside air is low. Furthermore, the concentration
of carbon dioxide in the greenhouse remained lower than that of outside because of
the little ventilation, and the photosynthesis rate is dsupressed.

The author made an attempt to develop environmental control system to improve me-
teorological environment for forcing tomato cultivation in greenhouse during winter
by daytime heating and the heat exchanging ventilation.

Experiments were performed to investigate the influence of daytime heating tem-
perature on the dry matter production in tomato plants grown under low light condi-
tions. The light use efficiency and dry weight of tomato plants increased significantly

by high daytime temperature when the light intensity was between 10 and 25 W-m"



PAR. It was considered that daytime heating is effective for accerelating the to-
mato growth in production fields when the solar radiation intensity is 125 W-m™
or more.

Experiments were performed to investigate the effect of daytime heating on the mar-
ketable fruit yield during the winter season. An increase of the minimum day temper-
ature from 8°C to 20°C by a heater resulted in a significant increase of the number
of marketable fruits, by the increase of the marketable fruit rates and the decrease of
the intervals between anthesis and fruit ripening. In addition, fruit growth after flow-
ering was accelerated when tomato plants were heated in the daytime. It was assumed
that daytime heating accerelated photosynthesis of the leaves and translocation to
fruits. As a result, the marketable fruit yield on daytime heating was larger than in the
control from April to May.

Blotching on fruit surface, occurring by the appearance of vascular bundle on the
surface with low firmness is an unfavorable character in tomato. Effect of day temper-
ature on the appearance of blotching of fruit surface was also investigated. When the
tomato plants were cultivated in a phytotron with the day temperatures at 20, 24 and
28°C under the same night temperature at 8°C, degree of the blotching of fruits were
severe under the day temperature at 20°C. The values of the blotching intensity de-
creased as the day temperature increased from 20 to 28°C. Applicability of the results
to the tomato plants in a greenhouse was also examined. Increase of minimum day
temperature from 8°C to 20°C by a heater brought a significant decrease of the ap-
pearance of blotching on tomato fruit surface, and resulted thick fruit skin and high
firmness.

The daytime heating load of the pipe framed greenhouse under low-light conditions
in winter was determined in order to clarify the heat balance during daytime heating.
The daytime heating load in a single span greenhouse in Fukuoka Prefecture in-
creased as the setting temperature became higher, and heat loss from the covering
surface accounted for 82%to 89% of the total heat loss from the greenhouse. In addi-
tion, it was considered that the heating load for daytime heating could be calculated
by subtracting the value of the untreated house from heat loss and soil heat flux of the
heated house. The values of monthly heating load from December to February were
similarly higher than those in March in forcing culture of tomato. The total fuel con-
sumption for daytime heating (heating temperature setpoint: 20°C) from December to

March was estimated to be 1.20 L-m™. The amount of fuel consumption was the largest



between 9 to 10 o’clock when heating was started, accounting for 20 to 30% of the
total.

The effects of diurnal ventilation with a heat exchanger for dehumidifying were
investigated to improve the yield and quality of marketable tomato fruits grown
in a greenhouse during winter. Although the heat exchanging ventilation according to
the index of relative humidity lowered the temperature in the greenhouse, the period
of dew condensation on the fruits reduced as a result of decreased humidity. The con-
centration of carbon dioxide in the greenhouse remained higher than that of the control
under cloudy days.

Although the marketable yield in the heat exchange ventilation treatment was lower
than that in control from January to February, there was no significant difference in
the total yield between the treatments from January to May. In addition, heat exchange
ventilation treatment resulted lower number of puffy fruits in March and April and
higher total soluble solid contents from January to March as compared to the control.
That is to say, it was revealed that the heat exchange ventilation treatment enables to
improve tomato quality with no marketable yield reduction, showing usefulness as a
dehumidifying technique.

This investigation is the innovative study that clarified the effectiveness of daytime
heating and heat exchange ventilation on yield and quality of tomato by improving me-

teorological environment in greenhouse during winter.
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