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AF 3, NIRAT VXA F I (Fragaria) IBICIET 5 % E LAY T H
%. ®K A4 F =2 (F. x ananassa Duch.) DI, 18HicicA 7 v X oM h
72db 7 AV A REIRE DOF virginianab BT AV 51+ F VIRPEDF. chiloensis D i
MiECTH 2 GET, 20145 £H, 2015). HATIR, {LFKREZEHCca —a v
N oREEA FTREANI N (BH - R, 2004). 4 F TEERIEKIERICAR
AL L, 11H EficREICERM, BESAEICNES L2 FRTEEIhTnk
(FRT, 2014 JIIE, 2015). ZOEH» L, 7L — L3I0 25K % FH
LR 2 e, SRECROERE I ELI N, £F04 F a4
DR T e (T, 2014). BlAE, HRICET 24 F TR I REEREDI0%
lEne=nr g2zl EkEEcd b, 11A2LSHICIERZ 2 2 4
FOEEEZEY L 2> T b (Yamasaki, 2013). £H &0 RHE 3, (RIRD
EomEEZ9 APAICEML, 10 A2 ERICX 28K, 7—Tvick 2R
CHEBERICXZMEEZITY 22T, 11 A» o EES A olifi L CREZIE
TaHECHZ (H, 2000). HAROWEMEHICAE T 2 uMIiZ, WL SEE
W LA FTORMEIEAEL 20 BARMIKTH 2 UIIE, 2015). Julic
B 24 FTOFEAMEEIE1,371 ha, 1 & 1248,670tTH » (RMAKFEA, 2017),
wWERb EEOMIE E o 5. RIFEORBGITCTH 5 kB R U ALER i fir
EL, 47 ORI IZ200ha, HAE 27,950t (RARKES, 2017) TH b,
AFTREERNOREEECECERBAS 20 oFEASETH 2 (K1),
LaLans, EERICETLIAFToHMES X CENHBEOMB LR 2 &,
WERDFELPD LT (K2) - —77, BATERE Y 72 0 IR 124t 10255 TR
FwThy, EHAEENOMFERO 7z I B HEY 2V INEE2 NS¢ 2
HAfRE 2 ko 5T
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MR Eo M Th 247 v ATlX, Fv b4 T IHEONERE A E
BEATH L., &7 XD~ b OILEIZX, 1980 FERTIEFH 30t10 a/
B TH o228, 2000 FERITIF 6010 FELLEICAR S TEY, SILAFEL
v» (Kwantitatieve Informatievoor de Glastuinbouw, 2005). 7 7 v & Tt i% M
DINEMEMICEB L 22 F 12, W, ik, REHfl#HchssLbiTHY
(Higashide * Heuvelink, 2009), BREEMIEIZINEIEMIC K E s 52 % & &
Zbihd, HATH L FETIic, ik, HHEER, CORE, fdzh oo
BEFIEHE &R 2 A S ¢ CRBREHEE 2 6l 3 2 HERERE (ES,
2016) & Wb 2 HAMTICB I 2 WAL EATHD N T 5 GETE, 19825 UK, 1983) .
INGORBEEZOH T, CO IZNAERDFERTH Y, HPICHAT 2 Lic X
Dz oA EELrMET e EL OO N T E2, HRENODERKRN IC
BT 5 CO, fit A EAM 0B ARIL I, 2007 FiC 2.71% & —FICR b TH Y, i
B O W CTERMBHOE S 3% v (h¥F - %, 2010). T X5 %H, CO, i
HaEdL e LRERIEEM oW T, CoO i AECREEER E A
H L CEM OO BB IER & L, AR L RO (EES 2
L WEARENSBEMARCHERAREE > Tw2 GhHS, 2009). 7, &
HENO A F 4TI, G4, 28I LPG Rk A =) BB Co, F4E
WE (M 3) OWRERER L, 2018 FEICIZENICE T 324 F T EEHBD 50%
LECHRBEEREAINTVS, L L, CO, i 288§ I O 20 7 W S 45 28
%, CORERBERAMTTERAL 24 F IO INEMOFER KD b Tw 3
ZZT, AT, CORE, BESITRERLORENS A F T DHAK
CHEREY ORI - mECEO BB AERBICKITTHELZHL2ICL, IHIKZED
BEMEVPEREOAFIEREICRITTHELZLET, NEFLURELELZ Y OMH
2 b RE L 7.

TTEIHETIE, COBERAFTINIEIODOINE, NEBGEE, &K
FEYI DURHE « IS RIT THZEIC O W TR L 2. COERAMEY IS % 5 5%



X3 LPG (FRAbFEMAR) BRIERCO,FHELE
(TC-2000S, (Kk) NU F v 7F8)



oW TlE, BNEARRAARTHS 2SN, ZOoOEMERREI LTS
(Mortensen, 1987 ; Pooter, 1993; JII¥%, 2009; JI[ &, 1993). HARICHB W TIE, 4 F
TR Ll Lo ERH v, COREZ 750~1000 ppm f£ & CTHiFH 3% £
LT XY CO M & L THINL 2M&E2H 5 (IG5, 1991a). LA L,
HEEETHR I N, 2EMICHEINTVE AL F T IBE01DRERP A
MEMOERFEREZHAL»ICEINTELT, REA Y XN CO, BE DR
HTh s, £7, COEMZITI HE, IR LD EVIRE TN T 2 & A2
L7z L 2R L DREAEICE Y, "TAND CO, BT R~ FHH L,
IR MERKOM, BE~OAMDBERING, Z0kd, EEBEOA FIEFET
X, AR XYV EBETO CoOEMIZE AL T3, 1 K 1 [E, 15~30 4
MAA4~—TCO, ZMHATEZLICLoTAY AN COBERINRD COEME

(#7400 ppm) Z THIL AW X I T 2HHATTON TS, 22T, RKETIX
Riced ) CO M EEZERL 2 CO, BERIEHIC L 24 F T I 2IEDH°D
INE, WEB XIS Eor IO W THRIEL, 510 EARIFD D
COEFEFIC T 2AHPKIEZ WO 2 ICT 2720, KEKE X CEEHREFIEIC O W»
THETL 7.

RICFHE2ETIE, BERPAFTIBIEIO» ONEHEEICKITTHEICO N
THEAEZ 1T o 7. AR X, fREZMEO P = F 2 LicEsw TREEEEPIL
BICHEYRIETAEEELRRBEERNTH 2 2 L AHE TN Tw 3 (Mortensen,
1986 ; Barker, 1990). ¥ = v VU Tcidch I Tic, HNEBEZED 2 LEDHLI
ORI G E o TH HERBECKIFMEZHERL LT, Fhicl v L2l
HBINTWDE (EKRS,1970). /A FTEFF2v ) XVEXIELSEZENRICL WD
EEORBEBHLG I F2v VDX il v ZARNBEEHE I fTODAL TV
W, L2 LAEDRL, A FITOERERLTVLALTYH, HNEEOHEIC XY KA
BIEZ/NE S e D EAEREE2MET LT 2 A[REED & 5. J8F, FHiH O RE
EEOIC—EICROERDTIEICRbo T, RAKERI® 247 v ARIRE



FHAREINCTEY, ZOREEFRIMHMBEOALELZICLINTWD (K
B, 2014). Z ZCHIETE, "IREBO2DNAMFEEXMEHT 220, 28
BRIMGHEE OB, 4 F I EREBDOI OHEBEEICKIETHEIC O TH
At L7z,

Ioic, HIETIH, Bs X R OEES KA KEY ORI - 7 i &IE 35
BICOoWTRERMEKRE BC 2ZHZRBICX > TR LA, AERE R
CO %2l L CHEERIEXT 28HNL 2 EORHIND Y, A EY DR
FE~DlRii T 2 HEMiAR I kv b T, chEcic, t~FTiE, B
BCETRHIMERSVIEERE~DIBAREI NS Z LAMEI LTS
(FM 5, 1986). 4 FaTld, HFEEE 15~25°CIc BT, FHRED 15°C
XD 20CTREDHEBBLUOHARFE W L AHE IR TWE (BBA - KT,
1994b). L2 L7243 o, dLE SN D EEFEIICE T 2 4 F s A <1k H PSR
2 15°CRIM &R Y, DX AREMETICE T 2RE L LEREYOETR - Hi
OBRRIEAHTH 2. 2 2 TH 3ETIE, dLEIUN O BIEEHIC B W T, il E S
KXV RE~OWN - P2 RET 2T EZHIET 2720, 4 F T IBF3DH

I BC EES L, Billes X OCEIR L A KEY DL - 7B O BRI > WwW THE

MBI, HA4ETIE, AFICBT2HROMENE A F3° IBIE0H OINE,
KA B L O BCHEREY DRI - SR KT THEIC OV TR L 2. 53
BETHRIVHPTOWRER A FTOREZRERCEAICHELIRE N LWL 2
o7z, 7, b= bFTiE, LEAUMDOREFEHICE T 1~2 HD HH T
7 ANORIRE 200CIchR L, BRz2&E» 2T, RELMEPMEL (B -
HF, 2014), BHEBENEIHEMNT 2 LWL ICIN TS (FES, 2016).
Hfo4tEB#EERIZ, P~ bFTiE20~27CTHLZDICNL, 4F T TlE 18~25C
LMy (FHE, 2012). 2 2 TARREBCIX, HP ORI % 18°CICERIE L.
MO AT AL FIREEICHE O THPMEA AR, miks X CIE~ &I



THEBEERIELZ. &b, F4ETE, B 1ETHNSHRO G2 - 2H#K[IC)G U
72 CO2 I E 800 ppm i, 2 2 HCTHH S 2Tk » 2B EEHE, 55 3 % CH
LA ho - HPREEMEZIY A, RENAREGECX 24 Fa&NE
HEZICOWTHET L 7.

REwx, 4 F TEFEOEMB L 7 2 AWK B X UAEKEY O L - 5 B 14
HEOAEMAREMIAL, 2 ORKEICIH U ZREREEETFco4Fa04E, I
BEIURFEEEZMIET 222X, AMEEHOLTAF RGBT 24
PENDORMEZHELZbDTH S.



F1E CO,RERIAFITIRZIONINONE, KEREES X VEERED D
B - plRicRITT 8

o
)

JUNALER 1%, PERBEMA ICH Y A o X F o HEER P wiliEcd v (HT
5, 1987), 12~2 HOoERICH VT, 1HOEKHHED 5.0MJ - m?2-d'ic
Wiz WHMER TS, CoXd REHF TR Ay 2ARRED ER AT T
Fhw7zdREORAPEE T, RESERTFTCHNOER L ZoTWwE, 2D
— /7T, BEHIC B THMRIESRAET CIIHAED 100 MI - m? - d!' 2#x 3
Hb® Y, B2 RRREFICRIEL 2255, 20 RNICINE % [ E &2 2 355 5l
ko bhTwa, Hmcihzesh, ZhETIC COo, EA» MY ICE
ZBEIOVTHE, BIPHARTHELZINTEY, ZOAMEIRINT
w3, LAL, COLIER%ZITI>HA, MR XV mWIRE CIEMH 3 % & #5050 235
Wizl B RE DIREABICE D, ~ T ZAND CO, 37 R4~ L, CO,
DEBRIC 2 ) a X AT 2 BRI NG, 2T, AETIE, UMILE
IO RREMETICEB T 24 Fa0hEER EZAME L, 2 X FLBREICE
J& L 72 COLfEFIC D\ TRkl % FE0E L 72 ARBE C I3 & EH) & ¢ 72 CO, il ],
Tbb, MESKRFICITEIRE COMMZ, AR IR L RBEORE TO
MR ZT W, 4 F T IR 302 DINE, MEB XIS EC ME ST E 2 A
L7z, £7, COHICH T2 4 FT3 IR g0 oM RICEHL 2 ICT 5
2®, CORELIABEEOMESL LU CORENNEREY DIRiis X O

I RIE T IO W THEET L 72,

MEtE L U7



1-1. N8, BE Brix b X UBHEHE

FERIX, 2015 9 9 H 15 H~2016 4 6 A 30 H (2015 FE/E )+ X U8 2016 £ 9 H
16 H~2017 4 6 A 30 H (2016 FEEM)ICHE L 7=, EE B EERBEHIE L v £
—HICEREBE L ZBH 8 m, BT 12m, HE4mDOMEHZ7 4 VLAY AD2EE
LA, MEte LT, EERTHERIALEETAIRE IR TS [ F a3
AT D, M v T (RIELC IR ) ICHRE 20om, 2 &M A T
EREL 72, @B oicizvy o250 % v, KK AW % 200~500 % (EC
0.6 ~1.05mS-cm™) ICARL CTHEAL 2. #EAKIZ, HEIKIGL T1HELZ D 50
~420 mL % 2~6 [a] - &M I I MAREHRHEEE (¥ <4 ¥ —, PRIVA)
T XY HEHHIRECIT o 220 o~ v A NBRIE O G B X OVHIE 1%, 5 A BRI 1
WETITo 72, BXAOFERE X, 7~12 K% 27°C, 12~17 Fi% 24°CL L /=,
3 H LABE I AR EE 50% LA F © 2 2 F(KYZ75A-4IK, DWW 9 b2 EH L 7-.
B ICit e — b K Y Z(NGPIO10T-N, $ & V)2 H\v, KO RKEE 2 5CE T
Bl 57w X ST L 2. 15 RebAREIE, Ah5m2s 7°CLA T o R, R — 7 v %
R L7z, ~ 7 AN CO IR X, MAREHREEE IC X v Hl#Hs X OCHIEL 7.
FX_XYF oMK S 20 cm LT COEE vy H2FEL, HITICHKEBEL
%fLEF = —7 (WTR100, KFIFEZE) CTHRILAT ALY CO, % L7z, CO;
R 400 ppm XTI HFF 400 ppm A E & 70 2 X S5 icHIE L, 800 ppm XTI,
550 FF 800 ppm LA |, #25IKF 400 ppm LA B & 72 2 X S5 icHilf#l L 72 (K 1-1). 2015,
2016 FEMEDO VTS 11 H 20 H~FF 5 H 10 HO B, 8~17 K D IRffi 47 Ic
CO B 21T o7z, COLMRIE, CO. MR, HKBHE, HHEE, ~ v 2AAR
KoL TE, HAREHEZEBEZ AV S OB THEL 2. 209 5, CORE,
Hifg, "7V AAXmEHoE»bHOAYOHPFEMEEZHZ EICEHE L 72
%, 10 HZo gL, APz BB L 2. WYhoLE X, BELho T

KCRALEREIZEodh /N NEICBTF2ERE X VEREY 2 @M B 2121 X 58,

10



o SRS sl T
! S 5.CO, 400 —AI
i ppm~ A
| CO, 800 ppm  <f-—-g 51> CO, 400 ppm |
i co, g
| o |
T [ —

aRE GRS

X1-1 800 ppmXIZH T 2KIZIL C7=COBAD A 4 =YK
R SUEF 12400 ppm 2 ST RF 13800 ppm () 1]
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2R THIE L 2. REOIE L, H 3 [EfTV, 8.0g/ L ETHIEZETR WD D
R L L, REEREEX IX Y20 100K, 4 KECTHEL 2., FEBrix &
W2 5 (PAL-BXIACID4,ATAGO) # W 1~5 Ho i 2 A s & 1 X
1058, 2 RETHEL, | »AHEOVFHMEZER L2, CO MM ICE T 3 FMH
AT X, BABRIC COLEE 400 ppm X I X U 800 ppm X THEH L 72 CO, i H & 2
LA L2, B, EEENICERLTWS CO,REEELH, CO,D Y
AN~DILH T EEBRATH 5 LIKEL TiTo 7. MERBILEIIC X 5 CO, ff
HElk, hitoF 2 —7260FFEHOK 146% (HJIIS, 2015) & L CilEA
L7z, 7, 2015 B X 02016 FEEMORG B & JA X 2MERF1 #ffi L v
MG X R E 2 HE L2, RiC CO, iR EIZ, EEERNTERLT
W3 LPG BABERX CO, RAERBAMBEAL 2HEA 120 TRE L 2. CO, fiEi i ok
FrE e LT LPG #ABER CO, R BB L v 2 Lkl d X 1 800 ppm X C I I i H# H)
BMCOoEa Yy b v — 7 M LIRAEENE 74 & LTEREL 2. B I,
LPG Z 350 "1 - m? & L TR L 72, & ICHINGRD & i & B X OF CO, fiti
HEEELG VWb RO AELE L TRIL %.

1-2. AR EE

JeABGRE X, 2015 4E 12 H~2016 4 1 AB X 102017 4 1 A, #EHILEE
AR AR B E 2 & (L1-6400, LI-COR) % T, 7 2N CO, EE 400 ppm 5 1F
TCHIEL 2., WE L, TREREIEOHIVNEZMKAL, 4tk2z M wT4
REE L7z, COIRE LEHEREDBRIE, Fr v " —NORELZNETFRE
F£ 1000 pmol + m?2 - s, MXIREE 70%, ZER 20°C, CO i 0~2000 ppm & L
THIEL 72, B THREE L LABEEOBRIL, F¥ v N—HNOXREENET
HEE 0~1500 umol » m? - 57!, XA 70%, ZEIR 20°C, CO, IR E 400 ppm ¥

X U° 800 ppm THIE L 7=.

12



1-3. XAREYMDOER - i

HAEEY ORI - SEICET 2 FHECIWEMEEBAET 2LELRD 2720,
IRFT 2Ry PCRHEE LA TRz 2 ML 72, 20204 9 H 25 HICEE 18
em KUY Ry PIChEESREELERBEL CIME0EEML, 1 KL ED
IB LA (N:P:K=10:10: 10, N-75mg ki) % 3R L 7=, &KX, 12
HigicHEo IBALE ZBEL 72, hEBRREEABRNTEL Y X —HNOMH 7 4 L
LAY RATHE -RXREFETER ORI £ TRET L, 2020 4 12 A 11 HIT ALK
R 7% (LPH-411PFQDT-SPC, i X &tk H AR ERI S BEEATD) NIC K v F 2 L 7.
AEEIX X, AT O CO I 400 ppm, 800 ppm D 2 X% E L 72. COEE L
HONLTRRGEHNDFREFTHX EbFEEE LUToLEY & L7, B 6: 00
~18:00 & L, WEHAIZ 18:00~22:00 X TN 2:00~6:00 & L7z, 22: 00~
2:00 0%, BT CHE CEREME LR 2 L 7=, BB 0 2 3ER 0
BETHREEIZ AF0o 7 AN EEZEE L 724 250 umol * m? - st & L, W
R X, 160 umol * m2 - s & L7z, WX, 6:00~7:00% 15°C, 7:00
~8:00 % 20°C, 8:00~16:00 % 25°C, 16:00~17:00 % 20°C, 17:00~18:
00 % 15°C, 18 :00~6:00 % 10°C& L 7=. MHXEEIX 1 HZM L T 70%IC 5% E
U7z, B, ks A TXAREBICAE L 3 H#OSE — KR 7 TR AR 2
bEALA L, [RIRBATER:, BAfE 12 Hig (RRFAMD), BITE 24 B2 (HZAM) D 9:00
~10:00 IZ BCO; Z i 5 L 7=. WV IZIER - R 22z h 2 7, 7 RIiTH 2
TV —Revvrazy bl FryoffER)FL Ny SRICHEYIE
(BB 3~7 %) L ERMAREBKEBANY) 74 (BCANY T L) 05gD A
LB EANTERL, RVZFL Yy Ny 7040»0FHBRTEILEND PC
REESY v L0 10% 7L % 10mL il 2 T, JERE 3~7 3 Bco 2L (X
1-2), B3CO, i 5-BAth 1 BEf B Ic K Y = F 1L v Ny % BAE L /2. CO, i 5 B th

13
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26 24 KB ICHRE S v 7DV v L, 142D 0d v 7Y v 78 1K 4
tRe L7, v 7V v 78, 74— F3E (BRS 3~73), #E (BHE 1
~2%), REE, BRE GEIER-HERE, BF2R:2, 3FR BIR 4~TFER,
77wy, Re Lz, ik, WELRHE L, WL 2a k% L& RO AL E
E W Et (IntegraCN, SerconLtd.) THHT L7z, Tl Lz KEAML O PC &
KO TostENX (KA, 2016) THMEB L UODERELZEL L. &k, BC-
A RLEEY) O MEIRIC X B FE I AL /2.

HRiE = (7 4 — FEZRV ZMEYEEEM A S BN S Wiz BC &/ 2Pk
225 ELE 7z BC &) %100

SHLE = (FHAL2 S EINE Lz PC ' 7 4 — FEZ RV 2 Y K257 2
LRI E 7z BC &) x100

o R

1-1. COEBEXNE, BEBrix b X UBEFHECRIETRE

REBEEBL 72 2 2FE0HPHE2LHA)ICE T Z CO I D) IR 1T,
400 ppm X Tl 400 ppm F2/E CTHERL L 72, — 75 800 ppm XTIk, HHE DD,
NLRBORTICX W #REEZA U 2 11 H THES LR 4 1 Hh¥H Co il
EA R L, A ZAL 2RHEAR s 12~2 HIc HH P CO IRE A&
CHEB LK 1-3). BRHBXUPZERHoZz N ZNRENAR 1 Hicks T % CO,
REOHR LKA E X COEARI %K 1-3 1IC/R L 72, 400 ppm X T, EX
H, 2KH& DT COEEA 400 ppm % F ol 6 312, 13 & A & CO, fi FH#IL B

B L 72> 72 (X 1-4(a)(d)). —J7 800 ppm X T, BEXHICH W THAEER

15
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@@ oMo @ o OD GO0 o O O Of OF Of
2 = N~ &0 T v 0 E i L B ) i O
2015F EHE 2016 EHE

A1-3 COREFRNT ARNIZH T2 BHEFHCOREY, @RAHE,
B9 5um DHER
ZHFIFARE~BA

Y CO,RE %400 ppmX |£ & K400 ppmLL £, 800 ppmX 133255400 ppm
IR RF 800ppmIA L (CHIFE L 7=
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SR H =XH
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M1-4 BXRH(ab,e)d L UEXRAdeNICH T BHKEE,CO, HEAR Y,
- ) N AR Y e
CO,RE*B L UNT7 AR, BHREDHRE
Z BEXH(ab,0)ld2017F 18288, @K B E14.79 MJ -zm-2 : d!
E£XH(deNHIF2017FE1 B 12H, 2K BEE540MJ - m? - d
B : FF - 0 =pt \ - 7 -
i 882?%@ gﬁ%éi;?nljlz Li%oﬂ%%OppmeXJ:, 800ppm[X |3 32 5 FF400ppm £ 2 5 RF800ppm A L (2 fil4E1 L 7=
2/ I3
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0% CTHASER 3P U 72 KR8 & 2 2 FRiITH & ¥ 7D HIT CO, 2 L (B 1-4 (b)),
ZOHDHWFEY COEEIX 563.9ppm & 72 > 72, 800 ppm XDOEKH X, ~v
AWK LRI ICE L R W oA HEX 1 HP 0% e o/ b, H
1) COy 28 800ppm LA Fic72 2 X 9 L ke 72 2 L i X U (X 1-4(e)(f), T D
Ho HFFE COEE I 780.0ppm & o 72, ~ v AWRARIX, BHKRKH, 2XKH
EHICEREL FBY 400 ppm X, 800 ppm XD liH CRIKOHERZ /R L 72 (X 1-

4(c)(f)).

Bk L OERXEROHESL L, COIEE 400 ppm X & 800 ppm XIZ BT
KEDHHCHEEEZL RO O N o772 (K 1-5). 72, CO, RPN EIE

K RITTHETIE, CORE 400 ppm [X & 800 ppm X CRIMBEFICHEZ 1T
W LN o T2 (FE 1-1). — T, WFERE D 800 ppm X IZFH T 400 ppm X X b,
PR, P REAAE ML, B RINES BB 2B L e B L,
S RIEIRR 25% ML 72, X 5ic, % Brix X, CO,EE 800 ppm X T
400 ppm X & L T 1~3 HicswTE< A2 EmICH - 7= (4 1-6).

CO, DfHF & (1 400 ppm X T 57.1 kg a, 800 ppm [X T 288.1 kg/a s 72V,
800 ppm X D J7 2% 231.0 kg a % % > 7=. HULLE X, 400 ppm [X T 484 T a,
800 ppm X T 616 T a<ThHbH, ZDEIF 125 FH aTho7z. —J, COlE
21X, LPG ZfEH L 800 ppm X Tl EHEBHA COBE a2 bu—F % ff
MAl7zdot LTHRBELEZL A, MXOEIEME T 29 TH a, BEET
121 FTHabilH I N, chboeBHI Y, HINLEH» O HATkEE L Cco. M
BEZZLBI WG D#12 83.4 TH /a bt RE X N=GE 1-2).

1-2. CO, BEPXABEEICRIZTHE
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—e&— 300ppm[X 160 1 (b) —&— 300ppm[X

140 - cecase 400ppm[X

—_ —

S N

(=R )
1 1

ER X EE(cm?)
Z

60 -
10 - 40 -
5 - 20 -
1 75— o +—+—7——7r———Tr—T— T T T T T T T T T T T
128 18 28 38 48 58 128 18 28 38 48 58 12 183 28 38 4AH 5H IZH 18 2H 3R 4R 5A
2015FEHE 2016FEHE 20155 TEHE 20165 EHE

X1-5 BHR2EEDCOMEADAFIINIZONDEEICRIEITFEEY@QES, bER XER)
Z COLEFE %400 ppm[X |$ F 400 ppmIL £, 800 ppm[X | i?@mﬂq400 ppm I T KF800 ppmIA L ICHIHE L 7=
Y REICL Y *I5%KEEEEZR Y
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x1-1 ERZ2BEDCOMADA FI'INZONOEREK, FHRE, BREXE,
HaRINEICKITTEEY
. o P PR E pEan R P i RN (g BR)
IR PR X o
(E/#)  (g/1H) (%) 11~12H 1~2H 3~4H 5~6H &t
20154 400 ppm[X. 38.6 13.4 81.4 74.6 126.2 179.0 135.6 515.4
800 ppm[X.  48.0 14.4 87.6 96.5 171.4 215.3 193.4 676.6
201645 400 ppm[X 35.4 13.5 78.8 50.3 124.6 158.1 143.5 476.4
800 ppm[X 414 13.9 80.8 67.1 129.0 186.7 193.0 575.8
ﬁg‘yj{ % ns ns kk %k % ns %
CO, I & Ak * ns * * A3k Ak Aok
2 AAEH ns ns ns ns * ns ns ns
z

y

CO, = % 400 ppmX (L F K400 ppmId £, 800 ppm X £ H#2TFF400 ppm A TIEF800 ppm A _E IS L 72

o I2TTEBE DA ITICE ) ZNEN1%, SHKETEREDLY, nslIBEELL
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*
11 1
% % % .‘..Ol
10 5 .o
@) .,
& 94 ‘x
B
M 8 -
7 oo d e+ 400 ppm[X
b - —e— 800 ppm X
5 i i 1 | I | ] | | I 1
18 2B 3R 4B 5AH 18 2B 3R 48 S5H
20154 EHE 20164FEHE

1-6 2R 2BEDCOMBADA FI'EAIZDONDBrixDHERIC
AEER -2
2 COBE %400 ppmX |3 % K400 ppmI_E, 800 ppm[X (25 K400 ppm

IR URF800 ppm A L (ZHI4E L 7=
Y HRFEICK Y *E5%KE, =TI %KETERERY

21



*1-2 ERBLEEDCOJEA*THIBLI-AFI'INIEDONICHIT HBFME

COfFFE HUNE* HERKREY COEAREM/A INHFEDOE
BB (kga) (P /a) () ##EY PGB EY  (Ah

(a) (b) (c) (d) (a-b-c-d)
400 ppmX 57.1 484,783 105,683 1,500 2,997 —
800 ppmX  288.1 610,693 133,131 4,400 15,123 —
= 231.0 125,910 27,448 2,900 12,126 83,436

z CO,EE %400 ppmX |£F FF400 ppmIL_E, 800 ppm[X (FISUEF400 ppm IR SUFS00 ppm A _E (ZH)E L 7=
x CO,FRERRRBICL2EE L, RBAERAICK2EAED146% DETHE

y FAmBINES L 20152016 FJAS NEMFHEML Y HE

w TR E (325377 - kg CEHEJAZI AFAN)

v LPGHREERCO,REXKBE L » ZILEL 800 ppmX ILBEESHEICOEE I Y bO—7 CRMENBRIE) 2Nz THE
u LPG%#350H - m3& L THE
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CO I T 2 AR X, CO L 800 ppm ¥ TIX AWICHEM L, 800
ppm LA LTl ic ML 72 (K 1-7). £ 72, CO,IEE 800 ppm T D A R
JEX, 400ppm ORED K 1.6 f5FREIC EF L7, REFREEICHN T 2460
FE 1, CO, ¥ HE 400 ppm, 800 ppm D WH & b 1o, J& T H B 300 pmol * m” -

1

sTETIRABICERL, 300umol - m” - s M ETRELHICERLZ. COL M

J& 400 ppm IC LB L T 800 ppm D St & HOE I, L& R % E 100~1500 pmol -

m s IBWCHBEIRE S, Z0HEA&1E, 100pmol *m” s T 137%TH -

7okt L, 1500 pmol * m” + s Tk 153% TH Y, CO, L 800 ppm D /5 237
HRFIC BT 2 HEREED EAERKE» o7 (K1-8) . T/, KETHREE
300 pmol *m” - s (XY D H, 1000 umol * m” + s XN DH DAY ZHICH T
BN ICH Y 2 A%, KR T HZEES 300 pmol *m” - s’ T CO, 3 FE 2 800 ppm
DW DN A HGEE 13, YR THREES 1000 umol * m” + s T CO, I £ 25 400 ppm

DL FRETH - 7-.
1-3. COBEBAXEREY DI « 2B RITTHE

ANTXAREB|AT CO EJE 400 ppm & 800 ppm 5&F FiZ 1) 2 AL B2 & %
B L 72, 2o fGR, HB—-XWRE ORI 24 HiZICH W T, CO,IRE 400 ppm
XV b 800 ppm ICHBWTRENR | REZPEIAFRICEHVELZ R L (R 1-3).
T, ¥ RESLIC2 7Y v AL M B E T, FRBCEE, B 12
Hig & les LBAME 24 HRICB W THWEZRI L, 51T CO#RE 400 ppm X
H 800ppm THEICHE WHEE o7, XAMEVOWHE X, FAE 24 HEICH
WCHER B X OBITE 12 HE D 20% M EE W fiE & 7 o 7228, COIRE DR E L
woohhdro (K 1-9). FAEEHEAEMT 2 ICONRE~DFHEHRE

720, BATE 12 HETIE 30N RETH > - HE~O XL 24 HZICH
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35 1

— — D 2
o h o h
L 1 1 1

A AR B (qumol *mr2+ 1)

0 : ' . :
}( 500 1000 1500 2000

CO,% & (ppm)

X1-7 AFTEIAIEONNTE T BCOEEE HEREE DRy

2F vy N—REZRDCOEE
YRIEZHIZHERHEFREEL1000 umol - m2 - s, FEFR20°C,
F v N—REFOEIDEERNT0%

REMRIIEEREZ T
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(O8]
n

30

25

=

= 20

g

i 15

%10

;1{5 g —e— 800 ppm
0 T T : |

0 500 1000 -

%

KA BRI EFRE E(umol-m2-s1)
X1-8 A FI'EIANIDONICHBITEHETFREE & HEMRE DR
Z tBREICL Y FII%KETHEERERY

RERITIEEREZ T,
SBITESREIL, EEE20°C, F v v NN—RZESOEMEET0%
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F1-3 E45CO2E (400,800 ppm) FETICHBIT A4 F I WIZON DE—REREFEIERFL0,128 L O

24 DOERLBIE M E

AR o o T BT R GBI s souy e it
BAAEIRE (JLEE B AR RF) - 6.90 + 0.25a 3.36+024 a 10.26+0.19ab 242+ 0.12  13.48 + 024 ¢ 6.86 + 0.41 cd
BAfE1I2B % (WLEEI2H%) 400 ppm  7.52 £025a 2.21+023 ¢ 9.73+046ab 2.79 + 0.17 1450 = 0.31 ¢ 8.62 + 0.53 be
800 ppm 7.53 £0.17a 1.96+0.05 ¢ 949+0.19ab 263+ 0.16 1438 + 020 ¢ 9.74 + 0.88 ab
BATE24 H % (WLPE24H %) 400ppm  6.60 £020a  223+£0.15 bc 883+035b 275+ 006 1747 £ 0.75 b 10.77 £ 0.26 ab
800ppm 7.66 £ 0.39a 2.99+0.15 ab 10.66+047 a 2.88 + 0.13  20.18 + 0.66 a 11.07 + 0.64 a
#1-3  (feX)
R B BIR) RE 2B RE 3R g e SkaE
E#,ﬁ;ﬁ COz{%E 5 R S Y A ]
BAAEIRE (ALEE B 4R F) - - - - - 0.81 + 0.03¢c 2034+ 0.62cd
BATE12H % (WLPR12H#%) 400ppm 056 £ 0.06 ¢ 039+005 b 027+004b 075+ 008b 1.97 £ 0.20 bc 23.12 + 0.36 bc
800 ppm  0.63+0.04c 047+0.04 b 034+002b 082+ 005b 227 + 0.15b 2412+ 090b
BAfE24 0% (WLFE24H7%) 400ppm 235+ 0.14b  1.44+0.19 a 093+0.14a 1.18+ 0.13a 590 + 0.46a 2869+ 0.82a
800ppm 287 +0.12a 156+0.18 a 1.06+010a 1.16+ 003a 6.65+ 036a 3125+ 095a

EE T

P REAF =R H1~3R) R

AR =RAEHRE AR T

" kAR M L AT IR

O BE RS R O AR AERR 2 2 R
YR T LD FETFII R D T R TukeyD R EIZ L W S% KETHEENH DL Z L &2RT
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100 ¢
RE (E3R)

g0 | ! CRE (B2%)
mEE 1%

60 F | nEE
mFHE

40 my77

R m iR
20 oEiE
0

BLEK, BmaE (%)
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400 ppm 800 ppm | 400 ppm 800 ppm

FRALR: FiE128% FiE248%&

1-9 CORENBE—RIREEIERFT0, 128 L U24BEDBC-KERK
EYOERE, DERICKIZTTEE

DR = (BELIASEUNENABCE/ T 4 — FEEBRWIEMEEIAIA SEUN S N /ZBCE) X 100
EREX= (74— FEEBRWEDESIBMUDL SEIN S N BCE/LEDED SEIIRE N/ZBCE) X100
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WTIE 90% A B o, E7-, BATE 12, 24 HE & BT COL #EFE 800 ppm I F

WT 400 ppm X W REFE 1 RonBEREH W HEZ R L -,

BE

fisk = 1c BT %5 Co fEM1Z, PHBEREN~ CO, Zfifa T 2L CiTbn 5 D
BRI TH Y, AP ITHONTWEIRET CO, 2T 2% L% <D CO, 2 E
H~HORS 2. FrICHADHE, PR TIX, £F b Hic iR LA+
27-0MRORBEND Y, COMEMICHEL ZRHENIRONE. Z0HE, CO;
MHOMEZ il onznwl &%, 20 &8N H~THAT CO,
AL R LAECEROOEDE x> Twd (BEEN, 2014). & B, 7
FHEHICH V20L& FOHFEN K CHE S W—7 T, BHRE RIEERRH
DR ME L2 (K 1-4). ZZ TRRBETIX, AR LD EV CO & LA
SR 2720, R EH L Co, EAEE L AB cHlflls 257k, T4hbb
AL, ~NY ANDPHBEERE L R o 2RO ARIC CO, EABEXE® 5 )
FiICoWTHETL 7z,

2015 SEEREC X, 12~1 HOHEDOFHRRHHED 4.9~79M) - m? & D7k
AR DIESHER L 2720, #BXAEH AL Cw 2 2B E <, 12~1 AD COo,
REREOICHERL L2, 2016 £iF, 12~1 HoE2XHH E2% 6.6~11.0 MJ * m?
L, 2015 E X0 %L, BREAH T AKRAF A o2 L ITX D COEE
232016 FF X LR K HERB L 72 (K 1-3). #EHSEAIC 800 ppm, #25KFIC 400
ppm A & 3% 800 ppm XD CO, MEHGETIX, ERHEEZMNKHT Y XA
COIRENIRE->THY (K 1-4), i 12~2 AOBEEHICE W T, HE 400
ppm i D 400 ppm X X 0 & HHFHE COBER & HEB L 2. —75, 400 ppm
XiZxf 9 % 800 ppm [X D R i BULE X, 2015 FF1x 130% TH > 72D ITHK L, 2016

F1L 120 TH Y, FHEHCOBEZELARD I &N TE = 2015 FICHEHWETINE)
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BEBRfFEohzeEz2oNL JIELA9Ib)ICK 2 L ERED CO A, ~v
2D 0ERDH 5720, K- FHRMIRICEL 28T ThTns. &
BEO X ICATICHEHRE 2 2 HI1E, BEEZCANAKREEL RN
TE 720, WRIEHEAE S CO, DEiEfM 23 mRE & v ) i <lE, fisxE=IC
BRRRREETHLEDEZONS, BSICIL L 2 CO, HilfHll &2 FE i L 72 A
Ak iz, AFFEHBL A2 cEMICERTE 2 2 L3RI N 3.

A FaTTIRHEEBREWIC COEE % 300 ppm 2* 5 900 ppm £ TLH X3 &
ELROGYELEREICHIMT 2 2 LAME STV 2 (Chen H, 1997a)72%, K
REClE, Bl X UORLREME IEICE T 3EEEFOHLIC, CO I
LaEEFRDoN Lo (K 1-5). REECHICE T 2 REEYDIELIC
W, R D 90N REICHEIN L AMEIN TV S (FHRS, 1988).
AR TIX, COMEMAAMBRERARKIATH 2 2L h b, COIRED EFRICLD
WML ZFACEYRECRE~DR I NZ720, HLPEDOKE I ITFENR
DOoNEDolkl EAMREINL, —J7, FMHERS X OEmEINE A EICH
ML7z (F1-1). chTT, /F3WT 23 CoOEADREE LT, RE®
—HREORMIC X 2 HINAHRE TN T3 (I E, 1991as Chen &, 1997b). AR
BofER b0t —5 L7, 800ppm Xk % COMEH&E X, 4 HLL
PRI AR IR R 23 R < e DAS B ICi A L 7228, B BINE X, HEWHM 2@ L T
800 ppm X D /5728 400 ppm X X V HEICE 2 o> 72, COfiHIC X 24 F a0
IS, FME R OMERIC X 2 IROWEMHMF L, ZVELOPIEick 2 a3 nT
s D (IS, 1991a), KRB TH, LXFICHIT 5 COEH D ED 4 HLURD CO,
fEF BRI ML 22 E 2 b7z, /2, 1~3 ABICIZ CO, BIE 800
ppm [X T 400 ppm X X U & H 5 Brix 28@ WHFANIC H o 72 (X 1-6). CO, fEM I X
DA FTREORHEEGELRMMT 23 NT CICMEINTE Y (Peng b,
2012 ; Chen H, 1997b), A ORI chboHE e~ L. 2o &»

29



b, MIEED CO fEHICX W RAEREEN LR L, KAEKEY XY % AR
AN XV REORERMLHIML 7z LR I,

AREETD CO, fEHEIZ 400 ppm XK IZEH T 57.1kg TH o 72Dk L 800
ppm [X Tl 288.1 kg TH - 72(F£ 1-2). JIES (1991a) i X % & HE 2.8m D/
RO NY 22 CO I 750 ppm & 72 3 X S MM L 284, 260~400 kg, 10a ®
CO,BRETH o7, AP TIE, #&E40m HE60mOEAEH Y X%
L 72728, 400 ppm X T, »~v AN CO, I A 400 ppm % T [\ 5 S8 23
<, COL,DfEHEIXA 7D > 7. 800ppm X Tix, v XD HE L ZZRI2 A
W7z, CO,BEEIL 2T COfEHBERSG A MELE R EEZLNE P, IS
DL D 260~400kg,10a XLV bV WHTH % 197.3kg,10a bk o772, ZD
HRE LT, I U72 CO Ml 2L 722 LB F 2o BF, i
Teld o~y ARSI EEB) LT COy IR % il < % 2 2@ S M Ek = o EPETLY;
CEAINO22H Y (FIF, 2015), Z0X5REBZEHNT 3L T, CO,DE
REMMAZERLSTVWERELZZ2E2o02. —77, KBICH T 2 EED
CO, & 1%, 400 ppm XIZ BT 39.1 kg, 800 ppm [X Tlt 197.3 kg TH - 7=.
KRB ClE, 1 F73% 2 Fichz, EBPREOKITTICHKELZ2F 2 —725
CO, M L 7=, RiFM, EMAES THIIERFICX 27 AN &
LCRE L 7228, BRIT)R it Fl o 75 28 CO. i il & 130 72 < 7% % . Hidaka 5 (2022)
X, 4 F 3D COMEMTTEIC D W TR & EER R D 72 v 2l 1 %2 B L,
JEPr M Cl AR X Y BEE N COL IR 2Y 100~200ppm =1 < 72 5 & &, BAE}
HEED 27%EL A3 2 L ZHL2ICLTW3, Zhang & (2022) 1, [ABRIC
CO, DJFFTHE A & A % i L, JATkkcEHIc X v 4 F a7 AL FIC
CO, 23— 2O EKWICIENTE 3 2 L ZHL I LT3, £ 72, Miyoshi b

(2017) % ZFITH VT, Mochizuki & (2022) FHE 2 6D~ 7 ALK B K Z
WHHHIC BT, RFHA T4 FITHEND CO, REZ LRI E 22 L8 T
ERINERDE L EWHLPICLTWS, 2D X SIC, 4 F T IZHEWE DB
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BINE T2, RITDF 2 — 7 XY RTINS CO, 2 i 3 5 & & CREVIIARIL 6%
DCOEELZ EA IS, XVMEWNICCOBHTES?EEXLbNS.

RIT, COLIRED T NE D 2> DAEB G Z WREES 2 729, COz iR IC 3
ZHEMEEEAZMNEL 72, ZOFE, CO, S 800 ppm FEFE £ Tlid CO, ESE
DEFICE DR, SAEBOEESZWICHEML, 800 ppm T DA HUEE 1 400
ppm KD 1.6 f5& 7 o7 (X 1-7). RFFETIE CO»IEE 800~1000 ppm T F
WT X RNE D DG HORE IR T 2 HMICH 7228, LbBLH THE
HofRPME I T2 (IS, 2010). Ric, XEBTFHREEICNT 2 HE
R FE & CO, #EFE 400 ppm & 800 ppm DS FCHIELL 2. NEBTFHREL LK
A B OBIEIX, 100 pmol - m” ¢ s M EORETFHEEICE VT, CO,
400 ppm & L#Z L 800 ppm TOXHAMEE A EFREICHE WEZR L 72 & (X 1-8)
o, XFATANICET B CEY ICHY T 2METH CO,IREZED 5
ZETHAKREELZEDONDE EEZOLNL., INHLDI &5 400 ppm X X
h 800 ppm X DO MBNE R E 2 o 2K & LT, KAKEED ERBFEL
TWwWdbDEFEz b,

IO, EV COr IRETHRAMEE D & E o 7212 DA LED DERHRIC D
TCOBEDHERBRIEL 2. R, WO COEBE % Z %1 400 ppm &
800 ppm D —E & L, H—XKEE O, b HZAME To 24 HE, ALXAR
MNTEML 2 ZYEOLER 2 &, LA ES X ORESE 1 FHEITZH
12 H% LY 24 HIETAE L, 24 HZIC 3B\ T 400 ppm & Y 800 ppm TH &

CREPo7 (FR1-3). 1 FaRFEor v I7iEIHEHAIRICRRKERY, ZD
BRI TR T I 3 LG ENTw 3 (Forney * Breen, 1985). 3CO, %
HAuAKlBof b b bFKTH Y, H1RODEFIIFL 12 HRICE
WT 10% TR TH o 7228, FfE 24 HIRICE W T 50%A Lz HoRKE R o7
(4 2-9). —7, NAHBOEEIX, 400 ppm X Y 800 ppm TE W E & 72> 7= (X 1-

7, ®1-8). ThH5DT L5, 400 ppm L Y 800 ppm THEKEY % < £ JE
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I, RRY VY27 THIZRER 1 RIOLAKEM RS il S k58, Bt
24 HRIC BT 25 1 213 400 ppm X Y 800 ppm THEICKELS Aozt E 2L
Niz., WYFY ravfxXx—v v 7%@E (PETIS) k2 '"Cx it —¥
— bk, 45 = (Hidaka &, 2019) & X "+ R (Kikuchi 5, 2008) IZ &\
T, "CO, KA MEMIERLIN T2 O RE~WYV AT NIRED 5 T TR L
FBILZ6ONHIEHETHE I EXHEL2ITENTW S, Miyoshi & (2021) &, 4 F
=% M7z PETIS D EFR T, "CO, DT HLY &2 — VI O WG R IT & % 5 2
T, VRV 7RO ERRKRENI L EHL 2L TS, AR D R
I, HFLWEOD BCO, ZMYVIAAZL GO HEIL, A FTDEFAT —VICX
> CEAT 28, COLIREDOHEZZ TRV LBHLL TR, —/HT, &
WV OCOy IRBEIIOE AR E 2 RE L, HAREDIIRKY v 271t (RS,
ZOFER VI OREIDPEAL, PRBICHEELEZ L (KK VY 7 THDE

Il RODEERELL holz) bDLEZ LN,

E-3 )

COEF A3 X g D A DR, E, BFSs X ONEHEE, KEWREY
DILTIC RITTHEICOW TR L 2. ZofR, COBE % F K 400 ppm &
T 5 DI, HaKFFIC 400 ppm & L MEHASKFIC 800 ppm & T 5 2 & IT X D,
P SR AN S 25% BN L, &2 D Brix 2AARIEE~1.2%8 <, CO,fEH IcEd3
BREZZLGCTOIEEAEINT 2 2 BPEL 2o 72, “ERIEDD D CO,
R LA B XA REY DR E D BIfR 2 5, CO, IR 400 ppm I L
X T 800ppm SFF T ICHB VT, KAEBEEL 16efflic LR T 2L, RV V7
~ONRERED DO DERPE L 725 2 L2 CORE 800 ppm 5cfF T TS 3

HHREZEZOLNT.
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F2E BEXIAFTIRZIOIORAREEICRITTEE

T&

il

4 F TOHEBEE X, COEEE 1000ppm F£EF T3 COEBED EFITH-
THEES L i2MiBECHL AT L, —F, RAMREE R, %, EE BEs X
CLECHYIR DK IRESE, MEYRHORESRIECTELT 2 LLEbN TV
(Leonardi ©,2000; A &, 2010 Lu 5,2015). MZREZLEERO+ 7 v £ T
i, REY) AR B L O 7 BRI A B AR 23 F62 L < B Y (Heuvelink - Kierkels, 2015,
L5, 2017), HAREKEDOINEZFEB L T2 GH, 2009). HAL A Z
VIO ZEHRERIKT S5 L, RO AAR <, FHiPICH T 2RE %
MO T—EICRO2DIEXNL, A7 v AREFHRLAICEFIETH (K21, 2o
F 7 v XRUERRE L, TABCRE (%) Fo v 2NEEZZL T ¢,

O (ME) o AL IEMEORAEZAL S &, KA BEE LK T ¢ 2 ]
LwoyEzTICHEIL LI TS (i, 2014). —75, HARBGREEMH CI
N ZANBEREE -2 L A THRAPBT 2720, —RIC~ T ZHNOERD
ANEBEDLY ABABERTARE VLT W, LAL, ABAEERTAAFa0
HABGREICRITTHEICOWTIE, TRETIEHEL RV, 22T, KETIZ
BWMAEEKTE IR0k fla vy X s 2y A EGREEIC RIET#
BIZowTHRF LA, BLOEAYZANTHAERMTEEEDO F ¥ v N —HNICH
BRZE R 2R D& T CHE L, RICHYEEEROFRE LK T X ¢ ALK
RN TOME L FEMEL 7.

MEtE L U7

2-1. "YU ZANORE
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R TR LR R I e v & — AR N 2T B VT 2016
FETHIREMLEZ, v FoREIRLT02 I8z % Ay, EHEEE
A A HORNE 28 E  (L1-6400, LI-COR) IC X Y BE MG ORI kT T E %
AL 72 (K 2-2). BIESMHFIR, EERMERETF v v~ — NG KE B
1000 umol * m2 - 57!, &k 20°C, CO, AL 400 ppm & L 7z, HIEE T ~T 2 A
DZRELEN (R 60%) b A X —1F L, Fx¥ v N—NEEZ 30 pREZEER G

EMH0%) & L7, 20%, HOEATYZARNOESEA (F60%) KREL, 20

=
P

DHAKEE ALz v F 7 2y 20HRZHGEL 7.

2-2. ALRRBHORAE

BRI TR UM I R R T e vy 2 — A RIS o N TR R % (LPH-
350SP, (MR)H AREAIMENER) 2 3 B, 2016 4F 1~2 HICHEf L 2. Mk
BFHE 7 4L AT ZANTI8em Ky MCHE LA F T I Bgor 2L
7. NLRREE, KUl 25°C, MHENEE % ZEREZEE L 72 40% & i@ E IR
AE L 72 70% IC3E L7 (M 2-3). HIE Y HIiCEBRMEY % %2 o AL
SRR No.3 (FHXIEE 70% ) ~F @) L, 1 RERE LA B/ E 8, No.1 (FHXEE 40%)
B LU No2 (FHXHEE 70%) B THEBOEEZHIE L 72, BEHE 90 M
DAEBGRE, [fla v 27 2 v 2, RAEREE, ERoMRHELZHEL 7.
90 73l D HIE %, ALK e No.l (HXNME 40%) @K v b % No.2 (FHXf &
70%) ~FE) X &, No.3 (XA 70%) 3Ky bxBEI e FzoF gL L,
JeARGERE %2 90 4 MIHIE L 7. HIESMFIE, ALAR&GN SR 25°C, & Bl
EEEF v v N — A A 1000 pmol + m?2 - s, AU 25°C, CO, EJE

400 ppm & L 7.
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BT 5 HEBORETE DERT

—

N AR

X2-2
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No.1 ({Zf£40%) No.2 ({Z/E70%) No.3 (IZ/E70%)

M2-3 BADEELEICHITDHAREENTEORT
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No.l (FHXMEE 40%) B X O No.2 (FHNEE 70%) T 90 77 ¥ % o fE¥) ik
DRI DIRREEZ X v 7E (AR T REBMEEAIEE) i CTHDEL 2. EHE v e
A FRORHZHRA S E25%, EORBMICHEESE, wrnf FomHEMEKEILE
Y, 4 TRsBEMEE (40 %) TR L2, o, FA—HWikE v, M
FE70% 5T T 5 & MR 40% 5T (90 r#tid@ ) 125w CTRAMRY — €

"7 7 4 (FLIR SC620, FLIR Systems Inc.) TZNE{§ % i L 7-.

o R

2-1. B 3BERGEE AT ANTHEE L 20 EE I RITTHE

HEFIIRRF D F ¥ v N —RNEBEIE, " T ANDLLDZEKONYALIC LD
60%RETH > 7. F ¥ v N —NOREZZBEL (0%ICHE) KLk, X
flav &2 %2y X3 035umol * m? - s!'% 5 0.15 umol * m? - s~ 1/3 F2 R ITK
TLZEZDDD, Opumol * m? s i3 ablhdorz., 722 D, JEBGEREIX
12pmol * m?2+s'2 5 10pumol * m?2 - s b, WARREDLIT2LTH -7 (X 2-

4).

2-2. B2 BEFHEPAIRARGATHRE L ZLORERICRIETHE

ZEBGHEEE 1, MR 70% % /F T Tt 2.0~23 umol - m? - s FRET—ETH
o 7o, FHXREE 40% 5 F Tk 70% & Fickk_xTHICEWETHEB L, 90 77
[l D LB A £ 1C 35 1 2 ZKHGH E D JR Y #l & (AZEBGRE) 1%, HARE 40% 5%
TR 10%&ET IV b RELo72 (K 2-5(2). [l v X7 2 v 23,
FREEE 70% & T <t 0.3 umol * m?2 - s ' FEECT—ETH o /2. HIEE 40%

FMFETTiE 034205 0.15umol * m?+ s ~EKF L, 90 938 I XX EE 70% 5
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e JE B PR S F v 3 —REEE

70 o =——RILAVEIRVZR 04
~ % 60 - - 035 2
X 7 °.~E
~a - 03
MESO_ -
- - 025 £
R 40 - N
g = - 0.2
£ > 30 - N
| - 0.15
(- N
N R - 0.1 D
3R 10 1 - 0.05 N
0_ L L I L L] 1 1 T 1 1 O #
< n NS S T 0w oS —
@ coI = S R R SRS
semsEA | OO | L ozhmaEA

X2-4 F ¥ o NRN—HNETEEAZHIT/L-ETICHEITS
WERRERELLUVSA IV X7 R ADOHE
7 CHESMEIE. KARIEESF v /N — A RE HET1000 1 mol - m2 - s,
S3820°C, CO,ZEE400 ppm
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-{‘$"I‘{-}

ZXBGEE (umol - m2+s71)

(a)

I=f-Fi-Fd=-f-d-F==1

== -1ExBE70%
— R E40%

0.40
0.35 -

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

KAIAVE V22X (pmol=m2+s71)

0.00

~Fd fofe e F o o 5 S

(b)

== -HERBE70%
— B AE40%

5 1015202530354045505560657075808590

20
18
16
14
12

St & RGEE (umol - m2+s71)
N D O

27.0
26.8
26.6
26.4

g 26.2

ng 26.0

i 25.8
25.6
25.4
25.2
25.0

(o)
|=d=3-F-Fg-p-F-F-Fd-f-F--d=F-I
MI o
B R R s

- = -{AxEEE70%
— B E40%

(d)

== -1HxEE70%
— 1 %t B EE40%

5 101520 253035404550556065 7075808590

FaBEERE (min)

X2-5 HEMEETONE L F40%BKETUIB T4 F I NIIDD DEEURE (a),

[ILIV R T R R (D), HERRE(),

z AIELHE IR A TRRENTIR25C,
y RERATEEBF ¥V N—AXLERAETFTRE

CO, 400

n=11, ;8 =R L

ppm
REREERY

40

1000 pmol + m?2 -

EER(A)DRFEY

s, ZUm25°C,



ErD 12 BEIC R 72 (K 2-5(b). JeABGEE X, HNEE 70%54FT T
16 umol * m2* s'FRET—ETHo=DITH L, 40%5TF <Tl, 14pmol * m? -
s' 25 11 pmol * m? - s! ~ETFT L7 (K2-5(c). R, MHIRE 70%%
N TIZ 90 T02°CEF Lzpicxf L, HAEE 40% 54 FTix 04°CERAL
7= (X 2-5(d)).

RATHIIRE 40% 25 T0%ICRR L 7286 02 {te 5 &, ABOEEIX, 307
TR CAEREE 70% &FET ERBEICEEL 2 (K 2-6 (a). [fLlavx s x
v 2%, FXHRE 40-70% 5 Fic s »T, WHEBHRE 50 0 I3k &4 L
A OB 1A B L 7223, % 0% IZMHIRE 70% &4 T L0 20RO £
FHB LA (K2-6 (b)), HABGEE X, HNEE 40-70% % TIics 0w,
WLPEGR AR B 40 4 B2 B2 LR 2 1AL BRET o I ) o B U 72 A3, 2 R I AR
TO%FEMET XD CRoEOEED T FHB L2 (K 2-6 (¢)). FEilhiZ, HXTERE 40
—70% &M T ICE T, 10 0REREHER L 228, 2 0k, HIEE 70%5
T e FRECHBLZ (K2-6 (d) .

XL 40% & T B X 70%FMETICE T 3 2 v FiEIC X 2 LD KEEH
LClx, WA 70% %M T ik, [ E (K 2-7(2), 40%5F T D 90 77 %t
#®Tid, [P TV 3R EHERCTE 72 (K 2-7(b)). YK OB E 4§ 1T,
FHXBE 70% 51 T 6 L O 40%51F<T 90 il icinE L 2. MHXEE 40%

ZET I, 7T0%5ET L CEEN 2~3CE» - 7= (X 2-8).

%
FHlETHAXRZEED, HMEE X, EXEEZSMEDO b bR EICEBWTHKE

HECNEICHEEYRITALEELRREERNTH I I LBAMEINTN S,

it 5 F, TR ALY L5 s v TimE OBRENIC X 3887220 2%k
R A F TR KD A ML RAE S 2, REWRKEZ RN ICER S 2
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6 - (a) 20 - (e)

v—:m 18 -
T 5] e AR 40—70% STl It A==
b o I I———t T
g 4] --o*ﬂi‘jﬁg70% .E 14 - Mr
g 5 121
% 3 g 10
ﬁ - % 'M 8
W2 - {{~I‘I‘§-§-I-I—I—{--}-I—I-I-I--I o .
=—= dé e %R EE40—70%
| -
R, = = o {E%EE70%
0 T T T T T T T T T T T T T T T T T 1 0 T T T T T T T T T T T T T T T T T 1
0.40 - (b) 270 -
T o3 _ 268 (d)
i . $ﬁ‘[ . 266 -
. b Il
f o === R
5 . . T ~ 262 - -
G o -
l’§ 0.20 Eé 260
L o5 #K 258 -
» 256 -
,R 0.10 - e 1854 i 40— 70% 254 | s 18553 R E 40— 70%
EE 0.05 - = = = {B%}iEBE70% 959 | - o= o {35 B HET0%
0.00 250

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

@K (min)

B12-6 MEINEET0% B L V40-T0%FHTAHIE T 54 F I I HNIDH DEE
RE (), FLA VX T R X (b), XEMRRE (c), R (d) DEFZELY
z MXNEE70% D 540% D ALR[RE/AT Y b Z2BE)IHI0NEICTOR IR LT:
y BIEERHIRATISREANTIR25°C
HERAEZERETF v /N —REAERNEFREE 1000 umol + m? « s, KUR25°C,
CO, =400 ppm
n=4, FREMRIIBEEREZT T
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KL FE LT L S IRRE SALDEA L T 2 4REE

(@)X EET0%&1F T (OYHEIDE E40% 54T
M2-7 ERDEBEFHETICBITA2A4AFITEIAZONDTILD

ARG 52
2 Mo THEME (4015) THER
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(@IEEET0% T (DFEXDREE40% S T

X2-8 ELZEBEEZFHUHTICBTZAFITEINITOND
0 [E| R

uy:



22 EHLICLTWE (hd s, 2020). KRB, HgxEZELERETH
247 v A TEEINTLLESL,RREBEER (K 2-1) oGELZRIET 2
LI, XBEOONRERFEEEHS 2 ICT 520, AEARHENEEDZ
L3, 4 F T IRE0DORARBEEICRKITTHEICO TR L2, &RYIC
B 2BEFIETTCONY ZANICE T 3 HEBORENE 2R A2, ZofR,
BEHELREE T v v N =N O EE 2L (0% ICE) 1K LD h
o, NEABEELLRILa v A7 2 v 2D RKBRIETHEBDONGL o7, &
DHERE LT, RERMEEECTHEL TWEF ¥ v N—500H 2 (KEE L
LT, HYARNTORSBEIPEC 2 itk ), KAEREELRLa v &2
RYADRIGBINE K o e a[BEREZE X b, £ T T, WKL EANE
AT 2280 %F2720, ALRRBHNTER 2 2FEBL 2. ALARSE
WT, MHXEE 40% & 70% 5 FTD 90 O KE % Llg L 728558, M
JEA40% ST TR 70%EHT XY, ABEHED LR, S[fla v X7 2y 20K
T, RABEEDOKT, ERo ERE2PRD b, QMAEBEKRT I EARICHE
T35 2 WS PIT o 72, ChoiandJeong (2020) 1%, HIEE 40% & 60% 5
fEF T30 HIE A 7 T2 8IE L, 60%5M FICE T 40%5M4F T L W IROMEMES
HABORERE L o2 & % L Tw3 (Choi and Jeong, 2020). AER T
X, 90 R DHABGEERIE TH - 724, Choi DGR & RIS EEESMTIC
BOTHAGBGERERE L ko, KRBOMBREL S, FREH T 2 A WEKT
A4 FTORAREEETICoORRS 2 &, XUV, KBENERBMkEST 2 &
KOG EEOETALEHINENEIC O Z LR ERINE, v, K
JED O ERELFICR LR A4 F I REGBEHEORE X REMEL 2. [fla v
&7 2y Z AR 40—-70%5F Fic B v T, WHEBABE 50 2R IZH 4 I
SULBR R OB I 1A I L, S A RGREE S RIARIC BB AR 40 2R I IR 4 1
BLAED, ZOBRIEIHMNEE 70%&0T L) CREVEES F FHB L2 (X
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2-6 (b,e)). TNoDZ b, KEBESFHFETKTLAEARLZ Y X7 229
HARGEE X, BEICREELICC W I AL Ik o 7.

I 50T, MM 70% 5T & 40%5F 90 7kt O SALBIZ B X HEY)
ROBEGRD S, 40% % TTRRALEZAL T2 RETH Y, ERAEL Ko
TWw3Z AWLMo, KEBRBERCTHIE L ZERIZ, Fr v " —HD
% 25°CICEREL TWwE 2 e hb, HMREE 40%EMMTICET 25RO LA
2590 7T 04 CRETH 7. —J7, ANLARGNIFZ—EREICHKREL TWw
b 00, ERTREESRECOER EF2RD bz, MY OEE R & KL
TER I EEZBRTH Y, ZABEMIZFRIRICEROREHKIEE LTdEvTw
5 (BH, 1992). KHABOMRH &, MHANEE 40% 5T Clit, KEEICXY
AL U ARBURE S A L2 Sl X VERBSEF LT L BHER I N,
INLDI e, AFTICBTHRBELZIBICELIE AT v AR

DImEEHIILAGREEZ G MROLZDICHEYMTH L LB RKBINT,

E-3 )

BENRAFTIPBOIP ORIV X7 2 v A HAEBHEEIC RIETHE
KOWTHAE2 T o7z, ZOFE, /1 FTCBTCAMABEKTIX, [fla v
By ARPHERBEEDRTIC ORI EAHL2ICARD, HIBELZ
BWIcZ LT 2R WEHEA F IO NEREES L EEEEZS S RODICH

MTHdzEEZLNT.
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mE L OREEAF T IRIEOHI D BC-HRAEKEVOEH + 57BLIC

#
10
BT

TR CTEHINTWS CO M0 e LREREZ, 4FT0
AEMER EEZHMNICAUMESRECEARED N TS, fidol s {EEERT
1Z 2012 W2 LA A X (LPG) MABERX CO, FAELEE D fE o 2HH I |
F L, 2018 FICITWEANA F T EEHBED 50% A ECTRIZEIEAIN TV S
L2aL, COxfEMLTHEELZTIERLRL THEINL 2 EH»DH Y, HAEME
VoRE~DITRERET 2 ML kDO TV D, ERFEZEICE T 28R
FAHE X, AR FRICERO RS EE CTH Y (Braun b, 2014), BRIE
I XV RERZ T TR AR EZRELT 2 2 L ARENECHE 2 |
¥ 5EFEZHNS5 (Hidaka &, 2019 ; Nakai ©, 2022). T E TIK, 4 F3T
X, HPFBEEE 15~25°CIc BT, FHIED 15°CL Y 200CTREDFHE B L
URAB R L AME I T D (A - K, 1994b). L2 L& o, L
MO BEFEHIC BT 5 4 F THaskN T HPRES 15°CRimE xY, 2Dk
D BGEMTICH T 2IE L NEREY DRI - 7 OBRIEIAHTH S, 22T
AREABE T, ALE UM O B 3503 2 BAAESAET <, mERIEIT X b FEE~
DM A RHET 2 FEERK T 5 720, RERMMAK BC % AV BiRs X R
HALEY ORI - IS MIE T REIC O WG L 7.

MEtE L U %

3-1. BREORAHE L REE

47



KR E TERFATEH 25— otk 2 1A L, 4 > 0im AR IC 1 3B IX Y
2 ISHRTOBEL 2. B RIREE O THRFED O INHE £ T HEZ FRFEK
AHHEE L, NWERORFEHRE L LHICHEL .

3-2. BC-HEREYOEI RE L Vo ELE

AFT IR Eo»EMEL, 2018 4F 9 H 28 HICHER 18cm K Y K v FITE
ML 72, Kt b XM, MEAEE I 1 e mAk e L7z, (e IR R 2
KV X—NOWME 7 4 VL TR 22 Z0ZN 2 XEICHEY > THE 4 X
B L, 2018 4F 12 H~2019 4 2 Hicillz i L 7=. A cd o hH T
ICFB 5 2018 4F 9 H22 5 2019 4F 5 HE coeXKHS & & HFE KD H B
BEX3-11CRL 7.

B IL, B%Z 9:00~17:00, ®K%Z 17:00~2E9:00 & L, - RIEETHEE
DHAEHT £ €, BT AERE 2 25°C, IR E %2 5°Ce L 7=, FAfesid
B 2 Xx Rk 2 XD 4 RABRIX % 5% 0 72, BEimXi, #AURE 28°C, 91 00~
16:00 D hNE AR E 18°CE L, BARIRIX %, #AURE 23°CThlii 7z L & L 7=,
e X 1%, IR B AR IR 8°C, RAKR X X MBI s°Cc & L. HH— XM
REOHERMEKR 2 O RELMZHB L, SR oSy, RENESR (7 e
77 A VA1, (Kk) WA 2HEDEHEOmS G2 5 25 com) KREL,
1B EICHELRZ. ad, REHB T O CO 3 E\MMA, HBE XA Y W& 0EH
& L7,

I EALPERT X, 7B X OE I REREORICT 25720, THRE, WEF, &
TEIY) THOEXRELZ. B 1 RWRFEERL 32 Hizi, FE7H, RE
THNCHIZ 2 72085 2 RIRRE, M, H7ELY THOE, 7RI TOR
FErfbRrL e, F-XMREHEHREOREH S X a2 (BATE 32 HR) D4 i

9 FfiC BCo, itis L 7-. BAMEH], AWML D IciERHIC Pco, zle5 L, =i
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ZhoeRXHHEZ 10.03MI - m?2-d'B XU 1042MJ-m?-d!'TH o 7. 3CO,
MG 07 FEHE 158 13 L Ffke Lk, BEMIE PCoiEb 2 5 24 Bl R, H
AT BCO, i 5 BtE 2> & 8 Kifftk, 24 BEfte D 2 Mlic T CHhES v 7Y v
U7, 1 RS20y 7Y v 78I 1K SsE Lz, v 70 v 7, 13C

DT, BREE X REERHTHRE 18 13 L FAKkE L.

o R

3-1. BEORAHE L EERCRETEREEHORE

FHRWREHEROKADEL, BREXABREKEREX XV ABICES o7
(£3-1). £7, HEOHFHEFBMBEXIFBRERX LV AKE L, BERX TR

Wimim D JT K E 0> o 7z,

3-2. BC-HEAEBREYOERB X USERIKIETEBREEHOEE

BENEZFEEL 28 - XERFEEREOBEL2 L 32 Hilo v ANKRRO H
ZleoFEEIZ, M320tE)THo7/z. ZoWEDORB (9:00~17:00), &
(17:00~39:00) & X O 24 efi] 0 PR 1L, B&E - "EX Tk, B 21.9°C,
% 11.2°C, 24 F5fE] 14.6°C, B & - AKX T i, & 21.8°C, & 9.0°C, 24 K¢[H 13.2°C,
BAK - ®EX Tk, B 18.3°C, & 10.3°C, 24 Kffi] 13.0°C, BK - HIKX T,
& 18.0°C, 1% 8.3°C, 24 IKfft] 11.6°CTH o7z, £7z, TOME DO~ 7 AN CO, i
FEIXAX E B 350~430 ppm D HiBFH AN TR ICHERE L 7-.

BCOiE5 8 Rz D iniiE X, BEimX o A BB KEX X W HEEICE» - -

R, WRICL3EBRIHD LN LD - 7= (X 3-3). B3CO, {5 24 % 057

o0



x3-1 B—RBRFBEIER O HEHE L HHE

- D AR BrfEE
(H) (g/ 1)
B - w 392+ 0.63 b 39.1+ 0.90 b
R - KA 392+ 0.71 b 342+ 072 ¢
B« &5 46.1 = 093 a 486 £+ 1.40 a
AR - K 483+ 0.82 a 475+ 136 a

BESEHIX12H 158

YR T AR USRI Tukey D L EMEIC LD
5% KUETHEZENRWZ L ERT

ol
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60

o a ; @ 8RR %
> m AR
S 40 - b
£
+H+
20 - d
B B

10 A % %

0 . .
= RAK

FRTEs BRIK
FE32H %
X3-3 FAfERs L OFEIE32B&ICE T 5 BCO,E5%D
BR T 2R7

2 T —N—|IEELREZRT (n=5)
B L XFREICIETukeyD L EREICE VSBKETEREN R W & ERT
K= (74— FEEZBRWIZEREDIMUN, S EINE N BCE/LEMEDL S
B & N7=13CE) X100

03



Kz, AR LB L CHE 2 HR LB W ICHRBRCE» > 2. FicBEERKX T
FBRIRIX X VIR RN S, FAERO 25U LofEd ko, T OMEHED 1
REfE Y 72 0 o I E % R ALIC B L 22 (R 3-2). 2 ofEE, B{E 32 HEO
BoOFHETICE W TRERX O FHEBELBREKEX X VAREICE,L 2. &
nicx LEDOFEMFICE VT, KERX & RERK O FERREoMICIIHEE
FEDRRD L NI o T EEIE D 24 Kl O FIGE <1, B X 3B KR X X
<, BMEIRXICB W CTEESRIEER L ) e mdr ok, 72, FERL
B3 2 LR HREOEHRE X, WFhoRBRIcE Wb FEICED» > 72,

BC-HARED DI EE AL L, FAEREIHIECRDSZ IR INTED,
BT, 777y, RoOEICE» -7 (K3-4). —7, B 32 HLIX, B
Eim X B T 8 I, 24 REfIfR & HICHE~90%LL LBl I . FRICEH
1 REE2R~ODEEOAFIE 80%UETHY, REXUVZ 77 v ~DiE
FbFrTho. —F, BRKIEXTIE, sHMBICHTIRE~ONEKRILE
Wh DD, 24 FRERICE W TIIREZEUN~D IR GEGE Y, AKEX TIEHE
E~DHEEN 74.9% L O RERIX X WK< %o 72,

B RIRFTERBE R 5 X OBHAE 32 HIR I B T 28 ERIRZE % K 3-3 1
NL7z. RER HEOEAGES L2 7y vEEE, BEREX CRHER X Y K
ML, BEiRX ClEpfER e FAEFETh o7z, REHEIZ, F 1R, H2
ReHhICBREREABEKEX L VAEREICKEL, RE2AEKTH FKOMHEMICH
o7z, BAE 32 HZR oM EEAIE I, FAMERL YV ARICKE 2 o722, &H R
XHEDoZTED O NEr o7, REIL, FE32 HEORBMK - HIKX THRD &
o7z, BHE 32 HEo2wYEIZ, 2RBX CHERIVAERICKEL ko,

EE

04



332 BESLORDEBENFHEREKICKRITTHE

ARER X 15[ 72 0 O BRI (%)
5 YL AL =S ® 1H
AL - - - 0.69 + 0.0l
BAE32HZ  BE - & 324 = 0.12 a* 137 £ 0.09 a 1.99 + 0.04
BE - KK 322 + 002 a 145 + 0.13 a 204 + 0.08
BIYK - K& 1.44 + 0.11 b 133 =+ 012 a 1.37 + 0.05
BK - &IK 130 + 0.04 b 1.13 + 0.07 a 1.19 + 0.04

? A—h7 LADR CXFMICIETukeyD ZEBRTEICL YERKETHEREN BTN 2R

Do
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NEEX= (&
B & L 7=13C

B—RRRFBTERF

X|3-4

BRI D

ciEME

7—

BRU

£/74—FE%

S [ERE 7 13C

BRI
) %100

.
vl
[=]

=
2

z

o6



F3-3 JERATERBS L UOEERBRICE T4 FIZEBUNIZYME (g)
e "m%gw@ W HI~THE)  HE (B 1~23) e sy o B e
BA AL HF - 647 + 010 b 3.0l + 009 ns 948 + 0.06 ¢ 2.05 + 012 ¢ 1213 + 0.17 b 972 + 0.54 ab
BAIE32H# B - & 697 + 026 ab 275 + 020 ns 9.71 + 045 bc 2.60 + 0.11 bc 1847 + 032 a 9.02 =+ 0.69 ab
B WK 6.57 + 0.11 bc 3.03 + 0.18 ns 9.60 + 029 bc 2.64 + 0.06 abc 17.72 + 050 a 861 + 0.59 b
BIYK - & 796 + 032 ab 3.08 + 044 ns 11.03 + 0.53 ab 3.17 + 021 ab 1826 + 0.6l a 11.05 = 0.69 ab
B - K 795 + 039 a 336 + 029 ns 1131+ 031 a 326 + 0.15 a 1838 + 049 a 1133 + 0.33 a
#£3-2  (F=x)
Ll 123 RE GELR) RE 2R RE GBR) P RRast P
IR 1 L L el Sl
BHAEIRE - - - - - 0.61 + 003 c 218 =+ 0.70c
FAIE32A% RBE - ®E 221 £ 011 a 1.66 =+ 0.08 a 1.03 + 009 a 126 + 0.08 ns 6.16 + 029 a 2749 =+ 0.56 ab
B /K 204 £ 021 a 1.51 £ 0.11 a 0.78 + 0.09 ab 1.16 + 0.09 ns 548 + 040 a 2633 + 024D
B - K 121 £ 007 b 1.05 + 008 b 064 = 005 b 116 £ 002 ns 406 = 0.12 b 2932 =+ 0.67 a
K- KK 103 + 006 b 092 + 008 b 058 + 004 b 128 + 010 ns 3.81 + 012 b 2971 + 0.63 a

EEA=FETHE

Y LA =R RBAFH T

CRGAT = REGHI~3R) + R
" 2fkaF= i LA IR

" BB SRR O ST B E A R
Y E AT ANOR USUF RIS Tukey D S BMIEIZ L D S%KETHEREB RN L 27T
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JEEESIMIC B T B 4 F TREFICE VT, HABEY O R FE~ DT
R T2 L 2 HMICHABAEEBL . A FT X E0 M, FH—
KERFEER OIS S 32 HIE, HE 7 4 L2~ ZANOHREEETICE O
T, BB XK ORENI %2 Ef L 7.

AFaofAL REOBFKRICOWT, HT - A% (1985) 1%, R L&
200 X EREAEZR, L OBAET TOHK (RAHE) tv=nr
N ZNDOBEOEAEZFHEL, MEOEBRAZE T, FUHBEERELZHEHL T
Wb, 3T hbb, A FTORIEKROREE L HCEN RIREIZK SCCAETH Y,
16~20°COE F A ICHMITHER T 220, ZNUTORECIEMERZ
WK T L, £72, 2L EoEEH T AENEIBRLH»ITET T2 LB Tw
5. AT, BEEXICEWTREIX X VA HE» R ko223, ®H
DREFRANMCHELRITEI Do, $7-, REOHBEIKADKLE
WREKEK TRKEL Ao, HAHBICKIRL VBRI KRE B2 RITL -
Xk, BE A% (1985) ORTHEN T & 0 AMEMEIRE T/NE <, ik
WToREWI L —HITIHBETH o7, IR EOH» IFTHENEERE 563°CH
THATZEINTEHY, EEENTRIBACHERR R &% E0E L RENE %
RAIFIcfEo729 45 HUNCINET 2 2 & 2L Tw 3 ((BEEE, 2006). 5
OB RL»S, HPFHREPFABRE TH > TORERRCLHAHKICEL S
h, BEIDOWMEDOTFEBRKE W LRI NT.

Fe T, B AY PC A K EY DR - 0 BCIC KIS TR I O w TGS L 7.
Z DFER, BCO, MG 24 Refdl e D BRI X, BATER & Hik 9~ 2 & FAAE 32 Hi&IC
BT, 1THBEUETH -7 (K3-3). 4 FTRFED Y v 7 B QIR I i
RKeZmb, ZoBRTERMICHITITETT 2 LEHESINTEHY (Forney - Breen,
1985), ABRICHWTD, FATE 32 HEICITRER BV v 7 &2 ) IR E R G
FokltEZOLNL, BREY —ABETHIEIPLOBT —T 4 v 7 LR FER

YUV IBMBA~NDT VR —T 4 VI bR, ZOMEBIE, vy ey —RZANT

o8



v A DA, KPR P CORE 2 & O BRIEER IC K % { BE X1 % (Lemoine
5, 2013). fFToNESLHEAM EIR2EDICE, VR - vV IDNT
VARERBESFFICN T 2MBORIEEHL2ICL, b ZmREICHTHET S C
EHAEYEL TN TS (Hidaka b, 2019). S HOFREBEKR T, 1 FT04E
AT —VIREVRRZL VI ) —ZANT VY RCE T, MRRL DK TK X
BREVWRERDONZ, ThbDl eh b, 5HBIF, AFITODEFBRAT -V LI,
HEOINRICHN T 2HGHE R O EBNEEELHALLICT 2 EEETH D
LFEZLbNT. £72, BCO G 8 Wil DR 13, BKRX & I L TRE
X T2 U EofitzoTs Y (X 3-3), BoRRE O &SR ImRICH L <
RKERTEZRITTZERHL P IR o 72, KM Y720 O FHIRE L, KoK
MF s CTUEXMTHEEEZRZD O -2, BROKMFICES TR
EiRXCEEX XY 2 U EEwfie mo7- (£3-2). P~ brTiRINZTTIC,

A2 72 0 R AR W THB X V@ A2 2 e AMEIL TN
(Hori + Shishido, 1977 ; Shishido &, 1989). Shishido & (1990) %, B 25°C
—&, SIKHHRESEMHTCTr~ oW OIREZ KL, B K= 7:
3 TCHhozt LT3, Zok, BB 8 KM, ®WEIZ 16 B Td b, BREIZ
WD 4 5L EECERFTEE L o7, & 60, RRIIFATED 8 BEE X v
D 8 FICEVCHREENES A2 LEHLAICL TS, ThbDl &
25, HHICIE AR L FIR I A KEY ORI AEFRICITbN S LT, ®IC
R CTBOBREIEMICKE AR EELL522b0eE2N5. BCARAEKEY
DHRCEZ RS L, BAERIIHE~D DR EIRD @2 o 2, BAE 32 HiRiZ
RE~ODEEIE L, BREEX T 90%LAE, BEBX T 70%LL ETH - 72,
AFTRE~DHEREY O FIEZHE»r O REOFKH L L b ICHMT 2 &
WwEEh<TH Y (FE/ - K7, 1994b; FEIR - I, 1988), AERTd FEE DR
BRELN. BfER2HRICEWTE, BREEXTE | R~00BELE D o 7%

25, BAKIRIX CTIEEH 1 R~D BB LE 3 R~ EREAHML 2. 7

09



-3 (1988) Ik 2 e, 4/ FTORFFHE 1R LHE 2 ROMKBEL T ITF
Y, PRYENTHE I ROBERMBIBEE L. ok, H1REHE2ROM
IOV LA2ENTCTEE» BT 2HE 3 ReolicHardsdboExbiTW
5. RABoOME2L D, F 1 RoRKIPEATHIRERX TIEHE 3 R~o
SEERPEL, B 1 ROPKBENLTY 3 BEKIEXTIZE 3 R~ Xnm
ot BEX TS 1 RORERRBEAZZLITXY, REDY v IHEN
BEWAT =V e, F1IR~OpEEREL Lol FE2bN, —F, K
fEim X & AKIR X %2 i3 5 & BPCO, i 5 24 FifE#: o BYKIR X <k, &K
WIZID 7 T VR~ DHEELE L o7z (5B 3-4 1K), BEA - R (1994b)
ik ze, B~0nBElL, HICRE~OFEEOHB L FOLLEZRL, WE

WEIVINUEEBRBORERIEFICRKREZVWEINLTWE, BK-"BREKX &
BAX - KX ICE W TREEYEICAEE I 2o db 0D, HYFHERE IR
K- REXPEL, REOREVPELP oL ICLY, RE~ODBREIKL,
779 VRO GIERES Kot EZDLNS.

B - RAKX & BAK - WS X ik, FRE O HPIREcd o228, BHfE 32 H
Bick T REGYEIL, BE - HEXTHECKELo72 (£32). /1 Fa%
PP X AL ZREXZNEST Z2ME TR, BEIREORE L KAD
ZNZENICEEST L. P Tk, HPFERER SV ERE~DNEREY D5y
s fedExhn, REOWKESHMT 2 L &b ICHADET T, REDOIK
TOHWMPEMINDE ZERHL IR > T3 (R, 2016). BEA -5 (1994a)
X, ANLRREMETICHB T 15~25COMTRER A F T BEMKIC LTS
WERBREIL, PHEES 15CL Y 20CTREDRETF L VBN F W L %
HoricLTwa, ARBRICE T 2 AHBICBE L Ci3Aido s THY,
—XMRFEERDOFE,» 5 32 HiElOfeW A ETl, HFHRESFARECTDH

AT

BAHCTOREEX CRERAKBENZC LD (K 3-1), BOoEEIRFEDRK
BrRELZEEZLON, BBE - KF (1994a) OfERE L. —J7, BIK
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MmXTld, P77 vy, BROoEVMELKELSZ>Tk Y, REUN O~
HAKEY O R L hddbDLFEIZLND.

LEofER, BMERICESLWTRRIVBOEREREMEZ®EmSTIIL, 5
WIEEHIROREREZES LT Y ANDOR[RRMEMERST 2 2 &2, RE~DiR
M- AZRELINEE COHBEZFMTZ L2 Lrb, BACHEALRL L %
M 2-0ICbAMTHLEFE2ON, —J7, HREXL K HFEERE % &<
oz R TE IR PHIRIcCEVCIR, BoBELKEICHE > L TRER

ericlBRKIErzerTcErEeHEIOLND,

E-3 )

WmEREC XY RE~DIHZREST 2 HiEZHET 2720, 4 F T IR
D H D — KRR FETERALK B X UL 32 HRICH W TLERALFRFR B3C
G L, Bikds X ORIk CE REY) ORI - 43 B ic x5 8 o v TGRS
L7z, ZD#RE, BMENOMKA F I TRORELZED S ik, RED
AL XN EREY DRE~DIIRZIRET 28R DH 5 2 LWL 2Lk

2 7=,
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F 4B XFTCBI2HPOMEBENEAF T IB8IE0» OINE, RAEEBLIY
BCHEBREYDOIENR - DEICRISTHE

2
il

N TEF A iE T 2 BRI, EEERFICE Y 2B 54F0 HiEN
Yl cer z (HF S, 1987). EEHBICHT 54 FafEoFEMIE, 9 H
WCERL S HE E CINE T 2 el ki cd v, 12~2 H o ic 5 v T H &

DHEEZ T, HhoSKRPESHEB L LT, ~y 2AARERm 15°CIC i
T VwHDH L., 4 FTORMCIIEEREMBBERBL (FRT - £%, 1985), K
HHICX 2 v 2RNREARIE, REOKAPEE TRELRERT LRI O
We7ms (FEEE, 20060). 2hETIC, XFB0A FIRHEBICHEWT, 257V
S (FES, 2019 ek - LB, 2010) RFHUINE (&5, 2009 EEF S,
2001) IC X BN A ME S LTV, WIndBAaX FAEL, HHEE
WTHiz e A TBAIN TR, —J7, a0 E % 13 % E o0 o 72 o gk
BAFTEEZICEOWTHICEAINLTEY, HHOBEBAI R0 5670
AV b BB HhS, RETHE, REAREEREZEHALLT0 A4 F 305 ENE
Rmo 2 EERS L, H3E T, HFREARAE T 256, KXY
HfoSimAmwiisn4 FaoRERR2EESNEAHBEAEMHEI D L
LI L., £, F=bTlE, MO REERICENT1I~2HoH
HiZ Ay 2RO Z 200CICR L, Bz m® 5 LT, REMEPH LL
(FE - HEF, 2014), FAMBINELWMT 2 AL 2ICIh TS (D,
2016). HHoAEFWIEIZ, P~ FTIZ20~27CTH DI L, 4 FITIF 18
~25°C L R\ (%, 2012) .2 2 TAETIK, HPoMMRiRE% 18°Cic i
E L, AEIMD LT AL F Ik ics T HP MRS LA, Iits L CINE~

LIg3 B8 e Rat L7z, 2 oic, WMINO LM R ER 2z BT 5 20, KLk
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AEGREORRB X OHPIRZEEL 2 18CHEXHPIME AL 2 & L 7%
I3CEUFETICHT 2 NAREY DR « 7EICOVWTHEL 2.

HRE L UOHE
4-1. NE B LU HEK

2016 £ 9 H 16 H~2017 % 6 H 30 H (2016 FEHE) & X U 2017 4 9 H 22 H
~2018 F 6 1 30 H (2017 fFEHH) i BIG B 2 M L 7=, e BRI E
VY2 —-—HNOMEH8m, BT 12m HEHE4mOEEZ7 4L (720 —VH
KK (AGC 7V —v Ty o (BR) v A0 2 HEHEHA LA, A FT 3250
2 EBER L, 2006 EEMTIIY U286 %, 2017 FEEMTIEEEEHE L OF
L, Yrv—t, v—trEX, K7L, N=THPEALESE) FHV, @S
vF (R (B8)) ICHERE 20 em, 2 Sfiix CTEM L 72, 2016 FEEM TIXK
B AW % 200~500 5 AR L BB L 72, 2017 g il < ik, A zh 78 & 20 Ak
% N:1P0Os: Ki0=2.7:20:24g/FEHEEL L AL, 3 LRI 2016 4F
ERE L RIS Z B L 72, K, MABRBEHHEE (=F>~ 4 ¥ —,
PRIVA 1) ic X 2 HHFHpIMIE & L, MEL D 8:00~14:00 DfF, 1.5~2.0
MI-m2ZEiCiEKL. 1Y) DEKBIZFHCHROKRE I ITHDLE T 25
~70mL/ #k & L, 1 HIC 50~420mL#RZ#E/KL 7z. & — F K 7 (NGP1010T-
N, #Fv (#R), EHXEREEES 28.0kW) (K 4-1) ic XY 12 A2 & i % B sa
L, HFiEoBFMIC X Y HFEINEX 3 X N BRX 25% 0 72, REN O KR E
fill (hEFALRIEE) 12, UToesbh & L7, HFMEXTIE, 6:00~10: 00
% 6°Ch b B Iic 18°CE& L, 10:00~16:00 % 18°C, 16: 00 MUfE% 6°CL L
oo B, REREEZKH6CE LA (M4-2). &k, IR TTO

Hvicks i 2RI R, 5 2 ECHEABRELOR TER L 25 2 &AL 2
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Ko 2 BMARBEE{EREEST 2720, 7~12 Kid 27°CE THRA ISR E
Z LB, 12~17 I3 24°CICEOE L 72 S A BRIE R 2 (= % & = 4 % —, PRIVA
) iR B L e — bRy I X2 MEEFIHEL, "V ARNREE SHBEIC
APk L7z, BlBkL 2R T — 2k, HOE2 O HOAY O HHFHfEZH Z &I
B L%k, 10 HowwFgL, AP EZEHE L. 3 H AR AR
50%LLF T A (KYZ75A-4IK, (BR) wiF5H) 2 1EE720 10D, &/
ks 5 oM ORE CHEE L 2. 15 KLU IX, S5 2S 7°CLLT o I, R A — 7
v (XLS10, (#F) #Ff1) ZMEA L 72, CO 1%, 5 2 B CHINGIER 2 MERE L 72
LR 400 ppm, HEFESUEE 800 ppm WA FCHEF T 2 3%E & L7z, JEEHEE X, 11 H
o3 Ao, Hic2B#FEELZ. #REOINEH X, 11X 10 4 KIEME
L7, REOINHE X, @ 3 FiTw, 80 g/ MULTHETEAVWDDEZEMHE L
L, BEEEELX 1 KL 104, 4 KETHELL, NEHAED T — 211,
TN MBI 2T o 72, REAHKIL, 2017 4 12 H~2018 £ 2 A D
B—RB X OHE MR THRFACRE 0% 30 Bkl & L 72, &K cHHI1ch

LA I0T 22 3m IR v LC3IREELL, NWEHE 1 R REALFEL

R"

4-2. B LA BEE O BER

4-1 LEBRICERE R Y FTHEE L 2016 FEMO X 2E D2 % Hv, 2017
1 A~2 Bicw B & A BN E 2818 (L1-6400, LI-COR #£) T= A F a v
b © —v RGB Y:Ji (6400-18A, LI-COR ft) %\, HABOEE % MIE L 2. Ml
EIC L, EAREME 3 EoPI/NELMEL, stkeHuTsKEL LA, ER
FHPMEAEEE L2 18°Ce Himii 7 L (XF 2B 2 i~ 7 2 WAR)
ZRELR 13CE L, KAKAYLEFRERE (LT PPFD & £i) % 0, 50,
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100 , 300 , 500 , 1000 pmol * m?+ s' ® PPFD T, CO,# & % 800 ppm, 5t

BEZ 70% & LHEIEL 7.

4-3. BCHAKEY DR - i

AR ED ORGE - HECICBE T 2 HECREVMEEBAET 220, 1HRTOFR
y P CHEE LIR30 2 L2, 20018 9 H 28 HICHERE 18 cm K VY K
v MICER L7z, BB X MR GE, BIEREH 2 HeFKkE Lz, EEER
Ry 2 —NOH 7 4 v (272 ) —vHRKN (AGC 7)) —v T
v 7 (BR) " A CE KRR FEERP AR E 22 THEEL, 201942 H
18 Hic AL&A %K% (LPH-411PFQDT-SPC, (k) HARERIZEEMELERT) 12K v b
L 2 H 21~22 HicilB 2 £ L 7. BBRX 1L, 10:00~17: 00 O X%,
Hehimz & L7z 18°C (T 18°CX) s X UHH MR Z LA HEL 2 13°C
(LT 13°CX) &9 2% 2K& L7z, iR ZMX e b HCEEHTEE L,
4-3 1R T X o0, WX E D 17:00~18:00 DREIC 6°CE THREZET & 4,
18:00~6:00% 6°C, 6:00 2 5bEKMHWICIEZ FL1F 10: 00 ICHFREMICR 2
LOWERLAE, ALRARGENONRFELE LT, RHFCHEMERMN SR LED,
Bl - EASHICHEYERMAHEEMLED 77 v b7 Ly 72 2 ML 2. B
% 6:00~17:00, W% 17:00~6:00& L, BAMlIcEH T 25EMmW (K b oM
BEA b 12em DE &) @ PPFD %, 4FICHBIF 22 KD 7 AN PPFD % #JE L
72#) 200 pmol * m? - s'& L7z, 1H%ZEBLTCOEER 400 ppm, G E
 T0%e L7, BRI FEERS A IC 2 o Yk 2 N TR I A
L, 3 H#% (BI{E 33 H#) © 9:00~10:00 I 3CO, Zfti 5 L 7=. HEYIA& 135
B-RBErznZth 7K, 7TRChizzZYy—R v v 2=y be L7 BCO,
MG S 1 EEFEEE L, BCo i Miho & 8 Rifflfk, 24 FEfi# o 2 A
KT ThRES Y 7Y v L (K43), 1RIEZY o3 v T ) v 78 i1 X 4
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il 2

Yo7y T
25 13CO, 5
20 - l ‘ 24052
Yo7y T
o 15 -
5 fommmneees \ | ]
IXK 10 -
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0 xxxxxxxxxxxxxxxxxxxxxxxxx
1 3 5 7 9 11 13 15 17 19 21 23
(=37
—— ARIEH Y e Hees L

X4-3 BCOESHEMICHE T2 ATIRARBORBERTEL L O
YT TDRA I T

68



e L., v 70 v ik, BCatiidk, miitRes X RO FETER

Wo2EmEFEMKE L.

o R

4-1. NE B LU HEK

2016, 2017 FEEM O FHIEWR P Ic BT 2~ AR HFH LRI, 12~2 Hicks
WT 2016 4 12 H ER A 2R E HA IR C I RIX & R E~1.5°CRE & <
M LE (M4-4). £72, 2~2HicsF5HY (HoOH~HDAY) OFHK
ik, HHREIMEX OGBS HRX XY 04~2.9°CR B L7z, ERCHHEDK
222722017 4 12 H 12 HO SRR 2 X 4-5 17 L 7=, HHHMERIX T 10 2 00
~16: 00 Off, 18°CHiZTHBL, MEX XY 1.5~5CRES» 572, ZDH
D 101 00~16: 00 i< FF 2 FHLME X, HHFMEX T 17.6°C, XX T 12.8°C
Thote., BIERLIL, 2016 FED 1 AEF2 5 2 I HHHERKX T2 28
S, TN OMBIcE T 32RO bk d o7z (K 4-6). 18°CH HHI
MIC XY, B—, “XRRFERLD 1 REIINK L FABRETH o722, RAHK
s HREREEEMH N (K 4-7). &REOIERIH X, MR H P < FH
HETHot (FR4-1). £7, 18°CCOHPMIRIC X Y, 12~2 HE TORME TIZ,
P31 REIPRNS AR H, FEMEEE X CRE N LIRS 20% 12
BmL 7z, Y cEEsRNEL? 0% REREML 2 (X 4-2). &b, HPFM
EALEEBHIRRT O 11 H O IUE 1, 2016 FEEHE X 30g, FRFEEE, 2017 4FEAEIX 10g
WKL DT TH Y, HEAHLEE DR, MR, EaRE 1 RE, B
mAENE L DICHAEEIRD N2 o 72,

4-2. R LA BEE O BER
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e HETE
KR BHIE
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25 7 - 1000
— &R B AR
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600 =
z
400 IH
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jung
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S S S S S S S S S S S S
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S a4 4 © ® o & ¥ © % o o
— — — — — [q\l (@\
534

N4-5 FABXICHEITAN\TARZEE HEEDOHE
2017128128 (2Y) —EEN, £2KXHEHSHE438M) - m?2-d!) O
N ZRTE
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RERE (B - K1)

25

20

15

10

— IR

- X8R

1A 2R 118 128 1R 2R 37

2016 F E1E 2017 EHE

M4-6 HHRIMEAEBEREICKITTEE
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LS
= 45 A ] *
N T
~ - NS
HE'H 35 7 NS T TI_——|II
K 30 1 |7 ! L
- 25 - -
— OB
m 20 -
- i 125
= 15
Eg 10 A
g s-
O T T T T 1
R HHINE R HHINE
B—RWERE BIRERE

X4-7 HPREOMMENA F T EIANIZTONDORBABH s L X
LEREEBERODIRBICKITTHE

EHREERIL, F—XREEE2017F12828H, E-XREERE2018F1H26H
tIREICL W *I5%KETHEEEZR, NSIZEEER LAY
TT—N—|3EEREZRT (n=3)
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F4-1 HHPOKEHNBEREBEIEROIGERKBA ICKIFTHE
FER TR JBERE BIXBREE F2REREE FEIXREE
20164 PO 125 12H 1H28H 2824H 3823H
H# & 12A11H 1R25H 2820H 3A21H
20174 PO 125 10H 1H28H 3A2H 4812H
H# & 128 7H 1H526H 2827H 4810H
4NIE NS NS NS NS
FR NS NS * *
XEVER NS NS NS NS
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F4-2 BHAREOIELA FITEINIONOERER, RE, NEICKITTHE

H FmEIRE(12~2H) AH11~67)
HELP S [SERES
g _ LG S— . —
RA THIRE IR iR’ Rl OTHIRE R R
(f& " #) (g) (g/ 1) (%) (&, #) (g) (g #k) (%)
20164 Papiit 10.6 15.8 169.0 84.0 41.4 13.9 575.8 86.8
EREEWIIN 13.6 15.3 205.7 92.0 45.0 13.9 626.4 88.8
X FE 16.2 18.7 302.8 87.7 44.2 16.9 745.5 90.2
20174F
H H0iE 21.0 17.3 362.1 95.1 51.6 16.1 833.5 91.7
m}j!é sk X sk sk sk Hk NS sk NS
22 HAEH NS NS NS NS NS NS NS NS

2 PmEIE8.0 g MELL ETHEIE TR VWD D

YORHEEICN T S MMREROH A

X GPEEOITIC KD X 1%k HEE, *35% KHECTHEAEA, NSRAEAELZLEZTT (n=4)
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PPFD100 pmol * m? - s' AT CiF, FERICX 2 KA EEOFEZIZIZED LN
Ao 7z, —J7, PPFD300 umol * m?2 s LA o KE, HAMEZR L 28 E L 725
i 13°C & H#g L CHH IR 2 A2 E L 72 851 18°C T, JEA A 25% M k&
CHER L 72 (X 4-8).

4-3. HHMER PC-REREYDEIR - flic RIZTHE

R L, PCO MG 8 WefdlfR, 24 RifElfR & D 1C 13°CIX X Y 18°CIX D J7 23 &
2otz (K4-9). 1KY 720 O FIFTEEIL, Bicsn»w T 13CX T 1.68% -
hr!, 18°CIX T 3.02% -hr!' TH Y, 13°CR LKL CTISSCRDOARHEICH
272 (£ 43). chicxf L, Bics W T 13°CX T 1.23% - hr!, 18°C[X T 1.39% -
hr! TH Y, MXICHBEZRIED ONAE D572, 18CRICEH T 2 1 HDFHRR
FIZ I3 CHR LV EREICED» o 72, BCHiG 8 Kz v T, FFE~ Doyl »
18°CIX T 13CX X W HEEICE» o724, T CREBEELPRD LN Do
7z, BC G 8 WifElfR, 24 KffElfR & H1C 13°CIX & 18°CIX CRIBR D 43 i ¥ & — v
FRL, WId 90% U EBRRE~SEE - (K 4-10).

EE

7 v viEREetrh R cix, 77 v et TiHERD 52 & THEMR
ELREOHEPMEL R MG I Tnwd (ES, 20195 &5, 2009).
chich L, KBRIcE T 2 LFRHEOME T, BERE LXK R O IUER 1
Red Ik, HAMEIc X 0 LR EZ2HATH 572 d DD, HtICH E 72 25758
Do h otz (K46, F4-1). —77, 2017 FOHE—RBLOHE _RIKREETHE
FoORAHEIL, HPMELHEIc XY 2z Zzn 5 HEREER S it (K 4-7).
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0 200 400 600 800 1000

-5 - HERBEDIHEEFREE (umol - m? - s71)

M4-8 ERD2ERICBIT2A4AFIT'SHIEDH'D
¢ — JEE RLHRHR

17—/\— iff%“ii;h%%%@“ (n=5)
ok mﬁ FVI%KETHEREEREZRY
TE S ;tcoz,aﬁ 800 ppm, HEXTIEFET0%
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7 13°C[X
m18°CIX
40 -
> 30 - ]
20 -
/T
10 A //
7/

SEFMER 24FF 1R
4-9 R742HADIURDBCO,MEEEDERIE(C

KIZTTEE
ITT—N—([FREREERT (n=4)
* IR EICL YSU CEERERE A RT
TR = (74— FEEZBRW-IEYELIRMIA, SR -
BCE/SEYED LRI N7-3CE) *x 100
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*4-3 AROXURHNFEIERARICKITTEZE

1R[] 24 72 0 OB R (%)
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BUHAZHELCEDORETIOFAEERRD bR o728, 800 ppm X I I\ TR
pn SRS BN L 2RI E T 25% ML 2. 800 ppm X @ H%E Brix
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Improvement of productivity by environmental controls focusing on

photosynthetic characteristics in strawberry

Ai Tagawa

Summary

Kyushu is one of the main strawberry production areas in Japan, accounting
for about one-third of the country's total planted area and shipping volume. The
amount of production is particularly high in northern Kyushu, and Fukuoka,
Nagasaki, and Saga Prefectures are the leading strawberry production areas in
Japan. Northern Kyushu is located on the southern part of the Japanese
archipelago, so that it shows a warm climate. The amount of solar radiation in
this region is, however, low in winter season, and the temperature inside the green
houses tends to be low. Insufficient temperature inside greenhouses due to low
solar radiation results slow fruit maturation and is a cause of low yields. Under
such climate background, environmental control technology centered on CO:»
application has been attempted in recent years, and more than a half of the
strawberry producers in Saga Prefecture have introduced CO: generators.
However, there are cases in which the yield does not increase even with the
application of CO», and the development of a technology for increasing the yield
during the extremely cold season by effectively using the CO> generator is
required. On the other hand, the yields of horticultural crops in protected
cultivation are increasing remarkably in the Netherlands, in which various
environment control techniques have been advanced. This is attributed to the

development of environmental control technology based on plant physiology in
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the Netherlands (Heuvelink and Kierkels, 2015). Thus, environmental control is
considered to have a great potential for the increase of crop yields. Therefore, in
this research, environmental control techniques such as CO» application and
controls of temperature and humidity were investigated in order to develop
techniques for increasing strawberry yields during winter season in northern
Kyushu.

First, effects of CO> enrichment on yield, photosynthetic rate, translocation
and distribution of photosynthetic assimilates in strawberry ‘Sagahonoka’ were
investigated in the Chapter 1. Two different CO; application treatments, the 400
ppm treatment where minimum CO2 concentration was kept more than 400 ppm,
and the 800 ppm treatment where minimum CO; concentration was kept more
than 800 ppm and 400 ppm during no ventilation and ventilation, respectively,
were examined in strawberry production. Although there were no significant
differences in plant height and leaf size between both treatments, it was found
that the 800 ppm treatment resulted in significant increases of the number and
yields (21 — 30%) of the marketable fruits as compared with the 400 ppm
treatment. Brix of fruit in the 800 ppm treatment showed the tendency to increase
comparing with the 400 ppm treatment from January to March. According to the
estimated economic efficiency, the rough income in the 800 ppm treatment was
125,000 yen * a’! higher than that in the 400 ppm. Even when expenditure due to
CO; application and transportation cost was subtracted, the gross profit was
estimated to be 87,000 yen * a’! in 800 ppm treatment. It was shown that CO;
application relating to ventilation enabled efficient CO» control with high profit
to minimize the CO; outflow from the ventilation. Furthermore, in order to clarify
the physiological response of the strawberry ‘Sagahonoka’ to the CO:

concentration, the photosynthetic rate, and translocation and distribution of
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photosynthetic assimilates were investigated. As a result, it was found that the
photosynthetic rate sharply rised as CO> application increased up to 800 ppm,
and the photosynthetic rate at 800 ppm was 1.6 times as compared with the value
at 400 ppm. And effect of CO> concentration on translocation and distribution
rate of '*CO»= photosynthetic assimilates at between anthesis to white ripening
stage of the primary fruits in secondary inflorescence were investigated. From
the results of the investigation, CO2 enrichment at 800 ppm for ‘Sagahonoka’ was
effective in increasing the photosynthetic rate and it was estimated that increase
of the distribution of photosynthetic assimilates to fruits resulted the increase
of yields at CO2 800 ppm. The yields of strawberry fruits could be increased
efficiently by the method of automatically controlling the CO2 concentration
depending on the ventilation in the southern region of Japan.

Next, effects of humidity on the photosynthetic rate of strawberries were
investigated in the Chapter 2. It has been reported humidity is a very important
environmental factor that affects the growth rate and yield in greenhouse
horticultural crops such as tomatoes. In this chapter, the author verified the effect
of mild temperature and humidity control practiced in the Netherlands. Effects of
rapid changes in relative humidity on the photosynthetic rate of strawberry
'Sagahonoka' were also investigated. As a result of comparing the reaction for 90
minutes under 40% relative humidity and 70% relative humidity conditions in the
growth chamber, transpiration rate increased, stomatal conductance decreased,
and photosynthetic rate increased under 70% relative humidity conditions
compared to 40% conditions. That is to say, it was inferred that a rapid decrease
in relative humidity, even for a short period of time, leads to decrease in the
photosynthetic rate of strawberry plants, and that prolonged low humidity causes

accumulation of decreased photosynthetic rate, leading to low yields. Dutch-style
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temperature control, which changes mild in temperature and humidity, is also
effective in keeping high photosynthetic rate for strawberry plants.

The effect of day and night temperature on translocation and distribution of
13C-photosynthetic assimilates was investigated for clarifying fruit growth and
ripening in the Chapter 3. The translocation rate in the daytime was twice higher
than that in the nighttime, and the effect of day temperature on translocation and
fruit growth was greater than that of the night temperature. '*C-photosynthetic
assimilates was most distributed to new leaves in the flowering stage, whereas
the distribution rate to fruit was more than 90% under the high day-temperature
and 70% at the low day-temperature in the white ripening stage (32 days after
flowering). Dry weight of fruits in the white ripening stage under the high day-
temperature was significantly heavier than the value under the low day-
temperature, suggesting that the high temperature in the daytime promoted
fruitgrowth. The ripening days of top fruits at the secondary inflorescence at the
low day-temperature were longer than those at the high day-temperature, but the
days were not affected by the night temperature. Furthermore, the effect of
daytime temperature on the ripening days was greater than that of the daily
average temperature. From these results, it was clarified that increasing the
daytime temperature in the green house during winter season promotes the
translocation and ripening of strawberry fruits. It could be used as one of the
means to control the growth of strawberry.

Finally, effects of daytime heating on yield, photosynthesis, translocation and
distribution of photosynthetic assimilates of strawberry 'Sagahonoka' during the
winter season in northern Kyushu were examined in the Chapter 4. In this Chapter,
strawberry plants were cultivated under the condition of 800 ppm CO:

concentration during no ventilation based on the results in the Chapter 1, and the
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condition of gradually increasing temperature in the morning based on results in
the Chapter 2. In order to confirm the effect of high daytime temperature clarified
in the Chapter 3, the author conducted a test with or without daytime heating. In
order to confirm the effect of high temperature for daytime, daytime heating
experiments were conducted. Daytime heating at 18°C resulted in increases of
the marketable fruit number and yield from December to February. The days from
flowering to ripening of top fruits in the first and second inflorescences were
shortened by about 5 days by daytime heating treatment. The photosynthetic rate
was higher at 18°C than at 13°C when PPFD was 300 umol - m™ - s”! or higher.
The translocation rate of '3C- photosynthetic assimilates under low light
conditions was significantly higher at 18°C than at 13°C. On the other hand, the
distribution patterns of '*C-photosynthetic assimilates were similar at 18°C and
13°C in the daytime. Since daytime heating increased the commercial fruit yield
from December to February, it was indicated that daytime heating is effective for
high productivity in winter strawberry forcing culture in northern Kyushu.
Physiological factors promoting an increase in Yyield involved higher

temperatures accelerating photosynthesis and translocation rates.

As described above, the experiment was conducted with the aim of increasing
yields by environmental control of strawberry plants. As a result, it was found
that yields were increased by applying high concentration CO> depending on the
ventilation, and photosynthetic rate was maintained by avoiding rapid changes in
temperature and humidity. And it was clarified that increasing the day
temperature in the greenhouse during a winter season promotes the translocation
and ripening of strawberry fruit, and daytime heating at 18°C was effective for

high productivity in winter strawberry. In order to increase yields through
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environmental control, it is important to maximize photosynthesis and distribute
photosynthetic assimilates to fruits and leaves in a well-balanced, in this paper,
the author focused on the explication of the translocation dynamics of
photosynthetic assimilates. However, the dynamics of photosynthetic
assimilates has been unclear due to the limited number of studies, we could clarify
a part of it in this report. As a result, it is possible to control the environment
based on the physiological response of strawberries. By controlling CO;
concentration and temperature to control photosynthesis and the translocation of
photosynthetic assimilates to fruits, it will be possible to increase the productivity

of strawberries.
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